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Commandant 2100 Second Street, S.W.
United States Coast Guard Washington, DC 20593-0001
Staff Symbol: CG-3PWB
Phone: (202) 372-1511
Fax: (202) 372-1914

U.S. Department of
Homeland Security

United States
Coast Guard

16591 -
November 22, 2006

e
Steptoe & Johnson, LLP

1330 Connecticut Avenue, NW
Washington, DC 20036-1795

Dear Mr-

This is in response to your letter dated November 20, 2006, in which you disagreed with the
Coast Guard’s obligation to consider potential transboundary impacts to the City of Windsor,
Ontario, as a result of the proposed Ambassador Bridge project. As defined by the Council on
Environmental Quality (CEQ) Guidance on NEPA Analyses for Transboundary Impacts, dated -
July 1, 1997, the National Environmental Policy Act (NEPA) “requires agencies to include
analysis of reasonably foreseeable transboundary effects of proposed actions in their analysis of
proposed actions in the United States”. As you outlined in your letter, the Coast Guard permits
only the portion of a.bl;idge within the borders of United States, however, the portion of the
bridge in the United States would not be constructed without the portion in Canada. Therefore,
analysis of the impacts on Windsor must be included in the Environmental Assessment.

Should you have additional questions concerning this matter, please contact me.

Sincerely,

Chief, Office of Bridge Administration

U. S. Coast Guard
By direction of the Commandant

Copy: ‘-9(@@
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STEPTOE& JOHNSONw

ATTORNEYS AT LAW

1330 Connecticut Avenue, NW
Washington. DC 20036-1795
Tel 2024293000

Fax 202.429.3902
steptoe.com

November 20, 2006

qu
Chief, Office of Bridge Administration

U.S. Coast Guard
2100 2nd Street, SW
Washington, DC 20593-0001

Re: Environmental Review of Ambassador Bridge Second Span Proposal

-

This letter will set forth the views of the Detroit International Bridge Company (“DIBC”) on
certain environmental review issues raised by the City of Windsor, Ontario. In September 14, 2006
letters submitted by attorneys for Windsor to the Coast Guard, the argument is made that the Coast
Guard is obligated by the National Environmental Policy Act (NEPA) to consider the local impacts to
the City of Windsor of the proposed construction of a second span of the Ambassador Bridge.
Specifically, the City urges that an Environmental Impact Statement be prepared that describes the
impacts of a proposed second span in Windsor to that Canadian City’s traffic, air quality, noise and

cultural resources, among other local impacts.

We respectfully disagree that the Coast Guard is obligated by NEPA to assess such impacts of a
second span to Windsor or any other point in Canada. While there may be situations in which
transboundary impacts of an action that occurs in the United States might need to be assessed under
NEPA, this is not such a case. Thus, while construction of a power plant, for example, on the U.S. side
of the border might have impacts in Canada that need to be assessed in a NEPA document, a cross-
border bridge is fundamentally different. That is because a bridge by its nature is being built in both the
U.S. and the bordering nation, namely, one half in each. Each government will be permitting only its
half of the bridge — the Coast Guard will be permitting only the portion of the bridge in the United States
and Canadian authorities the portion of the bridge in their nation. In this situation, any environmental
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iﬁj’paqt_s of the bridge in Canada (and specifically in Windsor) are the result not of any actions taking
place in the U.S., but of the construction of the Canadian half of the bridge.

In short, if there are impacts to traffic, air quality, cultural resources and other matters in Canada,
they are the result of the construction of the Canadian half of the bridge and the traffic that will flow
over that half of the bridge. Since they are not the result of actions occurring in the United States or
being permitted by the Coast Guard, these impacts need not be assessed in any detail in the Coast

Guard’s NEPA analysis.

Turning to Windsor’s specific arguments, a September 14, 2006 submission made on behalf of

Windsor by the law firm of Thompson Hine argues at page 4 that “the Coast Guard has recognized the
obligation to assess the impact of its actions on a foreign nation”, citing pages 5 and 16 of a Coast Guard
Order entitled “Procedures of Considering Environmental Impacts”, Order DOT 5610.1C (9-18-79)
(“Ordgg). .This ®rder is also cited at pages 8-9 in the September 14 submission made for Windsor by
the Gowlings law firm, which claims that on the basis of the Order, “[t]he Coast Guard’s obligation in

.. addressing NEPA therefore must include an assessment of effects on the environment in Canada and-in
particular within the City of Windsor.” The claims made by Windsor’s lawyers are overbroad and
ignore the well-established limits that the law imposes on a NEPA analysis of impacts outside the

United States.

The Coast Guard Order on which Windsor places such heavy reliance very plainly states as
relevant that; “ftlke provisions of this Order do not apply to actions that have an impact primarily
outside the United States, except for those actions significantly affecting the environment of a foreign
nation not participating in the action, or ecological natural resources designated for protection by the
President or Secretary of State, or the global commons.” Order at 5 (emphasis added). See also Order at
16, which refers to the fact that the requirements of the Order apply to, as relevant, “[m]ajor Federal
actions significantly affecting the environment of a foreign nation not participating in the action or
otherwise involved in the action.” (emphasis added).

By contrast to the situation referenced in the Order, the proposed construction of a cross border
bridge between the U.S. and Canada is plainly an action in which the foreign nation (Canada) is very
much participating — Canada will not only have to approve the construction of the bridge in its territory,
but will do so only after a thorough environmental review undertaken under Canadian law. Thus, this is
not a case of an “innocent bystander” nation to which the Coast Guard Order is directed, and for that
reason the Order does not require that the environmental impacts in Canada be considered by the Coast

Guard.

This result is consistent with Executive Order 12114, 44 Fed Reg. 1957 (Jan. 4, 1979)
(“Executive Order”), on which the Coast Guard Order is explicitly based. That Executive Order only
requires that environmental impacts be taken into account with respect to major federal actions
significantly affecting the environment that (a) are outside the jurisdiction of any nation; (b) affect the
environment of a foreign nation not participating with the United States and not otherwise involved in
the action; (c) result in a product or emission strictly regulated by federal law in the U.S. due to its toxic
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effects or radioactive nature; or (d) affect some resource of global importance. See Executive Order,
Section 2-3 (a)-(d).

Again, the construction of a bridge that must be approved by the U.S. and Canada meets none of
these criteria from the Executive Order. Rather, as Windsor has acknowledged, the Canadian
government is significantly involved in this action, will need to approve any second span before it can
be constructed and, we understand, will be preparing its own environmental review of the bridge
expansion under the Canadian Environmental Assessment Act. Further, and as noted above, the Coast
Guard’s action in this matter will not extend into Canada at all — any permit it issues will do no more
than authorize the construction of a bridge over U.S. land and territorial waters. For that same reason,
the Gowlings law firm letter submitted for Windsor is also off the mark to the extent that it argues that
NEPA jurisdiction extends to both ends of a bridge — this is true only if both ends are in the United

States.

The Thompson Hine letter at page 3 also points to the Council on Environmental Quality (CEQ)
* Guidance on NEPA' Analyses for Transbounidary Inmpacts (July 1, 1997). The CEQ Guidance, however,
explicitly applies only to “those proposed actions currently covered by NEPA thal take place within the
United States and its territories.” Guidance at 1. Transboundary impacts are described in the CEQ
Guidance as impacts generated by activity in the United States that literally cross the border, such as
water quality impacts to a watershed shared by both nations or the impacts in another nation of a dam or
pipeline built in the United States. The bridge, on the other hand, will be built both in the U.S. and in
Canada. To the extent that there are impacts in Canada, they are the result of the part of the bridge that
would be built in that nation. Indeed, Windsor does not and could not reasonably argue that it is the part
of the bridge being built in the United States that might have some environmental impact in Canada.
The CEQ Guidance therefore does not support its position.

The case law in this area supports the distinction between actions taken in the United States that
might have some impact outside the United States and actions taken in foreign nations. For example, in
Manitoba v. Norton, 398 F. Supp. 2d 41 (D.D.C. 2005), cited by Windsor’s attorneys, the Court
remanded a matter for preparation of a more complete EA due in part to potential impacts of a water
transfer project in the United States to a watershed shared by the US and Canada. That case thus
involved a classic transboundary impact of an action that would take place in the U.S.; the bridge
situation is different because the action will take place in both nations and requires approval from both
nations. Similarly, in Wilderness Society v. Morton, 463 F.2d 1261 (D.C. Cir. 1972), the Court granted
the Government of Canada intervention in a NEPA appeal because potential impacts of the pipeline to
be built in the United States included oil spills that could impact Canadian waters. There is nothing in
these cases that suggests that an agency of the United States Government would be required under
NEPA to consider purely local impacts in Canada, such as traffic impacts in the City of Windsor, where
those impacts will result from the construction of a bridge in Canadian territory.

U.S. courts also have recognized that NEPA does not require unlimited review of environmental

impacts in foreign nations. For example, in Consejo de Desarrollo Economico de Mexicali, AC' v. U.S.,
438 F.Supp.2d 1207 (D. Nev. 2006), a Federal District Court held that a federal water project in the U.S.
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near the Mexican border did not require the Bureau of Reclamation to prepare a Supplemental
Environmental Impact Statement considering environmental impacts of the project in Mexico since
Mexico is a sovereign nation over which the U.S. has no control and preparation of such an SEIS would
serve no useful purpose. Similarly, in Greenpeace USA v. Stone, 748 F.Supp. 749 (D. Hawaii 1990), a
court held that NEPA did not require a study of actions undertaken by the U.S. Army in Germany,
which had approved of the actions at issue. The Court noted that Executive Order 12114 only requires
environmental evaluation of “major Federal actions significantly affecting the environment of a foreign
nation not participating with the United States and not otherwise involved in the action”, which was not

the case in Greenpeace and is not the case here.

Windsor makes no effort to mask the fact that its real complaint is with its own nation’s
environmental laws. At pages 9-10 of the September 14 letter submitted by the Gowlings firm,
Windsor’s attorneys critique as insufficient the level of environmental review that the bridge will receive
in Canada and the procedures under which that review will be carried out under the Canadian
Environmental Assessment Act. Of course, if Windsor is dissatisfied with Canadian procedures, its
' recoursé is to complaini 't its own federal govemnment, not to the U.S. Coast Guard. Windsor points to
no legal principle, and there is none, that requires that the U.S. undertake a review of impacts of actions
that will take place in a foreign nation (i.e., the construction of the Canadian half of the bridge) where a
party feels that the foreign nation’s own environmental assessment may be less than what it might like.
Such a principle is absurd on its face. Indeed, it would trench on Canadian sovereignty for a U.S.
agency to assume the role of assessing purely local impacts in Windsor of actions taking place in

Canada.

Further, Windsor argues that the Coast Guard should undertake an Environmental Impact
Statement with respect to the construction of the new span to the bridge. DIBC strongly disagrees that
there will be impacts here sufficient to warrant an EIS. Plainly, however, this argument is premature
since a determination of whether an EIS is warranted should await the completion of the Environmental
Assessment that is going to be undertaken in this matter. Further, it also bears note that most of the
impacts that the City of Windsor argues are significant are socioeconomic impacts -- such as concerns
related to traffic into the City. As a general proposition, socioeconomic impacts only need to be
considered by the Coast Guard if they are interrelated with environmental impacts. To the extent (as we
believe is the case) there are few or no significant transboundary environmental impacts expected from
this project, the Coast Guard is not required to consider its potential socioeconomic impacts. See CEQ
Regulations, 40 CFR § 1508.14 (“economic or social effects are not intended by themselves to require
preparation of"an environmental impact statement. When an environmental impact statement is prepared
and economic or social and natural or physical environmental effects are interrelated, then the
environmental impact statement will discuss all of these effects on the human environment.”).
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We look forward to further discussing this matter with you.

Sincerely,

Attorney for Detroit International Bridge Company

[ USCG
USCG
Department of State
Detroit International Bridge Co.




From: i e i R e TR,
Sent: dnesday, June 07, 2006 10:54 AM

To:

Cc:

Subject: Ambassador Bridge -- June eeting in DC

-- As I informed your assistant, a meeting has been scheduled for the Ronald Reagan Building at 1Qam on
une 19 between my client, the Detroit International Bridge Compan esentatives of the CBP (
d others who work with her), DHS Private Sector OfﬁceM and likely a GSA
representative. The discussion will focus on an update on developments concerning the planned new bridge

span, as well as facilities issues.

We thought it appropriate to let you know about the meeting should you wish to attend. Please let me know if
you or any of your colleagues might attend and I will pass along the room number as soon as I receive it.

Regards.-

!teptoe & Johnson LLP

1330 Connecticut Avenue, N.W.
Washington, DC 20036
202.429.8063 Direct
202.261.0565 Direct Facsimile
202.429.3902 Central Facsimile

Information contained in or attached to this e-mail may be privileged, confidential, and protected from
disclosure. If you are not the intended recipient, review, dissemination or copying is prohibited. If you received
this message in error, please immediately e-mail the sender and delete the message and any attachments.
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From:
Sent:
To:
Subject:

Will do.

Chief, Office of Bridge Administration

202267 {8

To:
Subjcct: : NO permit required....

I know the answer, but will let you be the messenger to represent CG response. I know you are on the list of
recipients, but I just want to rattle your cage.

From:
Sent: Wednesday, August 25, 2004 11:38 AM

Subject: RE: No permit required....

Any clue how this would or would not apply to the US/Mexico border? Is it a broad interpretation?

0008
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Subject: No permit required....

Well, dig long enough and you just may strike oil -- or pay dirt, in this case.

In 1993, State Legal, aware of the then upcoming plans to build a second span on the Blue Water Bridge,
determined that the 1972 International Bridge Act should be interpreted in such a way as to negate any

- requirement for "repair, replacement, or enlargement" of any bridge previously authorized by Act of Congress
and that this understanding extended to the construction of a second span at Blue Water, and hence no
Presidential permit would be required there. Subsequently (in 1998) the Department informed the Peace Bridge
folks that no Presidential permit would be required for the proposed second span at Peace Bridge, Buffalo.

[ guess that settles that! And of course it would apply at Ambassador Bridge Detroit as well.
[f anyone needs a more formal document than this e-mail, please let me know.

: ¢
evelyn

Economics & Trade
Office of Canadian Affairs
U.S. Department o te
Phon

Fax

This message is unclassified in accordance with EO 12958.

nou9 \
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From:
Sent:
To:

G

Subject:

Any clue how this would or would not apply to the US/Mexico border? Is it a broad interpretation?

From:
Sent: Tuesday, August 24, 2004 2:28 PM

Subject: No permit required....

Well, dig long enough and you just may strike oil -- or pay dirt, in this case.

In 1993, State Legal, aware of the then upcoming plans to build a second span on the Blue Water Bridge,
determined that the 1972 International Bridge Act should be interpreted in such a way as to negate any
requirement for "repair, replacement, or enlargement” of any bridge previously authorized by Act of Congress
and that this understanding extended to the construction of a second span at Blue Water, and hence no
Presidential permit would be required there. Subsequently (in 1998) the Department informed the Peace Bridge
folks that no Presidential permit would be required for the proposed second span at Peace Bridge, Buffalo.

I guess that settles that! And of course it would apply at Ambassador Bridge Detroit as well.

If anyone needs a more formal document than this e-mail, please let me know.

I‘!COHOH]'!! ! | III!IC

Office of Canadian Affairs
U.S. Department of St

This message is unclassified in accordance with EO 12958.
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From:

To:

Sent: Wednesday, August 25, 2004 12:04 PM
Subject: Read: No permit required....

Your message

To:
Subject: FW: No permit required....
Sent: 08/25/2004 12:01 PM

was read on 08/25/2004 12:05 PM.
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From:
Sent:
To:

Subject: - Amba or Bridge

f American Consulting Engineers of Florida, engineering company representing
Ambassador Bridge an hairman of idge. We were on conference call and both said
there is no problem with releasing the document. In fa js going to send me additional copies so
we can provide copies as necessary without going through copy/finance rigors.

Chief, !ndge Branch

Ninth Coast Guard District
1240 East Ninth Street
Cleveland, Ohio 44199-2060
tele: 216-902-6085

fax: 216-902-6088

email: RBloom@d9.uscg.mil

[ spoke with

Delivery Read

Delivered: 08/30/2004 2:18 PM

Delivered: 08/30/2004 2:18 PM

Delivered: 08/30/2004 2:18 PM Read: 08/30/2004 2:19 PM

Tracking:

i 9

I
g
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From:
Sent:
To:
Subject:

Attachments:

54

Untitled NDYZ02!.DOC
Attachment (37 KB)

0043
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From:

Sent: 0512:10 PM
To:
Subject: RE: Inquiry from Senator Levin's Office
Attachments: Picture (Metafile)

Picture

Metafile) (472 KE
You are very welcome. Thank you for the excellent work and for the feed back. I gave her the

same information, however, she wants paperwork.

Chief, Office of Bridge Administration
202-267-0377

>
SO

>Sent: Friday, September 30, 2005 11:54 AM
>To:
>Subject: Inquiry from vin's Office

>

>Good Momin- ...........

=
iscussed latest info in regard to the Ambas idge witl-.before we received the call from
of Senator Levin's office. Her number: In response to her questions, we:

>

>+Explained the application process.
>+Stressed that we had NOT received a completed application from the International Bridge Company.
>+Provided -phone number and suggested that she request of copy of their document from him.

>

>+She seemed pretty knowledgeable of the status quo. To wit:

> -understood the Presidential Permit ramifications and asked whether the State Department had
determined the need for an additional permit. I declined to speak for the State Department. She said that she

would call them directly.

> -discussed (in broad terms) the environmental requirements of a permit
>application
>
’nade a SECOND call to inform:

-Senator Levin will request in writing all that was discussed today. When I offered to hav-call n
lieu of a Congressional inquiry, she said that "the Senator just wanted something tangible in regard to latest
information". -
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From:

Sent: 5:49 AM

To:

Subject: elivery Status ification (Success)

Attachments: ATT414350.TXT; RE: Docket CGD09-05-080, Sturgeon Bay Drawbridge Operation Regula

tions

ATT414350.TXT RE: Docket

(404B)  D09-05-080, Stur
This is an automatically generated Delivery Status Notification.

Your message has been successfully delivered to the following recipients.

303



From:

Sent:

To:

Subject: Ambassador Bridge and the Peace Bridge getting the facts straight.
Attachments: etokaJ08.pdf; image002.jpg

atokal08.pdf (89image002.jpg (3

KB) KB) - _ ' _ _
- thought you might be interested in the attached article by the manager of
the Peace Bridge. It sets a lot of things straight concerning the Ambassador bridge's practices.

T

174



From:

Sent: e 28, 2006 2:39 PM
To:

Subject: Border crossing expansion

Hello-

] am trying to ascertain the U.S. Coast Guard’s review process for applications to expand a border crossing.
Specifically, I am interested in applications to expand the Ambassador Bridge, which connects Detroit, MI and
Canada. Is there opportunity for community input in the process? Any information you can share regarding this

issue is greatly appreciated.

Thank you for your time and attention to this matter.

Director of Legal Services and Policy
COMMUNITY LEGAL RESOURCES
313.964.4130, xt.227

313.309.1241 direct |
”!onnectmg !awyers and Communities" .

00 .7
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Sent: urs October 19, 21 PM
To:

Ce:

Subject: L wieetl

- Thanks for advising us about the meeting. Dan and I will be pleased to attend on November 21.
Regards.

To

Sent: Wednesday, October 18, 2006 2:17 PM

Subject: Meeling

-
I had forwh&he most recent email, with attachment of Windsor Resolution, t"mm-

nd I talked and decided that we need to have a meeting with to set the record straight
as to what our jurisdictional limitations are for the Ambassador Bridge project. It will not be an adversarial
meeting, but rather one of information sharing and discussion of limitations of all parties. We have set the
meeting for 21 November at 9:30 a.m. in our District Office at 1240 E. Ninth St. Cleveland, Ohio. The
conference room will be the one in whic as previously given us presentations. If your schedules permit,
nd I would very mu eciate the two of you attending. Of course, when I say the two of you, [ really

mean three because s welcome at any of the meetings since he is the lead rep for the process in
representing the Ambassador Bridge.

[ apologize that we could not have a selection of dates from which we all could pick and agree to. Itis a
matter o having a very tight schedule for travel throughout the country and November 21 was the only
date I could get him into Cleveland.

[ will await your reply. -‘xas replied that he will be in attendance and with him will be the City
of Windsor's Chief Planner and the General Manager of Public Works.

!ridge Program Manager

Ninth Coast Guard District 006 .8
1240 East Ninth Street )
Cleveland, Ohio 44199-2060

tele; 216-902-6085

FAX: 216-902-6i|h| I



Striffler, Scot

From:
Sent:
To:

Cci
Subject:

Good moming. I talked to f'.his morning and mentioned a section of the Draft EA that covers
transboundary issues and references in the EA. There area couple of items below that should be changed or

incorporated into the Final EA. Thanks for your attention to this:

1 on Environmental Quality (CEQ) Guidance on NEPA Analyses for Transboundary Impacts, dated

of reasonably foreseeable transboundary effects of proposed
nited States”. Please cite this guidance in Section 3.13.1 in
1C. The Executive Order 12114 and DOT Order 5610.1C

The Counci
July 1, 1997, “requires agencies to include analysis

actions in their analysis of proposed actions in the U
lieu of Executive Order 12114 and DOT Order 5610.

do not apply to this project.

Please reference Section 3.4 — Mitigation. “March 26, 2007 (see Appendix G)” should be cited instead of “May
26, 2007 (see Appendix F).” Also, in Section 3.13.1 — Canadian Environmental Review, a copy of the
environmental assessment by Transport Canada should be included in Appendix M for review, accompanying

the Environmental Assessment.

!rl!ge aanagement Specialist

Ninth Coast Guard District
(216) 902-6087
(216) 902-6088

00.9






Gowling Lafleur Henderson LLP | Barristers & Solicitors | Patent & Trade Mark Agents |

GOWLINGS

November 30, 2006

I!n!ge Program Hanager

United States Coast Guard

U.S. Department of Homeland Security
1240 East Ninth Street

Cleveland, Ohio 44199-2060

e QU

Re. Application for Bridge Permit by Canadian Transit Company/Detroit International
Bridge Company for Second Ambassador Bridge

The City of Windsor and I wish to extend our thanks to you for inviting us to attend at the Coast
Guard office in Cleveland on November 21, 2006 to provide a power point presentation focussed
on the highlights of the City of Windsor’s concerns with respect to the Ambassador Bridge
Second Bridge Proposal and the environmental issues connected to that matter that flow from the

National Environmental Policy Act.

Please find enclosed two CD copies of the power point presentation which we gave on
November 21% to you. I will send the Sam Schwartz presentation by e-mail.

Let me know if there is anything else that we can usefully provide to you at this time.
Because of the City of Windsor’s direct and substantial interest in this matter, we would expect
and appreciate to be advised in a timely way and copied by the Coast Guard on further

developments and communications as they occur in this matter.

Thanks again for the opportunity to answer your questions.

Yours sincerely,

0021

!‘!egllw! !n!'!nmental Law Specialist

DE:tp
Enclosures

Montréal |  Ottawa Toronto Hamilton Waterloo Region | Calgary | Vancouver Moscow



Gowling Lafleur Henderson LLP | Barristers & Solicitors | Patent & Trade Mark Agents |

Page 2

(enclosing CD)
ce:

TOR_LAW\ 6460644\1

1T I

Montréal Ottawa Toronto Hamilton Waterloo Region Calgary Vancouver Moscow



From:

Sent: Iues!a May 29, 2007 1:51 PM .
Subject: !e: commenl aAmbassador Bridge twinning

To:

Great - thank you sir!

Gregg

It sur%s possible. Use this email address and you will be on record. By the way, we have extended the
comment period and will accept comments until 17 JULY. That provides a forty-five day extension to the

original notice.

T

Sent: Tuesday, f
| —

Subject: comment on Ambassador Bridge twinning

Afternoon:

Is it possible to submit EA comments electronically for the Ambassador Bridge twinning project?
Thank you.

Detroit-Windsor Truck Ferry

0023



¥

From: %

Sent: Wednesday, May 02, 2007 11:01 AM
Cce:

Subject: : ACHP notification

- FYI, we mailed our letter to Advisory Council in DC today. A copy is in the mail to you. We took the
sections of the EA concering Section 106 and SHPO and attached it to the letter, including copies of the CD's.

SHPO was also mailed a copy today.

ment Specialist

Ninth District Bridge Program
Office: (216) 902-6087
Fax: (216) 902-6088

41



From: q

Sent: Thursday, November 02, 2006 2:52 PM
To: “

Subject: RE: Ambassador Bridge

Sounds go-

Sent from my GoodLink synchronized handheld (www.good.com)

----- Original Message-----
o
Sent:  Thursday, November 02, 2006 01:43 PM Eastern Standard Time
To: *

Subject: FW: Ambassador Bridge

The meeting on Monday 20 November with SHPO by Ambassador Bridge people will be 2PM. So, I will let
.(IIOW [ am (you,too, from my office) available for teleconference..

----- Original Message-----

ent: Friday, October 27, 200
4
Subject: Ambassador Bridge

When we last spoke abo ago about the Ambassador Bridge project, I mentioned that I has been
working withw(t American Consulting Engineers about arranging a meeting to discuss the
project. We have settled on Monday, 11/20/06 at 2:00 p.m., and we will meet here at our office at the Michigan
Historical Center in Lansing.

As I indicated in our phone conversation, I think that, as the Federal Agency involved in this undertaking, the
Coast Guard should be represented in these discussions. If you or someone from you office is not able to attend
physically, I would like to see about setting up a conference call so that you may participate. I will be out of the
office between 10/30 and 11/10 and I will contact you when I return on 11/13. If you have any immediate
concerns during my absence, you may contact Diane Tuinstra or Martha MacFarlane-Faes at our office at (517)

335-2721.

Thank you, F
G005

Environmental Review Specialist’
Michigan Historical Center-SHPO



From: W
Sent: Wednesday, October 18, 2006 3:58 P
ity of windsor meeting with USCG Nov 21

Subject:
-I am glad there is some flexibility on the time as I think it would be a good idea to assume the meeting
might go to noon.

Could you send us a map of how to find your office? Thanks again for arranging this.

Fro

Sent: October 18, 2006 1:23 PM
To‘b

Subject: RE: City of Windsor Resolution Directed to U.S. Coast Guard Re Detroit International Bridge
Co/Canadian Transit Co Permit Application for Second Bridge

Am very happy you have been able to adjust your schedule to make it to Cleveland. Of course you can

bring the gentlemen with you. Will be a pleasure to meet all of you. Yes, I would assume the meeting would go
at least two hours. Ifit is necessary to go longer to develop a better understanding of the process we are bound
to administer, and to hear from you and the city officials, that will be no problem. While we may not be the
ones to be able to be instrumental in resolving issues that Windsor is encountering, at least we all will be able to
leave the meeting with a better understanding of our regulatory limitations. Again, we look forward to meeting

| T R
Sent: ednesdai, October 18, 2006 11:26 AM

you.

T
Subject: RE: City of Windsor Resolution Directed to U.S. Coast Guard Re Detroit International Bridge

Co/Canadian Transit Co Permit Application for Second Bridge

! thanks very much for your message and the invitation to come to Clevland to present views on
impac d jurisdictional limitation. I think that will be a very useful step. Iam available for the November

21st meeting in Cleveland. How long do you think we would have for this meeting - a couple of hours? If so, I
would also like to also bring with me two senior officials of the City of Windsor, likely the Chief Planner and
the General Manager of Public Works, to help present information on potential impacts. I think that would be

useful. Would that be ok?

----- Original Message-— NGO
Fro“ vo-6
Sent: October 18, 2006 9:03 AM

Subject: RE: City of Windsor Resolution Directed to U.S. Coast Guard Re Detroit International

13




From:
Sent:
To:

Cc: b '
Subject: FW: Section 106 review response from Michigan SHPO

Attachments: SHPO Section 106 Determination.pdf

SHPO Section

)6 Determination
Enclosed is a letter from the SHPO regarding the Ambassador Bridge Enhancement Project since

you haven't received it yet. After you have had a chance to read, we would be interested in speaking with you
about where we go from here.

Principal

American Consiw 'iiers of Florida, LLC

Sent: Thursday,

Subject: Section 106 review response from Michigan SHPO

Please see attached:

In short: They are asking for soil borings to determine the potential presence of archeological resources and
have determined that the new bridge will have an adverse impact on the appearance of the historic bridge.

<<SHPO Section 106 Determination.pdf>>
00.7
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From: P

Sent: ednesday, August 30, 2006 2:01 PM

To:

Subject: - Ambassador Bridge Project - YO ugust Itr.
FYI,

P Executive Director of Southwest Detroit Environmental Vision, located in Detroit,
ichigan.

>

>Sent: Wednesday, August 30, 2006 2:00 PM

>To:
>Subject: Ambassador Bridge Project - Your 22 August ltr.
=

>We are in receipt of your letter of 22 August 2000, received by FAX and by U. S. Postal Service, addressing

the Ambassador Bridge project and our public notice.

>

>To insure all parties are afforded the opportunity to comment and respond to our public notice, we have
extended the comment period. We will accept all comments post marked not later than 14 September 2006.

>

>The Coast Guard Bridge Administration Program guidelines establish that existing bridges being modified or
added to, as in this case, are classified as Categorical Exclusions under the provisions of NEPA. Accordingly,
no public hearings are held. A public hearing can be considered by the Coast Guard if, after we receive
comments to our public notice, it is established by us that there are significant and controversial issues to be
resolved and a hearing would be the only way to gather required information and data to further address those
issues.

S

>The Coast Guard, as the sole federal permitting agency for bridges to be constructed across navigable
waterways of the United States, considers each permit application on its own merits and determines whether a
permit will be issued based upon impacts upon environment and navigation. We are not in a position to
consider various initiatives and be the authority to designate which one will prevail. If we receive any number
of applications for bridges across a given waterway, each will be considered and permits issued or denied based
upon the merits of each for the selected crossing site. Effectively, permits could be approved for more than one
proposal.

G 3

>I understand your concern that pubic safety, national security, navigation, and air and water quality impacts are
some of the areas that must considered with thoughtfulness and a review process. Those areas are inherently
considered within our permit process and will be given appropriate consideration by us in this particular case.

>

>For your information, we are not using the FONSI prepared by the FHWA/MDOT for the Gateway Project as a
basis for environmental review of this proposal. It will be considered on its own merit and independent of the
oject, although data within that particular environmental review may be reviewed and studied by us.

>Bridge Program Manager
>Ninth Coast Guard District

008
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From:
Sent:
To:
Subject:

August 30, 2006 12:59 PM

Subject: RE: Detroit International Bridge Company

||!e slan!ard thirty-day comment period applies to all parties who want to comment on our public notices, with
no exceptions being granted based upon the affiliation or governmental status of a commenter. However, we do

realize there may be organizations or individuals who were not in receipt of the notice in time to respond within
the allotted thirty-day period which ends on 31 August. Therefore, we have extended the comment period and
will accept for the record comments that are post marked not later than 14 September 2006.

| ——

Bridge Program Manager
Ninth Coast Guard District
1240 East Ninth Street
Cleveland, Ohio 44199-2060
tele: 216-902-6085

FAX: 216-902- |

em

F

Sem. !nes!ay,_ !@!, !llll! 12:44 PM

i §
Subject: Detroit International Bridge Company

The Detroit City Council has number of concerns with regard to the permit application and corresponding
review process for the DIBC's proposed second span of the Detroit River. Ilearned of the DIBC application just
prior to our City Council's summer recess and informed them thereof. However, this was in advance of the
USCG formal public notice and posting of a comment period (I just learned that it ends today or tomorrow).
Therefore, the Council was not made aware of the comment period, nor has it been in session where it would
have the opportunity to address the matter. Can the comment period be extended to accommodate an

41
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From:
Sent:
To:
Cc:

Subject: mbassador Enhancement Project SEMCOG Meeting

Attachments: 070502 Scan.pdf

170502 Scan.pdf

(43 KB)
<<(70502 Scan.pdf>> Gentlemen,

We met with the SEMCOG yesterday and discussed the Ambassador Enhancement Project in detail. [ am
enclosing a copy of the sign up sheet and the business cards of those in attendance who provided them.

We verbally answered many questions and they indicated that they would submit a letter in writing regarding
many of these questions after they completed their review of the EA that they had already received. The
Executive Director, Paul Tait, indicated that the regular May meeting of their executive committee was canceled
and they would not be holding the next one until October. Since it is at this meeting that projects are added to
the Regional Plan, our project could not be listed until then.

I will give you a call to discuss this timing in more detail.

S s

Principal

ineers of Florida, LLC

__________

Sent: Wednesday, May 02, 2007 4:14 PM
Tod

Subject:

0020

Administrative Assistant
American Consulting Engineers of Florida, LLC
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From:
Sent:
To:
Subject:

Thon S
Director of Lega' !erwces and Policy

COMMUNITY LEGAL RESOURCES
313.964.4130, xt.227

313.309.1241 direct :
II! !onnectmg Lawyers and Communities" -

: Information

Subject:

!ou are on the mailing list to receive copy of the public notice. Their application is nothing more than a letter
stating they officially are making application for consideration of a Coast Guard Bridge and refer to the
document that I previously sent to you. That is the scope and depth of what represents the complete application.
Our public notice will expire 31 August, having provided the 30-day period for written comments to be
provided to this office. However, we will not be able to make any permit determination at any time soon. The
process will be held in abeyance after the 30-day period until such time the Bridge Company has completed
coordination with the State Historic Preservation Officer, the State DEQ for Water Quality Certification, and the
State of Michigan Department of Transportation, to name a few. Only upon our receipt of those
reports/waivers/certifications will we then be able to review all received and determine whether or not a permit

will be issued.

]

Seftty Monday, July 31,2006 11:18 AM

e 0031
ubject: Information

-

We received notice last week from the Coast Guard that the Detroit International Bridge Company filed an
application for construction of a second bridge. My organization would like to obtain a copy of the complete
application. Is it necessary to file a FOIA request? If so, should the request be directed to you?

Thank you.

89



From:
Sent:
To:

Cc:
Subject:

Attachments: Ambassador Bridge Letter.pdf

Ambassador

idge Letter.pdf )
_ | have attached a letter that addresses certain issues relating to environmental review of

the Gateway Project and the construction of a second span, which was contemplated as part of that project. We
thought that this would be useful background for you and your colleagues. You will receive by Federal Express
the attachments that are referenced in this letter. If you need additional copies, please advise. I am also
forwarding the attachments to Jan. Nick and Bob already have these attachments.

Regards-

<<Ambassador Bridge Letter.pdf>>

Information contained in or attached to this e-mail may be privileged, confidential, and protected from
disclosure. If you are not the intended recipient, review, dissemination or copying is prohibited. If you received
this message in error, please immediately e-mail the sender and delete the message and any attachments.

0632
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From:

Sent: Thursday, June 29, 2006 5:49 AM
To:

Subject: RE: Border crossing expansion

Opportunity for input from agencies and concerned individuals will be when we receive an application for a new
bridge and that application contains information required for us to issue a public notice for a thirty-day period to
solicit written comments. We are not a permitting authority for the expansion of the plazas; those authorities
are the Michigan Department of Transportation and the Federal Highway Administration. Our jurisdiction and
permitting authority in this particular project will be limited to the bridge owner's plan to construct a bridge to
twin the existing Ambassador Bridge. Any permit approved by the Coast Guard will be specific to the bridge

itself and not the plazas.

!ridge Erogram Manager

Ninth Coast Guard District

Sent: Wednesday, June !!, 20'!6 2:39 PM

T
Subject: Border crossing expansion

Hell_

I am trying to ascertain the U.S. Coast Guard’s review process for applications to expand a border crossing.
Specifically, I am interested in applications to expand the Ambassador Bridge, which connects Detroit, MI and
Canada. Is there opportunity for community input in the process? Any information you can share regarding this

issue is greatly appreciated.

Thank you for your time and attention to this matter.

<=

"Connecting Lawyers an
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Commander (obr)

U.S. Department of Ninth Coast Guard District

Homeland Security 1240 E. Ninth Street, Room 2019 Phone: (216) 902-6084
) Cleveland, OH 44199-2060 FAX: (216) 902-6088
United States
Coast Guard
16593
B-084/sms

July 22, 2004

[ am writing in regards to your letter dated July 14, 2004, concerning the Ambassador Bridge
Enhancement Project, Preliminary Review Permit Application.

We have reviewed the document you submitted. We would be interested in participating in early
coordination meetings and discussions to address the various environmental and navigational
issues related to the proposed project. Based on the preliminary review you have submitted, a
Coast Guard bridge permit would be required. The Coast Guard may also be the lead federal
agency for satisfying the requirements of the National Environmental Protection Act (NEPA).

[ would further recommend that you include the International Joint Commission (IJC) in

Washington, D.C. in your preliminary cotrespondence and discussions. This agency is involved
in international border crossings and may have requirements that have not been addressed.

If you require further assistance in this matter, please contact me at (216) 902-6085.

Sincerely,

Chief, Bridge Branch
By direction of Commander,
Ninth Coast Guard District

0034



Commander (dpb)

U.S. Department of Ninth Coast Guard District

Homeland Security 1240 E. Ninth Street, Room 2019 Phone: (216) 902-6085
. Cleveland, OH 44199-2060 FAX: (216) 902-6088
United States -
Coast Guard
16590
B-060/sms

June 26, 2007

ce Section

Re: Proposed Ambassador Bridge Enhancement Project — Detroit, Wayne County, Michigan

I am responding to your letter of May, 22, 2007 regarding the referenced project and your decision to
participate in this consultation with U.S. Coast Guard (USCG), Michigan State Historic Preservation
Officer (MI-SHPO), and the Detroit International Bridge Company (DIBC).

Since the date of your le itiona] communications have occurred betwe”
representing DIBC, an of your office to provide additional information on the project.
This office has been co ng the additional information that you have requested. Responses to your

specific questions are outlined below:

1. What is the Coast Guard permit program that is responsible for issuance of the permit for

the project?

The Coast Guard Bridge Administration Program is responsible for the issuance of Bridge Permits for
construction, reconstruction, or alteration of bridges across navigable waters of the United States. The
laws relating generally to the protection, preservation and safety of the Nation’s navigable waterways are
found in Section 9 of the Act of March 3, 1899, as amended, 33 U.S.C. 401; the Act of March 23, 1906,
as amended, 33 U.S.C. 491; the Act of June 21, 1940, as amended (Truman-Hobbs Act) 33 U.S.C.511-
523; the General Bridge Act of 1946, as amended, 33 U.S.C. 525; and the International Bridge Act of
1972, 33 U.S.C. 535. The Code of Federal Regulations for Bridge Administration and permit processing

are found in 33 CFR 114-118.

2. What is the Area of Potential Effect (APE) for the proposed undertaking?

The APE is the same as the area illustrated in Graphic 11 of the package that was included in our May Z
2007 letter. This graphic is included as enclosure (1) of this letter.

3. What is the status of the archaeological survey requested by the Michigan Sate Historic
Preservation Officer (SHPO) in his letter of March 26, 2007?

The Phase I archaeological survey requested by MI-SHPO is still being organized, and has been
tentatively scheduled to be completed before J uly 13, 2007. Once that survey has been completed we will
schedule further meetings with MI-SHPO and ACHP to continue coordination. DIBC has indicated that
there is an opportunity to shift the proposed location of the bridge piers in the event that any historical



Re: Proposed Ambassador Bridge Enhancement Project — Detroit, Wayne County, Michigan

resources are found during the survey. However, the location of the new span relative to the old span,
however, is not a matter to which there are any prudent and feasible alternatives to the project as

presented by DIBC.

4. What consulting parties has the Coast Guard identified for purposes of Section 106?

There are several community groups in the area that have expressed interest in this project, including the
Southwest Detroit Business Association, the Mexicantown Business Association, and the Bagley Housing
group. To date, DIBC has made an effort to contact these groups and others, and has enlisted the help of

MI-SHPO to identify consulting parties and include them in the process.

DIBC sent nineteen letters to Native American groups requesting review of potential impacts and
comments related to the proposed project. DIBC has received two direct responses to these letters from
Native American groups, both stating that they have no information concerning the presence of properties
in the project area. The Bureau of Indian Affairs Michigan Agency also responded stating they have no
trust lands within the project area. Copies of this correspondence are included in the Draft EA with no
additional correspondence since the Draft EA was issued. The SHPO adverse effect letter specifically
listed concern for potential effect to archaeological resources between Fort Street and the riverbank in the
vicinity of a known area of former Potawatomi presence. Although this Native American group has been
contacted by correspondence, they have not provided a response to the letters. Potawatomi groups will be

directly contacted again for possible comments.

The MI-SHPO, subsequent to their March 26, 2007 letter, requested additional information from the
applicant regarding project alternatives. This information has been provided to MI-SHPO, a consulting

party in this undertaking, by DIBC.

On May 24, 207 a public meeting was conducted at a local elementary school to solicit comments in
regards to Section 106 issues and to provide the opportunity for member of the local community to
comment on design options for the new bridge. Attendees were presented with a number of artist’s
renderings for bridge design considerations and asked to submit their preferences. The meeting was
attended by approximately twenty-five members of the general public. Eighteen submissions were
received with individual preferences for tower configuration, texture and color, railings and roadway

lighting, and overall bridge lighting.

A copy of the announcement for the meeting, and one sample of the design options presented, are
included as enclosures (2) and (3) to this letter. These options continue to be posted on the DIBC website

at www.ambassadorbridge.com with opportunity for additional public input.

5. What alternatives have the Coast Guard considered in consultation with Michigan SHPO to
avoid the adverse effect of the project as proposed?

As of this date, DIBC has indicated that they are prepared to discuss design alternatives with MI-SHPO to
minimize or mitigate any adverse effects of the project. However, a date for those discussions has not
been identified. It is our intention to propose a meeting with MI-SHPO in the last half of July 2007, after

the archaeological survey has been completed.

The Coast Guard will continue coordination and consultation with the applicant, MI-SHPO, and your
office to satisfy the requirements of Section 106 of the National Historic Preservation Act. We will
contact your office when the next meeting with MI-SHPO is scheduled.

0006



Re: Proposed Ambassador Bridge Enhancement Project — Detroit, Wayne County, Michigan

Please contact me at (216) 902-6085 if you have any questions or require additional information. Thank
you.

Sincerely,

Chief, Bridge Branch
By direction of Commander,
Ninth Coast Guard District

Copy: Detroit Ambassador Bridge Company, Detroit, Michigan
Michigan State Historical Preservation Officer, Lans ing, Michigan



Attachment Ilib — Graphic 11
Location and Area of Potential Effect
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nt ProjectPublic Workshop Notice TAKE NOTICEthat the Detroit
Workshop on Thursday, May 24th, 2007, at 6:30 p.m. Kaywoids:

The Ambassador BridgeEnhanceme
International Bridge Company (DIBC) will hold a Public

at Earhart Middle School located at 1000 Scotten Street, Detroit, Michigan 48209. The workshop will be an
open design charrette to solicit public input on alternative project designs. The U.S. Coast Guard is serving Embassada
as the lead agency for the Environmental Assessment review process. At this workshop, information will be S

provided and comments will be received on altemative designs within the Proposed Ambassador Bridge
Enhancement Project. In part, comments will be received to provide public input as part of the Section 106
consultation process currently taking place. The Section 106 process is being conducted by the Michigan
State Historic Preservation Office.PROJ ECTBACKGROUND: DIBC is proposing to construct a 6-lane cable
stayed bridge over the Detroit River, just west of the existing Ambassador Bridge. The new bridge will
connect directly into the existing plazas in both Detroit and Windsor. The new structure will be 102.5 feet
wide and 6,200 feet long, with approximately 2,200 feet traversing the Detroit River. Supporting structures
(piers and towers) will be not placed in the Detroit River or its floodplain. The bridge will be a minimum of 152
feet above the ordinary high water mark, to meet the minimum navigational clearance requirements for deep

draft vessels. No dredge or fill activities are proposed in the river with this project. Once the new structure is
completed, the existing Ambassador Bridge will be taken out of service in order to evaluate and make repairs
deemed necessary and economically feasible. The project is located in T2S, R1 1E, Section 4, City of Detroit,
Wayne County, Michigan.Additional Information is available at the following locations:DIBC - Detroit
Office2000 Howard StreetDetroit, Michigan 48226(313) 965-1 184DIBC - Warren Office 12225
StephensWarren, Michigan 48089(586) 939-7000DIBC Websitewww.ambassadorbridge.com
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Preserving America's Heritage

May 22, 2007

Chief, Bridge Branch

Ninth Coast Guard District

U.S. Coast Guard

1240 East Ninth Street, Room 2019
Cleveland, OH 44199-2060

REF:

Proposed Ambassador Bridge Enhancement Project
Detroit, Wayne County, Michigan

.

On May 7, 2007, the Advisory Council on Historic Preservation (ACHP) received notification of the U.S.
Coast Guard’s (Coast Guard) determination that the referenced undertaking may adversely affect the
Ambassador Bridge, a property determined eligible for listing in the National Register of Historic Places
by the Keeper of the National Register, as well as other historic properties. In accordance with 36 CFR
§800.6(a)(1) of the ACHP's regulations, “Protection of Historic Properties,” the ACHP has concluded that
Appendix A, Criteria for Council Involvement in Reviewing Individual Section 106 Cases, of the

regulations apply to this un

dertaking. The ACHP, therefore, will participate in this consultation. We have

provided notice of our decision (enclosed) to the Secretary of Homeland Security as required by 36 CFR
§800.6(a)(1)(iii). '

As we prepare to participate in the Section 106 consultation for this undertaking, we would appreciate
receiving additional information regarding planning activities for the proposal to date, including the

following;:

1.

What is the Coast Guard permit program that is responsible for issuance of the permit for the
project?

What is the Area of Potential Effect (APE) for the proposed undertaking?

What is the status of the archaeological survey requested by the Michigan State Historic
Preservation Officer (SHPO) in his letter of March 26, 2007?

What consulting parties has the Coast Guard identified for purposes of Section 106?

What alternatives has the Coast Guard considered in consultation with the Michigan SHPO to
avoid the adverse effect of the project as proposed?

004!

ADVISORY COUNCIL ON HISTORIC PRESERVATION




; -

We look forward to consulting with the Coast Guard, the Michigan SHPO, and others, including the
interested public, to resolve potential adver. ef] i undertaking. If you have any questions or wish
to discuss this matter further, please contac or via e-mail at

Sincerely,

Assistant Director
Office of Federal Agency Programs
Federal Permitting, Licensing, and Assistance Section

Enclosure

3
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Vice Chairman

qecutive Director

Preserving America’s Heritage

May 22, 2007

Honorable Michael Chertoff
Secretary of Homeland Security
Washington, DC 20528

Dear Mr. Secretary:

onse to a notification by the U.S. Coast Guard, we wish to inform you that the Advisory Council

ate in the consultation to develop a Memorandum of
Agreement for the proposed Ambassador Bridge Enhancement Project in Detroit, Michigan. Under
Section 106 of the National Historic Preservation Act and the ACHP’s implementing regulations,
“Protection of Historic Properties” (36 CFR Part 800), the U.S. Coast Guard is required to provide the
ACHP a reasonable opportunity to comment and to consult with the Michigan State Historic
Preservation Officer, Indian tribes, and other consulting parties to develop and evaluate alternatives or
modifications to ifs undertakings that could avoid, minimize and/or mitigate potential adverse effects on
historic properties. Our decision to participate in this consultation was made based on Appendix A to
Part 800, Criteria for Council Involvement in Reviewing Individual Section 106 Cases, and our

_understanding that this proposed undertaking may have the potential to have substantial impacts on

important historic properties.

In resp:
on Historic Preservation (ACHP) will particip

o you, as head of the Department of

As required by 36 CFR § 800.6(a)(1)(iii), we provide this notice t
Jr., of the U.S. Coast Guard. At this

Homeland Security. We have also notified Mr. Robert W. Bloom,
time, we are requesting no further action from your office.

We look forward to working with the U.S. Coast Guard and other parties in this consultation.

¢043

Executive

Enclosure

~ ADVISORY COUNCIL ON HISTORIC PRESERVATION




Commander (dpb)
Ninth Coast Guard District

U.S. Department of

Homeland Security £ 1240 E. Ninth Street, Room 2019 Phone: (216) 902-6085
_ {QJ Cleveland, OH 44199-2060 FAX: (216) 902-6088
United States
Coast Guard
16590
B-043/sms
May 2, 2007

Advisory Council on Historic Preservation
Old Post Office Building

1100 Pennsylvania Avenue, NW, Suite 809
Washington, D.C. 20004 -

Dear Mr. Sir or Madam,

In accordance with 36 CFR 800.6(a)(1), I am writing to advise you of an adverse effect determination

made by the Michigan State Historic Preservation Officer (MI-SHPO) for the proposed Ambassador
Bridge Enhancement Project in Detroit, Michigan. A copy of the March 26, 2007, MI-SHPO letter is
enclosed. The U.S. Coast Guard is the federal agency of record for this proposed project.

e was conducted on April 16, 2007 among the applicant, U.S. Coast Guard,
ference resulted in MI-SHPO requesting additional information from the
applicant regarding the purpose of the project and possible alternatives. The MI-SHPO has requested this
information, along with additional archeological studies, to complete their review of the project. The
applicant will perform the additional studies and supply the requested data. Additionally, a public
workshop has been scheduled for May 24, 2007 to expand public involvement in the process. An
announcement has been published in the Detroit Free Press and Detroit News regarding this workshop.

A subsequent phone conferenc
and MI-SHPO. The phone con

The applicant has also released a Draft Environmental Assessment (EA) for the project, including a
description of the project and efforts taken so far to address historical and cultural impacts. The portions

of the EA that describe these efforts are enclosed. The Coast Guard has also issued a press release to the

same Detroit newspapers announcing the adverse
additional comments from the public.

effect determination made by SHPO, and to request

The Coast Guard will continue coordination and consultation with the applicant and MI-SHPO to satisfy
the requirements of Section 106 of the National Historic Preservation Act.

Please contact me at (216) 902-6085 if you have any questions or require additional information. Thank

you.

ef, Bridge Branc
By direction of Commandcr,
Ninth Coast Guard District G044

Copy: Detroit Ambassador Bridge Company, Detroit, Michigan
Michigan State Historical Preservation Officer, Lansing, Michigan
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The Ambassador BridgeEnhancement ProjectPublic Workshop NoticeTAKE NOTICEthat the Detroit e
International Bridge Company (DIBC) will hold a Public Workshop on Thursday, May 24th, 2007, at 6:30 p.m. Wanreroriies

at Earhart Middle School located at 1000 Scotten Street, Detroit, Michigan 48209. The workshop will be an s
open design charrette to solicit public input on altemnative project designs. The U.S. Coast Guard is serving Fm bassad
as the lead agency for the Environmental Assessment review process. At this workshop, information will be C";;“:q“_'—
provided and comments will be received on altemnative designs within the Proposed Ambassador Bridge a6
Enhancement Project. In part, comments will be received to provide public input as part of the Section 106
consultation process currently taking place. The Section 106 process is being conducted by the Michigan
State Historic Preservation Office. PROJECTBACKGROUND: DIBC is proposing to construct a 6-lane cable
stayed bridge over the Detroit River, just west of the existing Ambassador Bridge. The new bridge will
connect directly into the existing plazas in both Detroit and Windsor. The new structure will be 102.5 feet
wide and 6,200 feet long, with approximately 2,200 feet traversing the Detroit River. Supporting structures
(piers and towers) will be not placed in the Detroit River or its floodplain. The bridge will be a minimum of 152
feet above the ordinary high water mark, to meet the minimum navigational clearance requirements for deep
draft vessels. No dredge or fill activities are proposed in the river with this project. Once the new structure is
completed, the existing Ambassador Bridge will be taken out of service in order to evaluate and make repairs
deemed necessary and economically feasible. The project is located in T2S, R11E, Section 4, City of Detroit,
Wayne County, Michigan.Additional Information is available at the following locations:DIBC - Detroit
Office2000 Howard StreetDetroit, Michigan 48226(313) 965-11 84DIBC - Warren Office12225
StephensWarren, Michigan 48089(586) 939-7000D1BC Websitewww.ambassadorbridge.com
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For more information contact:
External Affairs

U.S. Coast Guard

voice: (216) 90

fax: (216) 902-6

1240 E. 9th Street

Suite 2073

Cleveland, OH 44199

externalaffairs@uscg.mil
Ninth District External Affairs

U.S. Coast Guard

U.S. Department of .
Homeland Security
United States
Coast Guard

Date: May 1, 2007

Press Release s

(216) 902’

COAST GUARD SEEKS PUBLIC COMMENTS ON AMBASSADOR BRIDGE
PROPOSAL

e lead federal agency for the proposed project, announces

the availability of the Draft Environmental Assessment (EA) for the construction of an additional
bridge span to be constructed to the west side of the existing bridge spans of the Ambassador

Bridge, between Detroit and Windsor, Ontario.

DETROIT - The U.S. Coast Guard, th

The Coast Guard is seeking comments as part of the National Environmental Policy Act (NEPA)
process. The EA evaluates the environmental and socioeconomic impacts of the Proposed Action.
The Coast Guard is also seeking additional comments as part of the public involvement process
under Section 106 of the National Historic Preservation Act (NHPA).

al Preservation Officer (SHPO) determined that the proposed project
ffect to the existing Ambassador Bridge due to visual and other

aesthetic impacts in a letter to the project applicant dated Mar. 26, 2007. The existing bridge
structure is eligible for listing for the National Register of Historic Places. The Coast Guard requests
public comments on the proposed design of the planned bridge and potential impacts to the existing

Ambassador Bridge.
The Draft EA is available for viewing or downloading on the Ambassador Bridg

The Michigan State Historic
would result in an adverse

e web site at:

www.ambassadorbridge.coms'ambassador—project. html

Comments should be submitted in writing and must reach the Coast Guard by June 1, 2007.
Please mail comments to the following address:

Commander (dpb)
Ninth Coast Guard District
0

<
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The Ambassador Bridge Enhancement Project

Public Workshop Notice

TAKE NOTICE that the Detroit International Bridge Company (DIBC) will hold a Public Workshop on
Friday, March 1st, 2007, at 6:30 p.m. at Earhart Middle School located at 1000 Scotten Street, Detroit,
Michigan 48209. The workshop is to assist in the preparation an Environmental Assessment for the
project, in which the U.S. Coast Guard is serving as the lead agency for the EA review process. At this
workshop, information will be provided and comments will be received on the Proposed Ambassador

Bridge Enhancement Project.

PROJECT BACKGROUND: DIBC is proposing to construct a 6-lane cable stayed bridge over the
Detroit River, just west of the existing Ambassador Bridge. The new bridge will connect directly into the
existing plazas in both Detroit and Windsor. The new structure will be 102.5 feet wide and 6,200 feet
long, with approximately 2,200’ traversing the Detroit River. Supporting structures (piers and towers)
will be not placed in the Detroit River or its floodplain. The bridge will be a minimum of 152 feet above
the ordinary high water mark, to meet the minimum navigational clearance requirements for deep draft
vessels. No dredge or fill activities are proposed in the river with this project. Once the new structure is
completed, the existing Ambassador Bridge will be taken out of service in order to evaluate and make
repairs deemed necessary and economically feasible. The project is located in T2S, R11E, Section 4,

City of Detroit, Wayne County, Michigan.

Additional Information
is available at the
following locations:

DIBC - Detroit Office
2000 Howard Street
Detroit, Michigan 48226
(313) 565-1184

DIBC — Warren Office
12225 Stephens
Warren, Michigan 48089
(586) 939-7000

DIBC Website ¥«
www.ambassadorbridge.com

AR

AMBASSADOR BRIDGE




Ambassador Bridge Enhancement Project
PUBLIC WORKSHOP NOTICE

PROJECT BACKGROUND: Ambassador Bridge is proposing to construct a 6-lane cable
stayed bridge over the Detroit River, just west of the existing Ambassador Bridge. The new
bridge will connect directly into the existing plazas in both Windsor and Detroit. The New
structure will be 31.24 metres wide and 1889.76 metres long, with approximately 670.56
metres traversing the Detroit River. No supporting structures (piers and towers) will be placed
in the Detroit River. Once the new structure is completed, the existing Ambassador Bridge will
be taken out of service in order to evaluate and make any repairs necessary.

TAKE NOTICE: the Ambassador Bridge will conduct a series of Public Workshops on the
Enhancement Project at the times and places noted below:

Monday Tuesday Wednesday Thursday

April 14 at 6:30 pm April 17 at 6:30 pm April 18 at 6:30 pm April 20 at 6:30 pm

Royal Canadian Legion St. Francis Elementary | Caboto Club Essex High School Gymnasium
3920 Huron Church Road 477 Detroit Street 2175 Parent Avenue 244 Talbot Street North
Windsor, Ontario Windsor, Ontario Windsor, Ontario Essex, Ontario

These meetings are being held as part of the public consultation process for the preparation of

a Federal Environmental Assessment (EA).
For further information, please contact:

P. Leigh Whyte

Chief Urban Planner
Avalon Consulting Professionals of Ontario, LLC

AMPASSAD
Tel. 1-866-807-5113 ,‘ﬁlimm{__f)u‘nkk

Email Iwhyte@acp-on.ca
AMBASSADOR BBRIDGE

Ambassador Bridge: www.ambassadorbridge.com

48

[aee)
o)



Monday

Tuesday

Wednesday

Thursday

Friday .

April 2, 2007

April 3, 2007

April 4, 2007

April 5, 2007

7:00

7:30

Gan: =

8:00

8:30

Friendship Gentre

A P o oy

9:00

9:30

10:00

10:30

11:00

11:30

12:00

12:30

1:00

1:30
2:00

2:30]N

3:00
3:30
4:00
4:30

5:00

5:30

6:00

6:30

7:00

7:30

8:00

8:30

9:00

9:30

10:00

April 6, 2007




Monday Tuesday Wednesday  |Thursday Friday

April 9, 2007| April 10, 2007 April 11, 2007| April 12, 2007 April 13, 2007
7:30 SaT e e
8:00 :
8:30
9:00 am&D : :
9:30 Chamber : !
10:00
10:30
11:00
11:30
12:00
12:30
1:00
1:30
2:00
2:30
3:00
3:30
4:.00
4:30
5:00
5:30
6:00
6:30
7:00
7:30
8:00
8:30
9:00
9:30
10:00

vl
o
B S




Monday Tuesday Wednesday Thursday Friday

April 16, 2007| April 17, 2007 April 18, 2007| April 19, 2007 April 20, 2007
=3 VTR L S ¥ : s S

'

7:00:.0r1 HonTE Orsanzation s Organization =01 nization SOt ]
7:30:Meeting.. eting - ‘Meeting - = Meeting: 1 5=+ Meeling iy
8:00&% ST : : i
8:30 : .

9:00

9:30|
10:00
10:30
11:00

11:30 [

4.00

12:00
12:30
1:00
1:30
2:00
2:30
3:00
3:30

4:30

5.00].

5:30

6:00
6:30
7:00}E
7:30]1\
8:00
8:30
9:00
9:30
10:00




Monday

Tuesday

Wednesday

Thursday

Friday ]

April 23, 2007

April 24, 2007

April 25, 2007

April 26, 2007

April 27, 2007 |

7.00

7:30

8:00

8:30

9:00

9:30

10:00

10:30

11:00

11:30

12:00

12:30

1:00

1:30] .

2:00

2:30

3:.00

3:30

4:00

4:30

5:00

5:30

6:00

6:30

7:00

7:30]¢

8:00
8:30
9:00

9:30

10:00

(s

o

ax “Po
e, -

s w

L



Monday

Tuesday

Wednesday

Thursday

Friday

April 30, 2007

May 1, 2007

May 2, 2007

May 3, 2007

May 4, 2007

7:00

7:30

8:00

8:30|

9:00

9:30

10:00

10:30

[ 11:00

11:30

12:00

12:30

1:00

1:30

2:.00

2:30

3:00

3:30

4:00

4:30

5:00

5:30

6:00

6:30

7:00

7:30

8:00

8:30

9:00

9:30

10:00




Monday

Tuesday

Wednesday

Thursday

Friday

May 7, 2007

May 8, 2007

May 9, 2007

May 10, 2007

May 11, 2007

7:00

——

7:30

8:00

8:30

9:00

9:30

10:00

10:30

11:00

11:30

12:00

12:30

1:00

1:30

2:00

2:30

3:00

3:30

4:00

4:30

5:00

5:30

6:00

6:30

7:00

7:30]

8:00
8:30
9:00

9:30

10:00

@

T3



Commander (dpb)

U.S. Department _Of Ninth Coast Guard District
Homeland Security 1240 E. Ninth Street, Room 2019 Phone: (216) 902-6085
Cleveland, OH 44198-2060 FAX: (216) 902-6088

United States

Coast Guard
16590

B-015/sms
February 20, 2007

ni ates rish and wildlife Service
East Lansing Field Office (ES)
2651Coolidge Road — Suite 101
East Lansing, Michigan 48823-6316

I am writing in regards to your letter dated August 29, 2006, and the ongoing permit process for the
proposed second structure to the existing Ambassador Bridge across Detroit River in Wayne County,

Detroit, Michigan.

The applicant for this proposed project, the Detroit International Bridge Company, has received a permit
uary 17, 2007, to construct six

from Michigan Department of Environmental Quality (MDEQ), dated Jan
additional lanes over Detroit River adjacent to the west side of the existing bridge and connect directly

into the existing plazas. The permit does not list any state-listed threatened or endangered species that
may be affected by the proposed project. The permit does not specifically identify any expected impacts

to the northern riffleshell mussel, which was identified by your office as a federally listed endangered

species that may occur in the vicinity of the project. The applicant is required to employ siltation barriers
ents in the MDEQ permit.

during construction, but there are no other significant impacts or requirem

The United States Coast Guard, as lead federal agency for a possible federal Bridge Permit for this
project, does not believe that the project, as proposed, will impact any federally or state listed threatened
or endangered species. This determination is based on the documentation received and the fact that the

proposed project would not require the placement of piers in Detroit River.

ence with this determination to conclude coordination pursuant to

I am writing to obtain your concurr
Section 7 of the Endangered Species Act of 1973, or for you to provide additional information regarding

this proposed project.

Thank you for your consideration of this matter. Please contact.of this staff by calling (216)
902-6087 for further discussion.

Chief, Bridge Branch
By direction of Commander,
Ninth Coast Guard District
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June 12, 2007 : _ _
Untied States Coast Guard 9" District e S R TR ot
Captain Joseph R. Castillo, Chief of Staff R

1240 E. Ninth St. 2025

Cleveland, OH 41999-2060 M f’:ﬁf‘ﬂ(’
Dear( B

The Wyandotte Nation would like to address the project:

Ambassador Bridge, Sandwich Ontario Site.

The Wyandotte Nation has a great concern in the project due to the cultural impact on

scared burial sites.
The site involved is a known burial site of many tribal ancestral graves. These graves

would be impacted by any future development on the proposed site.

The Wyandotte Nation is in support of local Windsor residents who have expressed their
concerns on the environmental and cultural in this area due to this pending project.

After documenting proof of ancient Wyandotte burial sites in the proposed project area,
we are requesting these sites not be disturbed as these remains of our ancestors are scared
to our way of life. In short, we anticipate a response of how this unfortunate situation will

be handled going forward.

Sincerely,

S ————

~ 7 —N.AGPRA. Representative, Wyandotte Nation
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DETROIT - WINDSOR TRUCK FERRY, INC.

1" m DETROIT - WINDSOR e

[ ® |
L S U ACRE Y =

T TR

Bridge Program Manager
Ninth Coast Guard District
1240 East Ninth Street
Cleveland, Ohio 44199-

May 29, 2007

Re: Ambassador Bridge Enhancement Project
Dear Sir:

The lack of clear federal authority over safety and security issues at privately owned
international bridges increases the risk potential for security and environmental incidents
to occur and impact the Marine Transportation System. On this basis I oppose the
issuance of the Coast Guard bridge permit for the twinning of the Ambassador Bridge.

The National Hazardous Material Routing Registry (NHMRR) restricts certain hazard
classes of material from crossing the privately owned Ambassador Bridge. The Michigan
State Police confirm the routing restrictions are valid. In a direct challenge to
government authority, the owners of the privately owned Ambassador Bridge give out
permission letters to certain companies to transport restricted goods across their facility

in/out of Canada.
Please review the attached Congressional testimony from February 15, 2007 before the

Subcommittee on Coast Guard and Maritime Transportation where this issue is detailed
on pages 5-7 under the header HAZARDOUS MATERIALS and in attachments A-G.

Thank you for considering my comments.

.
rarals:

—

T TT——
t

Vice President ~

=
=ip
2

P.O. Box 09033 s« Detroit, Ml 48209
Phone 313-842-2088 « Fax 313-842-2091



DETROIT-WINDSOR TRUCK FERRY, INC.
P.O. BOX 09033
DETROIT, M1 48209
PHONE: 313-842-2088

THE DEVELOPMENT OF SHORT SEA SHIPPING IN THE UNITED STATES
SUBCOMMITTEE ON COAST GUARD AND MARITIME TRANSPORTATION
COMMITTEE ON TRANSPORTATION AND INFRASTRUCTURE
U.S. HOUSE OF REPRESENTATIVES

EXECUTIVE SUMMARY

STATEMENT O‘ VICE PRESIDENT
DETROIT- DSOR TRUCK FERRY

FEBRUARY 15, 2007

Short Sea Shipping provides a genuine opportunity to relieve congestion in certain freight
corridors and at border crossings, expand national highway freight capacity and improve
the security and safety of our transportation system in a environmentally sustainable

manner.

Challenges holding back the developmenit of Short Sea Shipping in the United States
include:
e Harbor Maintenance Fee

e APHIS AQI Fees
e Binational Issues such as Canada Customs Cost Recovery Fees, Canadian

Icebreaking Fees and Highway signage.
e Lack of enforcement of existing National Hazardous Materials Route Registry

(NHMRR) restrictions.

The following actions are being asked of Congress to promote the development of Short
Sea Shipping in the United States:

e Support H.R. 891, the Great Lakes Short Sea Shipping Act

e Enforce the NHMRR at the border.

e End preferential tax treatment of land border crossings.

L]

Harmonize NAFTA border security, safety and tax policies.
Demand from all operators of international border crossing transparency,
accountability and compliance with federal security priorities.
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DETROIT-WINDSOR TRUCK FERRY, INC.
P.O. BOX 09033
DETROIT, MI 48209
PHONE: 313-842-2088

THE DEVELOPMENT OF SHORT SEA SHIPPING IN THE UNITED STATES
SUBCOMMITTEE ON COAST GUARD AND MARITIME TRANSPORTATION

COMMITTEE ON TRANSPORTATION AND INFRASTRUCTURE
U.S. HOUSE OF REPRESENTATIVES

STATEMENT 011 “\VICE PRESIDENT
DETROIT-WI UCK FERRY

FEBRUARY 15, 2007

It is a true honor to come before you today to speak about Short Sea Shipping.

On Earth Day 1990 the Detroit-Windsor Truck Ferry service was started by my father
and me. We chose this start up date 16 years ago to symbolize our commitment to
environmental stewardship and a belief that marine transportation can help reduce
highway congestion, air pollution and the consumption of finite fossil fuels. The
company operates a border crossing between Detroit, Michigan and Windsor, Ontario.
Using a flat deck barge and a tugboat, trucks roll-on, cross the river and roll off again on
the other side. We transport mainly hazardous material laden trucks that are restricted by
US regulations from crossing the Ambassador Bridge and the Detroit-Canada Tunnel.
The alternative legal crossing for these vehicles requires a detour of 165 miles. The
types of hazardous materials crossing our facilities include flammables, acids, radioactive
materials and explosives. We also move those transports too Jarge or heavy for the other
crossings. At times of significant congestion at the bridge, we provide surge capacity to
vehicles carrying critical automotive freight. With a one-mile crossing of the Detroit

River, we are natural extension of the highway.

My comments today will refer mostly to the Great Lakes region and as a point of
reference, the Detroit area. Establishing a freight border crossing is filled with many
obstacles and learning experiences. The challenges our company has faced and some yet
overcome, may help chart a course for developing of Short Sea Shipping in the United
States. 1 am cautiously optimistic about the opportunities to establish a robust, self-
sustaining marine highway program. With regulatory coordination between the US
Department of Transportation, Customs and Border Protection, and our neighbors North
and South, Short Sea Shipping can develop into an important part of the North American

Transportation System.

Short Sea Shipping is an opportunity to relieve congestion on certain highways, expand
national highway freight capacity and potentially reduce travel times. Heavily congested
routes along the coast and at border crossings can be served with marine alternatives to
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keep freight moving and provide redundancy to critical infrastructure. Marine assets can
be put into service in a relatively short period of time.

NATIONAL SECURITY: A tremendous amount of U.S. and Canada trade moves by
truck mostly over bridges. In Detroit alone 10,000-12,000 trucks cross the bridge each
day. Borders are vital conduits of trade as well as symbolic and economic targets for
those who wish our nation harm. The loss of a single cross border bridge because of a
terrorist action, serious accident or natural disaster would have a devastating and
cascading affect on our national economy. The Department of Homeland Security

national strategy to prevent, protect and respond to all hazards is integrally linked with -
the word recovery. For our nation to overcome any breakdown in the Northern border
“system there needs to be alternate systems in place for the seamless transfer of cargo and

" people.

Short Sea Shipping can add significant and immediate redundancy and resiliency to our
transportation network. Within the Great Lakes, we can establish water routes parallel to
North-South trade corridors and most obviously near fixed border crossings.

A recent DOT study confirmed short sea shipping has significant potential to carry
hazardous material shipments. Removal of this cargo from high availability/high
consequence critical infrastructure and trade corridors helps protect system integrity,
improves anomaly detection for law enforcement and decreases potential public

exposure.

TRANSPARENCY: Three Port Security grants have allowed our company to design
and develop an advanced notification system software application for law enforcement to
know all critical data elements of what is being moved before entry into the country.
Even as a private company, our operations are transparent to law enforcement — from
cameras in our terminals and offices to detailed customer and traffic information. The
cycling of vessel arrivals allows enforcement authorities time to analyze vessel manifest
and invoice data — which includes detailed driver, passenger, cargo and vehicle
information, make critical pre-arrival decisions and physically examine 100% of all
inbound and outbound transports. This high-level of security and domain awareness is
not possible at fixed crossings. At the land border, law enforcement’s primary interaction
with vehicles occurs after they have already crossed the bridge and tunnel.

HIGHER LEVEL OF GOVERNMENT OVERSIGHT: Another reason for dangerous
cargoes to move by water is the higher level of government oversight. Unlike the
privately owned and operated Ambassador Bridge, a private marine operator like the
truck ferry is subject to extensive government oversight and actual physical inspection of
vessels and facilities from both the United States and Canadian authorities. Soon the
Transportation Worker Identification Card will add another layer of security to marine
operations that is absent at the fixed border crossings.

ENVIRONMENT: The environmental benefits of marine transportation are immediate
and well-defined by research. In 16 years of operation, our small truck ferry service has
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removed tens of millions of miles off the route of hazardous material laden and oversize
transports - reducing the risk of accidents, highway congestion, wear-and tear to roads,
consumption of finite fossil fuels and air emissions. ~ Operations are as simple as a
parking lot on each side of the river and a floating platform to carry trucks across.
Located on an industrial brownfield site, we are removed from population centers and
close to the highway system. To expand the service requires only adding a second vessel,

the terminal footprint remains the same.

SURGE CAPACITY: The experience of September 11 proved the value of redundancy
in cross-border transportation options. In particular, the merit of cross border marine
links was evident by the success of the Detroit-Windsor Truck Ferry in helping to avert

post 9/11 plant closings in the automotive industry.

With back ups at the Ambassador Bridge and the Blue Water Bridge exceeding 14 hours,
it was incumbent on logistic managers to identify and implement alternative
transportation plans for meeting the just-in-time requirements. Beginning September 11,
the auto companies used the ferry to carry low risk/critical freight across the border as
well. Working cooperatively, automotive companies and suppliers, transporters and the
truck ferry managers were able to prioritize shipments based on need. The impromptu
ranking assessment was as simple as which production line would be halted or which
plant would close without a shipment. That shipment was then moved to the front of the

line.

General Motors, in a letter to US Customs following September 11, stated, “The Detroit-
Windsor Truck Ferry became our only alternative that would enable General Motors to
continue operation of the Detroit/Hamtramck Assembly Plant.” (Over 3,400 employees)

At the border, diverse crossing options are essential if manufactures are to continue
operations during crisis. The marine industry is a viable substitute for a portion of the

traffic that moves on rubber down the highway.

CHALLENGES:

THE SINGLE MOST IMPORTANT IMPEDIMENT TO THE DEVELOPMENT
OF SHORT SEA SHIPPING IN THE UNITED STATES IS THE HARBOR

MAINTENANCE FEE (HMF)

The HMF applies, with limited exceptions, to domestic and foreign marine cargo
unloaded at a U.S. port, including waterborne cargo arriving from our NAFTA partners.

The HMF is not assessed on the harbor or port, nor is it assessed on the vessel’s operator
or owner. The tax is set on the value of the cargo, and is to be paid by the shipper or

importer of the cargo.

Not subject to the HMF is domestic highway freight and imported cargoes arriving in the
U.S. by a land border - highway, bridge or tunnel.



So when you think of SSS as a viable transportation alternative, you must consider the
added cost element of the HMF. The tax is $125 for every $100,000 in (domestic)
merchandise or import value. Because of the HMF, the seamless diversion of traffic from
congested highways and bridges to waterborne services will be unlikely, expensive and
require extraordinary coordination among the carrier, shipper and import community.

To use a SSS carriage alternative, the highway carrier must contact every shipper with
freight in the trailer to seek permission to subject each shipment to the HMF at the
expense of the shipper or importer. The domestic shipper/importer will calculate the
added cost (HMF) of shipping by water and make a business decision whether the time
and money saved on the congestion avoidance route (SSS) is worth the added tax and
document filing obligation. If it agrees to incur the added costs associated with the HMF,
the domestic shipper/importer will need to declare accurately the shipment contents and
value of the merchandise shipped. Shippers of freight and carriers are business operators,
not social engineers. They make shipping decisions based on convenience, price and

service.

For example, most of freight transports crossing the truck ferry from Canada are empty
hazardous material shipments which are still subject to the National Hazardous Materials
Routing Registry restrictions. These empty transports have zero declared value, so they
are not charged the HMF. Depending on the value of the hazardous material shipment, it
is sometimes less expensive for shippers to detour 4-5 hours and 165 miles to a bridge
than take the 20 minute crossing of the truck ferry and pay HMF. Even during severe
border congestion at the Ambassador Bridge, some companies remain idling in long
queues, to the detriment of the environment and transportation efficiency, instead of
diverting to the truck ferry for a scheduled crossing of the river. Time and again the
coordination and cost burden of the HMF are identified as the problem.

Unless the issue of the Harbor Maintenance Fee is addressed, a robust SSS system
will not develop in the United States.

APHIS: US Department of Agriculture, Animal and Plant Health Inspection Service will
begin in March 2007 requiring payment of Agriculture and Quarantine Inspection fees
from commercial vessels, trucks and railroad cars entering the United States from
Canada. Because we operate a truck ferry service, APHIS AQI fees are collected twice —
once on the vessel ($490.00) and then again on the truck ($5.25). If a truck crosses a

bridge or tunnel, the fee only applies to the truck (§5.25).

BINATIONAL ISSUES

Canada Customs: A serious challenge to developing Short Sea Shipping within the
Great Lakes region will be the Canadian government policy of charging any new
international marine operation the full cost recovery of customs services. These identical
services are provided to bridges and tunnels without charge. Until late 2005, the Detroit-
Windsor Truck Ferry was the only freight border crossing in Canada subject to these fees.
It was only after extensive litigation that our company no longer pays these fees which
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averaged about $10 for every truck transported by ferry. Any new operation is subject to
these same fees - only at a higher rate. '

Canadian Icebreaking Fees: The Detroit-Windsor Truck Ferry is in litigation with the
Canadian government over icebreaking fees. To make a one-mile crossing of the Detroit
River, (which has the international boundary in the middle) the Canadian government
charges a $3,100 transit fee for ice breaking services. These fees are capped at three
transits a month per vessel. It does not matter if there is ice in the river or the fact that
our privately owned truck ferry service in not legally eligible to receive dock to dock
icebreaking transit assistance. Further, ice breaking in the Detroit River is a shared
responsibility of the United States Coast Guard and the Canadian Coast Guard. Thus we
are being charged fees by Canada for icebreaking services conducted by the United States
government and funded by US taxpayers. During the four month ice season, these fees

equal about $17 a truck transported.

Signage: On the Canadian side of the border, directional signage to the ferry exists on
highways as well as county and local roadways. These signs identify the U.S. hazardous
material restrictions at the border and provide excellent trailblazing to the truck ferry
terminal. On the U.S. side of the border before the entrance to the bridge and tunnel, not
a single sign exists on the state, county or local roadways providing information on the
US National Hazardous Materials Route Registry restrictions or the alternate hazardous
material crossing of the Detroit-Windsor Truck Ferry. '

HAZARDOUS MATERIALS

The final and most important challenge to the Detroit-Windsor Truck Ferry is the lack of
transparency for hazardous materials crossing the border between Detroit and Windsor.
Security of movement and the safety of infrastructure are imperiled without continuous
and effective situational awareness of hazardous material. Unfortunately there is no
coordinated regional policy for the enforcement of existing regulations when they apply

to a privately owned bridge.
To illustrate this point please consider the following:

e Since 1929, hazardous material routing restrictions have been in place to restrict
certain hazardous materials from crossing the Ambassador Bridge and Detroit-
Canada Tunnel. [Attachment A — National Hazardous Materials Route Registry
for Detroit]

e The Detroit-Windsor Truck Ferry was established in 1990 to eliminate the
circuitous detour route trucks took when transporting restricted cargoes to avoid
the local bridge and tunnel.

e Following September 11, 2001, the Detroit media showed video footage of 13,000
gallon fuel tankers and trucks with hazardous materials illegally crossing the
Ambassador Bridge — a critical lifeline for the US economy.

e The National Hazardous Materials Route Registry is enforced by the State in
which the restrictions take place. However the Michigan Department of
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Transportation wrote to me on October 18, 2001 about the restriction of
hazardous materials on the Ambassador Bridge and said, “The state does not have
Jjurisdiction concerning the transport of hazardous materials across a privately
owned bridge, that is the responsibility of the private owner/operator.” The letter
went on further to state, “Jurisdiction over transport of hazardous material
across a city street may either be under the jurisdiction of the MSP (Michigan
State Police) and/or local enforcement agencies such as the City of Detroit.”

e According to media reports, the Ambassador Bridge, a privately owned and
operated international border crossing, informed the Michigan State Police it does
not have “the authority to determine what crosses a private piece of property.”

[Attachment B] _
e USDOT legal council states the Hazardous Material Regulations apply to private

bridges. [Attachment C]

e The Ambassador Bridge distributes letters allowing certain privileged companies
to transport restricted hazardous material across the bridge in contravention of the
routing restrictions. [Attachment D] The Michigan State Police state these letters
are illegal. [Attachment B]

e For hazardous material restricted routes throughout the US, highway signage is
used to inform the commercial vehicle operators of route restrictions. No such
signs are in place at the Michigan border crossings. Only one such sign exists on
the Ambassador Bridge, seen by trucks after toll collection. [Attachment E]

e In Canada there is no signage on the plaza of the Ambassador Bridge notifying
truckers with hazardous materials that the facility is route restricted. On the
Canadian side of the border there are no toll booth operators to stop a vehicle
from illegally crossing the bridge with restricted hazardous materials.

e In Canadian law there is no hazardous material routing restrictions at the border
however in Windsor, Ontario signage has been installed to inform drivers of the
US restrictions. [Attachment F]

e From the FMCSA Guide to Developing an Effective Security Plan for Highway
Transportation of Hazardous Materials. Part D En Route Components:
“Explosives, poisons, and flammables all represent significant potential
consequences for weapons conversion in a tunnel scenario. Long-span bridges,
such as suspension bridges, are targets for both their iconic and economic value.”

e In December 2001, the Ontario Ministry of Transport reported to the media that
over 9,000 hazardous material vehicles a year illegally crossed the privately
owned bridge. [Attachment G] _

e In the March 2006 GAO report, Review of Undeclared Hazmat Entering the
United States, according to officials, undeclared hazmat shipments occur for two
main reasons: (1) Lack of knowledge: Domestic and foreign shippers may be
unfamiliar with hazmat regulations and laws. (2) Economics: Shippers may not
declare hazmat to avoid additional costs. This generally occurs because declared
hazmat shipments require special placarding, packaging, additional training,
carrier surcharges, and insurance.

Following September 11, 2001, it became clear the agenda of those with the intent to do
harm to our nation anticipated the use of hazardous material laden vehicles as weapons of
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destruction. It is not difficult to imagine how those with the intent to do harm to an
important trade corridor could exploit the absence of authority and the lack of a
consistent hazardous material policy to permanently disable this critical NAFTA
transportation link. One cannot assume that our enemies have taken this modus operandi
off their agenda. Protection of our international borders requires a consistent

enforcement plan based upon transparent rules and regulations.
Canada: International Bi—idge and Tunnels Act

Until recently the Canadian government as well had no clear authority to regulate matters
concerning approvals for the constructing new, or altering existing, international bridges
or tunnels; approvals for changes in ownership, operation or control; and issues about

maintenance, operations, safety and security.

To resolve this problem, the Canadian government recently enacted into law the
International Bridge and Tunnels Act. This legislation provides the federal
government with legislative authority to ensure effective oversight of the existing 24
international vehicular bridges and tunnels and nine international railway bridges and
tunnels, as well as any new international bridges or tunnels built in the future. The
Minister, through the governor-in-council, has the power to regulate the safety, security,
operation and use of international bridges and tunnels. The Minister will have the
authority to issue an emergency directive in response to a potential threat to the safety or
security of any international bridge or tunnel. To help protect the safety, security and
efficiency of the transportation system, Ministerial approval will be required for
transactions that result in changes in ownership or the operation of any international

bridge or tunnel.

In the United States there is no similar authority or oversight when it comes to privately
owned international border crossings. This is a danger for our national security. Even
after September 11, 2001, our company, a transporter of dangerous cargoes across the
border, has not been formally interviewed to ask how we finance operations, who
beneficially owns our company or what other companies do we control and operate.

As these questions have not been asked of our company, I guarantee you there has not
been any vetting of other privately owned border crossings.

This Congress should consider the dire national consequences of not having a clearly
defined authority over our international borders.

CONCLUSION

The value of a Short Sea Shipping system in the United States, particularly at the
northern border, is integrally linked to the condition and vulnerability of our aging
transportation infrastructure. Again referring to the Detroit-Windsor border, about 25%
of our nation’s trade with Canada, our largest trading partner, crosses a bridge built in
1929. Over $300 million in trade is trucked each day across the Ambassador Bridge. If
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that facility failed, there is no ready replacement plan; the economy of the entire United
States will be harmed.

When a section of the 1-495 Beltway around Washington DC closes, traffic snarls and
delays abound, but the system continues to operate through the use of secondary roads
that absorb the temporary excess traffic demand. At the U.S. and Canada border, this
will not happen. If the Ambassador Bridge closes, US bound freight would have to
divert either 100 miles to the nearest international bridge crossing in Sarnia, Ontario or
250 miles to Fort Erie, Ontario. Such delays would cripple the automotive industry, its

suppliers and our economy overnight.

To mitigate this risk, we must build, without delay, a versatile and flexible multimodal
transportation system that includes Short Sea Shipping. The Congress of the United
States is being asked today to take a leadership role in this necessary expansion of our
transportation network. The following actions are required:

1. Support the reintroduced Great Lakes Short Sea Shipping Act, H.R. 981, to
exempt shippers paying the Harbor Maintenance Tax on non-bulk shipments on
the Great Lakes and St. Lawrence Seaway System between a port in Canada to a
U.S. port. This is the most critical action to be taken for development of Short
Sea Shipping in the Great Lakes region.

2. Enforce the Hazardous Material Routing Restriction at the Detroit border and
select the Detroit-Windsor Truck Ferry as the prescribed route for high-risk and
hazardous materials. The public depends on government to enforce rules and
regulations that are put in place to protect people, property and commerce. The
continued inconsistent application and enforcement of the NHMRR weakens the
overall regulation and emboldens those who wish to harm our nation.

3. End preferential tax treatment of land border crossings. This practice protects
incumbent operations, discourages competition and reduces the development of
alternative modes of transportation. Be it crossing a lake or an inland river, a
Short Sea Shipping vessel should be seen for what it is, a valuable extension of
the highway, replacing bridges and tunnels where not practible.

4. Harmonize NAFTA border security, safety and tax policies so there is a consistent
and equitable regulatory framework for freight entering this country by either land
or marine.

5. Demand from all operators of international border crossings transparency,
accountability and compliance with federal security priorities.

With a border transportation system unable to recover from catastrophe, we leave our

jugular exposed to the enemies who gather, prepare and plan to destroy our nation. The
establishment of a sustainable marine highway system is not only desirable - it must

become a national security priority.

Thank you for this opportunity to appear before you today.
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a U.S. Department of Transportation

Federal Motor Carrier Safety Administration

Route Registry > Search Results

The National Hazardous Materials Route Registry

Report Date 2/12/2007
Report Type:  Verbose
States: Michigan
Categories: All Categories
STATE: Michigan
Agency: Michigan DOT FMCSA: MI FMCSA Field Office
POC:  Mr. Gregory Rosine, Director POC:  Motor Carrier State Director
Address: 425 West Ottawa Address: Federal Building, Room 205
P.O. Box 30050 315 West Allegan Street
Lansing, Michigan 48909 Lansing, Michigan 48933
. Phone: (517) 373-1884 Phone: (517) 377-1866

Fax:  (517)-373-0176
RESTRICTED ROUTES

Designation o
Date Route Description

1/1/1929 Ambassador Bridge [Detroif] From -1-3---78
Porter St. to Canada [Windsor]
[Phone (313)-849-5244]

3/8/1995 Blue Water Bridge [169] -1---5-7-9-
[Port Huron, Ml to Sarnia, Ontario.
NOTE: In addition to the listed
restrictions, Pyrophoric Liquids
prohibited. Contact Michigan
Dept. of Transportation for
specific restrictions. (810)-984-
3131]

Restriction

1/1/1990 Interstate 696 [County of Oakland] -1-3------- -----

From State Route M-10 to
Interstate 75

3/8/1995 International Bridge [175] 0-------=-= ==---

[All placarded vehicles require an
escort. Contact Operations
Supervisor at (906)-635-5255




before crossing. Sault Ste. Marie,
MI to Sault Ste. Marie, Ontario.]

3/8/1995 Mackinac Bridge [179] O--cmmmmmmm mmmm-
[Mackinac City to St. Ignace. All
placarded loads require an escort
by the Mackinac Bridge Authority.
Phone (906) 643-7600.]

1/1/1958 State Route M-10 [Detroit] From  -1-3------- -----
Howard St. to Woodward Ave.
[Under Cobo Hall (approx 1 mile)]

1/1/1964 State Route M-10 [Detroit] From8 -1-3------- -----
Mile Rd [South] to Wyoming Rd

10/3/1998 State Route M-59 [Utica] o
[1.1 mile from either direction of
the Mound Rd exit]

1/1/1930 Windsor Tunnel [Detroit] From -1-3---78-- -----
Jefferson Ave. to Canada

[Windsor]
[Phone: (313)-567-4422]

Restriction / Designation Key

Restrictions | Designations
Prohibited for the indicated hazmat ! Recommended for indicated hazmat

0 - ALL Hazmats
1 - Class 1 - Explosives
2 -Class 2 - Gas

3 - Class 3 - Flammable A - *Prescribed Route* ALL NRHM Hazmats

4 - Class 4 - Flammable B - *Prescribed Route* Class 1 - Explosives
Solid/Combustible P - *Preferred Route* Class 7 - HRCQ Radioactive
5 - Class 5 - Organic | - *Prescribed Route* Poisonous Inhalation Hazard
6 - Class 6 - Poison (PIH)

7 - Class 7 - Radioactive M - *Prescribed Route* Medical Waste

8 - Class 8 - Corrosives
9 - Class 9 - Dangerous (Other)
i - Poisonous Inhalation Hazard (PIH)

Feedback | Privacy Policy | USA.gov | Freedom of Information Act (FOLA) | A ibility
Web Policies and Importan Links | Site Map | Plug-ins

Federal Motor Carrier Safety Adminisiration
400 Tih Sireet SW, Washington, DC 20590 - 1-800-832-5660 « TTY: 1-800-877-6339
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Hazmat Trucks On Bridge Leads To Crackdown

Local 4 Investigation Uncovers Suspect Hauling Practice
Posted: 10:22 p.m. EST January 10, 2002

Updated: 11:18 p.m. EST January 10, 2002

DETROIT-- If trade is America's lifeline, then the Ambassador Bridge is the main artery. Every
day more than 32,000 vehicles cross over -- trucks carrying precious cargo and something else.
The Defenders have discovered hazardous materials are being carried illegally across. The
Ambassador Bridge is restricted by federal regulations, prohibiting corrosives, explosives,
radioactives and flammable loads.

Gregg Ward, Detroit /Windsor Ferry: "I think the public takes the assumption the law is enforced.
So they assume that they're safely crossing these facilities."

In our three-month investigation, defender cameras catch truckers carrying over illegal loads. On
this day, a fuel truck crosses the bridge. A flammable sign warns of dangerous cargo. But no one

stops the truck, a clear violation of the law.

Windsor Fire Department: "As far as a fuel vehicle, | don't even want to think about it,
IR have a real problem." If a situation did.ccudadRgagL firefighters would be one of
several agencies to respond. That's why Assistant supports regulations
prohibiting hazardous materials crossing the brid J'There is no water supply on the
bridge. If it actually burst into flame, I'd have a real problem and concern with the actual structure

of the bridge."

Defender cameras roll as this truck with flammable signs exits the bridge. Surprised? It happens
more often than you think. In fact, a Canadian government report reveals 9,000 truck drivers
every year are illegally driving hazardous materials over the Ambassador Bridge.

So how are trucks carrying hazardous materials supposed to cross the river? The fefg, It costs
$100 — at times, more than twice the cost of using the bridge, but it's legal. Trucker

takes the ferry, plays by rules and wishes others would follow. Zelco: " | don't think i's fair having
hazmat cross the bridge because it's a cable-suspended bridge and they're diesel fuel. When

you're sitting up there who knows what is going to happen?"

How is this happening? Sources tell the Defenders some truck drivers actually take the signs off
their trucks and then sneak across the bridge, hoping not to get caught.

But the Defenders discovered the companies who own the bridge actually know and allow certain
trucks to cross, even though their loads are illegal.

Company letterhead shows they're from the Detroit International Bridge Company and Canadian
Tranist Company, private businesses that own the bridge. The documents are dated as far back
as 1996 and as recent as two months ago. In this letter, the bridge company gives one trucking
company permission "to cross the bridge even though they (the commodities) are placarded as
hazardous." This letter allows the same company to transport empty alcohol tankers, still
considered flammable, a violation of the law. This letter allows another company to transport
illegal materials across. And so does this document. The memo reads "Do not prohibit access to

our facility for this vehicle." Those documents are not legal.

We took the paperwork to the Michigan State Police Motor Carrier Unit. The agency monitors
commercial traffic on the bridge. Sgt. Susan Fries, Michigan State Police Motor Carrier Unit:
"Even though the bridge is a private structure, Michigan Department of Transportation says that it

is a restricted route and those items cannot cross."

We went to the bridge company to get answers. Dan Stamper, the man in charge of the bridge,
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would not talk to us on camera. By telephone he admits some trucks carrying hazardous material
are allowed to cross the bridge. He also admits handing out memos identifying the companies
that have been granted permission. Stamper: "\We have a number of letters like this that have
been issued to customers of the bridge who have explained what they are hauling.”

Karen Drew: "l showed those documents to state police and they say those documents are
illegal. Those types of trucks carrying those types of commodities should not cross on the bridge."

Stamper: "We don't believe the state has the authority to determine what crosses a private piece
of property."

Fries: "They maintain there is an underlying agreement that they don't have to comply with those
regulations. We maintain that they do."

Drew: "Now the bridge companies tells me that they will continue to hand out those letters giving
truck drivers permission to cross with their illegal loads. Michigan State Police says they were just
alerted to this problem. They are going to start to crack down on these illegal drivers. They have
already handed out three tickets. One wentto a fuel truck who was crossing the bridge with his

load of fuel."

Copyright 2002 by ClickOnDetroit.com. All rights reserved. This material may
not be published, broadcast, rewritten or redistributed.
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400 Seventh Streel, 5.W.

OuﬁmnspOITOIion Washington, D.C. 20530

Researchand
Special Programs
Administration

ARR -5 2001

S T T T,
Ref. No. 01-0058

Bridge Tunnel Patroller

Monitor-Merrimac Memorial Bridge Tunnel
P.O. Box 6570

Portsmouth, Virginia 23703

Dear.

Thank you for your February 8, 2001 letter to Secretary of Transportation Norman Mineta. Your
letter has been referred to this office for response. You ask about state and local routing
requirements for the transportation of hazardous materials and specifically about restrictions on
the transportation of certain hazardous materials through tunnels.

The Hazardous Materials Regulations (HMR; 49 CFR Parts 171-180) set forth requirements for
persons who offer hazardous materials for transportation or transport hazardous materials in
commerce. The HMR explain how to class and package a hazardous material and how the
package must be marked and labeled. The HMR also tell how to complete the shipping papers
and emergency response information that must accompany a hazardous material shipment. In
addition, the HMR tell whether the vehicle in which a hazardous materials shipment is being
transported must be placarded and the specific placards that must be used. Finally, the HMR
explain training requirements for persons who transport hazardous materials or prepare
hazardous materials for shipment.

Hazardous materials transported in commerce, including on state- or privately-owned bridges and i
tunncls, must conform to all applicable requirements of the HMR. In addition, regulations issued l l
by the Federal Motor Carrier Safety Administration (FMCSA) at 49 CFR Part 397 provide
general routing standards for states and Indian tribes that wish to establish highway routing

designations for non-radioactive hazardous materials (NRHM). Generally, these regulations
require a state or tribal government to make a public finding that NRHM routing designations
enhance public safety in both the area subject to its jurisdiction and other areas that are directly
affected by the routing designation. In establishing routing designations, a state or Indian tribe
must consider a number of factors, including the population potentially exposed to an NRHM
release; the characteristics of the highway; the types and quantities of NRHM expected to be
transported on the designated route; emergency response capabilities; and exposure and other risk
factors. So long as states and Indian tribes comply with these general standards, they have broad
discretion to develop routing designations for NRHM. State officials are better positioned than is
the federal government to assess local bridge or tunnel conditions, accident histories, emergency

i
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Page 2

response capabilities, alternative routes, and exposure and other risk factors in making such
decisions. Similarly, we believe state authorities should be responsible for enforcing any bridge
or tunnel restrictions and for training their employees to enforce the restrictions. You should
discuss any concerns you may have about hazardous materials transported through the Monitor-
Merrimac Memoréal Bridge Tunnel with your supervisor.

I hope this information is helpful. If you have further questions, please do not hesitate to contact
this office.

Sincerely,

e e B B
Office of Hazardous Materiais Standards
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1 DETROIT INTERNATIONAL BRIDGE COMPANY
’ R ©.BOX 32888 (/Qa&‘wz&‘. M(@M 48232

AHBARE hDOR BmMIOSC

, ~ October 7, 1996
TO: ALL SCALE AND TOLL EMPLOYEES

The bearer of this letter Gorski Bulk Transport Inc., has the permission of the

Bliie Company to transport empty alcohol tankers. This letter, upon presentation,
covers only this empty alcohol tanker and no others. -

Sincerely,
Detroit International Bridge Company
Canadian Transit Company

=

Supertendent Of Operations

 JPivs

&




4 DETROIT INTERNATIONAL BRIDGE COMPANY

AMBABSSADOR S8MIDOC

NOTICE

TO: ALL TOLL COLLECTORS
FROM: C;.\

GENERAL MANAGER

DETROIT INTERNATIONAL BRIDGE COMPANY
RE:  COMPANY: GORSKI BULK TRANSPORT INC

The commodities carried in this trailer have been exempted to
cross the bridge even though they are placarded as *hazardous®. Do
not prohibit access to our facility for this vehicle.

H

——

;—-‘

P O. BOX 32888 &&Olj 0/{ - m‘ 48232 R
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THE CANADIAN TRANSIT COMPANY
780 HURDR CHURCH ROAD, SUTE 207 Q{/ma/doz Ohiareo nn_t.: w

AMBASSADO® BMIDOE

NOTICE

DATE:  July 30,1998

TO: All Toll Collectors
FROM: - -
General Manager -
The Canadian Transit Company
RE: Company: TST Overland Express

The commodities carried in this trailer have been exempted to cross the bridge cven
though they are placarded as “dangerous”. Do not prohibit access to our facility for

this vehicle.
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AMBASRADOR t 1 41-1-1 4

To: Carriers

Detroit

hauling of

i DETROIT INTERNATIONAL BRIDGE COMPANY

; Incernational B
" Company owns ~and -~ operates

» ©. BOX 32668 &aﬂlz Wt@dﬂ 46232

Re: Hazardous Materials

ridge Company and The Canadien Transit

the Ambassador Bridge and prohibits the
caustic, £lammable, explosive and radio—~active

material across the Ambassador Bridge.

Scalemen are-

prepared tToO

equipment.

JB/em

instructed to check bulk ¢t
tzailers as well as regular semi-trailers vhich
hazardous wumaterials. Carriers mus
potarized affi
acknowledging - £
equipment do mot
flammable, explosive

Such affidavit wust accomp
file = permanen

davit on €O
hat - its tank trucks,

ank trucks, bulk tank
sppear to be carrying
t have on file with this Company &
mpany statiomery, addressed to this Company
cank tyailers and/or <rtegular
' oes that are acidic, caustic,

and will not haul any carg

or radio-active in nature.

any each crossing unless the carrier is
t notarized affidevit to cover all of its

tendent of Uperations
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up: S /4 veéeneral unem .. . A E 8427025
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DETROIT _IN_TERNAT_IU_NAL.BRIDGE COMPANY
2 O, BOX j2anE Q'/)?M M(@M 2252

A =IBADUN L. RPN

To: AllDIB & CTC Scale & Toll Employecs
lhlut: November 1, 2001
Ra: General Chemical Corporution

1 he bearer of this letter, General Cheigical Corp. ‘has pernission 1o transport the
commodity “ALUM™ across our bridge. This is u “mild” corrosive and the tuck will be
placarded as such. Ths letrer covers only “ALUM” end no other conosive or otherwise
pohibits¢ commodity. This ransport is scheduled to run indefinitely, however, the
carmier :uust obtain a updated letter after 90 days which w:ll be February 1, 2002

Sincerely,

DETROIT INTERNATIONAL BRIDGE 0.
THE CANADIAN TRANSIT CO.

General Mauger

iMMah
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DETROIT INTERNATIONAL BRIDGE COMPANY

P 0. BOX 326888 &&UZZ%W 48232

AMRASSADOR BRIDOE

TO: DIBC TOLL COLLECTORS

DATE: December 6, 2005
RE: GENERAL CHEMICAL CORPORATION

The bearer of this letter, General Chemlcal Corporation, has permtsslon to transport the
commodity *ALUM” across The Ambassador Bridge. This is a “mild” corrosive and the

truck will be placarded as such. This letter covers only "ALUM” and no other corrosive -

* or otherwise prohibited commodity. These crossings are scheduled to run on a routine
nature, seven days per week. However, this letter is good onlv until March 1, 2006,
when an updated letter must be obtamed
Slncerely,

~ DETROIT INTERNATIONAL BRIDGE COMPANY
THE CANADIAN TRANSIT COMPANY

%. eneral .Mana'ger

DBJ/em

=




ATTACHMENT E: NHMRR sign at the Ambassador Bridge

0630






ATTACHMENT F: Windsor Sign 1 and 2
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ATTACHMENT G: Media reports — Illegal Hazmat Crossings
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Unclaimed hazardous materials brought over

December 18, 2001

BY EMILIA ASKARI
FREE PRESS STAFF WRITER

The scene is repeated about 25 times a day on the side streets of Detroit near the foot of the
Ambassador Bridge:

A large semi truck pulls over to the curb and stops. The driver hops out of the cab and quickly
removes a placard reading "Hazardous Materials.” Then the driver steers the rig across the
busiest crossing between Canada and the U.S., flaunting a rule that prohibits most hazardous
materials from the bridge. o

A report by the Ontario Ministry of Transportation recently concluded that about 9,000 truck
drivers a year follow this scenario. It is unknown how many pull their hazardous materials
placards on the streets of Windsor, before crossing into the United States.

In response to the report, which will be released in its entirety next year, customs officials on both
sides of the border are talking about better ways to catch and punish truck drivers who ignore the

no-hazardous-materials rule.

The trucks carrying the prohibited hazardous materials represent about one quarter of 1 percent
of the traffic on the bridge, Ontario Transportation Ministry Bob Nichols said Monday. The ministry
reached its conclusions following a periodic survey of truck drivers on Canadian highways. Some
of the drivers carrying hazardous materials indicated to official surveyors that they had entered
the country via the Ambassador Bridge, Nichols said.

The materials include things that are explosive, flammable or lethal when breathed in small
doses.

Hauling hazardous materials without appropriate placards is a violation of federal law in the u.s.
and Canada. Neither U.S. nor Canadian law prohibits hazardous materials from crossing the
Ambassador Bridge. But the private company that owns the bridge — the Detroit International
Bridge Company -- doesn't allow trucks carrying hazardous materials.

David Jolly, the bridge company's general manager, said Monday that he is reviewing the bridge's
hazardous-materials policy with various officials. He declined to comment further.

The company that owns the Detroit-Windsor tunnel also prohibits hazardous materials from
crossing through it. The preliminary Ontario Transportation report did not address whether trucks

are carrying hazardous materials through the tunnel.

"It makes no sense in this time of heightened security to permit this," said Gregg Ward, who runs
a ferry that legally shuttles trucks carrying hazardous materials between the cities.

The drivers have an economic incentive to hide their hazardous materials placards. Ward's ferry
costs between $50 and $100, depending on the truck's weight. The bridge costs between $15

and $45.

The Hon. Herb Gray, deputy prime minister of Canada, is seeking a meeting with officials from

both sides of the border.

e
B)

Contact EMILIA ASKARI at 248-586-2606 or askari@freepress.com. 063°




rv easasun L, DaLUIUAY 10 IVIAICH ZUUZ: Brnidge barricade draws fire; Hazardous shipment ...

[Activities in Windsor | B

Bridge barricade draws fire; Hazardous

shipment exemptlons put on shelf _
"What they're proposing is radical, it's extreme,' mayor - .

says
By Doug Schmids Siar Staff Reporter

With Michigan state troopers staring them down at the American end,

the owners of the Ambassador Bridge have suspended their practice of
issuing permits allowing some commercial carriers to truck dangerous

goods across the international span.

A consultant has been hired to "look over the situation,” says Dave
ene ager of the Detroit International Bridge Company

report is'€ ed by the end of this month. Meanwhile, all trucks™
sporting dangerous goods placards have been banished.

"The Michigan State Police are defining it as an illegal route ... the
problem is, it's our bridge — how can a state entity say what can or

cannot cross private property?" says Jolly. Company permits were
issued primarily to carriers of explosive charges used by the automotxve

sector for air-bag and seat belt devices.

After the years-old practice was brought to light in recent reports by
The Star and other media, Michigan was advised by federal
transportation authorities that the U.S. highways leading to the
American side of the bridge were identified decades ago as restricted
routes forbidding the carrying of a number of categories of dangerous
cargo.

"Not legal

"They maintain the bridge is private and should not be restricted ...
that's their position. It's not legal for a load of explosives, ﬂammables,
corrosives or radioactive materials to cross that bridge — that's a
violation," says Sgt. Susan Fries of the hazardous materials unit of the
Michigan State Police motor carrier division.

Officers from Fries's unit were stationed on the Detroit side of the
bridge to help U.S. Customs identify and intercept such shipments.

http://www.southam.com/windsorstar/news/0203 16/72595.html

Page 1 of 2
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Windsor Star, Saturday 16 March 2002: Bridge barricade draws fire; Hazardous shipment ... Page 20f2

Carrying restricted dangerous goods on Michigan high\-vays isa federal - |
violation subject to a fine of up to $500 US.

Dangerous goods continue to cross the Ambassador Bridge in
commercial trucks that aren't required to carry hazard placards.

*[ think it's a very dangerous situation, I really think it's a serious
problem going up and down our hi ghways," says David Hawkes, a
Richmond Hill firefighter whose five-days-on/five-days-off shifts allow
him to work part-time as a commercial trucker.

Most people don't realize, he Says, that there are few restrictions on
transporting dangerous goods packaged as consumer products for
_household use.

"Here I was crossing the Ambassador Bridge with 40,000 pounds of
highly flammable, combustible barbecue lighter fluid and I didn't even
need to be placarded,” says Hawkes, who worries the practice could
some day put his firefighting colleagues in a dangerous situation.

Private individuals are similarly not bound by dangerous-goods
restrictions. On top of that, a recent Ministry of Transportation Ontario
study estimated about 9,000 illegal truckloads of hazardous cargo cross
the Ambassador Bridge annually. :

"It's very wide open now ... you or I can rent a truck, load it up with

explosives (and drive on to the bridge) — it always has been a concem
of ours,"” says Windsor Fire Chief Dave Fields.

Doug Schmidt can be reached at 255-5777, ext. 586.

Back

Design and contents copyright The Windsor Star ©2000
The Windsor Star Group Inc., a CanWest company.

http://www.southam.com/windsorstar/news/0203 16/72595.html 3/16/2002
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Inspectors: Security lags when traffic jams
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To: greggward@truckferry.com _

gl e

Inspectors: Security lags when traffic jams

SPECIAL REPORT: Bridge operator pushes to kéep border travel moving.
Government officials deny cutting corners.

BY TAMARA AUDI
FREE PRESS STAFF WRITER

March 29, 2006

On a weekend night earlier this month, 12 big rigs from Detroit were lined up on
the Canadian side of the Ambassador Bridge, waiting to be searched by
inspectors who were on the lookout for a produce truck thought to be carrying
drugs.

But before the Canadians could scan the trucks, their supervisor received a call
from the U.S. company that owns the bridge. The trucks were snarling traffic. And
the bridge's owner wanted traffic cleared quickly, an inspector working that night

Traffic crosses the

said.
Ambassador Bridge carlicr
. ; z i . Amid heightened
What happened next, according fo customs inspectors and security experts, is Sy it Asaic NElphfcn
what routinely happens on the U.S.-Canadian border wh v clashenwilh 0T MR sbaut 94
commerce: gomn?lzrce wins ki Nacian borae B SSCLERY Casnes. wi million vehicles crossed the
: ’ bridge in 2005, bridge
. . . . officials said. (KATHLEEN
"We stopped the inspection,” a Canadian inspector said, and let the trucks pass.  GALLIGAN/Detroit Frce
. Press)

Despite fears of terrorism and other security concerns at U.S. ports and border
crossings since Sept. 11, 2001, U.S. and Canadian inspectors on the Ambassador Bridge and elsewhere say

they are routinely told by supervisors to wave vehicles through checkpoints without scrutiny to satisfy
commercial interests.

Though government officials in the United States and Can ada deny safety is compromised, inspectors say
security lapses are a particular problem at the Ambassador Bridge — the busiest northern border crossing,
and one of only two along the U.S.-Canadian border that are privately owned.

In one practice known as lane flushing, inspectors at the bridge — owned by the Detroit International Bridge
Co. -- say supervisors force them to wave through long lines of cars and trucks to ease congestion, without

asking even cursory questions of drivers or passengers.
0639
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. Gmail - Inspectors: Security lags when traffic jams Page 2 of 4

“When the traffic backs up to a certain point, you know the call is going to come” from the bridge company,
one bridge inspector told the Free Press. "Then management jumps like lapdogs.”

Robert Perez, port director of Detroit for U.S. Customs and Border Protection, an agency of the Department of
Homeland Security, denied lane flushing takes place. Perez said his office tries to cooperate with bridge and
tunnel operators, and that inspectors might view that cooperation as caving in to commercial interests.

"The people in the community, both in Detroit and Windsor, should feel good about the fact that their border
crossings are safer than ever before,” Perez said.

The Free Press interviewed more than a dozen inspectors, former inspectors, Homeland Security officials,
customs supervisors, politicians and border security experts — including six inspectors assigned to the Detroit-
Windsor border. All but one of the inspectors -- a Canadian union leader - spoke on condition of anonymity,
noting agency restrictions on media interviews and saying they feared job reprisals if named.

The allegations come as U.S. border security has faced its closest scrutiny since the 2001 terrorist altacks.

Congressional opposition recently scuttied a plan to have a Dubai-owned firm manage six U.S. ports. And
Tuesday, as Congress debated tougher border security as part of an immigration package, a Senate
subcommittee was investigating how undercover agents drove into the United States from Canada and

Mexico with nuclear material.

Technology touted

U.S. and Canadian customs officials, and representatives from the bridge company — owned by trucking
magnate Manuel (Matty) Moroun -- insist security is never compromised for commerce and say, in fact, the
reverse is true: Better technology, improved facilities and better cooperation between business and
government make the border more secure and efficient.

Perez noted that the bridge and Detroit-Windsor Tunnel now feature high-tech surveillance -- invisible to
travelers — such as radiation detectors and electronic prescreening programs. And customs agents in Detroit
seized more than 5,000 pounds of drugs last year, an eightfold increase over the previous year, he said.

Dan Stamper, president of the bridge company, said it has spent millions to expand facilities since 9/11 and
would never ask inspectors to "give up any of their security initiatives to move traffic faster.”

Bridge inspectors concede that, even under the best of circumstances, they could not fully inspect every
vehicle entering the United States without crippling trade. Thus, they say, it is not unusual for drivers to pass

inspection with only a few questions asked.

What they object to, they say, are orders from supervisors lo wave through long lines of cars and trucks with
no questioning at all. Sometimes, inspectors say, they have been told to stop inspecting a particular vehicle to

open more booths when traffic backs up.

*They call and say, 'You're holding us up too much.' And they always win that argument,” said Charles
Showalter, national president of one of the two unions representing U.S. Customs and Border Protection
officers. He said when inspectors or the union object, Homeland Security officials "call it 'acceptable risk.' It's
'Hurry up, hurry up, hurry up, hurry up.’ Nobody wants to slow down commerce.”

Bridge inspectors say this can happen once a week or more at the Ambassador Bridge -- one of two privately
owned crossings on the U.S.-Canadian border. The other is a bridge in International Falls, Minn. However,
they also say that inspectors are also pressured to speed traffic at government-owned crossings that are run

by private companies.

The Detroit-Windsor Tunnel, for example, is run by a private company but owned by the City of Detroit on one
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side and Windsor on the other. Toll profits are shared with the cities.

Tolls collected at the Ambassador Bridge go to the bridge company, owned by Moroun of Grosse Pointe
Shores.

Keeping the wait down
Since 9/11, traffic has declined about 30% at Detroit's border crossings.

To counter memories of long delays in the months after Sept. 11, the Detroit-Windsor Tunnel tries to keep
waits under 20 minutes. Both the tunnel and bridge post wait times on their Web sites. During rush hour.on an .-
evening this week, bridge travel to and from Canada was under 15 minutes. The tunnel wait was under 6

minutes.

Neal Belitsky, executive vice president of the Detroit & Canada Tunnel Corp., which operates the tunnel, said.. ...
he considers a 20-minute wait as "the outer limits for acceptability” for the roughly 29,000 vehicles that pass

through daily.

“When we see traffic getting to that threshold, we will start calling customs and saying we need more lanes,”
he said. "That's a standard part of the business and we all do it."

He added there are times when customs denies his request and he backs off.

Danny Yen, spokesman for the Canadian Border Services Agency in Windsor, said, "We've had our
challenges” with the bridge company, but "we never compromise security for trade. It's a balance.”

Haste makes risk, some say

But inspectors say the rush to speed traffic has spawned practices -- such as lane flushing - that put security
at risk.

"Lane flushing happens all over the place, at every crossing,” Showalter said. "The traffic backs up. The
supervisor gets a call” from private border businesses. "They run an officer with a canine through the line of
cars, and the officers on the primary inspection lanes are told not to ask questions.”

About 9.4 million vehicles crossed the Ambassador in 2005, according to bridge officials. Collectively, the
bridge, tunnel and a commercial train tunnel account for nearly a quarter of all U.S. trade with Canada, the
bulk of it by trucks crossing the bridge. When trade is delayed at the border, Michigan's automobile-reliant
economy suffers most, a recent Ontario Chamber of Commerce study shows. Automakers use a "just-in-time"
delivery system that depends on parts crossing promptly. A delay of even a few hours can cost millions.

A difficult balance

Perez, the Detroit port director, said changes intended to balance trade and security issues mean that some
vehicles don't have to be checked as frequently. The government's so-called trusted traveler programs, for
instance, allow prescreened businesses to cross faster and with fewer inspections, though critics say

terrorists could exploit such efforts.

Colleen Kelley, president of the National Treasury Employees Union, a union representing 150,000 federal
workers, including inspectors, said that pressure to speed trade means *something's got to give." What
usually gives, she said, is thorough inspection work.

"The balance of trade and security became a battle that we really lost to trade years ago,” said Joseph King, a
professor and terrorism expert at John Jay College of Criminal Justice in New York who worked for U.S.
Customs for 37 years. "Customs has become an honor system where the industry controls it, and periodically
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the government comes in and monitors.”

And yet, ask Moroun -- whose company gets a reported $60 million annually in bridge revenue and spent
$645,000 on lobbying and consulting over the past nine years - about inspectors and he says, "They're very
independent.”

On the other side of the river, Marie-Claire Coupal, a Canadian customs inspector and local union leader, said
she doesn't feel very independent lately. Of Moroun, she says, "He calls the shots around here.”

The bridge company's Stamper responds that his firm has a duty to keep trade moving. And he noles that a
recent study rated the Ambassador's travel times "clearly superior” to six other crossings. -

Sept. 11, Stamper said, was a wake-up dall for him, too. After the attacks, heightened security led to 14-hour
bridge delays. Choking the economy was, after all, a major goal of the terrorists, he said.

So the main threat Sta'mper sees is not a dirty bomb, or suicide bombers. "Our-biggest threat is buf own
government's reaction to the border.”

Contact TAMARA AUDI at 313-222-6582 or audi@freepress.com.

Copyright © 2006 Detroit Free Press Inc.

http:/iwww.freep.com/apps/pbcs.dil/article?AlD=2006603290449&template=printart
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Bridge OKs risky cargo
Letter of permission given to chemical company

Doug Schmidt
Windsor Star

Wednesday, April 12, 2006

The Ambassador Bridge is telling its toll collectors to wave through trucks carrying hazardous
cargo in violation of a U.S. ban, according to a document obtained by The Star.

A copy of a permission letter, signed Dec. 6 by Detroit International Bridge Company general
manager Dave Jolly, advises bridge employees that trucks carrying a corrosive material for
General Chemical Corp. were free to cross the international link seven days per week.

The letter informs the bridge's toll collectors that "the bearer of this letter ... has permission to
transport the commodity 'Alum' across The Ambassador Bridge.”

'MILD' CORROSIVE

The letter advises bridge employees that "this is a 'mild' corrosive and the truck will be
placarded as such.” Jolly's letter states passage is permitted seven days per week until March
1, 2006, "when an updated letter must be obtained.”

Bridge spokesman Skip McMahon claimed last week he was unaware of any such shipments.

But a representative of another firm, Harold Marcus Ltd., a Bothwell-based transportation
company, said it uses the crossing almost daily to import alum. The representative said the
company did so with the bridge's blessing and said other companies are also granted
permission to haul hazardous cargo across the bridge.

Windsor West MP Brian Masse is calling on federal Public Safety Minister Stockwell Day to
investigate the reports that restricted hazardous materials are being permitted to cross the

privately owned span.

"Should an accident occur it will have grave consequences to people, the environment, and
trade. It is without doubt the status quo is completely unacceptable,”" Masse wrote in a letter.
demanding Ottawa investigate "this urgent matter."

Messages left Monday and Tuesday with spokesmen for the bridge were not returned.
Likewise, Day's office did not respond to requests for comment.

Masse said Tuesday he spoke with Day in the House of Commons on Monday and that the
minister said he would look into the matter.

The driver of a Harold Marcus tanker truckload of alum delivered Tuesday to Windsor's Lou
Romano Water Reclamation Plant wouldn't say how he crossed the border. As part of a $1-
million 2006 city contract with the Cambridge-based Kissner Group, such loads are sourced in

the U.S.

Kit Woods, the city's environmental services executive director, said last week he would
investigate how those loads to two sewage treatment plants are being delivered. The
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approved area border crossings for hazardous materials are the Windsor-Detroit truck barge
or Sarnia's Blue Water Bridge.

"The plant manager here got in touch with the (Kissner) sales rep and reminded him we
expect them to comply with all appropriate legislation. They said they understood -- we left it
at that,” Woods said Tuesday :

General Chemical had the city contract to supply alum in 2005.

Masse said he's heard from truckers who simply remove their hazardous materials placards in
order to cross the Ambassador, which is quicker and cheaper than the truck barge or Blue
Water Bridge. In the past, the owners of the bridge have argued they can determine what
should or shouldn't cross over their private property.

"It's pretty scary stuff. Some trucks can sneak by, and there's nothing Customs can do -- we
can't enforce that law," said Marie-Claire Coupal, Windsor branch president for the Customs

Excise Union,

Hazardous goods shipments on local roads are the responsibility of the Ontario Ministry of
Transportation (MTO), but deciding what's allowed onto the bridge from the Canadian side is

left to the bridge's owners.

"Although It is not an offence to transport dangerous goods across the bridge, the bridge
authority prohibits access to trucks carrying hazardous material,” MTO spokeswoman Emna
Dhahak stated in an e-mailed response to questions by The Star.

Masse said it's "complete hypocrisy” for Canada not to have the same safety regulations in
place as the American authorities have on their side of the Ambassador. Allowing the bridge
company to Issue special permission to some carriers of hazardous materials "shows how lax
we are ... it's why I'm asking for a full investigation.”

An interim report issued last summer in Ottawa by the Senate Security and Defence
Committee sounded an ominous warning of how fragile the most important commercial border
link is between Canada and the U.S.

"If somebody really wanted to tear into Canada's political and economic future and wound the
Americans at the same time, an optimal target might well be the Ambassador Bridge in
Windsor," stated the report, entitled Borderline Insecure.

The senators said that disabling that cross-border link between Windsor and Detroit "would
have a devastating and long-lasting effect on Canada's economy."”

BANNED GOODS

Corrosives, explosives, flammables and radioactive goods are all banned from the Ambassador
Bridge under the U.S. federal government's national hazardous materials route registry. Alum,
or aluminum sulfate, is a corrosive which can form sulfuric acid when mixed with water,

Michigan state police are generally banned from bridge property but enforce the rules on
Detroit access streets.

Ran with fact box "Banned Goods" which has been appended tothe story.

© The Windsor Star 2006
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Dear Commander (dpb), United States Coast Guard, May19, 2007
I would like to express my opposition to the proposed building a second span
parallel to the current Ambassador bridge by a private company. I have concerns about
the national security of such a proposal as well as a private company continuing to
operate one of the most important border crossings in North America if not the world. At
a minimum, a competitive bidding process should be enacted with public input on the
proposed designs. As it stands, the current owners monopolize the crossings in Detroit
and Windsor. An independent, bi-national commissioned study concluded with
re'c.:o.mmén:dat.ibhs' that should be respected and followed, but differ greatly from the

proposed private plan.

Starting in 2002, the joint governments of Ontario, Michigan, Canada, and the
United States commissioned this bi-national study to determine the best way to handle
the increased traffic flow. Significant tax dollars have been spent ($4.5M) to protect the
best interests of all of the citizens of the US and Canada. The administration’s suggestion
was to construct a separate bridge crossing south and west of the current structure,

outside the downtown districts of both Windsor and Detroit.
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~ July 10, 2007

Commander

Ninth Coast Guard District
1240 E. 9 Street, Room 2025
Cleveland, Ohio 44199-2060

Dear Sir:

The Southeast Michigan Council of Governments (SEMCOG) has reviewed the Environmental
Assessment prepared for the proposed Enhancement Project at the Ambassador Bridge in

Detroit, Michigan.

The proposed Ambassador Bridge Enhancement Project is a regionally significant project. The
border crossing is vital piece of the regional transportation system and represents an important
international link to Canada. Because it is regionally significant, the proposed project is also
being considered for inclusion in the adopted 2030 Regional Transportation Plan for Southeast

Michigan (RTP).

After reviewing the Environmental Assessment, we have the following general comments with
additional specific comments after.
1. It is stated several times in the Environmental Assessment that no modification to the
‘ Ambassador Bridge Gateway Project on the U.S. side or the Windsor Plaza Expansion
Project on the Canadian side are necessary to accommodate the second span. Some
confirmation of this conclusion from the Michigan Department of Transportation
(MDOT) and Ontario Transport Ministry should be provided in the document.

2. The U.S. Coast Guard is the lead federal agency for the U.S. environmental clearance
process. However, there are numerous other federal and state agencies that will affect and
be affected by the proposed project. Most notably, there appears to be very little
coordination occurring with Homeland Security, Customs and Border Protection, Federal
Highway Administration, and MDOT. The argument is made in the Environmental
Assessment that the proposed project is necessary for security reasons, but there is no
documentation of an analysis of security conditions/requirements or any possible impacts
(either positive or negative) on the relative impact of this border crossing. '

3. The document states that the selection of a preferred alternative must consider both UsS
and Canadian impacts, yet the Canadian impacts are not quantified in this document. This
appears to suggest that the environmental assessment is incomplete and premature in that

a preferred alternative is identified in the document.
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Commander

Ninth Coast Guard District
Page 2 of 6

Specific comments on the Environmental Assessment document are as follows.

Section 1.3, Proposed Enhancements, page 7 refers to the Ambassador Bridge
Enhancement Project as the “Project,” while Section 1.4.1 Gateway - DOT and
DIBC/CTC, page 8 refers to the Ambassador Bridge Gateway Project as the “Project.”
This is confusing and should be clarified.

Section 2.1.3, Construction Plan, page 13, 1% paragraph — Protection of the aquatic
environment during construction is discussed. Are there also potential disruptions to

shipping/bridge traffic or community impacts during construction?

Section 2.1.6, Cost and Scheduling, page 13 — A breakdown of costs by phase and
timeframe is necessary. It is stated that design has begun and will take 24 months to
complete, with construction taking another 36 months. When did design begin and when
is construction expected to begin and end? Why has design begun before the

Environmental Assessment is finalized?

Section 2.2, No-Build Alternative

Page 15, fourth paragraph — It is stated that traffic backups due to incidents on the
bridge will continue to grow. The document should include data that support this
~ statement. Are statistics on vehicle flow, incidents, and the frequency and duration of
related congestion available? Was any projection of future traffic volumes and
crashes conducted? This information should also be included in the final document.

Page 15, fifth paragraph — It is stated that under the No-Build alternative, private
funding cannot be leveraged thereby eliminating the opportunity to divert public
funds to other projects. Are public funds currently being used in any capacity for the
Ambassador Bridge? This should be clarified in the final document.

Page 16, second paragraph — It is stated that the No-Build alternative did not rank
high among the array of alternatives studied and did not meet the needs of the study.
What are these other alternatives? Is there any analysis/ranking of the results for all
the alternatives? The final document should clarify the alternatives considered and the
ranking of the alternatives that were considered.

Section 2.3, Corridors under Consideration, page 16, second paragraph — It is stated that
the DRIC study is designed to investigate alternatives for additional capacity and there is
no need to do that simply to replace existing lanes. Section 1.1.2, Support for the Project,
page 3, fourth paragraph states that the Chambers of Commerce in the U.S. and Canada
recognize that additional capacity is needed to meet trade demands. This calls into
question whether or not the enhancement project is supported by the U.S. and Canada
Chambers of Commerce, given that the documents states that this project will not

increase capacity.
Section 2.5, Basis for Choice, page 22 — It is not entirely clear what alternatives were
considered using what criteria. The description of the alternative comparisons is

inconsistent with the figures, e.g., the text refers to Figure 2-4 while discussing the 6-lane
and 3-lane alternatives, but Figure 2-4 actually compares the suspension/cable-
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Ninth Coast Guard District
Page 3 of 6

stayed/tunnel alternatives. There is no definition of the ranking criteria or how/when the
data were collected and analyzed (e.g., there is no reference to life cycle costs except in
Figure 2-3). There is no quantification at all for the No-Build and corridor alternatives.

The final document should address these issues.
Section 2.6, Benefits of Preferred Alternative, page 26, last bullet — The assessment

indicates that there will be no increase in traffic volumes associated with the
implementation of this proposed project. Was a traffic study conducted? The final report
should include documentation of this position.

Section 3.0, Affected Environment and Expected Impacts, page 35 — A project of this
size should not only take steps to protect the environment but also improve the
environment where possible. .
Section 3.1.1, Neighborhood Setting, page 36 — Would the project lead to additional
condemnations and demolitions within the surrounding neighborhoods? Could the project
contribute to loss of character of the neighborhood or trigger a decline in the quality of
life of the area? These types of impacts should be addressed in the final document.

Section 3.1.3, Local and Regional Economy, page 38 — It is stated that there are no
negative impacts associated with this proposed project. However, the potential positive
impacts are referenced elsewhere but never quantlﬁed The final document should
quantify these benefits.

Section 3.1.5, Environmental Justice Concerns

Page 39, Setting — Native Americans are identified as one of the specific
racial/ethnic populations covered under Environmental Justice regulations. The final
document should reference all of the protected populations, not just Native
Americans. It is stated that if a particular group is overly represented in an area, as
compared to the rest of the population within the region, then the level of impact is
considered to be disproportionate. This is not consistent with current procedures to
identify a disproportionate impact. A comparison between the study area and the rest
of the region is used to determine if there are significant proportions of EJ
communities in the area. A conclusion of disproportionate impacts can only be made
once the impacts are quantified. '

Page 40, Minority Population — There are additional racial/ethnic populations that

need to be considered beyond Black and Hispanic.
- Page 40, Impacts — Why is St. Anne’s Church specifically referenced here?

Section 3.2.1, Land Use, page 40 — There is a lot of discussion of historical land use
here. The final document should identify future plans and consistency of the proposed
project with those future plans.

Section 3.2.2, Utilities, page 42 — It is stated that if conflicts are found, utilities will be
relocated. The final document should identify how utilities will be relocated and at whose

expense.
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Ninth Coast Guard District
Page 4 of 6

Section 3.2.4, Traffic & Circulation, page 42 — It is stated that the two new FAST lanes
do not represent additional capacity because they will be reserved for pre-approved
trucks. Removing those trucks from the four general-purpose lanes will increase traffic
flow (an argument made for the proposed project) and allow more vehicles to traverse the
bridge in the same amount of time, increasing its capacity. It is our opinion that the
proposed project does increase capacity over the existing crossing. The final report
should include the traffic analysis that was used for the above referenced statement to be

made.

~ Section 3.4, Visual Quality & Aesthetics, Other Considerations, page 49 — There is no
reference in this section to the current span being on the National Register of Historic
Places. The final document should provide the specific reference so the discussion of the
Secretary of the Interior’s Standards can be reviewed within the context of the reference.

Section 3.5, Cultural & Archeological Resources, page 51 — The text should address
what would happen if archeological remains are encountered during construction. Are the
Phase 1B investigations complete? If so, what are the findings? Why are archeological
impacts addressed twice? The final document should answer these questions.

Section 3.6.5, Natural Landmarks, page 58 — Why is Haven Hill State Natural Area
defined as being within the vicinity of the project if it’s 45 miles away? This landmark is
outside the study area as identified in Figure 3-1.

Section 3.7.3, Water Quality, page 60 — Stormwater mitigation is discussed here, then
followed by a separate stormwater section. Are any RAP permits/coordination required?
Section 3.7.3 states the project will not discharge to the Detroit River so no water quality
certification is required; but Section 3.7.4 states that there will be an impact to
stormwater flow. Section 3.7.4 states that it is anticipated that the stormwater pump
station/collection system designed for the project will accommodate runoff (page 63), but
Section 3.7.3 states the favorable option is to tie into the existing stormwater/drainage

facilities (page 61). _
Section 3.7.4, Stormwater, page 62 — Are there opportunities for onsite detention or
retention stormwater ponds that could incorporated into an onsite landscaping plan to
reduce impervious surfaces?

Section 3.8, Aquatic Ecology, page 65 — The fourth paragraph states that the Detroit
River has one of the highest diversities of fish and is a major fish corridor; the fifth
paragraph states there are no essential fish habitats. The Detroit River is recognized as an
ecosystem having one of the highest diversities of wildlife and fish and this apparent
conflict should be addressed in the final document. In order to improve the river’s
shoreline as habitat for fish and wildlife, softshore engineering practices are being
implemented at various locations. Opportunities for softshore engineering projects in the
vicinity of the project area should be considered. They would be beneficial to the area’s

residents as well as fish and wildlife.
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Ninth Coast Guard District
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o Section 3.10, Air Quality, page 74

The Environmental assessment should look at the entire project, not just the portion in
U.S. territory. It is meaningless to only include the portion of the bridge that is on the

U.S. side of the border. Air emissions do not stop at the border.

Using the percentage of total Wayne County emissions that the project is expected to
generate as the determinant of the air quality significance of a project is not
meaningful. No single project is going to contribute a high percentage of total county
emissions. More importantly, this has nothing to do with how an area’s attainment
status is determined. If a projéct will increase emissions to a level that will cause a
new violation at any given monitor in the seven-county nonattainment area, or
increase the number or severity of existing violations, it will significantly affect the
attainment status of the region. This is because all monitors in a nonattainment area
must meet the national standard in order for the region to come into attainment. See
Section 176(c)(1) of the U.S. Clean Air Act Amendment of 1990 for more

information on what constitutes a significant impact.

In order to fully understand the potential environmental impact of the proposed
project, the Environmental Assessment should include an analysis of a maximum
capac1ty scenario. This would assume 10 lanes of traffic (both new and current
bridges in operation) as well as the maximum number of customs booths provided for
in the Ambassador Bridge Gateway Project and the Windsor Plaza Expansion Project.
SEMCOG'’s regional air quality conformity analysis will be conducted using this
maximum capacity scenario.

The analysis should include the impact of idling emissions due to queuing at the toll
plazas. While Mobile6 does not directly generate idling emission factors, the accepted
practice is to multiply the grams/mile emission factor generated for a speed of 2.5
mph by 2.5. This yields a grams/hour idling emissions factor that can then be applied
to minutes of idling delay. Emissions from truck delay should be computed separately
from passenger car delay as the former is likely to be significantly higher.

While the predominant wind direction may be from the southwest, the wind does
blow from other directions as well. Thus, the potential for the project to impact areas

other than those to the northeast should be considered.

The Mobile6 inputs for the Environmental Assessment used national default data for
a number of parameters. Local data are available for a number of these. Use of these

local data would provide more accurate emissions projections.

o In particular, the distribution of VMT by vehicle class ought to be drawn from
bridge traffic count data because the proportion of bridge VMT that is
attributable to trucks is significantly higher than the national average. The
national average is approximately 10 percent while the average for the
Ambassador Bridge is around 30 percent. This difference would have a
significant impact on the amount of NOx and particulate emissions.
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o SEMCOG also uses localized data for other Mobile6 inputs, including fuel -
parameters and age distribution of light-duty vehicles. Use of these data in the
Environmental Assessment air quality analysis would provide more accurate
emissions estimates.

o Section 3.12, Hazardous Waste & Brownfield Sites, page 78 — How many state or
federally listed contaminated sites are located within the project area? How many sites
could potentially discharge contaminated sediment to the Detroit River or the DWSD

“sewer. system during wet weather events if the soil is disturbed by the construction
activities? These determinations should be included in the final document.

« Section 3.13.3, Potential Impacts in Canada from the Enhancement Project

Page 82, Air Quality — It is stated there are no unacceptable emissions levels based

on current traffic volumes. The analysis should be expanded to include future

volumes.

Page 84, Land Use — When will the impacts to the land use plan/zoning be assessed?

When will impacts to the parks be assessed? _ _

Page 84, Traffic — It is stated that the new span should result in reduced delay. The

document being developed in Canada should document this statement. .

- e Section 5.0, Required Authorizations, page 98 — The project needs to be in the 2030
RTP because it is a regionally significant project. .

» General Comment — References to appendices need to be corrected.

We want to thank you for the opportunity to review and provide comments on this
Environmental Assessment. We look forward to working with the Coast Guard and
representatives of the Ambassador Bridge as the region continues to address the needs for
additional border crossings as identified in the adopted 2030 RTP. If you have any questions or
require additional information, please contact me or Mr. Carmine Palombo, Director,

" Transportation Programs.

Sincerely,

.,

]
Executive Director

SEMCOG
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From:

Sent: v. Julv 18. 2007 10:13 AM

To: e e

Subject: FW: DIBC Proposed Twin Bridge Project

Attachments: Laurene Baldwin.vcf; DIBC letter to Coast Guard District.doc

=

Laurene DIBC letter to
Baldwin.vcf (689 B) Coast Guard Dis...

-----Original Message-----

Fro - .
Sent: Wednesday, July 18, 2007 9:46 AM

To

Subject: DIBC Proposed Twin Bridge Project

Commanderr

Please find attached letter from Greater Corktown Development Corporation pertaining the DIBC Proposed

Twin Bridge Project. We can be reached o f you require any additional information or
by email a Thank your for your time.

T ———
Administrative Assistant
S e >

!

S M) B



SREATER CORKTON

DEVELOPMENT CORPORATION L §

July 16, 2007

Commander
ﬂm{ﬂ Coast Guard District
1240 East 9" Street
Cleveland, Ohio 44199-2060

Dear ‘

My name is s WOk for the Greater Corktown Development
Corporation as their Executive Director. I live and work in Detroit, Michigan in a
neighborhood known as Corktown. Corktown is Detroit’s oldest neighborhood.
Corktown is named for the Irish who came from Cork Ireland and settled here in the
1830’s. My community is located just west of Downtown Detroit and east of the
Ambassador Bridge. Corktown is home to 6,000 residents and is adjoining the
Mexicantown district which is located next to the Ambassador Bridge entrance to
Canada. I have lived in Corktown for 26 years.

The Ambassador Bridge has long been an icon for Corktown. “The Bridge” is visible
from every part of Corktown. For over seven decades Corktown has lived with the view,
the noise, the diesel fumes/pollution and the traffic, day and night, and every day of every

year.

The DBIC has not engaged the community in its effort regarding the proposed new twin
bridge, certainly not Corktown. The Bridge Co. has not communicated to our community
in a meaningful a way. Their communication has been outside of the community groups.
This process for approval even consideration has been removed from our community. A
lack of public meetings and a short comment period has put our community in a
disadvantaged position. We have not been allowed to fully comment on the problems that

we have about this project.

The DIBC and the Trucking industry located in the area, share the same ownership and
some personnel. The tactics and methods used by these companies in conducting business
display an alarming lack of concern for the impact of their business on the citizens in this

arca.

1 have serious concern that the lack of real information from the DIBC to the public has
not fostered any participation by the very people who will have to live with the affects of
the twin expansion. Many residents have said they feel hopeless that the Bridge Co. is
somehow allowed to do what they wish! The DIBC is also ignoring the wishes of the City

~ir)
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Commander Bloom Pg. 2

of Windsor and the Government of Ontario, Canada. Windsor and the Government of

Ontario have stated that they do not want a new bridge built next to the existing

Ambassador Bridge. Canada shares our concerns. This arrogance feeds the fear of our

citizens. Yet the DIBC continues to pursue their plans as if nothing else matters. How can

a company/business, engaged in international port of entry, expand without due process?
L

We agfce that the Coast Guard should have more information in order to make a decision.
Studies and reviews for this project have been minimal at best. The DIBC has not been
up front with how this project will be funded and the DIBC recently failed at an attempt
to access funds from the Michigan Strategic Fund. The Bridge is not a new business and

it certainly is not going to move away.

The twin bridge will definitely impact Corktown in a negative way. Corktown has been
struggling with the expansion of the truck traffic on the existing bridge. The trucking
industry that is located around our area has expanded due to recent trade agreements.
Also, a truck driving school has been located in our area, adding even more trucks onto
our streets. The increase truck traffic on our streets is a very real threat to our quality of

life.

_ The vacant Michigan Central Railroad Station, located in the Corktown and
 Mexicantown communities is also owned by the DIBC. The crumbling ruin of the
' Michigan Central can be seen from the Ambassador Bridge and for many miles around
the City of Detroit. The DIBC has not made any attempt to clean up the area around the
Station. Yet our communities are building new houses and cleaning up our streets all
around the station. Some of our Residents received fines for weeds in the alleys behind
their houses, yet the mess at the Michigan Central continues to be an eyesore. The DIBC
seems to be above the law. How? Why? The Michigan Central Station has become a
symbol of destruction of our City. Yet our communities surrounding the Station are

rebuilding.

The DIBC has consistently displayed a high disregard for the citizens in Corktown,
Mexicantown, the City of Detroit and Michigan. I realize the DIBC and related trucking
industry creates jobs and taxes, but at what expense? There is a real lack of trust
operating here. I fear that there may be national security issues with an international port
of entry in the hands of a company such as the DIBC. What kind of business decisions
are being made that could affect our national security? We will never know because it is a

private company.
It is very difficult for me to support anything that the DIBC proposes. The residents of

Corktown live in a delicate balance; between quality of life issues for thousands of
residents and a major trucking/bridge industry owned by one man; a man who has shown

only contempt for our community.

Sincerely,

oF
(<)

r_ 0

Executive Director



SEW'OOG ... Local Governments Advancing Southeast Michigan

Southeast Michigan Council of Governments * 535 Griswold Street, Suite 300 * Detroit, Michigan 48226-3602 + 313-961-4266 * Fax 313-961-4869
WWW.Semcog.org

July 10, 2007

Commander

Ninth Coast Guard District
1240 E. 9™ Street, Room 2025
Cleveland, Ohio 44199-2060

Dear Sir:

The Southeast Michigan Council of Governments (SEMCOG) has reviewed the Environmental
Assessment prepared for the proposed Enhancement Project at the Ambassador Bridge in

Detroit, Michigan.

The proposed Ambassador Bridge Enhancement Project is a regionally significant project. The
border crossing is vital piece of the regional transportation system and represents an important
international link to Canada. Because it is regionally significant, the proposed project is also
being considered for inclusion in the adopted 2030 Regional Transportation Plan for Southeast

Michigan (RTP).

After reviewing the Environmental Assessment, we have the following general comments with
additional specific comments after.

1. It is stated several times in the Environmental Assessment that no modification to the
Ambassador Bridge Gateway Project on the U.S. side or the Windsor Plaza Expansion
Project on the Canadian side are necessary to accommodate the second span. Some
confirmation of this conclusion from the Michigan Department of Transportation
(MDOT) and Ontario Transport Ministry should be provided in the document.

2. The U.S. Coast Guard is the lead federal agency for the U.S. environmental clearance
process. However, there are numerous other federal and state agencies that will affect and
be affected by the proposed project. Most notably, there appears to be very little
coordination occurring with Homeland Security, Customs and Border Protection, Federal
Highway Administration, and MDOT. The argument is made in the Environmental
Assessment that the proposed project is necessary for security reasons, but there is no
documentation of an analysis of security conditions/requirements or any possible impacts
(either positive or negative) on the relative impact of this border crossing.

3. The document states that the selection of a preferred alternative must consider both US
and Canadian impacts, yet the Canadian impacts are not quantified in this document. This
appears to suggest that the environmental assessment is incomplete and premature in that
a preferred alternative is identified in the document.

oo
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Specific comments on the Environmental Assessment document are as follows.

Section 1.3, Proposed Enhancements, page 7 refers to the Ambassador Bridge
Enhancement Project as the “Project,” while Section 1.4.1 Gateway - DOT and
DIBC/CTC, page 8 refers to the Ambassador Bridge Gateway Project as the “Project.”
This is confusing and should be clarified.

Section 2.1.3, Construction Plan, page 13, 1* paragraph — Protection of the aquatic
environment during construction is discussed. Are there also potential disruptions to

shipping/bridge traffic or community impacts during construction?

Section 2.1.6, Cost and Scheduling, page 13 — A breakdown of costs by phase and
timeframe is necessary. It is stated that design has begun and will take 24 months to
complete, with construction taking another 36 months. When did design begin and when
is construction expected to begin and end? Why has design begun before the

Environmental Assessment is finalized?
Section 2.2, No-Build Alternative

Page 15, fourth paragraph — It is stated that traffic backups due to incidents on the
bridge will continue to grow. The document should include data that support this
statement. Are statistics on vehicle flow, incidents, and the frequency and duration of
related congestion available? Was any projection of future traffic volumes and
crashes conducted? This information should also be included in the final document.

Page 15, fifth paragraph — It is stated that under the No-Build alternative, private
funding cannot be leveraged thereby eliminating the opportunity to divert public
funds to other projects. Are public funds currently being used in any capacity for the
Ambassador Bridge? This should be clarified in the final document.

Page 16, second paragraph — It is stated that the No-Build alternative did not rank
high among the array of alternatives studied and did not meet the needs of the study.
What are these other alternatives? Is there any analysis/ranking of the results for all
the alternatives? The final document should clarify the alternatives considered and the
ranking of the alternatives that were considered.

Section 2.3, Corridors under Consideration, page 16, second paragraph — It is stated that
the DRIC study is designed to investigate alternatives for additional capacity and there is
no need to do that simply to replace existing lanes. Section 1.1.2, Support for the Project,
page 3, fourth paragraph states that the Chambers of Commerce in the U.S. and Canada
recognize that additional capacity is needed to meet trade demands. This calls into
question whether or not the enhancement project is supported by the U.S. and Canada
Chambers of Commerce, given that the documents states that this project will not

increase capacity.

Section 2.5, Basis for Choice, page 22 — It is not entirely clear what alternatives were
considered using what criteria. The description of the alternative comparisons is
inconsistent with the figures, e.g., the text refers to Figure 2-4 while discussing the 6-lane
and 3-lane alternatives, but Figure 2-4 actually compares the suspension/cable-
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stayed/tunnel alternatives. There is no definition of the ranking criteria or how/when the
data were collected and analyzed (e.g., there is no reference to life cycle costs except in
Figure 2-3). There is no quantification at all for the No-Build and corridor alternatives.

The final document should address these issues.

Section 2.6, Benefits of Preferred Alternative, page 26, last bullet — The assessment
indicates that there will be no increase in traffic volumes associated with the

implementation of this proposed project. Was a traffic study conducted? The final report
should include documentation of this position.

Section 3.0, Affected Environment and Expected Impacts, page 35 — A project of this
size should not only take steps to protect the environment but also improve the

environment where possible.

Section 3.1.1, Neighborhood Setting, page 36 — Would the project lead to additional
condemnations and demolitions within the surrounding neighborhoods? Could the project
contribute to loss of character of the neighborhood or trigger a decline in the quality of
life of the area? These types of impacts should be addressed in the final document.

Section 3.1.3, Local and Regional Economy, page 38 — It is stated that there are no
negative impacts associated with this proposed project. However, the potential positive
impacts are referenced elsewhere but never quantified. The final document should

quantify these benefits.
Section 3.1.5, Environmental Justice Concerns

Page 39, Setting — Native Americans are identified as one of the specific
racial/ethnic populations covered under Environmental Justice regulations. The final
document should reference all of the protected populations, not just Native
Americans. It is stated that if a particular group is overly represented in an area, as
compared to the rest of the population within the region, then the level of impact is
considered to be disproportionate. This is not consistent with current procedures to
identify a disproportionate impact. A comparison between the study area and the rest
of the region is used to determine if there are significant proportions of EJ
communities in the area. A conclusion of disproportionate impacts can only be made

once the impacts are quantified.

Page 40, Minority Population — There are additional racial/ethnic populations that
need to be considered beyond Black and Hispanic.

— Page 40, Impacts — Why is St. Anne’s Church specifically referenced here?

Section 3.2.1, Land Use, page 40 — There is a lot of discussion of historical land use
here. The final document should. identify future plans and consistency of the proposed
project with those future plans.

Section 3.2.2, Utilities, page 42 — It is stated that if conflicts are found, utilities will be
relocated. The final document should identify how utilities will be relocated and at whose
expense.
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Section 3.2.4, Traffic & Circulation, page 42 — It is stated that the two new FAST lanes
do not represent additional capacity because they will be reserved for pre-approved
trucks. Removing those trucks from the four general-purpose lanes will increase traffic
flow (an argument made for the proposed project) and allow more vehicles to traverse the
bridge in the same amount of time, increasing its capacity. It is our opinion that the
proposed project does increase capacity over the existing crossing. The final report
should include the traffic analysis that was used for the above referenced statement to be

made.

Section 3.4, Visual Quality & Aesthetics, Other Considerations, page 49 — There is no
reference in this section to the current span being on the National Register of Historic
Places. The final document should provide the specific reference so the discussion of the
Secretary of the Interior’s Standards can be reviewed within the context of the reference.

Section 3.5, Cultural & Archeological Resources, page 51 — The text should address
what would happen if archeological remains are encountered during construction. Are the
Phase 1B investigations complete? If so, what are the findings? Why are archeological
impacts addressed twice? The final document should answer these questions.

Section 3.6.5, Natural Landmarks, page 58 — Why is Haven Hill State Natural Area
defined as being within the vicinity of the project if it’s 45 miles away? This landmark is
outside the study area as identified in Figure 3-1. -

Section 3.7.3, Water Quality, page 60 — Stormwater mitigation is discussed here, then
followed by a separate stormwater section. Are any RAP permits/coordination required?
Section 3.7.3 states the project will not discharge to the Detroit River so no water quality
certification is required; but Section 3.7.4 states that there will be an impact to
stormwater flow. Section 3.7.4 states that it is anticipated that the stormwater pump
station/collection system designed for the project will accommodate runoff (page 63), but
Section 3.7.3 states the favorable option is to tie into the existing stormwater/drainage

facilities (page 61).

Section 3.7.4, Stormwater, page 62 — Are there opportunities for onsite detention or
retention stormwater ponds that could incorporated into an onsite landscaping plan to
reduce impervious surfaces?

Section 3.8, Aquatic Ecology, page 65 — The fourth paragraph states that the Detroit
River has one of the highest diversities of fish and is a major fish corridor; the fifth
paragraph states there are no essential fish habitats. The Detroit River is recognized as an
ecosystem having one of the highest diversities of wildlife and fish and this apparent
conflict should be addressed in the final document. In order to improve the river’s
shoreline as habitat for fish and wildlife, softshore engineering practices are being
implemented at various locations. Opportunities for softshore engineering projects in the
vicinity of the project area should be considered. They would be beneficial to the area’s

residents as well as fish and wildlife.
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« Section 3.10, Air Quality, page 74

The Environmental assessment should look at the entire project, not just the portion in
U.S. territory. It is meaningless to only include the portion of the bridge that is on the
U.S. side of the border. Air emissions do not stop at the border.

Using the percentage of total Wayne County emissions that the project is expected to
generate as the determinant of the air quality significance of a project is not
meaningful. No single project is going to contribute a high percentage of total county
emissions. More importantly, this has nothing to do with how an area’s attainment
status is determined. If a project will increase emissions to a level that will cause a
new violation at any given monitor in the seven-county nonattainment area, or
increase the number or severity of existing violations, it will significantly affect the
attainment status of the region. This is because all monitors in a nonattainment area
must meet the national standard in order for the region to come into attainment. See
Section 176(c)(1) of the U.S. Clean Air Act Amendment of 1990 for more
information on what constitutes a significant impact.

In order to fully understand the potential environmental impact of the proposed
project, the Environmental Assessment should include an analysis of a maximum
capacity scenario. This would assume 10 lanes of traffic (both new and current
bridges in operation) as well as the maximum number of customs booths provided for
in the Ambassador Bridge Gateway Project and the Windsor Plaza Expansion Project.
SEMCOG’s regional air quality conformity analysis will be conducted using this
maximum capacity scenario.

The analysis should include the impact of idling emissions due to queuing at the toll
plazas. While Mobile6 does not directly generate idling emission factors, the accepted
practice is to multiply the grams/mile emission factor generated for a speed of 2.5
mph by 2.5. This yields a grams/hour idling emissions factor that can then be applied
to minutes of idling delay. Emissions from truck delay should be computed separately
from passenger car delay as the former is likely to be significantly higher.

While the predominant wind direction may be from the southwest, the wind does
blow from other directions as well. Thus, the potential for the project to impact areas
other than those to the northeast should be considered.

The Mobile6 inputs for the Environmental Assessment used national default data for
a number of parameters. Local data are available for a number of these. Use of these
local data would provide more accurate emissions projections.

o In particular, the distribution of VMT by vehicle class ought to be drawn from
bridge traffic count data because the proportion of bridge VMT that is
attributable to trucks is significantly higher than the national average. The
national average is approximately 10 percent while the average for the
Ambassador Bridge is around 30 percent. This difference would have a
significant impact on the amount of NOx and particulate emissions.
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o SEMCOG also uses localized data for other Mobile6 inputs, including fuel
parameters and age distribution of light-duty vehicles. Use of these data in the
Environmental Assessment air quality analysis would provide more accurate

emissions estimates.

e Section 3.12, Hazardous Waste & Brownfield Sites, page 78 — How many state or
federally listed contaminated sites are located within the project area? How many sites
could potentially discharge contaminated sediment to the Detroit River or the DWSD
sewer system during wet weather, events if the soil is disturbed by the construction
activities? These determinations should be included in the final document.

« Section 3.13.3, Potential Impacts in Canada from the Enhancement Project

Page 82, Air Quality — It is stated there are no unacceptable emissions levels based
on current traffic volumes. The analysis should be expanded to include future
volumes.

Page 84, Land Use — When will the impacts to the land use plan/zoning be assessed?
When will impacts to the parks be assessed?

Page 84, Traffic — It is stated that the new span should result in reduced delay. The
document being developed in Canada should document this statement.

« Section 5.0, Required Authorizations, page 98 — The project needs to be in the 2030
RTP because it is a regionally significant project.

« General Comment — References to appendices need to be corrected.

We want to thank you for the opportunity to review and provide comments on this
Environmental Assessment. We look forward to working with the Coast Guard and
representatives of the Ambassador Bridge as the region continues to address the needs for
additional border crossings as identified in the adopted 2030 RTP. If you have any questions or
require additional ‘information, please contact me or Mr. Carmine Palombo, Director,

Transportation Programs.

Sincerely,

-
" Sl

Executive Director
SEMCOG
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SENATE STANDING COMMITTEES: .

RAYMOND E. BASHAM
8TH DISTRICT THE SENATE NATURAL RESOURCES AND ENVIRONMENTAL
) AFFAIRS, MINORITY VICE CHAIR
£l B w00 STATE OF MICHIGAN TRANSPORTATION, MINORITY VICE CHAIR
LANSING, MICHIGAN 48909-7536 SOCAL, TRBAN AL STATS ARt
PHONE: (517) 373-7800 SENIOR CITIZENS AND VETERANS AFFAIRS

FAX: (517) 373-8310
senrbasham @ senate.michigan.gov

May 15, 2007

Admiral John E. Crowley, Jr.
Ninth Ccast Guard District

1240 East 9" Street — Room 2023
Cleveland, OH 44199-2060

Dear Commander Crowley:

I am writing to express my serious concerns about the Detroit International Bridge Company’s
proposed twin spanning of the Ambassador Bridge. Knowing of U.S. Coast Guard’s obligation
to consider both the environmental and socioeconomic impact of this project, I rcspectﬁ.llly
request the denial of the Company’s pending application for permit. :

As you should know well, there is significant opposition to this new span, which would continue
as a privately-owned international crossing. Complaints about the company’s all too common
disregard for bridge’s impact on neighboring communities, for compliance with local
regulations, and for the protection of the public’s interest would likely worsen under such a
proposal. Furthermore, by twinning the existing Ambassador Bridge this new crossing fails to
address homeland security issues and possibly only makes them a greater concern.

According to the information I have received the U.S. Coast Guard is expected to issue a
decision on the permit sometime this summer. As part of the permit process, a Coast Guard
sponsored public hearing was previously held. Unfortunately the public notice given for the
hearing was questionable as was the manner in which it was conducted. I would, therefore,
argue that at the very least, an additional, more appropriately publicized hearing should be

scheduled.

Thank you in advance for your consideration. I look forward to your response. -

Smcerely, l !_} \. | Ir:: !(\ r: ! % [J \\;7 []_1 ! £
' _!,.L_-'_.f’ T e R S ,_., f I i
MON i Sk A

E. BASHAM 3
State Senator _ .

o
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Commander (dpb)
U.S. Department of Ninth Coast Guard District
Homeland Security 1240 E. Ninth Street, Room 2019 Phone: (216) 902-6085
Cleveland, OH 44199-2060 FAX: (216) 902-6088
United States
Coast Guard

16590
B-054/rwb
JUL 0 5 2007
The Honorable Raymond E. Basham _
Michigan Senate
8" District

. P.O. Box 30036
Lansing, Michigan 48909-7536

Dear Mr. Basham:

I am writing in response to your letter of May 15, 2007 concerning the Detroit International
Bridge Company’s proposal to construct a second bridge adjacent to the existing Ambassador
Bridge, Detroit, Michigan. I sincerely appreciate your concern and the comments you have

provided concerning the proposed project.

The Coast Guard is the lead federal agency for issuance of the federal bridge permit and the
permit process is published in 33 CFR 114-115. As you have mentioned, the Coast Guard will
not issue a permit unless the proposed project meets the navigational, safety and waterway
management requirements in the regulations and all of the environmental, historic and socio-
economic impacts have been addressed in compliance with the National Environmental Policy

Act (NEPA).

Public comment and input to the permitting and NEPA process is very important to the Coast
Guard. Our initial notice to the public and cooperating agencies was released as Public Notice
09-03-06 on July 28, 2006 and the accompanying comment period ended on August 30, 2006.
That notice provided the location and plan and elevation views of the proposed bridge and the
initial determination that the proposed project would be a Categorical Exclusion under the
provisions of NEPA. However, due to the issues and concerns brought to our attention during
the comment period, the Coast Guard subsequently initiated a more expansive Environmental
Assessment (EA) in order to address those concerns and meet our NEPA obligations.

On May 10, 2007 the Coast Guard gave notice of the availability of the draft EA through
issuance of Public Notice 09-03-07. The original comment period was scheduled to close on
June 1, 2007. At the request of concerned parties, we extended that comment period until

July 17, 2007.

On May 24, 2007, a public meeting was held at the Amelia Earhart School in Detroit in order to
receive public comments on the draft EA and to provide an opportunity for the public to provide
comments to the applicant relative to the preferred design and color of the proposed bridge. This
meeting in May was announced by the Coast Guard through a press release to the Detroit media
and through publication in our Ninth Coast Guard District Local Notice to Mariners. In
addition, both meetings were listed on the Ambassador Bridge internet web page at
www.AmbassadorBridge.com. The meeting was attended by approximately 30 local residents.
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This meeting was in addition to a public meeting hosted by the applicant, the Detroit
International Bridge Company, at the same location on March 1, 2007.

We have no established time frame for the permitting decision. After completion of the NEPA
process and upon receipt of all of the public input, there will be an extensive study and review
performed by my bridge staff personnel and a permitting recommendation will be made.
Although the Coast Guard bridge permit application is processed by my staff here in Cleveland,
permits for proposed international bridge crossings are issued by our bridge administration office
at Coast Guard Headquarters in Washington, D.C. However, the applicant is required to satisfy
all of the local and state permitting requirements before we can forward our permitting '
recommendations to Headquarters for consideration.

We expect the security needs for the additional span to be met by the existing local, state and
federal agencies who share this responsibility. The proposed location of the additional span right
adjacent to the existing bridge is expected to minimize the need for additional resources.

. If you have any remaining questions, please contact Mr. Robert Bloom of my staff at
(216) 902-6085.

Sincerely,

sk Bloeg ="

E. CROWLEY, JR.
ear Admiral, U.S. Coast Guard
Commander, Ninth Coast Guard District



12th House District

Southwest Detroit (517) 373-0823
H-153 CAPITOL 1-877-STEVE-12
P.O. BOX 30014 FAX: (517) 373-5993
LANSING, MI 48909-7514 STEVE TOBOCMA.N stevetobocman@house.mi.gov
Qarﬁk(_d&?@ MICHIGAN HOUSE OF REPRESENTATIVES
MAJORITY FLOOR LEADER
/0 May 2007
May 8, 2007
. Bridge Program Manager

U.S. Coast Guard

Office of Commander (dpw 3)

Ninth Coast Guard District

1240 E. Ninth Street
Cleveland, OH 44199-2060

Dca.!‘

As the State Representative for the 12 District located in Southwest Detroit, I am writing to request a 90
day extension on the comment period on the Draft Environmental Assessment (EA) for the Ambassador
Bridge Enhancement Project proposed by the Detroit International Bridge Company. An extension of the
comment period on the proposed Ambassador Bridge Enhancement Project is certainly with precedent.
Following the U.S. Coast Guard notice for public comment on the preliminary determination that the
proposed project qualified for a categorical exclusion last summer, an extension of the comment period
was requested and granted. As you are well aware, the proposed project continues to cause confusion and
significant controversy in the 12™ District where there are two competing border crossing projects.
Finally, each of the permits processed thus far for the proposed project have required public notice and
comment; and each associated comment period has been extended to accommodate and encourage full
discussion and debate on such a critical project — not only to the 12™ District — but to the relationship with
one of our strongest trading partners. A thirty-day comment period is simply not sufficient to
accommodate a thorough and proper review of the Draft EA.

Please do not hesitate to contact me if you have any questions or would like to discuss this matter.

S inccrclyi

Steve Tobocman
House Majority Floor Leader
State Representative, 12® District — Detroit

cc: Senator Carl Levin
Senator Debbie Stabenow
Congressman John Dingell 05
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From: — R
Sent: Waednesdav. Julv 18, 2007 6:03 AM
To: )
Subject: =g Upposition to Proposed Bridge
-----Original Message-----
Fro - *
Sent: Tuegday, July 17,2007 10:41 AM )
To: A
Subject: Opposition to Proposed Bridge
Mr.
e,

[ am writing to register my opposition to the proposed new bridge over the Detroit River.

[ am a home owner in Hubbard Farms and have invested a lot in the revitalization of the neighborhood. I am
dismayed to see that Detroit International Bridge Company has been less that forthwright with public about the
real impact of this proposed project on the area. It appears that those of us who would be most affected by this
project have been given short shrift by those who are planning it. We have been given no reason to think that

this project would be good for our community.

Therefore, I have come to the conclusion that I must oppose it.

Sincerely,
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Sent: erneedav lulv 18 2007 5:32 AM

Sul T E———

Subject: : Comments on Ambassador Bridge EA

Attachments: USCGcmtsdibcenvirnass..doc

USCGcmtsdibcenvir
nass..doc (63...

----- Original Message--— ey

Fromu __ - - TR SRS
Sent: Tuesday, July 17, 2007 5:03 PM

T
Cce: gfcve Tobocman

Subject: Comments on Ambassador Bridge EA

Attached are Representative Steve Tobocman's comments on the Ambassador Bridge EA.

Thank you,

.



July 17, 2007

m——

"~ Zommander
U.S. Coast Guard
Ninth Coast Guard District
1240 E. Ninth Street
Cleveland, Ohio 44199-2060

Subject: Ambassador Bridge Enhancement Project Environmental Assessment

Deal - ___.1

I am writing to provide comments on the Draft Environmental Assessment (Draft EA) submitted
by the Detroit International Bridge Company (DIBC) for the proposed Ambassador Bridge
Enhancement Project. Since 2003, I have represented the 95,000 residents of the 12 State
House District, which hosts the Ambassador Bridge, in the Michigan House of Representatives.
[ have attached my previous submissions to the U.S. Coast Guard (USCG) and the Michigan
Department of Environmental Quality regarding the proposed Ambassador Bridge Enhancement

Project.

I The U.S. Coast Guard Should Postpone the Draft EA and Await the Completion of the DRIC
Study

I have repeatedly stated my strong objection to government action, at any level, that would
promote an international border crossing outside of the binational Detroit River International
Crossing (DRIC) Study. Governmental actions, including the USCG's processing of the DIBC's
permit application for the Ambassador Bridge Enhancement Project, that would promote one of
the eliminated alternatives of the DRIC Study represents exceptionally dysfunctional public
policy-making. Approving a project lacking the support of the binational parties involved in the
DRIC Study undermines the U.S. relationship with Canada, its largest trading partner. I continue
to have a difficult time responding to questions from my constituents regarding why a public
agency, particularly a DRIC Study partner, would consider promoting a border crossing
alternative that was eliminated almost two years ago though the DRIC Study process.

The DRIC Study is in the process of completing an Environmental Impact Statement (EIS) for
alternatives designed to expand border crossing capacity at the Detroit Windsor corridor. The
USCG is a partner in the DRIC Study and should be thoroughly engaged and familiar with the
ongoing process, relevant data, and the various alternatives studied. As previously stated, the
Ambassador Bridge Enhancement Project represents an alternative already studied, evaluated,
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and eliminated through the DRIC Study. What is the public policy rationale for consideration of
any border crossing alternative through a less rigorous analysis than an Environmental Impact
Statement (EIS) when the binational process is engaged in a full EIS for the same project? The
USCG should require a full EIS for the Ambassador Bridge Enhancement Project.

)
DIBC claims that the proposed project will not increase capacity and, therefore, is distinct from
the goals of the DRIC Study, are patently false. If this were accurate, why would the DIBC
characterize the DRIC Study as a competitor? The Ambassador Bridge Enhancement Project
includes the construction of six bridge lanes an increase of two additional lanes compared to the
existing Ambassador Bridge. Describing the proposed project as a maintenance project is
illogical given the construction of these additional lanes which, according to the Draft EA, will
- be used as dedicated throughways for low-risk trucks.

In fact, the support letters submitted as Attachment A include at least three letters that support
the project based solely upon its ability to increase capacity. The July 26, 2006 letter from the
U.S. Chamber of Commerce opens with "I am writing to express our strong support for
investment in additional infrastructure capacity to meet the growing demand so trade across the
U.S. Canadian border in the Detroit region." A September 9, 2006 letter from the Michigan
Chamber of Commerce similarly states "the Michigan Chamber strongly supports efforts to
increase needed capacity, including private sector initiatives such as proposed by the Detroit
International Bridge Company for an additional span at the Ambassador Bridge." Finally, the
Michigan Teamsters Joint Council 43 write in a June 19, 2006 letter: "Additional capacity will
ensure that Detroit Windsor is the border crossing of choice." Expanding transportation
infrastructure, such as building additional crossing lanes here, has empirically created increased

traffic growth.

II. The USCG Should Reject the Draft EA on Homeland Security Grounds

Security issues must play a predominant role in expanding international border crossing
capacity. The U.S. Department of Homeland Security (DHS) and the U.S. Customs and Border
Protection (USCBP) are among the federal agencies partnering with the DRIC Study. The Draft
EA lacks any discussion of security clearances beyond an unsubstantiated allegation that the
proposed project is in the national interest and security of the U.S. and Canada. Moreover, there
is no commentary from the DHS or the USCBP. There also should be substantive commentary
from the General Services Administration (GSA), the landlord for USCBP, given that they
recently completed a Master Plan for the expansion of the Ambassador Bridge primary cargo
inspection facility. Several expansion options contingent on expanded capacity at the Detroit
Windsor border are considered viable by the GSA and are depicted in the Master Plan. The
USCG must solicit comments from the GSA, DHS, USCBP, and other critical federal
agencies before it can properly analyze the Draft Environmental Assessment.

Creating redundancy is one of the primary homeland security objectives of expanding
international border crossing capacity at the Detroit Windsor border. Any discussion of
redundancy must focus on the entire system, specifically including all three components of
border crossing infrastructure: bridge structure; bridge plaza; and roadway connections. One of
the reasons that a twinning of the Ambassador Bridge was eliminated from further consideration
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by the DRIC Study is that it did not perform well on redundancy criteria in the U.S. or in
Canada. DRIC analyzed 37 crossings and rated each system for its effectiveness on route, plaza,
and crossing. Redundancy was one variable amongst several used in the rating criteria. The
Ambassador Bridge ranked second on the U.S. side, but the spread between the highest ranked
crossing and the Ambassador Bridge was significant — 24.52 and 18.92 respectively. Itis
imperative that the USCG coordinate its review of the Draft EA with the DHS's analysis of the

proposed project.

While the Draft EA correctly notes that redundancy in the regional transportation system
is "much needed" (page 5), its claims of "structural” redundancy (pages 15 and 21) miss
the mark. Redundancy within the regional transportation system can only occur when all three
levels of the system are addressed and the DRIC Study correctly points out that a separate route
for trucks to cross the central industrial corridor between Detroit and Windsor does that. The
Ambassador Bridge Enhancement Project is only relevant to the Ambassador Bridge structure,
not its plazas or freeway connections. Nor is it redundant in the system's overall context. That is
why it was rejected by the DRIC Study. In the wake of the September 11, 2001 terrorist attacks,
these homeland security concerns should not be ignored as they are in the Draft EA.

A related homeland security concern is the routing and transport of hazardous materials across
international boundaries. The USCG should include a thorough analysis of the existing
regulations and laws governing hazardous materials transport and any changes required by the
DHS. There have been various claims and allegations regarding the regulation and enforcement
of hazardous material transport across the Ambassador Bridge including media exposes alleging
that the DIBC has violated hazardous materials transport regulations. Additionally, law
enforcement and other relevant government agencies should be consulted including the Michigan
State Police, Detroit Police Department, and the Detroit Fire Department.

IIL The Draft EA Raises Serious U.S. Environmental Law Issues, including Segmentation

The proposed Ambassador Bridge Enhancement Project is described within the initial USCG
permit application, as well as the subsequent Draft EA, as involving the construction of a six-
lane, cable-stayed bridge just west of the existing Ambassador Bridge. The description states
that there are no additional plaza, roadway, or interstate freeway connections required.
Throughout the Draft EA, however, the DIBC claims project benefits that come instead from
actions being undertaken as part of the MDOT Gateway Project. In response to the USCG's
July 2006 request for public comment on this project, I, along with multiple parties,
identified that the Ambassador Bridge Enhancement Project misrepresents the full scope
of the proposed changes and, as such, segments the project. Segmentation of a projectis a
violation of the National Environmental Policy Act.

Additional segmentation appears to be underway with regards to DIBC's plaza expansion plans.
The DIBC has gone on record stating that they plan to expand the U.S. side of the Ambassador
Bridge plaza south of Fort Street and have requested that the MDOT evaluate the impacts of
relocating Fort Street. In fact, several of the support letters provided in Attachment A of the
Draft EA, use language nearly identical to the April 28, 2006 letter from the Detroit Hispanic
Development Corporation noting their support for "(DIBC) plans to move the truck inspection
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plaza south of Fort Street." The DIBC also has proposed an international plaza that would
eventually accommodate joint U.S. and Canadian customs and inspection activities. This
proposed expansion is detailed in DIBC documents ("A Model Border Crossing for the 21"
Century," November 2001; "Ambassador Bridge Today and Future") and was depicted in
advertisements in the Detroit daily newspapers and Crain's Detroit Business. Another letter,
dated April 19, 2006, and signed by ten individuals, provides twice as much commentary on the
proposed "International Center" (sic), as the Enhancement Project. This letter provides equal

commentary on the Gateway Project.

Therefore, the project and its impacts, as described in the Draft EA, are significantly deficient. In
a summary of air quality impacts, Weston Solutions even states that "it should be noted that the
proposed project does not include any changes to the existing U.S. inspection plaza." Based on
the information presented above, their estimates would be incomplete. The USCG should
require that the DIBC fully disclose, describe, and record the impacts of the expansion plans for

the bridge, plaza, and roadway system.

IV. USGC Should Reject Draft Environmental Assessment and Require a Full Environmental
Impact Statement (EIS)

All of the environmental impacts of the Enhancement Project, including air, noise and
vibrational impacts, should be evaluated under federal Environmental Justice standards. In
addition to the fact that the Draft EA notes that 60 percent of the surrounding community is
Hispanic and significant numbers are black, the area has significant poverty rates. Trying to
deny these facts by stating that Detroit has higher minority and low-income numbers than the
immediate neighborhood is no defense to not following the Environmental Justice regulations
prescribed by Executive Order 12898 issued on February 11, 1994. If indeed this project inflicts
significant environmental impacts on these protected populations, it should be rejected

Pollution Concerns — These should be evaluated as Environmental Justice concerns

Air Quality

The Draft EA should include an air quality analysis of transboundary impacts. Based on a
conference call with the USCG (conference call with Robert Bloom, June 4, 2007), it is my
understanding that transboundary impacts are typically included in the analysis of the Draft EA
for an international border crossing. Page 76 of the Draft EA states that "the emissions from the
Proposed Project represent an insignificant source of air emissions in the area." Thisis a
meaningless and inappropriate standard for determining air quality impacts and subsequent
mitigation initiatives. If every project that accounted for only a thousandth of Wayne County's
air pollution were exempt from regulation, air quality controls and standards would be rendered

entirely meaningless.

Despite a recognition that air quality impacts will occur during both the construction and
operation of the proposed project, no mitigation activities are described beyond a statement that
pollution controls will be employed during the construction of the proposed project. The Draft
EA does not include an analysis of the air quality impacts of operationalizing a new six lane
bridge, along with the existing four lane bridge, and U.S. and Canadian plaza operations. The



USCG should require such an analysis as there are repeated descriptions within the Draft EA of
this potential scenario.

Any legitimate analysis of air quality impacts also must account for the increase in truck traffic
the project will generate. While the Draft EA asserts that the project will not increase traffic
volumes, such a contention does not pass a reasonableness standard. Why would the DIBC
spend money for six lanes instead of four if it were not handling more traffic? At least the
project's supporters believe it will attract more traffic. Nearly half of the letters of support in
Appendix A say as much. Finally, the DRIC traffic projections used in the analysis support more

traffic.

The Southeast Council of Governments (SEMCOG) comments on the Draft EA raise several
important issues related to the methodology used to assess air quality impacts particularly the
need to use local available data to ensure a higher level of accuracy in emissions projections.

Noise

The Draft EA only includes an analysis of noise impacts on the areas east and immediately south
of the proposed project. All areas surrounding the proposed project should be evaluated for
noise impacts including the neighborhoods to the west. The Draft EA should be rejected for its
negative noise impacts on this minority community. First, it is not clear how the analysis picked
the area to study. It is true that there are a “few residences mixed with vacant land, and one
church” immediately adjacent to the Ambassador Bridge plaza as described on Page ii of
Appendix L. Yet, to state that there are no schools near the project area suggests that the project
area is defined as two blocks at most, since Webster Elementary School is located two blocks
west of the north end of the Ambassador Bridge Plaza. Noise impacts from tens of thousands of
vehicles and trucks, particularly when elevated on a bridge, travel farther than the so-called
“project area” and the Noise Analysis Study should be rejected out of hand.

In essence, the Draft EA suggests that, because traffic noise is already excessive and exceeds the
NAC, nothing needs to be done to mitigate noise concerns. Similar to the air quality analysis
that seeks project exemption from federal standards because Wayne County is out of attainment,
the noise analysis seeks exemption because of the undesirable present conditions. In the present
context, the exact project being contemplated is carrying the vehicles that are producing the
noise! The USCG must demand that reasonable analysis and mitigation be undertaken to
address noise concerns that will result from the proposed project.

The Draft EA needs to utilize a larger scope of noise sites. No sites were picked to the west,
north, northwest or north east of the Ambassador Bridge Plaza or the new span. In fact, a
reasonable person would conclude that the Draft EA selected only the least populous areas to
study for noise, exactly the areas where USCG should be least, not most, concerned.

The noise data sets are from a small sample of time periods and conditions. Despite the reports
analysis that measurements were taken “during morning and/or afternoon rush-hour,” Appendix
A shows the complete opposite of this characterization with all measurement times falling
between 12:02 p.m. and 2:54 p.m. Indeed a new analysis with morning and/or afternoon rush
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hour should be ordered, as well as a more robust data set that includes other days of the week and

other weather conditions, rather than just a day with 80 percent humidity. This analysis is
particularly critical when the report notes conditions exceed the NAC at numerous sites.

Historic and Visual Impacts

The ultimate use of the existing Ambassador Bridge, should the Enhancement Project go
forward, is anything but clear. The Draft EA includes a scenario under which the existing
structure is removed from service, repaired, and used for pedestrian and bicycling purposes.
Another scenario is uses the existing Ambassador Bridge for backup traffic relief. Itis
imperative that a final conclusion on the ultimate use of the Ambassador Bridge is reached, then
studied and reported on in an environmental assessment. There are dramatically different
impacts depending on whether the Ambassador Bridge remains in service, is removed from
service, or is demolished. The USCG should require a final determination on the future of
the existing Ambassador Bridge within the context of the construction of the Enhancement
Project. Such a determination must include appropriate budgets and timelines.

The Draft EA indicates that the State Historic Preservation Office (SHPO) has determined that
there are adverse effects on the historical integrity and views of the Ambassador Bridge from the
proposed Enhancement Project (March 2007 SHPO letter to DIBC). This would be especially
significant if DIBC were to dismantle the existing span or leave it in disrepair. A surface reading
of the Draft EA supports that DIBC would have every financial incentive to not repair the
existing span, especially if the new span contains additional lanes of traffic and DIBC is to be
believed that the project will not increase usage. One only needs to look at DIBC's unkept
nearby Michigan Central Depot to realize that the physical and aesthetic deterioration of the
existing span are real possibilities. The impacts of the views of the existing span in Riverside
identified below must be given due consideration by SHPO's letter.

Riverside Park

The Draft EA recognizes potential adverse impacts from the proposed project to Riverside Park
including potential long-term visual impacts and shading of park land. The Draft EA understates
the historic value of this impact. The view of the Ambassador Bridge from Riverside Park is
breathtaking and a true cultural asset to the city of Detroit. The picture used is from the farthest

corner of Riverside Park and grossly understates its appeal.

The West Riverfront revitalization plan will provide, for the first time in decades, direct public
access to the riverfront as it transitions and limits industrial uses to residential, commercial, and
recreational. Moreover, the West Riverfront plan connects the neighborhoods of Southwest
Detroit to the east riverfront. The USCG should require evaluation of the Enhancement Project

on the West Riverfront plan.

V. Draft EA Is Flawed
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The DIBC has repeatedly stated that there is no need for expanded international crossing
capacity and has widely criticized the DRIC Study traffic growth estimates. Yet, the DIBC has
not included any traffic forecasts, current or future, to rationalize the proposed project or to back
up the claim that traffic is decreasing rather than increasing. If additional traffic is not expected
at the Detroit Windsor border, USCG should question why the DIBC would build a larger bridge
structure, and how future toll revenues will cover the construction costs of the new bridge, as
well as the rehabilitation of the existing span. It is extremely puzzling that the DIBC used the
DRIC Study traffic estimates to describe the air quality impacts of Ambassador Bridge

Enhancement Project.

The Draft EA contains substantial inaccuracies and/or confusing claims. First, the Draft EA
claims that no public money will be used, that the construction costs are $500 million, that no
additional property will be required, and that no one will be relocated. All of these claims are
contradicted in fact or elsewhere in the Draft EA.

The DIBC has repeatedly claimed that the Ambassador Bridge Enhancement Project costs would
be completely privately financed. In fact, the DIBC has argued that this should elevate the
ranking of their proposal when compared to DRIC Study alternatives because federal and state
transportation resources could be used for other critical projects. However, in February 2007,
the DIBC submitted an application for the use of $1 billion in Private Activity Bond financing
for their portion of the MDOT Gateway Project and the Ambassador Bridge Enhancement

Project.

The application stated that total project costs for constructing the Ambassador Bridge
Enhancement Project are approximately $800 million and that no additional land was required in
the U.S. or Canada. The Draft Environmental Assessment states that the total project costs are
$500 million. Given that a federal action is required and that the use of federal funds
and/or federal tax benefits may be requested for the proposed project, the USCG should
require a specific line-time budget delineating total project costs.

Second, the document contradicts itself with regard to the project's land needs and ownership
status. Page 9 of the Draft EA states "the DIBC/CTC owns most of the property required for the
construction of the Ambassador Bridge Enhancement Project and are currently in the process of
acquiring the necessary remaining property rights for the project." Inexplicably, however, on
page 22 of the Draft EA the following appears: "the only relocations required in Canada are
those renters occupying short term temporary housing near the University of Windsor." The
Private Activity Bond application stated that all land required for the project had been
acquired. The application was silent on the need for relocation. The USCG should identify
the remaining land needed for the proposed project and whether relocation, other than

residential, is required.

Southwest Detroit hosts the most extensive array of transportation land uses in the state. Four
Class one railroads, acres of intermodal and rail facilities (including the largest intermodal yard
in the region), an international rail tunnel, three interstate freeways, and the Ambassador Bridge
are located in Southwest Detroit. The community, and particularly the neighborhood adjacent to
the Ambassador Bridge, has experienced significant residential and commercial regeneration,
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and increased population. There is little discussion of secondary and cumulative impacts of the
proposed project. The Draft EA should include such an analysis and consider the cumulative
impacts of other proposed projects such as the development plans of the Detroit Wayne County
Port Authority, the Detroit Intermodal Freight Terminal, Systematic Recycling, and the possible
expansion of Marathon Petroleum Refinery.

A full EIS would provide the kind of analysis that is critically needed for this important project.
Our nation's most valuable international border crossing deserves such consideration. Our
homeland security deserves such consideration. Southwest Detroit's growing residential and
business communities, environment, and historic character deserve such consideration.

Thank you for the opportunity to comment on the DIBC's proposed Ambassador Bridge
Enhancement Project. As always, I am available for additional discussion on this critical matter.

Sincerely,

Steve Tobocman
House Majority Floor Leader
12" District, Detroit

cc: Senator Carl Levin
Senator Debbie Stabenow
Representative Carolyn Cheeks-Kilpatrick
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Commander, Ninth Coast Guard District (dpb)
1240 East 9th Street — Room 2025

Cleveland, OH 44199-2060

VIA FAX 216-902-6088

Re: Corunents on the New Ambassador Bridge Draft Environmental Assessment

e —
I am writing to strongly oppose the application of the Detroit International Bridge
Company (“DIBC™) to the Coast Guard for the construction of 2 second span of the

Ambassador Bridge. I write this letter as a resident of Hubbard Farms in Southwest
Detroit. Our neighborhood is located in the shadow of the existing Ambassador Bridge.

The construction of a second Ambassador Bridge would have adverse effects on a part of
Detroit that is recognized as a neighborhood undergoing revitalization. Southwest
Detroit is one of the few areas of the city that is experiencing a rise in population.
Nonprofit organizations and private entreprencurs have invested hundreds of millions of
dollars to build or substantially renovate hundreds of homes and apartments, create and
expand businesses. There are many examples but one of the strongest is to walk in the
Hubbard Richard neighbothood near St. Anne’s Church. There Bagley Housing
Association, a nonprofit organization, has been working over the last ten years to rebuild
the neighborhood. Over 140 new single-family homes and townhomes have been built
because of their efforts. Bagley Housing has also contributed to the development ofa
new senior housing complex, the renovation of a historic church building into a charter

school, and the opening of an art gallery.

Commercial development has followed the boom in housing. Mexicantown and its
restaurants have expanded, with the business owners citing the housing construction as an
impetus for their new businesses or expansions. Two new commercial buildings with a
total of 45,000 square feet were just completed by the Mexicantown Community
Development Corporation. One building will house a State of Michigan Welcome Center
and the other will lease space to a mix of Jocal retail businesses. Other gems in Hubbard
Richard include the Matrix Theater and Honeybee Market, a long-standing family owned
business that expanded its small grocery store into an important 15,000 square foot
supermarket. A new tortilla factory was recently built and several banks have opeped
branches nearby. Clearly Southwest Detroit is a thriving community for its residents to
live, work and play, and a community that has wonderful resources for the city and Metro

Detroit region.




It should be noted that the revitalization of Southwest Detroit has been recognized by the
City, County, State, foundations and Federal Government in a number of important
efforts. The City of Detroit has consistently awarded grants through federal programs to
support the development activity. The Mayor's Office of Commercial Revitalization has
approved two commercial areas for inclusion in its RESTORE Detroit initiative. The
State of Michigan has approved two Cool Cities sites in the Southwest Detroit area. The
State has also designated a considerable amount of resources through the Michigan State
Housing Development Authority (MSHDA) to support neighborhood improvement
strategies. For example, MSHDA's program to administer federal low income housing
tax credits have provided funding for the substantial renovation of over ten buildings into
more than 200 apartments and 17,500 square feet of commercial space through the wotk
of Southwest Solutions Nonprofit Housing Corporation. Two foundations (Skillman and
the Local Initiatives Support Corporation) have designated Southwest Detroit as one of a
small number of communities in Detroit through which they will target their efforts at

supportivg neighborhood revitalization.

The Federal Government should be a partner that supports the economic revitalization of
the City of Detroit with strong support for the redevelopment of the city’s neighborhoods.
A second Ambassador Bridge would be the antithesis of neighborhood development and
would be the wrong choice to solve what are clearly important issues affecting trade at

the border.

Unfortunately, the Ambassador Bridge is privately owned and as a result the DIBC has
not had a level of accountability that almost all other international botder crossings have
in the U.S. (I say almost because I believe there 15 only one other intemational crossing
that is not publicly controlled). The DIBC has many times not supported the
revitalization of the cornmunity as I described earlier; in fact their actions ran contrary to
these efforts. They have purchased property and razed homes and businesses, leaving
vacant land sitting for many years. They have proposed construction Jarge trucking
facilities right in the middle of residential nei ghborhoods.

In addition to those concerns, the DIBC has often supplicd misinformation to the media
and the public. It has simultaneously argued for the need of a 2™ span while presenting
the opposite argument to other audiences. It has presented grandiose plans for
redevelopment of properties it owns in order to gain trust and public support, and not
completed much if any of the proposals. Another example js the DIBC claiming that the
state will save mopey in its tight budget because no public funding would go towards the
construction of a 2" span, and then the DIBC submitting an application to the Michigan
Strategic Fund for $1 billion of Private Activity Bonds. In addition, DIBC’s owner,
Matty Maroun, has continued to own the Michigan Central Depot while willfully
allowing it to become derelict and possibly beyond repair. In short, the DIBC has shown
absolutely no concem for the surrounding community and has been 2 terrible corporate

citizen.

Support for a second Ambassador Bridge is logically inconsistent with the work of the bi-
national Detroit River International Crossing (“DRIC”) Study which has invested
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significant public dollars and resources in determining, through an open and transparent
process, the optimal Jocation for increased intemnatjonal crossing capacity. Increasing
capacity at the Ambassador Bridge was analyzed by the DRIC Study and determined not
optimal based upon several variables including community impact and inability to meet
redundancy objectives. An affirmative action by the MSF Board on the PAB application
will harm Michigan's credibility in the DRIC process and relations with Canada.

I am extremely disturbed that the only environmental concerns identified in regards to the
construction of a second span of the Ambassador Bridge would b the aesthetic impact on
the current bridge identified by the Michigan State Historic Presetvation Office. The
operations of the DIBC have resulted in an inordinate amount of truck traffic along the
local streets of Southwest Detroit. How can an increase in the number of trucks in this
neighborhood not negatively contribute to the already poor air quality in the area? Was
the impact considered in light of the myriad other current and proposed other industrial
and transportation-related uses in Southwest Detroit, such as the many fresways, steel
plants, cement silos, the Detroit Intermodal Freight Terminal, and others? The level of
air quality is one of the worst in the State and the location of the Ambassador Bridge
plays a role in that. There would also be serious noise and safety concems brought about
by this proposal. The results of the Environmental Assessment are dubious at best.

Additionally, the Coast Guard's handling of public meetings to solicit input on the project
has been abysmal. The “Public Workshop” on March 1, 2007 was not advertised to the
community. I live within half a mile of the Bridge and had no knowledge of the mecting
until a neighborhood resident noticed the posting on the DIBC’s website a few days
before the meeting. This meeting should not count as part of the public input process
since the public wasn’t even aware of it until the last minute. The Coast Guard’s lack of
outreach should be an embarrassment to the organization. A “Public Workshop™ held in
April was slightly better advertised, and ] attended a portion of the meeting. However, at
the very beginning of the meeting, a representative of the Coast Guard spoke and
completely stifled public comment on the project except for design-related issues of a
new bridge. Therefore, the community has had absolutely no opportunity to comment on
other issues and, therefore, this process has essentially been a charade leading to approval
for the DIBC to build 2™ span of the Ambassador Bridge. Until a true community
meeting is held, the seriousness of the impacts of this process dictate that the process to-
date should not even be considered valid.

Lastly, there are a number of other outstanding concetns related to the overall project.
The DIBC has made no mention of the current bridge being in need for repairs before this
application. How is it that suddenly it needs to build a second span in order to shut down
the Ambassador Bridge for these studies? Even if true, the Gateway Project, while
allegedly designed to accommodate a second span, did not analyze the environmental
consequences of a second span, simply the connections between the Ambassador Bridge
and the interstate freeway system. In addition, the DIBC has well-documented plans to
significantly expand its plaza far beyond what was anticipated in the Gateway study and
even beyond what has been revealed in its Coast Guard or Michigan Department of
Environmental Quality permit applications, including adding primary inspection booths and
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the reconfiguration of Fort Street. And is there really a need for a new span at all? The July
14, 2007 edition of The Detroit News discussed the drop in passenger trips to Canada due
to a number of factors and the decline in truck traffic is well-documented, even by the

DIBC itself.

It is not just our ncighborhood that opposes a second Ambassador Bridge. Government
at all levels in Canada is opposed to a second span. The opposition of Canada, the
undoing of strong neighborhood redevelopment progress, respecting the DRIC process,
the lack of a comprehensive review of environmental impacts, weak community
notification by the Coast Guard and poorly operated community meetings are all solid
reasons that justify a rejection of any approvals required by the Coast Guard for the
construction of a second Ambassador Bridge by the Detroit International Bridge
Company.

Sincerely,

I- T
]—J

Ce: Gateway Communities Development Collaborative
Govermor Jennifer Granholm
Senator Carl Levin
Senator Debbie Stabenow
Representative John Conyers, Jr.
Representative Carolyn Cheeks-Kilpatrick
State Representative Steve Tobocman

Sigte Senator Hanson Clatke
—_— ‘ederal Highway Administration

{ - - 'Micmr.mnmr of Transportation
Detroit City Council Presiden

City of Detroit Planning Commission
{ity of Detroit Department of Environmental Affairs
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Date 7-17-07

To: Commandl™ — ~ Fax No. ____216-902-6088

Number of Page (s) __5 (including cover sheet) - If you do not receive all pages, please
contact our office immediately.

Comments I am submitti ts in connection with the application of the Detroit

International Brid ompany to build a second basé.ador Bridge between Detroit an

Windsor




July 16, 2007

Mr. L
Commander, Ninth Coast Guard District(dpb)

1240 East 9" St.
Cleveland, OH 44199-2060

Deal" B

We are writing to comment on the Detroit International Bridge Company’s proposal to
build a bridge across the Detroit River. The Southwest Detroit Business Association is a
nonprofit community development corporation, 50 years old in 2007, in the business of
building community----combating community deterioration and removing blight with a
comprehensive approach to community based economic development.

First and foremost, we believe that any international border crossing impacts vehicular
traffic and truck traffic, and the safety and well being of communities on both sides of the
border. Because of the public purposes involved in the ownership and operation of an
international border crossing, we believe that any new crossing must be publicly

controlled.

Secondly, the span as proposed by the DIBC is immediately west of the current
Ambassador Bridge. Our understanding from our counterparts in Windsor, Ontario,
Canada, is that there is no place for the proposed bridge to land on the Canadian side of
the border. They have examined other possible alternatives, and what is acceptable is 2-3
miles west of the proposed DIBC site. Half a bridge is no solution.

The Mexicantown Mercado and state of Michigan Welcome Center are designed and
intended to welcome visitors and travelers to the U.S., the state of Michigan, the metro
Detroit area, and the Hubbard Richard neighborhood. Expanded truck queuing, customs
inspection, and 24/7 operations cause increased noise, traffic congestion, diminished air
quality, and odors, and do not enhance the new and renovated housing, the new and
renovated retail and the Mexicantown restaurant district’s plans for the future.
Transportation development must be balanced with residential and commercial
development. No study has been done to measure the impact of increased use of the

customs plaza.

Government is accountable to the public. The private sector is not. The private sector is
obligated to maximize profit for its investors. Minimal review has been done(there is an
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appalling lack of information to date, and the information that is available now is not the
same as the information available initially, i.e., a twinned span vs. a replacement span;
how will the new span be financed) and minimal review will be the rule because there is
simply not the same obligation to the public in the private sector.

We are curious as to the fate of the existing bridge. No concrete information is available.
It is a national historic landmark, and little has been said regarding its future.

We would suggest that the Detroit River International Crossing, engaging governments
on both sides of the border, engaging the Department of Homeland Security, engaging
the communities that are most impacted by a bridge development, is a far better process
to determine how and where a new border crossing should be built. It is by far a better
alternative to a private business initiative, given the impact to the people who live, work,
play, shop and invest in southwest Detroit.

Sincerely,

President
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From:

Sent: 7,20 12 AM

To:
Subject: FW: Comments on new bridge Draft EIS
Attachments: uscg ltr.doc

Sent: Tuesday, July 17,2007 9:03 A

To: Bloom, Robert

Subject: Comments on new bridge Draft EIS

Comment from the Southwest Detroit Business Association, Inc. Original in U.S. Mail.
L—7

President

Southwest Detroit Business Association

7752 W. Vernor Hwy.

Detroit, Michigan 48209

(313) 842-0986

(fax) 842-6350
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{ )
ommander, Ninth Coast Guard District (dpb)
1240 East 9th Street — Room 2025
Cleveland, OH 44199-2060

Re: Comments on the New Ambassador Bridge Draft Environmental Assessment

As a life long Detroiter and a decade long resident of Hubbard Farms, I feel that it is necessary to

express my concerns and am hoping that you will listen to reason, when it comes to burdening
Southwest Detroit with another headache. I do not want another bridge in my backyard.

T am concerned about the environmental consequences of building a second span of the
Ambassador Bridge. The Southwestern portion of the City of Detroit is an area that has seen
considerable residential and commercial revitalization and is the only part of the city
experiencing population growth. There has been significant private and public investment in new
housing and commercial developments, renovations of vacant buildings, and individuals
rehabbing their homes. Much of this investment would be jeopardized by the construction and
operation of a 2 span of the Ambassador Bridge.

[ am extremely disturbed that the only environmental concerns identified in regards to the
construction of a second span of the Ambassador Bridge would be the aesthetic impact on the
current bridge identified by the Michigan State Historic Preservation Office. There would also
be serious noise and safety concerns brought about by this proposal. As a rusiner and frequent
user of our local park, I am already disturbed by the noise and pollution in our neighborhood and
do not see how doubling the “cause” reduces the “effect”; in other words, by adding another
bridge, certainly, the noise and pollution must be increased also. I have invested a great deal of
time and money in my property here and plan to live here for a long time, I hope that as
decisions are made, the authorities making them would consider people like myself




13 July 2007

C_(_Jmﬁander. Ninth Coast Guard District
1240 East 9" St
Cleveland, OH 44199-2060

Re: Draft Environmental Assessment for a twin span to the Ambassador Bridge

Dea P-

_

[ am a resident of Hubbard Farms community, a designated historic district within the borders of

West Grand Boulevard, West Lafayette, Clark St and West Vernor. I have made great
investments in the community by renovating two homes of unique architectural style. We were

drawn to this area because of the stable and growing urban community and the proximity to the
Detroit River and the Ambassador Bridge. I am opposed to the construction of a twin span for
the following reasons.

First, I agree with the State Office of Historic Preservation that a modern, larger twin span will
have adverse visual impact to the Ambassador Bridge. I am also concerned with The Detroit
International Bridge Company’s futur, the Ambassador Bridge based on current
conditions of other property owned b f DIBC (i.e. the neglect of The Michigan
Central Rail Station).

The neighborhood currently struggles with truck traffic, pollution and noise. Increasing the
trucking capacity with a new large span will only add to this existing problem. I have great
concerns regarding the feasibility of the new bridge using the existing custom plazas efficiently
and am worried about The DIBC's future plans for the area and the possibility of increasing the
footprint of the trucking plazas. This will only have great negative impact on the community.
The lack of transparency in DIBC’s plans is worrisome.

This community is a shining example of both rehabilitation and growth with a dense and diverse
population, many active non-profit and development associations, and strong commercial
districts —all of which will be adversely affected by increases in trucking.

Sincerely,

=
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July 15, 2007

(

Commander, Ninth Coast Guard District (dpb)
1240 East 9th Street — Room 2025
Cleveland, OH 44199-2060

Re: Comments on the New Ambassador Bridge Draft Environmental Assessment

Dear MQ

As aresident in the Hubbard Farms neighborhood adjacent to the Ambassador Bridge, I am
writing to express my deep concerns about the Environmental Assessment process conducted by
the Coast Guard on the Detroit International Bridge Company’s (DIBC) proposal to build a

second span.

[ am concerned about the environmental consequences of building a second span of the
Ambassador Bridge. The southwestern portion of the City of Detroit is an area that has seen
considerable residential and commercial revitalization and is the only part of the city
experiencing population growth. There has been significant private and public investment in new
housing and commercial developments, renovations of vacant buildings, and individuals
rehabbing their homes. Examples of this development include the nearly 100 Homes at Ste.
Anne’s built by Bagley Housing, the nearly 200 renovated apartment units by Southwest
Housing Solutions, and the 43,000 square foot Mexicantown International Welcome Center &
Mercado recently completed by Mexicantown CDC, among many other current and proposed
development projects. Yet this community has continued to bear the burden of the region’s
transportation and industrial infrastructure without any community benefits. Over 10,000 trucks
currently cross the Ambassador Bridge each day and that number will surely only grow if the
bridge’s capacity was to be expanded. Much of this investment would be jeopardized by the
construction and operation of a 2™ span of the Ambassador Bridge.

Many of these projects have been constructed in spite of the DIBC’s active opposition to them.
This has been demonstrated many times as the DIBC has purchased lots in the development
areas of these nonprofits and as it has acquired private residences that have disappeared soon
thereafter, sometimes in the middle of the night. And it has persistently failed to build three
(three!) new homes for senior citizens it promised the community at least five years ago.

In addition to those concerns, the DIBC has often supplied misinformation to the media and the
public. It has simultaneously argued for the need of a 2™ span while presenting the opposite
argument to other audiences. It has presented grandiose plans for redevelopment of properties it
owns in order to gain trust and public support, and not completed much if any of the proposals.
Another example is the DIBC claiming that the state will save money in its tight budget because
no public funding would go towards the construction of a 2™ span, and then the DIBC
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submitting an application to the Michigan Strategic Fund for $1 billion of Private Activity
Bonds. In addition, DIBC’s owner, Matty Maroun, has continued to own the Michigan Central
Depot while willfully allowing it to become derelict and possibly beyond repair. In short, the
DIBC has shown absolutely no concern for the surrounding community and has been a terrible

corporate citizen.

[ am extremely disturbed that the only environmental concerns identified in regards to the
construction of a second span of the Ambassador Bridge would be the aesthetic impact on the
current bridge identified by the Michigan State Historic Preservation Office. How can an
increase in the number of trucks in this neighborhood not negatively contribute to the already
poor air quality in the area? Was the impact considered in light of the myriad other current and
proposed other industrial and transportation-related uses in Southwest Detroit, such as the many
freeways, steel plants, cement silos, the Detroit Intermodal Freight Terminal, and others? There
would also be serious noise and safety concerns brought about by this proposal. The results of
the Environmental Assessment are dubious at best.

Additionally, the Coast Guard’s handling of public meetings to solicit input on the project has
been abysmal. The “Public Workshop” on March 1, 2007 was not advertised to the community.
[ live within % mile of the Bridge and had no knowledge of the meeting until a neighborhood
resident noticed the posting on the DIBC’s website a few days before the meeting. This meeting
should not count as part of the public input process since the public wasn’t even aware of it until
the last minute. The Coast Guard’s lack of outreach should be an embarrassment to the
organization. A “Public Workshop” held in April was better advertised, and I attended a portion
of the meeting. However, at the very beginning of the meeting, a representative of the Coast
Guard spoke and completely stifled public comment on the project except for design-related
issues of a new bridge. Therefore, the community has had absolutely no opportunity to comment
on other issues and, therefore, this process has essentially been a charade leading to approval for
the DIBC to build 2™ span of the Ambassador Bridge. Until a true community meeting is held,
the seriousness of the impacts of this process dictate that the process to-date should not even be

considered valid.

Lastly, there are a number of other outstanding concerns related to the overall project.

The DIBC has made no mention of the current bridge being in need for repairs before this
application. How is it that suddenly it needs to build a second span in order to shut down the
Ambassador Bridge for these studies? Even if true, the Gateway Project, while allegedly
designed to accommodate a second span, did not analyze the environmental consequences of a
second span, simply the connections between the Ambassador Bridge and the interstate freeway
system. In addition, the DIBC has well-documented plans to significantly expand its plaza far
beyond what was anticipated in the Gateway study and even beyond what has been revealed in
its Coast Guard or Michigan Department of Environmental Quality permit applications,
including adding primary inspection booths and the reconfiguration of Fort Street. And is there really
a need for a new span at all? The July 14, 2007 edition of The Detroit News discussed the drop
in passenger trips to Canada due to a number of factors and the decline in truck traffic is well-
documented, even by the DIBC itself. It seems to me that the Coast Guard is fronting the efforts
of the DIBC to continue its monopolistic hold on border traffic between the US and Canada.
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Sincerely,

D

cc: Gateway Communities Development Collaborative
State Representative Steven Tobocman

Federal Highway Administration

Michigan Department of Transportation

City of Detroit Historic Designation Advisory Board
Senator Carl Levin

Senator Debbie Stabenow

Representative John Conyers, Jr.

Michigan State Historic Preservation Office

Detroit City Council '

City of Detroit City Planning Commission

City of Detroit Planning and Development Department

(=) 4
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June 27, 2007

Commander

Ninth Coast Guard District
1240 E. 9th Street - Room 2025
Cleveland, Ohio 44199-2060

RE: Proposed Second Span of Ambassador Bridge

Dear Commander:

The purpose of this letter is to express opposition to the plans of the Detroit International
Bridge Company to build a second twin-span directly west of the Ambassador Bridge.

I am writing as a resident of Hubbard Farms Historical District which is located directly
west of the present Ambassador Bridge—an area seriously negatively impacted by health
concerns caused by air pollution and lead contamination, economic hardships caused by
rapid deterioration of home foundations that crack under the weight of the 9,000 to11,000
industrial trucks that barrel through the neighborhood every day in order to cross the
Ambassador Bridge since NAFTA and the opening of the Detroit Intermodal Freight
Terminal. Great decisions, great costs to citizens!

Please understand that city and state planners and commissions, along with nonprofit
organizations have dumped hundreds of millions of dollars into this area in the past
twenty years and because of that southwest Detroit continues to thrive and even grow
despite the economic challenges facing Detroit and Michigan.

Isn’t it a travesty to have residents now f real possibility of obliteration in
order to satisfy the plans of one man, .. _andhis Detroit International
Bridge Company. If anyone has learned anything about where we are at now, the State of
Michigan Department of Transportation’s Detroit International River Crossing study, at
least acknowledges there needs to be an expansive buffer area between industrial traffic
and residential areas. This study will be ongoing through 2008. Of the fourteen
proposed sites for a second bridge, the one closest to the existing bridge was eliminated
early on, for the obvious reasons stated above, and especially due to the reality of terrorist

attacks in a post 9/11 world.

The neighborhood is more tolerant of a publicly-owned rather than a privately-owned
bridge, especially in light of international and national security. In your position, do you
know of a weaker “link” in our nation’s northern border security than that of the
Ambassador Bridge? There is much concern and consternation among area residents that

neighbor the bridge,
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and one wonders why the laws of imminent domain don’t seem to apply when they
should now more than ever before!

So, in response to your call for input from the community regarding the aesthetics of the
new bridge next to a historic landmark such as the Ambassador Bridge, I have to say as I
shake my head, who is their right mind would put another bridge up next to an existing

one anyway?

How can the Bridge Company move forward when the Canadian side opposes the plan,
and the State of Michigan is in the midst of negotiations via the MDOT study?

Therefore, I cannot fathom any reason for this question being brought to your attention at
this time.

Sincerely,

*




June 24, 2007

Commander (dpb)

Ninth Coast Guard District
1240 E 9™ St — Room 2025
Cleveland OH 44199-2060

RE: Proposed Ambassador Bridge Enhancement Project
Environmental Assessment

Dear Commander:

| live practically in the shadows of the Ambassador Bridge, in southwest Detroit,
Michigan, at 359 W Grand Blvd. | am strongly opposed to the building of a second
bridge span next to the existing Ambassador Bridge.

First, | do not believe such an important international trade and security crossing should
be in private hands, as it is now. | believe the current owner has refused previous
attempts by government to have any oversight regarding the Bridge's safety and/or
security, which is unacceptable in the world we live in today. The government should

have total control over this crossing. v

Second, a second span will most definitely increase the amount of car and truck traffic,
noise, pollution, and general congestion in this neighborhood and on the highways here,

which | strongly oppose.

Third, the DRIC study has found that the better location for the new crossing should be
downriver, in the Delray, Michigan area, as the distance over the river is shorter, and
the socioeconomic impact on both sides of the river would be more tolerable than at the

current Ambassador sight.

| support the DRIC process. Do not destroy the southwest Detroit and the Windsor,
Ontario, Canada communities!

Sincerel




Donovan's Pub
3003 West Vernor
Detroit, M1 48216

(313) 964-2267

June 13, 2007

Lol s e )
Chief Bridge Branch

United States Coast Guard
Ninth Coast Guard District
1240 East Ninth Street
Cleveland, Ohio 44199-2060

el

I find the myriad of roadblocks continually put in front of the Ambassador Bridge to be a serious
infringement on the rights of residents, private business owners, employees and customers not

necessarily represented by "community groups"

We have been in business for approximately twenty years and in all of that time, I have heard
nothing but in-fighting and petty jealousies espoused by these community groups. The planned .
walkway across I-75 for example, has been discussed ad nauseam for twenty plus years that I

know of. Please do not make the Ambassador Bridge Enhancement Project another example of ‘

Southwest Detroit's lack of cohesiveness.

The "Bridge" has been a fantastic neighbor of ours. I personally am totally in favo
improvements, I am neither jealous nor envious of the accomplishments o;
il applaud his determination and steadfastness in the face of opposition from
anomted "few".

If only the gloves would come off, then just maybe, the twenty years already consumed by in-
fighting could be replaced by advancement beneficial to the citizens of Southwest Detroit.

I truly believe the proponents of this project far outnumber those in opposition.

Talktothepeoplconthcstreet,mthcbars restaurants, bakeries, andstorcs It will be an
enlightening experience, I assure you.

cc: Steve Tobocman, State Representative
United States Senator Carl Levin
Gateway Collaborative
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Detroit River Wyandot’s
6662 Thornberry Crescent
Windsor Ontario
N8T 2X2

June 10, 2007
c )

External Affairs

U.S. Coast Guard
1240 E. 9th Street
Suite 2073
Cleveland, OH 44199

0 O —

We are the Detroit River Wyandots (DRW) and descendents of the former band of
Anderdon. We are a tribal organization in Windsor Ontario. The board of Directors
and our members of the DRW are formed of Wyandot Indian descendents. .

Rl | i
We are opposed to building a bridge that will cause any destruction of the sacred
ground surrounding the historical area in Sandwich Ontario.

We would like to be kept informed of any development that may affect our native
sites and offer any support possible to stop the building of a bridge that will cause
great destruction of this very sacred site. These grounds mean so much to so many
different people, especially to the Wyandot Indians of Anderdon, Ontario.

Sincerely

¢
| IDTEEéor DRW
25885 Sierra Dr

Novi, Michigan 48374-2335

’
Fax

DRW PrOJeE_ Director
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June 7, 2007
Commander (dpb)

Ninth Coast Guard District
1240 E. 9th St., Rocm 2025
Cleveland, OH 44199

ﬁear Commander,

The crush of traffic caused by the location of the Ambassador Bridge
is unhealthy for truck drivers, residents of Windsor and residents of this
part of Detroit. Shipping the enorimous tonnage of freight through urban
areas--where none of it remains--is outrageous and irrationa]._ I recognize
that a sensible solution is not obvious, but a second sﬁgﬁ’ghiﬁﬂe existing
bridge is the worst alternative I can imagine.

I attended the Public Workshop on May 24, 2007 where cheerleaders for

' T, W ' o . oY
the br1dge‘§dd1t1bﬁ}asked for our opinions about esthetic matters. Substantive

S —— . —

issues were never addressed.

For 33 years I have lived in homes on tree-lined streets two or three
blocks from the bridge. The environmental impact of the bridge has caused
some deterioration of the neighborhood; another span UE sk bridge would
sound the death knell for our pleasant part of the city. I urge that the

proposal for a second span be denied.
Your decision on this issue will affect our lives crucially.

Sincerely.

lI e,
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Commander (dpb)

Ninth Coast Guard District
1240 E. 9™ Street — Room 2025
Cleveland, OH 44199 2060

May 24, 2007
Dear Commander:

I am a resident of the Hubbard Farms Community in Detroit and strongly oppose the
construction of a twin span of the Ambassador Bridge. This nei ghborhood has to
contend with enough noise, congestion, and pollution from the bridge truck traffic the
way it is. Also, I see a second span as a security risk.

[ am in favor of the alternate, government-planned/studied proposed plan for a new
bridge in the Delray area, however. That community wants it there due to the possible
spin-off business that could result. This is the plan that the DIBC wishes to kill, and it is
widely felt that the sole reason is that they wish to maintain their monopoly. I can’t
believe that the US Department of Homeland Security would have a hand in this—and
especially with the security concerns of having two bridges side-by-side.

Well, you asked for my input, and now you have it.
o -
Sincerely, —

- »
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Figure 2. ACCESS System Composite Data
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e Carbonyls

Of the suite of fifteen carbonyls monitored during this project, three target compounds for
this pilot project — acetaldehyde, formaldehyde, and acetone — were found most
consistently and in the highest concentrations. Other peer-reviewed EPA monitoring and

- modeling studies for hazardous air pollutants have shown these pollutants to be present in
high concentrations in ambient air. Thus, the detection of these same compounds in our
pilot study lends credibility to our concern over indoor exposure. Also, acetaldehyde and
formaldehyde were target compounds for this project due to our focus on fossil fuel
combustion, particularly from motor vehicles:

The summary data in Tables 2 - 4 indicate that concentrations of acetaldehyde,
formaldehyde and acetone outside schools, 50 feet inside main entrances, and in rooms
inside the schools appear to increase as one moves toward the interior of school
buildings. Note that where the sample was below the analytical limit of detection, one-
half the minimum detection limit was substituted in the calculations for these samples (a
total of 13 samples during the entire project). These tables also illustrate that for the most
part, concentrations during summer were higher than in fall both inside and outside. This -
could be due to atmospheric conditions on monitoring days, or to summertime
atmospheric conditions that tend to result in greater formation, transport, and residency of
these compounds in ambient air, or due to additional, unconsidered variables. Higher
ambient concentrations may then have directly influenced indoor concentrations in the
schools that were monitored. Additionally, indoor human.activity and emission sources
such as carpeting may play a critical role in increasing detected concentrations for
compounds like formaldehyde.

Table 2. Acetaldehyde Statistics in pg/m’ (all samples, separated by sampling location)
Minimum/Maximum

Median Value 75th Percentile

Summer Fall Summer Fall Summer Fall
- |Outside 0.19 0.27 0.37 0.36 0.04/0.90 | 0.14/0.47
Entry 0.30 0.36 0.49 0.44 0.04/0.69 | 0.04/0.69
Inside 0.45 0.46 0.63 0.61 0.04/1.16 | 0.04/1.11

Table 3. Formaldehyde Statistics in ug/m’ (all samples

separated by sampling location)

‘Median Value

75th Percentile

- Miminum/Maximum

Summer Fall Summer Fall Summer Fall
Outside 0.13 0.21 0.41 0.36 0.03/4.51 0.05/0.51
Entry 1.27 0.60 1.60 0.81 '0.36/2.92 | 0.23/1.51
Inside ~1.75 0.91 215 1.23 0.03/5.60 .| 0.03/2.71

Table 4. Acetone Statistics in pg/m’ (all samples, separated by sampling location)
' 75th Percentile

Median Value

Minimum/Maximum

- Summer |Fall Summer |Fall Summer. Fall
Outside 0.55 - 047 0.86 - 0.72 0.07/2.24 | 0.26/0.87
Entry 1.25 1.05 1.60 1.85 0.50/78.58 | 0.65/4.24
Inside 1.45 1.43 2.19 2.16 0.07/39.24 | 0.21/4.24
23 0 o
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Figures 3, 4 and 5 show the ratio by percentage of indoor to outdoor carbonyl
concentrations measured at schools over two days of monitoring in the summer and two
days in the fall. Note that each percentage figure is a ratio of an indoor to an outdoor
concentration. A percentage infiltration above 100% indicates that a higher concentration
of the compound was nmieasured indoors. At each school, NESCAUM monitored for
carbonyl compounds in two to five indoor locations. As a result between two and five
ratios per school per day could be generated (a total of 36 — 90 ratios). Where the
samples were below the analytical limit of detection, indoor to outdoor ratios were not

calculated or plotted in Figures 3 - 5.

During the summer a total of 52 indoor samples were collected. The total number of

‘monitoring sample site ratios calculated for acetaldehyde, formaldehyde and acetone

during the summer was 31, 34, and 36 respectively. This reduction in sample population
was due to 5 monitoring days during the summer when no outdoor sample was taken to
derive a ratio (loss of 15 potential ratios), and due to no detectable concentration reported

for 1 acetone, 3 acetaldehyde 6 formaldehyde indoor samples.

During the fall, 70 indoor samples were taken at the schools. A total of 59, 60, and 61
ratios were calculated.for acetaldehyde, formaldehyde, and acetone respectively. - The fall

- reduction in indoor to. outdoor ratios was due to one day with no outdoor measurement at

a single school and due to non-detected indoor concentrations of acetaldehyde (2
samplcs) and formaldehyde (1 sample) during the fall monitoring study.

These Figures suggest a number of interesting relationships. First, indoor to outdoor
concentration percentages generally exceed 100% for all three pollutants (acetaldehyde
ratios sometimes are at or below 100%); hence, indoor levels of these pollutants were .
greater than outdoor concentrations at most schools on most of the days that we
monitored. Second, ratios varied consxderably depending on the day when monitoring
took place. For example, in Figures 3 - 5, in the summer at School A on day 1, carbonyl

ratios rangcd from over 200% to over 1200%, while on day 2, all three ca.rbonyl ratios

clustered between just under 100% and 200%. Finally, ratios for the three carbonyls
were different. Acetaldehyde percentages were generally between 50 and 300% in
summer and 50 and 375% in fall. Acetone ratios ranged between 0 and 300% in summer
and 0 and 800% in fall. Ratios for formaldehyde in both summer and fall were more
varied than the other-twp carbonyls and ran ged ﬁ'om nearD to appro;umately 800% and
in some cases, over- 2000%

The higher inside concentrations of carbonyls indicated in Tables 2 - 4 and Figures 3 - 5
may suggest that carbonyls accumulate over the course of the day when air exchange is

“minimal. Alternatively, they may indicate the presence of critically important indoor

sources of these carbonyls, which would supplement the concentration of infiltrating

‘outdoor carbonyls. A more complete assessment is needed to account for building

residency, air exchange rates, and interior emission sources in order to determine the
actual contribution of ambient pollution to indoor concentrations. In addition, further
ambient emissions characterization and monitoring is necessary to adequately evaluate
these observations. Typical indoor building materials such as carpctmg, modular panel
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walls, indoor combustion sources, and some cleaning products have been identified as
important indoor sources, particularly for carbonyls like formaldehyde In this case,
carpeting does not appear to be a distinguishing factor among schools.?’

Figure 3. Acetaldehyde Summer and Fall Inside/Outside Concentrations by Percentage”™
(line indicates the median value of all 31 and 59 values on the summer and fall charts, respectively)
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Concentration
entry
classroom 1
classroom 2
library
other

Acetaldehyde Fall Inside/Outside
Concentration

& entry
B classroom 1§
+ classroom

"Fi igure 4. Formaldehyde Summer and Fall Inside/Outside Concentratlons by Percentage
(line indicates the median value of all 34 and 60 values on the summer and fall charts, respectively)
(red data points — classroom-1 and library values for Summer School F Day 1 and Fall School A Day 2 —

have been reduced to fit on the chart)
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%" please see Appendix H for further analyses of subsets of carbonyl samples.
2 For example, a ratio above 100% demonstrates a higher concentration inside, and a ratio below 100%

demonstrates a-higher concentration outside.
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Figure 5. Acetone Summer and Fall Inside/Outside Concentrations by Percentage
(line indicates the median value of all 36 and 61 values on the summer and fall charts, respectively)
(red data points — entry and classroom 1 values for Summer School E Day 2 — have been reduiced to

fit on the chart)
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The graphs in Figure 6 below illustrate the distribution of acetaldehyde, formaldehyde
and acetone for all carbonyl samples collected. The graphs indicate that carbonyl
concentrations inside the school environment do not follow a normal distribution. In fact,
a few of the pollutants appear to follow.a somewhat biphasic distribution in the summer

- (where some results cluster around a Iower range of concentrations while other results

cluster around a higher range of concentrations). The inconsistency and abnormality of
the distribution indicate that a number of factors must be considered to appropriately
explain the concentrations of pollutants. In future studies it will be important to more
carefully track weather conditions, moujtoring location within the school building, traffic
volume near the school, industrial emissions, and the presence of indoor pollutants that-
influence concentrations, in order to better interpret the data. However, given the pilot
nature of this study, the limited sample size, the number of potential variables, and the
range of monitoring conditions; these.data are useful to illustrate the wide variability and
range of fmdmgs across the various locations within a school or between schools

pa.rtu:lpatlng in the study.

Fi gure 6. Dlstrlbutlou of All Carbonyl Samples, by the percentagc of samples with a
given concentration m1.1g/m _ g
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The problem of pumps faulting during sample collection occurred with 30% of our
summer samples and 20% of samples during the fall. In some instances, the pumps
stopped working when the field monitoring team was not present to note the fault. This
pump error (typically due to excessive pressure across the sampling media) results in an
uncertain total sample volume. In each of these cases, the time the fault was noted and
the potential shortest and longest run time was recorded. We assumed longest possible
sample duration, which is the laboratories routine practice, and in each we had adequate
sample volume for a positive detection (therefore not less than the limit of analytical
detection). Assuming our actual sample duration was between the shortest and longest
possible sample period, the ambient concentration could have been greater than that
reported by the laboratory. We conducted an analysis to determine the range of potential
error in the concentration for these faulted samples, as shown in Appendix I. The
potential errors of the faulted samples range from 4 to 56%, with a median value of 21%.
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e Volatile Organic Compounds

Of the suite of 27 volatile organic compounds monitored during this project, the data
presented below show findings for four of the most pervasive and/or potent volatile
organic compounds (VOCs): benzene, methyl ethyl ketone (MEK), acetone (also
classified and reported as a carbonylzg) and toluene. These data represent a limited
sample size (a maximum of four days at each school), however, so pollutant levels do not
necessarily represent typical conditions at each site. -

VOC data are plotted to address the applicability of the methods to explore our central
and secondary hypotheses: 1) ambient air pollution concentrations penetrate indoor
environments and 2) urban areas or areas near heavy roadway traffic have higher ambient
and indoor concentrations of the pollutants.

Figures 7 and 8 examine the ratio of indoor to outdoor pollutants and do not indicate any
conclusive relationship.. Figures 9 — 13 suggest the range of relative VOC concentrations
across the region varying with the level of urbanization and proximity to motor vehicle

traffic at each school.

Figure 7 shows the ratio of indoor to outdoor VOC concentrations, as a percentage,

measured at schools on both days of monitoring in the summer.- In Figure 7, we excluded
data from 3 out of 9 schools because the samples were analyzed using a different method
and were not comparable. The fall data is shown in Figure 8 using data from four
schools. The remainder of the data was excluded in this study because it came from grab
samples collected with the Summa canisters rather than eight-hour integrated samples
collected during the summer. Additionally, where a data point is missing, VOCs were -
not detected in either the indoor or outdoor sample, so a ratio could not be calculated.

A

¥ Acetone is rcpdrted as a carbonyl and a volatile organic compound because it is detected under both the
sampling and analytical methods employed for this project. However, the accuracy and sensitivity in
detection for this compound will differ between these methods, therefore, the results are not directly

comparable.
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Figure 7. Summer VOCs Inside/Outside (i/0) Concentration Presented as Percentage

(line on graph indicates median value)
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Figu're'& Fall VOCs Inside/Outside (i/0) Concentrations Presented as Percentages
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In an attempt to better understand the variability in indoor to outdoor ratios in our sample
population, we calculated the average and median percentage infiltration for all nine
schools.*® During the summer months of this study the median indoor concentrations of
acetone, benzene, methyl ethyl ketone, and toluene ranged from approximately 60 to 90
% of the outdoor concentrations, respectively. Fall monitoring data for the much smaller
integrated sample population (n= 8) suggest a median indoor concentration of these same

% This represents a sample size of eighteen samples.
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pollutants ranging from approximately 130% to 500% of outdoor concentrations,
respectively. Creating these types of comparisons with our pilot project data is
illustrative, supports the investigation of our central and secondary hypotheses, and
assists us when reviewing our methodology. The sample size is very small, which limits
any rigorous statistical analyses of the data at this time.

However, as described previously in this report, these observations are consistent with
those made by other researchers previously and underscore the importance of season and
of the potential contribution of indoor emissions sources and activities when attempting
to evaluate infiltration. Future analyses will aim to more carefully characterize indoor
sources and activities in an effort to more appropriately evaluate whether important
mobile source pollutants (i.e. benzene and toluene) will infiltrate indoor
microenvironments in a manner that approaches 100% to establish a “baseline” of

€Xposure.

Figure 9 examines the influence of urbanization levels on concentrations of VOCs. _
Figure 9 is a scatter plot of relative inside and outside summer concentrations for the four
compounds discussed above, with schools arranged from urban to rural (A to L, as
described in Table 1) from left to right along the x-axis.”' The diagram suggests a
general trend of decreasing pollutant concentrations from urban to rural areas. This is
most apparent for acetone and benzene, but also occurs to some degree with MEK and

toluene.

A high degree of variation is evident, and may be explained by meteorological effects,
varying either with the seasons or with individual days picked for sampling. In addition,
benzene, toluene, acetone and MEK are emitted from numerous sources, including .
cleaning products. These emissions may be higher in the intense summer cleaning period
at schools. Further testing is needed in order to determme the exact nature of these

potential impacts.

Another interesting observation is the higher concentration of benzene at school G
relative to the other rural schools, D and F. This may be because School G, the most
rural school presented in this figure, is located near a road with very heavy traffic
volume, and benzene is largely a fuel-related constituent.

*! Schools E, H and I were not included in these graphs. Data for School H was not available at the time of
publication of this report, and the data for Schools E and I were not comparable to the other six schools due

to alternate analytical techniques.
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Figure 9. Scatter Plots of Relative Inside and Outside Concentrations of VOCs by School
* Triangle in Panel B represents School B Outside concentration divided by 10
* Circle in Panel D represents School B Outside concentration divided by 100, to incorporate

these data points on the same graph
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Figures 10 through 13 present relative data correlating ambient and mdoor concentrations
with population density and traffic volume. Figures 10 and 11 illustrate that
concentrations of benzene and toluene, which are primarily generated by motor vehicle
fuel combustion or evaporation, are relatively higher in areas located in close proximity
(< 500 meters) to roadways with higher traffic volume. Note, however, that the
relationships between traffic volume and these two pollutams were stronger for inside
measurements than. for outside measurements.

Relative concentrations for schools B and C in Figure 10A suggcst the importance of
urban environments as additional considerations to traffic volume.*® Essentially, these
schools are located in the most urbanized environment of our sample population; as a
result, we hypothesize that the general ambient “background” concentration for some of
the traffic-related pollutants are higher than other less urban locations. These schools
were the sites of the highest measured benzene concentrations even though they are
located near only moderately trafficked roads. This apparent confounding observation, is

32 Schools are ranked from most to least urban, with School A being the most urban and School G the least.
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probably because traffic volume in the surrounding area (>500 meters from the school)
contributed to an elevated benzene baseline for these schools.

In Figures 12 and 13, associations with population density and ambient or indoor
concentrations are less clear. Acetone and methyl ethyl ketone are pollutants typically
associated with industrial sources or personal product use rather than fuel combustion or
evaporatlon Accordingly, we graphed relative concentrations of these pollutants in
companson with the broader criterion of population density. No close association is seen
in these graphs, likely due to the many potential emission sources of these pollutants and
the variability between sampling sites in this study. In Figure 12, levels of MEK
measured outside correlate more closely with population density than those measured
inside. This same relationship does not hold true for acetone measurements in Figures

13A and B.”

Our ability to interpret these data more thoroughly was limited by laboratory error,’ and
a lack of a comprehensive outdoor or indoor emissions inventory during pilot monitoring.
Although they represent a limited sample size, these data provide interesting insights for

future study design, particularly with respect to sample site selection.

Figure 14 shows the distribution of all VOC measurements collected during summer
monitoring. These graphs also suggest the variability and multiphasic nature of the data.
As with the carbonyl distributions shown in Figure 6 above, biphasic or multiphasic
distributions imply that a number of factors may explain concentrations of pollutants
rather than one overriding factor. Thus in a future study it will be important to carefully
track weather conditions, location within the school building, traffic volume near the
school, industrial emissions, and the presence of indoor pollutants that influence the
concentrations in order to interpret the data more comprehensively. A more complete

" emissions characterization and monitoring program will be necessary to better understand

the biphasic nature of the pollutant concentrations. However, given the pilot nature of
this study, the limited sample size, the number of potential variables, and the range of
monitoring conditions, these data are useful to illustrate the range of findings across the

region.

For two pollutants, benzene and formaldehyde, many of the levels found in the pilot
study are above the cancer risk thresholds set by the U. S Envnronmental Protection

" Agency.. This finding is Consistent with recent reglonal and national studies that have

found that all locations in the country exceed the conservative thresholds for these
pollutants. At this time there isa vigorous public debate regarding scientifically
justifiable use of health risk assessment practices for air pollution policy at the regional
and national level. The observation that all locations are recording concentrations above
the risk thresholds underscores the need for federal consideration of policy changes. It is

* The strength of the association of each set of inside and outside data with population dcnsuy and traffic
volume was evaluated statistically; results are shown in the table in Appendix H. Note: the power of these

stansucal analyses is limited by the small sample size.
* The laboratory error produced samples that are relative to each other, but they cannot be analyzed as

definitive concentrations.
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anticipated that improved public education and public policy will be forthcoming to
address the real or potential health risk associated with environmental exposure to
widespread pollutants such as benzene and formaldehyde. For further information on
how the U.S. EPA establishes these thresholds or ongoing regional and national

assessments, see Appendix B.

Figure 10. Benzene Relative to Traffic Data
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Figure 11. Toluene Relative to Traffic Data
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Figure 12. MEK Relative to Population Data
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Figure 13. Acetone Relative to Population Data
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APPENDIX A: Health Effects of Criteria Pollutants

The federally regulated criteria pollutants are carbon monoxide, nitrogen dioxide, ozone,
sulfur dioxide, particulate matter and lead. Lead is not included in this appendix because
it is beyond the scope of this report. Additionally, this section addresses carbon dioxide,
which is an indicator of indoor air quality but not a criteria pollutant.

Carbon Monoxide (CO)

Sources:

CO is a product of fossil fuel combustion, predominantly generated by vehicle emissions.

Additional sources include other modes of transportation, as well as wood-burning
stoves, incinerators, and industrial sources. The presence of CO in a school indicates the
infiltration of vehicle emissions or other outdoor sources, or an inefficient heating
system. '

Standards and Health Effects:

The EPA’s National Ambient Air Quahty Standard (NAAQS) for CO is 9 ppm for an
eight-hour average and 35 ppm for a one-hour period. Low levels of exposure to CO are
thought to contribute to heart disease by reducing the amount of oxygen delivered to the
body’s organs and tissues. At extremely high concen trations (which are not expected to
~ be found in schools), CO can be lethal.

Nitrogen Diqxide (NO,)

Sources:
NO, is a brownish, highly reactive gas produced when fossil fuels are burned at high

temperatures. Sources include transportation vehicles such as diesel buses and trucks,
power generating facilities and industrial boilers. Cooking can also be a particularly

large contributor in schools.

Standards and Health Effects:
The outdoor annual standard for NO; is 50 ppb; there is no indoor standard. NO,
exposure irritates the lungs, and can aggravate bronchitis and lower resistance to

respiratory infections.

Ozonc (03)

Sources
Os is a highly reactive gas that is the major component of smog. It is not dlrcctly emitted

into the outside air, but instead is formed through chemical reactions between nitrogen
oxides and volatile organic compounds. These two precursors are primarily emitted by
transportation and industrial sources. Inside, photocopiers and other office equipment

can produce ozone.

Standards and Health E Jffects:
Ozone can damage the lungs and reduce their function when it is inhaled because of its

reactivity. At relatively low levels exposure for several hours can si gmﬁcantly reduce
lung function and induce inflammation in healthy people during exercise. The EPA’s
NAAQS is 120 ppb for a maximum hourly exposure to ozone, arid 80 ppb for 8 hours.
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Benzene 71432 71 H ; H 0.12
Benzotrichloride 98-07-7 . 0.7 0.00028
Benzyl chloride 100-44-7 12 5.2 0.02
Beryllium compounds 0.0048 0.00042
Biphenyl : >
Bis(2-ethylhexyl)phthalate 117-81-7 71 0.25
Bis(chloromethyl)ether 542-88-1 0.000016
Bromoform 75-25-2 : 0.91
1,3-butadiene 106-99-0 8 ; 0.0036
Cadmium compounds 3.5 * 0.00056
Calcium cyanamide 5
Captan 133-06-2 1
Carbaryl .
Carbon disulfide 75-15-0 700 ' ¥
Carbon tetrachloride 56-23-5 2.4 0.067
Carbonyl sulfide '
Catechol
Chloramben i a
Chlordane 57-74-9 0.018 : 0.0027
Chloroacetic acid 79-11-8 ; 1.8
Chlorobenzene 108-90-7 70 N
Chloroform 67-66-3 . 35 ; 0.043
Chloromethyl methyl ether 107-30-2 . 1.8 0.0014
Chloroprene 126-99-8 1 . %
Chromium Compounds 18540-29-9 0.002 0.05 0.000083
Cobalt and Compounds 7440-48-4 % .
Cresol - 180 g
Cumene 98-82-8 Py . . 5
Cyanide compounds : * * .
D(2,4)
Dibutylphthalate .
Dichlorobenzidene(3,3") 91-94-1 0.0078
Dichloroethyl ether 111-44-4 : 0.003
1,3-dichloropropene 542-75-6 20 0.027
Dichlorvos 62-73-7 0.5 0.012
Diethanolamine §
Diethy! sulfate 64-67-5 **
Dimethoxybenzidine(3,3") 119-90-4 A 0.0067
Dimethyl formamide © 68-12-2 30 ne
Dimethyl hydrazine(i, 1) 57-147 ©0.022 . 0.0004.
Dimethyl phthalate ' ' . 2
Dimethyl sulfate 131-11-3 5 *x
dinitro-o-cresol(4,6) 534-52-1 0.5
Dinitrophenol(2,4) ; ;
Dinitrotoluene(2,4) 121-14-2 7 0.0091
|dioxane(1,4) 123-91-1 400 0.32
Epichlorohydrin 106-89-8 1 0.83
Epoxybutane(1,2) 106-88-7 20 .
Ethyl acrylate 140-88-5 48 0.073
Ethyl carbamate 51-79-6 : 0.036
|Ethyl benzene 100-41-4 1,000 **

41

05.

a9



P

[
N »

AR

Frommne

-
v

s ]

extremely difficult to predict the effect of multiple pollutant exposures in human
populations, but research continues to assist federal, state, and local a gencies in
developing appropriate regulatory programs to address air pollution concerns.

Table 5 below displays the health effect benchmark concentrations for many of the
federally regulated HAPs (Caldwell, 1998). A benchmark concentration represents the-
atmospheric concentration of a pollutant above which there may be potential public
health concerns. Benchmark values essentially serve as "yardsticks" to assess potential-
threats to public health posed by HAPs. These values represent the current state of
scientific understanding about the health effects of pollutants of concem. The
benchmarks are a compilation of values used by EPA, the International Agency for
Research on Cancer, the National Toxicology Program, the California Environmental
Protection Agency, and the Agency for Toxic Substances and Disease Registry when
recommending regulatory limits or public health advisory limits. The concentrations
shown in the table below are generally similar to the health-based regulatory standards
developed by health agencies in the Northeast states.

Benchmarks for short-term exposure are included in the table for comparative purposes.
These benchmarks were calculated by dividing the Level of Concern (LOC) values
developed for EPA's Superfund program by a safety factor of 1000. The LOC is
indicative of levels of airborne concentrations of chemicals for which no serious
irreversible health effects are expected to occur after exposure of thirty minutes to the

pollutant.

" The benchmarks shown here are meant to serve as general indicators of air quality

presenting potential risk to public health. It is important to recognize that these values
cannot nccessanly be used to predlct the likelihood of a particular cancer or non-cancer

effect.

Table 5. Benchmark Concentrations for Hazardous Air Pollutants (HAPs)

Benchmark values published in Caldwell e! al. Toxicology and Industrial Health, Vol 14, No.3, 1998, pp 429-454 .
I I
Published Benchmark Concentrations (ug{m )
ChemName CAS Number |ChronicToxicity[|Acute Toxicity |[|[Carcinogenicity
Acetaldehyde : 75-07-0 - 9 . “ 0.45
Acetamide i 60-35-5 i i . i ‘1 0.05
Acctonitrile <l - 75-05-8 ) ‘50 -’ 2l ;
Acetophenone ’ (35 - .
Acrolein 107-02-8 0.02 1.2 **
Acrylamide © 79-06-1 0.7 . 0.00077
Acrylic acid 79-10-7 4 .
Acrylonitrile 107-13-1 2 0.015
Allyl chloride 107-05-1 I 0.17
Aniline ) 62-53-3 1 0.63
Anisidine 90-04-0 : . 0.025
Antimony compounds v * *
Arsenic compounds 0.5 =, 0.00023
R
05,7
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Ethyl chloride 75-00-3 10,000 xE
Ethylene dibromide 106-93-4 0.2 0.0045
Ethylene dichloride 107-06-2 95 0.038
Ethylene glycol 107-21-1 ; . 5
Ethylene oxide 75-21-8 600 540 0.043
Ethylene thiourea 96-45-7 - 3 i tl 0.032
Ethylidenedichloride 75-34-3 . 3 0.63
Formaldehyde 50-00-0 3.6 0.077
Glycol ethers * ll .
Heptachlor 76-44-8 i 0.00077
Hexachlorobenzene 118-74-1 2.8 0.0022
Hexachlorobutadiene 87-63-3 90 : 0.045
Hexachlorocyclopentadiene 77-47-4 0.07 0.02 ;
Hexachloroethane 67-72-1 80 . 0.25
Hexane 110-54-3 . 200 .
Hydrazine 302-01-2 0.24 0.0002
Hydrochloric acid 7647-01-0 20 .

Hydrofluoric acid * 7664-39-3 5.9 1.6 _H

Hydroquinone 123-31-9 . . .

. |Lead compounds 15 » 0.013
Lindane 58-89-9 1 ; 0.0026
Maleic anhydride " 108-31-6 24. . i
Manganese compounds 0.05 *

Methyl ethyl ketone 78-93-3: 1000 . :
Mercury compounds * *
Methanol - 67-56-1 620
Methoxychlor =
Methyl bromide 74-83-9 5 1l :
Methyl chloride 74-87-3 i i n 0.56
Methyl chloroform 71-55-6 320 . 4
Methyl hydrazine 60-34-4 : 0.94 I 0.0032
Methyl iodide 74-88-4 .10 s
Methyl isobutyl ketone 108-10-1 . . 4|_1
Methyl isocyanate 624-83-9 0.36 - 4.7
Methyl methacrylate 80-62-6 980 .
Methyl tert-butyl ether 1634-04-4 3000 6
4,4-Methylene bis(2-chloroaniline) 101-14-4 a5 0.011
Methylene chloride 75-09-2 3000 . 2
Methylene diphenyl diisocyanate 101-68-8 0.02 ' : -
Methylenedianiline(4,4') 101-77-9 1.9 ; H 0.0022
N,N-diethyl/dimethylaniline i o
Naphthalene 91-20-3 14 . : ;
Nickel and Compounds 7440-02-0 0.24 * 0.0042
Nitrobenzene - 98-95-3 1.7 T
nitrophenol{4) . 5
nitropropane(2) 79-46-9 20 i
o-toluidine 95-53-4 ; 0.18
p-dichlorobenzene 106-46-7 800 H 0.15
p-phenylenediamine . v .
Parathion 56-38-2 f 2 "ok
PCDD/PCDFs (used TCDD) (1746-01-6) 0.0000035 |l 0.00000003
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Pentachloronitrobenzene 82-68-8 : "
Pentachlorophenol 87-86-5 0.2 | 0.033
Phenol 108-95-2 45 ‘ I

Phosgene 75-44-5 0.3 0.8 u

Phthalic anhydride 85-44-9 120 2
Polychlorinated biphenyls 1336-36-3 1.2 | 0.002
Polycyclic organic matter » "
Propionaldehyde .
Propoxur 114-26-1 . 091"
Propylene dichloride 78-87-5 4 ; 0.053
Propylene oxide 75-56-9 30 | 0.27
1,2-propylencimine 75-55-8 | 0.00015
Quinoline ~ 91-22-5° 0.00029
Quinone = 5

Selenium compounds 0.5 * :
Styrene 100-42-5 1000 **
Styrene oxide - 96-09-3 6 ) 0.022
1,1,2,2-tetrachloroethane 79-34-5 . 0.017
Tetrachloroethylene 127-18-4 35 1.7
Toluene 108-88-3 400 Co.
Toluene diamine(2,4) 95-80-7 = 5 0.0011
2,4-toluene diisocyanate 584-84-9 0.07 0.091
Trichlorobenzene(1,2,4) 120-82-1 200 .
1,1,2-trichloroethane 79-00-5 400 0.063
Trichloroethylene 79-01-6 640 0.59
Trichlorophenol(2,4,6) 88-06-2 0.32 .
Trifluralin 1582-09-8 0.45
Trimethylpentane(2,2,4) ; :
Vinyl acetat 108-05-4 200 ok )
Vinyl bromide 59-36-02 3 0.031
Vinyl chloride 75-01-4 26 0.012
Vinylidene chloride 75-35-4 32... 0.02
Xylenes (mixed) 1330-20-7 300 |

* Benchmark identified; however, given uncertainties in benchmark derivation, a comparison is not advised.

** Tier [l benchmark available |

i

I
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APPENDIX C: Helpful Suggestions to Manage Indoor Air Quality

- These suggestions are based on the EPA’s Tools For Schools program.® Indoor air

quality is primarily a function of the effectiveness of ventilation systems and of controls

over sources of and exposure to pollutants and bioaerosols. These suggestions are ways
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to manage indoor air quality. They are intended to help improve indoor air quality in the
school, not to fix all possible problems.

Keep dust and dirt under control in the building

Use walk-off mats at all entrances, both inside and out

Be aware of the locations of air intakes and keep the areas surrounding them free
of standing water and other sources of pollution (such as dumpsters, fumes from
maintenance, and smoking)

Use cleaning products that do not contain harmful chemicals®

Only use ventilated areas for chemical storage

When it is hecessary to use a harmful chemical, use the smallest amount pos51ble
and use it in a well-ventilated area or under a hood

Move bus loading and unloading areas away from air intakes and try to minimize
the amount of time that doors to schools are open when'buses are present
Minimize the amount of time that buses spend idling near schools-

When deliveries are made to schools do not allow trucks to idle while being
unloaded : e

Do not allow parents who plck up the1r children to idle near the school

Place printers, copiers; and fax machines in well-ventilated areas

Ensure that all combustion appliances have clean, working hoods over them
Inspect and clean ventilation systems regularly (indoors and outside)

Prevent the blocking of vents
Fix leaks in floors, roofs and pipes as soon as possible, then remove and replace

" damaged tiles

Make sure that the ground around foundations slopes away from buildings, to
prevent standing water from accumulating around foundations
Keep all roof drains and gutters clear so that water can drain away from buildings

3 For further information and references regarding this program see Appendix E.

L —

37 See Appendix E for more information.
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APPENDIX D: Detailed Information on Sampling Equipment and Methods

o PartI: ACCESS EMS

The ACCESS Environmental Monitoring system is a single, portable monitoring device
comprised of a number of sensors that detect a set of pollutants and register basic
meteorology (temperature, barometric pressure, etc.) Carbon monoxide, nitrogen
dioxide, ozone, and sulfur dioxide sensors are measured with electrochemical sensors.
The particulate sensor uses optical technology. The carbon dioxide sensor is based on
infrared technology. The details of these sensors are described below. The temperature
sensor is a Type K thermocouple and the relative humidity sensor uses capacitative

technology.

All sensors relay data to a specialized computer known as a datalogger, which queries the
sensors for current readings every six seconds. The data is averaged over each minute and
stored with a date and time stamp for eventual upload to a computer for analysis. For
further analysis, data in this study was averaged at five-minute intervals.

An electrochemical sensor uses a chemical reaction between the target gas and a
_chemical gel in the sensor to detect concentrations of the target gas in the air. When the
reaction occurs, it gencrates a tiny electrical current that is proportional to the
concentration. The current is then amplified electromcally to a readable level. These
sensors can react to other gases, potentially causing the reported value to increase or
decrease; this is known as cross-sensitivity. The ACCESS system utilizes the most
selective and accurate sensors available. Cross-sensitivity can somewhat-affect sensor
accuracy. However, each sensor’s accuracy is primarily determined by the frequency of
calibration and the span gas used to calibrate the sensor. The bottled gas standards used
to calibrate the sensor are generally £10% of the span value. Repeatability is + 2 % of

span.

Because these sensors are measuring small levels of pollutants in the air, it is critical that
they be zeroed before use. This helps to maintain the highest degree of accuracy. No
sensor in the system has a perfectly linear Iesponse curve. As a result, when the gas
sensor is calibrated, it is done over the region of greatest interest to the users. In the cases
of O3, NO; and SO, this is typlca[ly between 0 and 300 ppb. When the sensor is
calibrated, the slope-and offset of the response curve is determined and stored in the

datalogger:

The Os sensor on the system has a range of 0-1000 ppb. Its minimum detectable limit is

- 20 ppb. The expected accuracy of the Os sensor is +20 ppb. The resolution of the sensor
is 1 ppb. It is cross-sensitive to-other oxidants such as Cl,, Br,, ClO; and F7, and will
respond to these gases with a false positive reading. For example, 50 ppb of chlorine will
typlcally cause a reading of 25 ppb ozone. The NO, sensor has a range of 0-1000 ppb.

Its minimum detectable limit is 10 ppb and the expected accuracy is #20 ppb. It is cross-
sensitive to other nitrogen oxides such as NO and NO,. The SO, sensor has a range of 0-
1000 ppb. Its minimum detectable limit is 10 ppb and the expected accuracy is £20 ppb.
It is cross-sensitive to other sulfur compounds and NO,. The CO sensor has a range of 0-
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100ppm. Its minimum detectable limit is 1 ppm and the expected accuracy is +2ppm. It
does not have any common cross-sensitivities.

The CO; sensor is based on infrared technology. It uses a double cell sensor to provide
additional signal stability. This sensor has a range of 0-5000ppm. Its minimum
detectable limit is 1 ppm and the expected accuracy is 20 ppb. It does not have any
common cross-sensitivities.

On the ACCESS system, particulates are measured through a nephelometor that is built
directly into the system. The nephelometer, an AQ-10, is a passive real-time aerosol
monitor that utilizes optical light scattering to continuously sense a population of
particles as they transverse the sensing chamber. This nephelometric technique is based
on the principles of near forward light scattering, at a 45- to 90-degree angle of
electromagnetic radiation in the near infrared. The radiation scattered by airborne
particles is detected by means of a silicon photocell and particle concentration is directly
proportional to its signal output. Signal processing is performed by lock-in synchronous
electronic circuitry that enhances performance by canceling detector noise and drift. All
electronic circuitry is housed in a RFI protective case. Power is provided by the
ACCESS system. A transformer supplies the main sensor board with 8VDC power.
Constructed in lightweight aluminum case, the AQ-10 is able to withstand harsh
environments. The absence of moving parts and complete semiconductor design make
the AQ-10 largely unaffected by shock, vibration, temperature and humidity.

Calibration of the particulate unit is performed using a representative test dust. When
aerosolized to factory calibration standards, the mean mass diameter (mmd) equals 10
microns +0.5 microns and a log normal size distribution. The calibration aerosol has a
50% cutpoint at a 10 microns particle aerodynamic diameter, which has applications for
both EPA and OSHA particulate air monitoring. The 10 micro-m cutpoint is consistent
with the ACGIH Particulate Size-Selective Criteria for Thoracic Particulate Mass (TPH).
ACGIH defines TPM as those particles that are likely to be deposited anywhere within
the lung airways (tracheobronchial) or gas exchange (alveolar/respirable) region. The 10
microns cutpoint is also consistent with the EPA PM;, reference method for ambient
particulate air monitoring. The sensor can also be calibrated to the EPA standard of 2.5
microns. For our pilot study, we used the 2.5 micron calibration. '

Type of sensor L Rﬁhge . Minimum- | Expected |- .Cross-Sensitivities
Detectable | Accuracy
Limit
Cco Electrochemical 0-100 ppm lppm [£2ppm No
NO; - |Electrochemical 0-1000 ppb 10 ppb [+ 20 ppb Yes (NO, NOy,
SO, Electrochemical” 0-1000 ppb 10 ppb  [+20 ppb Yes (SOx, NO,)
0, Electrochemical 0-1000 ppb 10 ppb  |£20 ppb Yes (Cl, Bry, ClO,, F)
CO, Infrared 0-5000 ppm lppm [|£20ppb . |No
PM,; [Nephelometer 0-2000 pg/m’ | 10 pg/m’® |+ 40 pg/m’  |No
15 8520



e PartIl: GILIAN PERSONAL SAMPLING PUMPS

These pumps are designed to measure a four- to eight-hour sample throughout the day for
a variety of compounds. They can be calibrated to draw air at different flow rates
through a cartridge that reacts with the air being sampled. The cartridge contains
different types of media that react and bind to a variety of compounds. Before sampling,
each pump in this study was calibrated to 200 +20 cc/min so that it would draw through a
certain amount of air to create the sample. The Gilian pumps pull air through a filter at a
specified rate, gathering particles that react with the filter media, but no air sample is
collected. The airflow rate and duration of sampling must be used to calculate the
amount of substance present in the air. A dinitrophenyl hydrazine (DNPH) media was
used in the cartridges to test specifically for carbonyls. In most cases, ozone scrubbers
were used because ozone can interfere with the bond between certain carbonyls and the
DNPH media. The sampling media must be kept cool (in the freezer or on ice) before
sampling and afterwards as they are shipped to the lab, so that the fragile bonds between
 the carbonyls and the DNPH are retained. In the laboratory they are analyzed using high-
performance liquid chromatography, the details of which are described below.

Throughout the process of monitoring the nine schools, two different types of absorbent
tubes (both with DNPH media) were used. The first type used was the sep-pak cartridge.
The sep-pak cartridge contains DNPH media and an ozone scrubber was attached. These
pumps were calibrated to 200420 cc/min, and had the problem of becoming saturated,
particularly in high humidity conditions. Once saturated, it was difficult for the Gilian
pumps to pull through a constant flow rate, causing the pumps to fault before the
designated four- or eight- hour sampling period was completed.

This faulting problem led us to try a different type of DNPH cartridge, the SKC tube, in
the last few schools we tested. The SKC tubes have the DNPH media and an ozone
scrubber together inside a glass tube. The SKC media is not as tightly packed, so the
cartridges did not get saturated as easily as the sep-pak cartridges. This was favorable
because the samples could be of longer duration and the times recorded were more
accurate because the pumps did not fault. These tubes were also able to run at a faster
rate (500-700 cc/min), which captured a larger sample, but was also much louder, making
it hard to use in a classroom or other quiet areas of a school.

e PartIIl: EVACUATED SUMMA CANISTERS

Summa canisters were used to sample volatile organic compounds over an eight-hour
period. These one-liter canisters have been evacuated and fitted with an airflow orificé
that controls the rate of airflow into the canister. The orifices were calibrated to draw
approximately 15 cc/min, and the airflow would automatically stop after drawing in one
“liter, which was expected to take seven to eight hours. The canisters could also be sealed
prior to collecting a full sample, and by recording a starting and ending pressure the
amount of air collected could be determined. When the sample was collected it had to be
closed and shipped off to a laboratory to be evacuated and analyzed for the presence of
volatile organic compounds. In a few cases during the second phase of testing, during
which the orifices were not available, the summa canisters were cracked and a five- to
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seven-minute sample was obtained. This will be an estimate of the eight-hour sample,
but results may be skewed high or low depending on conditions at that time of day.

e PartIV: INSTANTANEOUS GRAB SAMPLING

Grab sampling was performed for CO, (and CO) with the Driger CMS (Chip Monitoring
System), a digitized handheld monitor that provides an instantaneous, replicable result.
The system works with computerized chips which each contain ten capillaries. The tip of
one capillary is broken, it draws in air, and a reading is reported. The pumps are
calibrated to draw in a constant mass of air, which automatically adjusts to changes in
atmospheric pressure. Each capillary contains a chemical reagent that undergoes a color
reaction when the reagent contacts the particular gas being monitored. The extent of the
color reaction is measured by a photo-optical system that then returns a digital reading

- with a repeatable accuracy often at + 5-15%.

e
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APPENDIX E: Additional Resources for Air Quality Assessment

Indoor air quality problems can be caused by a variety of factors. This project evaluates
a specific set of factors that affect indoor air quality, but does not address all of them.
The goal of the study was to evaluate the effect of outdoor air pollution on the indoor
environment. A thorough assessment of indoor air quality in a building would include
inspection and evaluation of many factors that were not evaluated in the study. For
example, an inspection of the ventilation system and testing for biological sources (molds
and mildews) would be included in a comprehensive evaluation of indoor air quality.

The resources listed below can help interested readers to learn more about how to:
evaluate and improve indoor air quality.

The Indoor Air Quality (IAQ) Tools for Schools Kit

The Environmental Protection Agency (EPA) has designed the Indoor Air Quality Tools
for Schools kit. This kit is intended to be used by existing staff in schools, and allows
schools to construct and implement plans of action to improve their indoor air quality. It
includes fact sheets, checklists to help identify problems, an Indoor Air Quality Problem
Solving Wheel, and a guide to the use of the system. For more information see the web
sites below.

» http://www.epa.gov/iag/schools/

> http://www.epa.gov/iag/schools/tools4s2.html

Indoor Air Quality Information Clearinghouse (IAQ INFO)

EPA created the TAQ INFO to provide a central source of information regarding
indoor air quality. It is an excellent resource for EPA publications on all aspects of
indoor air quality, from testing to current standards and guidelines. EPA will also
refer interested parties to other organizations that may have useful information.

IAQ INFO can be reached toll-free at 1-800-438-4318, from Monday through Friday
from 9:00 AM to 5:00 PM EST. During non-business hours voice mail is available.
Inquires may also be made via e-mail to the address iaginfo@aol.com or by fax at 1-

(703)-356-5386.

> ﬁEtp:fwaw.ena.govfiggﬁaqxlinc.html

» Indoor Air Quality Information Clearinghouse
IAQ INFO
P.O. Box 37133

- Washington D.C. 20013-7133

Direct.line: (703) 356-4020
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Moisture Control is the Key to Mold Control [EPA Document Number (EPA 402-
K-01-001 March 2001]

This EPA publication provides a good overview of the impact that mold can have on
indoor air quality. It also includes a section detailing methods of mold control. It is
available online at http://www.epa.gov/iag/molds/toc.html or can be ordered through the

Indoor Air Quality Information Clearinghouse.

Occupational Safety and Health Administration (OSHA)

The OSHA website has many links that lead to excellent resources about indoor air
quality. http://www.osha-slc.gov/SLTC/indoorairquality/index.html

Consumer Product Safefy Commission

The CPSC website has a search engine that allows users to search for information about
products that can affect indoor air quality (cleaners, paint strippers, etc.)
> http://www.cpsc.gov
» Mailing Address:
U.S. Consumer Product Safety Commission.
Washington, D.C. 20207-0001
» Telephone: 1-(301) 504-0990 :
» Fax: 1-(301) 504-0124 and 1-(301) 504-0025
» E-mail: info@cpsc.gov

American Lung Association

This website has a large amount of information and links about indoor air quality.

> http://www.lungusa.org
» Mailing Address:
The American Lung Assomatmn
1740 Broadway
: NY, NY 10019
> Phone: 1-(212)-315-8700 -

These Agencies also have information on indoor air quality:

National Institute for Occupational Safety and Health
> http://www.cdc.gov/niosh/homepage.html
» Phone: 1-800-35-NIOSH (1-800-356-4674)
> Fax: 1-(513)-533-8573

US Department of Energy
> http://www.energy.gov/
» Mailing Address:
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U.S. Department of Energy
1000 Independence Ave., SW
Washington, DC 20585

> Phone: 1-800-dial-DOE

> Fax: 1-(202)-586-4403
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APPENDIX F: NESCAUM Walkthrough Checklist

Name of School: Location:
Before executing this checklist it is useful to obtain a map of the school and its

layout, as well as a small-scale map of the area immediately surrounding the school.
If you are unable to obtain these items, draw a map of the building to show problem

areas.
Type of Roof: Flat Peaked Combination

If the roof is a combination, describe where on the building each type of roofing is used.

Date of original construction:

If the building has had additi.ons, describe the location of the original portion of the
building and the location of the additions.

Date(s) of construction of addition(s):

Type(s) of ventilation system(s):

If the building has more then one type of ventilation system, describe which pért'of the,
building each system ventilates.

What is the neighborhood like around the school?

Rural Suburban Urban

How far away from the road is the school? (If more then one side of the school is
adjacent to the road, measure the distance on all sides)

What types of roads are the adjacent roads?

Are the outdoor air intakes obscured? If so, note the locations on a map of the school
building. '
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Where are the outdoor intakes located? If possible, include a diagram of the ventilation
system with the intake locations marked.

Are the outdoor air intakes located near any immediate pollution sources? If so, record
the locations of the sources in relation to the school building.

Is the roof in good repair? If not, note the damaged locations.

' Are there any potential sources of pollution near the building? If yes, note their locations
and the type of activity.

Does water drain away from building? If no, note the location of problem areas where
water collects.

Are sprinklers in use near the building? If yes, note the location of intake vents that get
wet.

Are the outdoor air intakes working? (Use chemical smoke or a small piece of tissue
paper to determine if air is moving into the intake vents)

- Are there clean walk-off mats at all entrances to the building?

Are there any sign of leaks, mold or mildew growth inside building? If so, please use the
following checklists for individual rooms and to document the location and size of the

stain.

Room #:
Moldsmell: 1 2 ‘3- 4 5
Number of wet or stained ceiling tiles:

_ Please describe:

Carpeting: Yes No Area carpet

Fabric walls, fabric chairs: Yes No

Evidence of moisture:
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Evidence of visible mold:
Ventilation system:

Other comments:

Are there any signs of water damage (e.g, discolored ceiling tiles, or floors)? Use the
checklist for individual rooms above to document the location and size of the damaged

area.

Have windows that could be important to the airflow system been sealed shut?

Are tcmperafure and humidity levels acceptable?

Is the building generally clean and dust under control?

-f{ave transfer grills between rooms and halls or other rooms been sealed off or blocked?

Does each room have a source of outside air (mechanical or window)?

~ Have large objects (e.g., blackboards, room partitibns) been Iilaced in a position to block

airflow in a room?

Have wall vents been covered or blocked by objects (e.g., bookshelves, displays)?

Are the exhaust fans pulling air out of the building?

Do the exhaust fans have énough capacity to cover the area they are designed to exhaust?
Does each bathroom have a working exhaust fan?

Do all drains have traps?

Do trash and chemical storage areas have working exhaust fans?

6 05230



Are there flumes or exhaust hoods over combustion appliances?

Is there visible soot, leaks, or disconnected flumes or exhaust hoods?

If the building was built before 1980, is there any peeling or flaking paint?

Does the building have chemistry labs? If so, list the chemicals used in the lab.

Does the building have an art room? If so, list the chemicals used in the art area.

Where are the copier machines (or other machines like a fax) located in the building?

Time

'| Location

Count

Where is the equipment for outdoor maintenance kept? Does it idle near the building?

How is the building heated?

What types of boards are used in the building?

Does the cafeteria cook lunch or defrost pfepackaged lunches?
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APPENDIX G: Traffic Volume Calculations

Traffic Data was calculated using Annual Average Daily Traffic (AADT) counts from the
Department of Transportation of each state in which schools were located. The AADT
was calculated by counting the number of cars that pass a particular spot for an entire
year, and dividing that number by the number of days in that year. Thus, the AADT
value is representative of “a typical day” of traffic for that year. In most cases, the
AADT was available for streets bordering schools, and for some of the larger nearby
streets as well. The most recent year of data that was available was 2000. In some
locations, data was only available from previous years, starting in 1996. Traffic counts of
busy streets and major intersections are often calculated every year, but smaller streets

are not measured as often.

The traffic counts, shown in Table 1 on page 13, are calculated using the most
information available from the most recent years for the area surrounding the school.
The area was cut off to a 500m radius, and an approximation was made of the amount of
traffic, which is in that area based on the streets for which there was information. For
instance, when schools are located near a large intersection, there are typically 4 traffic
counts associated with that intersection, one from each direction. Adding these together
would overestimate the number of vehicles. Instead, the two points on the same street
were averaged to give an estimate of the number of vehicles on that street. Then the
traffic counts on the two streets were added to produce a total volume around the
intersection. When information was available on a number of streets near the school, the
numbers were simply added. However, if there were multiple traffic count numbers on
the same street in different locations that were both close to the school, the two were
averaged. For schools close to the highway, the total number of cars that passed by was

added to the total of smaller streets.

These calculations are imperfect for many reasons, including the fact that the number
represents a “typical”” 24-hour day. NESCAUM monitoring was representative of four
days at each school, which most likely were not “typical” days. The monitoring days
also were at most eight hours long, but 24-hour days are used here as a consistent .
baseline with which to compare the nine schools to each other. When there were other
events going on near the school, such as a brush fire or construction, these were noted but

. not factored into the traffic calculation. Additionally, the difference between the

emissions from cars which idle at a stop light, and those which pass by at 70mph on a
highway may be significant, but could not be factored into these calculations. Thus,
these measurements are only estimates of traffic volume counts. They are not intended to
measure the exact quantity of emissions from these vehicles that may be released into the
area surrounding the school. Instead, they are intended only to organize the schools
according to traffic volume in order to estimate any association with pollutant

‘concentration.
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APPENDIX H: Carbonyl Data Summary Information

OUTSIDE MAIN | SUMMER, 12 samples from 8 schools FALL, 17 samples from 9 schools
ENTRANCE Acetaldehyde| Acetone [Formaldehyde|Acetaldeliyde| Acetone |Formaldehyde
(ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
Minimum Detected -0.11 0.42 0.09 0.14. 0.26 0.05
Maximum 0.90 2.24 4.51 0.47 0.87 0.51
Median Value 0.28 0.76 0.33 0.27 0.48 0.22
Average Value 0.34 0.88 0.65 0.30 0.56 0.26
75th Percentile 0.45 1.05 0.49 0.39 0.78 0.41
Standard Dev. 0.24 0.50 1.23 0.12 0.21 0.15
# Non Detects 1 0 1 0 0 "0
INSIDE MAIN | SUMMER, 16 samples from 9 schools | - FALL; 19 samples from 9 schools
ENTRANCE Acetaldehyde| Acetone |Formaldehyde|Acetaldehyde] Acetone |Formaldehyde
(ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
Minimum Detected 0.11 0.50 0.36 0.23 0.65 0.23
Maximum 0.69 78.58 2.92 0.69 4.24 1.51
Median Value 0.30 1.25 1.27 0.36 1.05 0.60
Average Value 0.35 6.07 1.26 0.36 1.40- 0.69
75th Percentile 0.49 1.60 1.60 0.44 .1.85 0.81
Standard Dev. 0.17 19.34 0.65 0.16 0.86 0.36
# Non Detects 1 0 0 2 0 0
ALL INSIDE SUMMER, 36 samples from 9 schools | FALL, 51 samples from 9 schools
ROOMS Acetaldehyde| Acetone |Formaldehyde Acetaldehyde| Acetone |Formaldehyde
_ (ug/m3) (ug/m3) (ug/m3) | (ug/m3) (ug/m3) (ug/m3)
Minimum Detected 0.12 0.23 0.66 0.10 0.21 0.23
Maximum 1.16 39.24 5.60 1.11 4.24 2.71
Median Value 0.45 1.45 1.75 0.46 1.43 0.91
Average Value 0.48 273 1.756 0.50 1.69 0.97
75th Percentile 0.63 2.19 2.15 0.61 2.16 1.23
Standard Dev. 0.29 6.37 1.09, 0.23 0.94 0.53
# Non Detects 3 1 2 1 0 1
0532
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ROOMS. SUMMER, 16 samples, 6 schools FALL, 24 samples, 6 schools

WITHOUT Acetaldehyde| Acetone |Formaldehyde|Acetaldehyde| Acetone [Formaldehyde

CARPET (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) | (ug/m3)
Minimum Detected 0.12 0.23 0.67 0.10 0.21 0.23
Maximum 1.16 6.21 5.60 1.1 4.24 271
Median Value 0.48 1.23 1.77 0.49 1.74 0.89
Average Value 0.55 1.90 195 0.50 1.89 0.91
75th Percentile 0.69 2.39 2.81 0.65 2.71 1.14
Standard Dev. 0.34 1.55 137 0.24 1.07 0.54
# Non Detects 1 0 1 1 0 1

ROOMS WITH SUMMER, 20 samples, 7 schools FALL, 27 samples, 7 schools
CARPET Acetaldehyde| Acetone |Formaldehyde|Acetaldehyde| Acetone [Formaldehyde
* (ug/m3) (ug/m3) (ug/m3) (ug/m3) . | (ug/m3) (ug/m3)
Minimum Detected 0.15 0.22 0.67 0.21 0.38 . 0.33
Maximum 0.85 39.24 3.39 1.05 417 2.09
Median Value 0.41 1.51 1.74 0.45 1.35 0.96
Average Value 0.42 3.40 1.59 0.51 1.51 1.03
75th Percentile 0.63 2.18 2.07 0.56 1.74 1.41
Standard Dev. 0.23 8.48 0.82 0.24 0.80 0.52
# Non Detects 2 1° 1 0 0 0

ROOMS NEAR SUMMER, 14 samples, 8 schools FALL, 16 samples, 7 schools
TRAFFIC | Acetaldehyde Acetone |Formaldehyde|Acetaldehyde| Acetone |Formaldehyde
(ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3) (ug/m3)
Minimum Detected 0.12 0.70 0.71 0.29 0.73 0.23
Maximum 0.96 39.24 5.60 0.86 3.87 1.74
Median Value 0.51 2.03 1.75 0.38 1.26 0.91
Average Value 0.53 4.82 2.10 10.49 1.69 0.90
75th Percentile 0.61 2.98 2.45 0.67 237 1.10
Standard Dev. 0.22 10.01 1.30 0.19 0.98 . 0.41
# Non Detects 0 0 0 0 0 .0
SUMMER, 22 samples, 7 schools FALL, 35 samples, 8 schools
ROOMS NOT |Acetaldehyde| Acetone |Formaldehyde|Acetaldehyde| Acetone |Formaldehyde
NEAR TRAFFIC | (ug/m3) | (ug/m3) (ug/m3) (ug/m3) | (ug/m3) | (ug/m3)
Minimum Detected 0.15 0.22 0.66 0.10 0.21 0.33
Maximum ©1.16 4.04 3.1 1.11 4.24 S 2.1
Median Value 0.35 1.19 1.52 0.47 1.43 0.91
Average Value 0.45 1.41 1.53 0.51 1.70 1.00
75th Percentile 0.65 1.73 212 0.58 2.08 1.30
Standard Dev. 0.32 0.98 0.91 0.25 0.94 0.57 -
# Non Detects 3 1 2 1 0 1
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Appendix I: Faulted Sample Error Calculation Table

Sample ID
M-003
F-005
F-004
F-003
F-002
F-003
F-006

" F-004
F-005
0-005
0-007
0-003
0-002
2M-003
2B-005
2B-002
2B-003
2B-004
2B-002
2B-004
2C-004
2EM-002
- 2EM-006
2EM-004
2EM-005
2EM-006
2W-004
2W-005
2W-005
2W-003
2W-002
2W-006

Flow Rate
Pre-Cal
(ml/min)

196.67
206.73
208.37
192.53
210.02
191.37
211.47
206.87
203.8
204.57
224.4
206.97
204.73
176.07
187.8
205.33
214.93
211.7
210.07
206.77
199.83
206.4
214.97
200.67
195.37
226.33
208.6
222.4
225.6
203.6
212.9
187.03

Total
Sample
Volume

45
45
41
44
35
49
37
45

59 -

24
42
40
61
51
49
82
68
53
77
69
60
62
a7
46
78
24
37
81
75
70

44

Total
Sample
Volume

61
60
56
60
40
55
42
51
65
38
58
55
77
75
74
86
82
75
90
93
74
76
59
57
91

54

64
87
84
86
61

59

1.17
4.51
1.38
2.64
0.13
0.59
117
2.21
0.13
2.8
0.48
0.12
0.6
0.88
1.56
0.73
0.51
0.44
0.56
1.02

. 0.62

0.87
1.15
0.96
1.86
0.33
0.93
0.51
0.57
0.73
0.57

) Assuming Low
Formaldehyde Volume Sampled-
Concentration

(m®)-LOW (m%-High Reported ug/m*
29 58 128

Formaldehyde

pg/m’
0.63
0.87
3.34
1.02
1.95
0.11
0.52
1.03
1.96
0.12
1.80
0.35
0.09
0.48
059
1.04
0.70
0.42
0.31
0.48
0.76
0.51
0.71
0.91
0.76
1.58
0.15
0.54
0.48
0.51
0.59
0.41

median %:

%
difference
50.68%
25.60%
25.95%
25.86%
26.32%
11.90%
11.49%
12.32%
11.24%
9.40%
35.71%
28.01%
27.78%
20.59%
32.42%
33.33%
3.77%
"16.88%
29.49%
13.82%
25.81%
18.16%
18.41%
20.48%
20.48%
14.89%
55.77%
41.67%
6.48%
10.92%
18.52%
27.61%

20.54%
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The Effect of Air Pollution on Lung Development

from 10 to 18 Years of Age
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Edward Rappaport, M.S., Helene Margolis, Ph.D., David Bates, M.D., and John Peters, M.D.

ABSTRACT

BACKGROUND
Whether exposure to air pollution adversely affects the growth of lung function during

-the period of rapid lung development that occurs between the ages 0f 10 and 18 years is

unknown.

METHODS

In this prospective study, we recruited 1759 children (average age, 10 years) from schools
in 12 southern California communities and measured lung function annually for eight
years. The rate of attrition was approximately 10 percent per year. The communities
represented a wide range of ambient exposures to ozone, acid vapor, nitrogen dioxide,
and particulate matter. Linear regression was used to examine the relationship of air
pollution to the forced expiratory volume in one second (FEV,) and other spirometric

measures.

RESULTS
Over the eight-year period, deficits in the growth of FEV, were associated with expo-
sure to nitrogen dioxide (P=0.005), acid vapor (P=0.004), particulate matter with an
aerodynamic diameter of less than 2.5 pm (PM, ) (P=0.04), and elemental carbon
(P=0.007), even after adjustment for several potential confounders and effect modifi-

ers. Associations were also observed for other spirometric measures. Exposure to pol-’

lutants was associated with clinically and statistically significant deficits in the FEV, at-
tained at the age of 18 years. For example, the estimated proportion of 18-year-old
subjects with a low FEV/ (defined as a ratio of observed to expected FEV; ofless than 80
percent) was 4.9 times as great at the highest level of exposure to PM,  as at the lowest
level of exposure (7.9 percentvs. 1.6 percent, P=0.002).

CONCLUSIONS :
The results of this study indicate that currentlevels of air pollution have chronic, adverse

effects on lung development in children from the age of 10 to 18 years, leading to clin-
ically significant deficits in attained FEV, as children reach adulthood.

N ENGL ) MED 351;11 WWW.NEJM.ORG SEPTEMBER 9, 2004
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¢ HERE IS MOUNTING EVIDENCE THAT
air pollution has chronic, adverse effects

on pulmonary development in children.

Longitudinal studies conducted in Europe* and

the United States* have demonstrated that expo-

sure to air pollution is associated with reductions in
the growth of lung function, strengthening eatlier
evidence” 12 based on cross-sectional data. How-
ever, previous longitudinal studies have followed
young children for relatively short periods (two to
four years), leaving unresolved the question of
whether the effects of air pollution persist from ad-
olescence into adulthood. The Children’s Health
Study®? enrolled children from 12 southern Cali-
fornia communities representing a wide range of ex-
posures to ambient air pollution. We documented
the children’s respiratory growth from the ages of
10 to 18 years. Over this eight-year period, children
have substantial increases in lung function. By the
age of 18 years, girls’ lungs have nearly matured,

and the growth in lung function in boys has slowed
considerably, as compared with the rate in earlier
adolescence.’® We analyzed the association be-
tween long-term exposure to ambient air pollution

and the growth in lung function over the eight-year
period from the ages of 10 to 18 years. We also ex-
amined whether any observed effect of air pollution
on this eight-year growth period results in clinically
significant deficits in attained lung function at the
age of 18 years. ;

METHODS

STUDY SUBJECTS
In 1993, the Children’s Health Study recruited 1759
fourth-grade children (average age, 10 years) from
elementary schools in 12 southern California com-
munities as part of an investigation of the long-term
effects of air pollution on children's respiratory
health.$213 Data on pulmonary function were ob-
tained by trained field technicians, who traveled to
study schools annually from the spring of 1993
through the spring of 2001 to perform maximal-
effort spirometric testing of the children. Details of
the testing protocol have been published previous-
ly.}> We analyzed three measures of pulmonary
function: forced vital capacity (EVC), forced expira-
tory volume in the first second ('FEV1}, and maximal
midexpiratory flow rate (MMEF). Pulmonary-func-
tion tests were not performed on any child who was
absent from school on the day of testing, butsucha

N ENGL J MED 351;11 WWW.NEJM.ORG SEPTEMBER 9, 2004

child was still eligible for testing in subsequent
years. Children who moved away from their recruit-
mentcommunity were classified as lost to follow-up
and were not tested further. From the initial sample
of the 1759 children in 1993, the number of chil-
dren available for follow-up was 1414 in 1995, 1252
in 1997, 1031 in 1999, and 747 in 2001, reflecting
the attrition of approximately 10 percent of subjects
per year.

A baseline questionnaire, completed at study en-
try by each child’s parents or legal guardian, was
used to obtain information on the children’s char-
acteristics, including race, presence or absence of
Hispanic ethnic background, level of parental edu-
cation, presénce or absence of a history of asthma
diagnosed by a doctor, exposure to maternal smok-
ingin utero, and household exposure to gas stoves,
pets, and environmental tobacco smoke. Questions
administered at the time of annual pulmonary-func-
tion testing were used to update information on
asthma status, personal smoking status, and expo-
sure to environmental tobacco smoke. The distribu-
tion of baseline characteristics of all study subjects
and of two subgroups defined according to the
length of follow-up (all eightyears or less than eight
years) is shown in the Supplementary Appendix
(available with the full text of this article at www.
nejm.org). The length of follow-up was significant-
ly associated with factors related to the mobility of
the population, including race, presence or absence
of Hispanic ethnic background, presence or ab-
sence of exposure to environmental tobacco smoke,
and parents’ level of education. However, the length
of follow-up was not significantly associated with
baseline lung function or the level of exposure to
air pollution, suggesting that the loss to follow-up
did not differ with respect to the primary variables
of interest.

The study protocol was approved by the institu-
tional review board for human studies at the Uni-
versity of Southern California, and written informed
consent was provided by a parent or legal guardian
for all study subjects. We did not obtain assent from
minor children, since this was not standard practice
when the study was initiated.

AIR-POLLUTION DATA
Air-pollution—monitoring stations were established
in each of the 12 study communities and provided

continuous data, beginning in 1994. Each station
measured average hourly levels of ozone, nitrogen

Downloaded from www.nejm.org by MS ELLY BENSON on September 16, 2004.
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EFFECT OF AIR POLLUTION ON LUNG DEVELOPMENT IN CHILDREN

dioxide, and particulate matter with an aerodynam-
icdiameter of less than 10 pm (PM,,). Stations also
collected two-week integrated-filter samples for
measuring acid vapor and the mass and chemical
makeup of particulate matter with an aerodynamic
diameter ofless than 2.5 ym (PM, 5). Acid vapor in-
cluded both inorganic acids (nitric and hydrochlo-
ric) and organic acids (formic and acetic). For sta-
tistical analysis, we used total acid, computed as the
sum of nitric, formic, and acetic acid levels. Hydro-
chloric acid was excluded from this sum, since lev-
els were very low and close to the limit of detection.
In addition to measuring PM, s, we determined the
levels of elemental carbon and organic carbon,
using method 5040 of the National Institute for Oc-
cupational Safety and Health.** We computed an-
nual averages on the basis of average levels in a
24-hour period in the case of PM,, and nitrogen di-
oxide, and a two-week period in the case of PM, s,
elemental carbon, organic carbon, and acid vapor.
For ozone, we computed the annual average of the
levels obtained from 10 a.m. to 6 p.m. (the eight-
hour daytime average) and of the one-hour maximal
levels. We also calculated long-term mean pollutant
levels (from 1994 through 2000) for use in the statis-
tical analysis of the lung-function outcomes.

STATISTICAL ANALYSIS
The outcome data consisted of the results of 5454
pulmonary-function tests of 876 girls and 5300 tests
of 883 boys over the eight-year period. We adopted
a two-stage regression approach to relate the longi-
tudinal pulmonary-function data for each child to
the average air-pollution levels in each study com-
munity. '

The first-stage model was a regression of each
pulmonary-function measure (values were log-
transformed) on age to obtain separate, community-
specific average growth curves for girls and boys.
To account for the growth pattern during this peri-
od, we used a linear spline model** that consisted of
four straight lines over the age intervals of younger
than 12years, 12 to 14 years, 14to 16 years, and old-
er than 16 years, constrained to be connected at the

, three “knot” points. The model included adjust-

ments for log values for height; body-mass index
(the weight in kilograms divided by the square of
the height in meters); the square of the body-mass
index; race; the presence or absence of Hispanic
ethnic background, doctor-diagnosed asthma, any
tobacco smoking by the child in the precedingyear,

exposure to environmental tobacco smoke, and ex-
ercise or respiratory tract illness on the day of the
test; and indicator variables for the field technician
and the spirometer. In addition to these covariates,
random effects were included to account for the
multiple measurements contributed by each sub-
ject. An analysis of residual values confirmed that
the assumptions of the model had been satisfied.
The first-stage model was used to estimate the mean
and variance of the growth in lung function over the
eight-year period in each of the 12 communities,
separately for girls and boys.

The second-stage model was a linear regression
of the 24 sex- and community-specific estimates of
the growth in lung function over the eight-year pe-
riod on the corresponding average levels of each air
pollutant in each community. Inverses of the first-
stage variances were incorporated as weights, and a
community-specific random effect was included to
account for residual variation between communi-
ties. A sex-by-pollutant interaction was included in
the model to evaluate whether there was a difference
in the effect of a given pollutant between the sexes,
and when this value was nonsignificant, the model
was refitted to estimate the sex-averaged effect of the
pollutant. Pollutanteffects are reported as the differ-
ence in the growth in lung function over the eight-
year period from the least to the most polluted
community, with negative differences indicative of
growth deficits with increasing exposure. We also
considered two-pollutant models obtained by si-
multaneously regressing the growth in lung func-
tion over the eight-year period on pairs of pollutants.

In addition to examining the growth in lung
function over the eight-year period, we analyzed the
FEV, measurements obtained in 746 subjects dur- -
ing the last year of follow-up (average age, 17.9
years) to determine whether exposure to air pollu-
tion was associated with clinically significant defi-
cits in attained FEV,. We defined a low FEV as an
attained FEV, below 80 percent of the predicted val-
ue, a criterion commonly used in clinical settings to
identify persons who are at increased risk for ad-
verse respiratory conditions. To determine the pre-
dicted FEV,, we first fitted a regression model for
observed FEV, (using log-transformed values) with
the following predictors: log-transformed height,
body-mass index, the square of the body-mass in-
dex, sex, race or ethnic group, asthma status, field
technician, and interactions between sex and log-
transformed height, sex and asthma, and sex and

N ENGL | MED 351,11 WWW.NEJM.ORG SEPTEMBER §, 2004
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race or ethnic group. This model explained 71 per-
cent of the variance in the attained FEV, level. For
each subject, we then computed the predicted FEV,
from the model and considered subjects to have a
low FEV, if the ratio of observed to predicted FEV,
was less than 80 percent. Linear regression was then
used to examine the correlation between the com-
munity-specific proportion of subjects with a low
FEV, and the average level of each pollutant from
1994 through 2000. This model included a commu-
nity-specific random effect to account for residual
variation. Regression procedures in SAS software*®

were used to fit all models. Associations denoted as
statistically significant were those that yielded a
P value of less than 0.05, assuming a two-sided al-
ternative hypothesis.

RESULTS

From 1994 through 2000, there was substantial
variation in the average levels of study pollutants
across the 12 communities, with relatively lictle year-
to-year variation in the annual levels within each
community (Fig. 1). From 1994 through 2000, the
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EFFECT OF AIR POLLUTION ON LUNG DEVELOPMENT IN CHILDREN

average levels of ozone were not significantly cor-
related across communities with any other study
pollutant (Table 1). However, correlations between
other pairs of pollutants were all significant, rang-
ing from an R 0f0.64 (P<0.05) for nitrogen dioxide
and organic carbon, to an R of 0.97 (P<0.001) for
PM,, and organic carbon. Thus, nitrogen dioxide,
acid vapor, and the particulate-matter pollutants can
be regarded as a correlated “package” of pollutants
with a similar pattern relative to each other across
the 12 communities.

Among the girls, the average FEV, increased
from 1988 ml at the age of 10 years to 3332 ml at
the age of 18 years, yielding an average growth in
FEV, of 1344 ml over the eight-year period (Table 2).
The corresponding averages in boys were 2082 ml
and 4464 ml, yielding an average growth in FEV, of
2382 ml over the eight-yéar period. Similar patterns
of growth over the eight-year period were observed
for FVC and MMEF (Table 2).

Although the average growth in FEV, was larger

in boys than in girls, the correlations of growth with .

air pollution did not differ significantly between the
sexes, as shown for nitrogen dioxide in Figure 2.
The sex-averaged analysis, depicted by thie regres-
sion line in Figure 2, demonstrated a significant
negative correlation between the growth in FEV,
over the eight-year period and the average nitrogen
dioxide level (P=0.005). The estimated difference
in the average growth in FEV, over the eight-year
period from the community with the lowest nitro-
gen dioxide level to the community with the high-
est nitrogen dioxide level, represented by the slope

of the plotted regression line in Figure 2, was
-101.4 ml.

Estimated differences in the growth of FEV,,
FVC, and MMEF during the eight-year period with
respect to all pollutants are summarized in Table 3.
Deficits in the growth of FEV, and FVC were ob-
served for all pollutants, and deficits in the growth
of MMEF were observed for all but ozone, with
several combinations of outcome variables and pol-
lutants attaining statistical significance. Specifical-
ly, for FEV, we observed significant negative cor-
relations between the growth in this variable over
the eight-year period and exposure to acid vapor
(P=0.004), PM, s (P=0.04), and elemental carbon
(P=0.007), in addition to the above-mentioned cor-
relation with nitrogen dioxide. As with FEV,, the ef-
fects of the various pollutants on FVC and MMEF
did not differ significantly between boys and girls.
Significant deficits in FVC were associated with ex-
posure to nitrogen dioxide (P=0.05) and acid vapor
(P=0.03), whereas deficits in MMEF were associat-
ed with exposure to nitrogen dioxide (P=0.02) and
elemental carbon (P=0.04). There was no signifi-
cant evidence that ozone, either the average value
obtained from 10 a.m. to 6 p.m. or the one-hour
maximal level, was associated with any measure of
lung function. In two-pollutant models for any of
the measures of pulmonary function, adjustment
for ozone did not substantially alter the effect es-
timates or significance levels of any other pollut-
ant (data not shown). In general, two-pollutant
models for any pair of pollutants did not provide a
significantly better fit to the data than the corre-

Pollutant 0O; (10a.m~6p.m.) NO,

0,
. 1-Hour maxirnal level 0.98 0.10
10 a.m.—6 p.m. -0.11
NO, =

Acid vaport
" PM,o

PMy s

“Elemental carbod _

Elemental  Organic
Acid Vapor{ PM,, PM,, Carbon Carbon

R value

0.53 031 033 0.17 0.25
0.35 018 018 -0.03 0.13
0.87 067 079 0.94 0.64
079 0387 0.88 - 0.76

0.95 0,85 097

0.91 0.91

0.82

* Unless otherwise noted, values are the 24-hour average pollution levels. O, denotes ozone, NO, nit'rogen dioxide, and
PM,, and PM, ; particulate matter with an aerodynamic diameter of less than 10 pm and less than 2.5 ym, respectively.
T Acid vapor is the sum of nitric, formic, and acetic acid levels.
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:"_':nf"i:.'éy_c_z_IS'uf Grgi.\r'th mPulmonary Functrondurmglhe Elght‘fear Study I‘-ier?qc_l_,__f'rgm _19'93"_:!.:;' 2001;._*-' 15

- Table 2. Me:
Pulmonary-Function Measure Girls
Age of 10yr Ageof18yr
FVC (ml) 2262 3790
FEV, (ml) 1988 3332
MMEF (ml/sec) 2311 3739

Boys
Average . : Average
8-yr growth Ageof 10yr Ageof18yr 8-yrgrowth
1528 2427 5202 2775
1344 2082 4464 2382
1428 4709 2422

2287

* Levels at the ages of 10 an
forced vital capacity, FEV,

d 18 years are derived from the growth model described in the Methods section. FVC denotes
forced expiratory volume in one second, and MMEF maximal midexpiratory flow rate.

sponding single-pollutant models; this was not sur-
prising, given the strong correlation between most
pollutants. : '

The association between pollution and the
growth in FEV; over the eight-year period remained

significant in a variety of sensitivity analyses (Table .

4). For example, estimates of the effect of acid
vapor and elemental carbon (model 1 in Table 4)
changed little with adjustment for in-utero exposure
to maternal smoking (model 2), presence in the
home of a gas stove (model 3) or pets (model 4), or
parental level of education (model 5). To account
for possible confounding by short-term effects of
air pollution, we fitted a model that adjusted for the
average ozone, nitrogen dioxide, and PMy, levels
on the three days before each child’s pulmonary-
function test. This adjustment also had little effect

Growth in FEV, ameng Girls (ml)

o . GlGir_'fs_-'

2485

6_ Boys
L w
2425 3‘
m
2395
) =]
2365 §
L2335 &
; £
2305 =
. %
2275 2
- (V]
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on the estimates of the long-term effects of air pol-
lution (model 6). Table 4 also shows that the effects
of pollutants remained large and significantin the
subgroups of children with no history of asthma
(model 7) and those with no history of smoking
(model 8). The effects of pollutants were not sig-
nificant among the 457 children who had a history
of asthma or among the 483 children who had ever
smoked (data not shown), although the sample siz-
es in these subgroups were small. Model 9 demon-
strates that the extremes in pollutant levels did not
drive the observed associations; in other words, we
found similar effect estimates after eliminating the
two communities with the highest and lowest levels
of each pollutant. Finally, model 10 shows the
effects of pollutants in the subgroup of subjects
who underwent pulmonary-function testing in both
1993 and 2001 (i.e., subjects who participated in
both the first and last year of the study). The mag-
nitudes of effects in this subgroup were similar to
those in the entire sample (model 1), suggesting
that observed effects of pollutants in the entire sam-
ple cannot be attributed to biased losses to follow-
up across communities. These sensitivity analyses
were also applied to the other pollutants and'to FVC
and MMEE, with similar results..

Pollution-related deficits in the average growth
in lung function over the eight-year period resulted
in clinically important deficits in attained lung func-
tion at the age of 18 years (Fig. 3). Across the 12
communities, a clinically low FEV, was positively
correlated with the level of exposure to nitrogen
dioxide (P=0.005), acid vapor (P=0.01), PMy,
(P=0.02), PM, 5 (P=0.002), and elemental carbon
(P=0.006). For example, the estimated proportion
of children with a low FEV, (represented by the re-
gression line in Fig. 3) was 1.6 percentat the lowest
level of exposure to PM, s and was 4.9 times as great
(7.9 percent) at the highest level of exposure to PM; 5
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Downloaded from www.nejm.org by MS ELLY BENSON on September 16, 2004.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.



- freriaesy e wiama

ppesvmieg

STy

G

EFFECT OF AIR POLLUTION ON LUNG DEVELOPMENT IN CHILDREN

Table 3. Difference in Average Groy

" LUngFl.r ctlon over thelElghtYea_r Stud_y Pertod fmm the I.east tothe Most Polluted Community.* : :

Organic carbon

-58.6 (-196.1to 78.8) 037

-86.2 (-185.6 to 13.3) 0.08 -151.2 (-389.4 to 87.1)

Pollutant FVC FEV, MMEF
Difference Difference Difference
(95% Cl) P Value (95% Cl) P Value (95% Cl) P Value
ml ml mlfsec
05
10 a.m.—6 p.m. -50.6 (-171.0to 69.7) 037 -228 (—122.3 to 76.6) 0.62 85.6 (-130.0 to 301.1) 0.40
1-Hour maximal level 703 (-183.3t042.6) 020  -44.5 (-1389t050.0) 032 45.7(-172.310263.6)  0.65
NO; -95.0(-189.4t0-06) 005  -101.4 (-1645to-38.4) 0005 -211.0(-377.6t0-44.4) 0.2
Acid vapor -105.2 (-194.5t0-159) 003  -105.8 (-168.8t0—42.7) 0004 -165.0(-3448t0147)  0.07
PMyo -60.2 (-190.6t670.3) 033 -82.1(-1769t012.8)  0.08  -154.2(-378.3 to 69.8) 0.16
PM, ' 601 (-166.1t045.9) 024  -79.7 (-153.0to-6.4) 004  -168.9 (-345.5to 7.8) 0.06
Elemental carbon -77.7(-166.7t011.3)" 008 . -87.9 (-1464t0-29.4) = 0.007 -165.5 (-323.4t07.6) 0.04
0.19

* Values are the differences in the estimated rate of eight-year growth at the lowest and highest observed levels of the indicated pollutant. Dif-
ferences are scaled to the range across the 12 study communities in the average level of each pollutant from 1994 through 2000 as follows:
37.5 ppb of 05 (measured from 10 a.m. to 6 p.m.), 46.0 ppb of O; (the one-hour maximal level), 34.6 ppb of NO,, 9.6 ppb of acid vapor, 51.4

ug of PM,q per cubic meter, 22.8 pg of PM, ¢ per cubic m
cubic meter. Cl denotes confidence interval.

eter, 1.2 g of elemental carbon per cubic meter, and 10.5 pg of organic carbon per

(P=0.002). Similar associations between these pol-
lutants and a low FEV, were observed in the sub-
group of children with no history of asthma and
the subgroup with no history of smoking (data not
shown). A low FEV, was not significantly correlated
with exposure to ozone in any group.

DISCUSSION.

The results of this study provide robust evidence
that lung development, as measured by the growth
in FVC, FEV,, and MMEF from the ages of 10 to 18
years, is reduced in children exposed to higher lev-
els of ambient air pollution. The strongest associa-
tions were observed between FEV, and a correlated
setof pollutants, specifically nitrogen dioxide, acid

_vapor, and elemental carbon. The effects of these

pollutants on FEV, were similar in boys and girls
and remained significant among children with no
history of astima and among those with no history
of smoking, suggesting that most children are sus-
ceptible to the chronic respiratory effects of breath-
ing polluted air. The magnitude of the observed ef-

fects of air pollution on the growth in lung function

during this age interval was similar to those that
have been reported for exposure to maternal smok-
ing”18 and smaller than those reported for the ef-
fects of personal smoking.17+*?

Cumulative deficits in the growth in lung func-

tion during the eight-year study period resulted ina
strong association between exposure to air pollu-
tion and a clinically low FEV, at the age of 18 years.
In general, lung development is essentially com-
pletein girls by the age of 18 years, whereas in boys
it continues into. their early 20s, but at a much re-
duced rate. It is therefore unlikely that clinically sig-
nificant deficits in lung function at the age of 18
years will be reversed in either girls or boys as they
complete the transition into adulthood. Deficits in
lung function during young adulthood may increase
the risk of respiratory conditions — for example,
episodic wheezing that occurs during a viral infec-
tion.?® However, the greatest effect of pollution-
related deficits may occur later in life, since reduced
lung function is a strong risk factor for complica-
tions and death during adulthood.**%

Deficits in lung function were associated with a
correlated set of pollutants that included nitrogen
dioxide, acid vapor, fine-particulate matter (PM, ),
and elemental carbon. In southern California, the
primary source of these pollutants is motor vehicles,
either through direct tailpipe emissions or down-
wind physical and photochemical reactions of ve-
hicular emissions. Both gasoline- and diesel-poiv-
ered engines contribute to the tons of pollutants
exhausted into southern California’s air every day,
with diesel vehicles responsible for disproportion-
ate amounts of nitrogen dioxide, PM, ;, and ele-
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9 TalJ]Ié Siiasr i el
- Study Period.”

fth Ef‘Fects of A:c':id '\k'_pbr and 'Ele_,ri\éﬁi:'al

in FEV} over the Efgiit#eﬁﬁ-_

rbon OI'I_GI_‘_('fl_“-fiﬁ.-

Model

Main model (model 1)
Additional covariatesi

Main model + in-utero exposure to maternal
smoking (model 2)

Main model + exposure to gas stove (model 3)
Main model + pets in home (model 4)

Main model + parental level of education
{model 5)

Main model + short-term effects of pollution -
(model 6)§ - i

Subgroup effects

No history of asthma (model 7)§"

No history of s;noking (model 8)|

After exclusion of communities with lowest and - .
highest levels of pollution {model 8)** ~

Complete follow-up (model 10) 7

-105.8 (-168.8 to -42.7)

-108.8 (-173.3 to -44.2)

-106.0 (-181.5 to -30.6)
-108.4 (-171.6 16 -45.2)
-100.7 (-167.2to -34.2)

" -112.4 (-201.4to =23.3)

-98.1 (-166.4 to -29.8)
-115.6 (-233.7 to 2.5)
-106.7 (-192.3t0 -21.2) -

-132.4 (-226.2to -38.7)

Acid Vapor Elemental Carbon

Difference (95% Confidence Interval)
-87.9 (-146.4 to -29.4)

-85.8 (-147.4t0-24.1)

-84.8 (-154.7 to ~14.9)
-89.8 (-149.1 to -30.6)
-80.9 (-142.7 to ~19.0)

-103.2 (-181.8 to -24.5)

-88.9 (-149.2tG -28.6)
-113.3 (-214.9to ~11.6)
947 (-173.7 to -15.7)

-97.4 (~195.6t0 0.9)

% Values are the differences in the estimated rate of eight-year growth at the lowest and highest observed levels of the in-

dicated pollutant. Differences are scaled to the range across the 12 stud

y communities in the average level of each pol-

lutant from 1994 through 2000 as follows: 9.6 ppb of acid vapor and 1.2 pg of elemental carbon per cubic meter.
t Model 1 is equivalent to effect estimates for FEV, in Table 3 and is based on data on 1759 children.
{ The main model was adjusted for each of the covariates listed.

§ Values were adjusted for the average levels of O3, NO;,
function test.

9 The analysis includes data on 1302 children with no histo

| Theanalysis includes data on 1276 children with no histo

#*The analysis excludes children from

and PM,g on the three days before each child's pulmonary-

ry of doctor-diagnosed asthma.
ry of active tobacco smoking at any time during follow-up.
the two communities with the lowest and highest levels of each pollutant. Thjs

Jeaves 1507 children (excluding those from Lompoc and Upland) in the analysis of acid vapor and 1484 children
(excluding those from Lompoc and Long Beach) in the analysis of elemental carbon.

- 11The analysis includes 713 children who un
observed throughout the study).

derwent pulmonary-function testing in both 1993 and 2001 (i.e., those

mental carbon. In the current study, however, we
could not discern the independent effects of pollut-
ants because they came from common sources and
there was a high degree of intercorrelation among
them; similar difficulties have also been encoun-
tered in other studies of lung function and air-pol-
lutant mixtures. 92839 Since ozone is also formed
during photochemical reactions involving fuel-
combustion products, one might expect ozone to
be correlated with the other study pollutants and
therefore to show similar associations with lung
function. Howevet, the Children’s Health Study was
specifically designed to minimize the correlation of
ozone with other pollutants across the 12 study
communities. Thus, although ozone has been con-
vincingly linked to acute health effects in many oth-
er studies,* our results provide little evidence that

N ENGL | MED 351;11 WWW.NEJM.ORG SEPTEMBER g, 2004 0

ambient ozone at current levels is associated with
chronic deficits in the growth of lung function in
children. Only a few other studies have addressed
the long-term effects of ozone on lung development
in children, and results have been inconsistent.>* Al-
though we found little evidence of an effect of
ozone, this result needs to be interpreted with cau-
tion given the potential for substantial misclassifi-
cation of exposure to ozone.***?

The mechanism whereby exposure to pollutants
could lead to reduced lung development is un-
known, but there are many possibilities. Our ob-
servation of associations between air pollution and
all three measures of lung function — FVC, FEVy,
and MMEF — suggests that more than one process
is involved. FVC is largely a function of the number
and size of alveoli, with differences in volume pri-

iy
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marily attributable to differences in the number of
alveoli, since their size is relatively constant.>* How-
ever, since the postnatal increase in the number of
alveoli is complete by the age 0f 10 years, pollution-
related deficits in the growth of FVC and FEV, dur-
ing adolescence may, in part, reflect a reduction in
the growth of alveoli. Another plausible mechanism
ofthe effect of air pollution on lung development s
airway inflammation, such as occurs in bronchioli-

- tis; such changes have been observed in the airways

of smokers and of subjects who lived in polluted
environments,35:36

A strength of our study was the long-term, pro-
spective follow-up of a large cohort, with exposure
and outcome data collected in a consistent manner
throughout the study period. As in any epidemio-
logic study, however, the observed effects could be
biased by underlying associations of the exposure
and outcome to some confounding variables. We
adjusted for known potential confounders, includ-
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ing personal characteristics and other sources of
exposure to pollutants, but the possibility of con-
founding by other factors still exists. Over the eight-
year follow-up period, approximately 10 percent of
study subjects were lost to follow-up each year. At-
trition is a potential source of bias in a cohort study
if loss to follow-up is related to both exposure and
outcome. However, we did notsee evidence that the
loss of subjects was related to either baseline lung
function or exposure to air pollution. In addition,
we observed significant associations between air
pollution and lung growth in the subgroup of chil-
dren who were followed for the full eight years of
the study, with effects that were similar in magni-
tude to those in the group as a whole, thus making
loss of subjects an unlikely source of bias.

We have shown that exposure to ambient air
pollution is correlated with significant deficits in
respiratory growth over an eight-year period, lead-
ing to clinically important deficits in lung function
at the age of 18 years. The specific pollutants that

were associated with these deficits included nitro-
gen dioxide, acid vapor, PM, s, and elemental car-
bon. These pollutants are products of primary fuel
combuston, and since they are present at similar
levels in many other areas,”:3® we believe that our
results can be generalized to children living outside
southern California. Given the magnitude of the ob-
served effects and the importance of lung function
as a determinant of morbidity and mortality during
adulthood, continued emphasis on the identifica-
tion of strategies for reducing levels of urban air pol-

lutants is warranted.
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Epidemiology * Volume 16, Number 6, November 2005

Traffic Exposure and Asthma

average joint distributions of wind speeds and directions were
obtained from 1 surface-monitoring station in or near each
study community. The dispersion model was applied to
simulate the transport and dispersion of NO, as a chemically
inert pollutant. Although NO, NO,, and ozone undergo rapid
atmospheric chemical reactions immediately downwind of
sources, NO, can be treated as a chemically inert pollutant for
the first hour of transport from sources because the time-scale
for NO, oxidation is 10 to 20 hours in urban atmospheres.**
Vehicle NO, emission rates were obtained from the Califor-
nia Air Resources Board’s EMFAC2002 vehicle emissions
model. Concentrations of NO, were estimated by applying
the annual average ratio of observed NO, to-NO, for each
hour of the day (from the community central site monitor) to
the CALINE4 model’s estimated NO, concentrations. We
estimated the contribution to residential exposure separately
for freeway and for nonfreeway traffic.

Ambient NO, concentrations in the community are a
result of meteorologic transport of pollutants into the com-
munity, local point and ‘area source emissions, and local
mobile source emissions. The CALINE4 model was used to
model NO, from local traffic in each community and, there-
fore, always predicts concentrations lower than: the total NO,
from all sources. Separate regional modeling analysis has
indicated that local mobile source emissions contribute 12%
to 68% of the average NO, in the study communities.”® For
comparison purposes, we also generated exposure assign-
ments based on fine particulate matter (PM) and carbon
monoxide (CO) emission factors. Model-based estimates of
NO,, PM, and CO were very highly correlated with one
another (R > 0.90), indicating that the NO,-based estimates
we use in this article should be considered an estimate of
traffic-related pollution in general rather than simply expo-
sure to this specific pollutant. ' '

Questionnaire Data

When we originally enrolled subjects as fourth graders,
each subject’s parent or legal guardian completed a baseline
medical history questionnaire. Asthma was defined as a “yes”
response to the question “Has a doctor ever diagnosed your
child as having asthma?” This questionnaire was also used to
determine whether the child had recently (within the last 12
months) wheezed, recently wheezed during exercise, or was
currently using any type of medication to control asthma.
Questions about potential risk factors for asthma included
parental income or education, environmental tobacco smoke
exposure, in utero exposure to maternal tobacco smoking, and
presence in the home of mildew, water damage, gas stove,
pests, and pets.

Statistical Analysis

We used logistic regression to model the relationship of
each traffic measure, including measured NO, at the home

© 2005 Lippincott Williams & Wilkins

and the traffic indicators described previously, with baseline
asthma prevalence in the 208 study participants. A natural-
log transformation of each traffic indicator was used in these
analyses, because the distribution of each variable was pos-
itively skewed. All models included adjustments for sex,
race, Hispanic ethnicity, cohort (whether the subject was
enrolled in 1993 or 1996), and indicator variables for study
community, We considered separate models for 2-week av-
erage NO, concentrations measured in summer and in winter
and for the 4-week average across seasons. Odds ratios (ORs)
for asthma in analyses of measured NO, concentrations were
scaled to an increase of 5.7 ppb, the average interquartile
range (IQR) in 4-week average NO, within the 10 commu-
nities. ORs for the traffic indicators were also scaled to 1 IQR
in exposure (specifically 1.2 km for distance to the nearest
freeway; 2720 vehicles per m* per day for traffic volumes
within 150 meters; and 0.64, 0.49, and 1.27 ppb for model-
based estimates of NO, from freeways; nonfreeways, and all
roads, respectively).

RESULTS

Doctor-diagnosed asthma was reported by 31 (15%) of
the 208 children, with variability in prevalence across com-
munities (Table 1). Overall community-average NO, levels
measured at homes ranged from 12.9 ppb in Atascadero to
51.5 ppb in San Dimas, with similar patterns across commu-
nities in summer and winter. The NO, levels (average of
summer and winter) measured at homes are shown in Figure
1. Within each community, there was substantial variation in
NO, levels from home to home. Although the amount of
variation in NO, was generally larger in more polluted

communities, there were some exceptions. For example, there

was littlé variation in the relatively high NO, community of
Mira Loma, whereas there was considerable variation in the
lower NO, community of Alpine. '

The average NO, concentration measured at homes was
associated with asthma prevalence (Table 2). For each in-
crease of 5.7 ppb in average NO,, the OR .for asthma
increased by 1.83 (95% CI = 1.04-3.21). Odds ratios were
similar whether based on summer-only (1.55) or winter-only

.(1.50) measurements. The effect of average NO, was of

similar magnitude after adjustment for several potential con-
founders, including socioeconomic status of participants and
housing characteristics (Table 2).

Measured NO, concentrations at homes were correlated
with residential distance from the nearest freeway and with
model-based estimates of traffic-related pollution from road-
ways (Appendix Table, available with the online version of
this article). In each community, we observed negative cor-
relations between NO, concentration and distance of the
home to the freeway. The overall correlation between NO,
and freeway distance, adjusted for community, was R =
—0.54. The corresponding correlations of measured NO,

3
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TABLE 1. Distribution of Lifetime History of Asthma and Measured NO, by

Community (n = 208)

NO, (ppb)
Community No. Asthma (%) Summer Winter Average'
Alpine (AL) 24 21 20.1 19.0 19.6
Atascadero (AT) 13 23 12.3 13.6 12.9
Lake Elsinore (LE) 22 5 17.6 274 22.5
Lancaster (LN) 16 19 16.9 22.0 19.5
Long Beach (LB) 20 10 34.6 50.5 42.5
Mira Loma (ML) 17 12 37.2 48.4 42.8
Riverside (RV) 30 20 379 42.8 40.3
San Dimas (SD) 34 15 52.0 51.0 51.5
Santa Maria (SM) 19 16 12.7 17.9 153
Upland (UP) 13 8 46.3 360 412

*Parent report of doctor-diagnosed asthma in the child.
Mean in each community of NO, concentrations measured at homes for 2 weeks each in summer and

winter. Average is the 4-week arithmetic average of summer and winter measurements.

with model-based estimates were 0.56 for pollution from
freeways and 0.34 for pollution from nonfreeways. In each
community, measured NO, was more strongly correlated
with estimates of freeway-related pollution than with non-
freeway pollution. Measured NO, was less correlated with
traffic counts within 150 meters of homes (R = 0.24), with
inconsistent patterns of correlations from community to com-
munity.

Both distance to the freeway and the model-based
estimate of freeway-related pollutants were associated with
asthma history (Table 3). Asthma prevalence was higher with
decreasing distance from the freeway; specifically when com-
paring the 25th to 75th percentile of freeway distance, the OR
was 1.89 (95% CI = 1.19-3.02). For the comparison of 75th
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FIGURE 1. Four-week average of nitrogen dioxide measured at
homes of asthmatic (solid black diamond) and nonasthmatic
(open circle) children in 10 communities. See Table 1 for
community abbreviations.
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to 25th percentile of model-based pollutant exposure from
freeways, the OR was 2.22 (1.36-3.63). Asthma was not
associated with traffic volumes or with model-based exposure
to nonfreeway roads. The associations observed with freeway
distance and model-based pollution from freeways were ro-
bust to adjustment for all of the potential confounders shown
in Table 2 (data not shown).

Measured NO, and the 2 freeway-related traffic indi-
cators were also associated with recent wheeze, recent
wheeze with exercise, and current use of asthma medication

TABLE 2. Association Between 4-Week Average NO, at
Homes and Asthma History, Adjusted for Several
Potential Confounders

Description’ OR* (95% CI)

Base model' 1.83 (1.04-3.21)

Base model, with additional adjustment for:
Environmental tobacco smoke
In utero exposure to maternal smoking
Parental income
Parental education

1.93 (1.09-3.43)
1.85 (1.05-3.28)
1.99 (1.11-3.57)
1.90 (1.07-3.37)
1.87 (1.06-3.30)

Gas stove

Mildew 1.81 (1.01-3.23)
Water damage 1.82 (1.03-3.21)
Cockroaches 1.83 (1.04-3:21)
Pets 1.88 (1.06-3.33)

*Qdds ratio per increase of | interquartile range (5.7 ppb) in NO,.
"Base model includes adjustments for sex, race, Hispanic ethnicity,
cohort, and community.

© 2005 Lippincott Williams & Wilkins
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TABLE 3. Associations Between Exposure to Traffic at
Home and Asthma History

Odds Ratio per IQR

Exposure Metric OR* (95% CI)

1.89 (1.19-3.02)
1.45 (0.73-2.91)

Distance to freeway
Traffic volume within 150 meters
Model-based pollution from:
‘Freeways
Other roads
Freeways and other roads

2.22 (1.36-3.63)
1.00 (0.75-1.33)
1.40 (0.86-2.27)

*Qdds ratio per change ‘of 1 IQR. For distance to freeway, OR for the
25th percentile compared with the 75th percentile (ie, living closer compared
with farther from the freeway). For remaining traffic variables, OR for the
75th percentile compared with the 25th percentile. All models were adjusted
for sex, race, Hispanic ethnicity, cohort, and community.

(Table 4). For example, the OR per increase of 5.7 ppb in
measured NO, was 1.72 (1.07-2.77) for recent wheeze and
was 2.19 (1.20—-4.01) for current use of asthma medication.

DISCUSSION _

~We found robust associations of several indicators of
exposure to traffic-related air pollution at homes in southern
California with lifetime history of asthma, current asthma
medication use, recent wheeze, and recent exercise-induced
wheeze. Residential distance to a freeway and model-based
estimates of freeway traffic-emission exposure at homes were
each associated with the prevalence of asthma. Each of these
traffic metrics was also correlated with measured concentra-
tions of NO,, and measured NO, was associated with asthma.
Taken as a whole, these results indicate that exposure to
outdoor levels of NO, or other freeway-related pollutants was
a significant risk factor for asthma.

A strength of this asthma study is that it used both
measured pollution and multiple indicators of exposure to
traffic at the same homes in a large number of communities.
The results suggest that measuring NO, or another pollutant
is important for validation of the use of traffic measures and

_ to measured NO,, a recent study in northern California
found an association between measured traffic-related pollut-

for selection of the most appropriate indicator of traffic
exposure for the population under study. Those few studies
that have measured residential exposure or that have vali-
dated models of exposure using measurements of pollutants
have generally shown associations with asthma,*"-* whereas
the failure to validate traffic indicators may explain inconsis-
tent results from several other studies.®™'' In our study,
simple distance to a freeway was as strongly and precisely
associated with asthma and wheeze as was NO,. It remains to
be seen whether the association with this simple and widely
available indicator is replicable in other studies or could be
used for estimating risk in communities without having to
make additional measurements of traffic-related pollutants.
We did not find associations between respiratory health
and other indicators of traffic near homes, including modeled
pollution from nonfreeway roads and traffic volumes within

* 150 meters of homes. One possible explanation for this lack

of association is that the contribution to pollution levels from
these smaller roads (where tens or hundreds of vehicles travel
each day) is trivial compared with freeways that dominate the
transportation grid in southern California with daily average
counts in our communities between 50,000 to 270,000 vehi-
cles. In addition, vehicle counts are accurately measured on
freeways but are only estimated on smaller roads where
participants lived. Our results are in contrast to several recent
(mostly European) studies that have reported associations
of asthma with traffic counts in close proximity to the
home 572728 These differences in results may be partly the
result of differences in urban geography and closer proximity
of homes in Europe to heavily traveled roadways.

There have been a few other studies of traffic and
childhood asthma in the United States. One large study in
southern California found no association of asthma preva-
lence with traffic counts within 550 feet of the home,” similar
to our finding of no association with traffic volumes within

150 meters of the home. Consistent with our findings related
29

ants at schools and childhood asthma.

TABLE 4. Associations Between Measured NO, and Asthma-Related Outcomes (n = 208)

Distance Model-based Pollution

Measured NO,
OR* (95% CI)

to Freeway
OR* (95% CI)

From Freeways
OR* (95% CI)

Outcome No.
Lifetime history of asthma 31
Recent wheeze' 43
Recent wheeze with exercise’ 25
" Current asthma medication use 26

.83 (1.04-3.22)
1.72 (1.07-2.77)
2.01 (1.08-3.72)

2,19 (1.20-4.01)

1.89 (1.19-3.02)
1.59 (1.06-2.36)
2.57 (1.50-4.38)

. 2.04 (1.25-3.31)

2.22 (1.36-3.63)
1.70 (1.12-2.58)
2.56 (1.50-4.38)
1.92 (1.18-3.12)

*QOdds ratio per change of 1 IQR in exposure (see footnotes to Tables 2 and 4).

TWithin the last 12 months. . :

© 2005 Lippincott Williams & Wilkins
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The observed associations of traffic with asthma are
biologically plausible. Increased oxidative and nitrosative
stress associated with NO, exposure may impair respiratory
responses to infection and thus result in lung injury and
asthma exacerbation.”®*® However, the association of NO,
with asthma prevalence has been extensively evaluated in
epidemiologic studies of exposure to indoor sources, often at
levels considerably higher than the modest (5.7 ppb) IQR of
exposure in our study, and the observed associations have not
been consistent.>®>" It is possible that outdoor NO,, which
occurs in a complex mixture that includes particulate matter
and other pollutants known to affect respiratory health, is a
marker of some other traffic-related pollutant(s) responsible
for increasing asthma risk. For example, some field studies
suggest that the concentration of fine particulate matter,
especially black smoke (an indicator of diesel exhaust), varies
with nearby high-traffic roads arid with NO,.*>™” It has been
hypothesized that particulate matter, especially diesel exhaust
particulate, may contribute to the development of allergies
and asthma.3® Additional research is needed to study the
health effects of specific pollutants that occur in complex
mixtures of traffic emissions. '

A possible limitation of this study is the assessment of
asthma by questionnaire, which could be affected by access
to care and differences in diagnostic practice among physi-
cians.’” However, we found associations of traffic indicators
with recent wheeze and exercise-induced wheeze, 2 symp-
toms of asthma that are unlikely to be affected by access to
care or diagnostic bias. Another limitation is the possibility of
poor or biased reporting of asthma by parents. However,
self-report of physician-diagnosed asthma has been found to
reflect what physicians actually reported to patients, at least
in adults, and validity as assessed by repeatability of response
is good.’® Self-report of physician diagnosis has been the
main criterion for identifying asthma in epidemiologic studies

of children and has been recommended as the epidemiologic

gold standard because a more precise identification tool is not
available.3® Reporting bias is unlikely to have explained the
observed associations, because parents were not aware of
the specific focus of the study on air pollution at the time the
questionnaire was completed. Biased participation with re-
spect to disease status in this substudy.is also unlikely,
because the prevalence of doctor-diagnosed asthma in the
sample of 208 children (15%, Table 1) was not very different
from the asthma prevalence in the remaining 668 eligible
children (13%, P = 0.56). '

Another potential study limitation is that measured NO,
and the traffic metrics were determined after the onset of
asthma and extrapolated to earlier in life. However, the
systems of freeways and other major roadways in the study
communities have been in place and essentially unchanged
for many years. We thus expect that the spatial pattern of
exposure to traffic emissions from home to home was rela-

6

tively similar over the lifetimes of these children. Bias could
also have occurred if the families of asthmatic children had
preferentially moved to a home near a freeway, but this seems
unlikely. Additionally, our observed associations were robust
to adjustment for factors known to be related to population
mobility, housing location, and access to care, including
race/ethnicity and indicators of socioeconomic status (as well
as household characteristics). This robustness further sug-
gests that our results were not the result of these potential

confounders.
These results have both scientific and public health

implications. They strengthen an emerging body of evidence

that air pollution can cause asthma and that traffic-related
pollutants that vary within communities are partly responsible
for this association. The current regulatory approach that
focuses almost exclusively on regional pollutants merits re-
evaluation in light of this emerging evidence and in light of
the enormous costs associated with childhood asthma.*® In
addition, because NO, may be a surrogate for the pollutant or
pollutants responsible for the observed effects, further study
is indicated to identify the specific pollutant(s). In this regard,
improved physical and chemical characterization of ambient
ultrafine particles (including particle number concentration
distributions, as well as more traditional chemical analyses)
are topics of specific ongoing research interest in southern
California and elsewhere.
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AMERICAN ACADEMY OF PEDIATRICS

POLICY STATEMENT
Organizational Principles to Guide and Define the Child Health Care System and/or Improve the Health of All Children

Committee on Environmental Health

Ambient Air Pollution: Health Hazards to Children

ABSTRACT. Ambient (outdoor) air pollution is now
recognized as an important problem, both nationally and
worldwide. Our scientific understanding of the spectrum
of health effects of air pollution has increased, and nu-
merous studies are finding important health effects from
air pollution at levels once considered safe. Children and
infants are among the most susceptible to many of the air
pollutants. In addition to associations between air pollu-
tion and respiratory symptoms, asthma exacerbations,
and asthma hospitalizations, recent studies have found
links between air pollution and preterm birth, infant
mortality, deficits in lung growth, and possibly, devel-
opment of asthma. This policy statement summarizes the
recent literature linking ambient air pollution to adverse
health outcomes in children and includes a perspective
on the current regulatory process. The statement provides
advice to pediatricians on how to integrate issues regard-
ing air quality and health into patient education and
children’s environmental health advocacy and concludes
with recommendations to the government on promotion
of effective air-pollution policies to ensure protection of
children’s health. Pediatrics 2004;114:1699-1707; air pol-
lution, adverse effects, children, asthma, environmental

health.

ABBREVIATIONS. PM, ;, particulate matter with a median aero-
dynamic diameter less than 2.5 pm; PM,, particulate matter with
a median aerodynamic diameter less than 10 um; EPA, Environ-
mental Protection Agency; HAP, hazardous air pollutant; AQ], air

quality index.

INTRODUCTION

Ithough it has been 3 decades since passage
of the Clean Air Act in 1970 (Pub L No.

91-604), the air in many parts of the United

States is far from clean. Air quality has improved in
some areas but decreased in others.! In addition,
there are important health effects from air pollutants
at levels once considered safe. Children and infants
are among the most susceptible to many of the air
pollutants. :
In 2002, approximately 146 million Americans
were living in areas where monitored air failed to
meet the 1997 National Ambient Air Quality Stan-
dards for at least 1 of the 6 “criteria air pollutants”:
ozone, particulate matter, sulfur dioxide, nitrogen
dioxide, carbon monoxide, and lead (Table 1).! Al-
though the standards for ozone and particulate mat-
ter were revised in 1997, legal barriers have delayed

doi:10.1542 /peds.2004-2166 :
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timely implementation.2 Recent reports have identi-
fied adverse health effects at levels near or below the
current standards for ozone, particulate matter, and
nitrogen dioxide. Thus, the 1997 federal standards
may not adequately protect children. Additionally,

" numerous other toxic air pollutants are of public

health concern.?

Outdoor air pollution is also a major problem in
developing countries. The World Health Organiza-
tion found that the air quality in large cities in many
developing countries is remarkably poor and that
very large numbers of people in those countries are
exposed to ambient concentrations of air pollutants
well above the World Health Organization guide-
lines for air quality (www.who.int/ceh/publications/.
en/1lairpollution.pdf).

Scientific understanding of the health effects of
air pollution, including effects on children, has in-
creased in the last decade. This statement updates a
1993 American Academy of Pediatrics (AAP) state-
ment titled “Ambient Air Pollution: Respiratory
Hazards to Children.”*

EFFECTS OF AIR POLLUTION ON CHILDREN

Children are more vulnerable to the adverse ef-
fects of air pollution than are adults. Eighty percent
of alveoli are formed postnatally, and changes in the
lung continue through adolescence.® During the
early postneonatal period, the developing lung is
highly susceptible to damage after exposure to envi-
ronmental toxicants.>~”7

Children have increased exposure to many air pol-

lutants compared with adults because of higher

minute ventilation and higher levels of physical ac-
tivity.? Because children spend more time outdoors
than do adults, they have increased exposure to out-
door air pollution.®10 :

Infants, children, the elderly, and those with car-
diopulmonary disease are among the most suscepti-
ble to adverse health effects from criteria pollut-
ants.11-15 Lead is neurotoxic, especially during early
childhood. Carbon monoxide interferes with oxygen
transport through the formation of carboxyhemoglo-
bin. Other criteria pollutants (ozone, sulfur dioxide,
particulate matter, nitrogen dioxide) have' respira-
tory effects in children and adults, including in-
creased respiratory tract illness, asthma exacerba-
tions, and decreased lung function (eg, changes in
peak flow).1"12 In adults, particulate air pollution is
associated with respiratory and cardiovascular hos-
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TABLE 1.  National Ambient Air Quality Standards for Crite-
ria Air Pollutants, 1997

Pollutant Primary Standards*

Ozone

1-h average "0.12 ppm (235 pg/m?)

8-h average 0.08 ppm (157 pg/m?)
PM, o

Annual arithmetic mean 50 pg/m?

24-h average 150 pg/m?
PM, 5

Annual arithmetic mean 15 pg/m?

24-h average 65 pg/m?3
Sulfur dioxide

Annual arithmetic mean 0.03 ppm (80 pg/m?3)

24-h average 0.14 ppm (365 pg/m?)
Nitrogen dioxide

Annual arithmetic mean 0.053 ppm (100 pg/m?3)
Carbon monoxide :

8-h average 9 ppm (10 mg/m?)

1-h average 35 ppm (40 mg/m?3)
Lead

Quarterly average 1.5 pg/m?

Additional information on air quality standards are available at

www.epa.gov/air/ criteria.html. _
* People residing in regions with pollutant concentrations above
the primary standard may experience adverse health effects from

poor air quality.

pitalizations, cardiovascular mortality,'® and lung
cancer.’” Air pollution also has effects on indirect
health indicators such as health care utilization and
school absences.*13

Although numerous studies have shown that out-
door air pollution exacerbates asthma, the effect of
outdaor air pollution on the development of asthma
has been less clear. Recently, a prospective study
found that the risk of developing asthma was not
greater, overall, in children living in communities
with high levels of ozone or particulate air pollution.
However, in communities with high levels of ozone,

there was an increased risk of developing asthma in

a small subset of children involved in heavy exercise
(participation in 3 or more team sports per year
[relative risk: 3.3; 95% confidence interval: 1.9-5.8]).
This increased risk with heavy exercise was not seen

'in low-0zone communities. Time spent outside was

also associated with new cases of asthma in high-

ozone communities <(relative risk: 1.4; 95% confi-

dence interval: 1.0-2.1) but not in low-ozone com-
munities.!® Additional studies are needed to define

the role of-outdoor air pollution in the development

of asthma. - -
Children in communities with higher levels of ur-

ban air pollution (acid vapor, nitrogen dioxide, par-
ticulate matter with a median aerodynamic diameter
less than 2.5 pm [PM,s], and elemental carbon [a
component of diesel exhaust]) had decreased lung
function growth, and children who spent more time
outdoors had larger deficits in the growth rate of
lung function.>2° Ambient air pollution (especially
particulate matter with a median aerodynamic diam-
eter less than 10 um [PM;,]) has also been associated
with several adverse birth outcomes, as discussed in
the next section.

Levels of ozone and particulate matter are high
enough in many parts of the United States to present
health hazards to children.! Additionally, National
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Ambient Air Quality Standards for nitrogen dioxide
may not be protective. Findings on these pollutants
are summarized here.

Ozone

Ambient ozone is formed by the action of sunlight
on nitrogen oxides and reactive hydrocarbons, both
of which are emitted by motor vehicles and indus-
trial sources. The levels tend to be highest on warm,
sunny, windless days and often peak in midafter-
noon, when children are most likely to be playing
outside.

Ozone is a powerful oxidant and respiratory tract
irritant in adults and children, causing shortness of
breath, chest pain when inhaling deeply, wheezing,
and cough.!! Children have decreases in lung func-
tion, increased respiratory ftract symptoms, and
asthma exacerbations on days with higher levels of
ambient ozone.!}?'-?* Increases in ambient ozone

 have been associated with respiratory or asthma hos-

pitalizations,**?> emergency department visits for
asthma,?6 and school absences for respiratory tract
illness.?” In Atlanta, Georgia, summertime children’s
emergency department visits for asthma increased
37% after 6 days when ozone levels exceeded 0.11
ppm.® In southern California, school absences for
respiratory tract illness increased 63% in association
with a 0.02-ppm increase in ozone.””

In healthy adults, ozone causes airway inflamma-
tion and hyperreactivity, decrements in pulmonary
function, and increased respiratory tract symp-
toms.!! Ozone exposures at concentrations of 0.12
ppm or higher can result in decrements in lung func-
tion after subsequent challenge with aeroallergen.?®
Although most of the controlled studies of ozone
exposure have been performed with adults, it is rea-
sonable to believe that the results of these findings
could be extended to children. )

Ozone may be toxic at concentrations lower than
0.08 ppm, the current federal regulatory standard.
Field studies suggest potential thresholds of between
0.04 and 0.08 ppm (1-hour average) for effects on
lung function.?-3! Recent studies of hospitalizations
for respiratory tract illness in young children and
emergency department visits for asthma suggest that
the effects of ozone may occur at ambient concentra-
tions below 0.09 ppm.>>3* Another study found as-
sociations of ozone:and respiratory symptoms in
children with asthma at levels below the current US
Environmental Protection Agency (EPA) stan-
dards.® If these findings are confirmed, the ozone
standards may need additional revision.

In addition to studies on short-term effects, 2 re-
cent studies of college freshmen suggest that increas-
ing cumulative childhood exposure to ozone may
affect lung function when exposed children reach
young adulthood, particularly in measures of flow in
small airways.3>2¢ Early childhood exposures may,
therefore, be particularly important.35

Particulate Matter .

PM,, is small enough to reach the lower respira-
tory tract and has been associated with a wide range
of serious health effects. PM,, is a heterogeneous
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mixture of small solid or liquid particles of varying
composition found in the atmosphere. Fine particles
(PM,5) are emitted from combustion processes (es-
pecially diesel-powered engines, power generation,
and wood burning) and from some industrial activ-
ities. Coarse particles (diameter between 2.5 and 10
um) include windblown dust from dirt roads or soil
and dust particles created by crushing and grinding
operations. Toxicity of particles may vary with com-
position.3738 '

Particle pollution contributes to excess mortality
and hospitalizations for cardiac and respiratory tract
disease.143941 The mechanism for particulate mat-
ter—associated cardiac effects may be related to dis-
turbances in the cardiac autonomic nervous system,
cardiac arrhythmias, or increased blood concentra-
tions of markers of cardiovascular risk (eg, fibrino-
gen)1642

Daily changes in mortality rates and numbers of
people hospitalized are linked to changes in partic-
ulate ‘air pollution.!43%-41 These studies and others
have estimated that for every 10 pg/ m? increase in
PM,,, there is an increase in the daily mortality rate
between 0.5% and 1.6%. Effects were seen even in
cities with mean annual PM,, concentrations be-
tween 25 and 35 pg/m3. These recent studies suggest
that even the current federal standards for PM; 5
.(24-hour standard = 65 pg/m? annual standard =
15 pg/m®) and PM,, (24-hour standard = 150 ug/
m3; annual standard = 50 ug/m?®) should be lowered
to protect public health. In 2002, California adopted
more stringent standards for particulate matter: the
annual average standard for PM, 5 is 12 pg/m® and
for PM, is 20 pg/m3.43

In children, particulate pollution affects lung func-
tion*446 and lung growth.’ In a prospective cohort
of children living in southern California, children
with asthma living in communities with increased
levels of air pollution (especially particulates, nitro-
gen dioxide, and acid vapor) were more likely to
have bronchitis symptoms. In this study, bronchitis
symptoms refers to a parental report of “one or more
episodes of ‘bronchitis’ in the past 12 months” or
report that, “apart from colds, the child usually
seems to be congested in the chest or able to bring up
phlegm”).#7 The same mix of air pollutants was

also associated with deficits in lung growth (as mea-

" sured by lung function tests).’® Recent studies in
different countries have also found associations be-
tween ambient air pollution (especially particulates
and/or carbon monoxide) and postneonatal infant
mortality (attributable to respiratory causes and pos-
sibly sudden infant death syndrome),*$4° low birth
weight, %53 and preterm birth.5154-56

The relative contribution of fine versus coarse par-
ticles to adverse health effects is being investigated.
In studies of cities on the East Coast, fine particles
seem to be important.5” In other areas, coarse parti-
cles have a stronger or similar effect.>® Several stud-
ies have found that fine particles from power plants
and motor vehicles®® or industrial sources®® may be
more closely associated with mortality.
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Nitrogen Dioxide

Nitrogen dioxide is a gaseous pollutant produced
by high-temperature combustion. The main outdoor
sources of nitrogen dioxide include diesel and gaso-
line-powered engines and power plants. Levels of
nitrogen dioxide around urban monitors have de-
creased over the past 20 years. Currently, all areas of
the country meet the national air quality standard for
nitrogen dioxide of 0.053 ppm (100 pg/m?), mea-
sured as an annual arithmetic mean. However, na-
tional emissions (overall production) of nitrogen ox-
ides have actually increased in the past 20 years
because of an increase in nitrogen oxide emissions
from diesel vehicles.! This increase is of concern,
because nitrogen oxide emissions contribute to
ground-level ozone (smog) and other environmental
problems such as acid rain.!

Controlled-exposure studies of people with
asthma have found that short-term exposures (30
minutes) to nitrogen dioxide at concentrations as low
as 0.26 ppm can enhance the allergic response after
subsequent challenge with allergens.®!* These find-
ings are of concern, because some urban communi-
ties that are in compliance with the federal standards
for nitrogen dioxide (annual average) may experi-
ence substantial short-term peak concentrations (1-
hour average) that exceed 0.25 ppm. Confirmation of
these studies is needed. )

Epidemiologic studies have reported relationships
between increased ambient nitrogen dioxide and
risks of respiratory tract symptoms®*6* and asthma
exacerbations.®® As noted previously, children with
asthma living in communities with increased levels
of air pollution (especially nitrogen dioxide, acid
vapor, and particulates) were more likely to have
bronchitis symptoms.#” The same mix of air pollut-
ants was also associated with deficits in lung growth
(as measured by lung function tests).’ These effects
were increased in children who spent more time
outdoors.

The epidemiologic studies of health effects associ-
ated with nitrogen dioxide should be interpreted
with caution. Increased levels of ambient nitrogen
dioxide may be a marker for exposure to traffic emis-
sions or other combustion-related pollution. An in-
dependent role of nitrogen dioxide cannot be clearly
established because of the high covariation between
ambient nitrogen dioxide and other pollutants.
Nonetheless, these studies illustrate that adverse re-
spiratory tract effects are seen in urban areas where
traffic is a dominant source of air pollution.

Traffic-Related Pollution

Motor vehicles pollute the air through tailpipe ex-
haust emissions and fuel evaporation, contributing
to carbon monoxide, PM, s, nitrogen oxides, hydro-
carbons, other hazardous air pollutants (HAPs), and
ozone formation. Motor vehicles represent the prin-
cipal source of air pollution in many communities,
and concentrations of traffic pollutants are greater
near major roads.® Recently, investigators (primarily
in Europe and Japan) have found increased adverse
health effects among those living near busy roads.
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Studies examining associations between adverse re-
spiratory tract health and traffic have been re-

“viewed.”” Increased respiratory tract complications

in children (eg, wheezing, chronic productive cough,
and asthma hospitalizations) have been associated
with residence near areas of high traffic density (par-
ticularly truck traffic).68-7! Other investigators have
linked various childhood cancers to proximity to
traffie. 7% ' ;

Diesel exhaust, a major source of fine particulates
in urban areas, is carcinogenic. Numerous studies
have found an association between occupational ex-
posure to diesel exhaust and lung cancer.”” On the
basis of extensive toxicologic and epidemiologic ev-
idence, national and international health authorities,
including the EPA and the International Agency for
Research on Cancer, have concluded that there is
considerable evidence of an association between ex-
posure to diesel exhaust and an increased risk of
lung cancer.”%”7 Additionally, fine particles in diesel
exhaust may enhance allergic and inflammatory re-
sponses to antigen challenge and may facilitate de-
velopment of new allergies.”®”* Thus, diesel exhaust
exposure may worsen symptoms in those with aller-
gic rhinitis or asthma. .

School buses operate in proximity to children, and
most of the nation’s school bus fleets run on diesel
fuel. The EPA and some state agencies are establish-
ing programs to eliminate unnecessary school bus
idling and to promote use of cleaner buses to de-
crease children’s exposures to diesel exhaust and the
amount of air pollution created by diesel school
buses (www.epa.gov/cleanschoolbus). A recent pilot
study found that a child riding inside a school bus
may be exposed to as much as 4 times the level of
diesel exhaust as someone riding in a car.® These
findings underscore the importance of advocating
for school districts to replace diesel buses or retrofit
them with pollution-reducing devices and limit
school bus idling where children congregate as soon
as possible.

Other Air Pollutants

Airborne levels of lead, sulfur dioxide, and carbon
monoxide have decreased dramatically because of
the implementation of control measures. .However,
levels of these pollutants may still be high near major
sources. For example, high lead levels may be found
near metals-processing industries, high sulfur diox-
ide levels may occur near large industrial facilities

. (especially coal-fired power plants), and high levels

of carbon monoxide may occur in areas with heavy
traffic congestion.!

In addition to criteria air pollutants, there are nu-
merous other air pollutants produced by motor ve-
hicles, industrial facilities, residential wood combus-
tion, agricultural burning, and other sources that are

_ hazardous to children. More than 50000 chemicals

are used commercially, and many are ‘released into
the air. For most of these chemicals, data on toxicity
are sparse.8! Some pollutants remain airborne or re-
act in the atmosphere to produce other harmful sub-
stances. Other air pollutants deposit into and con-
taminate land and water. Some toxic air pollutants

such as lead, mercury, and dioxins degrade slowly or
not at all. These pollutants may bioaccumulate in
animals at the top of the food chain, including hu-
mans. Children can be exposed to toxic air pollutants
through contaminated air, water, soil, and food.?
One example of a persistent pollutant emitted into
ambient air that leads to exposure through another
route is mercury, a developmental neurotoxicant.®>
Industrial emissions, especially from coal-fired
power plants, are the leading source of environmen-
tal mercury. Although the levels of airborne mercury
may not be hazardous, mercury deposits into soil
and surface waters and ultimately accumulates in
fish.82 '

The HAPs, often referred to as-“toxic air contam-
inants” or “air toxics,” refer to 188 pollutants and
chemical groups known or suspected to cause seri-
ous health effects including cancer, birth defects, and
respiratory tract and neurologic illness.>** The Clean

" Air Act directs the EPA to regulate HAPs, which

include compounds such as polycyclic aromatic hy-
drocarbons, acrolein, and benzene from fuel or fuel
combustion; solvents such as hexane and toluene;
hexavalent chromium from chrome-plating facilities;
perchloroethylene from dry-cleaning plants; asbes-
tos; metals (eg, mercury and cadmium); and persis-
tent organic pollutants such as polychlorinated bi-
phenyls. In 2001, diesel exhaust was listed as a
mobile-source HAP. Many of these compounds are
included in a priority list of 33 HAPs that are of
special concern because of their widespread use and
potential carcinogenicity and teratogenicity.®! The
priority list and general sources of these compounds
are available on the EPA Web site (www.epa.gov/
ttn/atw/nata). '

. Limited monitoring data suggest that concentra-
tions of some. HAPs may exceed the goals of the
Clean Air Act in many cities.® Mobile sources (on-
and off-road vehicles) account for approximately
half of the emissions® but may contribute to 90% of
the cancer risk (www.scorecard.org/env-releases/
hap/us.tcl). A number of studies assessing health
risks have found that estimated levels of some of the

'HAPs are a potential public health problem in many

parts of the United States.>#4-86 For example, esti-
mated concentrations of benzene, formaldehyde, and
1,3-butadiene may contribute to extra cases of cancer
(at least 1 extra case per million population exposed)
in more than 90% of the census tracts in the contig-
uous United States. Additionally, the most recent
national cancer-risk assessment for HAPs (1996 data)
did not include diesel exhaust in the risk estimates.?
The health risks may also be underestimated, be-
cause there is limited information on toxicity values
for many of the HAPs,*” and the risk models did not
consider the potential for increased risk in children.
These findings underscore the need for better ways
to decrease toxic air emissions and assess exposures
and risks. -

Air-pollution episodes created by disasters (eg, ac-
cidents, volcanoes, forest fires, and acts of terrorism)
can also create hazards for children. A discussion of
these events and of bioaerosols in ambient air (eg,
fungal spores and pollen) is beyond the scope of this
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policy statement. Additionally, this statement does
not address the hazards of indoor air pollution.

PREVENTION

Public health interventions to improve air quality
can improve health at the population level. A de-
crease in levels of air pollution in former East Ger-
many after reunification was associated with a de-
crease in parent-reported bronchitis®® and improved
lung function.® During the 1996 Summer Olympics
in Atlanta, Georgia, extensive programs were imple-
mented to improve mass transportation and decrease
anticipated downtown traffic congestion. These pro-
grams were successful and were associated with a
prolonged decrease in ozone pollution and signifi-
cantly lower rates of childhood asthma visits during
this period.? Closure of a steel mill in Utah Valley
and resultant reductions in particulate matter were
associated with a twofold decrease in hospitaliza-
tions for asthma in preschool children1%? Finally,
lung function improved in children who moved
away from communities with high particulate air
pollution, compared with those who remained or
moved to communities with comparable particulate
air pollution.”® These studies provide support for
continued efforts to decrease air pollution and im-
prove health via decreases in motor vehicle traffic
and industrial emissions. Dietary factors may play a
role in modulating the effects of air pollution in
children. A recent study in Mexico City, Mexico,
found that children with asthma given antioxidant
supplements were less affected by ozone compared
with a control group that did not receive supplemen-

tation.% Additional studies are needed to explore

this issue further.

Air Pollution and the Regulatory Process

The Clean Air Act of 1970 mandated the EPA to
establish the National Ambient Air Quality Stan-
dards (Table 1). Standards were set for criteria air
pollutants because they are commony widespread,
and known to be harmful to public health and the

environment.11128395 The standards are reviewed

every 5 years and set to protect public health, includ-

ing the health of “sensitive” populations such as-

people with asthma, children, and the elderly. These
standards are set without considering the costs of
attaining these levels. g

The standards for ozone and particulate matter
were revised in 1997 on the basis of numerous sci-
entific studies showing that the previous standards
were not adequate to ensure health protection. Legal
challenges were made by the American Trucking
Associations, the US Chamber of Commerce, and
other state and local business groups. However, the
Supreme Court ultimately supported the EPA and
ordered implementation of the standards.? Establish-
ing implementation plans will be a lengthy process
that will require the coordinated efforts of the EPA,
state and local governments, and industry and envi-
ronmental organizations.

Population exposures to toxic air contaminants
may be of substantial public health concern.8486 In
contrast to criteria pollutants, monitoring of toxic air

ERIC
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contaminants is more limited. Exposures are esti-
mated on the basis of reported emissions and may
underestimate actual exposures.8” The EPA is man-
dated to develop regulations through a lengthy pro-
cess that first sets standards to control emissions on
the basis of best-available technology. After maxi-
mum available control technology emission stan-
dards are established, the EPA must assess the risk
remaining after emission decreases for the source
take effect (residual risk).

To date, the EPA has focused primarily on estab-
lishing technology-based emission standards,® and
this has been.a slow process for some sources (eg,
mobile toxic air contaminants and mercury emis-
sions). Nationwide, emissions of toxic air contami-
nants have dropped approximately 24% from base-
line (1990-1993) because of regulation and voluntary
decreases by industry. With the current plans for
gradual fleet turnover and implementation of con-
trols for motor vehicles and fuels, the EPA projects
that toxic air-contaminant emissions from gasoline-

owered and diesel mobile sources will not be de-

. creased to 75% and 90% of baseline (1990-1993) lev-

els, respectively, until the year 2020.> However,
major decreases could be more rapidly achieved sim-
ply from a prompt, wider application of existing
technology. - _

Protecting populations from exposure to the harm-
ful effects of air pollutants will require effective con-
trol measures. Industry (eg, coal-burning power
plants, refineries, and chemical plants) and motor
vehicles (both gasoline- and diesel-powered) are ma-
jor sources of criteria pollutants and HAPs.!!*? For
example, coal-fired power plants are important
sources of nitrogen oxides (precursors of ozone),
particulates, and sulfur dioxide and are the largest
sources of mercury emission in the United States.
Smaller sources such -as dry cleaners, auto body
shops, and wood-burning fireplaces can also affect
air quality locally. Municipal and hospital waste
incinerators release toxic air pollutants including
mercury, lead, cadmium, and dioxin emissions. De-
pending on weather conditions and individual phys-
icochemical properties, some pollutants can be car-
ried by air currents to areas many miles from the
source.

In numerous cities in the United States, the per-
sonal automobile is the single greatest polluter, be-
cause emissions from millions of vehicles on the road
add up. Despite significant technologic advances
that have led to tighter pollution control from vehi-
cles, emissions vary substantially between vehicles,
particularly between classes of vehicles, because of
differences in fuel-economy standards set by regula-
tory agencies. For instance, the corporate average
fuel-economy standards have less stringent fuel-
economy requirements (average: 20.7 miles per gal-
lon) for light-duty trucks, sport utility vehicles, and
minivans, compared with passenger cars (average:
27.5 miles per gallon). The former group of vehicles
tends to have higher emissions of air pollutants,
higher fuel consumption, and higher emissions of
greenhouse gases.®?” Information on emissions
and fuel-economy ratings for recent models and a

%&EM‘( QOF PEDIATRICS 1703

0472



B raen

wm—-«n_

[ e

e
o oot

g mnen

r“

B4

|
.3

guide for choosing clean, fuel-efficient vehicles are
available from the EPA Web site (www.epa.gov/
greenvehicles/index.htm). The high levels of par-
ticulate emissions from diesel-powered buses and
trucks must also be addressed. More than 70% of fine
particle emissions from traffic are attributable to die-
sel-powered buses and trucks.

Driving a private car is probably a typical citizen’s
most “polluting” daily activity, yet in many cases,
individuals have few alternative forms of transpor-
tation. Thus, urban planning and smart growth are
imperative. Urban sprawl affects land use, transpor-
tation, and social and economic development and

ultimately has important implications for public

health.?® Ways in which individuals can help to de-
crease air pollution are available at www.epa.gov/
air/actions and www.arb.ca.gov/html/brochure/
50things.htm.

Air Quality Index : : .

The air quality index (AQI) provides local infor-
mation on air quality and potential health concerns
at the observed (or forecasted) levels of air pollution
and can be a useful tool for educating families about
local air quality and health.?? The AQI is reported
daily in metropolitan areas, often as part of local
weather forecasts on television or radio or in news-
papers. The AQI divides air-pollution levels into 6
categories of risk for 5 common pollutants (ozone,
PM, , nitrogen dioxide, carbon monoxide, and sulfur
dioxide). Each category has a descriptive name re-
flecting levels of health concern (ranging from good
through very hazardous), an associated color, and
an advisory statement. Information about air quality
in a specific area can be obtained from www.epa.
gov/air/urbanair/index html, www.scorecard.org,
or www.weather.com. Although many states and
local air districts actively forecast and disseminate
health warnings, the challenge is to have people take
actions to protect themselves and decrease activities
that cause air pollution.

Pediatric Environimental Health'® from the AAP
provides additional information about the outdoor
air pollutants and the use of the AQL

CONCLUSIONS

Ambient air pollution has important and diverse
health effects, and infants and children are among
the most susceptible. Currently, levels of ozone and
particulates remain unhealthful in many parts of the
United States, and the current National Ambient Air
Quality Standards may not protect the public ade-
quately. There is a compelling need to move forward
on efforts to ensure clean air for all.

The assurance of healthy air for children to breathe
is beyond the control of an individual pediatrician,
and there are no easy solutions. State chapters of the
AAP, as well as individual members, can play an
important role as advocates for children’s environ-
mental health. Areas of involvement might include
working with community coalitions in support of
strong pollution-control measures and informing lo-
cal and national representatives and policy makers
about the harmful effects of the environment on chil-
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dren’s health. Advocates for children’s health are
needed in discussions about land use and transpor-
tation issues. Pediatricians can also advocate for en-
ergy-saving (and pollution-minimizing) lifestyles to
their patients’ families, especially regarding vehicles
driven.

In communities with poor air quality, pediatri-
cians can play a role in educating children with
asthma or other chronic respiratory tract disease and
their families about the harmful effects of air pollu-
tion. Patients and families can be counseled on fol-
lowing the AQI to determine when local air-pollu-

. tion levels pose a health concern. Ozone levels tend

to be highest in the afternoon, and it may be possible
to decrease children’s exposure by scheduling stren-
uous outdoor activity earlier in the day.

As pediatricians become better informed about lo-
cal air quality issues in their communities (eg, ozone,
nearby industrial facilities, traffic, diesel buses, wood

.burning, etc), these local concerns can provide a

starting point for discussion and education.
Pediatricians who serve as physicians for schools
or for team sports should be aware of the health
implications of pollution alerts to provide appropri-
ate guidance to school and sports officials, particu-
larly in communities with high levels of ozone.

RECOMMENDATIONS

1. The National Ambient Air Quality Standards are
designed to protect the public. To achieve this, the
following points should be addressed:

« The revised standards for ozone and particulate
matter adopted by the EPA in 1997 should be
promptly implemented.

 During implementation, the standards should
not be weakened in any way that decreases the
protection of children’s health.

« Because recent studies suggest that current
standards for PM,,, PM, 5, 0zone, and nitrogen
dioxide may not be protecting children, the
standards should be promptly reviewed and
revised.

« Because the law requires that the most vulner-
able groups be protected when setting or revis-
ing the air quality standards, the potential ef-
fects of air pollution on the fetus, infant, and
child should be evaluated, and all standards
should include a margin of safety for protection
of children. '

2. The current measures to protect children from
exposures to HAPs are not effective and should
be critically reevaluated. The EPA should focus
on prompt implementation of the Clean Air Act
Amendments of 1990 (Pub L No. 101-549) to de-
crease HAPs. Additional monitoring for HAPs
should be undertaken to allow more accurate
characterization of children’s exposures to these
compounds. Risk assessments for HAPs should be
reviewed to ensure that goals are protective of
children. Control measures that specifically pro-
tect children’s health should be implemented.

3. States and local air districts with air quality con-
cerns should actively implement forecasting and
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dissemination of health warnings in ways that
help people take actions to protect themselves and
decrease activities that cause air pollution.

. Children’s exposure to diesel exhaust particles
should be decreased. Idling of diesel vehicles in
places where children live and congregate should
be minimized. Ongoing programs to fund conver-
sion of diesel school bus fleets to cleaner alterna-
tive fuels and technologies should be pursued.

. Industrial emissions of mercury should be de-
creased.

. Federal and state governments’ policies should
encourage reductions in mobile and stationary
sources of air pollution, including increased sup-
port for mass transit, carpooling, retiring or retro-
fitting old power plants that do not meet current
pollution-control standards, and programs that
support marked improvements in fuel emissions
of gasoline- and diesel-powered vehicles. Addi-
tionally, the development of alternative fuel fleets,
low-sulfur diesel, and other “low-emission” strat-
egies (eg, . retrofit of existing diesel engines)
should be promoted. Before promoting new alter-
native fuels, these alternative fuel sources should
be critically evaluated and determined by govern-
mental authorities to have a good safety profile.

. The same overall fuel-economy standard should
apply to all passenger vehicles. Programs that
allow certain passenger vehicles to be exempt
from the usual fuel-economy standards should be
abolished.

. City and land-use planning should encourage the
design and redevelopment of communities to pro=
mote mass transit, carpooling; pedestrian walk-
ways, and bicycle use.

. Siting of school and- child care facilities should
include consideration of proximity to roads with
heavy traffic and other sources of air pollution.
New schools should be located to avoid “hot
spots” of localized pollution.
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EXECUTIVE SUMMARY

Northeast States for Coordinated Air Use Management
Indoor/Outdoor School Air Monitoring Pilot Project

For over thirty years, the Northeast States for Coordinated Air Use Management
(NESCAUM) has been working in the field of air quality control with its members, who
include air quality management officials from the New England states, New York and
New Jersey. The top priority of state air quality management officials is to protect the
public from exposure to unhealthy levels of air pollutants. NESCAUM's greatest
concerns in the Northeast are outdoor levels of ozone, particulates, and hazardous air
pollutants. More recently, awareness has grown of the importance of indoor air quality,
when considering exposure and public health impacts, and of the need for better
understanding of the influence of outdoor air pollution on indoor air quality.

This report describes the results of a pilot air quality monitoring project conducted by
NESCAUM in nine elementary and middle schools across New England during the
summer and fall of 2001. The intent of the pilot project was to develop methods to
characterize the impact of ambient air pollution and human activity on the indoor air
quality in a variety of schools in the Northeast. The main goal for this study was to use
these methods to determine whether ambient air pollution concentrations penetrate indoor
environments to establish a baseline of exposure for individuals in these specific
environments. A secondary goal was to investigate whether urban areas and areas near
heavy roadway traffic have higher indoor concentrations of the targeted ambient air

pollutants. :

The study focused on schools because of recent attention to the health effects of air
pollution on sensitive populations, one of which is children. According to recent reports
by the Centers for Disease Control, children have experienced a dramatic increase in
asthma, which is exacerbated by air pollution. Consequently, the impact of outdoor. air
pollution on an indoor environment where children spend time became the subject of this
report. Besides their own homes, where studies of this type have been conducted,

' children spend a vast majority of their time in schools.

The nine schools in the study constitute a diverse set in terms of ambient pollution
sources, geographic location, population density, motor vehicle traffic patterns, and
building construction types. Given the schools’ widely different characteristics, the
limited number of monitoring days, and the small sample size, any results should be
viewed as a data set targeted to investigate the stated goals and to explore the
effectiveness of the monitoring strategy. These data are also expected to be useful to
structure future studies. Results from a single school should not be viewed as a
conclusive representation of “healthy” or “unhealthy” conditions.

In order to test the hypotheses of this pilot project, it was important to characterize the
variability in ambient and indoor pollutant concentrations between urban and rural (or
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rural-near roadway) schools. To this end, the methods that were used and developed in
this pI'OjE:Ct measured the concentrations of fine respirable particulate matter and several
other air pollutants.' These pollutants are characterized as lung irritants, which are
believed to trigger asthma attacks at moderate to high exposures, and are potential
cancer-causing agents, associated with a potential increased risk of certain forms of
cancer, following long-term exposures to relatively low concentrafions, Fossil fuel
combustion, particularly from motor vehicles, is a primary outdoor emissions source of

these pollutants.

This project had two phases. Phase One consisted of momtormg durmg the summer of
2001 to obtain baseline measurements when schools were not in session (referred to as
“summer monitoring” throughout this report), in order to minimize the impact of
student/faculty occupancy and emissions from school buses. Phase Two involved
monitoring during the fall of 2001 when schools were in session (referred to as “fall
monitoring” in this report). Summer pollutant concentrations serve as a baseline that was
compared with measurements taken during normal building occupancy during the fall.

In this pilot study, NESCAUM employed the ACCESS air monitoring system to evaluate
changes in carbon dioxide, criteria air pollutants and meteorology. The ACCESS system
senses and records.information for each criteria every minute, providing real-time data,
NESCAUM was interested in obtaining real-time data because short-term, episodic

-exposures to a number of air pollutants may be very important when considering non-

cancer health effects, and a time-averaged, integrated sample would not provide an
adequate level of resolution. For this study, NESCAUM was particularly interested in
real-time measurements for carbon dioxide and fine particulate matter (PM,5). Tracking
minute-to-minute variations in these two compounds is instrumental to the aims of this.
and future studies since: 1) measurement of the indoor carbon dioxide concentration is an
indicator of the rate of air exchange in the school buildings which will aid in
understanding the amount of outdoor air infiltration, and 2) short-term episodic exposures
to fine particulate matter (PM 5) are important to characterize because of the potential
adverse impact on asthmatics or other individuals susceptible to respiratory irritation.
The ACCESS system was used in this pilot study because these multi-pollutant
monitoring systems have been used effectively in past NESCAUM projects to provide
qualitative evidence of the real-time variations of these and other compounds.

The real-time monitoring techniques were sensitive enough to detect variability in

‘concentrations of pollutants including carbon monoxide, carbon dioxide, sulfur dioxide,

nitrogen dioxide, ozone, and particulate matter throughout the monitoring day. The
sensitivity and accuracy of the ACCESS monitoring system was not sufficient in many
cases to make quantitative conclusions (see Appendix D for details). Despite the
limitations of the ACCESS system, data collected during the pilot project demonstrate

that specific outside pollutant sources (e.g., carbon monoxide generated by an idling

delivery truck) can affect indoor air concentrations if prevailing wind patterns carry

! Fine respirable particulate matter has an aerodynamic diameter of less than 2.5 microns. Criteria
pollutants and several hazardous air pollutants were measured including a suite of fifteen carbonyls and

twenty-eight. volatile organic compounds.
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pollutants from the sources toward schools. Since the initiation of the pilot project, more
accurate and sensitive real-time monitoring systems are now available to NESCAUM for
these types of projects. NESCAUM will focus on carbon dioxide and particulate matter
monitoring with more state-of-the-art technology in all future work.

NESCAUM also measured carbonyls using Gilian personal sampling pumps, which draw
air through an absorbent tube at a constant rate for a specified amount of time. Testing
for volatile organic compounds was performed using Summa canisters. Summa canisters
are evacuated stainless steel canisters, which were fitted with an orifice calibrated to draw
in one liter of air over a period of seven to eight hours. NESCAUM believes these
methods collected reliable data. In the body of the report, the strengths and limitations of
each of these methods are described in greater detail. The results from the carbonyl and
volatile organic compound monitoring are described below.

The pilot project monitoring data suggest that outdoor air concentrations and indoor air
concentrations of several pollutants are related. This is most evident-when comparing
indoor and outdoor concentrations of selected volatile organic compounds, such as
benzene, with the degrees of urbanization around the school. The pilot project
monitoring data illustrate that the greater the ambient concentration of selected pollutants,
in most instances, the greater the indoor concentration: Existing air pollution literature
supports this observation and indicates that outdoor and indoor concentrations are indeed
related to one another, with urbanized regions demonstrating the highest concentrations.
This larger body of evidence also suggests that the infiltration of outdoor concentrations
of persistent, low reactivity volatile organic compounds like benzene, often approaches
100%, but varies by conditions during the day of monitoring and the pollutant. The
understanding of the impact of ambient concentrations and the infiltration of more
reactive compounds, such as acetaldehyde and formaldehyde, is more complicated since
the atmospheric formation and destruction of these compounds and their persistence
during infiltration into indoor environments is less well understood. Additionally, the
indoor concentration of these pollutants is often dominated by indoor sources and activity
levels, which makes it difficult to ascertain the degree of ambient infiltration directly.

When considering our primary research interest regarding ambient air infiltration, our
limited data suggest that during the summer months of the pilot project, the median
indoor concentration of low reactivity volatile organic compounds (such as acetone,
benzene, methyl ethyl ketone, and toluene) range from approximately 65% to 90% of the
outdoor concentrations. Fall monitoring data indicate median indoor concentrations of
these same pollutants range from 130% to 500% of outdoor concentrations, respectively.
When considering more reactive pollutants, the summer monitoring data suggest that the
median indoor concentrations of acetaldehyde and formaldehyde range from
approximately 130% to 375% of the outdoor concentrations, respectively. During the
fall, the range of median values for these pollutants increased to approximately 150% to

430%, respectively.

This observation that indoor concentrations of volatile organic compounds and carbonyls
often track outdoor concentrations is consistent with studies by other researchers. These
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studies underscore the importance of considering seasonality and of the potential
contribution of indoor emissions sources and activities when attempting to evaluate
infiltration. Further analysis of air exchange rates is needed to more thoroughly
investigate infiltration by these pollutants. Additionally, a more detailed survey of indoor
sources and their contribution as well as a comprehensive outdoor emissions inventory
would help in characterizing the impact of ambient air on indoor air quality.

When considering our secondary research interest regarding the impact of urbanization
and motor vehicle traffic on the concentrations of these pollutants, these preliminary data
suggest that concentrations of pollutants primarily generated by motor vehicle fuel
combustion or evaporation (e.g., benzene and toluene), are higher in urban areas and in
areas in close proximity (< 500 meters) to roadways with higher vehicle density. For
instance, the highest benzene concentrations were recorded for schools located near
roadways with high traffic counts. Importantly, despite the limited data set, this study
suggests that rural, near-roadway schools have airborne concentrations of benzene and
toluene similar to urban schools. However, the potential association between population
density and ambient or indoor concentrations of pollutants generated primarily by
industrial sources or personal products such as acetone and methyl ethyl ketone is less
clear. For instance; there was no clear association between population density and the
levels of acetone or methyl ethyl ketone, unlike the observations for benzene and toluene

described above.

NESCAUM’s observations of higher concentrations of these pollutants in more urban
environments in this pilot are consistent with previous monitoring results in numerous
locations across the northeast region.” State ambient air monitoring results have

- consistently shown a substantial difference between urban and rural concentrations for .

motor vehicle-related pollutants.:

The preliminary findings provide initial support for our operating hypotheses and confirm
that our study design and methods are generally sound. However, NESCAUM's ability to
interpret these data more thoroughly is limited by the degree of variability between sites,
the lack of information regarding air exchange rates, and the incomplete emissions
inventory inside and outside each of the monitored schools which confound a quantitative
assessment at this time. Future studies will need to include more comprehensive

. emissions inventories for participating schools.- Indoor air sources for a number of the

compounds evaluated must be more thoroughly characterized in order appropriately
interpret the data and to suggest activities to minimize if exposure reduction is warranted.
For this pilot project, the research team sought to track product use and the presence of
building materials known to emit any of the target compounds. This was a difficult task

and additional work is needed in this area.

2 http://www.nescaum.org/committees/CEPmay99/regnlsumm?2.html 0 4 5o



NEXT STEPS:

This pilot project demonstrates that it is possible to use available occupational or
environmental monitoring methods to evaluate ambient and indoor air concentrations of a
number of important air pollutants. With the exception of the ACCESS air monitoring
system that was used to monitor for real-time criteria air pollutants, NESCAUM
recommends the use of the same monitoring methods for future studies. Instead of the
ACCESS system, NESCAUM suggests using other real-time monitoring methods
focusing on particulates (PM s) and carbon dioxide that offer greater reliability and.

accuracy.

NESCAUM will be completing a follow up study to this pilot in the fall 0f 2002. The
central and secondary hypotheses will be the same: that ambient pollutants penetrate
indoor environments to establish a baseline of exposure for individuals in the indoor
environment, and that urban areas and areas near heavy roadway traffic have higher
indoor concentrations of the targeted pollutants. However, building on our experience
with the monitoring equipment and the interpretation of the monitoring results from the
pilot project, we will monitor fewer schools using more exhaustive inventory
characterization and more comprehensive monitoring strategies. Variability within the

dataset will be reduced by:

o Limiting the variability between sites by choosing schools near roadways in
distinctly urban vs. rural environments; '

e Measuring air exchange rates to help ascertain and verify whether pollutant
sources originate outside or inside the building; _ '

e Documenting a comprehensive emissions inventory inside and outside of the

monitored schools; and
e Choosing schools near state air monitoring stations that sample for hazardous air

pollutants to help verify our monitoring data.

The results of this follow up study will be used to understand and document the

infiltration of mobile source pollutants into the indoor environment and the potential

~ public health impact nationwide when considering the combustion of fossil fuel products.
It is anticipated that these and other data will help support more effective and

appropriately targeted national and regional policy development regarding mobile source

pollution.
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Northeast States for Coordinated Air Use Management
Indoor/Outdoor School Air Monitoring Pilot Project

For over thirty years, the Northeast States for Coordinated Air Use Management
(NESCAUM) has been working in the field of air quality control with its members, who
include state air quality management officials from New England, New York and New
Jersey. The top priority of state air quality management officials is to protect the public
from exposure to unhealthy levels of air pollutants. NESCAUM's greatest concerns in
the Northeast are outdoor levels of ozone, particulates, and hazardous air pollutants.
More recently, awareness has grown of the importance of indoor air quality, and of the
need for better understanding of the relationship between indoor and outdoor air pollution
when considering exposure and public health impacts. This report discusses the results of
our pilot study to évaluate air monitoring methods that could be utilized to better
understand the infiltration of outdoor pollution into the specific environment of schools,
and to begin to investigate two research hypotheses with a focus on pollution from cars,

trucks and buses.

This report is structured to provide a regional overview of project results and additional
‘resources for interested parties, while maintaining confidentiality for participating
schools. It includes a discussion of the impact of ambient and indoor air pollutants on
health and a brief overview of the current state of kniowledge in this field. The report also
- provides a general description of sampling and analytical methods used.

BACKGROUND: AMBIENT AIR QUALITY AND PUBLIC HEALTH

The U.S. Environmental Protection Agency (EPA) established a program to control six
key air pollutants: ozone, carbon monoxide, lead, sulfur dioxide, nitrogen dioxides and
particulate matter over 30 years ago. EPA set standards for ambient (outdoor) air quality
and established limits on air emissions from power plants, industries and motor vehicles
to protect public health. It targeted these six “criteria pollutants™ because scientific
evidence showed that adverse health effects, such as heart and lung disease, resulted from

exposure to them.”

Recently, EPA and the public health community have paid special attention to particulate
matter. When the air program began in the 1970s, EPA regulated coarse particulates, or
PM,* These particles reach the bronchiolar region of the lung (mid-lung) and have been
associated with adverse effects on the lungs for decades by health scientists. The agency .
developed a new fine particulate, or PMz_s,s standard in 1997, in response to a growing
body of evidence suggesting that these smaller particles — which reach the alveolar (deep-

. 3 For more detailed information regarding health effects associated with these pollutants, see Appendix A.
4 Particulate matter with an acrodynamic diameter of 10 microns (um) or less.
5 Particulate matter with an aerodynamic diameter of 2.51m or less.
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lung) region — might be even more toxic than larger particles. A recent review of past
studies by Samet et. a/ supports a linkage cited by EPA between increased mortality and
PM, s and PM levels in 20 major U.S. cities, underscoring the importance of reducing
public exposure to particulate matter (Samet, 2000). Additional studies have also
suggested that increased levels of particulates may exacerbate asthma symptoms
(Pearson, 2000; Kinney, 2000; Yu, 2000; and Freidman, 2001).

In addition to regulating the six criteria pollutants described above, the Northeast states
have been controlling emissions of hazardous air pollutants from industrial sources since
the early 1980s. Since 1990, EPA has been developing federal regulations to control the
emissions of 188 compounds referred to as hazardous air pollutants (HAPs) under the
Clean Air Act. Like the toxic air pollutants regulated through state programs, the federal
HAPs are targeted because they are associated with adverse health effects, including
cancer and respiratory disease. HAPs present in ambient air originate from a variety of
sources, including on-road sources such as motor vehicles, non-road vehicles such as
construction equipment, “major” industrial sources such as electric utilities and factories,
and “‘area” sources including dry cleaners, gasoline stations, and use of architectural
coatings and paints. Control programs focused on HAPs are designed to reduce
emissions from this full range of sources. Figure 1 illustrates evidence from a recent

national air quality assessment, which identifies on-road and non- road vehicle emissions

as a dominant emission source for a number of respiratory irritants.®

Figure 1. Important emission sources of potent hazardous air pollutants nationwide.

Concentrations of Respiratory Irritants by Sources
Nation-wide 1% 7%

Urban 1% 5%

Rural 1%
"Areas 2

Areas

37%
" 55%

37%

42%

57%

m Major EArea
OOn-rmad O Ngn-roag

33%

ferms

Irritants include acetaldehyde, acrolein, diesel and formaldehyde.

Data is from the National Air Toxics Screening Assessment, modeled ambient concentration data.

In 1998, the Northeast states reviewed air pollut'ion data and identified a subset of ten
HAPs from the federal list of 188 that are presently detectable in the region at levels
above thresholds set to protect public health (NESCAUM, 1999b).” These ten HAPs are

¢ Please see http://www.epa.gov/ttn/atw/nata
" The thresholds or health benchmarks for these pollutants are described in greater detail in Appendix B.
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benzene, 1,3-butadiene, formaldehyde, carbon tetrachloride, chloroform, ethylene
dibromide, ethylene dichloride, methyl chloride, chromium, and acrolein. Concurrent
analyses by the EPA have demonstrated that this subset of HAPs is also present in similar
amounts in the ambient air nationwide (Woodruff, 1998). These ten HAPs primarily
exceed the benchmark levels for cancer risks. However, acrolein — one of the most
potent respiratory irritants currently present in ambient air — has been estimated to exceed
health protective threshelds for respiratory irritation in all areas of the country in these
assessments (Woodruff, 1998; Caldwell, 1998).

To date, review of available outdoor air monitoring data demonstrates that urban areas
and traffic corridors typically have the highest concentrations of these pollutants.
Primary sources include motor vehicles, construction equipment and small area sources
of air emissions, such as dry cleaners, personal product use, and gasoline stations

(NESCAUM, 1999b).

CONNECTIONS BETWEEN OUTDOOR AND INDOOR AIR QUALITY

It is estimated that people spend over 90% of their time indoors.® Recent policy
development in various offices of the EPA has suggested that assessing ambient air
concentrations for many pollutants is insignificant when considering public health

~ impacts, since any exposure will be dwarfed by indoor microenvironmental exposures to
these same compounds.” NESCAUM and others have argued that ambient pollutant
concentrations may, in some cases, establish the baseline for total exposure. As such,
indoor emission sources or human activities only add to this baseline when considering
total exposure. It should be noted that this baseline is only applicable to pollutants that
are generated outdoors, as there are many indoor pollutants that do not have an outdoor

baseline.

A review of peer-reviewed published literature and some indoor residential monitoring
surveys conducted in rural areas of the Northeast re gion indicate that ambient
concentrations of some volatile organic compounds such as benzene and toluene exhibit

- infiltration ratios ranging from 0.2 to greater than 1 when considering indoor vs. outdoor
concentrations (Lewis, 1991; Gilli, 1996; Wallace, 1996; Lewis, 1992). At a one-to-one
ratio, ambient concentrations would establish a baseline for continuous exposure in
indoor microenvironments. Indoor concentrations of other HAPs, such-as acetaldehyde
and formaldehyde, are typically measured at higher concentrations indoors than outdoors,
this is likely due to individual residential activities supplementing the airborne
concentration. However, it may be due to other factors including nearby outdoor sources.
Further characterization of the relative contributions of indoor vs. outdoor sources of
these pollutants is fundamental to a thorough understanding of the impact of ambient air

on indoor air quality.

® http://www.epa.gov/iag/ .
? public presentation by EPA staff on 202(1) rulemaking and the 2002 National Scale Assessment activities
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In addition to the target compounds assessed during this pilot project, a number of other
air pollutants can have significant adverse health effects in exposed populations. One of
the most significant indoor air quality concerns involves biological agents such as fungus,
bacteria, and plant and animal products. These materials, in addition to some of the
chemical compounds identified in this study, are known to serve as respiratory irritants
and potential triggers for asthma attacks. Testing for biological contaminants was

beyond the scope of this pilot project. However, in an effort to evaluate the potential for
biological agent exposure in the schools, the project team attempted to identify and
record the presence of water damage or visible mold or mildew during the monitoring

days at each facility.'

INTRODUCTION TO THE PILOT PROJECT

NESCAUM conducted the Indoor/Outdoor School Air Monitoring Pilot Project to
develop methods to characterize the impact of ambient air pollution and human activity
on the indoor air quality in a variety of schools in the Northeast. The pollutants targeted
by this project include particulate matter, other criteria pollutants, and hazardous air
pollutants (HAPs). NESCAUM’s primary research interest for this pilot study was in
pollutants from motor vehicle fuel combustion. Gasoline and diesel powered vehicles
and non-road machines emit up to one-half of smog forming volatile organic compounds
(VOCs), particulate matter, and oxides of nitrogen (NOx) in the Northeast. Furthermore,
Northeast regional ambient monitoring and emissions inventory data have concluded that
about half of the public health risk from exposure to HAPs (i.e. acetaldehyde, benzene,
formaldehyde) is associated with automobile emissions (NESCAUM, 1999a). Thus, the
study focused on the aforementioned HAPs, criteria pollutants (particulate matter, ozone,
nitrogen dioxide, sulfur dioxide, carbon monoxide), and volatile organic compounds.

The nine schools studied constitute a diverse set in terms of ambient pollution sources,
geographic locations, population density, motor vehicle traffic patterns, and building

‘construction types. The first aim of the pilot project was to determme whether federally

approved occupational or environmental momtormg techniques'' could be used to
monitor daylong exposures to ambient and indoor air pollutants. The second aim was to
test two central hypotheses: (1) ambient air pollution concentrations penetrate indoor
environments to.establish or contribute to a baseline of exposure for individuals in the
indoor environment; and (2) urban argas and areas near heavy roadway traffic have
higher outdoor and indoor concentrations of the targeted pollutants than other areas. The
study will not provide a definitive estimate of potential health impacts given its limited

scope and sample size.

Given the widely varying characteristics of schools included in this pilot project, the
limited number of monitoring days, and the small sample size, these initial data alone can

' More detailed information and resources available to assist schools in identifying and addressing indoor

air quality concerns may be found in Appendix C and E.
"' The ACCESS system, which measures cr:tena pollutants in real-time, is not a fcderaliy approved

* monitoring tcchmque
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neither confirm nor reject the central or secondary hypotheses. These data are expected
to be useful in refining our central and secondary hypotheses, in method development,
and to structure future studies, but not as a conclusive representation of “healthy” or
“unhealthy” conditions at any particular school.

Numerous studies analyzing exposure to these pollutants in the outdoor (ambient)
environment have been used to support EPA rulemaking activities. Some researchers
have sought to evaluate both the outdoor and indoor (home, workplace, school)
concentration of pollutants (Woodruff, 1998; Caldwell, 1998; NESCAUM, 1999b;
Lewis, 1991; and Gilli, 1996). This pilot project explored the feasibility of methods that
combine these past approaches in an effort to more accurately characterize total exposure.
Doing so requires consideration of both ambient concentrations and indoor
concentrations of these pollutants in selected environments. This juxtaposition illustrates
how outdoor pollutant concentrations impact indoor environments, and provides a more
complete picture of total exposure for individuals living and working in both indoor and
outdoar environments. This study considered daylong exposures, typically eight-hnur,12
in contrast to the 24-hour averages of many previous studies. The purpose for monitoring
eight-hour exposure in this pilot project was to assess the typical exposure window for
students and teachers in the nine schools studied.
This study focused on characterizing a single microenvironment: schools. NESCAUM
thought it was appropriate to look at the impact of outdoor air pollution-on an indoor
environment where children spend time. Besides their homes, where studies of this type
have been conducted, children spend a vast majority of their time in schools. We focused
on-children because of the recent reports in the dramatic increase in childhood asthma.
The Center for Disease Control and Prevention (CDC) has documented that between
1980 and 1994, the prevalence of asthma increased 74% among children 5 to 14 years of
age. According to the CDC, asthma now affects nearly 5 million Americans younger
than 18 years of age.”” Children and a majority of adults have been shown to be
susceptible to lung irritants that exacerbate asthma symptoms. These lung irritants,
mentioned above, are the target compounds monitored in our study.

This project had two phases. The intent of Phase One was to monitor during the summer
of 2001 to obtain baseline measurements when schools were not in session (referred to as
“summer monitoring” throughout this report), in order to minimize the impact of
student/faculty traffic and emissions from school buses. However, summertime
maintenance and cleaning activities may have introduced pollutants. Phase Two involved
monitoring during the fall of 2001 when schools were in session (referred to as “fall
monitoring” in this report), to contrast summer baselines against fall pollutant
concentrations measured with heating and ventilation systems operating, normal building
occupancy levels, and buses and other vehicular traffic.

12 Eour-hour samples were also collected for some pollutants in an effort to understand whether short-
episodic peak exposures were occurring that might be minimized if averaged over an eight-hour sampling

duration, _
13 http://www.cdc.gov/nceh/airpollution/asthma/children. htm
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The nine schools studied were selected based on their accessibility, availability, and
willingness to participate, as well as their different geographic and demographic
characteristics. Thé schools are characterized and referred to as Schools A through I,
moving from urban to rural.'* Information used to make this characterization is presented

in Table 1 below.

Schools A, B and C are all located in a Northeastern inland city. It is a busy commercial
and manufacturing center, with a nearby airport, surrounding highways and congested
city streets. Students’ homes are close to these schools, so most students walk instead of .
taking the bus. However, nearby traffic from the rest of the city is heavier in this area
than it is near rural or suburban schools. School A is located in a commercial area of the
city next to a large intersection, so School A’s estimated vehicle traffic is higher than
Schools B and C, while School A’s population density is lower than B and C. School B
is located in a mixed residential and commercial area where streets are less busy. School
C is located on smaller roads in a mostly residential part of the city and so has less truck

and bus traffic.

School D is located in a coastal city in the Northeast, which is generally upwind of a city
larger than the town surrounding Schools A, B and C. The school is located in a
residential part of the city. There are large city streets near the school, but.immediately
surrounding the school are smaller streets, houses and a golf course. School E is located
inland in a moderately sized city.- The school is located on the edge of a residential area,
but is also very close to the largest downtown intersection, which is often congested. The
city is also located in a valley, which can lead to the potential inversion of pollution
(increased concentration and atmospheric residency) under certain meteorological

conditions.

School F is located in a coastal town about half a mile from a large interstate highway.
Many buses serve this school because students come from a large residential area.

School G is also in a coastal town and is only a few yards from a large interstate
highway. The area surrounding the school is farmland and largely unsettled. School H is
located in a northern inland town that is sparsely settled, although it is only a mile or two
from a large interstate highway. The closest city is about 30 miles away, with a
population near 35,000. School Iis also located in an inland town and its closest large
street is a small state highway. The closest urban center is located about 15 miles away

from School I, with a population of 22,000.

' Urban to rural for this purpose is defined in terms of population density, with the exception of School A,
which has a lower population density than Schools B and C, but is much more “urban” in terms of vehicle

traffic and is placed ahead of those schools in this ranking.

12
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Table 1. Characterization of Schools A-I

School City/Town | Population Density | Vehicle Geographic
Population*® (people/sq mile) Count** Characteristics
School A | 100,000+ 4124-6443 ' 41,500 Inland, urban,
commercial
School B | 100,000+ 12840-20257 10,000 Inland, urban,
_ o commercial/residential
School C | 100,000+ 12840-20257 10,000 Inland, urban,
residential
School D | 50,000 2300-3940 10,000 Coastal, urban,
: ' - residential
School E | 22,000 701-711 26,000 Inland, valley, small
i urban center
School F | 7,500 216-342 2,000 Coastal,
Residential
School G | 3,500 149-219 25,000 Coastal, rural open
- space, next to highway
"School H | 2,400 66 3,500 Inland, very rural,
' - farmland
School I | 2,100 45 2,300 - Inland, small rural
' town

* Rounded from Census 2000 to maintain the anonymity of the schools.
** Annual Average Daily Traffic estimates of local school area, from state Department of

Transportation offices. (see Appendix G for calculation details)

METHODS AND LIMITATIONS

This study was designed to monitor criteria pollutants, carbonyls, and volatile organic
compounds, and also to qualitatively assess the indoor environment by implementing a
walkthrough assessment. As mentioned previously, one of the primary sources of these
pollutants in the outdoor environment is fossil fuel combustion, particularly from motor
-vehicles. The methods used for this pilot study include real-time monitoring, four and
eighit-hour sampling and instantaneous sampling. Except for the real-time ‘monitoring
equipment, these are all adapted from standard methods used in ambient monitoring and
industrial hygiene practice. Equipment and methods for monitoring each pollutant

category are described below, along with limitations of the methods and equipment that
were experienced by the monitoring team. ' '

13 049?



Foinn e i

]
R |

Aasa

gy
¥ et

e Criteria Pollutant Monitoring

Methods:

The ACCESS air monitoring system was used to monitor criteria pollutants and other
atmospheric indicators.”® The system senses and records information from each sensor
every minute, providing real-time data. NESCAUM was interested in obtaining real-time
data for selected pollutants since short-term, episodic exposures to a number of air
pollutants may be very important when considering non-cancer health effects. For this
study, NESCAUM was particularly interested in real-time measurements for carbon
dioxide and fine particulate matter (PM,s). Tracking minute-to-minute variations in
these two compounds is instrumental to the aims of this and future studies since: 1)
measurement of the indoor carbon dioxide concentration indicates the amount of fresh air
exchange in the school buildings which aids in understanding the amount of air
infiltration and 2) short-term episodic exposures to fine particulate matter (PM, ), are
important to characterize because of the potential adverse impact on asthmatics or other
individuals susceptible to respiratory irritation. In addition to sensors for carbon dioxide
(COy) and PM; 5, the ACCESS system has been used effectively by NESCAUM in the
past to monitor for carbon monoxide (CO), nitrogen dioxide (NO;), ozone (O3), and
sulfur dioxide (SO,). In addition to these compounds, the ACCESS system tracks
temporal variation in barometric pressure, temperature, and relative humidity.
Concentrations of the pollttants measured with.the ACCESS system appear to be well
within the limits of detection for the different sensors.'® However, operational limitations
and sensor interferences described in more detail in Appendix D will affect the

quantitative accuracy of this equipment.

Real-time data provides an important source of information on minute-by-minute

- fluctuations of pollutants. Because pollutants that are lung irritants can produce acute

health effects from high-concentration exposures over very short durations, real-time data
is an important component of a multi-pollutant analysis. Without this information, short-
term spikes in pollutant levels are obscured when data is collected and averaged over

~ several hours. Accordingly, this study examines real-time data in conjunction with

average values from four and eight-hour samples of carbonyls and volatile organic
compounds (VOCs). '

In schools where two ACCESS systems. were available, one system was placed outside
and the other system was placed 50 feet inside the main hallway. In cases where the
ACCESS system could not be placed outside, one system was placed immediately inside
the doorway, and the other was placed approximately fifty feet down the hall. These
placements were designed to measure the difference between ambient air and indoor air,
and also to track detectable movements of pollution as it traveled into and down the hall.

15 For details on the ACCESS system, see Appendix D.
6 For example, O3, NO,, and SO, accuracy is +20 ppb and CO sensor accuracy is +2 ppb.
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Strengths and Limitations:

The main problems experienced in monitoring criteria pollutants with the ACCESS
system were variations in placement in each school, differences in the actual machines
that were used, and limitations with individual sensors on the machines. Placement
issues stemmed from logistical difficulties (such as outlet location, len gth of power cord,
weather conditions and student traffic) and difficulties defining the “main entrance” at
some schools: at urban schools such as A, B, and C, a majority of students walked to
school, so the small number of buses did not always have a drop-off area at an identified
“entrance” for each school. Some other schools had a number of entrances from the bus
stop area. In each case, the most commonly used entrance was monitored, but this did
not represent all foot traffic entering the school or vehicle traffic near the school. These
discrepancies between locations from school to school make it difficult to compare
schools, but outside (or immediately inside) measurements and indoor measurements can
be compared to each other for a given monitoring day at a single location.'”

Another factor contributing to the uncertainty of ACCESS monitoring results is the fact
that different ACCESS systems were used during summer and fall monitoring. ACCESS
systems used during the fall were up graded and recalibrated by the manufacturer prior to
the beginning of fall monitoring. However, despite these upgrades, some problems were
experienced with the new equipment. For instance, one system lost part of the computer
code, which resulted in difficulties with calibration, datalogging and dewnloading results.
Also, one of the newly installed particulate sensors became temporarily clogged with
debris during a monitoring study at one of the project sites. The change in monitoring
equipment between the summer and fall monitoring undermines the direct comparison of
results between monitoring phases. The ACCESS system results are quantitative in
nature only within operational limitations and sensor accuracy, and are most effective
when used to track events at a given school during a given time period.ls

Notwithstanding these issues, however, the ACCESS systems provided a valuable tool
during this pilot study. The systems were relatively reliable, and provided excellent
qualitative data, as well as quantitative measures within the operational limits of the
system. Because levels of uncertainty are relatively constant for specific monitoring
periods, trends throughout a day of monitoring are still valid. The primary purpose of
real-time monitoring was to track movement and relative trends of criteria pollutants
inside and outside of scheols. When specific sensors recorded erroneous data, it was
evident and that portion of the data was not included during our data analyses efforts,
recognizing the effect these outliers may have on our analyses. '

7 The specific locations of the ACCESS systems are specified in each school’s attached individual data.
18 please review Appendix D, part I, for more information -
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Methods:

Carbonyls were measured with Gilian personal sampling pumps, whlch draw air through
an absorbent tube at a constant rate for a specified amount of time."” Each cartridge was
analyzed by an EPA approved laboratory for the presence of a suite of fifteen carbonyls,
of which the primary compounds of interest for our pilot study were formaldehyde,
acetaldehyde and acetone. Acetaldehyde and formaldehyde are of particular concern to
air quality and public health professionals of the NESCAUM region due to exceedances
of the highly conservative health benchmarks for cancer risks across the nation. These
health benchmarks have been used historically in all NESCAUM states to target
emissions control efforts through state air toxic control programs. These compounds are
also known to be present in certain types of building materials used in schools, such as
carpeting (particularly the adhesive that holds the carpeting down) and some pressed

plywood.

Samples were taken over four- to eight-hour periods; the results show average pollutant
concentrations for the given time period. Eight-hour samples are typically collected in
occupational exposure studies and are appropriate for recording average, long-term
exposures. Most of the long-term samples taken were from six to eight hours in length.
Some four-hour samples were taken to' determine whether short-term peaks (which would
be diluted in an eight-hour sample volume) could be measured. Short-term peaks are of
interest because they are likely to contribute to respiratory irritation. Although the
sample volume collected was greater than the minimum required under the momtormg
methods selected, the total concentration of carbonyls collected in four hours in the -
schools during the summer was below the detection level for the analytical method. As a
result, during the fall, all samples were collected over six- to eight-hour periods.

On each day of monitoring a total of four to seven samples were taken in various
locations around the school. One pump was placed outside to obtain an ambient baseline
measurement. A second pump was placed inside and down the main hallway
approximately 50 feet inside the entrance. The remaining indoor pumps were placed in
“problem” classrooms (as identified by schools and teachers), in classrooms with
carpeting, or in roonis close to roadways or bus stops in an effort to characterize the
potential range in airborne concentrations in a givén schook* '

Strengths and Limitations:

The main methodological problem experienced in carbonyl monitoring was faulting [i.e.

the pumps stopped working] by the Gilian pumps. Faulting is a common problem when
using the Sep-pak collection media and the Gilian pumps that were used for this project.

Faulting occurs because the pressure drop across the sample bed becomes too extreme
with elevated airborne concentrations or high atmospheric humidity, which saturates the
absorbent media during sampling. Faulting occurred less frequently during fall

% For more detailed information, see Appeadiic D, part IL
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monitoring due to lower humidity levels and because of the use of two Gilian low-flow
pumps. These low-low pumps sample for longer duration more reliably because they
sample at a significantly slower airflow rate and are less affected by the pressure drop

across the Sep-pak cartridges.

e Volatile Organic Compounds
Methods:

Testing for volatile organic compounds was performed using Summa canisters. Summa
canisters are evacuated stainless steel canisters, which were fitted with an orifice

-~ calibrated to draw in one liter of air over a period of seven to eight hou'rs.?o The sampling
duration was set at eight hours in order to provide data for the risk associated with long-

~ term health effects and a comparison with the carbonyl sampling described previously.
For each day of monitoring, canisters were co-located with the ACCESS system, with
one evacuated canister placed outside near the main entrance and one canister with the
ACCESS system inside the school. The canisters were elevated a few feet when possible
to more accurately sample the breathing zone for school children. These locations were
selected to evaluate relative concentrations of these chemicals in ambient air and in the

school environment.

Twenty-eight VOCs were reported by the laboratory that analyzed the samples, including
benzene, toluene, and methyl ethyl ketone, which are targeted HAPs under the Clean Air -
Act. Importantly for this pilot study, benzene and toluene are known to be present in’
large percentages in evaporating fuel or as fuel combustion products. In addition, methyl
ethyl ketone; benzene, and toluene are all emitted by a number of other sources, such as
industrial solvents, personal care products, and chemicals used by schools for cleaning,
such as floor strippers and waxing products. Because they are emitted from multiple
sources, it is difficult to associate ambient or indoor concentrations with a single activity.

These chemicals do not have known acute health effects. However, benzene is a known
human carcinogen and toluene and methyl ethyl ketone, although low in potency, may
cause other adverse non-cancer health effects such as central nervous system depression

and liver damage following long-term exposure.

Strengths and Limitations:

Summa canister monitoring is widely used, is very reliable, and indicates clearly when a
full sample has not been collected. The limitations experienced with the Summa cans
were due to difficult attachment of the orifices, which only happened on a few occasions.
During summer monitoring, two different styles of orifices were used. The two styles
varied slightly in design and in ease of use, but both styles facilitated collection of a
seven- to eight-hour sample at each school. During fall monitoring, five- to seven-minute
grab samples were collected for five schools, and seven to eight-hour samples were -

20 See Appendix D, part III, for more information.
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collected for the remaining four schools.?! Grab samples had to substitute for the seven-
eight-hour samples because the calibrated orifices for the Summa canisters were not
available on those monitoring days. These grab samples provide a “snapshot” of the
ambient air concentration as they do not integrate a sample over a full eight-hour

sampling period.

¢ Indoor Air Walkthrough Assessment

* As part of this study, NESCAUM developed a walkthrough assessment, partially

adapting EPA’s Tools for Schools Indoor Air Quality Checklist (see Appendix E), and
integrating questions about building layout and surrounding areas.”> The purpose of the

* checklist is to identify and describe potential sources of pollution in and around schools

that may result in poor indoor air quality. One of the most important topics on the
checklist is moisture sources in buildings, which can enhance mold growth. Water
infiltration is indicated by evidence of leaks in roofs or pipes, water stains on ceiling or
floor tiles, and observable condensation. Available sources of moisture and nutrition
create an environment that supports the growth.of mold, a common respiratory allergen
and irritant. Details such as the number and location of water stains, the number of tiles

affected, and musty odors were noted.

Effective ventilation is another important factor in maintaining healthy levels of fresh air
in buildings.” Thorough inspections of the inner workings of ventilation systems was
beyond the scope of this study, but the checklist includes a section that addresses some
central aspects of ventilation, including the type of system; areas in which it operates; and
the presence of sealed windows and blocked vents. The effectiveness of ventilation
systems was also characterized in most schools with instantaneous sampling of carbon
dioxide (CO,) levels, which indicate the amount of fresh air in buildings. A high CO,
concentration may indicate that the air exchange rate is low or nonexistent, either bccausa
only a small amount of fresh air entering the building or due to a high occupancy rate.”

‘When equipment for grab sampling was availéble', samples were taken outside, at main

entrances, and in many rooms within schools, some of which had been identified as
‘possible problem areas by teachers. Samples of CO, were taken during summer and fall
in order to compare unoccupied and occupied schools. Samples were taken with a
Driger CMS handheld monitor. % €O, samples were taken in occupied and unoccupied
spaces and were collected at different times throughout the day in an effort to qualify the
degree of fresh air intake and distribution in schools. '

Walkthroughs also attempted to characterize some potentially important-indoor pollution.
sources, such as chemicals used for cleaning and use of photocopiers. Additionally,

2 Data is presented in Appendix H.
2 See Appendix E for EPA’s Tools for Schools checklist and Appendix F for the NESCAUM checklist.

2 These are all comfort criteria; there are no health effects associated with levels of CO, which are

expected to be found in a school building.
 See Appendix D, part IV for more information.
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walkthroughs identified whether exhaust hoods and fans were present above combustion
appliances and if so, whether they were free of soot and discoloration. The general
condition and cleanliness of buildings was also recorded, since dust exposure is known to
result in respiratory irritation. Temperature and humidity levels were observed, since -
these factors often influence the comfort level of buildings, as well as growth of bio genic
pollutants such as molds. Outside of buildings the air intake locations, water drainage
patterns, and characteristics of surrounding areas were also noted.

FINDINGS
e Criteria Pollutant Monitoring

Real-time monitoring results for respirable particulate matter” carbon monoxide, carbon
dioxide, sulfur dioxide, nitrogen dioxide, and ozone are shown in Figure 2, panels A — H.
Figure 2 presents €ight panels of representative data (one for each monitoring criteria)
from schools in this study. -To illustrate temporal variation in target compounds,
monitoring results are shown for an entire day. Further, data from a variety of schools is
shown to best illustrate the qualitative importance of real-time monitoring. The
operational limits of the ACCESS system prevent quantitative interpretation (see
Appendix D for details).

In some instances, it is possible to correlate variations in measured concentrations with
indoor or outdoor events. In these cases, we have attempted to identify potential sources
of the observed variation in measured values as detailed below. These data represent
quantitative results only within the operational limitations for the individual sensors.” '
Future NESCAUM analyses will track real-time carbon dioxide and PM, s concentrations
with more sensitive and accurate monitoring equipment now available to researchers.

In the few instances where the ACCESS system recorded levels above EPA standards,

“they are not definitive exceedances because of the margin of error present in each sensor.
Additionally, the standards for criteria pollutants are for 24-hour averages of ambient
pollutants, which is very different from episodic peaks recorded by the ACCESS system.

Panel A shows carbon dioxide (CO;) levels in a school’s main entrance and 50 feet down
the hallway. Carbon dioxide was measured because it is an indicator of ventilation
effectiveness and air exchange rates for buildings. It is not a criteria pollutant and is not
associated with any health effect at levels found in schools. At the school shown in Panel
A, CO, levels at the entry were lower than in the hallway for the entire day. This
difference may illustrate the smaller number of occupants in the entrance or a higher rate
of ventilation given proximity to an exterior door used throughout the day. The
measurements in the two locations changed together: both levels increased when
students arrived (around 9:00 a.m.), and then again when they entered the hallway for

25 The Access System was calibrated to selectively measure particulate matter with a mean aerodynamic

diameter of 2.5 micrometers or less (PMs).
* See Appendix D for more detail.
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dismissal (2:30 p.m.). Other smaller spikes throughout the day likely due to indoor
activity patterns. The results in Panel A are representative of most carbon dioxide levels
recorded at schools during the fall. There was typically some variation during the day
due to movement and activity in hallways. Levels in hallways at some schools were
slightly higher than those seen in Panel A. '

Panel B displays PM, s levels at a school’s entrance and 50 feet down the hallway. The
measurements indicate fluctuations occurring throughout the day ranging between 0 - 25
pg/m’. Fluctuations in the two locations coincide or closely follow each other, indicating
that they may be influenced by the same events, such as movement of students '
throughout the school (which may re-entrain dust and small particles within the school
and which may be reported as PM; s by the ACCESS system). The additional 10 {g/m’

found in entryway versus hallway measurements may be due to calibration of the

ACCESS system and not to concentration differences, since the margin of errqr for the
particulate monitor is greater than 10 ug/m’. The concentrations of PM; s shown in Panel
B are typical results for schools monitored during the fall, which all varied with the

" movement of people around the school. Some schools experienced spikes higher than

those seen in Panel B during periods of high activity in the hallways. These spikes may
be attributed to differences in PM; 5 concentrations or measurement artifact from dusts’
generated by dlsruptlon of floor material, school cleaning practices; or calibration and
operational limitations of the sensors.

The level of carbon monoxide (CO) detected in one school during the summer is shown
in Panel C. Measurements were taken at the main entrance and 50 feet down the hallway.
These concentrations varied throughout the day and demonstrate an apparent relationship
between outside activity and inside concentrations. The spike around 8:00 a.m. correlates
with the observation of the arrival and idling of a delivery truck outside the main entrance
of the school during this time. Peak CO levels 50 feet down the hallway occur a few
minutes after the peak at the entrance, marking the potential migration of the pollutant
into the school. CO levels recorded by the ACCESS monitor 50 feet down the hallway
are higher than those at the main entrance. However, this is likely an artifact of '
differences in zeroing of the sensors or simply a variance within the accuracy of the CO
sensor itself. At some other schools, low levels of carbon monoxide were also measured
in the building, possibly from the infiltration of carbon monoxide from idling school

_ buses or other traffic in the local area or due to low Icvcl release of indoor combustion

sources (i.e. a heating system boiler).

Ozone levels detected outside and inside a school during the summer is shown in Panel
D. The graph indicates that the levels of ozone outside were higher than the levels
detected inside. This is expected during the summer when outdoor ozone is at its highest,
due to atmospheric residence. Additionally, one would expect a lower ozone
concentration inside a microenvironment because it is a highly reactive, relatively short-
lived pollutant indoors. Also ambient ozone typically peaks in the afternoon, around 1:30
p.m. Therefore, the peak of indoor ozone at the same time suggests that the indoor
detection may be attributable to the infiltration of ambient ozone. Ozone was detected at
many schools over the summer, due in large part to elevated ambient summertime
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concentrations. In addition, when monitoring was done at the end of the summer while
schools were preparing for the start of classes, sources of indoor ozone, such as copiers

and printers, may have been detected.

Panel E shows NO, concentrations detected at the entrance to a school and 50 feet inside
the entrance. Indoor concentrations fluctuated between 0 and 10 ppb, with two spikes of
up to 45 ppb during the day. The ACCESS sensor located outside recorded a steady
increase from 10 ppb to 60 ppb around 2:45 p.m., with a small decline by the end of the
monitoring day. This steady increase may be due to ambient sources or local traffic. At
other schools NO, was sometimes seen in the fall, but no consistent pattern emerged.

SO, concentrations at the “front” and “back” entrance of a school are shown in Panel F.
There was almost no detection at the “front” entrance except at the start of monitoring. '
The fluctuation in the “back” entrance represents a small level of SO,, which may be due
to the fact that this entrance is only a few feet away from a street, and is located near the

bus stop.

Temperatures and relative humidity levels at each school were recorded on every day of
monitoring to help explain the behavior of pollutants and of sensors on the ACCESS
system. The temperature levels shown in Panel G are representative of temperatures seen
in most schools during the fall. The humidity levels shown in Panel H are from the same
school and same day of monitoring as Panel G and are also }‘epresentative of levels seen

at other schools during the fall.
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response to criticisms of using aggregate zonal analysis. However, this does not undermine the
benefits of aggregate analysis which is intended to look at aggregate effects and can provide
valuable information to policy makers on the overall impact of capacity expansion.

Rodier et al. (2001) use disaggregate data from the Sacramento, California region to examine
induced travel effects. Their study uses the integrated land use/transportation model, ME-
PLAN, to analyse the impact of various scenarios in the Sacramento region. They compare the
effect of holding various modelling elements constant, such as changes in land use and trip

.' distribution, as opposed to allowing these to be endogenously determined by the model. What

they find is that allowing these inputs to be endogenous results in a large elasticity of VMT
with respect to lane miles of 0.8 for a forecast out to 2015 and 1.1 for a forecast out to 2040. If
land development is not endogenous, but instead is assumed constant, the elasticity values are
reduced to 0.6 and 1.0, respectively. Holding population and employment location constant
further reduces these values to 0.4 and 0.6, respectively. This latter is equivalent to the as-
sumptions underlying most state of the art in regional travel demand models where trip dis-
tribution is derived through feedbacks and multiple iterations. Without feedback of the trip
distribution step, which is more common amongst state of the practice travel demand models,
an elasticity of 0.0 (for both future forecast years) is calculated, essentially assuming totally
inelastic travel demand. _

Rodier et al. (2001) make several major contributions. First, the range of elasticity values
derived using a disaggregate regional integrated land use and travel demand model assuming full
endogeneity gives elasticities similar to the aggregate studies discussed previously. In fact, their
elasticities are even higher than those studies that employ two-stage least squares to account for
causality. Second, they show that state of the art improvements to regional travel demand models
can capture about 50% of the induced. travel effect relative to current practice capturing no effect.
Obviously, this latter result has important implications for assessment of alternative projects
(which is discussed further below). Lastly, their analysis is based on individual behavioural ele-
ments establishing a clear causal link between behaviour and induced travel. Rodier et al. (2001)
also show that about 50% of the long-term induced travel effect is not captured by the use of travel
demand models; in order to fully account for induced travel, regions would have to capture both
travel and land use changes interactively.

Strathman et al. (2000) combined the 1995 Nationwide Personal Transportation Survey
(NPTS) data for 12,009 households with the Texas Transportation Institute (TTI) data (Schrank
and Lomax, 1997) on road capacity in 48 metropolitan areas in order to produce a system of
equations that include both a wide range of exogenous variables and.four endogenous variables
(commute mode, workplace density, residential density, and VMT). In addition they use-three
instrumental variables (likelihood of payment for parking at work, commute distance, and vehicle
ownership). In this study, per capita roadway capacity was found to have a significant effect upon
mode choice, residential density, workplace density, and VMT. Given an increase in roadway
capacity, the cross-sectional analysis indicated that persons within the metropolitan area tended
to be more likely to drive alone to work, live and work at lower densities, and generate higher
VMT.

The direct effect of a 10% increase in per capita roadway capacity is estimated to be a 2.9%
increase in VMT, when all other variables are controlled for. This elasticity is consistent with the
findings of Noland (2001); Noland and Cowart (2000), and Fulton et al. (2000). In addition to the

feale
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Table 3
Instrumental variable regressions (with fixed effects)*
Dependent  All states Maryland North Carolina Virginia
variable:  [nstrument Instrument Instrument Instrument Instrument Instrument Instrument Instrument
Growthin  _ growth = growth = growth = growth = growth = growth = growth = growth
VMT in lane in lane inlane  in lane in lane in lane in lane in lane
miles over miles over miles over miles over miles over miles over miles over miles over
two years three years two years three years two years three years two years three years
Growth in  0.505 0.457 0.397 0.290 . 0.638 0.479 0.288 0.444
lane miles  (4.823) (2.796) (1.972) (0.948) (6.491) (3.705) (4.405) (4.958)
‘Growth in  0.031 0.031 0.251 0.219 0.166 0.387 0.120 0.114
population  (0.234) (0.214) (0.864)  (0.726) (0.589) (1.293) (1.998) (1.694)
Growth in  0.002 - 0.028 0.255 0.292 0.114 0.133 0.088 0.080
per capita  (0.037) (<0.372)  (1.923) (2.047) (1.423) (1.573) (2.232) (1.959)
income . : :
Constant —0.003 —-0.004 0.009 0.008 0.038 0.038 0.040 0.043
(-0.148)  (-0.176)  (0.451) (0.396) (1.900) (1.824) (3.098) (3.222)
N 1980 1760 598 575 1000 900 2400 2304
Adjusted R? 0.031 0.024 0.112 0.089 0.060 0.060 0.172 0.199

" @ Tistats are in parentheses; County and time specific constants are omitted for brevity.

elasticity of 0.559, very similar to the results of Fulton et al. (2000). They used various political
and demographic variables to help explain the increase in road supply including the party of the
governor (lagged by one year) and the proportion of a county’s population that was white. They
also found that the supply of lane miles can be explained by VMT, but with a smaller coefficient
value of 0.328. Therefore their results suggest that causality may run in both directions but that
the effect of lane miles on VMT is greater than the opposite effect. They also conducted a Granger
test and found the results consistent with their instrumental variable model. Fulton et al. (2000)
also conduct a Granger test with Maryland and Virginia data. While this test is not a basis for
causality, they do confirm that VMT growth is preceded by lane mile growth, while the reverse
cannot be established. ' '
Overall the results of Fulton et al. (2000) and Cervero and Hansen (2001) are the most per-
suasive at showing a causal linkage between growth in lane miles and growth in VMT.
. The work of Noland and Cowart (2000); Fulton et al. (2000) and Cervero and Hansen (2001)
using two-stage least squares estimation generally produces lower elasticity values than the
studies of Hansen and Huang (1997) and Noland (2001), although the latter overlaps at the low
end. This may indicate that there is some upward bias in the estimates from the latter two
studies. '
The studies mentioned above have all used aggregate data to test for statistical significance and
to derive elasticity values. This is common practice in the economics’ literature, but has been
‘criticized by transportation planners. The basis of this criticism is that we need to understand how
individuals respond to changes in capacity to truly capture all the behavioural effects that might
occur. A disaggregate analysis of this sort would certainly be of interest and is motivated largely
by the desire of transportation planners to understand how specific projects may influence the
behaviour of specific categories of individuals. This has been a goal of transportation modelling in
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where people want to travel. On the other hand, these studies certainly do not build a case for
rejecting the induced travel hypothesis.

One approach for definitively addressing the issue of causality is to use an instrumental variable
in the regression with a two-stage least squares estimation procedure. Noland and Cowart (2000)
use a two-stage least squares regression testing several instruments to use for lane miles per capita.

. Results are shown in Table 2. Urbanized land is tested as an instrument in model (A). This

variable is not strongly correlated with per capita VMT but is significantly related to total lane

" miles per capita (increasing urbamzcd land area results in lower lane miles per capita). Model (A)

has coefficient values very similar to OLS estimates. Model (B) removes population density which
tends to interact with the dependent variable which is specified as a per capita variable. This
reduces the value of the lane mile coefficient. Model (C) which has population/area as an in-
strument indicates some instability and lack of robustness in the lane mile coefficient. These re-
sults, while relatwely weak, do suggest a causal lmkage between increasing lane miles and

increased VMT.
A study by Fulton et al. (2000) used cross-sectional time series county-level data from North

Carolina, Virginia, and Maryland and estimated a two-stage least squares model. Their model is

' spemﬁcd as a growth model with growth in VMT as a function of growth in lane miles. As an

instrument they find that lane mile growth over either 2 years or 3 years is correlated with 1 year
growth in lane miles, but not with 1 year growth in VMT. This is used to estimate individual
state models and a model with data from all three states combined. Results are quite robust with
an elasticity between 0.3 and 0.5. This model is reproduced in Table 3. Fulton et al. (2000) do
not provide an estimate of long-run elasticities but one would expect these to be somewhat
higher.

Cervero and Hansen (2001) estimate a two-stage least squares model with instrumental vari-
ables using county level data from California. They estimated a statistically significant lane mile

Table 2
Instrumental variable (two -stage least squarcs) rcgrcsstons‘
- - A) (B) ©
LN (VMT per capita) Insrument Insrument Instrument
= LN (area) ~ = LN (area) = LN (population/area)
LN (lane miles per capita) C0.760 - 0.289 1944
o - (18.092) : (2.873) ‘ (6.035)
LN (per capita income) 0.315 0.557 -0.135
_ (6.198) (8.051) (—0.798)
LN (fuel cost) —-0.005 -0.023 0.135
: (-0.179) (-0.713) (2.186)
LN (population density) -0.160 ;
: ' (=7.077)
Constant : 0476 -3.193 3.595
(0.887) (—4.701) (2.2249)
N 1050 1050 1050
Adjusted R? 0.975 0.967 0.902

* T-stats are in parentheses.
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Table 1
Seemingly unrelated regression by road type and urban/rural area: distributed lag model*
Dependent variable is log of Urban Urban Urban Rural Rural Rural
VMT by road type Lane miles  interstates arterials collectors  interstates  arterials collectors
are by road type per capita
LN (VMT, lagged one year) 0.464 0.370 0528 - 0.669 0.485 0.649
(17.981) (12.915) (20.251) (30.774) (16.658) (21.658)
LN (urban interstate lane 0.439 _
" miles, per capita) (17.136)
LN (urban arterial lane . 0.498
miles, per capita) (18.002)
LN (urban collector lane 0.513
miles, per capita) (15.097)
LN (rural interstate lane 0.234
miles, per capita) (6.473)
LN (rural arterial lane miles, 0.369
per capita) (10.621)
LN (rural collector lane miles, : 0.407
per capita) : (6.726)
LN (population) 0.625 0.652 0.690 0.250 0.509 0.307
: (9.561) (10.279) (6.645) (4.057) (8.159)  (2.950)
LN (per capita income) 0.748 0.489 0.328 0.531 0.630 0.313
(12.227) (9.788) (3.545) (9.858) (11.450) (4.387)
LN (cost per BTU of fuel) —0.085 -0.047 -0.019 -0.064 -0.035 —-0.033
) (-4.191) (-2.308) = (-0.478) (-3.590) (~1.746) (-1.106)
Constant —-9.149 —-5.908 -6.219 —-4.702 -7.349 -3.350
(-9.479) (-7.864)  (-4.907)  (-6.574)  (~10.093)  (-2.786)
N 583 583 583 . 583 583 583
Long run elasticities ' :
Lane miles per capita 0.819 0.790 1.087 0.707 0.717 1.160
Population 1.166 1.035 1.462 0.755 0.988 0.875
Personal income 1.396 0.776 0.695 1.604 1.223 0.892
Gasoline price -0.159 -0.075 —-0.040 -0.193 -0.068 —-0.094

A T-stats are in parentheses.

An analysis of nationwide metropolitan level data by Neland and Cowart (2000) tells the same
story. Long run elasticity values of 0.8 to 1.0 are derived using a distributed lag model estimated
for VMT and lane miles specific to interstates and arterial road capacity.

One criticism of this work has been that it does not resolve the issue of causahty, merely
showing a correlation between lane mile expansion and VMT growth. Highway planners argue
that since they have accurately forecast where individuals desire to travel they expect roads to fill
up with travellers after they are built. However, this ignores the fact that they often become more
congested more rapidly than initially planned, as Goodwin (1996) and the Standing Advisory
Committee on Trunk Road Assessment (1994) showed for a sampling of projects in the UK. This
may partially be a function of analytical forecasting tools that are not accurately capturing in-
duced travel effects. In any case, many planners discount econometric analyses as merely proving
that a correlation has been found and that these studies show that planners are putting highways
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highway lane miles for region i and time ¢ — /, where / is a time lag, ,lk, @' are coefficients which are
estimated, ¢, is an error term, assumed to be normally distributed. Fixed effect models with panel
data include dummy (0-1) variables for each cross-sectional unit (less one) and sometimes for
each year (again, less one). They are then normally estimated using ordinary least squares re-
gression (OLS). Other variables included by Hansen and Huang (1997) in their analysis are
population, personal income, population density, and gasoline prices, all of which are expected to

. have an effect on VMT growth.

The use of panel data and fixed effects estimation allows estimation of models when the analyst
may not have data on all the causal factors that influence the dependent variable (Johnston and
DiNardo, 1997). This is of critical importance in the analysis of VMT growth. Many factors have
been suggested as drivers of recent growth in VMT. These include increased female participation
in the work force, changing lifestyles amongst individuals, changes in family structure, levels of
available public transport, spatial patterns of development, and other factors that are either
unknown or for which data-are not easily available. Many of these factors may also be highly
correlated with other variables such as per capita income or overall population growth, which can
cause problems in estimating standard errors for the coefficients of interest.

As outlined by Johnston and DiNardo (1997), analysis of simple cross-sectional data using
OLS- éstimation can result in biased estimates due to orthogonality between the independent
variables and the time-invariant error term. Panel data allow the time-invariant terms to drop out,
thereby removing the bias in estimation. Johnston and DiNardo (1997) point out that “with panel
data it is possible to obtain consistent estimates of parameters of interest even in the face of
correlated omitted effects when OLS on individuals’ cross-sections would fail to do so!”.

Hansen and Huang (1997) estimate statistically significant coefficients on their lane mile vari-
able using panel data and both OLS and a Prais—Winsten regression. The latter was done to
correct for autocorrelated error terms that they found using OLS regression. Lane mile elasticities
(with respect to VMT) between 0.3 and 0.7 were found for models using county-level data. °
Elasticities of between 0.5 to 0.9 were found for models using metropolitan level data. Various lag
structures were also tested and a two to four year lag structure resulted in long run elasticities that
were greater than those in the unlagged models. :

Noland (2001) estimated a number of similar panel regression models using nahonmde data at
the state level. In general, Noland finds similar elasticity values ranging from 0.3 to 0.6 in the short
run and from 0.7 to 1.0 in the long run. The models estimated by Noland include a disaggregation
of the data by road facility type (i.e., interstates, arterials, and collector roads by urban and rural
road categories). These are estimated using Zellner’s seemingly unrelated regression and with a
distributed lag (thereby allowing the derivation of a long run elasticity). Results for one of these °
models are displayed.in Table 1. In addition, Noland (2001) estimates a growth (or difference)
model. This has the béneficial effect of removing virtually any multicollinearity in the independent
variables. The resulting lane mile coefficient estimates remain similar, rangmg from 0.5 to 0.8, all

with h1gh levels of statistical significance.

? These elasticities represent changes in VMT with respect to lane miles, therefore a positive sign implies that there is
an increase in VMT with an increase in lane miles. Alternatively, travel time elasticities, as discussed by Goodwin

(1992), will have a negative sign implying an increase in VMT with a decrease in travel times.

045



8 R.B. Noland, L.L. Lem | Transportation Research Part D 7 (2002) 1-26

etc.). The SACTRA report also included recommendations on how to improve appraisal and
forecasting methodologies to account for induced travel. We address issues related to this below in
our discussion of policy implementation.

Cairns et al. (1998) consider additional evidence for induced travel effects. Their study analysed
the impact of highway capacity reductions on traffic, essentially the reverse of adding new ca-
pacity. This study was commissioned in response to changes in the goals of transportation policy
in the UK on finding ways of supporting alternative modes of travel while reducing total vehicle
traffic levels. Improvements in public transport, pedestrian and walking facilities often require the
reallocation of road space from motor vehicles. Many proposed projects would be avoided due to
fears of “traffic chaos” should this occur. Cairns et al. (1998) reviewed both the theoretical evi-
dence and over 40 specific case studies where road space had been either temporarily or perma-
nently removed. The overall conclusion was that traffic chaos did not occur, though there may be
short-term transitional impacts. Overall traffic volumes were found to generally be reduced when

road capacity was removed.
3.2. Studies in the US

Shortly after the completion of the Standing Advisory Committee on Trunk Road Assessment
(1994) report, the Transportation Research Board (1995) examined the issue of induced travel and
the implications for air quality and energy use. This report provides extensive detail on the
behavioural impacts from expanding road capacity. The primary focus of the report was on the
capability of analytical models used for forecasting regional transportation growth and emissions

-of criteria pollutants to adequately account for induced travel effects. The consensus was that
most modelling procedures are deficient and probably do not adequately capture induced travel
_ effects or the behavioural and economic development mlpacts of road projects. Johnston and

Ceerla (1996a,b) verified this conclusion by modelling various infrastructure improvements in the
Sacramento region and comparing results with and without feedback of initial travel time
changes. They also showed that the lack of fully accounting for feedback effects could result in
different rankings of the projects on their congestion reduction potential.

The TRB report was inconclusive on how induced travel may effect air quality. This issue is
complicated by the relationship between traffic dynamics (such as changes in speed and acceler-
ation characteristics) and emissions. However, the report clearly concludes that reductions in
travel time or generalized costs will result in both increased highway use and have a decentralizing
effect on urban development.

Empirical work has attempted to separate the eﬂ'ccts of other exogenous variables using
econometric techniques. This recent body of work began with the work of Hansen et al. (1993)
and Hansen and Huang (1997) They estimated econometric models using time series data on
VMT and lane miles for state highways in California, by county and metropolitan area. The key
i_nno_vation was the use of a fixed effects model specified as follows,

log (VMT;) = a; + , + Zf log (X, Za) log (SHLM;,_;) + &, (1)

=0

where VMT,, is the VMT in region i in year ¢, o; is the fixed effect for region i, f, is the fixed effect
for year t, X¥ is the value of explanatory variable & for region i, and year ¢, SHLM,,_, is state
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Trunk Road Assessment discounted this argument for several reasons including potential prob-
lems with the timing of the measurements (taken only one year after the schemes were completed)
and the lack of a broader measurement of total traffic on alternative roads. They also note that
forecast traffic on motorways and bypasses was usually larger than for smaller schemes, which
would be expected if induced traffic was occurring. The arguments in the SACTRA report also
hint at the endogeneity of economic growth and highway capacity additions. The latter may have
an impact on overall economic growth as we discuss further below. To some extent, however, the

- potential forecasting errors could be from numerous factors, including lack of accounting for

induced travel, therefore it is difficult to draw firm conclusions from this analysis, other than to

demonstrate the weakness of current forecasting procedures.
Rodier and Johnston (2001) analysed errors in various socioeconomic forecasts and the impact

- on travel forecast error. This was done for the Sacramento, California region. They found that

plausible errors in personal income and fuel price forecasts had no significant impact. However,
errors in population and employment growth had a significant impact. Therefore it is reasonable
to assume that some of the forecast errors reviewed by the Standing Advisory Committee on
Trunk Road Assessment (1994) are from these type of errors, though separating the sources of
errors in demographic projections and omission of induced travel effects is questionable.

The Standing Advisory Committee on Trunk Road Assessment (1994) and Goodwin (1996)
derive travel time elasticities with respect to VMT using fuel price elasticities with respect to VMT.
This is done for the elasticity range —0.15 to —0.30 reported by Goodwin (1992). Using an as-
sumption of 6 pence (9 cents) per minute as the value of time, 25 min of average time spent
traveling and 50 pence (75 ccnts) spent per day on fuel, he denves an elasticity range between
—0.45 to —0.90 (or as he summarizes, nearly —1.00).

While it is not clear how the assumptions on time spent traveling and fuel costs were derived, it
is clear that if we use US prices for gasoline, which are about 4 times less than in the UK and
assume somewhat lower average vehicle efficiency, we can easily see that elasticity values in the US
must be larger. Assuming a gasoline price of $1.25 per gallon, average speed of 30 mph, and fuel
efficiency of 27.5 mpg, then US elasticities would range from —0.56 (short run) to —1.18 (long
run). ® The key result must be that if fuel prices are low, then more of a behavioural response can
be expected from changes in travel speeds. That is, highway capacity effects will be larger if travel
time accounts for a greater fraction of the total generalized cost of travel.

The Standing Advisory Committee on Trunk Road Assessment (1994) report had bccn com-
missioned to answer specific questions regarding induced travel. The first question was whether
induced traffic is a “real phenomenon”. They concluded that induced traffic “can and does occur,
probably quite significantly, though its size and significance are likely to vary widely in different
circumstances.” They also concluded that induced traffic can affect the economic evaluation of a
road scheme, i.e., affirmatively answering the question of whether induced traffic does matter.
They also conclude that it matters most under conditions where the network is operating close to
capacity, where demand elasticity is high, and in cases where a specific scheme is likely to result in
large changes in travel costs. They were not able to draw any conclusions on which elements of
travel behaviour are affected more or less (i.e., generation, distribution, mode choice, land use,

# Other assumptions used by Goodwin (1996) are held to be the same.
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to a report done for the UK Ministry of Transport in 1938 that evaluated a significant increase in
traffic on a new road. Much of the historical literature has been based on observational traffic
counts within travel corridors. These studies have generally not accounted for other exogenous
effects that could also contribute to growth in VMT. Pells (1989) also cited many previous
publications to estimate that much of the increase in traffic flows was due to induced traffic.

The Transportation Research Board (1995) also reviewed historical literature. The methods
used in many of these studies involved measuring traffic counts before and after the construction
of a new facility (e.g. Jorgensen, 1947; Lynch, 1955). Adjustments were then made to control for
‘normal’ growth in the corridor and the resulting difference was attributed to the new highway
capacity. While these studies are suggestive of an effect, statistically it is not possible to explicitly
attribute differences in traffic to the new capacity.

While much of this historical literature is suggestive of strong induced travel effects, these
studies did not use statistical models to control for other effects that cause VMT growth. In
addition, much of the historical research appears within the “grey literature”, consisting of
consultant reports, conference proceedings, and other sources not normally subjected to academic
peer review. ' -

The remainder of this review will focus on two distinct streams of research on induced travel
that have been pursued over the last several years. These parallel streams occurred in the UK and
the- US. We review both strands of research, most of which has been published in academic
journals, and which provide persuasive empirical evidence for the existence of induced travel.

3.1 Studz'e; in the UK

The recent spate of empirical work in induced travel was initiated by the Standing Advisory
'Committee on Trunk Road Assessment (1994) investigation and report to the UK Department of
Transport. This study, commonly referred to as the SACTRA report, included a review of rele-
vant theory and empirical studies. It also included a detailed review of traffic growth within

specific corridors that had an increase in capacity, concluding that many corridors had seen -

greater than expected traffic growth and that this growth was probably not solely attributable to
other impacts such as increases in income. In addition, the studies reviewed focused on traffic
counts, rather than changes in VMT, which may mask the effect of some trips now being longer
than they were previously. On average, actual use of a road during the first year after its com-
pletion was more than 10% greater than the forecast usage. While some of this may simply be due
to inaccuracy in the forecasts (other than the lack of accounting for induced travel effects), these
studies also showed that traffic flows on parallel routes that the roads were intended to relieve
were also either higher or about the same as before. .

The Standing Advisory Committee on Trunk Road Assessment (1994) report indicates that
some of the forecast inaccuracy may be due to underestimates of the rate of increase in GDP (as
used by the National Road Traffic Forecast). The UK Department of Transport considered this
to be the primary effect of the underestimation of traffic growth on the schemes studied and thus
discounted the evidence for induced travel occurring. The Standing Advisory Committee on

7 These reports are not always archived in university libraries, making them difficult to find:
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residences, employees, and businesses will tend to relocate over time often resulting in longer
distance trips (Gordon and Richardson, 1994). 6 The concentration of retail activities in “big box”
stores or auto-dependent regional shopping centers (rather than centrally located business dis-

.tricts) further increases VMT. Finally, increases in highway capacity may lead to changes in land

development patterns within a region.
The theory of induced travel is consistent with Downs (1992) theory of “triple convergence”.

Downs (1992) formulated this theory to explain the difficulty of removing peak-hour congestion

" from highways. In response to a capacity addition three immediate effects occur. Drivers using

alternative routes begin to use the expanded highway, those previously traveling at off-peak times
(either immediately before or after the peak) shift to the peak (rescheduling behaviour as defined
previously), and public transport users shift to driving their vehicles.

Mogridge et al. (1987) extends this idea to the Downs—Thomson paradox whereby road ca-
pacity increases can actually make overall congestion on the road worse. This occurs when the
shift from public transport causes a disinvestment in the mode such that the operator either re-
duces frequency of service or raises fares to cover costs. This shifts additional passengers into cars.
Ultimately the public transport system may be eliminated and congestion on the original (ex-
panded) road is worse than before. Arnott and Small (1994) provide a mathematical example of
this effect. ;

Another theoretical framework assumes that total time budgets allocated to travel remain
relatively constant over time. This was shown empirically by Zahavi and Ryan (1980) and Zahavi

and Talvitie (1980). Gordon and Richardson (1994) have shown that over time, relatively constant

average commute travel times are maintained. The travel time savings from increased travel
speeds tend to be off-set by increased travel distance, rather than actual travel time savings. Thus,
individual travel time budgets tend to remain constant. One could argue that full induced travel
effects could actually increase the travel time budget if the generalized cost of travel is reduced.
However, even without an increase in the travel time budget, a constant travel budget could result
in an increase in VMT from capacity additions and the increased travel speeds that are then
possible.

Clearly, the theoretical understanding and the potential behavnoural characteristics for induced
travel effects are well established. Clear empirical evidence has, until recently, remained elusive.
This is partly due to the difficulty of statistically separatmg the many effects that also increase total
VMT and establishing clear causal relatlonshlps These issues and a review of the empirical work

is presented next.

3. Induced travel: empirical studies and verification of the theory
Induced travel has been a topic of research in transportation planning and economics for many

years. Goodwin (1996) prevides a review of some of the historical evidence in the UK going back

¢ While the work of Gordon and Richardson is generally meant to extoll the virtues of suburban land development
patterns, their analysis of stability in work travel times while travel speeds increase, provides good empirical evidence

for induced travel.
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bet\a;een Q2 and QI, while the effect from exogenous growth is the difference between Q3 and
Q2.
Induced travel naturally assumes some elasticity of demand associated with travel. That is, as
the price (or time cost) of travel changes, the amount of travel demanded changes. Goodwin
(1992) reviewed a number of studies of the elasticity of travel with respect to fuel prices. He
concludes that elasticities of VMT with respect to gasoline prices range from about —0.16 in the
short run up to —0.30 in the long run. * However, traffic engineers have traditionally assumed that
travel demand has totally inelastic demand implying that total travel will be constant irrespective
of changes in the price (or time cost) of travel. This and the attribution of travel growth to ex-
ogenous factors is the source of much of the disagreement over the fundamental existence and
nature of induced travel effects.

Another common source of disagreement is how to define induced travel. For example, does.
this just include new trips or should longer trips also be included? Litman (2001), for example,
distinguishes between induced traffic and generated traffic, where the latter includes diverted
traffic (from other routes), while induced traffic does not include any diverted traffic. We define
induced travel to be an increase in VMT, since VMT growth is one of the primary sources of
increased environmental and social costs as well as representing the potential benefits of increased
mobility. In the simplest terms induced travel (or VMT) can be broadly defined as the increase in
VMT attributable to any transportation infrastructure project that increases capacity.

Hills (1996) and Litman (2001) provide a useful categorization of the various behavioural ef-
fects one can expect from highway upgrades or capacity expansions. Immediate behavioural ef-
fects include: changes in the timing of departure due to rescheduling of trips (Small, 1982);
switching of routes to take advantage of new capacity; switches between transportation modes
such as switching to private vehicle use from public transport; longer trips; and an increase in total
trips taken. The most visible of these effects (as shown by the difficulty of reducing peak period
congestion) tends to be rescheduling behaviour that results in travellers returning to their pre-
ferred peak travel times. However, this effect does not necessarily result in an increase in VMT and
so would not represent induced travel. > However, shifts to the peak that free up capacity at other
times of the day can result in new trips being made at those times that are now less congested.

Route switching can result in either shorter or longer distances being travelled. If the net effect
is more travel this is clearly defined as induced VMT. If speeds are now faster, some additional
long trips (perhaps recreational in nature or to more distant shopping centers) are likely to be
taken increasing total VMT.

In addition to these short run effects, various longer run effects are hypothesized to have a
significant impact on total VMT growth. One long run effect would be increases in household auto
ownership levels. Other long run effects occur due to changes in relative accessibility within an
urbanized area and can result in the spatial reallocation of activities. If speeds are higher, many

3 The relative scale of the effects in Fig. 2 does not necessarily represent actual magnitudes.
* This is distinct from Goodwin’s conclusions on the price elasticity of fuel consumption, which ranges from about

—0.25 in the short run up to about —0.8 in the long run.
% Peak shifting that does not noticeably reduce aggregate travel times does suggest that the benefits of most projects

are not accurately assessed. This suggests that rather than assessing benefits based only on travel times an assessment
based on the ability to travel at a preferred time should be done (Small, 1992). )
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S1: Supply before

%

$2: Supply after

Pl

Price of Travel
3

P

QU Q2

Demand

Quantity of Travel
Fig. 1. Induced travel.

n measuring the induced travel effect there are many confounding factors that also drive

- growth in vehicle miles of travel (VMT). Population growth, increases in income, and other de-

mographic effects, such as increased numbers of women in the workplace, are often-cited. Fig. 2
shows how these effects can be graphically illustrated. The demand curve shifts outward from D1
to D2 because total demand for travel is larger at a given price when, for example, population
increases in an area. The demand and supply curves shift simultaneously in Fig. 2, and the re-
sulting quantity of travel increases even more than in Fig. 1 (to Q3). Empirically, it is difficult to
isolate these two concurrent effects, and the relative contribution to VMT growth of different
factors. In Fig. 2, the induced travel effect is measured along the horizontal axis as the difference

SI: Supbly before
S2: Supply after

Pl
k9 // i

v
D3: Demand after

D1: Demand before

Price of Travel
e

Q1 Q2 Q3

Quantity of Travel

Fig. 2. Induced travel during period of underlying growth in demand.
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with a large expansion of the Trunk Road system. * Historically the UK has placed great em-
phasis on cost benefit assessment of road projects to help prioritize projects. In the US, assessment
procedures have normally focused on evaluating alternative options, mainly to assess and mitigate
environmental impacts. Recent research into induced travel effects, which we review, suggests that
these procedures do not fully account for the impact of changes in transportation facilities.

Recently both countries have attempted to move towards more integrated transportation
policies. This began in the US with enactment of the Intermodal Surface Transportation Effi-
ciency Act (ISTEA) of 1991 and subsequent reauthorization as the Transportation Equity Act for
the 21st Century (TEA-21) in 1998. In the UK the central government issued a White Paper in
1998 laying out a strategic direction for transportation policy (Department of Environment,
Transport and the Regions, 1998a). The latter reflected research conducted by the Standing
Advisory Committee on Trunk Road Assessment (1994), commonly known as SACTRA, on the
impacts of induced travel as well as environmental concerns over future growth in travel
(Goodwin, 1999). In"the US capacity enhancing projects are increasingly being challenged as
either ineffective at reducing congestion or as likely to result in the continuation of sprawl de-
velopment patterns and inefficient land use.

This paper reviews the theoretical and recent empirical evidence for induced travel effects,
focusing on the US and the UK. We begin with a review of the behavioural relationships un-
derlying the theory of induced travel and review much of the recent research that documents and
empirically measures induced travel effects. We then examine how transportation and environ-
mental policy is changing in response to the empirical findings both in the US and the UK. We
suggest areas of improvement in the decision making process to fully recognize the consequences
of induced travel behaviour on both transportation and environmental policy. '

2. Induced travel: theory and definitions

The underlying theory behind induced travel is based upon the simple economic theory of
supply and demand. Any increase in highway capacity (supply) reduces the generalized cost of
travel, especially on congested highways, by reducing the time cost of travel. Travel time is
the major component of variable costs experienced by those using private vehicles for travel.
When any good (in this case travel) is reduced in cost, the quantity demanded of that good
increases. '

Travel supply and demand and the induced travel effect are illustrated graphically in Fig. 1. The
line S1 is supply before a capacity expansion or other changes that lower the generalized cost of
“travel. The line S2 is supply after the change in capacity, resulting in a lower generalized cost of
travel due to lower travel time costs. The quantity of travel demanded increases from Q1 to Q2 as
the change in supply lowers the cost of travel from P1 to P2. Fig. 1 assumes no change in un-
derlying demand. For example, population growth is not depicted in Fig. 1. The increase in the
quantity of travel from Q1 to Q2 represents the induced travel effect.

2 Trunk roads in the UK are the responsibility of the central government and carry the bulk of long distance and
through traffic. ' '
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Abstract

This paper reviews recent research into the demand inducing effects of new transportation capacity. We
begin with a discussion of the basic theoretical background and then review recent research both in the
UK and the US. Results of this research show strong evidence that new transportation capacity induces
increased travel, both due to short run effects and long run changes in land use development patterns.
While this topic has long been debated amongst transportation planners, the fundamental hypothesis and
theory has long been apparent in studies of transportation economics and planning that evaluated different
issues (e.g. travel time budgets and urban economic development effects). We summarize much'of this
work and relate the theoretical issues to recent empirical research. We then proceed to examine recent
changes in transportation and environmental policy in the US and the UK. The role of the new knowledge
of induced travel effects would be expected to lead to changes in the conduct of transportation and en-
vironmental policy. Changes in policy and implementation of those policies are still occurring and we
provide some suggestions on how to move forward in these areas. © 2001 Elsevier Science Ltd. All rights

reserved.

1. Introduction

Transportation policy has normally been influenced by the desire to provide mobility and ef-
ficient access to alternative destinations primarily by alleviating traffic congestion. In the US this
has focused around construction of the Interstate Highway System and provision of capital as-
sistance for public transport systems in urbanized areas. The UK has followed a similar approach
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E-mail addresses: r.noland@ic.ac.uk (R.B. Noland), LewisonLem@aol.com (L.L. Lem).
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PAH mass 1o primary motor vehicle emissions. Of this,
65% of the PAH mass was attributable to puses and trucks
and 35% was atiribytable to cars. Although the basls for
vehicle r.lassiﬁq on differs, these results are comparable

_to the simple lm tegression results that showed 2-axla

and >2-axle vehjc[:s explaining 47 and 75% of the
particle-bound PN{ concentration variabllity.

Based on 3-hr integrated measurements, the coeffi-
cient given by the regression of traffic count on curbside
ambient cuncmiratiun provides an estimate of the mo-
bile source effeqr on curbside concentration relevant to

. the locatlon and meteorology of sampling. The magni-

tude of the source effect varied by pollutant and vehicle
class, The highest mabile source effect was 0.2711 ng/m?3/
vehicle for particle-bound FAH from >2-axle vehicles.
This exceeded the 2-axle moblle source effect of 0.0045
ng/m?/vehicle by a factor of 60. These results compare
with Dunbar et §.l.. 4 who attributed 65% of the total PAH
mass to buses and trucks that comprised 6% of the total
traffic volume, suggesting a 29-fold difference in mobile

- source effect between passenger vehicles and trucks and

buses. Additiorial corroboration far high particulate mat-
ter emission of diesel vehicles relative ta gasoline vehicles
is given by Durbin et al.,*? indicating diesel Ilght-dury
vehicles emit 1-2 orders of magnitude more particulate
matter relative to gasoline vehicles.

For 1,3-butadiene and benzene, the current study

. suggests that >2-axle vehicles have mobile source effects

that are 32 and 9 times greater than 2-axle vehicles, re-
spectively. Thig difference is consistent in direction but
higher than the 3- to 4-fold difference in hydrocarbon
emissions suggested by EPA% for light-duty gasoline paw-
ered vehicles (approximately 0,6 g/mi for 1991-1997 ve-
hicles with 50,000 mi) relative to heavy-duty diesel-
powered vehicles (2,1 g/mi for 1991-1997 vehicles with
50,000 mi).

The observed difference In mohile source effect by
number of vehicle axles is likely attributable to a combi-
nation of fuel type and consumption; that is, larger vehi-
cles with >2 axles are likely to burn more fuel per mile
and are mote likely to have diesel engines. From the
current study design, it is not possible to disentangle
thess two posgible contributing effects, However, based
on the Federa] Highway Administration's (FHA) database

aof vehicle miles traveled,34 it is passible to estimate fuel

consumption by wvehicle type. To compare the vehicle
classification from the current study (L., by number of
axles) to FHA'q classification, it is necessary to assign the
FHA classificafjon to categories by axle; 2-axle vehicles =
motorcycle, l.lght—duty gas, and light-duty diesel; >2-axle
vehicles = hegvy-duty gas and heavy-duty diesel. Assum-
ing this classification and based on the FHA database for
the surrounding vicinity (Baltimare Clty, Baldmore

146 Joumal of the Alr & VWaste Managament Assoclation
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County, and Anne Arundel County),*6 99,7% of the gas-
oline is consumed by 2-axle yehicles whereas 72.2% of
diesel fuel is consumed by >2-axle vehicles, These data -
indicate that although the 2-axle vehicle class is nearly all
gasoline-powered, the >2-ax]e vehicle class is comprised
of a mixture of diesel and gas, although predominantly
diesel. Therefore, these data provide some substantiation
that a difference between the vehicle axle categories con-
sidered in this study is caused by type of fuel.

The regression coefficlents for wind speed and tem-
perature were significant in explaining pallutanr varlabil-
ity; however, a different effect was observed for the gas-
phase VOCs relative to particle-bonnd PAHs. For 1,3-
butadiene and benzene, an inverse association was
observed, such that increasing wind speed was assoclated
with decreased pollutant levels. This effect is likely caused
by horizontal mixing with relatively less polluted reglonal
air. In contrast, for particle-bound PAH, a direct associa-
tion was observed with wind speed. The reason for this
direct association is unclear. However, it may be because
of the instrument’s inlet configuration and collection blas
caused by size. Because PAH adsorption and the instru-
ment’s response are both particle size-dependent,34.49 it
follows that alteration of the particle collection efficiency
by slze will alter the PAH concentration measurement.
The observed effect is consistent with a blas of greater
efficlency in sampling small particles with increased wind
speed, Alternatively, this effect could result from resus-
pension of surface-deposited particle-bound PAH. It is
unlikely that the observed effect was caused by some
regional industrial source because no assaciation was ob-
served with wind direction.

‘CONCLUSIONS

The current study provides unique time-resolved mea- -
surements of traffic counts and vehicle class cambined
with the curbside concentrations of three key mobile
source-related environmental carcinogens, that is, ben-
zene, 1,3-butadiene, and particle-boynd PAH. An exami-
nation of the variability in the source term relative to the
resulting pollutant levels using multivariate regression
analysls ylelded a stadstically significant assoclation (p <
0.001), providing an empirical model for estimating pol-
lutant levels from traffic volume and class taking into
account wind speed and temperature. Because the traffic
volume profile between 2-axle and >2-axle ‘vehicles dif-
fered, it was possible to tease out a mabile source effect
term (ng/m3/vehicle) for these two classes. For all three
pollutants, the mobile source effect of >2-axle vehicles
exceeded that of 2-axle vehicles by as much as a factor of
60 for particle-bound PAH to factors of 9 and 32 for
benzene and 1,3-butadiene, respectively. However, be-
cause 2-axle vehicles outnumber >2-axle vehicles by
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ng/m* (IQR = 241.3) were ob-

served during 9 p.m.~12 am.

2-Axa  >2:flle  Temp Wind and Humldity 1,8-Butadlene Banzana PAH  apnd 6 a,m.—9 a.m, Intervals, re-
Eﬁ'ﬁ 10 spectively, Indoar median con-
: ! centrations measured in homes

>2-Ada 0s 10
Temp 03 e ) L without smokers {n the Boston
WndSpesd 03 g1 . o4 10 region using an Ecochem PAS
Hurrkdty 02 02 - 07 03 10 monitor ranged from 8 to 19 to
1.5Buldens 0.4 048 02 0.1 02 10 31 ng/m? at subhurban, semiyr-
Benuzna 08 5 04 0.1 03 07 1.0 ban, and wrban locations, re-
PAH 06 08 00 a8 0.0 0§ 04 10 . spectively.sd In the same dity
| = S = dwing the summer of 1998,

take into account a hojt of meteotological factors, includ-
ing wind speed; temperature, and humidity. Furthermore,
because the traffic patterns of 2-axle and >2-axle vehicles
differed sibstantively, it has been possible to resolve their
relative contribution to ambient levels.

Alttiough the obferved tollboath 1,3-butadiene and
benzene concentrations (means ranging from 2 to 11,9
and from 3 to 22.3 pg/m®, respectively) are considerably
higher than what hag been observed even for urban en-
vironments, findings from this study may have particular
relevance for urban ommunities built in close proximity
to high-traffic arterials as exist in Baltimore. In compari-
sap, the most recent data from the California Air Resource

Board#.indicate anrjual medjan 1,3-butadiene levels of

0.60 pg/m® (0.18-2.06) and Q.13 pg/m* (0.04~0.84) for -

urben and suburban locations, respectively, The corme-
sponding annual median (range) benzene levels are 3.5
ug/m® (1.27-9.54) and 0.95 pg/m® (0.32~4.13), The an-
nual average (range) urban and subtirban 1,3-butadiene
levels reported for Maryland in 1999 were 0.35 pg/m*
(0.07-1.23) and 0.04 pg/m® (0-0.15), respeatively. The
comesponding values for benzene were 2.2 pg/m® (0.8~
5.8) and 07 pg/® (0.3-1.5), respectively.s® Similar
model-based estimates are given by Rosenbaum et al, ¢ for
all U.S, census uaqts showing median annual average
benzene and 1,3-butadiene levels of 1.6 and 0,18 pg/m?,
respecuvely. Therefore, the high-end tollbooth 1,3-
butadiene and benzene levels typically exceed average
urban ambient levels by approximately an order of mag-
nitude and by 20-30+fold for the two pollutants, respec-

tively. The observed higher tollbooth levels are caused by

the proximity and mtenﬂty of the source (i.e., ~70,000

vehicles/day) and provide a valuable laboratory for exam-
ining the real-world impact of mobile sources on air
quality.

The differences between particle-bound PAH levels
previously me in the urban environment relative to
the ctirrent tollbooth study are less dramatic than for
1,3-butadiene and benzene. The lowest. and highest me-
dlan concentrations of 9.3 ng/m® IQR = 10.7) and 199.3

Volume 53 Juna 2003

Dunbar et al,“ reparted median
curbside cancentrations over five days that ranged from
10 to 20 ng/m?® (assuming'1 fA/ng/m%). Based on inte-
grated sampling and laboratory analysis methods,
Naumova et al. 4 report outdoor median particle-phase
SPRAH levels ranging from 1 to 4 ng/m? for homes in Los
Angeles, Houston, and Elizabeth.

Traffic volume was found to be & strong determinant
for curbside concentrations of 1,3-butadiene, benzene,
and PAH, explaining 62, 77, and 85%, respectively, of the
alr pollution levels, indicating that of the three pallut-
ants, PAH is most strongly assoclated with traffic. The
obsérved R? for 1,3-butadiene and benzene are consistent
with EPA estimates of 56 and 60% of total 1,3-butadiene
and benzene emissions attributable to on-road mobile
sources.sé In a recent study where the same model Eco-
Chem instrument was used at a busy Boston intessection,
Dunbar et al.¢* attributed 46% of the wtal particle-pound

dlﬂarﬂnt VGCS and vehicla bpes.

" Reg,
flesponea Velicle Coverietes  Coalf. B Pvalue
Quidoar 1,8-buradlena (1 = 56)  Madal Y 082 <p.0oo1
2-84g 0.00032 0.02
>2-gde 0.01039 <0.01
Wndspead —1.25676 0.08
Temp 0.24584 01
Ilercopt ~ —3.87692 027
Quidaty henzana (7 = 58 _ Moael Q77 <000
2-ads 0.00103 <0.01
>2-ada 0,0085 001
Wndspead  —3.43332 <0,01
Temp 0.88061 <0.01
htercapt —18.8826 <0.01
Oudear PAH 1 = 14) Mode! 0856 <0.001
’ 2-ax8 0.00461 0.21
>2-a48 027109 0.02
Wind speed  40.2166 0.04
Temp —14,0236 0.48
ercepl  370.828 0.04
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Metearological measurements over the 56 3-hr inter-
vals are presented in Table 2, Tempersture and humidity
ranged from 21.8 to 31.6 °C and from 38.5 to 76%, re-
spectively, Wind speeds ranged from 0.3t0 2,1 m/sec and
were in no predominant direction. The association be-
tween traffic volume and curbside concentradons of 1 /3
bytadiene, benzepe and PAH is illustrated by a scatter
plot (Figure 4). S{mple linear regression of ambient 1,3-
butadiene, benze_pe, and PAH on total traffic volume in-
dicates that 40, 69 and 49% of the pollutant variability is
explained by traffic volume.

Table 3 presents a matrix of correlation coefficlents
for the various pallutant measurernents and traffic count
and meteorological explanatory variables, As suggested in
the concentraﬂd{'l profile plots (Figures 2 and 3), 1,3-
butadiene and benzene are slgnificantly correlated (p =
0.05). The meteorological varibles humidity and temper-
ature are similarly significantly correlated (p = 0.05). PAH
and 1,3-buradlene showed a stronger correlation with
>2-3xle vehicles than with 2-axle vehicles, whereas ben-
zene was more strongly correlated with 2-axle vehicles,

~ The simple linear models were further refined using
multivariate analysis that simultaneously took into ac.
count vehicle class and weteorological conditions, in-
cluding temperatiwre, wind speed, and direction. The re-

. sults of the multvariate analysis are presented in Table 4.
- In this more complete analysis, traffic volume classified as

2-2xle and >2-ax|e vehidles was significant (p = 0.0S) for
both 1,3-butadiene and benzene. In contrast, for PAH,
only >2-axle traffic volume was significant. The multivar-
iate models are aisignificant improvement over the uni-
variate models, as indicated by the increased explained
variability in pol,l'utant concentratons: 62, 77, and 85%
for 1,3-butadiene, benzene, and PAH, respectively, It is
likely that some of the unexplained variability is attribut-
able to spatial differences {n wind speed and direction
between the toll plaza and the location of the measure-
ments in Ezst Baltimore,

Table 2. Maténrhlnglcal resulls (medisn &nd renge) by eampling bntarval.
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Figure 4. SGnarphtvwhmmpla lInear regreesion of 1,8-butadens,
benzene, and PAH vs. total traffe counts per 3-hr Intsrvel, PAM conasn-
tration [n ng/m?,

The traffic voJume regrassion coefficient is indjcative
of mobile spurce effect (ng/m¥/vehjale) based on 3-hr
Integrated measurements, Accordingly, a unit increase in
2-axle vehicle increasesthe curbside concenfration of 1,3.
butadiene, bengevie, and PAH hy 0.32, 1, and 4.5. ng/m?,
respectively. The >2Zaxle vehicle mohile soyrce effect of
10.4, 9.5, and 271 ng/m*/yehicle for 1,3-butadiene, ben-
zene, and PAH exceeds that of 2+axle vehicles hy factors of
32, 9, and 60, respectively, Howevey, the difference in
mabile source effect is partially offset by the traffic vol-
ume in each class, with 2-axle vehicles oumumbenng
>2-axle vehicles by a factor of 29, Therefore, taking both
the mobile source effect and vehicle counts into account,
the >2~axle vehicle contribytion exceeds that of .2-axle
~vehicles by factors of 1.1 and 2.1 for 1,3-bytadiene and
PAH, respectively. For benzene, the inverse is true, with
the 2-axle* vehicle contribution exceeding the >2-axle

vehicle contrbution by a factor of 3.2.

DISCUSSION
The current study is desigped to mform the source to
effect continuum for mobile sources and cancer
. - riskby elucldating the association between traffic
i golume and curbside. levels of mobile source-

) Temparature ' Ralative Wind Spgad
[aterval _ rt) Ilumldfty_t%l (m/sac)

Dom|neat related air polludon. Benzeme, 1,3-butzdiene,
Wiad Dirsetion  and PAH are of particular concern as environ-

12am-3am. 234 (21.7-268) 720642622 030.2-1.2)
3am~8am.  218[202-255 750(70.7-847) 050.3-1.0
Bam-9am  244'227-269 655E07-77.0 03(0.7-1.3)
gam-12pm.  203(281-31.3) 457(39.8-887) 17(1.1-1.9
12pm-3pm, 316(27.6-33.6) 86(36-55 14(1.2-27)
dpm-6pm.  305(28.3-337) 463 (41.2-868)  21(1.1-3.2)
Spm~8pm.  278{27.1-31.5) 635(442-81.8) 19(Q7-2§

9pm-12am.  255(226-281) 5B5(537-60.0) 09(01-1.8)

f%mzzﬁ%%%

mental cardnogens. Although emission data are
available from dynamometer testing?? and tun-
nel tests36.3? and annual ambient estimates have
been modeled, 244 the current study represents
some of the first time-resolved measurements
quantifying the association between outdoor curh-
side pollutant levels and traffic volume and class.
An’ advantage of the current study approach is
that it provides actual in sity measurernents that
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the tollbooth are varied, with vehicles decelerafing and
braking upon approach, idling and traveling slowly to the
tollbooth attendant, and then accelerating onto the high-
way. Total vehicle counts (north- and southbound) per
3-hr interval over the seven-weekday sampling period are
shown In Figure 1. The diurnal distributon is bimodal,
with modes associated with the moming and evening
rush hours, ag expected. There is an appraximate 8-fald
difference between minimum counts occurring during
the nighttime hours to the maximum recorded during the
" rush hour. The tptal morning rush hour traffic exceeds the
midafternoon traffic by a factor of approximately 1.5.
However, there is a distinct difference in traffic volume
patterns between vehicles with 2 axles relative to vehicles
with >2 axles, ffhe moming rush hour Is caused by an
Increase in- both 2-axle and >2-axle vehicles, whereas
>2-axle vehicle counts remain elevated into the early
afterncon hours, while the commuting 2-axle vehicles
drop precipitously between the morning and afternoon

rush hours, Although the number of >2-axle vehicles,

continues to Increase even after rush hour, the overall
traffic count goes down after rush hour becayse >2-axle
vehicles account for only 2-9% of the total vehicle
counts. Therefore, the overall decrease in total traffic
counts during the afternoon is caused by drastic decreases
in commuters on the highways during afternoon hours,

The distribptons of 1,3-butadiene and benzene 3-hr
integrated outdoor measurements made over the 7-day
period are shown in Flgures 2 and 3. The concentration
profiles of 1,3-butadiene and benzene tracked one an-
other and followed a similar bimodal pattern to the traffic
counts, with the lowest levels occurdng in the early
moming hours and peak levels occurring during morning
and afternoon rush hours, The lowest 1,3-butadiene levels
(median = 2 pg/m? range = 0.8-4.5 pg/m® were

2000 .
(EDO oo
Tocma 4

ot

]
{ B
L q
124 Voem G-BuR D-120m 123pm SEpm  Gopm O-flem
Thme of Pay

Flgure 1. Dla‘ult;nudan of 3-tr traffic counts for differant vehicis types &s
a function of tma. Tha maan Ia ploted with emor bars representing the
S0
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Figure 2. Distroution (n = 7) of outdaar benzane by time of day. The
boas rapresant 25th and 76th parcentiies, whiskers represent &th and
86th percentles, and the horleontal bare reprasent the madlan valus,
Individuzl autliers ere representad by the dats,

recorded during the Interval 12 a.m.-3 am. whereas
maximym levels (medlan = 13,5 pg/m>; range = 6-19
rg/m?) were recarded during the interval 6 a,m.-9 a.m.
The corresponding benzene concentrations were 2,7
pg/m? (0.7-9.6 ug/m®) and 22.3 pg/m? (12.5-32.5 pg/m?),
respectively. PAH levels followed a slightly different
pattern, with minimum wvalues observed during the
evening interval 9 p.m.~12 am. (median = 9.3 ng/m?%
interquartile range [IQR] = 10) and maximum levels ob-
served during the 6 am.-9 a.m. interval (median = 199
ng/m®; IQR = 241). IQRs are reported for the PAH mea-
surements because of the large varlability In the 1-min
measurements,

124 Seam. SGam O{ipn idpm 3op SOwe elen
Times of Pay

Figurs 3. Distibuton (7 = 7) of outdoor 1,3-butadiena by tme of day.
The baxss reprasent 26th and 75t percantiles, whiskers represant Sth
end 96t parcanties, and the horlzornal bars represant the medien valus.
IndMdusl outiars are rapressmited by the dots.
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Sapkota and Bucklsy

concentratdons corresponding to the traffic count inter-
vals.

Hourly traffic count data for both northbound and
southbound traffic'were obtatned from tha MDTA (Toll-
booth Administration at Baldmore Harbor Tunnel),
which maintains an hourly record of total vehicle counts
passing thraugh each tollbooth, classified by the number
of axles on each vehicle. The axle-based classification was
compared with the Pederal Highway Administration
(FHWA) classificatign system (Table 1),35 This table indicates
that 2-axle vehicles primarily represent passenger cars, mini-
vans, pickups, and single-unit trucks, whereas >2-axle vehi-
cles are primarily biises; large trucks, and trailess.

Mateorological measurements including tempera-
ture, relative hurgidity, rain, wind speed, and direction
were made using a Davis meteorological station (Davis
Instrument Corp.). The meteorological stationr was lo-
cated in East Baltimore approximately 4 mi due north of
the toll plaza neari the Johns Hopkins Bloomberg School
of Public Health, Field (n = 7) and Izboratery (n = 10)
blanks were 1ncluc}'ed in all sampling and analytical runs,
Reported concentrations have been corrected for mean
field blank levels. All samples were analyzed on the same
day thiat they were retiuned from the field. Measurement
precision was determined from a single measurement

- made in triplicate using side-by-side sampling, Recovery

was determined by spiking air toxic tubes (n = 7) with 15
ng of 1,3-butadiene and 5 ng of benzene, Tubes were
cleaned for reuse by conditioning in the ATD 400 at 350
°C for 15 min. Condjtioned tubes were randomly selected
and analyzed to verify that there was no canyover of
residual analytes from ane sample to the other.

Table 1. Compgriscn of FHWA vehlela clzss and the number of 2xle, wilh examplas.

P
— —

FRWA A

Vshicla No. of Axles
Class par Vshlcls Vehicla Typas
1 2 Molorcycles
2 2 Pagsanger cars
3 g Picups, vans, campars, minfbus
4 22 Buses ;
§ 2 Sie-tire, single-unlt nscks, Including motor homes
6 3 Threg-axe snge-ult ugks
7 4 Four-ade sngle-unk tucks on single frema
8 4 Four or fawer es consising of fwo unts
8 5 Al ve axdes consisting of o Unifs
10 6, Veticlea with 8l o more &xas with b unifs
1 5 Fva or fawer axes cansisfing of thres wnils
12 6 Al six-axde vehices with thies or mors untts
13 7 Al vehicles with seven or mors &xs8
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Data Analysis

The hourly traffic data were summed in a 3-hr interval
corresponding ta the 3-hr integrated sampling period. A
composite traffic volume for a glven day was calculated by
adding up the vehicle counts for all 14 tollbooths per 3-hr
interyal. The traffic volume data were grouped into two
classes for analysis: 2-exle and >2-axle vehicles. Meteoro-
logical data and PAH data were similarly averaged. over
the same 3-hr sampling interval. All measured concentra-
tons were corrected for recavery and blanks. Multivarate
regression model (eq 1) was used to investigate the rela-
tonship between curbside pollution levels, traffic vol-
ume, and meteorological conditions using Intercooled
Stata, version 7 for Windows (Stata Corp.).

Cf = pﬂ # B]lz"axfc + ﬁu > 2-gqxle + BmTﬂmP

; 1
+ BuWind Speed + ¢, M

In this model, C, is the curbside concentration of pollut-
ant i for the 3-hr sampling interval. The regression coef-
ficlent B,, represents an average increase in the curbside
concentration of pallutant i (ag/m®) for a unit increase in
2-axle vehicle number, adjusted for the number of >2-
axle vehicles, temperature, and wind speed. Similarly, B,
represents an average increase in the curbside concentra-
tion of pollutant i (ng/m3) for a ynit Increase in >2-axle
vehicle number, adjusted for the number of 2-axle vehi-
cles, temperature, and wind speed. These toefficients have
units of ng/m?¥/vehicle and provide an indication of the
maobile source effect on the curbside pollutant concentra-
tion. Hereafter, this effect will be referred to as “the mo-
blle source effect.” The method detection imit was calcu-
lated following the Code of FPederal Regulations
(40CFR136 Appendix B) as discussed in EPA Compen-
dium Method TO-17.3¢ The limit of detection was oh-
tained by multiplying the SD of the seven spiked samples
by the Student’s r value associated with the 99% confi-
dence interval and 6° of freedom.

RESULTYS
The recovery for 1,3-butadiene and benzene (% SB) aver-
aged 85 + 12% and 97 + 8%, respectively, for the seven
recovery spike samples analyzed, The analysis of a single
sample collected in triplicate yielded a coefficlent of vari-
ation of 2 and 6% for 1,3-butadiene and benzene, respec-
tively. The limit of detection was determined as 0.46 and
0.58 pg/ra? for the two respective analytes. - _
Results from thig study relate to traffic levels, vehicle
class, and operating canditions gt a specific tollbooth
facility. The vehicle operating conditions associated with

e Y o
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sources contribute 63, 59, and 63% to tatal ambient ben-
zene, 1,3-butadiene, and polycyclic organic matter
(POM), respectively. (POM is the more comprehensive
family of organics that subsumes the carbon and hydro-
gen-only containing PAHs.) Taking into account point
and area sources in addition to mobile sources, for the
60,803 census hlocks in the contiguous United States,
Rosenbsum et gl. estimate median ambient levels of 1.6,
0.099, and 0.18 pg/m? for the three pollutants, respec-
tvely. These modeling results are further substantiated by
studies Indicating large pollution differences between
weekends and weekdays atiributable to varying traffic
lewels. In a series of studles, Vukovich?® identified 27-42%
higher VOC levels in the Northeast and in Texas on week-
days relative ta weekends. Igen et al.24 reported geomet-
rlc mean benzene levels of 3.1 and 1.8 pg/m® in German
homes located on high- and low-traffic streets, respac-
tively.

Both indoor 2nd outdoar sources factor into human
exposure and risk, There are several known Indoor sources
of benzene and 'PAHs, such as cleaning products, paints,
glues, and tobacco smoke for benzene, and woad burning,
cooking, and tobacco smoke for PAHs.27-3¢ For 1,3-
butadiene, the only known indoor source Is tobacco
smoke, which can elevate indoor 1,3-butadiene concen-
trations significantly 1

Although there is a growing body of literature {den-
tifying a substantial mobile soyrce contribution to zmbi-

ent pallution, these estimates largely rely on dynamom- .

eter emissions festing coupled with estimates of vehicle
miles driven. The current study is unique in examining
‘the actual measured association between vehicle volume
and class and the resulting curbside ambient pollutant

concentration, providing a real-world basis by which to -

validate models and estimate exposure. The study was
conducted at 3 tollbooth facility where traffic count and
type were carefully quantified, providing a basis for a
real-world estimate’ of the mobile saurce effect on curb-
side concentration for 1,3-butadiene, benzene, and PAH,

METHODS
Study Site and Sampling -

This study was conducted at the Maryland Transportation
Authority (MPTA)-operated Baltimore Harbor Tunnel
tollbooth facility. This facility has 14 tollbooths evenly
divided betwesn northbound and southbound traffic,
Sampling was conducted at a single northbound toll-
booth (number 3), It was selected because it is open and
operator-occupled 24 hr/day, Samplers were placed im-
mediately outgide the tollbooth on the south side (vehi-
‘cles approaching) approximately 3 ft above ground. Sam-
pling was conducted over seven weelkdays during the
periad from June 18 to June 28, 2001,
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Three-hour integrated 1,3-butadiene and benzene
samples were collected using a Perkin-Elmer STS-25 se-
quential sampler. Samples were collected sequentially
onto stainless-steel Perkin-Elmer Afr Toxic Tubes packed
with a solid sorbent (Supelca, catalog no. 25051), using an
SKC 210 pocket pump (SKC, Inc.) set at a nominal flow
1ate of 2§ mL/min, Pumps were calibrated upon initation
of sampling using a DryCal DC-2 primary standard (BIOS
International Corp.). Sample flaws were checked after
sampling to account for any drift during sampling.

Bvery 24 hr, the sampled air toxic tubes were remaved
from the sequential sampler and retumed to the labora-
tory for analysis. Samples were thermally desorbed (Perkin-
Elmer ATD-400), separated by gas chromatography (GC),
and detected with mass spectrometry (MS) using a
Shimadzu GC-17A gas chromatograph and QP-5000 mass
spectrometer (Shimadzu Biotech), The cond!{dons used for
the ATD~400, GC, and MS were adapted from Kim et al,32
Chromatographic separation was obtained using Restek
Rtx-624 column, 60 m X 0.25 mm [D with 1.4 pm thick-
ness (Restek Corp., catalog no. 10969),

Calibration standards were prepared at six levels by
diluting 2 mg/mL 1, 8-butadiene stock solution (Accustan-
dard, catalog no. S-406A-10x) and 2 mg/mL custom VOC
mix (Aceystandard, catalog no, 5-2081-R10-10x) in meth-
anol. One-pL injections were made into clean sampling

"tubes using a modified GC injector port (50 °C, He flow of

80 mL/min for 10 min). The final amount on sampling
tubes ranged from 1 to 25 ng and from 1 to 50 ng for
benzene and 1,3-butadiene, respectively.

Particle-bound PAH was measured using an Ecochem
PAS 2000 PAH Ambient Analyzer (Ecochem Technolo-
gles). This is a direct-reading inswument that measures
PAH on particles by photolonization, Particles entering
the instrument are irradiated with UV light at 222 nm (6.7
eV). Particles containing PAH with photoelectric thresh-
old less than 6.7 eV will loose an outer-shell electron and
become pogitively charged. The charge particles are col-
lectad onro 2 flter, resulting in an electrical current pro-
portional to the fons collected, Therefore, all particles
with a photoelectric threshold less than 6.7 eV will be
ionized and measured as PAH.33 Alr js sampled at a How
rate of 2 L/min. The inlet is not configyred to provide a
size-specific classificadon; however, electrons emitted
from larger particles are more likely to be recaptured.
Therefore, lonization and instrument response is most
effective for pardcles containing PAH In the size range
<1-2 pm in diameter.¢ The Echochem PAS 2000 was
placed side-by-side with the STS-25 sequential samplers,
and samples were collected continuously for 2 days dur-
ing the study period. Measurements were logged in 1-min
intervals, These data were combined to give 3-hr average
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ABSTRACT
On-road mabilejsources contribute substantially to ambl-
ent air concentrations of the carcinogens 1,3-butadiene,
benzene, and palycyclic arbmatic hydracarbons (PAHs).
The current study measured benzene and 1,3-butadiene at
the Baltimore Hé.tbor Tunnel tollbooth over 3-hr intervals
on seven waekdays (n = 56). Particle-bound PAH was
measured on ajsubset of three days. The 3-hr outdoor
1,3-butadiene lgvels varied according to time of day and
traffic volume,; The minimum occurred at night (12
a.m.-3 am,) with a mean of 2 pg/m® (5D = 1.3, n = 7),
while the maximum occurred during the morning rush
hour (6 a.m.-9 qm]withamzanofll 9 ng/m? (SD = 4.6,
n = 7). The coxresponding traffic counts were 1413 (SD =
144) and 14, 893 (SD = 692), respectively. During the
same intervals, mean benzene concentration varied from
Sp,g!m’(snﬁa 1,n= 7Jt022.3pg{n1"‘(sn 7.6,n=17),

Median PAH cohcentrations ranged from 9 to 199 ng/m?, .

Using multivariate regression, a significant assoclation
(p < 0,001) between traffic and curbside concentration
was observed. Much of the pollutant varlability (1,3-
butadiene 629, benzene 77%, and PAH 85%) was ex-
plained by traffic volume, class, and meteoralogy. Results
suggest >2-ax]e vehicles emit 60, 32, and 9 times more

L
T

" IMPLICATIGNG |

Moblle sourpe emissions presam a unjque public health
threat because of toxie emissions and 8Xposurs poterial
resulting from thelr praximity sndmem Into LS. com-
muntles. Urban communities ars- aspaclally susceptible -
becavss af populaﬂon dansliy and dense ‘commuting traf-
fic. Tha t study provides g qumﬂtntm assessmentof
the ralaﬂm:lrb betwesn traffic volume and class and tha
curbalde concentration of kéy enviranmental carcinogens.

. This assessmant dafines an axpsdmanta[ approach and
estimate of tha mobile source effect an the crhslda pol-
lutant concsntration under real-wadd mateorologieal can-
ditions. The reeulting models may ba useful for eveluating

amblent exposurs, risk, and control strategles,

T40 Joumnal of the Alr & Waste Msnagameant Assooiation

PAH, 1,3-butadlene, and benzene, respectively, than do
2-axle vehicles. This stpdy provides a model for estimat-
ing curbside polludon levels associated with traffic that
may be relevant to exposures in the urban environment.

INTRODUCTION
Benzene, 1,3-butadiene, and polycyelic aromatic hydro-
carbons (PAHSs) are listed by the U.S, Environmental Pro-
tection Agency (EPA) among 31 priority mobile source air
toxins,? Recently, 1,3-butadiene was reclassified as a
“known human carcinogen”? based on epidemiologic
and mechanistic information. Expasure to 1,3-butadiene
is assoclated with lymphosarcoma®4 and leukemia$-# in
occupationally exposed warkers. Benzene alsa has been
long established as a known human carcinogen.®-11 Ex-
posure to benzene is assoclated with acute nonlympho-
cytic leukemia and chronic lymphocytic leukemia,12-19
Emissions of chemicals such as 1,3-butadiene, ben-
zene, and PAH into the environment by mobile sources
are of great puplic health concern because of their carci-
nogenlicity and heightened exposure potential that results
from their proximity and integration Into U.S, society at
all levels (urban, suburban, and rural). Several epidemio-

logic studies have observed higher cancer rates ‘among

urban compared with suburban populations.?*-2% Air pol-
lutlan, including benzene, 1,3-butadiene, and PAHs, is
believed to be a contributing risk factor.20

The potential for exposure to automobile c:.hauSt
containing these carcinogenic chemicals is most pro-
nounced in urban locations where heavily commuted
roadways transect densely populated commuynities. Hu-
man exposyre to these mobile source emissions can be
substantial because of incregsing (1) traffic volume and
congestion, (2) vehlcle miles driven, and (3) numbers of
heavier, less efficient sport utility vehicles, Increased
emissions may be only partially offset by technological -
gains in emissions control, Based on modeling results
from the Assessment System for Population Exposure Na-
Honwide for 1990, Rosenbaum et al,2¢ estimate mobile
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lung function, and respiratory symptoms at levels below those
identified in the present study. Ambient ozone is formed from
the photochemical reaction of nitrogen oxides found in traffic
related pollutants and tends to be highest in the late afternoon.
Several studies have shown a causal relationship between O
exposure and respiratory-tract symptoms, decreased lung func-
tion, and asthma exacerbations (Gent et al., 2003; Kinney et al.,
1996). Exposure to Os levels below 60 ppb has been shown to
affect lung function in amateur cyclists, and it has been specu-
lated that childhood exposure may have detrimental effects on
lung function later in life (Galizia & Kinney, 1999).

Although the current study is descriptive in nature, numer-
ous epidemiological studies have identified robust relationships
between ambient particle exposure and respiratory conditions.
The consequence of daily recess play and athletic activities by
school children and young athletes in high ambient [PM;] con-
ditions has not yet been clearly defined. This study is a critical
component in evaluating functional effects of chronic exposure
to internal combustion derived particulate matter on exercising
school children and young adults. Future studies should examine
threshold limits and mechanistic actions of real-world particle

exposure.
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FIG. 6. (A) Significant positive relationship between O3 and
temperature, with more than half of the O3 measurements greater
than 100 ppb. (B) O3 levels (ppb) grouped according to 5°C
tempcralfure categories. Asterisk indicates significantly greater
[O3] than 18-23°C group, p < .05;  indicates significantly
greater [O;] than 18-23°C and 23-28°C groups, p < .05.

A second-order logarithmic decline in [PM;] (R = — .99)
showed that particle number counts at 80 m from a major high-
way were ~3-fold lower than number counts 30'm from the
highway. Particle counts were highly dependent on wind direc-
tion in relation to the high-traffic particle source and measure-
ment sites; highest particle counts were measured when the wind
direction was from the highway or on days with no measurable
wind. This finding was consistent with the exponential decay of
ultrafine particles with distance away from a major CA freeway

(Zhu et al., 2002).

Of particular importance to the present study is the potential
effect of ambient air pollution on exercising children and college
athletes. Reduced lung development in children exposed to high

levels of ambient air pollution has been found (Gauderman et al.,
2004). We have previously shown a significant decline in FEV,
in women ice hockey players after 3 yr of training in an ice rink
with high ice resurfacer emission [PM,]; the largest decrease
in lung function occurred after only 3 mo of daily exposure
(Rundell, 2004). Kim et al. (2004) found strong correlations be-
tween black carbon concentrations and bronchitis (R = .76) and
asthma prevalence (R = .83) in a school-based cross-sectional
study using a parental questionnaire. Another study (McConnell
et al., 2003) lasting over a 3-yr period identified yearly variabil-
ity of ambient organic carbon as having the strongest association
to bronchial symptoms (odds ratio 1.41/pg/m?; 95% confidence
interval 1.12—1.78). Particulate air pollution has been associated
with hospital admissions for asthma (Atkinson et al., 2001; Pope
et al., 1991) and decline in peak expiratory flow rates (Romieu
et al., 1996). Recently, Lin et al. (2005) identified a relationship
between relatively low levels of ambient particulate matter on
héspita!izaﬁon for respiratory infections in children, with the
strongest associations to coarse particulate matter.

Total respiratory number deposition fraction during exercise
has been found to increase approximately 32% over resting val-
ues and to exceed predicted values for exercise by approximately
22% for 26-nm particles (Daigle et al., 2003). Prediction mod-
els of particle deposition indicate that particles in the 30-nm
size range are predominately deposited in airway generations
19-22 during exercise. Considering that greater than 90% of
auto and truck emission particle number is found in the 3-30
nm size range and most of the particle mass is found in the 30—
500 nm size range, particle deposition in the alveolar region is
most likely high for individuals exercising in high auto emission
conditions (ICRP, 1994).

Increased oxidative stress from PM, inhalation s likely, as the
formation of reactive oxygen species (ROS) has been associated
with PM exposure and has been shown to influence mediator
release (Ware, 2000; Werz et al., 2000). Li et al. (2003) found
that ultrafine particles (PMp ;) were more potent than coarse
(PM ) or fine (PMas) particles toward generation of ROS and
in depleting intracellular glutathione in lung macrophage and
epithelial cells in vitro. Voelkel et al. (2003) demonstrated that
ROS and exhaled nitric oxide (eNO) increased from PMy ex-
posure. It is likely that PM-initiated ROS increases lipid perox-
idation and leukotriene production, since recent reports support
5-lipoxygenase activation by ROS, and contributes to a three- to
fourfold increase in leukotriene synthesis in vitro (Werz et al.,
2000; Woo et al., 2000).

Additionally, measured ozone levels were positively related
to temperature (R = .61) with a mean value of 106 4 47 ppb
for 221 measurements. Late-afternoon ozone levels at a tem-
perature range of 28-33°C (146 =+ 44 ppb; 63 measurements)
exceeded Nation Ambient Air Quality Standards for Criteria
Air Pollutants of 120 ppb O3 for 1-h average, and were signif-
icantly higher than morning and early-afternoon measurements
at lower temperatures (cf. Figure 6). Ozone is a strong oxidant
and has been shown to cause airway inflammation, abnormal
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FIG. 3. (A) Three dimensional depiction of 62-day [PM;] mean

measurements taken at 12 different locations at a university
soccer field located next to a major interstate highway. (B)
Rate of [PM,] decay (using 62-day mean values at soccer field
measurement sites) in relation to distance from the interstate
(R = —.999; values are presented as mean + SE).

DISCUSSION

This study demonstrated strong relationships between am-
.bient [PM,] and distance from high traffic roads. We docu-
mented higher mean ambient [PM, ] at elementary school play-
ground/athletic fields adjacent to high-traffic roads than those
in low traffic rural settings. The measured [PM;] levels at the
high traffic study sites were severalfold higher than [PM;] lev-

els measured in rural areas. Likewise, we documented a mean’

62-day PM; count of 71,000 = 51,000 particles cm™ (range:
6500—203,000) for a near-highway university soccer field; mean
values were obtained from 3 averaged 10-s [PM,] recordings
at 12 locations distributed across the field. Almost 50% of 62
count-days at the university soccer field had 12-site mean PM;
counts over 60,000 particles cm ™3 and 29% of the measurement
days had mean counts greater than 100,000 particles cm™>.
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FIG. 4. (A) Daily mean [PM;] values of 12 measurement sites
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particle counts were done at early/mid morning. The P-Trak
CPC sensitivity size range is 0.02-1.0 pm diameter; this range
includes ultrafine and fine PM, defined as PM, in this study. PM;
has been shown to account for >90% of total particle count and
>95% of particle surface area (Lm?/cm?) for unit density mass
concentration of combustion derived air samples (Oberdorster
et al., 1992, 1995). Two hundred and twenty-five measurements
of NO,, CO, and O, and temperature (as 10-s mean values)
with corresponding PM; counts and temperatures were taken at
the university soccer field during early morning to midafternoon
hours (GrayWolf Direct Sense TOX, Trumbull CT).

Statistical Analysis

Mean values for all measured variables were calculated.
Correlations between variables were determined using Pearson
product moment correlations. Analysis of variance was used
to determine significant differences between elementary school
PM, counts. Nonlinear regression analysis was used to deter-
mine PM, decay across the university soccer field from close
to far proximity to the major highway. A value of p < .05 was
considered significant.

RESULTS

High-traffic school 1 demonstrated an approximate four-fold

greater 17-day mean [PM,] than moderate-traffic school 2 and
low-traffic rural schools 3 and 4 (p < .05), while moderate-
traffic school 2 had a significantly greater 17-day mean [PM;]
than low-traffic school 4 (48,890 =+ 34,260, 16,730 + 10,550,
11,960 + 6680, 10,030 =+ 6280, respective mean counts; Fig-
ure 2A, p < .05). Figure 2B depicts high and low [PM,] for
all four school athletic fields; the high [PM,] measurement for
school 1 was 5.3-, 9.1-, and 8.4-fold higher than that measured
at schools 2, 3, and 4, respectively.

Figure 3A depicts [PM,] at 12 different measurement lo-
cations on the university soccer field. Particle concentrations
were highest at the 4 measurement sites closest to the highway
with mean PM; values ranging between 115,000 and 134,000
particles-cm™. The lowest mean values were recorded at the
measurement sites furthest from the highway with PM, values
of ~34,000 particles-cm—>. Soccer field particle concentrations

followed a second order logarithmic decay (R? = .999) with.

distance away from the highway (Figure 3B).

Figure 4A presents daily particle counts as mean values of the
12 measurement sites) for the university soccer field; Figure 4B
depicts the number of days for categorized particle counts. No
significant difference between the number of days in each parti-
cle count category was found; however, 18 (29%) of the 62 days
had mean particle counts over 100,000 particles cm™ and al-

‘most half (30 days) of the 62 days (48%) had mean counts over

60,000 particles cm™>. Only 11 days (18%) had mean counts
below 20,000 particles cm™3; this was significantly less than the
number of days above 20,000 particles cm™ (p < .05).

Wind direction was a critical variable in particle count val-
ues. Mean particle counts over 100,000 particles -cm™> were

~ T0x10°
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10x10° {

Mean particle count (PM,cm
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200x10° 4

150x10°* 4
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School
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FIG. 2. (A) Elementary school playground 1 (asterisk) demon-
strates significantly (p < .05) higher 17-day mean [PM,] than
elementary school playgrounds 2, 3, and 4; elementary school
playground 2 had significantly higher 17-day mean [PM,] than
elementary school playground 4 ({ indicates, p < .05). Values
are presented as mean =+ SE). (B) Daily high and low [PM;]

values.

recorded when the wind direction was from the north and east
(101,610.+ 50,370) or calm (103,070 + 28,590). Lowest mean
particle counts were recorded when wind direction was from
the south and west (45,590 + 37,850) and variable (59790 =+
55,300) (Figure 5).

Mean NO,, and SO, levels were below 100 ppb, mean CO
was 0.33 &= 1.87 ppm, and mean O3 was 106 £ 47 ppb. Ozone
increased with rising temperature and was highest in the warmer
afternoon hours (R = .61, Figure 6A). When O3 levels were
grouped according to 5°C temperature increments from 18 to
33°C, the highest temperature group was significantly different
than the lower two temperature groups; the middle temperature
group was significantly higher than the lower temperature group

(Figure 6B).
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especially vulnerable to adverse consequences of particle inhala-
tion (Schwartz, 2004). Children may also have higher exposure
to air pollutants than adults because of high outdoor physical ac-
tivity and the resultant increase in minute ventilation. Exercise
in high ambient particle conditions may increase risk of lung and
vascular damage, since total particle deposition increases in pro-
portion to minute ventilation and deposition fraction nearly dou-
bles from rest to intense exercise (Daigle et al., 2003; Chalupa
et al., 2004).

The purpose of this study was to document daily PM number
concentrations in recreation and athletic field areas proximal to
high automobile and truck traffic. This descriptive study is a
first step in characterizing the potential health risk to children
and young adults participating in organized and unorganized
physical activities in high ambient air pollution.

METHODS

Study Design
Number counts of particles in the size range of 0.02~1.0 pm
aerodynamic diameter (PM;) were taken serially at 4 elemen-
tary school athletic/playground fields and at 1 university soc-
cer field. Nitrogen dioxide (NO3), carbon monoxide (CO), and
ozone (O3) were measured at the university soccer field. PM;
measurements at elementary school sites were taken over 17
days in spring 2005; measurements at the university soccer field
were taken over 62 days through spring and summer 2005. PM;
measurements were taken at early to mid morning during week-
days. Figure 1A depicts the proximity of elementary schools to
traffic corridors. Four elementary schools were situated near
high-traffic (school 1), moderate-high-traffic (school 2), and
low-traffic areas (schools 3 and 4). School 1 was directly ad-
jacent to and east of a major route and approximately 100 m
west of a major highway; both roads were characterized by high
diesel-fueled truck traffic. School 2 was adjacent to a major vil-
lage road with moderate truck and automobile traffic. Schools 3
and 4 were located in rural areas characterized by low truck
and automobile traffic. All four schools were in the same school
district. The university soccer field was situated such that the
- northeastern sideline was as close as 20 m from a major inter-

state highway characterized by heavy truck traffic (Figure 1B). -

Daily air quality measurements were taken at 12 sites spaced
across the university soccer field.

Air Quality Measurements _
Particulate matter (PM) was determined at each study site
as previously done (Rundell, 2003). Measurements were made
at'1.5 m height using a calibrated condensation particle counter
(CPC, P-Trak ultrafine particle counter, model 8525,TSI, Inc.,
St. Paul MN) at a sampling frequency of 1 Hz and recorded as
10-s means of PM; cm 3. Four 10-sreadings were taken for each
- measurement and averaged to provide the most representative
particle count for a specific measurement site. Particle counts
at elementary schools and the 62-day university soccer field

K. W. RUNDELL ET AL.

(A)

FIG. 1. (A) Location proximity of four elementary schools to
automobile and truck traffic roadways. School 1 is located be-
tween a major interstate highway and a heavily traveled state
route, school 2 is located proximal to a moderately traveled
main road, and schools 3 and 4 are located in rural low traffic
settings. (B) Relative location of the university soccer field in
relation to a heavily traveled major interstate highway.
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Vehicular Air Pollution, Playgrounds, and Youth
Athletic Fields
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In spite of epidemiological evidence concerning vehicular air pollution and adverse respira-
tory/cardiovascular health, many athletic fields and school playgrounds are adjacent to high
traffic roadways and could present long-term health risks for exercising children and young
adults. Particulate matter (PMy,0.02-1.0 pm diameter) number counts were taken serially at
four elementary school athletic/playground fields and at one university soccer field. Elementary
school PM; measurements were taken over 17 days; measurements at the university soccer field

" were taken over 62 days. The high-traffic-location elementary school field demonstrated higher

17-day [PM;] than the moderate and 2 low traffic elementary school fields (48,890 + 34, 260,
16,730 + 10,550, 11,960 + 6680, 10,030 + 6280, respective mean counts; p < .05). The 62- dajy
mean PM values at the university soccer field ranged from 115,000 to 134,000 particles cm

Lowest mean values were recorded at measurement sites furthest from the highway (~34,000
particles cm™) and followed a second-order logarithmic decay (R? = .999) with distance away
from the highway. Mean NO; and SO;, levels were below 100 ppb, mean CO was 0.33 - 1.87 ppm,
and mean O3 was 106 &= 47 ppb. Ozone increased with rising temperature and was highest in the
warmer afternoon hours (R = .61). Although the consequence of daily recess play and athletic
activities by school children and young athletes in high ambient [PM;] conditions has not yet
been clearly defined, this study is a critical component to evaluating functional effects of chronic
combustion-derived PM exposure on these exercising schoolchildren and young adults. Future
studies should examine threshold limits and mechanistic actions of real-world particle exposure.
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The link between air pollution and adverse respiratory and
cardiovascular health is substantial (Dockery, 2001; Kim et al.,
2004; Lin et al, 2005; McConnell et al., 2003; Peters et al.,
2001; Pope et al, 1991; Romieu et al,, 1996). Acute pul-
monary responses to short-term particulate matter (PM) expo-
sure (Atkinson et al., 2001; Oberdorster et al., 1995) as well as
decrements in resting lung function associated with chronic PM
exposure have been reported (Gauderman et al., 2004; Rundell,
2004). Likewise, increased cardiac mortality and morbidity have
been related to short-term elevations in air pollution (Dockery,
2001). Most recently, abnormal vascular function after acute PM
exposure has been shown in animals (Nurkiewicz et al., 2004)
and humans (Brook et al., 2002).

Most studies documenting adverse health effects in relation
to outdoor air pollutants have relied on measured concentrations
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of Health Science, Human Performance Laboratory, Keith J. O'Neill
Center for Healthy Families, Marywood University, 2300 Adams
Avenue, Scranton, PA 18509, USA. E-mail:rundell @marywood.edu

from central monitoring stations, metrics of proximity to roads,
ortraffic volume estimates. However, Kim et al. (2002) measured
ultrafine particles in urban Los Angeles, CA, and found that the
major source was diesel and automotive exhaust. Additionally,
Li et al. (2003) found that ultrafine particles contain the largest
fraction of pelycyclic aromatic hydrocarbons, with the highest
concentration related to traffic density (Glovsky et al., 1997).

~ Current investigations suggest that PM toxicity is highly in-
fluenced by number concentration and/or particle surface area
(Oberdorster, 1996), while ambient particulate matter with me-
dian aerodynamic diameter less than 2.5 pm (PM3 5) has been
associated with lung damage (Gauderman et al., 2004; Kim
et al., 2004; McConnell et al., 2003) and cardiovascular events
(Burnett et al., 1995; Peters et al., 2001; Ware, 2000). The most
common source of PM, s is found in combustion emissions of
fossil-fueled automobiles and diesel-powered trucks, with over
90% of the particle count from diesel aerosol having an aerody-
namic diameter of <30 nm (Kittelson et al., 2004).

" Although individuals with cardiovascular disease (Bumett
et.al., 1995) and type 2 diabetes (Zanobetti & Schwartz,
2001) appear to be more sensitive to ambient particle expo-
sure than healthy adults, the developing lung of children may be
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ORIGINAL ARTICLE

Childhood Asthma and Exposure to Traffic
and Nitrogen Dioxide

W. James Gauderman,” Edward Avol,” Fred Lurmann,” Nino Kuenzli," Frank Gilliland,"
John Peters,” and Rob McConnell”

Background: Evidence for a causal relationship between traffic-
related air pollution and asthma has not been consistent across
studies, and comparisons among studies have been difficult because
of the use of different indicators of exposure.

Methods: We examined the association between traffic-related
pollution and childhood asthma in 208 children from 10 southern
California communities using multiple indicators of exposure. Study
subjects were randomly selected from participants in the Children’s
Health Study. Outdoor nitrogen dioxide (NO,) was measured in
summer and winter outside the home of each child. We also
determined residential distance to the nearest freeway, traffic vol-
umes on roadways within 150 meters, and model-based estimates of
pollution from nearby roadways.

Results: Lifetime history of doctor-diagnosed asthma was associ-
ated with outdoor NO,; the odds ratio (OR) was 1.83 (95% confi-
dence interval = 1.04-3.22) per increase of 1 interquartile range
(IQR = 5.7 ppb) in exposure. We also observed increased asthma
associated with closer residential distance to a freeway (2.22 per
IQR; 1.36-3.63) and with model-based estimates of outdoor pollu-
tion from a freeway (1.89 per IQR; 1.19-3.02). These 2 indicators
of freeway exposure and measured NO, concentrations were also
associated with wheezing and use of asthma medication. Asthma
was not associated with traffic volumes on roadways within 150
meters of homes or with model-based estimates of pollution from
nonfreeway roads.
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Conclusions: These results indicate that respiratory health in chil-
dren is adversely affected by local exposures to outdoor NO, or
other freeway-related pollutants.

(Epidemiology 2005;16: 000—000)

Previous studies have demonstrated a link between outdoor
air pollution and the occurrence of symptoms in children
already diagnosed with asthma.' However, results are not
consistent with respect to whether air pollution causes
asthma. Most studies have found little evidence to support an
association between community-average exposures to air pol-
lution and community asthma prevalence.? These study de-
signs failed to account for the variability in exposure resulting
from vehicular traffic in urban areas. Asthma has been asso-
ciated with local variation in traffic patterns within commu-
nities in many,”” but not all,*~"" studies that have examined
the impact of local traffic. One possible reason for the
inconsistency in these recent studies is the use of different
indicators of traffic-related pollution. Some have measured
pollutant exposure at home, some have estimated traffic
volume near the home, and some have estimated exposure to
traffic-related pollutants at home based on dispersion models.
Little work has been done to validate estimates of traffic
exposure against measured pollution concentrations. Most |
studies have been conducted in European cities, which differ -
from U.S. cities in the layout of streets and homes, and also
in the relative proportion of diesel- to gasoline-powered
vehicles. _

We evaluated several commonly available indicators of
traffic exposure and compared them with nitrogen dioxide
(NO,) levels measured at the homes of subjects participating
in the Children’s Health Study. The Children’s Health Study
was initiated in 1993 with a cohort of school-aged children
from 12 southern California communities representing a wide
range in air quality. To date, this study has reported associ-
ations between air pollution and several outcomes, including
lung function,'>"'* respiratory symptoms in asthmatics,'s'’
and asthma incidence.'® These analyses have relied on com-
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parisons of average health across communities in relation to
the pollution levels measured at a central site monitor in each
community. In 2000, we conducted a study to measure NO,
levels at a random sample of children’s homes within each of
the study communities. We examine how local variation in
NO, and indicators of exposure to traffic-related pollutants
are related to each other, and whether they are associated with
lifetime prevalence of asthma and asthma-related outcomes.

METHODS

Study Subjects

In calendar year 2000, we measured outdoor NO,
levels at the homes of randomly selected participants in
the Children’s Health Study. Eligible children included those
who were originally enrolled as fourth graders (average
age = 10 years) in 1993 (cohort 1) or 1996 (cohort 2), with
the additional criteria that in 2000, they were: still actively
participating in the study and had lived in the same home
since study enrollment. We excluded 2 of the 12 study
communities, (Lompoc and Lake Arrowhead) from this study,
because neither has any major sources of traffic. From the
pool of 890 eligible subjects, we randomly sampled 229
children for NO, monitoring. Samplers were deployed out-
side each home for 2-week periods in the summer and fall of
2000. Valid measurements in both seasons were obtained at
208 (91%) of the homes. Reasons for invalid measurements
included lost samplers, subjects who moved, and difficulties
with field access or deployment. The study protocol was
approved by the Institutional Review Board for Human Stud-
ies at the University of Southern California, and informed
consent was provided by a parent or legal guardian for all
study subjects.

Nitrogen Dioxide Sampling

Ambient NO, was sampled with Palmes tubes. ' These
diffusion-based samplers have been widely used in several
microenvironmental and personal air quality studies.**> We
deployed samplers outside the homes of study subjects, thus
avoiding previously identified confounders such as indoor
nitrous acid formation, gas stoves, or wall heaters. Samplers
were attached at the roofline eaves, signposts, or rain gutters
at an approximate height of 2 meters above the ground,
oriented in a downward position and protected by an over-
sized paper cup. Duplicate samplers and field travel blanks
were randomly assigned to approx_irriate[y 10% of the sub-
jects” homes. Samplers were deployed for 2-week periods in
both summer (mid-August) and fall (mid-November) in all
communities. Deployment across communities was accom-
plished over a 4-day period at the start of the summer and fall
field sampling periods. Within any 1 community, samplers at
all locations were deployed within a 4-hour period, and 2
weeks later the samplers were retrieved within a 4-hour

2

period. Saiﬁp!ers were transported to and from the field in
cooled portable ice chests. The samplers were prepared for
field use and analyzed at the Harvard School of Public

Health.

Traffic Exposures

We characterized exposure of each study participant to
traffic-related pollutants by 3 metrics: (1) proximity of the
residence to the nearest freeway; (2) average number of
vehicles traveling within 150 meters of the residence cach
day, including vehicles on freeways, arterials, major collector
roads, and (where available) on minor collector roads; and (3)
model-based estimates of traffic-related air pollution at the
residence, derived from dispersion models that incorporate
distance to roadways, vehicle counts, vehicle emission rates,
and meteorologic conditions. Methods used to estimate each
of these exposure factors are described subsequently.

Residence addresses were standardized and their loca-
tions geocoded using the TeleAtlas database and software
(Tele Atlas Inc., Menlo Park, CA, www.na.teleatlas.com).
We used the TeleAtlas MultiNet USA database, a compre-
hensive geo-positioning-satellite-accurate database of road-
ways, for all analyses because it is more accurate than the
standard files available from the U.S. Census. To estimate
distance to the nearest freeway, we used ERSI ArcGIS
Version 8.3 (ESRI, Redland, CA, www.esri.com) software
tools to calculate the distance from each residence to the
nearest interstate freeway, U.S. highway, or limited access
highway. In these calculations, each directionl of travel was
represented as a separate roadway, and the “distance to
nearest freeway” was the shortest distance from the residence
to the middle of the nearest set of lanes of the freeway.

To estimate vehicle counts near homes, annual average
daily traffic volumes were obtained from the California De-
partment of Transportation (CALTRANS) Highway Perfor-
mance Monitoring System for the year 2000. The traffic
volumes were transferred from the CALTRANS roadway
network to the TeleAtlas networks using previously described
methods.”> The hourly traffic volumes on weekdays and
weekend days were estimated from the annual average daily
traffic volumes and the average diurnal and day-of-week
freeway and nonfreeway traffic variations observed in South-
ern California. These data were used to calculate the daily
average number of vehicles traveling within 150 meters of
each residence, weighted by inverse distance from the home
to each road. This local traffic density was expressed as traffic
volume per square meter.

To obtain model-based estimates of traffic-related pol-
lution exposure, we used the CALINE4 line-source air-
quality dispersion model.** Principal model inputs included
roadway link geometry, link traffic volumes, meteorologic
conditions (wind speed and direction, atmospheric stability,
and mixing heights), and vehicle emission rates. The 5-year

© 2005 Lippincott Williams & Wilkins
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For the full sample, associations were observed betv?ecn both asthma in the past
12 months and bronchitis symptoms in the past 12 months and the pollutanté, especially
NOx, NO, and BC. The effect estimates for PM; s and PM; were smaller, which may
have been due in part to the smaller concentration ranges among the 10 sites for these
pollutanté; No multi-pollutant models were evaluated because of the high inter-pollutant
correlations. Restricting the analysis based on duration of residence (i.e., atIIeast one
year at current residence) tended to increase the effect estimates slightly in relation to
asthma, especially when the sample was restricted to girls. Stratification by duration of
residence or gender did not change the results for bronchitis. Results were similar when

non-normalized pollution values were used (data not shown).

We conducted additional sensitivity analyses, including: (1) dropping the one

school that was an outlier with respect to the proportion of Hispanic students (89% versus

21% -53% at other schools); (2) using a different definition for current asthma; and (3)"
stratifying bronchitis by a reported history of asthma. When the “outlier” school was
dropped, the magnitude of tﬁe odds ratios for bronchitis did not change much, but the
confidence intervals were wider. In the asthma analyses, dropping the outlier school
resulted in similar or slightly greater effect estimates. Applying different questionnaire-
based asthma definitions showed little chai;ge but slightly larger confidence intervals.
After stratifying students by whether they also “ever” had asthma, the results suggested

that those with a history of asthma were driving the results for bronchitis, but the samp le

size became too small to make clear inferences.



Figures 2 and 3 depict the associations between BC and bronchitis and asthma.

Discussion

To our knowledge, this is the first epidemiological study in the United States to evaluate
relationships between measured traffic-related pollutants and respiratory symptoms. For
children residing at their current address for at least one year, we found modest but
significant increases in the odds of bronchitis symptoms and physician-diagnosed asthma
in neighborhoods with higher concentrations of traffic pollutants. These results are
consistent with previous reports of positive associations between proximity to traffic and
various respiratory outcomes. (4-10) (11).(7,10-12) Furthermore, our findings were
observed in a region with relatively clean air (low co;lceqtrations of ozone and particulate
matter). (See online supplement for details) Although:pre\iious epidemiological studies
in the United States exploring chronic respiratory effects of air pollution in children have

shown inconsistent results, this might be due in part to exposure misclassification as these

studies used air quality measurements conducted at single fixed-site monitors in each

city. (17,18,22,23)

Our findings were robust to multiple sensitivity analyses using different
qucstionnaire-_baseq definitions of current asthma and wheezing in the past 12 months.
The slight increase in effect estimates for associations between asthma after restricting
the analysis to those with longer duration at current residence may be due to a reduction
in exposure measurement error. Our study population was very mobile (23% had moved

in the preceding 12 months, only 32% had lived at the same address since before age
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two).

We considered whether there might be bias due to non-response or self-reporting. We
saw no significant difference in proportions of questionnaires returned in Spanish versus
English by school, but there was a modest inverse correlation between pollution
concentrations measured at each school and response rate. However, the response rate
for individual classrooms within each school varied as well and appeared to depend on
the willingness of teachers to encourage participation. Dropping the school closest to a
frccwaﬂr (which also had the highest measured pollutant concentrations , a high
percentage of Hispanic students, and the lowest response rate) did not change the effect
estimates for bropchitis and increased the estimates for asthma. This would suggesf that
knowledge of hotential high traffic exposure probably did not affect parental reporting of
the children’s respiratory histories. This study was not undertaken in response to public
concerns about traffic, nor, at the time the study was conducted, was there much local -
interest in potential health hazards of proximity to traffic. Therefore, reporting and non-

response biases were unlikely to have unduly influenced our results.

.We found increased association with asthma (but not bronchitis) with exposure to traffic
air pollutants for girls who had lived at their current addresses at least one year compared
with boys (T:'ible 3). Several investigatoré have él.s;) reported greater traffic-associated
effect esﬁmates for girls versus boys.(7,8,10,24,25) Previous air pollution studies
examining the gcnder'-spec.iﬁc effects of air pollution oﬁ' lung funct_io;:l and lung function

growth have been mixed (26,27) The reasons for the observations in our study are unclear

10



and deserve attention in future studies.

Exposures

We found spatial variability in exposure due specifically to roads with heavy traffic
within a relatively small geographic area for BC, NOx, NO, and to a lesser extent, NO,.
There was less variation in PM3 5 across schools; this is consistent with previous
observations that PM; s is more likely to reflect regional air quality. (2) The higher effect
estimates with BC, NOx, and NO compared with NO, and PM; 5 suggest that primary or
'~ fresh traffic emissions may play an etiologic role in these relationships. While NOx, NO,

and BC may serve as indicators of exposure to traffic-related pollutant mixtures, they

may also act as etiologic agents themselves.(28)

We found that downwind direction was an important determinant of increased
exposure to traffic pollutants, and that a simple traffic indicator (school location
downwind and <300m from a major road) gave estimates of odds ratios similar to or
greater than pollutant measurements in preliminary analyses using a one-stage model
(data not shown). Within a geographic area with flat terrain and low-rise buildi.ngs, the
direction of wind in relation to the traffic source is the most important weather parameter.
Other parameters important in air dispersion of traffic pollutants (e.g., atmospheric

stability, wind speéd, and surface topography) would be relatively similar at the different

school sites.

A simple single-stage logistic model using pollutant measurements also yielded

positive associations between pollutants and symptoms with a much larger effect estimate

11 0369
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and smaller confidence intervals.

We assumed that traffic-related pollutants measured at the neighborhood schools
would be a good proxy for the children’s overall exposure to such pollutants. Children
attending the schools in.this study generally lived within walking distance and did not use
school buses. Therefore, pollutant concentrations in the children’s neighborhoods
probably tracked those at their schools. The most plausible exposure error in an urban
setting would be that subjects who attend schools with very high traffic cxposures from a
nearby freeway would tend to have similar or lower home exposures whereas children
with low school éxposures would tend to live in homes with similar or only slightly

higher traffic exposures. This pattern of measurement error would tend to underestimate

the association between exposure and outcome. (29)

Alternatively, repeated daily exposures for 6-8 hours during the school year may

themselves represent biologically important influences on some children’s respiratory

health, analogous to occupational exposures for susceptible adults. In a recent study of
proximity to traffic and respiratory health, Janssen et al. found that effect estimates using

based on the school-to-highway distance were comparable or greater than those based on

residence-to-highway distance. (11)

The average measurements at each school were used to estimate long-term
average traffic air pollutant concentrations. We measured pollutants at each of the 10

sites concurrently (to avoid concerns of week-to week variability) in two different periods

“that reflect the major seasonal wind patterns for the area. We found that the rank order

12
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(relative values) of the schools did not vary from week to week or season to season,

supporting the validity of this approach. Additionally, the NO, and NO, concentrations at

schools upwind or further from high traffic roads were similar to NOx and NO;
concentrations measured at the closest fixed-site monitor (21). Although there may have
been some changes in the absolute traffic volume on major roads in recent years, the
principal traffic patterns in the area have not changed. Thus, the relative values (rank

order) of the site-specific pollutant concentrations measured in our study are likely to be

representative of those in recent years.

The cross-sectional nature of our study design is a further limitation on causal
inference, but we observed the same or modest increase in effect estimates for current
asthma and bronchitis when we restricted our analysis to those who had lived at their
present address for at least a year. Most studies on proximity to traffic and respiratory
symptoms have been cross-sectional, and further longitudinal studies are needed to

elucidate the role of traffic-related air pollution in the development and exacerbation of

asthma and other respiratory symptoms.

Another limitation was that the exposures were assigned at the group level
(n=16); however, the multi-level analysis allows adjustment for individual confounders in
the first stage of analysis. Moreover, in this respect this study is comparable with other
epidemiological investigations (e.g., the Harvard Six Cities Study and the Children’s
Health Study in Southern California (n=12 corﬁmunities).' Another recent cross-sectional

study of traffic-related air pollution and respiratory symptoms included 13 schools.(22)
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(18,23)

We also lacked information on indoor measurements of traffic-related pollutants.

- However, recent studies have found high correlations between personal exposures to NO,

and traffic parameters. (30) Others have found that indoor concentrations and exposure to

soot (particulate matter from diesel exhaust) is highly correlated with outdoor levels.(2)

Other covariates.

Maternal a:sthma, household mold/moisture, pests, and chest illness before age
two were important explanatory variables in the final model for current asthma,
consistent with previous studies (31).(32,33) We explored whether current levels of
traffic pollution could modify the risk of current asthma symptoms depending on past
history of chest illness; however, therelwas not sufficient power to explore interactions

based on early medical history. Race/ethnicity and indicators of socioeconomic status *

were not important predictors of health outcomes in our study. This m'ay be due, in part,

to our study design (i.e., the schools were selected to have relatively similar measures of

SES).

We did not find associations between exposure to environmental tobacco smoke

and current asthma; the results of previous cross-sectional studies in school-aged children

‘have been mixed. (34) The prevalence of current household smokers in our study was

small, however, limiting study power. It is possible that there is some under-reporting of

household smoking (7 % in our study vs. 19% statewide).(35) Alternatively, a substantial
portion of our study population were less acculturated Hispanics (30% of parents

14 .
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responded in Spanish), and only 3.6% of Hispanic households reported a history of
maternal smoking. Other investigators have also observed very low smoking rates (less
than 5%) among less acculturated Hispanics (B. Eskenazi, personal communication).(36)
If under-reporting does exist, it is possible that residual confounding ﬂlight have affected
our estimates of pollutant/respiratory health outcome relationships. However, the
addition to the regression model of variables correlated with exposure to environmental
tobacco smoke (ETS) (e.g., SES and race-ethnicity) did not change the pollutant effect

estimates, suggesting that significant confounding by ETS was not likely.

In summary, we found associations between traffic-relafed pollutants and asthma
and bronchitis symptoms in the past 12 months in a highly urbanized region of the United
States with good regional air quality, where local air pollution is dominated by vehicular
sources. Although the cross-sectional study design, exposure assignment at the group
level, small geographic area, and possible unmeasured covariates, may limit the
generalizability of the study, our findings are consistent with previous investigations in-
‘Europe and the United States. (11,14,37) In addition, our results underscore the
limitations of using central air monitoring stations for assigning population exposures.
Concentrations of air toxics such as diesel exhaust particles or surrogates such as BC or
soot should be more widely monitored. Measurement of personal exposures to traffic
pollutants is not feasible in large population—bgsed studies; the use of geographic
modeling approaches to estimate exposures for individuals may be a good alternative.(38)
Future studies that can better characterize eﬁposui‘es to traffic pollutants and their sources

(i.e., diesel vs. gasoline engines) will be important to better understand the public health
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impacts of motor vehicle emissions.
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Figure Legends.

Figure 1: East Bay Children’s Respiratory Health Study area. The study region is to the

- . east and across the bay from the city of San Francisco.

Figure 2. Adjusted School-Specific Bronchitis Prevalence Rates Versus Black Carbon,

Long-term Residents

Figure 3. Adjusted School-Specific Asthma Prevalence Rates Versus Black Carbon, .

Long Term Residents

(303
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Study desien and study location

The study area (approximately 21 km x 5 km) is across the bay from San Francisco, and
includes 10 nei ghborhood elementary schools that span a busy traffic corridor. The
_topdgraphy is relatively ﬂa;: and the urban landscape consists primarily of widely spaced,
low-level buildings. Traffic cong:estion in the San Francisco-Oakland area ranks second
in the United States,(39) but regional air quality is generally good due to ocean breezes
from the southwest or west. At the nearby air quality monitoring station (Fremont), 15
km southeast of the study area, ozone concentrations rarely exceed the national or state

standards (0-1days/ year above federal ozone standards for past 3 years). Annual-average

concentrations of PM;pand PM, s at the Fremont station were 23.4 and 12.2 pg/ma,
respectively in 2001. These values are beIO{v the PM,pand PM; 5 National Ambient Air
Quality Standards (50 pg/m’ and 15 pg/m’, respectively) and just above the more

stringent California standards (20 pg/m3 and 12 pgfmS, respectively) . .

" School site selection

We used a public school database from the California Department of Education (CDE)
containing statewide information on school locations, enrollment, and demographics

(URL: http:/fwww.cde.c:—i. gov). A traffic database was obtained from the California

Department of Transportation (CalTrans) Highway Performance Monitoring System

(HPMS, 1997). Traffic files inclﬁded statewide freeway and major road network

37
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geography and counts of the annual average daily traffic (AADT) on those roadways.
We utilized Geographic Information Systems (GIS) software to integrate, display, and

analyze data from these disparate data sources (ArcView 3.2, ESRI, Redlands, CA).

We selected elementary schools for possible recruitment such that thé school locations
would represent a range of distances upwind and downwind from major roads. Because
concentrations of traffic pollutants decrease to background levels within 300 m
downwind (40,41) and because several European studies have found édverse health
effects in children ’residing or attending schools in close proximity to roads with AADT

of 25,000 or more vehicles (4,9), we used these parameters to guide our selection process.

Briefly, to identify possible school sites for recruitment, school addresses were geo-coded
and overlaid with the CalTrans road network. Candidate schools “near” a major road
were identified based on a geo-coded l.ocation less than 350 m from any road with AADT
> 90,000 vehicles. Schools “farther” from local or heavy traffic were also identified |
using GIS (no local road with AADT > 20,000 vehicles/day within 300 m and no major
highway or freeway within 750 m). We identified eight schools that were “near”

freeways and twenty-one schools tﬁat were “farther” from local or heavy traffic in the
proposed study area. From: this list, we sought to recruit schools that were
demogmphically_ similar and that were likely to have a range of exposure to traffic

pollutants based on proximity to major roads and prevailing wind directions.

Ten schools that reflected locations with a range of distances upwind and downwind from

~ major roads were selected. There were no major non-roadway sources of air pollution in
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the neighborhoods (CA Air Resources Board, private communication).

Population:

In Spring, 2001, we invited all children in grades 3-5 in participating classes (n=64) to
join the study. Packets containing a health questionnaire in English or Spanish, an
informed consent form, and study information were distributed in the; classroom,
completed by parents, and returned to the teach(‘ir. An option was available to complete
the questionnaire by telephone with trained research staff. Up to three reminder notices
were sent to non-responders. We gave a donation towards educational materials to |
classrooms and provided nnominal compensation to parents complctmg the questionnaire.

The study protocol was approvéd by the Committee for the Protection of Human

Subjects, California Health and Human Services Agency.

Health Assessment:

Questions on respiratory symptoms and illnesses were modeled after those -use,d in
previous studies on air pollution and children’s health.(16) (17,18) Subjects were defined
as having current asthma if their parents selected asthma in response to the question,
“During the previous 12 months, did a doctor say that your child had any of the following
chest illnesses?” (Choices were pneumonia, asthma, reactive airway disease, and other
chest illness.) Current bronchitis was defined as: (1) a positive rcspbnse to the question:

“During the past 12 rﬁonths, did your child have bronchitis?” or (2) a report of cough and

. chest congestion or phlegm lasting at least three consecutive months of the past 12.
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We also asked about personal factors potentially associated with asthma or broﬁchitis,
includiﬁg demographic variables (race/ethnicity and measures of socioeconomic status
(SES) (e.g., parents’ education, income, health insurance)); host factors (age, gender,
chest illness before age two, maternal smoking during pregnancy, maternal or paternal
history of asthma, premature birth, breastfeeding); home environmental factors (current
smoker in the home, gas stove, evidence of mold, pets, problem with pests in the past
year, carpet in the bedroom; and.activit)-r factors (sports participation, commute patterns
to school). Pests included cockroaches, mice, rats, termites, spiders, or ants. Those with
“chest illness before the age of two” were reported to have seen a doctor before age two

for asthma, bronchiolitis, RSV, croup, reactive airway disease, or pneumonia.

Indicator of “mold” was a Yes to any of the following: history of residential water
damage, visibie mold/yildew, water condensation, or mold/musty smell in the past 12
months.l In sensitivity an;'ilyses we used a slightly different definition of asthma
(physician-diagnosed ever, and asthma symptoms, including wheezing, in the past 12

months), and duration of residence (at least one year at current address Yes/No).

Air Pollution from Traffic:

To estimate the children’s overall exposure to traffic pollution, we measured
concentrations of traffic-related pollutants at the schools. We also used school location
with respéét to prevailing winds and proximity to busy roads as a separate exposure
metric.

(1) Traffic-related pollutant measurements: ~We determined PMjo and PM; s mass
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concentrations from weeklong filter samples (Pallflex fiberfilm, Pall/Gelman) collected
with small sampling pumps (Airchek 2000, SKC, Inc) and size-selective inlets (PEM,
MSP .Corp). BC concentrations were determined on the PMjj, filter samples using an
established light attenuation method that we validated for the fiberfilm filters.(19) (20)
Concentrations of NOx and NO; were determined with passive_difﬁlsion samplers
(Ogawa, Inc., USA) deployed over a one-week sampling period. The NO concentration
was estimated as the difference between NOx and NO,. Additional details of the

monitoring protocol are described elsewhere.(21)

We estimated chronic exposures to traffic pollutants by measuring pollutant
concentrations simultaneéusly at all schools over sevcral. month. Spcc;,iﬁcally, monitoring
was conducted for 11 weeks in the spring (March - June) and eight weeks in the fall
(September-November) 2001). NOx and NO, were sampled during all periods at each

school.(21) PM;oand PM; s were not measured every week.

Stud}.r-averaged air pollution concentrations were calculated at each school by first
normalizing the data to account for-oc;:asional missing data as follows: Because of
missing samples and week-to-week variability at each site, we obtaiﬁed average site-
specific pollutant concentrations as follows: For each week and pollutant, we calculated
the ratio of each school’s measured pollutant level relative to the mean across all schools
sampled that week. Then, for each school, the mean ratio over the entire study period
was calculated. The mean ratios are normalized concentrations and represent the relative
exposures across school locations. To obtain an estimate of the average pollutant

concentration at each school, we multiplied the mean of the school-specific normalized
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concentration by the study-average pollutant concentration (averaged across all study
sites over the entire study period). This normalization process allowed for an aggregation
of data for all sampling periods, including those with an incomplete data set. Only weeks

with valid data from at least six schools were included in this process.

(2) Additional traffic metric: Schools were assigned a category for wind direction
(upwind or downwind of a freeway) and a category for proximity to traffic (<300 m or
>300 m from a major traffic source) as well as the combination of the two (i.e.,

downwind and close versus all others).

Data Analysis

To explore the extent to which additional covariates would have an effect on the pollutant
estimate, we added pollutant values or school location indicators to the model, one ata
time and then examined the effect of removing each covariate on the pollutant
coefficient(s); if removal of a covariate from the model changed the magnitude of the

pollutant coefficient by less than 10%, the covariate was dropped.

In a separate sensitivity analysis, we also initially included variables found to be
predictive of respiratory symptoms in other studies even if they did not satisfy the p-value
criterion. Other several sensitivity analyses included examining the model using other
definitions of asthma and after stratifying the outcome of current b;ogchitis by asthma
status. We also restricted the sample to the subgroup of children who had lived at the
given address for more than one year (long-term residents) and performed stratified

analysis by .gender, both for the full sample and long-term residents. Additionally, we
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re-ran the models after dropping one school that was an outlier in terms of race/ethnicity

distribution.

Adjusted odds ratio(s) (ORs) were calculated for an interquartile range (IQR) of
measured pollutant concentrations (i.e., the odds ratio for a given health outcome given a
pollutant concentration at the 75 percentile of the distribution relative to that at the 258

percentile). All analyses were conducted using SAS version 8.2 for Windows and

STATA version 8.
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5. Conclusions

The research evidence on induced travel effects clearly shows that behavioural responses are real
and can have significant impacts on the congestion reduction benefits of capacity expansion projects.
Regardless of the specific impact on congestion, VMT growth is likely to be larger with more
highway capacity relative to less highway capacity. Both in the US and the UK research efforts are
underway to improve modelling and assessment tools to measure the impacts of these effects.

Transport policy is also gradually changing in both countries. UK policy appears to have been
more influenced by this research, primarily through the abandonment of forecasting based on a
predict and provide philosophy, though the recently released 10-year Transport Plan appears to
be a step backward. In the US, national policy has aimed to be more inter-modal in perspective,
but in practice funding incentives and political inertia have made major change difficult. Much of
the change in US policy is actually beginning to occur due to more detailed analysis at the project
level of induced travel and induced development impacts. In both countries, these changes are
being driven by environmental concerns. In the US environmental statutes are enabling much of
the change at the project assessment level rather than from directives specified by the Federal

government.
Overall, the new knowledge being developed of how infrastructure affects travel behaviour and

land use patterns will hopefully lead to actual implementation of improved policies and project
selection allowing greater choices for individuals using the transport network while minimizing

environmental impacts.
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The DOT is also incorporating measures of induced travel demand into their Highway
Economics Requirement System (HERS) which attempts to determine total financial needs for
the US highway system using a cost benefit analysis approach (US Department of Transpor-
tation, 1999). This model includes travel demand elasticities of 1.0 in the short run and 1.6 in
the long run with respect to total user costs. These are used as elasticities for individual links on
the highway network and therefore include route shifts that may not represent induced VMT
effects.

The inclusion of these user cost elasticities in the HERS model allows estimated VMT growth
to respond to changes in recommended investment levels. For example, average annual VMT
growth (over 20 years) for large urbanized areas is estimated to be 1.66% if annual average in-
vestments are $46.3 Billion while an investment level of $94.0 Billion could result in VMT growth
of 2.06% annually. It is unclear, however, how this analysis actually influences the allocation of
investment from the Federal government. While TEA-21 authorized spending levels for trans-
portation, subsequent annual appropriations of funds have been linked to annual gasoline tax
revenues with no consideration of how investment levels may affect VMT growth. In fact, US
Department of Transportation (1999) suggests that investment needed to maintain current con-
ditions, estimated using the HERS model, is generally higher than actual investment by both the
Federal and State governments.

Therefore, while the theoretical basis of, induced travel effects appears to be acknowledged

by the US DOT, the actual investment of Federal dollars is still largely driven by political
imperatives (such as demands for congestion reduction) and the levels of revenue collected by -
the Federal gasoline tax. US DOT does not make decisions on specific projects since these are
made by state Departments of Transportation and sometimes by local Metropolitan Plan-
ning Organizations. However, the availability of funding and the incentives this provides to
state governments by providing an 80% match to local funding can certainly bias decision
making. :
" Boarnet and Haughwot (2000) suggest that radical reform of the Federal role in highway
funding might be an effective policy for changing urban development patterns. They suggest that
if local metropolitan areas spent local money (rather than Federal or even state money), that cost
benefit analysis would be conducted and that ultimately local decision-makers would choose
better projects. .

Even without this type of radical reform, the science and economics of induced travel effects

are being recognized at the project level through the requirements of NEPA and the CAAA

_ conformity requirements. These statutory and legal requirements are beginning to have an
impact on policy for certain specific projects. While Federal nioney may currently distort de-
cision-making, Federal regulations may be able to improve decision- making (Downing and
Noland, 1998). :

The US debate on these issues is fundamentally tied to issues of community livability and
sprawl development. Suburban congestion has been linked. to sprawl development patterns by
those promoting “livability”. It is clear from much of the induced travel research that in-
creasing road capacity tends to encourage sprawl development while also being ineffective at
solving congestion problems. Despite this clear linkage, TEA-21 still authorizes tremendous
resources to new highway construction, potentially undermining other efforts to achieve liv-

ability goals.
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ronmental Impact Statements for highway projects currently do.not conduct a high quality
analysis of cumulative effects (i.e., the land development impacts that are induced by the project).
In addition, many highway projects are analysed in segments, rather than as an entire corridor
which would tend to underestimate the potential cumulative effects in the long run.

Long run development impacts from capacity expansion suggest that project goals should be
defined exclusively with regard to land development objectives, not congestion reduction. This
type of justification is normally avoided by transportation agencies. An assessment of transpor-

~ tation projects based upon their land development impacts obviously creates more political ten-

sion in the promotion of transportation projects. The business community and developers are
generally very active in promoting projects that increase access to undeveloped land and resulting
economic development on that land. A more detailed analysis of how transportation projects
interact with land development is essential information that is needed to improve decision-making
and the environmental outcomes of specific projects.

If congestion relief i$ not the stated goal of a project this would also imply that alternatives to
capacity expansion might be more appropriate. For example, if broad economic development and
sustainability goals are stated as goals within a corridor EIS, then the possible range of solutions
may expand well beyond the analysis of. highway options or even beyond other transportation
options. . _

As mentioned previously, the CAAA requires transportation plans to be in conformity with
State Implementation Plans for meeting the National Ambient Air Quality Standards (NA-
AQS). What this means is that states and metropolitan planning organizations must forecast
the impact of transportation plans (i.e., a collection of many different projects) on total
emissions of criteria pollutants (nitrogen oxides, hydrocarbons, carbon monoxide, and partic-
ulate matter).

Regional transportation planning agencies (or the states) generally maintain a system of models
to forecast and evaluate the impact of transportation projects and plans. These models are usually
deficient in accurately forecasting emissions (Transportation Research Board, 1995) partly be-
cause they do not adequately account for both short run and long run induced travel effects. This
can be partly corrected by building feedback mechanisms into the models to at least account for
some of the short-run impacts (Johnston and Ceerla, 1996a). Air quality regulations already re-
quire this step for conformity analysis, though actual practice has generally not kept pace with the
regulatory requlrement

Some EPA regions are working with metropolitan planning organizations to improve thc state
of the practice in the modelling of transportation impacts, in particular the impacts-on land
development. Various modelling packages (none of which are ideal) are available to provide es-
timates of land development changes induced by transportation and accessibility changes. '

- Improved modelling of these impacts would provide decision makers with far better information

on the short-run and long-run emissions impact of alternative transportation plans and are critical
for developing State Implementation Plans that will actually help bring a region into attainment
of the NAAQS. Project selection criteria would also be vaslly improved, as shown by Johnston

and Ceerla (1996a,b) and Rodier et al. (2001).

14 A good review of these models is contained in Parsons Brinckerhoff Quade aruli Douglas (1999).
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improve air quality. In addition, the Clean Air Act Amendments (CAAA) of 1990 strengthened
the requirement that metropolitan transportation investment programs “conform” with state
implementation plans for achieving the National Ambient Air Quality Standards. This requires
that the mobile source emissions “budget’” cannot be made worse by the planned transportation
system. Naturally this involves forecasting and modelling of transportation systems and has
spurred much research into developing models that can actually measure and estimate these ef-
fects.

More recently the TEA-21 of 1998 has continued both the CMAQ program and the trans-
portation air quality conformity requirements. In addition this legislation required the US De-
partment of Transportation (DOT) to institute a ““streamlined” process for transportation project
facilitation and delivery. The DOT has interpreted these “streamlining” provisions as a means to
encourage earlier consideration of environmental issues in the transportation planning and pro-
ject development process. :

Review of the environmental impact of Federal projects is one of the Environmental Protection
Agency’s (EPA) major roles as specified by the National Environmental Policy Act (NEPA) of
1970. Environmental Impact Statements (EIS) for Federal projects are developed by the lead
agency (the Federal Highway Administration in the case of highway projects) but reviewed by
* EPA (as well as the general public). The role of the EIS is to provide information to decision-
makers and the public about the environmental impact of projects and possible alternatives. The
alternatives analysed are generally minor (e.g. changes in routing or alternative mitigation
strategies). Major decisions on project scope have already been pre-determined at earlier phases of
the transportation planning process, often without undergoing significant environmental review.
Projects are often delayed due to the inadequacy of early stages of decision making that preclude
the consideration of a broad range of -alternatives. This is the element that the-streamlining
provisions are aimed at correcting. : ' '

An EIS will generally specify and define the goal for the specific project being evaluated. "?
The goal of many transportation projects is to reduce congestion; however, the studies cited
above strongly suggest that adding highway capacity will not be an effective solution for
achieving long- term congestion reduction goals. Alternative approaches may be far more ef-
fective than merely adding more capacity. For example, a more realistic approach to actually
controlling congestion would be to propose congestion pricing on existing road capacity (as an
alternative to new capacity construction). Provision of public transport services and redevel-
_ opment of existing land (e.g. brownfields and infill development) may also lead to less regional

congestion, while also serving the needs of economic development (albeit on different parcels of
land). T Bl '

The research reviewed above suggests that adding highway capacity will facilitate development
either on previously undeveloped land or more intensive development near the proposed project.
The linkage of development impacts to specific transportation projects requires an analysis of the
cumulative and secondary impacts of the project. Regulations promulgated by the Council on
Environmental Quality (CEQ)(1987) require the assessment of cumulative impacts. Many Envi-

- 13 EIS terminology defines project goals under the “purpose and need” of an EIS.
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impacts would then be limited to changes in the number of trips, routes, destinations, and
modes. Some relocation of activities could still occur, but one would not expect major new
sprawl development to occur (unless this is part of the land use plan). In theory, one could
argue that effective land use planning would allow capacity enhancements to capture travel
time reduction benefits more effectively. As shown previously, Rodier et al. (2001) estimate that
50% of induced travel effects occur if land use does not change in reaction to expanded ca-

. pacity.

In July 2000 the UK government released a 10-year transport plan (Department of Envi-
ronment, Transport and the Regions, 2000) following up on many of the policy documents
issued in recent years. The plan outlines the proposed investment strategy for surface transport
over the next 10 years. While the text of the document is generally consistent with the integrated
transport policy of the original White Paper, an analysis of the actual expenditure plan is not
quite consistent with the White Paper’s policy. Of about £121 Billion of public expenditure
proposed over the 10-year period, over 45% is devoted to trunk and local roads and slightly
more devoted to rail and public transport (Annex 1 of Department of Environment, Transport
and the Regions, 2000). While not all of the road spending is devoted to new capacity, there is
an explicit target of widening 5% of the trunk road network, construction of 30 bypasses, and 80
major schemes to reduce congestion. The Transport Plan acknowledges that construction of new
road capacity is not the solution to congestion problems, but the overall investment focus ap-
pears to disregard potential induced travel effects (including stating that congestion reduction is
a ‘specific goal). o -

Despite this major increase in spending on road projects, the Transport Plan also includes
increases in rail and public transport expenditures. Local Authorities will also be required to
develop integrated Local Transport Plans to improve planning focused around specific schemes.
In addition, these Plans provide a mechanism for using transport funding to help address the
needs of Air Quality Improvement Plans also required of Local Authorities.

The Transport Plan also allows Local Authorities to plan and implement congestion charging
and/or workplace parking schemes. The Greater London Authority has also been empowered to
implement a congestion charging scheme for which active planning is currently in progress. These
ideas are consistent with a recognition of the need to price demand to relieve congestion without
inducing new travel. ' '

Overall the 10-year Transport Plan attempts to distribute substantial increases in public
spending to many beneficiaries. While increases in road spending are significant, public transport
and. rail systems also are receiving substantial increases. Other than the potential for various
congestion charging schemes, the overall plan does not appear to fully integrate much of  the
knowledge of induced travel effects developed in recent years. '

4.2. Transportation and environmental policy in the US

Within the last decade, the general trend in policies of the US Federal government has been to
better integrate transportation policy with environmental policy. This trend began with passage of
the ISTEA in 1991. Perhaps the two most significant examples of the integration of transportation
and environmental policy has been the establishment of the Congestion Mitigation and Air
Quality program which dedicates specific funding from the Highway Trust Fund for projects that
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have been used in the UK since the 1970s. The cost benefit approach embodied by the COBA
model measures travel time savings, changes in vehicle operating costs, and changes in accident
rates. A review of planned trunk road schemes was carried out using the new appraisal methods.
Of 68 schemes considered for the Targeted Program of Improvements for trunk roads laid out
in Department of Environment, Transport and the Regions (1998¢), 37 were withdrawn or
deferred for further analysis after the new appraisal methods were applied. Nellthorp and
Mackie (2000) analysed how various appraisal factors affected the decision of whether to
withdraw a scheme or not. They concluded that many of the environmental factors (excluding

air quality) were influential while the cost benefit assessment (from COBA) was not significant in .

the decisions taken.
The Standing Advisory Committee on Trunk Road Assessment (1994) reported recom-

mended new procedures of cost benefit analysis of road projects to account for induced travel
effects. Interim guidance on this was published simultaneously with the SACTRA report (De-
partment of Environment, Transport and the Regions, 1994). These procedures were updated in
- 1997 with an updated section of the UK Design Manual for Roads and Bridges (Highways
Agency, 1997). This provided interim elasticity methods to account for induced travel effects;
DETR continues to do research on updating four step modelling procedures for more complex

schemes. !
Some analysis has been conducted on the differences in cost benefit results with and without the

inclusion of induced travel effects. Small induced travel effects of 5-10% have been found to re-
duce the benefits of a scheme by anywhere from 20% to nearly 40%. ' It is not clear whether any
specific road schemes have either been abandoned or undergone major design changes in response
to changes in the appraisal methods. However, the overall policy approach of abandoning a “wish
list” of projects and announcement of a Targetted Programme of Improvements outlined in
Department of Environment, Transport and the Regions (1998c) undoubtedly are in response to
new qualitative knowledge on induced travel effects. ; .

In the area of land use policy the UK has historically been able to better preserve land and
avoid the sprawl development patterns of the US (though there are certainly examples of US style
sprawl in the UK). Planning Policy Guidance 13 on Transport (Department of the Environment,
1994) was instituted to provide Local Authorities with guidance on better coordinating land use
and transport planning. The aim is to reduce reliance on private vehicles, encourage modes with
less environmental impact, and reduce both the number and length of motorized journeys. The
promotion of development in centralized and accessible areas (by modes other than private cars)
is explicitly-stated as a goal. These sort of policies are certainly consistent with the goals of the

* White Paper. : :

Interestingly, if land use policy were completely effective one would expect capacity en-
hancements to result in less induced travel. This assumes that land use planning can effectively
disconnect the response of developers to changes in the transport network. Induced travel

'n the US the National Cooperative Highway Research Program (project number: 25-21) is conducting similar
research geared at looking at the air quality impacts of changes in traffic flow. The proposed methodologies are quite
comprehensive and will be equivalent to updating four step travel demand models and integrating them with land use
and modal emissions models to account for induced travel effects and changes in vehicle dynamics.

12 pa rfiamentary Record of the House of Commons, Hansard column 808 — 6 December 1996, HMSO: London.
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The theory of induced travel, whether by immediate behavioural travel adjustments or longer
term land use impacts, appears to be clearly justified. Transportation planners have been reluctant
to accept this conclusion that essentially challenges the notion that transportation projects can
substantially reduce traffic congestion. However, the implication should not be that transporta-
tion projects have no benefit. It merely implies that the benefits cannot be attributed to changes in
travel time. Going back to basic urban economic theory, induced travel effects imply that the
changes in behaviour are translated through changes in land price valuation (i.e., the bid-rent

~ curves of urban economics, see for example, Mills and Hamilton, 1994). This conclusion changes

the context of transportation policy from congestion reduction to one of directing the growth of
urbanized areas. We turn to a discussion of these issues and transportation policy in both the UK

and the US.

4. Induced travel and changes in transportation and environmental policy

4.1. Transport‘atfon and environmental poffcy in the UK

In 1998 the UK Department of Environment, Transport and the Regions (DETR) established a
new direction for UK transportation policy with the publication of the government’s White
Paper, A New Deal for Transport: Better for Everyone (Department of Environment, Transport
and the Regions, 1998a). One of the key directives of this policy was. that the government would
no longer attempt to accommodate traffic growth through a strategy of “predict and provide.”
That is, road construction would not continue to meet forecast traffic growth. The level of forecast
infrastructure needed to meet an unconstrained growth assumption was seen as unsustainable
both environmentally and financially. '

Goodwin (1999) states that this enabled alternative options, such as increased public transport
and non-motorized modes, to be seriously considered. Integration of all modes of transportation
was seen as a key goal while simultaneously reducing the need for motorized single-occupant
vehicles. An emphasis on maintaining existing road infrastructure, rather than increasing its ca-
pacity, was another key element. The recognition that some road pricing options would be de-
sirable, both for moderating demand, and for raising revenue for alternatives was another key
conclusion. '

Goodwin (1999) outlines much of the historical context and incremental changes that preceded
the publication of the White Papcr Growing concerns about the environmental impact of road
transportanon were seen as a primary driver. These included concerns about the health costs of
air pollutants, climate change impacts, acid rain and ecological impacts. The Standing Advisory
Committee on Trunk Road Assessment (1994) report on induced traffic played a major role in
changing the perspective on whether predict and prov1de was an cconomlcally sensible policy and
has led to changes in the process of road appraisal in the UK.

The new appraisal process seeks to simplify the task for the decision maker by summarizing
key information in a tabular format (Department of Environment, Transport and the Regions,
1998b). Price (1999) provides an overview of the new appraisal system, the purpose of which is
to more clearly highlight environmental concerns (which tended to be lost in the volume of the
detailed environmental impact assessments) against traditional cost benefit approaches which
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Table 4
Summary of elasticity estimates
Citation Travel time  Lane mile Type of model Data used
elasticity elasticity
Goodwin (1996), -0.5-1.0 Derived from gasoline
SACTRA (1994) ) price elasticities
Hansen and Huang 0.3-0.7 Time-series cross-sectional - California County-level
(1997) fixed effects data
0.5-0.9 California Metropolitan-
level data
Noland (2001) 0.3-0.6 Time-series cross-sectional  State-level data
(Short-run)  fixed effects
0.7-1.0
(Long-run)
0.5-0.8 Difference model with
: fixed effects B
Noland and Cowart 0.8-1.0 Time-series cross-sectional ~ Nationwide
" (2000) (Long-run)  fixed effects metropolitan-level data
0.3 . Two-stage least squares
with weak instrument .
Fulton et al. (2000) 0.3-0.5 Two-stage least squares County level data from
: with good instrument Maryland, Virginia,
2 ; 3 North Carolina, and DC
Cervero and Hansen 0.559 Two-stage least squares County level data from
(2001) with good instrument California
Rodier et al. (2001) 0.8-1.1 Disaggregate modelling Sacramento regional data
. study ‘and modelling system
Strathman et al. (2000) 0.29 Cross-sectional model - NPTS data, individual-
- level, nationwide
Barr (2000) -0.3-04 Cross-sectional model * NPTS data, individual-

level, nationwide

essence, these studies indicate that development is induced by new road infrastructure. Boarnet
and Chalermpong (2001) relates changes in housing values, as an indicator of the increased

demand for housing, to increased road infrastructure w1th thc 1mpl1catlon that this induces addi-.

“tional VMT. '°
Boarnet (1997) attempts to reconcile the literature on development ‘impacts from highway

projects. He suggests that while from a regional perspective highway projects may have little if any
growth inducing impacts, they may have significant impacts within specified corridors or sub-
regional areas. The result is that highway projects may simply redistribute existing growth within
a.metropolitan area. To a large extent, this growth will be in ex-urban areas that are receiving
gains in accessibility at the expense of downtown or older suburban areas.

10 These studies are also consistent with studies that suggest that public investment (which is dominated by investment
in transportation infrastructure) increases overall economic productivity (see, for example, Aschauer, 1989; Nadiri and
Mamuneas, 1998; as well as critics such as (Tatom, 1991), who questions the methods used to come to this conclusion),
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travel. In testing this hypothesis, he also uses data from the NPTS and estimates the following
model:

log(q/C) = By + By log(X*) + B, log(C) + B5(log(C))’ + ¢, (2)

where g is vehicle travel (VMT), C is a measure of capacity (lane miles), X* refers to other
variables included in the estimation, and & is an error term. Using a cross-sectional database of

metropolitan areas derived from the NPTS, Chu (2000) finds significant coefficients on both the §,

and B, terms. He concludes that capacity does influence total traffic albeit with a diminishing effect
as specified in his theoretical model.

Not all the studies cited have been able to show that induced travel is larger or more extensive
when congestion is present. Chu’s (2000) model provides the most convincing evidence of some
correlated effects. While the empirical analysis is weak, theoretically we would generally expect
more induced travel when congestion is higher and also more induced travel when land use and
development controls are weak thereby allowing the market to respond to changes in the highway
network. Standing Advisory Committee on Trunk Road Assessment (1994) came to the con-
clusion that when large changes in generalized travel costs occur, mduced travel is likely to be
significant, based largely on theoretical grounds. :

Our-conclusion from the relevant literature is that the theory of induced travel can certainly not
be refuted and is largely confirmed. Table 4 summarizes the elasticity estimates from the studies
discussed above. These coefficient values, while estimated with different data sets and different
techniques, seem to suggest that lane mile elasticities are in the range.0.3-0.6 with larger elas-
ticities for long run effects. .

A major relevant questlon is how important is induced travel compared to other drwcrs of
VMT growth, or as the SACTRA report asked, “does it matter?”. Both Noland (2001) and
Noland and Cowart (2000) estimate the relative contribution of induced travel to overall VMT
growth. Noland (2001) applies the distributed lag model in Table 1 to forecast VMT growth out
to 2001. He finds that if current trends in both lane mile increases and demographic variables

- continue, VMT will grow at about 2.65% annually. If lane mile growth is set to zero, this reduces

VMT growth to about 1.9% annually. In other words, the induced travel effect accounts for about
28% of annualized growth in VMT. Noland and Cowart (2000) estimate this effect to average
between 15% and 40% of annualized VMT growth (on interstates and arterials) for metropolitan

- areas. The lower range is probably. more precise as this was derived from the better of the models

that they estimated. Heanue (1998) uses.data from Milwaukee, Wisconsin-to estimate the con-
tribution' of induced travel to VMT growth. Using Goodwin (1996) and Hansen and Huang
(1997) elasticity estimates, Heanue (1998) determines that between 6% and 22% of VMT growth is
due to capacity additions. These results strongly suggest that forecasting VMT growth (and the
environmental impacts of that growth) needs to mclude some measure of transportation infra-
structure as a determining factor.

The modelling work of Rodier et al. (2001) shows that the long term land use development effects
can be a large additional source of increased VMT associated with highway expansion. Another

- stream of research has investigated the impact of road infrastructure on overall development.

Amongst these are Boarnet (1998) and Chandra and Thompson (2000) who estimate models that
demonstrate that the spatial allocation of development is affected by road infrastructure. In
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direct effect of roadway capacity on VMT, Strathman et al. (2000) also found an indirect effect,
through residential density and employment density. The estimations showed that reduced resi-
dential density results in higher VMT while reduced employment density results in lower VMT.
This latter result may appear counter-intuitive unless one considers that lower density employ-
ment locations may in some cases be closer to residential areas than higher density urban cores,
though they would also tend to be less accessible by public transport. The net change of these two
counteracting forces, was an estimated indirect elasticity of 0.033 between roadway capacity and
VMT, which was about one-tenth of the magnitude of the direct effect.

Barr (2000) used disaggregate household data from the 1995 NPTS to examine induced travel
effects. His study included 27,409 individuals from the NPTS. His key variable of interest was
the amount of time spent traveling by each household. This was calculated by deriving the
average travel speeds from the reported length of journeys and their reported duration. The
inverse of the speed was used to derive the key variable of interest which was the average travel
time. This study uses only a cross-sectional database and can only describe correlation and not
causation. The use of reported measures of time and distance may also introduce potential
inaccuracies in the data. However, some interesting observations can be drawn from Barr’s
study. Travel time elasticities ranged between —0.3 and —0.4. This is below the range suggested
by Goodwin (1996). Barr (2000) also shows that elasticities are higher in urbanized areas
compared to non-urbanized areas. This could be explained by higher congestion in these areas
and greater access to alternative modes. While he states that urbanized areas have a higher
elasticity (=0.36), it is really not much higher than for non- urbanized areas (—0.32). This may
indicate no significant difference and his result that elasticities do not vary with metropolitan
area size would tend to support the insignificance of the difference in these elasticities. He does
show interesting elasticity differences for different family life cycles but suggests that much of this
difference is due to higher income elasticities. Clearly, Barr’s work shows that disaggregate
analysis can offer additional information to policy makers on how capacity additions will impact
various demographic groups. _ _ :

A similar result on the effect of metropolitan area size was shown by Noland and Cowart
(2000). They forecast the contribution of capacity additions to VMT growth for metropolitan
areas of different size and areas with different congestion indexes as ranked by the Texas
Transportation Institute (Schrank and Lomax, 1997). The forecasts showed that there was no
difference in the contribution of capacity additions to new VMT between the different categories.
.. Energy and Environmental Analysis (1999) analysed elasticity differences assuming that the ratio
. of VMT over lane miles was a good proxy for congestion levels (using the same data as Fulton
et al., 2000). They could not show any significant difference in elasticity values for the different
models. These results are quite interesting as one would expect more congested areas to have
larger elasticities. It is possible that this could indicate that land use and development effects play a
larger role than existing congestion in inducing new VMT. Noland and Cowart (2000) suggest
that this may be the case by analysing the difference in the contribution of new capacity to forecast
VMT growth between metropolitan areas. They conclude that areas with proportionally greater
growth in lane miles can attribute more of their VMT growth to induced travel.

Chu (2000) developed a model to try to estimate elasticity changes for different levels of un-
derlying congestion. In deriving his theoretical model of travel demand and highway supply he
determines that incremental expansion in highway capacity will have smaller effects on vehicle
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ABSTRACT

Associations have been found between long-term exposure to ambient air pollution and
cardiovascular morbidity and mortality. The contribution of air pollution to atherosclerosis that
underlies many cardiovascular diseases has not been investi gated. Animal data suggest that
ambieni particulate matter (PM) may contribute to atherogenesié. we used data on 798
participants from two clinical trails to investigate the association between atherosclerosis and
long-term exposure to ambient PM up (o 2.5 pm in aerodynamic diameter (PM, s). Baseline data
included assessment of the carotid intima-media thickness (CIMT), a measure of sub-clinical
atherosclerosis. We geocoded subjects’ residential areas to assi gn annual mean concentrations of
ambient PM, 5. Exposure values were assigned from a PMy s surface derived from a geostatistical
model. Individually assigned annual mean PM‘;.S concentrations ranged from 5.2 to 26.9 pg/m’
(mean: 20.3). Fora cross-scctionai exposure contrast of 10 pg/m3 PM,; s, CIMT increased by
5.9% (95% CI: 1%-11%). Adjustment for age reduced the coefficients, but further adjustment for
covariates indicated robust estimates in the range of 3.9% to 4.3% (p-values 0.05 to 0.1). Ammllg
older subjects (=60), women, never smokers, and those reporting lipid-lowering treatment at
baseline, the associations of PM s and CIMT were larger with the strongest associations in
women >60 (15.7% ; 5.7% - 26.6%). These results represent the first evidence of an association
betwecn.atharosclerosis and ambient air pollution. Given the leading role of cardiovascular

disease as a cause of death and the large populations exposed to ambient PM; s, these findings

may be important and need further confirmation.



INTRODUCTION

A large body of epidemiological evidence suggests associations between ambient air
pollution and cardiovascular mortality and morbidity (Peters and Pope 2002) (Pope et al. 2004).
All of these studies focus on events occurring at a late stage of vascular disease processes. The
impact of air pollution on the underlying preclinical conditions remains poorly understood: We
hypothesize that current levels of ambient fine particles up to 2.5 pm in aerodynamic diameter
(PM, ) may contribute to atherosclerosis, leading to subclinical anatomical changes that play a
major role in cardiovascular morbidity and mortality later in life. Animal studies support our
hypothesis by showing that inhalation of ambient particulate matter p.romotes oxidative lung
damage, including alveolar and systemic inflammatory responses (Fujii et al. 2002; Goto et al.
2004; Soukup et al. 1995; Suwa et al. 2002; Tepper et al. 1994; van Eeden et al. 2001).

We investigated the association between residential ambient PM, s and carotid artery
intima-media thickness (CIMT) using pre-randomization baseline data from two recent clinical
trials conducted in Los Angeles, California (Hodis et al. 2002). CIMT is a well-established
quantitative measure of generalized atherosclerosis that correlates wclllwith all of the major
cardiovascular risk factors, with coronary artery atherosclerosis, and with clinical cardiovascular
events (Mack et al. 2000). It is an established tool for investigating the contﬁbution of long-term
exposures such as smoking or passive smoking to sub-clinical stages of atherosclerosis at any
given age (Diez-Roux et al. 1995; Howard et al. 1994; Howard et al. 1998). This is the first study

to assess the association of atherosclerosis with air pollution.

METHODS

Population and Health Assessment
We used baseline health data from two randomized, double-blind, placebo-controlled

clinical trials conducted at the USC Atherosclerosis Research Unit (Hodis et al. 2002). The
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Vitamin E Atherosclerosis Progression Study (VEAPS) investigated the effects of vitamin E on
the progression of atherosclerosis measured by carotid artery intima-media thickness (CIMT).
The B-Vitamin Atherosclerosis Intervention Trial (BVAIT) focused on the effect of vitamin B
supplements on the progression of atherosclerosis (trial in progress). Baseline assessment in both
trials included CIMT measured between 1998 and 2003 using the same standardized methods
(Hodis et al. .2002; Selzer et al. 1994; Selzer et al. 2001). Rccruignent of volunteers occurred over

the entire Los Angeles Basin, covering a geographic area of approximately 64,000 km’.

Eligible subjects for the VEAPS trial (n=353) were men and women >40 years old with
slightly increased LDL cholesterol (>3.37 mmol/L), but with no clinical signs or symptoms of
cardiovascular disease (CVD) (Hodis et al. 2002). Subjects with diabetes, diastolic blood pressure
>100 mmHg, thyroid disease, serum creatinine >0.065 mmol/L, life-threatening diseases, or high
alcohol intake were excluded.

The BVAIT trial (N=506) had a similar design to VEAPS. Men and women >40 years of
age were prescreened to meet study criteria (fasting plasma homocysteine >8.5 pmol/L;
postmenopausal for women; no evidcnce of diabetes, heart disease, stroke, or cancer). Subjects
were excluded on the basis of any clinical signs or symptoms of CVD, diabetes or fasting serum
glucose Z 140 mg/dL, triglyceride levels > 150 mg/dL, serum creatinine > 1.6 mg/dL, high blood
pressure, untreated thyroid disease, life threatening disease with prognosis <5 years, or high
alcohol intake.

Thus, our study included ‘healthy’ subjects with biomarkers (élcvated LDL-cholesterol or
hom_ocysteine) that suggested an increased risk of future cardiovascular diseases (N=859). Fifty-
eight subjects were eﬁccl_udcd in the exposure assignment process as they lived outside the area
with PM, s data. Three subjects had missing data in at least one of the covariates used in the

models. Our total sample consisted of 798 participants.
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Health measures, including CIMT

Our main outcome of interest is the thickness of the carotid artery intima-media. In both
trials, high-resolution B-mode ultrasound images of the right common carotid artery (CCA) were
obtained prior to the intervention (base line) with a 7.5-mHz linear array transducer attached to an
ATL Ultramark-4 Plus Ultrasound System. We used this baseline CIMT measurement as the
outcome. Details of this highly reproducible method are published (Hodis et al. 2002; Selzer et al.

1994; Selzer et al. 2001). Blood pressure, height, and weight were measured with standard

procedures.

The baseline questionnaires included an assessment of all major cardiovascular disease
risk factors and covariates, including clinical events, diet, use of prescription medications,
physical activity, current and past smoking and passive smoking, and vitamin supplements. Age,
education, and other socio-demographic factbrs were available for each subject. Fasting blood

samples were also drawn for lipid measurements. Data used in our analyses were collected with

the same tools in both trials.

Exposure Assignment

To assess exposure we chose a novel approach derived from a Geographic Information
-System (GIS) and geostatistics. This method allows for assignment of long-term mean ambient
concentrations of PM, s to the zip code area of each subject’s residential address (Kiinzli and
Tager 2000). The resultiilg surface of PM, s covered the entire Los Angeles metropolitan area.
The sﬁrfacc is derived from a geostatistical model and data from 23 state and local district
monitoring stations (year 2000). These monitors are located across the Los Angeles region to
characterize urban levels of pollution. To assign éxposure, PM, s data were interpolated using a
combination of a universal kriging model with a quadratic drift and a multiquadric radial basis

function model (Bailey T and Gatrell 1995; Burrough P and McDonnell 1998). We averaged the
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two surfaces based on 25 meter grid cells. Examination of errors from the universal model
showed that over 50% of the study area had assigned values within 15% of monitored
concentrations, while 67% were within 20%. The larger errors were on the periphery of our study
area, where the density of study participants was the lowest. We linked the zip code centroids of
each subject with the exposure surface through a geocoding database (www.esri.com). The map
(Figure 1) illustrates the PM, s surface with the geo-located zip codes. Individually assigned PM s
data had a range from 5.2 to 26.9 pg/m’ (mean: 20.3), thus exceeding the range observed across
156 metropolitan areas used in the largest cohort study of air pollution and mortality (Pope et al.

2002b). All models were implemented with ArcScript from the Environmental Systems Research

- Institute (ESRI, Redlands, CA).

Statistical Analyses

We tested the univariate and multivariate associations between CIMT and ambient PM; s
using linear regression analyses. Extensive residual diagnostics indicated some heteroscedasticity,
which was rectified with the natural log-transformed CIMT. We adjusted for factors that were
statistically associated with both CIMT and ambient PM, 5 (age, male sex, low education, and low
income). Next, we cxpanded the models using covariates that were associated with either PM, 5 or
CIMT, including indicator variables for current second hand smoke exposure and current and
former personal Is_moking. We then added covariates tﬁa_t play arole in atherosclerosis such as
blood pressure, LDL-C, or proxy measures subh as reporting treatment with antihypertensives or
lipid-lowering medications at study entry. These factors may be on the pathophysiologic
pathways linking air po}lution exposure and atherosclerosis (Ross 1999); thus, such models may

overadjust the coefficients. We chose this conservative approach to test the sensitivity of the

' effect estimates under a broad range of model assumptions.
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There is increasing evidence that host factors such as age, gender, or underlying disease
and risk profiles may modify the effects of air pollution (Pope et al. 2002b; Zanobetti and
Schwartz 2002). Furthermore, the finding of atherosclerosis in PM-exposed rabbits was based on

a hyperlipidemic trait (Suwa et al. 2002). Therefore, we also stratified by gender, age (<60; 260

yrs), smoking status, and lipid-lowering drug therapy.

RESULTS

Table 1 summarizcs thc main characteristics of the study population and among main
subgroups.- Table 2 i:u'esents the percent change in CIMT in association with a 10 pg/m’ contrast
in ambient PM, s concentrations for three cross-sectional regression models. The unadjusted
model indicates a 5.9% (95% CI: 1%-11%) increase in CIMT per 10 pg/m’ PM, 5. For the
observed contrast between lowest and highest exposure (20 pg/m3 PM, 5), this corresponds to a
12.1% (2.0%-23.1%) increase in CIMT. The only covariate with a substantial effect on the point
estimate was age, which reduced the effect from 5.9% to 4.3% (0.4%-9%) per 10 pgfms PM,s.
This change agrees with the age-related effect modification (see below). Otherwise, effect
estimates across the models remained robust, in the range of 3.9% to 4.3% with p-values from
0.05to 0.1-. To corroborate the exposure-response relationship, we also categorized PM, s levels
into quartiles. Figure 2 shows the adjusted mean CIMT across these four groups of equal sample
size at the mean levels of the covariates {age, gender, cducation,. and incbmc). The trend across
the exposure groups was statistically signiﬁcé.nt (p=0.041). The unadjusted means of CIMT

among these quartiles of exposure were 734, 753, 758, and 774 pm, respectively.

The associations between CIMT and PM, s were substantially stronger among 109
subjects reporting lipid-lowering medicatioﬁ at study entry, both in men and women (see Table 2

and Figure 3). The crude effect reached 15.8% (2%-31%) per 10 ﬁg/m3 PM, s with adjusted



s
Ta..

values ranging between 12% and 16%. Despite the small sample size, p-values of all models were
mostly <0.1 and often <0.05.

Results also suggest significant age and gender interactions, with much larger effcct; in
women and in the older age group (Figure 3). Effect estimates in women were statistically
significant and typically in the range of 6% to 9% per 10 pg/m’ PMys. Associa.tions were
strongest among women >60 years of age (N=186), leading to crude estimates of 19.2% (9% -
31%). Adjusted coefficients ranged from 14% to 19%, being statistically significant in all models
and sensitivity analyses. |

Among never smokers (N=502), the effect estimate reached 6.6% (1.0% to 12.3%). As

shown in Figure 3, the estimate was small and not significant in current (N=30) and former

smokers (N=265).

DISCUSSION

Our study presents t;hc first evidence for an association between CIMT and long-term ,
exposure to ambient air pollution. As recently reviewed in a statement of the American Heart
Association (Brook et al. 2004) substantial epidemiological and experimental evidence suggests a
contribution of ambient air pollqtants on cardiovascular mortality and morbidity. However, these
studies focus ﬁn acute and sub-ﬁcute effects on cardiac autonomic function, inflammatory or
thrombogenic markers, arrhythmia, myocardial inf:irétion,"'cardiovascuiar hospita[ admission, and
death. The only outcome considered in long-term air pollution studies has been mortality. The
relative risk for acute effects on mortality have been substantially smaller than those observed for
long-term associations (Pope et al. 2002a; Samet et al. 2000a). As shown by Kiinzli et al. cohort
studies are capable of capturing acute and chronic effects of air pollution on the course of
diseases that ultimately lead to premature death. In contrast, time-series and panel studjes

investigate only the associations of event occurrence with the most recent exposure (Kiinzli et al.

10
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2001). Thus, if air pollution has both acute and cumulative long-term effects, one expects larger
~ mortality coefficients in cohort studies. The thickness of the intima-media reflects long-term past
exposure; thus, we provide the first evidence for chronic effects of air pollution on atherogenesis
which may in part explain the above mentioned discrepancy between acute and long-term risk
estimates (Pope et al. 2002b; Samet et al. 2000b).

There are several major aspects to be considered in the interpretation of this new finding,
mainly the strength in the exposure assignment, the limited evidence for bias, the differences in

effects within subgroups, and plausibility.

Exposure Assignment

The individual residence-based assignment of exposure represents a substantial
improvement over most studies that have relied on central rnonitors‘or on binary road buffers
combined with basic interpolation (Hoek et al. 2002; Pope et al. 2004). As a sensitivity analysis,
we used weighted least squares models with the weights specified as the inverse of the standard
errors ﬁoh the universal kriging model to down-weight estimatbs_with larger error. In a&dition,
we implemented models based solely on the universal kriging estimate. In both instances results
were robust and similar to what we found with our main model.

Time-activity studies show that people spend most of their time in or around home, and
our restriction of exposure assessment on residential address captures the most relevant part of
exposure (Leech et al. 2002). PM, s generally displays spatially homogenous distributions across
small areas such as neighborhoods and blocks, and as a result, the ambient conditions at the zip
code centroid likely reflect the levels expected at home outdoors (Roosli et al. 2000). PM; 5 of
outdoor origin will also penetrate indoors, and correlations between long-term outdoor PM
concentrations and indoor levels of PM from outdoor origin is high (Sarnat et al. 2000).

Exposure to ambient air pollution while working and during commute are not included in our
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exposure term but are considered to be a relevant source of exposure (Riediker et al. 2003).
Although most likely a random misclassification with biases toward the null, the errors may

affect subgroups differently, thus explain part of the observed interactions (see below).

In Los Angeles, no clear trends have been observed in PM; s concentrations over the past
5 to 10 years. The year 2000 #urface characterizes the prevailing mean PM, 5 concentrations
across several years and can be considered a measure of long-term past exposure. This year also
sits in the middle of the baseline recruitment period. Overall, the various limitations in our

exposure assignment may add some random error, biasing results toward weaker associations

(Thomas et al. 1993).

We also assigned ambient ozone to zip code centroids. Inclusion of ozone in the models
had no impact on the PM; s coefficients or the standard errors. Ozone aqd PM, s were not
correlated (r=-0.17) and the PM, s estimates were not substantially different in low and high
ozone regions. The estimates of association for ozone were positive but not statistically
significant and much smaller than for PM, 5. This finding must be put in context of the specific
challenges in determining long-term cxposur-e to ozone, which are substantially different than 1n
the case of PM exﬁosure. In contrast to PM, 5 from outdoor origin, ambient ozone levels have
lower correlations with personal exposure (Avol et al. 1998; Sarnat et al. 2000; Sarnat et al.

2002); therefore, the ability to detect effects of ozone will likely be reduced due to greater

misclassification.

Biases

Our subjects were a nonrandom sample of ‘healthy’ volunteers with above average
education, meeting strict inclusion criteria for the two ciinical trials. AI.though we cannot exclude
somcl systematic selection biases affecting the cross-sectional data, it is unlikely that subjects with

preclinical signs of atherosclerosis would have been more likely to volunteer if they lived in more
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polluted areas. Although the selection of subjects limits the generalization to other populations,
we do not expect this to lead to over or underestimating the crﬁss—sectional associations. The two
trials recruited subjects independently; thus the effects may be compared across trials to evaluate
the potential influence of selecting volunteers. The populations differed with regard to age,
smoking habits, baseline LDL and treatment, blood pressure, active and passive smoking, and
other relevant factors; thﬁs the PM2.5 coefficients were smaller and were not statistically
significant in the VEAPS trial with its younger population. However, after taking these factors
into account, the associations with ambient PM; s were similar. For example, among elderly
women of VEAPS (N=70) and BVAIT (N=116), the effect estimate was 18.1% (-0.1 to 36.3.%)
and 13.6% (2.8 to 24.4.%), respectively. As discussed below, there is some evidence for larger
effects in subjects with cardiovascular risk factors, indicated by prescriptions of lipid-lowering
treatment. Our triz-tls excluded subj écts with clinically manifest cardiovascular diseases.
Moreover, if air pollutidn amplifies systemic inflammation among those prone to atherosclerosis,
exclusion of subjects with high LDL may be a source of bias. One may expect effect estimates in
é less selected, less healthy population to be larger than those reported.

The wealth of baseline data from these clinical trials offered the opportunity to control for
a broad array of covariates. Apart from the effect of age adjustment, estimates were robust to
numerous combinations of covariates, including: income, education, active and passive tobacco
smoke, cardiovascular prescriptions, vitamin intake and physical activity. Uncontrolled or
residual confounding appears to be an unlikely explanation for these results. Among women,
adjustment for hormone replacement therapies did not affect the PM; s estimates.

In previous studies, we found that spatial autocorrelation in the residuals could affect the
size and signiﬁcanc;,e ot; pollution coefficients (Jerrett et al. 2003a). We investigated spatial
autocorrelation of the unstandardized residuals. We assessed autocorrelation with a first-order,

adjusted first-order, and second-order spatial weight matrices based on nearest neighbor
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contiguity, but we found no evidence of spatial autocorrelation. This supports the conclusion that
the models supply efficient unbiased estimates (Jerrett et al. 2003b). As part of our sensitivity
analyses, we also derived PM; s surfaces using different interpolations and weighted least squares

with weights equal to the inverse of the standard error of the exposure estimate. All approaches

produced very similar results.

Evidence for Effect Modification

The data suggest substantial interactions with age, gender, smoking, and underlying
cardiovascular risk f:actors. Given the reduced sample size among subgroups, the recruitment of
volunteers, and the cross-sectional nature of the data, it is difficult to fully explore the causes of
the observed modjfli.-détions of associations and to establish susceptibility profiles. If the exposure
misclassifications differed across subgroups, part of the interactions may be explained by
differential exposure error. The gender and age difference could also be an artifact due to
measurement error in the assigned exposure as time spent in commuting and location of work
places may bé different in men and women and in the young and elderly. Empirical studies on
mobility suggest womeﬁ have smaller activity spaces ti:an men and younger groups, meaning
they tend to spend more time in and around the home (Kwan MP and Lee 2003), and the same is
probably true of the ek_lerly compared to younger groups. Exposure measurement error may be
reduced in those spending more time at home, leading to stronger effects (Thomas et al. 1993).

Moreover, differences in statistical power may play a role as well; as shown at least for the age

.range 25-40 years, power to detect effects on CIMT is larger in women than in men (Stein et al.

2004)
The finding that those reporting prescriptions of lipid-lowering medications at baseline
showed stronger associations of CIMT with PM, s merits further investigation. This result agrees

with the observed effects of PM on atherosclerosis in experiments conducted in hyperlipidemic
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rabbits (Goto et al. 2004; Suwa et al. 2002). The systemic inflammatory and atherogenic reaction
in these rabbits was related to the amount of PM contained in the alveolar macrophages. In our
study, being under lipid-lowering therapy is an indicator for risk profiles prone to atherogenesis.
Those subjects were mostly men (64%), and, on average, older, more often active or passive
smokers, and almost twice as likely to report antihypertensive treatment. The systemic response
to ambient PM may amplify and expand the oxidation of LDL-C among these susceptible
subjects, consequently contributing to injury in the artery wall (Goto et al. 2004; Ross 1999).
Investigations of short-term effects of ambient air pollution on mortality also suggest that
underlying risk profiles such as diabetes may amplify susceptibility to ambient PM (Zanobetti
and Schwartz 2002), and similar findings have been shown with smoking and diabetes mellitus in
association with CIMT (Karim et al. 2004). To clarify the relevance of lipid status, it would be
interesting to investigate our hypothesis among cohorts with familial hypercholesteremia
(Wiegman et al. 2004; Wittekoek et al. 1999). |

As shown in Figure 3, the size of the point estimate was larger among the older subjects.
Future résearch needs to clarify whether air pollution contributes to atherosclerosis only after a
certain age or early on. Effects of air pollution on Iuné development have been observed during _
adolescence and may be a result of both pulmonary and chronic systemic inflammatory effects
(Gauderman et al. 2002); thﬁs, it is conceivable that atherogenic responses may occur early in
life. The age—c_lepéndence of the effects may also be co-determined by genetic factors (Ross 1999)
(Humphries and Morgan 2004).

We also observed larger effects in w;amen. If otiler cardiovascular risk factors such as
occupational exposures dominate atherosclerosis in men, we would expect a smaller effect signal
and less precision in th;: estimates among men. We also hypothesize that interactions may reflect

biological causes. If pre-menopausal women are protected against atherosclerosis by endogenous
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hormones, loss of hormonal protection would lead to increased vulnerability after menopause

(Kannel et al. 1976). This could explain part of the interaction by both age and gender.

Active and passive smoking did not confound results in either the total sample or among
subgroups. Adjustment for active tobacco smoke led to a slight increase in the effect estimate,
thus residual confounding is unlikely to overestimate the effects. However, PM, s associations
were clearly stronger in never smokers as compared to smokers (data not shown). This gradient
was also observed in all subgroups with.significant PM, s associations (Figure 3). Oxidative and
inflammatory effects of smoking may dominate to such an extent that the additional exposure to
ambient air pollutants may not further enhance effects along the same pathways. The diﬂ‘ercnce'
in the effects of PM, s in smokers and nonsmokers needs further investigation. The ACS cohort
study does not reveal a clear pattern of a smoking interaction for the association of ambient air
pollution and cardiovascular death (Krewski et al. 2004; Pope et al. 2004). In the SAPALDIA
study, associations between air pollution and level of pulmonary function did not differ by
smoking status (Ackermann-Liebrich et al. 1997).

Some U.S. studies indicate effect modiﬁcation of air pollution by socioeconomic status
with much stronger effects among the less educated (Pope et al. 2002b). The cause of tlﬁs
interaction pattern is not well understood. Socio-economic status wzlis rather homogenous in these
mostly well-educated volunteers providing little power to invésti gate interactions of pollution
with socioeconomic status. If lower socioeconomic status (SES) also positively modifies effects
of air pollution on atherosclerosis, our population would provide an underestimate of the health
effects in the general population (O'Neill et al. 2003)'. Further research on samples representative
of the population will be needed to assess whether the high SES in the clinical trials biases the
effects toward the null. | |

Future research should focus on identifying factors that determine susceptibility to PMas.

We are initiating studies on subjects with inflammatory metabolic syndromes prone to accelerated -
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atherosclerosis such as postmenopausal women, diabetics, obese or physically inactive people. To
corroborate the cross-sectional findings, follow-up studies are ultimately needed to investigate the

association of concurrent levels of air pollution exposure with the progression of CIMT.

Plausibility

From a biologic perspective, our results support the hypothesis that long-term exposure to
ambient PM contributes to systemic inflammatory pathways, which are a relevant aspect of
atherogenesis (Ross 1999). The findings indicate a biologically plausible link between the
observed acute cffct;ts of ambient air pollution on systerpic inflammation (Glantz 2002) and the
long-term consequences of sustained vascular inflammation leading to increased atherosclerosis
and, ultimately, cardiovascular death (Hoek et al. 2002; Pope et al. 2004). Among susceptible
people, this may lead to artery wall lesions similar to those observed in the rabbit model (Fujii et
al. 2002;-Suwa et al. 2002). In these hyperlipidefnic rabbits, four-week PM exposure was
associated with the progression of atherosclerotic lesions, coupled with an enhanced release of
bone marrow monocytes. These precursors of macrophages play an important role in the |
atherogenic inflammatory responses (Goto et al. 2004; Ross 1999; Suwa et al. 2002). Given the
central role of oxidized LDL in the initiation and progression of atherogenesis, suggestions that
the plasma of automotive workers with high exposure to traffic exhaust is more susceptible to
oxidation is also of interest (Sharman et al. 2002).

As a quantitative plausibility check we compared the size of the PM, s effects with effects
of other risk factors on CIMT. Using smoking and environmental tobacco smoke (ETS)as a
modc_l_ for air pollution‘c*posure, the size of our estimates appear plausible (Diez-Roux et al.
1995; Howard et al. 1994). Associations of ETS and current levels of air pollution with various

respiratory outcomes are similar and support the notion of common underlying pathways (Kiinzli

2002). Smoking and ETS associate with stiffer and thicker artery walls, reflecting the systemic

17
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effect of these exposures (Howard et al. 1994; Mack et al. 2003). Exposure to ETS was associated
with 2% to 3% thicker inti_ma—media, which approximate the effects observed fora 10 pg/m’
change in PM, 5 (Diez-Roux et al. 1995; Howard et al. 1994). Using never smokers without ETS
exposure as the referent group in our data, never smokers with ETS at home had 0.9% (-2.7 to
4.5%) thicker artery walls; former smokers’ CIMT was on average 3.4% (0.7-6.3%j increased;
and the 30 current smokers had 5% (-1.5 tb 11.6%) thicker CIMT. The trend across these four
cafcgories of tobacco exposure was statistically significant. As shown in Table 1, smokers were
underrepresented in these volunteers of well-educated participants.

The observéd percent change in CIMT corresponds to an increase in the thickness of
approximately 20-40 pm per 10 g/m’ contrast in PM; 5. This difference in CIMT translates into
some 3% to 6% increase in the long-term risk for myocardial infarction (O'Leary et al. 1999).
Pope et al. reported that long-term exposure to PM, s was associated with an 18% (14% - 23%)
increase in ischcnﬁc heart disease (Pope et al. 2004). Effect sizes reported here concur with these
findings, indicating that a fraction of the total effect of ambient PM on cardipvascular mortality

may be mediated through sustained long-term effects of air pollution on atherosclerosis '(Kﬁnz'li

et al. 2001). This is in line with the proposed model (Kiinzli et al. 2001) that part of the effects

observed in cohort studies needs to reflect long-term contributions of air pollution to the

underlying disease progression, whereas in other cases, air pollution contributes only to triggering

of cardiqvascular events or death (Bell et al. 2004; Kiinzli et al. 2001; Peters and Pope 2002).

From a biological and a policy perspective we emphasize that PM, 5 probably serves as a

surrogate for the mixture of urban air pollution and constituents of PM. It is premature to

 conclude that PM, s and its constituents are the atherogenic culprit per se. Atherosclerosis results

from complex processes that may include a combination of various urban pollutants, host factors,

and pathways that ultimately lead to the findings of a CIMT-PM, s association.



In conclusion, we have presented the first epidemiological evidence supporting the idea
of a chronic vascular response to respiratory and systemic effects of PM cxbosurc. Given the
leading role of heart disease as a cause of death in most westernized countries and the growing
contribution in developing countries, these findings may be of high public health relevance.
Further investigatipns need to focus on susceptible groups and follolw-up of cohorts to investigate

the effect of air pollution on the progression of CIMT.
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FIGURE LEGENDS

Figure 1: Zip code locations of the study population geo-coded on the PM; 5 surface,

modeled with 2000 PM; 5 data, and distribution of individually assigned concentrations.

Figure 2: Mean CIMT (« 1 standard error) among quartiles of the PM, s distribution. The
range in each quartile is shown in the x-axes. Mean CIMT levels are provided at the

population average of the adjustment covariates (age, gender, education, and income). i

quartile: reference group.

Figure 3: Percent difference (and 95% CI) in CIMT associated with a 10 pg/m’ contrast
in ambient PM, s in all subjects and 111 subgroups. Alll'estimates are .baséd on the cross-
sectional linear model with log-IMT as dependent variable, #nd home outdoor PM, 5 as
independenf variable, adjusted for sex, age, education and income. Number of subjects

per group is shown in parenthesis. Data ordered by size of point estimate. The null effect

line is highlighted (dash).
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ORIGINAL ARTICLE

Spatial Analysis of Air Pollution and
Mortality in Los Angeles

Michael Jerrett,* Richard T. Burnett,” Renjun Ma,* C. Arden Pope III,* Daniel J'i’rewsla',y
K. Bruce Newbold, I George Thurston,** Yuanli Shi,” Norm Finkelstein,!
Eugenia E. Calle,”" and Micheal J. Thun'’

Background: The assessment of air pollution exposure using only
community average concentrations may lead to measurement error
that lowers estimates of the health burden attributable to poor air
quality. To test this hypothesis, we modeled the association between
air pollution and mortality using small-area exposure measures in
Los Angeles, California.

Methods: Data on 22,905 subjects were extracted from the Amer-
ican Cancer Society cohort for the period 1982-2000 (5,856 deaths).
Pollution exposures were interpolated from 23 fine particle (PM, s)
and 42 ozone (0,) fixed-site monitors. Proximity to expressways
was tested as a measure of traffic pollution. We assessed associa-
tions in standard and spatial multilevel Cox regression models.
Results: After controlling for 44 individual covariates, all-cause
mortality had a relative risk (RR) of 1.17 (95% confidence interval =
1.05-1.30) for an increase of 10 pg/m® PM, 5 and a RR of 1.11
(0.99-1.25) with maximal control for both individual and contextual
confounders. The RRs for mortality resulting from ischemic heart
disease and lung cancer deaths were elevated, in the range of
1.24-1.6, depending on the model used. These PM results were
robust to adjustments for O, and expressway exposure.
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Conclusion: Our results suggest the chronic health effects associ-
ated with within-city gradients in exposure to PM, 5 may be even
larger than previously reported across metropolitan areas. We ob-
served effects nearly 3 times greater than in models relying on
comparisons between communities. We also found specificity in
cause of death, with PM, 5 associated more strongly with ischemic
heart disease than with cardiopulmonary or all-cause mortality.

(Epidemiology 2005;16: 000—000)

review of the literature on the chronic health effects of

mbient air pollution suggests that studies using the
American Cancer Society (ACS) cohort to assess the relation
between particulate air pollution and mortality rank among
the most influential and widely cited. The original study' (a
reanalysis that introduced new random-effects methods and
spatial analytic techniques®*) and more recent studies with
longer follow up and improved exposure data have all dem-
onstrated air pollution effects on all-cause and cause-specific
mortality.*> As a result of this robust association and a lack
of other studies on the long-term effects, the ACS studies
together with the Six-Cities study® have been important for
government regulatory interventions such as the U.S. Envi-
ronmental Protection Agency’s National Air Quality Stan-
dard for Fine Particles. The ACS studies have also been used
by the World Health Organization as a basis for estimating
the burden of mortality attributable to air pollution.”

The assessment of air pollution exposure using only
community average concentrations likely underestimates the
health burden attributable to elevated concentrations in the
vicinity of sources.®® Health effects may be larger around
sources, and these effects are diminished when using average
concentrations for the entire community. Previous ACS stud-
ies have relied on between-community exposure contrasts at
the scale of a metropolitan area giving all residents of a city
the same exposure concentrations. Exposure to air pollution,
however, may vary spatially within a city,!~!* and these
variations may follow social gradients that influence suscep-
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tibility to environmental exposures.’ Residents of poorer
neighborhoods may live closer to point sources of industrial
pollution or roadways with higher traffic density.'> This
exposure misclassification along social gradients may ex-
plain the finding of effect modification by educational status
in earlier ACS studies.>!® The spatial correspondence be-
tween high exposure and potentially susceptible populations
within cities may further bias estimates that rely on central
monitors to proxy exposure over wide areas. Theoretically,
classic exposure measurement error induced by central mon-
itors may also bias results toward the null."”

Given the potential of the metropolitan scale to bias
health effect estimates, we have assessed the association
between air pollution and mortality at the within-community
or intraurban scale. We sought an urban location with suffi-
cient geographic scope, air pollution data, and enough ACS
subjects to test the association. Los Angeles (LA), California,
met these selection criteria. The region has high polluﬁan
levels, large intraurban gradients in exposure over a wide
geographic area, and strong public awareness that air pollu-
tion has serious public health consequences. '8

METHODS

Cohort Data
We extracted health data from the ACS Cancer Preven-

tion II survey for metropolitan LA at the zip code-area scale
(zip codes are used for U.S. mail delivery; average population
per zip code in LA is approximately 35,000, with an average
area of approximately 22.5 km?). We constructed distribu-
tion-weighted centroids using spatial boundary files based on
1980 and 1990 definitions. We were able to assign exposure
to 267 zip code areas with a total of 22,905 subjects (5856
deaths based on follow up to 2000). Some subjects reported
only postal box addresses and were therefore excluded. These
subjects had been enrolled in 1982 along with over one
million others as part of the ACS II survey. Similar to earlier
ACS analyses, availability of air pollution data and other
relevant information led to the subset of study subjects to be
used in the health effects research. Although the ACS cohort
is not representative of the general population, the cohort
allows for internally valid comparisons within large samples
of the American population. This study was approved by the
Ethics Board of the Ottawa General Hospital, Canada. Sub-
jects had given informed consent at enrollment into the study.

Control for Confounding

We used 44 individual confounders identified in earlier
ACS studies of air pollution health effects.* These variables
include lifestyle, dietary, demographic, occupational, and
educational factors that may confound the air pollution—
mortality association. We had more than 10 variables that
measure aspects of smoking. Sensitivity analyses revealed

2

that removal of individual variables had little influence on the
estimated pollution coefficients; therefore, to promote com-
parability with results from earlier studies, we report the
results with this standard set of 44 variables.

We also assembled 8 ecologic variables for the zip code
areas to control for “contextual” neighborhood confounding.
“Contextual” effects occur when individual differences in
health outcome are associated with the grouped variables that
represent the social, economic, and environmental settings
where the individuals live, work, or spend time (eg, poverty
or crime rate in a neighborhood).'** These contextual
effects often operate independently from (or- interactively
with) the individual-level variables such as smoking. The
ecologic variables used represented constructs identified as
important in the population health literature and previously
tested as potential confounders with the ACS dataset at the
metropolitan scale.”** These include income, income in-
equality, education, population size, racial composition
(black, white, Hispanic), and unemployment.® A new variable
measuring potential exposure misclassification by the propor-
tion having air conditioning was also tested. Similar variables
have been in a metaanalysis of acute effects,” on the premise
that air-conditioned houses are more tightly sealed and have
lower penetration of particles indoors. A recent study of
personal exposures in LA reported large reductions in pene-
tration of particles for air-conditioned houses.® This variable
adds partial control for the impact of air conditioning, which
may relate both to health outcomes (through prevention of
heat stroke) and to air pollution (because high air pollution
concentrations and lower proportions of air conditioning are
related in our study area). We thus expected the proportion of
air conditioning in the zip code area to correlate with lower
PM exposures and effects. We also computed principal com-
ponents of all 8 variables to provide maximal control for
confounding while avoiding multicollinearity among the eco-
logic variables.?”

Exposure Assessment

To derive exposure assessmerits, we interpolated PM; 5
data from 23 state and local district monitoring stations in the
LA basin for the year 2000 using 5 interpolation methods:
bicubic splines, 2 ordinary kriging models, universal kriging
with a quadratic drift, and a radial basis function multiquadric
interpolator. We emphasized kriging interpolation because
this stochastic method produces the best linear unbiased
estimate of the pollution surface.”® After crossvalidation, we
used a combination of universal kriging and multiquadric
models. This approach takes advantage of the local detail in
the multiquadric surface and the ability to handle trends in the
universal surface. We averaged estimated surfaces based on
25-m grid cells. We conducted sensitivity analysis using only
the universal estimate and found the results to be similar;
therefore, only the findings from the combined model are

© 2005 Lippincott Williams & Wilkins
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reported. Sensitivity analyses were also implemented with the
kriging variance. Exposure assignments were downweighted
with larger errors in exposure estimates in these analyses (ie,
weight equal to the inverse of the standard error in the
universal kriging estimate).

Although O; has had few associations in earlier ACS
studies using between-city contrasts,">* exposure to this
pollutant is considered a health threat in the LA region, which
has some of the highest levels in the United States.'® For O,
we obtained data at 42 sites in and around the LA basin from
the California Air Resources Board database. We interpolated
2 surfaces using a universal kriging algorithm: one based on
the average of the 4 highest 8-hour concentrations over the
‘year 2000 and another based on the expected peak daily
concentration, which is a statistical measure designed to
assess the likely exceedance of the 8-hour average at the site
based on the previous 3 years ('1 999-2001). Both measures
are used as a basis for either federal or state designation of
nonattainment areas. They both capture extreme events, but
the expected peak daily concentration provides more stability
for estimation of spatial patterns than the 1-year measures
based on the 4 highest days. Few studies of chronic effects
have found significant ozone effects, although acute effects of

* a small magnitude have been observed.*® Thus, it seems

plausible that an ozone effect would be manifest in those
areas most likely to experience exceedances.

Finally, we assessed the impact of traffic by assigning
buffers that included zip code-area centroids within either
500 or 1000 meters of a freeway. The U.S. Bureau of the
Census feature class codes define freeways as having “limited
access,” a numbered assignment, and a speed limit of greater
than 50 miles per hour.>" This distance from the zip code-area
centroid to the freeway-approximated exposure to traffic
pollution, which may exert independent effects in addition to
pollutants such as PM, s and O; that vary over larger areas.®

‘Complete residential history information was unavailable
for the entire cohort, although we do have information on
whether respondents moved between enrollment and 1992 or

thereafter (approximately 5633 in LA). Of this group, only 16% .

moved during follow up, and this diminishes the potential for
exposure misclassification resulting from residential mobility.

Analytic Approach

We used Cox proportional hazards regression for our
main analyses of association between air pollution and mor-
tality.>? Because the units of analyses were small zip code
areas and previous analyses had indicated spatial autocorre-
lation in the residual variation of somé health effects models,
we also developed and used a new spatial random effects Cox
model as a crossvalidation of the standard model. We have
previously shown that survival experience clusters by com-
munity and is spatially autocorrelated between communi-
ties. 2 Lack of statistical control for these factors can bias the

© 2005 Lippincott Williams & Wilkins
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estimates of air pollution effects and underestimate associated
standard errors.>** To characterize the statistical error struc-
ture of survival data, novel statistical methodology and com-
puter software have been developed to incorporate spatial
clustering at the zip code area. Our model can be expressed

mathematically in the form

hy, (t) = hg (1) m; exp(B'X;, )

where hy; is the hazard function or instantaneous hazard proba-
bility of death for the i* subject in the /* ZCA, whereas s
indicates the stratum (defined by sex, race, and age). Here hy_((t)
is the baseline hazard function. The m; are positive random
effects from the subject level representing the unexplained
variation in the response among neighborhoods, in this case zip
code areas. Only the moments of the random effects need to be
specified within our modeling framework: E(7;) = 1 and
Var(n)) = 72 The vector x;; represents the known risk factors for
the response such as air pollution, smoking habits, and diet. The
regression parameter vector is denoted by B. Estimates of the
regression vector B, random effects, their variance, and correla-
tion parameter are obtained by methods previously used for
random-effects survival models.®® Thaysen polygons, which
ensure that all points within the polygon are closer to the
centroid of that polygon than to any other centroid, were used to
assign first-order nearest neighbor contiguity between the zip
code areas. These were derived using ArcView 3.2 (ESRI Corp.,
Redlands, CA). The standard Moran's [ tests of spatial autocor-
relation were applied to the random effects.

RESULTS
Figure 1 illustrates the pollution surface used in our
main analysis, and the Appendix Figure (available with the

FIGURE 1. PM,, 5 exposure surface for Los Angeles interpolated
with a hybrid universal-multiquartic model.
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TABLE 1. Mortality Relative Risk Associated With a 10-p.g/m? Increase of PM, s Concentrations Based on 267 Zip Code Areas
in Los Angeles in the American Cancer Society Cohort (1982-2000 follow up) for Various Causes of Death With Adjustment

for Covariates

Cause of Death*

Cardio Digestive
All Causes IHD Pulmonary Lung Cancer Cancer
(n = 5856) (n = 1462) (n = 3136) (n = 434) (n = 429)
RR RR RR RR RR
Covariates (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
PM, s only 124 (1.11-1.37)  1.49(1.20-1.85)  1.20 (1.04-1.39)  1.60(1.09-2.33)  1.29 (0.87-1.90)

" 44 individual covariates
Air conditioning
Percent black
Percent white
Percent Hispanic
Percent unemployed
Mean income
Total population
Income inequality
Percent postsecondary education
All social factors (principal
component analysis)
Air conditioning, mean income,

percent postsecondary
education, social factor (low

Latino—high income)

Parsimonious contextual
covariates

Copollutant control

44 individual covariates + O,
(expected peak daily
concentration) + PM, 5

44 Individual covariates + O,
(average of 4 highest 8 h
maxima) + PM, 5

44 individual covariates +
intersection with freeways
within 500 m + PM, 5

Copollutant risk estimates

05 (expected peak daily
concentration)

0, (average of 4 highest 8 h

* maxima) :

Intersection with freeways within
500 m

Intersection with freeways within
1000 m

1.17 (1.05-1.30)
1.17 (1.05-1.31)
1.16 (1.05-1.29)
1.15 (1.03-1.28)
1.15 (1.02-1.28)
1.15 (1.03-1.28)
1.17 (1.05-1.30)
1.17 (1.05-1.30)
1.14 (1.02-1.28)
1.16 (1.05-1.29)
1.15 (1.03-1.29)

1.11 (0.99-1.25)

1.11 (0.99-1.25)

1.20 (1.07-1.34)
1.18 (1.06-1.32)

1.17 (1.05-1.31)

0.98 (0.96-1.01)
0.99 (0.98-1.01)
0.99 (0.88-1.11)

. 0.98 (0.89-1.06)

1.39 (1.12-1.73)
1.41 (1.13-1.76)
139 (1.11-1.72)
136 (1.09-1.70)
133 (1.06-1.67)
1.37 (1.09-1.71)
139 (1.12-1.73)
1.38 (1.11-1.72)
1.31 (1.04-1.64)
138 (1.11-1.72)
132 (1.05-1.66)

1.26 (0.99-1.61)

1.25 (0.99-1.59)

1.45 (1.15-1.82)

1.42 (1.14-1.78)

1.38 (1.11-1.72)

0.97(0.93-1.02)
0.98 (0.95-1.02)
0.90 (0.71-1.14)

1.05 (0.89-1.24)

1.12 (0.97-1.30)
1.15 (0.99-1.33)

1.12 (0.97-1.30)

1.10 (0.95-1.28)
1.11 (0.95-1.29)
1.13 (0.97-1.31)
1.13 (0.97-1.30)
1.12 (0.96-1.29)
1.07 (0.92-1.25)
1.12 (0.97-1.30)
1.10 (0.94-1.28)

1.08 (0.92-1.27)

1.07 (0.91-1.26)

1.19 (1.02-1.38)

1.15 (0.99-1.34)

113 (0.97-131)

0.97 (0.94-0.99)
0.99 (0.96-1.01)

0.92 (0.77-1.08)

0.98 (0.88-1.11) "

1.44 (0.98-2.11)
1.42 (0.96-2.08)
1.45 (0.99-2.13)
151 (1.02-2.23)
1.46 (0.98-2.20)
1.33 (0.90-1.97)
1.44 (0.98-2.11)
1.45 (0.99-2.12)
1.33 (0.90-1.98)
1.42 (0.97-2.08)
1.43 (0.96-2.13)

1.20 (0.79-1.82)

1.20 (0.79-1.82)
1.47 (0.98-2.20)
1.52 (1.02-2.26)
146 (0.99-2.16)
0.99 (0.91-1.07)
0.97 (0.91-1.03)

1.44 (0.94-2.21)

094 (0.69-1.30)

1.18 (0.79-1.75)
1.14 (0.76-1.70)
1.18 (0.79-1.75)
1.16 (0.78-1.74)
1.12 (0.74-1.71)
1.18 (0.78-1.77)
1.19 (0.80-1.76)
1.20 (0.80-1.78)
1.21 (0.80-1.81)
1.16 (0.78-1.72)
1.20 (0.80-1.80)

1.13 (0.74-1.73)

1.14 (0.74-1.74)

1.16 (0.77-1.77).

1.17 (0.78-1.76)

1.21 (0.81-1.80)

1.01 (0.93-1.09)
1.01 (0.95-1.07)
0.84 (0.53-1.35)

0.88 (0.63-1.22)

continued on next page

#]CD-9 code for ischemic heart disease (IHD) 410—414; for cardiopulmonary 400-440, 4605 19; for lung cancer 162; for digestive cancer 150-159; for
other cancers 140-149, 160, 161, 163-239; for endocrine 240-279; for diabetes 250; for digestive 520—579; male accidents 800+; female accidents 800+.
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TABLE 1. Continued
Cause of Death*
Other
Cancers Endocrine Diabetes Digestive Male Accidents Female Accidents All Others
(n = 992) (n = 95) (n = 57) (n = 151) (n = 75) (n = 47) (n = 497)
RR RR RR RR RR RR RR

(95% CI) 35% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
1.09 (0.85-1.40) 3.22(1.31-7.91) 2.38(0.76-7.52) 2.17(1.11-4.26) 1.52 (0.61-3.83) 1;08 (0.35-3.31) 1.11 (0.74-1.67)
1.06 (0.82-1.36)  2.75 (1.10-6.87)  2.10(0.64-6.87)  1.98 (1.01-3.91)  1.35(0.53-3.43) 0.86 (0.25-2.94) 1.13 (0.75-1.69)
1.06 (0.82-1.37)  2.73 (1.09-6.84) . 2.10 (0.64-6.94) 1.95(0.98-3.85)  1.50 (0.58-3.89) 1.01 (0.29-3.58) 1.05 (0.69-1.59)
1.05 (0.82-1.36)  2.70 (1.07-6.79)  2.09 (0.63-6.89)  2.02 (1.03-3.98)  1.29 (0.50-3.31) 0.91 (0.27-3.06) 1.10 (0.73-1.66)

1.05 (0.81-1.36)
1.04 (0.80-1.36)
1.01 (0.78-1.31)
1.07 (0.83-1.37)
1.06 (0.83-1.37)
1.08 (0.83—1.40)
1.05 (0.82—1.36)
1.06 (0.82-1.38)

1.04 (0.79-1.38)

1.06 (0.80—1.40)
1.08 (0.83—1.41)
1.07 (0.83-1.39)

1.08 (0.83-1.39)

0.99 (0.94-1.04)
0.99 (0.95-1.03)
1.19 (0.89-1.59)

0.90 (0.72-1.12)

2.55 (1.00-6.51)
2.60 (1.00-6.75)
2.27 (0.89-5.78)
2.61 (1.07-6.39)
2.76 (1.11-6.86)
2.84 (1.12-7.21)
2.72 (1.10-6.76)
2.50 (0.99-6.32)

2.40 (0.92-6.27)

2.29 (0.88-5.95)
2.59 (1.01-6.63)
2.76 (1.08-7.00)
2.49 (0.98-6.32)
1.05 (0.88-1.24)
1.00 (0.88-1.14)

0.64 (0.26-1.62)

1.55 (0.88-2.75)

2.05 (0.61-6.82)
2.07 (0.60-7.15)
1.82 (0.55-6.08)
2.06 (0.64-6.65)
2.10 (0.64-6.87)
2.15 (0.64-7.19)
2.07 (0.64-6.70)
2.12 (0.64-7.07)

1.92 (0.55-6.73)

1.79 (0.52-6.21)
2.17 (0.63-7.40)
2.29 (0.68-7.70)

1.82 (0.55-6.02)

0.98 (0.79-1.22)

0.94(0.79-1.12)

0.45 (0.12-1.70)

"1.77 (0.83-3.76)

1.96 (0.98-3.92)
1.72 (0.85-3.51)
1.83 (0.91-3.65)
1.99 (1.00-3.94)
2.02 (1.02-3.98)
1.98 (0.98-3.99)
1.99°(1.01-3.93)
1.88 (0.92-3.83)

1.55 (0.74-3.26)

1.55 (0.74-3.24)
1.91 (0.94-3.89)
1.82 (0.90-3.67)

2.20 (1.11-4.37)

1.02 (0.90-1.17)
1.06 (0.95-1.17)

2.54 (1.10-5.85)

0.49 (0.24-0.98)

1.19 (0.46-3.12)
1.41 (0.53-3.76)
1.51 (0.58-3.95)
135 (0.53-3.44)
1.35 (0.53-3.44)
1.29 (0.50-3.37)
1.41 (0.55-3.65)
1.17 (0.43-3.20)

1.89 (0.66-5.40)

1.88 (0.66-5.36)
1.35 (0.50-3.61)
1.29 (0.49-3.40)

1.34 (0.53-3.43)

1.00 (0.83-1.21)
1.03 (0.88-1.20)
0.57 (0.17-1.91)

1.05 (0.51-2.15)

0.93 (0.27-3.23)
0.71 (0.20-2.53)
0.88 (0.25-3.08)
0.80 (0.22-2.83)
0.72 (0.21-2.49)
0.74 (0.20-2.71)
0.89 (0.26-3.12)
0.59 (0.15-2.23)

0.64 (0.15-2.79)

0.70 (0.17-2.86)
1.12 (0.30-4.21)
0.98 (0.28-3.48)

0.73 (0.21-2.54)

0.87 (0.68-1.12)
0.93 (0.77-1.13)
0.87 (0.28-2.70)

2.02 (0.89—4.60)

1.10 (0.72-1.68)
1.17 (0.76-1.80)
1.10 (0.73-1.67)
1.12 (0.75-1.69)
1.12 (0.74-1.69)
1.15 (0.75-1.75)
1.14 (0.75-1.71)
1.21 (0.79-1.86)

1.11 (0.72-1.72)

1.10 (0.72-1.70)
0.95 (0.64-1.39)

0.98 (0.67-1.43)

. 1.02 (0.71-1.48)

1.06 (0.99-1.14)
1.04 (0.99-1.10)
0.87 (0.58-1.29)

1.15 (0.87-1.53)

online version of this article) illustrates the absolute and
relative standard errors of estimation for the interpolated
universal kriging surface. Approximately 50% of the mod-
eled surface has errors that are less than 15% of the monitored

© 2005 Lippincott Williams & Wilkins

value, whereas 67% of the surface lies within 20% of the
monitored values. For the most-part, absolute standard errors
for the densely populated areas of the study region are less
than 3 pg/m’. Only on the periphery of the study area do
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errors become large compared with monitored values, but

these places have very few of our study subjects. Interest- -

ingly, the range of exposure within LA (20 pg/m®) exceeds
what we observed in previous studies based on contrasts
among 116 cities (16 pg/m?).* '

Results for all-cause and cause-specific deaths are re-
ported in Table 1. This table shows the PM, 5 effect with
varying levels of control for confounding. Relative risks
(RRs) are expressed as 10 pg/m® exposure contrasts in PM, s
followed by the 95% confidence interval (95% CI). Using the
example of all-cause mortality and with each succeeding
stage, including the previous individual-level controls, we
find that for PM, 5 alone and controlling just for age, sex, and
race, the RR is 1.24 (95% CI = 1.11-1.37), whereas the RR
with the 44 individual confounders* is 1.17 (1.05-1.30). All
subsequent results include the 44 individual-level control
variables and one or more ecologic variables. For example,
with 44 individual variables and the ecologic variable of
unemployment, the RR of PM, 5 is 1.15 (1.03-1.28). When
we add 4 social factors extracted from the principal compo-
nent analysis (and accounting for 81% of the total variance in
the social variables), the RR is 1.15 (1.03-1.29). Including all
ecologic variables associated with mortality in bivariate mod-
els reduces the pollution coefficient'to RR of 1.11 (0.99—
1.25). Finally, for the parsimonious model that includes
ecologic confounder variables that both reduce the pollution
coefficient and have associations with mortality, the RR is
1.11 (0.99-1.25).

. Comparing these results directly with the earlier anal-
yses using between-community contrasts, the health effects
are nearly 3 times greater for this analysis (ie, 17% increase
compared with 6% in earlier studies in models that control for

the 44 individual confounders). With control for neighbor-
hood confounders, effect estimates are still approximately
50% to 90% higher than in previous analyses. '

In models with only individual covariates and PM, s,
some residual spatial autocorrelation was present in the ran-
dom effects from the model clustered on zip code area. We
attempted to remove this autocorrelation by fitting a model
with a p autocorrelation term that used mortality information
from nearest neighbors as a predictor of mortality in the
ZCA j; but the autocorrelation persisted (results not shown).
When contextual socioeconomic status variables were in-
cluded in the model, however, the Moran'’s / tests revealed no
significant spatial autocorrelation. Table 2 shows the results
of the Moran’s [ test for all-cause and ischemic heart disease
mortality. Visual inspection of the random effects, m;, con-
firmed the results from the Moran’s [ testing.

Sensitivity analyses using weighted estimation with
weights equal to the inverse of the standard error on
the universal kriging exposure model demonstrated that
the risk estimates were robust to measurement error in the
exposure estimate (results not shown). Point estimates
remained elevated.

DISCUSSION

Our results suggest that the chronic health effects as-
sociated with intraurban gradients in exposure to PM, 5 may
be even larger than previously reported associations across
metropolitan areas. Using the direct comparison to previous
ACS studies, we see effects that are nearly 3 times larger than
in models relying on between-community exposure contrasts.
We also note convincing evidence of specificity in these
health effects, with a stronger association between air pollu-

TABLE 2. Results of the Spatial Autocorrelation Analysis on the Random Effects With Various Levels of Control

for Confounding

First-Order Neighborhood Second-Order

Matrix Neighborhood Matrix
PM Effect Spatial Spatial
RR Sigma  Autocorrelation Normal Autocorrelation Normal
Model (95% CI) Squared ‘Moran’s [ P Value Moran’s I P Value
All-cause mortality _
44 individual covariates - — 0.00701 0.078 0.021 0.038 0.812
PM, 5 + 44 individual covariates 1.165 (1.027-1.321)  0.00442 0.073 0.030 0.030 0.157
PM, s + 44 individual covariates + 1.120 (0.996-1.260)  0.00050 0.016 0.571 -0.017 0.572
parsimonious contextual covariates
IHD mortality
44 individual covariates - 0.00476 0.025 0.419 0.037 0.154
PM,  + 44 individual covariates 1391 (1.120-1.726)  0.00182 0.008 0.735 0.017 0.382
PM, 5 + 44 individual covariates + 1.269 (1.005-1.602)  0.00120 -0.016 0.733 0.010 0.583
parsimonious contextual covariates
6 © 2005 Lippincott Williams & Wilkins
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tion and ischemic heart disease than for the more general
measures of cardiopulmonary deaths or all-cause mortality
(Fig. 2 displays the ordering in the risks presented in the
tables). These findings concur with recent studies at the
metropolitan level, which again demonstrate that ischemic
heart disease drives the cardiopulmonary association with air
pollution.’

Among the cancer deaths, we also observe ordering in
the risks, with decreasing risks as we move from lung cancer
to digestive cancer to all cancers. Given that the lung would
be most directly affected by air pollution, this finding gives
corroborative evidence that the association did not occur
by chance. :

The larger effects in LA raise the question of whether
some underlying aspect of this subcohort differs in charac-
teristics that modify the association between mortality and air
pollution. We compared the full cohort with the LA subco-
hort and found no major differences in attributes likely to
modify the air pollution—mortality association, with the ex-
ception that the LA cohort was better educated. Based on the

findings from the earlier analyses in which subjects with lower -
education experienced larger health effects,"** we would expect .

the effect size in LA to be smaller than in the full cohort. Thus,
differences in underlying characteristics appear unlikely to ex-
plain the larger effects we observed in LA.

In comparing our results with the earlier national-level
ACS studies, we examined the reduction in PM, 5 levels in
LA to 50 other metropolitan areas that had data for 1980 and
for the year 2000 we used in our study. (See Krewski et al®
for a description of the data.) The mean reduction was 31%,
with a range from 0.4% to 59%. LA experienced a reduction

of 24.5%, just above the lowest quartile of 23.5%. PM, 5 has
therefore declined at a slightly slower rate in LA compared
with much of the United States. If we assume that current
PM, s in LA is at 75.5% (ie, accounting for 24.5% reduction)
of the 1980 value and the average metropolitan area is at 69%
of the 1980 value, some of the increase in the risks may be
attributable to the relatively smaller reductions in LA. We
tested this scaling effect by computing the ratio of reductions
(0.69/75.5 = 0.914) and multiplied our raw coefficients by
this factor before estimating the RR. The RR declines for
all-cause mortality with the 44 individual variables to just
over 15% and with maximal adjustment for confounders to
10%. Although reduced by up to 1.6%, we conclude that the
majority of the increase over previous estimates reported by
Pope et al** is probably not attributable to relative differences
in the rate of reduction in ambient air pollution.

The findings for endocrine deaths also reveal another
interesting possibility. Chronic air pollution exposure, similar
to acute exposures,”* may adversely affect people with dia-
betes more than the general population. Alternatively, the
finding may indicate some uncontrolled confounding because
we expect people with type 2 diabetes to live in neighbor-
hoods with poorer social environments. This possibility ap-

- pears unlikely because of the extensive control we applied for

contextual neighborhood variables. This potential problem
appears improbable because we see internal validity in the
effects of social confounders measured in the zip code areas.

Although the accidental deaths were unexpectedly ele-
vated in men, subsequent analyses revealed. that the risks
were attributable to deaths in the early years of the cohort

FIGURE 2. Risk plots summarizing mortality relative
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increase in ambient PM, 5 by cause of death.

0341 7

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



[baltﬁ!zedvede.’zed-edél:edﬂoﬁﬂﬂzed3871-052 | xppws | S=1 | 9/1/05 | 4:50 | Art:04-375 | |

Jerrett et al

Epidemiology * Volume 16, Number 6, November 2005

before causes of death were coded in detail. As a result, we
were unable to assess specific causes for this elevation.

Ozone had few elevated risks in any of our analyses and
did not confound the relationship between particles and
mortality. This finding agrees with earlier ACS studies indi-
cating that ozone is not associated with elevated mortality
risk,>* but contradicts studies on nonsmoking Adventists in
southern California, where associations between lung cancer
in males and ozone exposure were detected.>® Recent national
studies have reported elevated acute risks of ozone expo-
sure,>® but risk estimates were small, as would be expected of
a study on acute as compared with chronic effects.*®

In assessing the association with freeway buffers, point
estimates were particularly elevated for lung cancer, endo-
crine, and digestive mortality. The PM—mortality associa-
tion remained robust to the freeway buffer, and risk estimates
were unchanged when this variable was included in the
model. Although imprecision in the freeway exposures re-
sulting from the zip code area assignment of proximity may
have biased our results toward the null, we did observe a RR
for lung cancer of 1.44, and the other cause-specific mortality
metrics indicate that more precise estimation of traffic effects
are warranted in future research.

In previous studies based on the ACS cohort, all indi-

viduals within the same metropolitan area were assigned the
same level of exposure based on the average ambient con-
centration observed at fixed-site air pollution monitors in that
city. We hypothesized that the use of such a broad ecologic
indicator of exposure leads to exposure measurement error,
which in turn can bias estimates of mortality associated with
air pollution exposure. Mallick et al*’ analyzed the effect of
this source of exposure measurement error based on plausible
assumptions about error magnitude in the Six-Cities Study of
air pollution and mortality.® This investigation suggested that
the RR of mortality resulting from particulate air pollution
may be underestimated by a factor of approximately 2- to
3-fold as a consequence of exposure misclassification, a
finding consistent with the present results.

We recognize the possibility of exposure measurement
error from using recent exposure models for a cohort enrolled
in 1982. There are empiric as well as theoretical reasons that
prevent this potential problem from seriously limiting the
results. Empirically, other ACS analyses done at the metro-
politan scale have found that these more recent exposure
estimates predicted mortality’ with results similar to those
based on earlier monitoring data® Also, the well-known
meteorologic and topographic conditions of LA, along with a
dominant on-shore breeze and steep mountains to the north
and east, control much of the spatial pattern of pollution in
the region. Our results agree with findings of earlier studies
on the pattern of spatial variation in PM.>® Although levels
may rise and fall in absolute terms, major changes in the
spatial patterns within the region over time appear unlikely,

8

and the rank ordering among assigned exposures should be
maintained.

From a theoretical perspective, even if spatially heter-
ogeneous changes to pollution levels within a city occurred as
a result of new emissions during the follow up, this would
lead to larger exposure measurement error, and a bias toward
the null would dominate, assuming a classic error structure.
With a Berkson error structure, the variance of the dose-
response estimate would be inflated. 17 In either case, with
current exposure’ models, the health effects likely have a
lower probability of false-positive error, and we would expect
the measurement error to reduce effect sizes and inflate their
variance. High dose-response relationships can be caused by
underestimation of concentrations in the high-exposure areas,
but for these areas, the monitoring networks tend to be dense
and the kriging errors were smaller than in most of the study
area. Finally, the findings were robust to weighting for errors
in the kriging estimate (ie, eastern parts of the LA region),
which decreases the likelihood that elevated risks arise as a
result of underestimation in the high-exposure groups.

Although we are unable to reconstruct likely exposures
to PM, s for our exposure surface, we have assessed the
relationship at 51 central monitors between PM, s measured
in 1980 and those of a period similar to that of our 2000
estimates (ie, 1999-2000). These data were used in previous
national studies,* in which details on their derivation are
available: Figure 3 illustrates the regression scatterplot for the
1999-2000 values on the 1980 measurements. The coeffi-
cient of determination is approximately 68%, and overall the
latter periods are predicted well by the earlier measurements,

22

Los Angeles
20 1 .

18 1

16 1

PM, 5 ug/m3 (2000)

4 —— p
10 20 30 40
PM, 5 ug/m?3 (1980)
FIGURE 3. 2000 PM, s regressed onto 1980 PM, 5 (n = 51
cities, R? = 0.61).
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In addition, we examined the relationship of historical
PM,, data in the LA area with the 2000 PM, 5 estimates used
in our analysis. The period of maximal overlap between the
sites occurs in 1993, where we had 8 PM, readings at the
same locations as the subsequent PM, ; measurements. By
regressing the 2000 PM, s measurements on those PM;, mea-
surements in 1993, we observe an R” value of 90% (Fig. 4).

In both of these correlation analyses comparing earlier
monitoring data with more recent PM, 5 measurements, we
found evidence that areas with higher particle concentrations
in earlier periods were likely to retain their spatial ranking.
Those metropolitan areas likely to be high in 1980 also had a
similar tendency in 2000.

Only the Norwegian cohort study has used time win-
dows of exposure.® In this study, the authors found that

timing of the exposure window had little influence on the -

estimation of health effects; they used exposure windows in
the middle of the follow-up period for most of their results.
All of the other cohort studies have taken a similar approach
to ours and computed the risk based on relatively short-term

air pollution monitoring data. A case—control study in Stock- -

holm, Sweden, investigated time windows for lung cancer.*’
This study found that windows of exposure 20 years before
disease onset were more strongly associated with cancer than
later periods. In our study, we found elevated risks of lung
and digestive cancers, even with the more recent exposure
model. The likely stability in the spatial pattern of exposure
in LA probably accounts for this similarity of our findings to
the 2 European studies that have used time windows.
Generally, our results agree with recent evidence sug-
gesting that intraurban exposure gradients may be associated
with even larger health effects than reported in interurban

281
26 1
24 |
22

20 4
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FIGURE 4. 2000 PM,, s regressed onto 1993 PM,, (n = 8 sites
in LA, R, = 0.91).
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studies. Hoek et al® reported a doubling of cardiopulmonary
mortality (RR = 1.95; 95% CI 1.09-3.52) for Dutch subjects
living near major roads. Canadian cohort studies controlling
for medical care utilization and preexisting chronic condi-
tions through record linkage have also uncovered large health
effects with proximity to major roads at the intraurban
scale.'® Recent results from the cohort in Norway also sug-
gest associations between intraurban gradients in gaseous
pollutants and mortality.*® All of these studies have impli-
cated traffic as the source of pollution associated with the
larger observed effects. In LA, the proportion of primary
particles attributable to traffic is approximately 3.7%,
whereas in the rest of the country, it is 0.75%.4' Thus, beyond
improved precision in the exposure models, the larger health
effects reported herc may be partly the result of higher
proportions of traffic particulate in LA.

No previous studies have assessed associations based
on a continuous exposure model with PM, s, which limits the
use of the estimates for current policy debates that tend to
focus on fine particles. In this study, we used PM, 5 with a
continuous exposure metric that promotes comparison with
previous studies on health effects and contributes to current
regulatory debates.
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Exposure to Traffic and the Onset of Myocardial Infarction

Annette Peters, Ph.D., Stephanie von Klot, M.P.H., Margit Heier, M.D.,
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_"ABSTRACT

BACKGROUND
An association between exposure to vehicular traffic in urban areas and the exacerba-

tion of cardiovascular disease has been suggested in previous studies. This study was
designed to assess whether exposure to traffic can trigger myocardial infarction.

METHODS
We conducted a case—crossover study in which cases of myocardial infarction were

identified with the use of data from the Cooperative Health Research in the Region of
Augsburg Myocardial Infarction Registry in Augsburg, in southern Germany, for the
period from February 1999 to July 2001. There were 691 subjects for whom the date
and time of the myocardial infarction were known who had survived for at least 24
hours after the event, completed the registry’s standardized interview, and provided in-
formation on factors that may have triggered the myocardial infarction, Data on sub-
jects® activities during the four days preceding the onset of symptoms were collected
with the use of patient diaries.

RESULTS
An association was found between exposure to traffic and the onset of a myocardial in-

farction within one hour afterward (odds ratio, 2.92; 95 percent confidence interval,
2.22 to 3.83; P<0.001). The time the subjects spentin cars, on public transportation, or
on motorcycles of bicycles was consistently linked with an increase in the risk of myo-
cardial infarction. Adjusting for the level of exercise on a bicycle or for getting up in the
morning changed the estimated effect of exposure to traffic only slightly (odds ratio for
myocardial infarction, 2.73; 95 percent confidence interval, 2.06 to 3.61; P<0.001).
The subject’s use of a car was the most common source of éxposure to traffic; neverthe-
less, there was also an association between time spent on public transportation and the

onset of a myocardial infarction one hour later.
CONCLUSIONS

Transient exposure to traffic may increase the risk of myocardial infarction in suscepti-
ble persons. -
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Sensitivity-Analysis Case Control No. of Odds Ratio
Model Exposure  Exposure Patients (95% Cl)
hr before M|
AT 1 24-71 625 292 (2.23-3.84)
Bt 1 24-95 625  2.98 (2.27-3.90)
it o1 24-95 404 347 (2.51-4.79)
D 1 25 613 2.86 (1.74-4.70)
E 1 25,49,73 623 3.11(2.10-4.60)
F 1 25,49, 73 407 3.50 (2.21-5.53)
G L | § 558 0.83 (0.45-1.52)
H§ 49 73 451 1.69 (0.85-3.36)
1§ 25 49-72 579  1.20 (0.83-1.74)
J16 73 | 25-48 458 0.94 (0.61-1.44)

* Complete sets of data were available for subjects in models C and F. For mod-
els B and E, all available data were used, but some values were missing. Cl de-
notes confidence interval. Hour 0 is considered the time of the myocardial in-
farction.

1 The analysis was adjusted for time of day with the use of 23 indicator varia-
bles, to control for the possible influence of circadian variation.

1 There were no missing values in the control periods.

§ The analysis was performed for nonrisk periods (control periods defined a pri-
ori) to assess the potential for recall bias; in the absence of bias, the expected
odds ratio was 1.00.

those younger than 60 (Table 4). Effect estimates
were larger for subjects with diabetes and those
who were unemployed, but only employment sta-
tus significantly modified the association between
the risk of 2 myocardial infarction and exposure to
traffic. The frequency of exposure to traffic differed
according to the time of day (morning, 8.3 percent;
afternoon, 7.1 percent; and night, 0.9 percent;
P<0.001) and according to day of the week (Mon-
day, 6.0 percent; Tuesday, 5.8 percent; Wednesday,
5.7 percent; Thursday, 4.7 percent; Friday, 5.7 per-
cent; Saturday, 4.4 percent; and Sunday, 2.9 percent;
P<0.001). Only the time of day showed an effect
modification of borderline significance (Table 4).

DISCUSSION

We observed an association between exposure to
traffic while traveling in cars, buses, and trolley cars
and while riding on a bicycle or motorcycle and the
onset of a myocardial infarction within one hour
afterward. Travel in a car was the most common
source of exposure, but travel by public transporta-

1726

N ENGL j MED 351;17 WWW.NEJM.ORG OCTOBER 21, 2004

tion was also associated with the onset of a myo-
cardial infarction within one hour afterward,

We used a case—crossover design that made pos-
sible the assessment of transient risk factors — that
is, risk factors that may trigger acute events in sus-
ceptible patients. These risk factors include strenu-
ous exercise,3 anger,* and the use of cocaine® or
marijuana.® Transient risk factors have only a short-
term effect, whereas chronic risk factors, such as
smoking, the presence of dyslipidemia, and a sed-
entary lifestyle, which promote atherosclerosis and
prothrombotic conditions and may result in an im-
paired myocardium, have a long-term effectand de-
termine vulnerability to acute coronary events.*®

Byvirtue of the case—crossover design, exposure
during the case periods and the control periods was
determined for the same individual subject. The
strategy for selecting the control periods and the
potential for recall bias are of primary concern in
judging thevalidity of the analyses. We used data on
activities in each hour from the hour of onset of the
myocardial infarction up to 71 hours before onset
that were collected by means of bedside interviews.
We included multiple control periods-and con-
trolled for the dme of day in multivariate analyses.
The restriction of the comparison to periods at the
same time of day was designed to control for circa-
dian patterns, butif daily routines are slightly mod-
ified, the restriction might result in an underesti-
mation of exposure to traffic during the control
periods and might therefore lead to an overestima-
tion of the effect of exposure, as suggested in the
sensitivity analyses. The possibility that patients
may have better recall of the hours before the onset
of the myocardial infarction than of the days before
the event cannot be excluded. Consequently, an un-
derestimation of exposure to traffic during the
control periods would have inflated the estimates
of the effect of such exposure as a trigger in individ-
ual cases. Sensitivity analyses in which different
control-selection strategies were applied showed
remarkably similar results. Comparison analyses
of traffic exposures at nonrisk periods (control
periods defined a priori) suggested there was no
substantial recall bias with regard to the periods 24
to 71 hours before the onset of the myocardial in-
farction.

In the case—crossover design, conditions that do
not vary over time do notinduce confounding. Oth-
er transient risk factors such as strenuous exercise
or stress (e.g., anger) might confound the associa-
tions we observed. However, multivariate analyses
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P Value for
No. of Odds Ratio Heterogeneity
Characteristic Subjects (%) (95% CI)f P Value of Subgroups
Total 625 (100) - 292(2.22-3.83) <0.001 —
Male 474 (76) 259 (1.90-3.53)  <0.001 —
Fernale: _ 151 (24} 451 (2.55-8.00) <0.001 0.09
e _ 3 |
260 yr 268 (43) 2.36 (1.59-3.51) <0.001 =
260 yr 357 (57) 3.91 (2.66-5.73) <0.001 0.07
Employment status ' PooESE L
Employed 246 (39) 2.20 (1.47-3.28) <0.001 -
Not employedf . - ;S 379 (61) S 420(288-612)°  <0.001 0.02
First M ' 536 (86) 2.93 (2.20-3.92) <0.001 0.92
* Survival >28days. . : 621.(99). 2.94 (2.24-3.86) <0.001 100" 7
: Othercond;tions . - " '

" Diabetes - " L1302 - 463 (257-833) . <0001 . 0.07
Hypertension 416 (67) 3.34 (2.38-4.67) <0.001 021
"Angm.q_ S ' 148 (24) 4.07 (226-7.32)" .. <0.001 0.14
None 158 (25) 2.23 (131-3.82) 0.003 -
Located in Augsburgf .. . j 298 (48) | 2.84(1.88-4.29) <0001 . 055

Smoking status ' ' I ' ' ) '

" Currentsmoker i . ° 228 (36) 235(1.47-3.76). <0001 - =
Former smoker ' 185 (30) 2.73 (1.66-4.52) <0001 = —

~ Nonsmoker . 212 (34). 4.04(2.54-6.43)" - <0.001 0.25

Symptorns1 S - . -
 Symptoms recorded. - b 152.(24) " 231(126421), . 0007 —
No symptoms —_—" _ 47 (?s} 3.12 (2.30-4.24) <0.001 038

Cold during the wk before Ml 2 S R L R R PR I
Yes 40 (s} 548 (192-15.6)  0.002 —
No TR U ses(e4) T 283 (133755 <0001, L 0.3

Time of day . N - ' . .

© Morning (6a.m.~12:59 p.m) - 241 (39 358(238-537)° " <0001 =
Afternoon(1 p.m.-8:59 p.m.) 192 (31) 3.03(1.95-4.70) <0001 - =
Night (3:00 p.m~5:59a.m) 192 (31) © 103 (036-2.92). 096" - 0.09

bay of Mi ) _ o '

“Monday - S 89(14) S 3.46'(1.69-7.06) © - <0.001 E g
Tuesday 80 (13) 1.62 (0.55-4.81) " 0.38 —

* Wednesday ' # 3 i (13)' © 363(177-742) - <0001 - -
Thursday Coss () 2.96 (1.42-6.16) 0004 - —
Friday” ¥ : 101(16) - 2.97 (1.55-5.69) 0001 - . i —
Saturday ' © 92(15) 3.77 (2.00-7.14) <0.001 —

© _ Sunday ' 94 (15) 230_{1._05-_5‘04) 0.04 - 0.36

* Exposure to traffic comprises t:me spent in cars, on public transportation, and on motcrcydes and bicycles. CI denotes

confidence interval.

1 The analyses were adjusted with the use of 23 indicator variables for time of day, to control for the potential influence of
circadian variation.

I Retired persons and housewives were included in this group. '

§ Patients were located within the boundaries of the city of Augsburg at all times in the case and control periods.

§ Symptoms included angina pectoris, chest pain, cold sweat, dizziness, nausea, shortness of breath, vomiting, and un-

consciousness.
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involving information on- other triggers did not
produce evidence of strong within-person con-
founding. Strenuous activity was confirmed as a
substantial risk factor for the onset of a myocardial
infarction in this study, as suggested earlier.'
Riding a bicycle might be considered strenuous ac-
tivity; indeed, the risk estimates associated with the
use of a bicycle were reduced when we controlled
for exercise, but there was no change in the overall
effect estimate for exposure to traffic. Studies that
assessed the role of anger as a trigger for myocar-
dial infarction identified major life events as poten-
tial triggers but not moderate levels of psychologi-
cal stress,* which are instead related to an elevation
in long-term risk.'® The estimates for traffic expo-
sure might be confounded by the stress associated
with getting up in the morning, which is itselfa risk
factor for myotardial infarction.? Getting up in the
morning was an independent risk factor in our
study, but it did not confound the association be-
tween exposure to traffic and the onset of a myocar-
dial infarction. '

The association between exposure to trafficand
the onset of a myocardial infarction was stronger in
the subgroup of subjects who were unemployed
than in the subgroup of those who were employed.
This finding indicates that the associations we ob-
served were not due to commuting regularly to
work. The subjects in this study used a car for trans-
portation most of the time. We had no data on
whether the individual subject had been driving the
car or on the reasons for driving. Driving in differ-
entvolumes of traffic might also be a factor to con-
sider. Unfortunately, data on the circumstances of
driving could not be collected reliably in retrospec-
tive interviews. However, because the association
was also observed for persons who used public
transportation, itis unlikely that the effect s entirely
attributable to the stress linked with driving a car.
No evidence for astatistically significant effect mod-
ification according to the day of the week was ob-
served, but the estimated risks were larger for marn-
ing and afternoon hours than for night hours, when
the density of the traffic is low. When only subjects
who had no typical or atypical symptoms during
the four days before the onset of the myocardial in-
farction were considered, no difference in the esti-
mates was observed. Therefore, the possible ef-
fects of car trips undertaken to consult a doctor
because of an evolving myocardial infarction could
be ruled out.

N ENGLJ MED 351;17 WWW.NEJM.ORG OCTOBER 21, 2004

Subjects who had had nonfatal myocardial in-
farctions were recruited on the basis of the nearly
complete records of a myocardial-infarction regis-
try.13 Of the cases of myocardial infarction includ-
ed in this study, 8 percent were attributable to ex-
posure to traffic. The subgroup analyses indicated
that women, persons G0 years of age or older, and
patients with diabetes are at higher risk for the on-
setofa myocardial infarction after exposure to traf-
fic than are men, persons younger than 60 years of
age, and persons without diabetes. These results
suggest that other persons in the KORA registry
who were unable to provide diary information and
who were therefore not included in our study might
have been more susceptible to the risk of myocar-
dial infarction after exposure to traffic than the sub-
jects who were included.

A rather crude measure of exposure to traffic was
used in this study. Potentially, a combination of dif-
ferent factors, such as stress, noise, and traffic-
related air pollution, may contribute to the observed
associations. While persons are driving a car, symp-
toms of a possible arrhythmia may be common
among those who are eligible for treatment with an
implantable cardiac defibrillator.” Chronic expo-
sure to stress and noise is a well-documented risk
factor for cardiovascular diseases, since such expo-
sure can lead to elevated stress hormone concen-
trations.*® A recently published study from the
Netherlands indicates that among people who live
near major roads, the risk of death due to cardio-
pulmonary diseases is nearly twice as high as that
among those who do notlive near major roads.” An
increase in the risk of death due to ischemic heart
disease has been documented in those whose occu-
pations expose them to traffic, such as police offi-
cers who regulate traffic.*® The short-term health
effects of air pollution on the cardiovascular sys-
tem have been studied intensively in the past de-
cade. Particulate matter is considered to be of pri-
mary concern. 22 Studies of exposure to ambient
particles have indicated that passengers in cars and
buses have a greater exposure than is measured ata
distance of 100 m or more from vehicular traf-
fic.2%23 The concentrations of particulate matter
varied according to the route and the density of the
traffic and might resemble concentrations at urban
curbsides. For people traveling by car or bus, expo-
sure to particulates is about two times as high as’
for cyclists.*>2%2¢ Although high rates of ventila-
tion increase the amount of particles deposited in
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the airways,?*2%26 cyclists may be able to leave con-
gested situations (i.e., polluted microenviron-
ments) more quickly than people in cars or buses.**

The disruption of a vulnerable but not necessarily
stenotic atherosclerotic plaque in response to hemo-
dynamic stress has been suggested as a mechanism
that triggers a myocardial infarction; thereafter,
the hemostatic and vasoconstrictive forces deter-
mine whether the resultant thrombus will become
occlusive.*” Particulate air pollution has been asso-
ciated with transient increases in plasma viscosi-
ty,® acute-phase reactants,®*3' and endothelial
dysfunction,3? as well as with altered autonomic
control of the heart.?337 These changes have also
been observed in healthy officers of the highway
patrol in association with the concentration of par-

ticulate matter in their vehicles®® and might be
consistent with an increased risk of a myocardial
infarction after a transient elevation in the concen-
trations of ambient particles in vulnerable sub-
jects.3® '

Given our current knowledge, itis impossible to
determine the relative contribution of risk factors
such as stress and traffic-related air pollution. Nev-
ertheless, patients who are at risk for acute coro-
nary events are likely to profit from recent efforts to
improve the air quality in urban areas with the use
of cleaner vehicles and improved city planning.

Supported by a research agreement (98-4) with the Health Effects
Institute, Boston, by the GSF-National Research Center for Envi-
ronment and Health, Neuherberg, Germany, and by a grant (R-
827354) from the Environmental Protection Agency (to Drs. Peters
and Wichmann).
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Abstract

Recent studies, primarily in Europe, have reported associations between respiratory
symptoms and residential proximity to traffic; however, few have measured traffic
pollutants or provided information about local air quality. We conducted a school-based
cross-sectional study in the San Francisco Bay Area in 2001. Information on current
bronchitis symptoms and asthma, home environment, and demographics were obtained
by parental questionnaire (n=1,109). Concentrations of traffic poIluténts (particulate
matter (PMo, PM; 5), black carbon (BC), and nitrogen oxides (NOx and NO,)) were
measured at ten school sites during several seasons. Although pollutant concentrations
were relatively low, we observed differences in concentrations between schools nearby
versus those more distant (or upwind) from major roads. Using a two-stage multiple
logistic regression model, we found associations between respiratory symptoms and
traffic-related pollutants. Among those living at tﬁeir current residence for at least one.
year, the adjlllsted odds ratios (OR) for asthma in relation to an interquartile difference in
NOx were OR = 1.07; (95% confidence interval, 1.00-1.14). Thus, we found spatial
variability in traffic pollutants and associated differences in respiratory symptoms in a
region witﬁ good air quality. Our findings support the hypothesis that traffic-related

pollution is associated with respiratory symptoms in children.

Word count: 196

Suggested MeSH: Air Pollution, Vehicle Emissions, Asthma, Bronchitis, Epidemiology
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Introduction

Numerous epidemiological studies have documented adverse effects of air
pollution on health. (1) The majority of these population-based studies have used
pollutant concentrations measured at central monitoring sites to estimate exposures and
have not, in general, considered local spatial variability in pollutant levels. However,
motor vehicle emissions, the principal source of ambient air pollution in most urban
areas, are likely to vary substantially within a given community, and researchers have

begun to document differences in traffic-related pollutants on a neighborhood scale.(2,3)

Recently, a number of epidemiological studies have reported associations between
residential proximity to busy roads and a variety of adverse respiratory health outcomes
in children, including respiratory symptoms, asthma exacefbations, and decrements in
lung function.(4-10) In some reports, truck traffic has been more strongly associated with

these adverse outcomes than total vehicular traffic. (6,7,10) (11)

Most studies have used meﬁics of proximity to traffic as surrogates of exposure to
traffic pollution (e.g., residential proximity to major roads, traffic volume at the nearest
road, or modeled levels of traffic pollution). Few have measured pollutant concentrations
as part of the exposure assessment or provided information on local air quality. (7,10,12)
(11) The majority of studies have been conducted in Europe and Japan, where fleet
composition (diesel vs. gasoline), emissions fﬁctors, fuel specifications, land use, and
pc.'pulation distributions near busy roads differ from those in the U.S. Regional and

micro-environmental concentrations of particulate matter may be higher in European



cities compared with many parts of the United States.(13) Therefore, it is important to
evaluate the extent to which proximity to traffic may be associated with health impacts in
the United States. Previous studies in the U.S. were conducted in areas of Southern
California and the Northeast with significant local air quality problems; both used metrics

of proximity to traffic, not measured pollutant concentrations.(8) (14)

The objective of this study was to explore associations between respiratory
symptoms and exposures to traffic-related air pollutants among children living and
attending schools near busy roads in an urban area with high traffic density, but good

regional air quality. Some of the results of these studies have been previously reported in

the form of abstracts.(15)

Methods: (word count 552)

Study design and health assessment

We conducted a school-based cross-sectional study in the San Francisco
metropolitan area (Alameda County, California) in 2001. The study area was comprised
of ten neighborhoods that span a busy traffic corridor. School sites were selected to

represent a range of locations upwind and downwind of major roads (Figure 1).

In Spring 2001, we enrolled children (Grades 3-5) in participating classes (n=64) using
methods similar to those ﬁsed in other school-based studies. (16)(17,18) We obtained
information on health outcomes (bronchitis symptoms in the past 12 months and

3
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physician-confirmed asthma in the past 12 months), demographics, home environmental
factors and activity factors using parental questionnaires (English and Spanish).(16-18)

For additional information on the study design and health assessment, see the online

supplement.

The study protocol was approved by the Committee for the Protection of Human

Subjects, California Health and Human Services Agency.

Air Pollution from Traffic:

We measured concentrations of traffic pollutants (particulate matter (PMo,
PM, ), black carbon (BC), and nitrogen oxides (NOx and NOy)) at the school sites. PMio
and PM, s mass concentrations were measured using filter-based samples, while BC
concentrations were determined on the PMjj filter samples using an established light

attenuation method that we validated for fiberfilm filters.(19) (20) NOx and NO,

concentrations were determined with passive diffusion samplers (Ogawa, Inc., USA).

Nitric oxide (NO) concentrations were calculated as the difference between NOx and

NOa,.

Pollutant monitoring was conducted simultaneously at all school sites for 11 one-
week intervals in the spring (March - June) and for eight weeks in the fall (September-
November) of 2001. NOx and NO, were sampled during all weeks at each school.

PM,oand PM, s and the BC concentrations were not measured every week. Study-

averaged air pollution concentrations were calculated at each school by first normalizing

the data to account for occasional missing values. Additional details are described in the
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online data supplement and elsewhere.(21)

In preliminary analyses, we also used school location in relation to prevailing

winds and proximity to busy roads as an additional traffic metric. .

Data Analysis

We examined associations between pollutants and health outcomes using a two-
stage hierarchical modeling strategy. This method has been used in other
epidemiological studies of air pollution when pollutants were measured at the group
level.(22) (18) In our study, the exposure groups are represented by the nei ghborhood
schools. In the first stage, we initially identified potential confounders (demographic,
host, or home enviromeuﬁl variables) associated with health outcomes in this dataset.
We then performed exploratory stepwise logistic regressions tb develop a model in which
individual-level characteristics best predicted the odds of each health outcome.
Explanatory variables that remaincd significant at p<0.15 were retained in the model.

We .then fit a logistic regression model that included an indicator variable for each

school in addition to the individual-level covariates.

In the second stage, the adjusted school-level logits or prevalence rates
determined in the first stage were regressed on the school-specific ambient pollutant
concentrations. In this manner, we obtained the log odds ratios relating asthma or

bronchitis symptoms to air pollution, after adjusting for individual-level risk factors.

We calculated adjusted odds ratio(s) (ORS) for a change in measured pollutant

0362
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concentration equal to the interquartile ranges (IQR) of the pollutant distributions.

Analyses were conducted using SAS version 8.2 for Windows (Cary, NC) and STATA

version 8 (College Park, TX).

Results

We distributed 1,574 questionnaires in 64 participating classrooms in the 10
schools. Three children were excluded because their parents spoke neither English nor
Spanish. Among the remaining students, there was a response rate of 70.7 %
(1,111/1,571). Participation rates across schools ranged from 61 to 83%. Apﬁroximately
30% completed the questionnaire in Spanish. Two children with reported cystic fibrosis

were excluded from the analysis. The final analysis sample consisted of 1109

—

questionnaires.

Table | summarizes the participants’ demographic characteristics, prevalence of
selected personal and home envifom_nental characteristics and respiratory health
outcomes. Our study population was racially diverse. About 30% of households had
incomes below the federal poverty line. Fourteen percent of the parental respondents
reported having been told by a doctor that their child had asthma in the preceding 12
months. Thié; represents a measure of period pre\'ralence of asthma and would include
some incident cases. Twelve percent of children had bronchitis symptoms in the past
year. Of those reporting bronchitis symptoms in the past 12 months, 43% also reported

having asthma. Using a slightly different definition of asthma (physician-diagnosed ever,

~ and asthma symptoms, including wheezing, in the past 12 months), 11 % of our study

64

Yy
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population had current asthma.

The estimated pollutant concent.rations at the schools are summarized in Table 2.
Concentrations of several pollutants (i.e., BC, NOx, NO and, to a lesser extent, NO,)
were higher at schools located within 300 meters downwind of a freeway compared to
those at schools upwind or further from major traffic sources. There was less variation in
PM; s and PMq. Concentrati.ons of BC, NOx, and NO were highly correlated (r*~ 0.9 for
each inter-pollutant correlation). The study average PMas (12 pug/m’) was similar to the
annual average concentration of PMz_s at the central monitoring station, located
approximately 15 kilometers south of the study area. NOx and NO, measurements at the

school sites away from traffic were similar to levels measured at the regional site. (21).

Table 3 summarizes the results of the two-stage hierarchical logistic regression
models of the odds of asthma and bronchitis symptoms in the previoué. year in relation to
six different pollutants, each examined in separate r_cgressions. Results are shown for zlill
subjects, for long-term residents only (one year or longer at the current address), and f‘or
the latter group stratified by gender. In addition to the trafﬁé ﬁlctric, explanatory
variables retained in all the final models for asthma and bronchitis included chest illness
before age two, household mold/moisture, and pests observed in the home in the
preceding 12 months. The final models for asthma also included maternal history of
asthma. Addition of other potential confounders such as race/ethnicity, socioeconomic
variables, maternal stnoking during pregnancy, current smoker in the .home, air

conditioning, and gas stove use, yielded similar pollutant effect estimates.
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Blue Water Bridge, Port Huron Michigan

http://www.bwba.org/frames.html
http://www.fhwa.dot.gov/eihd/2bluewb.htm

The original Blue Water Bridge was built in 1938 and is a highly visible historic landmark that
carries 1-94 across the St. Clair River to Canada. A comprehensive public participation program
considered various alternatives and recommended a continuous tied arch design. The selection
complemented the original bridge without compromising its historical integrity.
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Arthur Ravenel Jr. Bridge, Charleston South Carolina

http://www.charlestonwiki.org/Arthur Ravenel Bridge
http://frank.itlab.us/bridge/Modern Steel Construction ravenel bridge.pdf

The dramatic Cooper River Bridge—the longest cable-stayed bridge in North America—opened
in July 2005 a year ahead of schedule, saving the South Carolina Department of Transportation
(SCDOT) an estimated $150 million. The approximately three-mile-long bridge, including the
main span, high level approaches, ramps and interchanges, was designed and constructed in a
four year period. The bridge’s main span allows for both a widening of the navigation channel to
1,000’ and a deepening of the dredged depth of 10’ to accommodate larger shipping vessels.
The project, which is the largest single transportation infrastructure project in the state’s history,
evolved from studies that began in 1988 to address the need to replace the deficient 1929 John
P. Grace Memorial and 1966 Silas N. Pearman bridges between Charleston and Mount
Pleasant. Also, there was a more recent need to improve shipping clearances in the upper
reaches of Charleston Harbor.

American Consuling Engineers of Figrida, LLG Page 2 472172007
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Carquinez Strait Bridge, California

http://www.ketchum.org/carquinez.html

The Carquinez Bridge refers to parallel bridges which cross the Carquinez Strait linking Vallejo,
California to the north, with Crockett, California to the south. The original bridge, a steel
cantilever bridge, was designed by Robinson & Steinman and dedicated on May 21, 1927. It
cost $8 million to build and was the first major bridge in the San Francisco Bay Area.[1]

In 2003, as a resolution to seismic problems of the aging 1927 span, a new suspension bridge
was opened to replace it. This new bridge was named the Alfred Zampa Memorial Bridge, after
an ironworker who worked on a number of the San Francisco Bay Area bridges, including the
Golden Gate Bridge. This span features a pedestrian and bicycle path, completing a bike trail
which circles the entire Bay Area. The span measures 0.66 miles (3465 feet / 1056.1 m / 1.06
km). The bridge was dedicated on November 8, 2003 and opened for traffic on November 11. It
is the newest suspension bridge built in the United States, as of 2003.

Q&L

American Consulting Engineers of Florida, LLG Page 3 472172007



wisloldidatawusersiShorpisiDeskiopiAnbassadar EphancementiSHPOWPreliminary Case Study.doc

US 82 Greenville Bridge, Mississippi

http://bridgepros.com/projects/Greenville/
http://www.greenvillebridge.com/2b_2006.htm

As steel through-truss bridges were the preferred design when the first Greenville Bridge was
constructed, the cable stayed bridge is a popular choice today. Many of the newest bridges in
the country and along the Mississippi River are cable stayed designs. Steel truss bridges and
cable stayed bridges both represent the best technology and the best economy of their times.

472172007
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La Crosse Bridge, Wisconsin

http://www.johnweeks.com/upper mississippi/pagesA/umissA05.html

There are two bridges at this crossing. The older steel truss bridge is known as the Cass Street
Structure. The new steel arch bridge was added in 2005. It is known as the Cameron Avenue
Structure. Together, they are called The Mississippi River Bridge. The 87 foot tall arch for the
Cameron Avenue bridge was built in a drydock downstream and floated into place. This allowed
the main channel to remain open for shipping during construction. The Cass Street bridge is
being rehabilitated during 2005 and 2006, with all traffic routed on the Cameron Avenue bridge

during the project.

American Consulting Engineers of Flonida, LLC Paga 5 4212007
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Veterans Memorial - Rainbow Bridges

http://fen.wikipedia.org/wiki/Rainbow Bridge (Texas)
hitp:/mww.answers.com/tepic/rainbow-bridge-texas

Rainbow Bridge

Rainbow Bridge is a cantilever bridge crossing the Neches River in Southeast Texas (29.9805 -
93.8703) just upstream from Sabine Lake. It allows State Highway 87 and State Highway 73 to
connect Port Arthur in Jefferson County on the southwest bank of the river with Bridge City in

Orange County on the northeast bank.

Construction on the bridge began in 1936 under the guidance of the Texas State Highway
Department. Due to concerns by the upstream city of Beaumont about the bridge posing a
threat to ship navigation, the Rainbow Bridge was built with a 680 foot (210 m) main span. In
addition, it has a vertical clearance of 177 feet (54 m)[1], which was intended to allow the tallest

ship in the US Navy, the USS Patoka, passage under the bridge.

The bridge was completed on September 8, 1938. The nearby town of Prairie View took on the
name "Bridge City" in response. Initially named the "Port Arthur-Orange Bridge", it received its
current name in 1957. The bridge was listed in the National Register of Historic Places in 1996.

The USS Patoka never sailed the Neches River. The Rainbow Bridge remains the highest
bridge in Texas [2].

Veterans Memorial Bridge

In 1988, construction began on the Veterans Memorial Bridge, the first cable-stayed bridge in
Texas. This bridge runs parallel to the Rainbow Bridge, and was dedicated on September 8,
1990. With a vertical clearance of 143 feet (43.5 m), the bridge is somewhat shorter than its
neighbor [3]. After the completion of the Veterans Memorial Bridge, the Rainbow Bridge was
closed for renovations. On its re-opening in 1997[citation needed], the Rainbow Bridge became
one way, handling southbound traffic only. The Veterans Memorial Bridge serves northbound

traffic [4].

4i21/2007
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KEEPING UP WITH TECHNOLOGY

Bridge building has had two time periods that can be looked at as golden ages. The first is in the
late 19th century as the explosive growth of the railroads resulted in building a large number of
big metal monsters to cross the untamed rivers of both the US and Europe. Prime examples of
these include the Eads Bridge in St. Louis, and the Forth Rail Bridge over the Firth Of Forth

near Edinburgh, Scotland.

The second golden age of bridge construction was in the middle half of the 20th century as
many monumental suspension bridges were built. These were all national landmarks, giant
works of industrial art, and epic construction projects. This was an era when technologies and
materials were rapidly advancing, but modeling, testing, and computers were still decades in the
future. This era saw successes like the Golden Gate Bridge and Oakland Bay Bridge, both in
San Francisco, and colossal failures like the Tacoma Narrows Bridge.

Following World War I, Europe needed to build a large number of big bridges very quickly in
order to get its economy back up and running. Steel was in short supply, so large metal bridges
were out of the question. Suspension bridges were too costly, in both time and materials, so
they were not practical to construct. This left a major issue of how to build badly needed bridges

with resources that were available at the time.

To solve this problem, transportation engineers developed the Cable Stayed Bridge. Ina cable
stayed bridge, the roadway is supported by cables that run directly to the suspension towers.
This differs from a suspension bridge in that a suspension bridge has a suspension cable that
runs from tower to tower, and the roadway is carried by down cables that link to the suspension
cable. A cable stayed bridge has only one set of cables. This results in a bridge that is relatively
lightweight in construction, is far less costly than a metal cantilever brides, and uses far less
cable than a suspension bridge. These advantages result in a far less costly bridge that can still

span a surprisingly long distance.

Source: North American - Cable Stayed Bridge Registry - Maintained By John Weeks

American Consulting Enginsers of Florida, LLE Page 7 41212007
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NPS GUIDANCE ON ADDITIONS TO HISTORIC STRUCTURES

A new addition should be constructed in a manner that preserves significant materials and
features and preserves the historic character. Finally, an addition should be differentiated from
the historic building so that the new work is not confused with what is genuinely part of the past.

A project involving a new addition to a historic building is considered acceptable within the
framework of the National Park Service's standards if it:

Preserve Significant Historic Materials and Features.

e Avoid constructing an addition on a primary or other character- defining elevation to ensure
preservation of significant materials and features.

¢ Minimize loss of historic material comprising external walls and internal partitions and floor
plans.

Preserve the Historic Character

« Make the size, scale, massing, and proportions of the new addition compatible with the
historic building to ensure that the historic form is not expanded or changed to an

unacceptable degree.

e Place the new addition on an inconspicuous side or rear elevation so that the new work
does not result in a radical change to the form and character of the historic building.

« Consider setting an infill addition or connector back from the historic buildings wall plane so
that the form of the historic building--or buildings--can be distinguished from the new work.

« Set an additional story well back from the roof edge to ensure that the historic building's
proportions and profile are not radically changed.

Protect the Historical Significance--Make a Visual Distinction between Old and New

e Plan the new addition in a manner that provides some differentiation in material, color, and

detailing so that the new work does not appear to be part of the historic building. The
character of the historic resource should be identifiable after the addition is constructed.

Source: US Department of the Interior National Park Service Technical Preservation Services briefing Number 14, 1986.

American Consuiling Engineers of Flarida, LLC Page 8 4i21:20067
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Thank you for the opportunity to comment on the Detroit International Bridge Company’s
(“DIBC”) permit application to build a second span of the Ambassador Bridge (“Bridge”). The
Sierra Club is a nation-wide grassroots environmental organization dedicated to protecting our
communities. The Sierra Club and its members in the Detroit metropolitan area are concerned
about the environmental impacts of a second span of the Ambassador Bridge. These concerns
are discussed below and are supported by applicable law or findings where necessary. We
believe that this project has potentially significant environmental impacts rendering it ineligible
for a categorical exclusion from the requirements of the National Environmental Policy Act
(“NEPA”). Due to the fact that this project would have potentially significant impacts, the
United States Coast Guard should conduct an environmental assessment to determine the extent
of those impacts and should move forward as required by law in addressing those impacts
through mitigation or further environmental impact review.

The proposed “Ambassador Bridge Enhancement Project” involves a second bridge span
between Detroit, MI and Windsor, Ontario, adding six lanes to the existing four. In their
“Preliminary Review Permit Application” the project proponent, DIBC has concluded that there
will be no potentially significant environmental impacts resulting from this new bridge and that
the project is thus qualified for a Categorical Exclusion (*“CatEx™) exempting it from
environmental review. This conclusion is incorrect and without merit. The permit application is
filled with conclusory terms and lacks sufficient analysis or detail to support a finding of no

impact.
In filling out the “CatEx Checklist,” DIBC answered “NO” to every question asking

whether this project would have an adverse environmental impact.! Several of these answers are
misleading and false and do not give appropriate consideration of the project impacts. DIBC’s -

! Coast Guard CatEx Checklist, Exhibit A.



answers should be discarded upon further review. Below is an accurate and more comprehensive
answer to the checklist questions suggesting that the correct answer to many of them is actually
«yES” and at the very least, more data is needed to make a reasoned decision. Further review
suggests that there are potentially significant environmental impacts that would result from this

project and that a CatEx is not applicable.

a. Checklist Question A: Is the action likely to be inconsistent with any applicable
Federal, State, Indian tribal, or local law, regulation or standard designed to
protect any aspect of the environment?

The Coast Guard should not rely on DIBC’s promise that this project will not have any
air quality impacts or increased traffic volumes. As we discuss in great detail below under
Question D, there are potentially significant air quality impacts that will result from this project
as well as increased traffic volume. Given our response to Question D below, it seems
appropriate that more information and analysis will be necessary to determine whether further
compliance with Federal, State, Indian tribal or local law, regulations or standards will be
required. In particular, a local “Hot-Spot” analysis might be required as well as compliance with
Federal and State air quality regulations and a conformity determination by the South East
Michigan Council of Governments (“SEMCOG”).

When considering the relevant environmental standards, the Coast Guard should also
consider the standards set by the Environmental Protection Agency for PM 5 non-attainment
areas. We have pointed out below that the Detroit area has been designated as a non-attainment
area for the national standards for fine particulates. When an area is designated in non-
attainment, certain transportation progects must undergo a review for localized impact for PM 2.5
also known as a “HotSpot” analysis. © This standard was developed by the Environmental
Protection Agency to ensure that areas that have failed to attain national standards are reviewing
projects that may exacerbate the negative impact of that pollutant on air quality and human
health. This standard should not be ignored as the Coast Guard reviews the application for a
permit for the expansion of the Ambassador Bridge. Due to the 150% increase in the size of the
existing Bridge and the correlation between traffic and PM, s, the Coast Guard must consider the
potential impact of PM, s emissions from the project, their effects on nearby communities, and
their impact on the-ability of the region to attain the PM> 5 NAAQS. The federal 5.5 hotspot
analysis is a relevant standard to apply.

b. Checklist Question B: Is the action likely to have results that are inconsistent
with locally desired social, economic, or other en vironmental conditions?

The Coast Guard needs more data before accepting DIBC’s answer of “NO” to this
question. The purposes of NEPA are to ensure that environmental information is available to the
public before decisions are made and before action is taken. This information is expected to be
accurate and of high quality. Public scrutiny is seen as essential to meeting the goals of NEPA. :
Up until this point, the public has not been given an opportunity to comment on this project.
DIBC has not conducted outreach to local organizations in determining what desired social,

271 Fed. Reg 12467.
340 C.F.R. § 1500.1.
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economic or other environmental conditions actually are. An answer of “NO” without this
outreach or public participation frustrates the purpose of NEPA in requiring public scrutiny.
Without more information, the Coast Guard cannot accept that this action is unlikely to be
inconsistent with the desired environmental conditions in this community.

Public participation was addressed in a response to a letter written by(™ l
Division Administrator for the Federal Highway Administration, Michigan Division \
noted that there was no evidence in the documentation suggorting a categorical conclusion about
public involvement or coordination with local officials. the Project Manager and
consultant for the twinning project responded to this criticism. He disagreed, stating, “numerous
public meetings were held during the preparation, completion and approval of the Gateway
Project and clearly that project anticipated the construction of a second span across the river...”
Public meetings held ten years ago are not sufficient to satisfy the need for public involvement
on this project. While a second span of the Bridge was anticipated in the 1997 Environmental
Assessment done for the Gateway Project, it was not the focus of the project nor part of the
environmental analysis. The reference to the second span and the possibility of its realization
was so uncertain that the public was not given the opportunity to make meaningful comment on
its impact on the desired social, economic, or environmental conditions. The information given

‘to the public in 1997 with regard to a second bridge was not sufficiently detailed, accurate, or

based on expert analysis in a way that would comply with the purposes of NEPA as described
above.

- response does not take into consideration the possibility of changed
condifions in the last decade. In ten years, the social, economic and environmental conditions
may have changed such that these considerations must be revisited. For example, as discussed
below, the regulatory regime for air quality impacts is significantly different now than it was ten
years ago. Transportation studies have been published giving us more information regarding the
impact of road construction on the human environment. These new environmental
considerations, along with changes to local social and economic conditions must be analyzed as
part of the decision to grant a CatEx. They are entirely absent from the submitted environmental
documentation for the Ambassador Bridge Enhancement Project such that an answer of “NO” to
checklist question B is inappropriate without further outreach and analysis.

In addition to investigating the locally desired social, economic, or other environmental
conditions, it is important for the Coast Guard to take into consideration their legal mandate to
give consideration to the issues of environmental justice. The Coast Guard, as a federal agency,
shall make achieving environmental justice part of its mission by identifying and addressing
“disproportionately high and adverse human health or environmental effects” on low-income or
minority populations resulting from its programs and activities.* The area of southwest Detroit is
already burdened by the adverse environmental impacts of the existing Ambassador Bridge and
the infrastructure that surrounds it and this project may exacerbate an existing problem. In
addition to the air pollution attributable to the traffic corridor, Wayne County is one of the
dirtiest counties in the Co'untry.5 The list of existing sources of pollution is long and includes oil,
automobile, steel, wastewater and power industries to name a few. Southwest Detroit is made up

* Exec. Order No.12,898, 59 Fed. Reg. 7629 (Feb. 11, 1994).
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of African American, Hispanic and low-income neighborhoods. This area is deserving of special
attention as the Coast Guard considers this permit and the burdensome environmental impacts a
new bridge will produce on top of a long legacy of environmental devastation.

¢. Checklist Question D: Is the action likely fo adversely affect a significant
aspect of the natural environment?

The answer to this question is a resounding “YES.” Specifically, the Sierra Club is
extremely concerned with the potentially adverse impacts on air quality that will result from the
twinning of the Ambassador Bridge. The discussion of air quality impacts in the permit. _
application is incomplete and entirely insufficient to provide the foundation for the “NO” answer
provided on the application checklist. The science on this subject is replete with conclusions
regarding the adverse effect of car and truck emissions on human health. In light of this science,
the Coast Guard should conduct further review into the potential air quality impacts of six added
lanes to the existing traffic corridor, a 150% increase in the roadway capacity of the existing

Ambassador Bridge

The connection between air pollution from traffic and human health is undeniable. The
environmental impact of highways has been a source of concem since the 1960s and was even
cited as a major factor behind the enactment of NEPA.® Air pollution from transportation
sources includes a toxic mixture of particulate matter measuring 2.5 microns in diameter (PM3 s),
carbon monoxide, nitrogen oxides (NOx), volatile organic compounds (VOCs), and mobile
source air toxics including diesel particulate matter. PMz s is often linked to increased mortality,
hospitalization for respiratory problems, decreased lung function, and increased respiratory
symptoms7 as well as cardiovascular and pulmonary causes of death.® Exposure to this toxic
mixture from exposure to vehicular traffic in urban areas may increase the risk of a heart attack
in susceptible persons.g Fine particulates are more likely to be mixtures of chemicals and metals
that result from combustion sources (such as gasoline or diesel engines) and can penetrate deeper
into lung tissue and even enter the blood stream. PM, s and mobile source air toxics are the
subject of a growing body of scientific evidence linking these pollutants to substantial adverse

human health impacts.

The impact of mobile source air pollution on children is particularly acute. Some studies
have shown a correlation between asthma and attending school near major roadways. A study in
California’s East Bay was designed to determine the relationship of the proximity of middle
schools to freeways and adverse health effects.!® The study found that the closer the schools
were to the freeways, the higher the concentrations of PM, s and diesel exhaust. Also higher,

6 Bob Yuhnke, NEPA s Uncertainty Principle in the Federal Legal Scheme Controlling Air Pollution From Motor

Vehicles, 35 E.L.R 10273 (2005).
T N. Kunzli, et al, Ambient Air Pollution and Atherosclerosis in Los Angeles, National Institute of Environmental

Health Sciences (Nov 2004). Exhibit B.
$ Michael Jerrett, et. al., Spatial analysis of Air Pollution and Mortality in Los Angeles, Epidemiology, Vol. 16 No. 6

(Nov. 2005). Exhibit C. _ )
9 Annete Peters, et. al, Exposure to Traffic and the Onset of Myocardial Infarction, N. Engl. J. Med Vol 351 No. 17

(Oct. 21, 2004). Exhibit D. :
1° yanice J. Kim et al., Traffic-Related Air Pollution Near Busy Roads: The East Bay Children’s Respiratory Health

Study, 170 Am. J. Respiratory & Critical Care Med. 520 (2004). Exhibit E.
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was the prevalence of asthma and bronchitis among students at the schools most affected by
motor vehicle emissions."" Another study followed school children in 12 California
communities, finding large deficits in lung function among those students living in communities
with high pollutant concentrations.'? Reductions in lung function and other health complications
connected to exposure to air pollution were expected to impact those children for the remainder
of their lifetimes. Yet another important study found that preliminary data suggested that
concentrations of pollutants primarily generated by motor vehicle fuel combustion were higher in

areas of close proximity to roadways with higher vehicle density."

The U.S. Environmental Protection Agency (“EPA”) recognizes that air pollution levels
near major roadways are significantly higher than at locations farther away:

Urban-scale assessments done in Houston, TX and Portland, OR illustrated steep
gradients of air toxic concentrations along major roadways, as well as better agreement
with monitor data. Results of the Portland study show average concentrations of motor
vehicle-related pollutants are ten times higher at 50 meters from a road than they are at
greater than 400 meters a road. These findings are consistent with pollutant dispersion
theory, which predicts that pollutants emitted along roadways will show highest
concentrations nearest a road, and concentrations exponentially decrease with increasing
distance downwind. These near-road pollutant gradients have been confirmed by
measurements of both criteria pollutants and air toxics, and they are discussed in detail in

Chapter 3 of the RIA."

Studies show that these elevated levels of ambient air pollution near major roadways result in a
commensurate increase in indoor air pollution near roadways. Citing a leading study that
assessed children’s exposure to traffic-related air pollution while attending schools near

roadways, the EPA notes:

Overall results indicate that indoor pollutant concentrations are significantly correlated
with traffic densitgr and composition, percentage of time downwind, and distance from
1

major roadways.

~ The American Academy of Pediatrics has warned that children and infants are among the
most susceptible to the harmful effect of air pollution.19 The AAP notes:

11 Gee also W. James Gauderman et. al., Childhood Asthma and Exposure to Traffic and Nitrogen Dioxide,
Epidemiology, Vol. 16 No.6 (Nov 2005) (examining the association between traffic-related pollution and childhood

asthma) Exhibit F. ,
2 | W. Gauderman et al., The Effect of Air Pollution on Lung Development From 10-18 Years of Age, 351 New Eng.

J. Med. 1057 (2004). Exhibit G. :
5 Northeast States for Coordinated Air Use Management, Indoor/Outdoor School Air Monitoring Pilot Project.
(Sept. 13, 2002). Exhibit H.

1771 Fed. Reg. 15804 (citations omitted).

18 71 Fed. Reg. 15804 (citations omitted).

19 A merican Academy of Pediatrics (AAP), Ambient Air Pollution: Health Hazards to Children. Committee on
Environmental Health,Pediatrics Vol. 114 Pp 1699-1707 (2004). Exhibit L.
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In addition to associations between air pollution and respiratory symptoms, asthma
exacerbations, and asthma hospitalizations, recent studies have found links between air
pollution and preterm birth, infant mortality, deficits in lung growth, and possibly,
development of asthma.”’

The AAP reports that these harmful health effects result in large part, from motor vehicle
pollution: _
Motor vehicles represent the principal source of air pollution in many communities, and
concentrations of traffic pollutants are greater near major roads.

Air quality impacts on children’s respiratory health are often compounded when these
pollutants are present in high concentrations on Elaygrounds and athletic fields, where children
are at even higher risk during physical activity.”

The connection between adverse health impacts in children and mobile source air
pollution is especially relevant to the Ambassador Bridge Enhancement Project. The Border
Transportation Partnership, a group proposing another bridge across the Detroit River, has
published a map locating all of the schools in southwest Detroit.”> This map shows half a dozen
schools located at the foot of the existing Ambassador Bridge. These schools range from
" elementary through high schools, with the presence of children from the ages of roughly 5
through 18 who will be exposed to ambient concentrations of these harmful pollutants from
increased traffic resulting from the new span of the Ambassador Bridge. This is in addition to
the many children who may be living nearby who would be subject to these impacts in their

neighborhood.

In addition to the risks to children and developing respiratory function, serious cancer
risk is attributed to mobile source air pollution. A 2000 study done in the Los Angeles air basin
measured exposures to 30 toxic air pollutants a 22 locations in the basin.** This study, known as
MATES II, found that 90% of cancer risk attributed to air pollutants came from mobile sources.
Logically, this risk was more pronounced near freeways and other locations dominated by '

mobile sources.” 2°

Detroit already has its fair share of air quality problems. The Detroit area is currently a
non-attainment area for the National 8-hour ozone standards, as well as for National standards

0 A AP, Ambient Air Pollution: Health Hazards to Children. Committee on Environmental Health,Pediatrics Vol.

114 Pp 1699-1707 (2004).
21 A AP, Ambient Air Pollution: Health Hazards to Children. Committee on Environmental Health,Pediatrics Vol.

114 Pp 1699-1707 (2004).

2 genneth W. Rundell, et. al., Vehicular Air Pollution, Playgrounds, and Youth Athletic F ields, Inhalation
Toxicology, Vol. 18 Page 541-547 (2006). Exhibit J.

2 Gee Central Area Alternatives Map. Exhibit K. Also available at www.partnershipborderstudy.com.

2 gouth Coast Air Quality Management District, Multiple Air Toxics Exposure Study-II (March 2000), available at
http://www.aqmd.gov/matesiidf/matestoc.htm.

25 Gee also Amir Sapkota and Timothy J. Buckly, The Mobile Source Effect on Curbside 1,3-Butadiene, Benzene,
and Particle-Bound Polycyclic Aromatic Hydrocarbons Assessed at a Tollbooth, Journal of the Air & Waste
Management Association, Vol. 53 (June 2003) (examining traffic counts and vehicle class combined with curbside
concentrations of environmental carcinogens). Exhibit L.

% gee Also, AAP(2004) noting the cancer risk resulting from diesel exhaust.
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for PM; 5, two criteria pollutants that carry serious human health concemns.?’ In addition to air
quality problems, the city has identified capacity problems associated with the projected
‘ncreases in vehicle and truck traffic over the next 30 years. Health related air quality impacts
must be considered within this context. An additional six lane bridge, coupled with the
necessary infrastructure to manage the increased vehicle capacity will lead to increased mobile

source air pollution in southwest Detroit.

DIBC asserts that an increase in traffic is not anticipated as a result of the construction of
additional lanes across the river. -However, there is evidence to the contrary, suggesting that
increased lane miles actually does result in an overall increase in traffic, and therefore, an
increase in mobile source pollution.” NEPA analysis is required to ascertain how the proposed
project would effect traffic levels. Rather than summarily concluding that a 150% increase in
capacity will not result in an increase in traffic, the agency must perform appropriate modeling to

quantifgr anticipated traffic levels. This modeling must account for the phenomenon of induced

travel.

The air quality and resulting health impacts of this bridge cannot be i gnored. Increased
lane miles lead to increased traffic. Increased traffic will lead to increases in mobile source air
pollution including PM> s and other air toxics which have been repeatedly linked to reduced lung
function in developing children, heart attacks in susceptible populations, certain cancers as well
as lasting health impacts from this exposure. The consensus among the environmental health
professionals about the seriousness of this problem suggests that a six lane increase to a Bridge
that has several schools positioned near its base is a project that has potentially significant,
potentially life threatening impacts on human health and should be analyzed for those impacts.

Air pollution may not be the only environmental concern stemming from this project. It
appears that the Michigan Department of Natural Resources (“MDNR?) has identified state and
federally endangered mollusk species. Before DIBC can move forward, they must obtain a “no
effect” statement from the MDNR. The Coast Guard should be aware of the potential impacts
that might include the direct destruction of species and disturbance of critical habitat for the
endangered species identified by MDNR. ;

The new span of the Ambassador Bridge has the potential to have a negative impact on
parklands that are adjacent to the Bridge and plaza areas. Section 4(f) of the Department of
Transportation Act requires that programs or projects shall not be approved if they require use or
harm to publicly owned land from a park, recreation area, wildlife and waterfowl refuge or any
area of national, state, or local significance unless no prudent alternative exists. While the plans
for the new span of the Bridge indicate that no such land will be used, it is important for the
Coast Guard to investigate this claim and assure that the project, both the Bridge and any plazas
or roadways built to accommodate the Bridge, will not use adjacent parklands in a way that

would violate the requirements of 4(f).

2 69 Fed. Reg 56697 (Marginal non-attainment for 8-hour ozone); 70 Fed. Reg. 943 (non-attainment for PM;5 )
28 pobert B. Noland and Lewison L. Lem, A Review of the Evidence for Induced Travel and Changes in
Transportation and Environmental Policy in the US and the UK, Transportation Part D, 7 (2002). Exhibit M.
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d. Checklist Question F: Is the action likely to generate controversy on
environmental grounds?

Yes, this project has already generated controversy on environmental grounds. An article
written in the Metro Times titled “The battle of the bridge: Distrust of Moroun has Delray
residents rallying behind a public span” is a good indicator of more controversy to come.”

There is no doubt that adverse environmental consequences will be associated with increased
truck traffic in southwest Detroit. Residents are also concerned with the decision making
process.  The Ambassador Bridge project is a private project, funded entirely by the project
proponent, DIBC and its affiliates. Members of the public are concerned that a closed door,
private project will lack the transparency involved with public projects and environmental

review.

In addition to gathering information regarding public sentiment on the bridge
enhancement project, it would be prudent for the Coast Guard to hold a public hearing regarding
the permit application to better gauge public concerns in making a final determination regarding

controversy on environmental grounds.

e. Checklist Question I: Is the action part of an ongoing pattern of actions
(whether under the control of GSA or others) that are cumulatively likely to
have adverse effects on the human environment? :

The twin span of the Ambassador Bridge is being described as entirely separate and apart
from any other ongoing projects. This is not an accurate portrayal of other projects in the area
and the Coast Guard should consider the environmental impacts of this bridge in connection with
other projects in the area, that cumulatively, are likely to have a significant impact on the

environment.

The second span of the Detroit Bridge will touch down in Detroit in the area that is the
subject of the Gateway Project. The Gateway Project is a series of improvements to the ingress
and egress systems at the foot of the existing bridge as well as improved toll and customs areas.
This project was the subject of an environmental assessment done in January, 1997. The permit
application repeatedly asserts that the “Ambassador Bridge Enhancement Project” consists only
of an additional six lane bridge span. DIBC asserts that this project “is not a part of the ongoing
“Gateway Project,” however, four paragraphs later, DIBC notes that the bridge enhancement
project would “seamlessly interact with the Gateway Project.”

It is clear that these two projects, while analyzed separately by the project proponent,
may have significant cumulative impacts on the air quality in the region. 31 NEPA requires that
when several proposals for action will have cumulative or synergistic environmental impact,

30 Ben Lefebvre, “The battle of the bridge: Distrust of Moroun has Delray residents rallying behind a public span,”
Metro Times (May 24, 2006). .

3 Certain improvements to the transportation infrastructure on the Canadian side are also proposed. While these are
not necessarily within the Coast Guard’s permitting authority, the possibility that changes to traffic flow in Canada
might increase overall traffic coming over the added lanes to the Ambassador Bridge should be considered by the
Coast Guard as part of the overall, or cumulative impacts this project would have.



their environmental consequences must be considered to gether.32 As discussed above, the air
quality impacts of this project have not been analyzed to the extent necessary to make a
determination that there is no impact and, in fact, studies on the issue suggest that air quality
impacts will be significant. The finding of no impact entered on the Gateway Project is
inapplicable to a cumulative impacts analysis now because the environmental assessment from
that project did not identify air quality harms that are now required for PMy s, 8 hour ozone and

other air toxics tests.

These two projects may also be considered “similar actions” under NEPA. Actions are
considered similar when, viewed with other reasonably foreseeable or prop osed agency actions,
they have similarities that provide a basis for evaluating their environmental consequences
together. These similarities can include common timing or geography. 3 The geography of
these two projects is not only common but largely identical. The Gateway Project and the new-
bridge span will intersect and abut each other on common land. The timing of these two
projects, for the purposes of an impact analysis, is also common. While the Gateway Project was
analyzed for environmental impacts nearly ten years ago, to the best of our knowledge, it is far
from complete. It is foreseeable that some of the construction from the Gateway Project will
coincide with the construction of the proposed bridge. Because of the close geographic and
temporal proximity of these two different but related projects, the Coast Guard should consider
the environmental impacts together in making a determination whether further environmental
review should be done. This analysis must include the impacts of construction, as well as the

impacts resulting from the completed projects.

In addition to the Ambassador Bridge Enhancement Project, a second proposal for a
bridge is being worked out by the Border Transportation Partnership, a group formed to assess
the mobility needs of the international border traffic. This partnership includes members from
the Federal Highway Administration, Michigan Department of Transportation, Ontario Ministry
of Transportation and Transport Canada. While the Partnership has taken steps to determine the
best location for a new bridge based on social, economic, and environmental considerations,
DIBC has moved forward without these considerations to build another span of their B
Ambassador Bridge. There is no indication that the second span of the Ambassador would be
built instead of the bridge proposed by the Border Transportation Partnership. Therefore, it is
possible that both bridge proposals will move forward, resulting in two new border crossings in
Detroit within close proximity of each other.>* The possibility of this result should lead the
Coast Guard to require more information regarding the location and proposal the bridge by the
Border Transportation Partnership and the plan for that project to move forward if a second span
of the Ambassador Bridge is built.

Conclusion

In conclusion, the Sierra Club and its members in the Detroit metropolitan area urge the
Coast Guard to deny the application of a CatEx to the Ambassador Bridge Enhancement Project.
Based on the above information, we feel that there are si gnificant questions about the

2 Kleppe v. Sierra Club, 427 U.S. 390 (1976); 40 C.F.R. § 1508.25.

3 40 C.F.R. § 1508.25.
34 See the Central Area Alternatives Map. Exhibit K. 0
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environmental impact of this project, many of which have not been sufficiently addressed in the
CatEx, and some which have not been addressed at all. Under NEPA, “An agency must prepare
an EIS if ‘substantial questions are raised as to whether a project...may cause significant
degradation of some human environmental factor. 735 According to the Coast Guard’s own
NEPA implementing procedures, an environmental assessment or environmental impact
statement shall be prepared for actions normally categorically excluded, but which are likely to
involve significant impacts on the environment, substantial controversy on environmental
grounds or be inconsistent with any Federal, State or local law. Based on our revised answers to
the Coast Guard’s CatEx checklist, an environmental impact statement is appropriate in this
situation, and at the very least, an environmental assessment should be done to further determine

what environmental impacts may be significant.

Hanging on this permit decision is the consideration of all environmental impacts that
will potentially stem from this project. DIBC has stated that construction on this Bridge may
commence shortly after the granting of a Coast Guard permit. If true, the timing of this project
and the Coast Guard’s position as the final agency arbiter of environmental impact is extremely
important. Given the potential for significant environmental impacts, the Coast Guard should
conduct a full environmental impact study before issuing the permit sought by DIBC.

Thank you for your consideration in this matter.

Staff Attorney

Sierra Club

85 Second Street, Second Floor
San Francisco, CA 94105
415-977-5725

415-977-5793 (Fax)

Enclosures (13)

LAY
2db

3 LaFlamme v. FERC, 852 F.2d 389, 397 (9th Cir. 1998).
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ENVIRONMENTAL CHECKLIST

NOTE: This checklist should be completed by the decision-maker in consultation with an
ENVIRONMENTAL PROTECTION SPECIALIST. Please read the information on how to properly
complete this checklist on pages 4-10 and make sure each question is answered using the
accompanying explanations found on the pages cited after each question. Attempting to answer
these questions without reading the accompanying explanations may result in an incorrect or
incomplete environmental analysis.

*Project Description:

>
[

]
@0

Activity Year:

(*Note: Checklist preparer may want to attach additional descriptive mformatlon on the proposed
action such as: diagrams, site maps, and photographs.)
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Enclosure (2) to COMDTINST M16475.

Part I. Checklist Analysis. YES NO NEED
DATA

1. Is there likely to be a significant effect on public health or safety?
(p.5) :

2. Does the proposed action occur on or near a unique characteristic of
the geographic area, such as a historic or cultural resource, park land,
prime farmland, wetland, wild and scenic river, ecologically critical
area, or property requiring special consideration under 49 U.S.C.

303(c)? (p. 5-6)

3. Is there a potential for effects on the quality of the environment that
are likely to be highly controversial in terms of scientific validity or

public opinion? (p. 7)

4. Is there a potential fot effects on the human environment that are
highly uncertain or involve unique or unknown risks? (p. 7)

5. Will the action set a precedent for future actions with significant
effects or a decision in principle about a future consideration?

(-7

6. Are the action’s impacts individually insignificant, but cumulatively
significant when considered along with other past, present, and
reasonably foreseeable future actions? (p. 7-8)

7. Is the proposed action likely to have a significant impact on a district,
site, highway, structure, or object that is listed in or eligible for listing
in the National Register of Historic Places, or to cause the loss or

" destruction of a significant scientific, cultural, or historic resource?

(-8)

8. Will the proposed action have a signiﬁcant effect on species or
habitats protected by Federal law or Executive Order ? (p. 9)

9. Is there a potential or threatened violation of a Federal, State, or local
law or requirement imposed for the protection of the environment?

(p. 9-10)

10. Is the action likely to have other significant effects on public health
and safety or on any other environmental media or resources that are
not specifically identified in this checklist? (p. 10)

Part II. Comments or Additional Information Related to Part I:




Enclosure (2) to COMDTINST M16475.1D

Part II. Comments or Additional Information Related to Part | (conti.nued_):

Part III. Conclusions.

1. A CE is recommended for this proposed action. - []
Comments: .

2. An EA is recommended for this proposed action. []
Comments: -

3. AnEIS is recommended for this proposed action. [1]
Comments:

Date *Preparer/Environmental Project Manager ~ Title/Position
Date . **Environmental Reviewer Title/Position

*The USCG preparer si gns for NEPA documents prepared in-house. The USCG environmental
project manager signs for NEPA documents prepared by an applicant, a contractor, or another
outside party. **Signature of the Environmental Reviewer for the Bridge Administration

Program may be that of the preparer's.
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Environmental Assessment

Ambassador Bridge Enhancement Project
Page 1

1.0 Project Description

1.1 Purpose, Need and Benefits

Existing international border crossings in the Detroit River area consist of the
Ambassador Bridge, the Detroit-Windsor Tunnel, two railroad tunnels, and a ferry
crossing. The Ambassador Bridge connects Detroit, Michigan, United States and
Windsor, Ontario, Canada. The main span of the existing Ambassador Bridge was the
longest in the world when it was completed in 1929 and is currently the busiest
international border crossing in North America. The Detroit International Bridge
Company (DIBC) and Canadian Transit Company (CTC) own and operate the existing
Ambassador Bridge as well as the connecting plazas. DIBC and CTC are commonly
owned companies, the former owning the U.S. assets and the latter the Canadian.

The project identified as the “Ambassador Bridge Enhancement Project” “Proposed
Project” described in this document consists of the construction of an adjacent span to the
Ambassador Bridge, just west of the existing span. The second span will provide four
full service traffic lanes plus two lanes dedicated to low risk commercial travelers. The
second span will be a new state-of-the-art cable stayed bridge that will connect directly to
the Canadian and U.S. plazas owned by DIBC/CTC. The Ambassador Bridge
Enhancement Project will be constructed entirely within the limits of the current
operations of the DIBC/CTC. By constructing a new state of the art span across the
Detroit River, the existing span will be freed up to allow it to be rehabilitated and to then
serve as a backup, redundant resource in case of an emergency or another impediment
against the free flow of people and goods across the new span as well as serve as a

pedestrian and bicycle facility.

This project ‘is not a part of the ongoing “Ambassador Bridge Gateway Project”
(“Gateway Project”) being completed by the Michigan Department of Transportation and
the DIBC/CTC scheduled to open in 2009, nor is it a part of the “Windsor Plaza
Expansion Project” being completed by the DIBC/CTC on the Canadian side with the
east expansion completed in January, 2006 and the west expansion scheduled to be
completed in mid 2007. Some discussion of the Gateway Project and Windsor Plaza
Expansion will be useful for understanding the context for the Ambassador Bridge
Enhancement Project. Poor quality access to international border crossings and
congestion at border crossings can have an adverse impact on trade between the United
States and Canada and therefore adversely impact the economies of both countries. In
response to this, the Gateway Project was developed and is currently underway to provide
direct and improved access between the Ambassador Bridge and the United States
interstate system (I-75, 1-96). The Gateway Project, which is an MDOT project in which
DIBC is participating, was originally approved -- following an Environmental
Assessment and a Finding of No Significant Impact (FONSI) — by the Federal Highway
Administration on October 23, 1997. The Environmental Assessment was subsequently
reevaluated and the FONSI was reaffirmed on two different occasions; first on September
9, 1999 and secondly on January 15, 2004. The Environmental Assessment and

i
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Programmatic Section 4(f) Evaluation documents that were prepared and approved for
the Gateway Project included “construction of a new deck that will accommodate a
future second span bridge to Canada”. Three primary objectives are cited on page 1-1 of
the Final Environmental Assessment for the Gateway Project including “Accommodate
future border crossing capacity needs and a potential future second span of the
Ambassador Bridge located west of and adjacent to the existing bridge”. The Gateway
Project improvements are scheduled to be completed in 2009.

The Ambassador Bridge Enhancement Project would seamlessly integrate with the
Ambassador Bridge Gateway Project already underway in the Detroit River area by
building a new bridge adjacent to the existing Ambassador Bridge. This will reduce
congestion, promote economic growth and development, and likely improve air quality.
The DIBC/CTC has identified several design option alternatives for this bridge and has
determined that the option discussed in Section 1.3 is the most feasible. '

1.1.1 National Interest and Security Considerations

The purpose of the Proposed Project is to ensure that the free flow of trade and people
can continue to occur unimpeded at the busiest border crossing in North America. With
trade between the United States and Canada being vital to the economic health of both
countries, it is critical that this border crossing continue to function efficiently even
though the existing span across the river is approaching 80 years of age. By constructing
a new state of the art span adjacent to the existing span, the efficient function of the entire
facility will be assured for the next century.

Construction of a span adjacent to the existing structure will allow almost all of the
construction to take place without impacting the traffic on the existing facility. Once the
new structure is complete, all traffic will be shifted onto the new structure to allow the
existing bridge to be evaluated and rehabilitated without impact to the traffic flow. By
constructing the bridge in such a fashion, the national interest of both countries will be
well served by the continued promotion of the economies of both countries by ensuring
that the free flow of international trade can continue unabated.

Once the second span has been constructed and the existing bridge has been rehabilitated,
the existing bridge will be made available as a redundant resource should there be an
emergency on the new structure in which traffic is impeded. This redundancy will ensure
that this vital border crossing be functional even if a major problem were created on the
new structure. The existing bridge would also be available for pedestrian and bicyclist

amenities.

The construction of a cable stayed structure rather than a suspension bridge will greatly
improve the structural redundancy of the span. On the existing suspension bridge, the
superstructure is supported in its entirety by the two main catenary cables. Should one of
these cables be severed, a catastrophic failure would almost certainly occur. Conversely,
the superstructure of the proposed bridge will be supported by numerous cables,
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providing a greater level of structural security and integrity than was achievable with the
.1920’s technology with which the existing span was constructed.

1.1.2 Support for the Project

Interest in building a bridge between the United States and Canada within the
Ambassador Bridge corridor was advanced during the Environmental Assessment stage
for the Ambassador Bridge Gateway Project. One of the three primary objectives of the
Gateway Plaza Expansion Project was to “Accommodate future border crossing capacity
needs and a potential future second span of the Ambassador Bridge located west of and

adjacent to the existing bridge.”

The Detroit River International Crossing (DRIC) study also showed support for a
crossing at the existing Ambassador Bridge. The DRIC study ranked the Ambassador
Bridge site (X12/11-4) as number 1 using the Citizen Weighted Score and number 2 using
the Technical Team Weight Score out of 37 possible locations to place a new bridge. This
ranking was due to few impacts on neighborhoods and the natural environment and

because of its improvements to regional mobility.

The general consensus among the public and local businesses is in favor of an additional
span in the same corridor as the Ambassador Bridge in order to maintain the current
operations and allow for the improvement of operations by making the two outside lanes
dedicated to low risk cross-border commercial traffic under the Free and Secure Trade
(FAST) program. Nearly 40 businesses with operations in both the Detroit area and
Southern Ontario and labor groups representing both public and private sector employees
have expressed their strong support for the Ambassador Bridge Enhancement Project. A

compilation of the letters DIBC/CTC has received to date may be found in Appendix X .
to this study.

There are many reasons why members of the local community support this effort. The
economic benefits derived from the Proposed Project head the list. Several companies
expressed the view that the improvement in the operations and functionality of the
facility would support their plans for the future. The United States Chamber of
Commerce, Michigan Chamber of Commerce and Canada Chamber of Commerce all
express support for the Proposed Project, each recognizing that additional infrastructure
capacity is vital to meet the demands of trade between the United States and Canada.
They further state that if additional infrastructure capacity is not provided, a loss of jobs,
and increase in congestion and delays will result. The addition of the FAST lanes, as
proposed in the Ambassador Bridge Enhancement Project, was also cited by many local
businesses as expediting the border crossing process which would provide a level of
dependability that would improve the efficiency of those businesses.

Funding and the creation of jobs are other reasons often cited by the public and local
agencies as the reason for their support for the Ambassador Bridge Enhancement Project.
The bridge is estimated to cost approximately $500 million to design and build. The
money raised by DIBC through toll revenues and spent by the privately-owned DIBC
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could be used as credits for United States Department of Transportation (USDOT)
matching grants for regional transportation projects replacing the need to spend local or

state monies.

Similar to the Ambassador Bridge Gateway plaza expansion, construction and
maintenance on the new bridge would also create much needed jobs in both Detroit and

Windsor. Current investments by the DIBC/CTC have already created over 500 new jobs
in the past two years in Southwest Detroit. This is now the only section of the city

exhibiting a population growth.

Lastly, the Ambassador Bridge Enhancement Project gains support for environmental
reasons. Building a bridge adjacent to the Ambassador Bridge and tying into an existing
plaza will result in fewer environmental effects relative to proposals to construct an
entirely new bridge at a different location. The proposed bridge would:

not disrupt or segregate the community,

not require that any piers be placed in the Detroit River,

not require that any construction take place in the River,

not degrade air quality or increase noise pollution and can in fact reduce air pollution
as a result of decreased idling time,

e not require any residential relocations in Detroit,

e not have any wetland or floodplain impacts; and

¢ not have any adverse impacts on threatened or endangered species or habitat.

Additional public support for the Ambassador Bridge Enhancement Project was manifest
at a public workshop held on March 1, 2007. As with any transportation project, public
involvement is an important aspect of the Ambassador Bridge Enhancement Project. The
goal of public involvement is to fully inform and involve all interested public officials,
citizens, and special interest groups in the development of transportation projects. The
workshop was held at the Earhart Middle School in Detroit and was attended by

approximately 53 people.

Twelve comments were received at the workshop. The majority of the public at this
workshop favored the Proposed Project for the reasons stated above. However, several
attendees expressed concern regarding several potential environmental impacts that are
addressed in this Draft EA. Comments and meeting minutes from the public workshop

can be found in Appendix X.

1.1.3 Trade Considerations

More trade goods cross the United States/Canadian border through this corridor than any
other land crossing in North America. It is critical to the economic health of both
countries that this crossing remain fully functional. A study commissioned by the Border
Transportation Partnership indicated that if “no improvements were made to border
crossing capabilities in the Detroit River area by 2030, the two nations will realize the
loss of up to 70,000 Canadian jobs and 80,000 U.S. jobs. The combined annual loss of
production is forecast to be CAN$21.5 billion or US$13.4 billion.”

0%:52
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Booths have been constructed in each plaza that are dedicated to the processing of low
risk truck travelers in the FAST program. The FAST program is a joint U.S.-Canadian
initiative involving the Canada Border Services Agency (CBSA) and the United States
Customs and Border Protection (CBP), however, FAST can best be described as a
commercial process offered to pre-approved importers, carriers and registered drivers.
Approved companies using approved carriers and registered drivers can experience
shipments being cleared with greater speed, certainty and at lower costs. Participants in
the program must meet the requirements of Canada’s Partners in Protection (PIP)
program or the United States Customs Trade Partnership Against Terrorism (C-TPAT)

program.

Without having dedicated lanes for such purposes, the advantages of such a program
cannot be fully implemented since the flow of FAST trucks is greatly impeded by
backups in the general purpose lanes. The construction of a new structure with lanes
dedicated for such purposes will significantly improve the operation of the entire facility
and encourage more transporters to apply for the program.

The addition of a new state-of-the-art bridge in the Ambassador Bridge Corridor adds
much needed redundancy to the regional transportation system. While the existing
Ambassador Bridge is closed for evaluation and rehabilitation, the proposed bridge will
be available to provide access to the international border. The current bridge will then be
used for redundancy if there is an occasion when the new span needs to be taken out of
service for an extended period of time. Redundancy at the Ambassador corridor will
allow shipments to continue to move efficiently across the border, thus reducing potential
adverse impacts to the local, regional and national economy. The existing bridge would

also be available for pedestrian and bicycle uses.

1.1.4 Spin-off Benefits and Interrelated Projects

The Proposed Project is not expected to create any spin-off development. In addition, it is
not intended to draw additional traffic to the bridge or the region. The spin-off benefits,
however, will be related to the preservation of the existing span, which is an historic
structure listed on the National Register of Historic Places, and the provision of a
modern, redundant transportation infrastructure at this vital corridor. The goal of the
Ambassador Bridge Enhancement Project is to move existing traffic more efficiently
while protecting the structural integrity of the existing Ambassador Bridge. The existing
bridge will also be made available for internal operational needs, as well as providing
pedestrian and bicyclist amenities. Greater efficiency in processing the commercial
traffic would be achieved by the using the two dedicated FAST Truck lanes on the new
bridge to more effectively organize the commercial traffic to support the newly
configured plaza (Ambassador Plaza Gateway Plaza Expansion) and FAST lane
operations previously approved for construction and operation. This traffic lane
organization is expected to reduce the amount of idling time for trucks while awaiting

customs approval.
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Projects that are related to the Ambassador Bridge Enhancement Project are the
rehabilitation of the existing bridge, the Canadian Plaza Expansion and the Ambassador
Bridge Gateway Project. The existing Ambassador Bridge will be repaired and
rehabilitated once the Ambassador Bridge Enhancement Project is complete. The plazas
are being upgraded to conform to current security standards and provide more efficient
traffic flow with the existing infrastructure already in place and are not part of the

Ambassador Bridge Enhancement Project.
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2.0 Alternatives Analysis

2.1 Build Alternative

2.1.1 Project Location

The Proposed Project extends approximately 6,200 feet (1,890 metes) in length between
Detroit, Michigan, United States and Windsor, Ontario, Canada. The entire Proposed
Project is located within UTM Zone 17 and falls between the following NAD 1983.

coordinates:

Southwest Corner 4685333.573 329341.561
Southeast Corner 4685560.670 329798.526
Northwest Corner 4687046.737 328555.151
Northeast Corner 4687257.383 328919.180

2.1.2 Project Components and Structure

The major component of the preferred alternative for the Ambassador Bridge
Enhancement Project is the construction of a six-lane cable stayed bridge connecting
Detroit, Michigan, United States with Windsor, Ontario, Canada. The bridge will
connect directly into the existing plazas in Detroit and Windsor. No modifications will
be required in the plazas which have been designed to accept this span.

The Proposed Project is a bridge approximately 6,200 feet (1,890 m) in length with about
2,200 feet (670 m) traversing the Detroit River from tower to tower. The bridge will be a
minimum of 152 feet (46 m) above the Detroit River within the clearance envelope as
required by the United States Coast Guard (USCG), which meets the minimum vertical
clearance requirements for deep draft navigation. The location of the United States tower
will be approximately 100 feet (30 m) north of the Detroit River. The location of the
Canadian tower will be approximately 100 feet (30 m) south of the Detroit River. The
height of each tower will be approximately 544 feet (165.7 m) above existing ground.
The total width of the bridge will be approximately 102 feet (31 m). Each of the six lanes
will be 12 feet (3.6 m) wide. The bridge will have sufficient width to accommodate two
shoulders in each direction. The outside shoulders will be 6 feet (1.8 m) wide and the
inside shoulders 8 feet (2.4 m) wide. There will be no sidewalk on the bridge. See
Appendix X.X or Figure X.X for typical sections and conceptual plans.

The bridge will be a cable stayed bridge supported on cast-in-place concrete substructure
elements with deep foundations founded on rock. The bridge deck will be constructed
using precast or cast-in-place concrete with expansion joints at the ends of the cable
stayed spans and supported on either steel or concrete beams and stringers. A preliminary
design profile of the bridge approaches requires a maximum grade of 5.0% on the north

approach and 4.55% on the south approach.

2.1.3 Construction Plan
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No permanent construction support facilities will be required. During construction of the
Proposed Project, temporary concrete production or other processes supporting
construction of the bridge will likely be necessary. Such facilities will be located as close
as practical to the new span location to avoid undo impacts that would occur as a result of
the transport of such materials through the communities surrounding the facility. Raw
materials for the production of concrete or other construction materials will be obtained
from local sources and will be handled and used in a manner that is consistent with
established regulatory requirements. No fill will be required since the entire Proposed
Project consists of a bridge structure, and the only excavation necessary will be that
associated with the construction of the foundations supporting the substructure elements

as shown in the conceptual design plans in Appendix XX,

All construction activities associated with the Proposed Project will comply with the
applicable regulations, standards and policies established by the responsible government
agencies in the United States and Canada. Compliance includes establishment of proper
spill prevention and containment measures and an approved erosion and stormwater

control plan.

The sequence for construction will begin with site preparation, which includes the
mobilization of construction equipment to build the foundations and substructure; utility
location verification; construction of required stormwater pollution protection facilities;
clearing and grubbing of the worksites; and any other site preparatory work necessary to
begin the construction of the foundations and substructure. Upon completion of the
necessary site preparation work, installation of drilled shafts and piles will begin.
Activities, such as pile driving, that create noise and vibration will be restricted to
appropriate hours to minimize impacts to residents. Once the pile and drilled shaft
foundations have been installed, construction of the cast-in-place concrete footers will
begin to provide a stable base foundation for construction of the piers and the towers.
Once the concrete footings have gained adequate strength to support the construction of
the substructure, erection of the concrete columns for the piers will begin. Construction
of the base of the towers will also begin at this time and continue in phases up to the level
of the bridge deck. Finally, the portion of the towers above the bridge deck will be
constructed to allow for the installation of the cable stays necessary to support the

superstructure.

Once the tower piers have been constructed, the cable stays will be installed
incrementally with balanced erection of the superstructure on either side of the towers.
Each cable will be installed in a symmetrical fashion in both the horizontal and
longitudinal directions. That is, cables will be added simultaneously on each side of the
superstructure and on each side of the tower bent such that the superstructure is
incrementally extended from both towers in both directions. Erection of the cables will
continue until the balanced cantilevers from each tower meet at midspan over the river
and closure is achieved. Since the back span is being constructed simultaneously with the
main span in order to balance the erection of the superstructure on each side of the tower,
closure at the expansion piers adjacent to the land-based approach spans will also be

achieved at this time.
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completion and approval of these Environmental Assessments and completion of final
design, permits will be sought and construction begun.

Figure X-X. NEPA and CEAA processes

Public Consulfalion Throughot

2.2 No-Build Alternative

A total of approximately 9.4 million vehicles used the Ambassador Bridge in 2006, of

which 3.5 million were trucks and buses. Canada and the United States are the largest

bilateral trade partners in the world, in part due to the North American Free Trade

Agreement (NAFTA). The Detroit River area is currently the busiest trade corridor

between the United States and Canada. In the year 2000, the United States trade with -
Ontario totaled U.S. $243 billion, which is larger than total United States trade with

Japan. Over $1 billion in trade crosses the United States and Canadian border each day,

of which 70% is by trucks. Forty-two percent of this trade occurs in the Southeast

Michigan / Southwest Ontario area.

The existing bridge is approaching 80 years of age. While it continues to function well,
costly and continual maintenance will be required to extend its useful life for carrying
heavy commercial vehicles on a daily basis. In order to adequately plan and conduct
business operations, companies on both sides of the border need to be able to depend on
the unencumbered free flow of goods across this border. It is vital to the economies of
both countries that no negative impacts to the free flow of people and goods across the

border occur.

When the existing bridge was constructed in the 1920’s, it was a state-of-the-art five-lane
structure and had the longest unsupported span in the world. By today’s standards, the
existing bridge currently has substandard lanes and shoulders. The four 11 ft lanes with
inadequate shoulders do not provide adequate space for the continued free flow of traffic

in case of a vehicle breakdown on the bridge.
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The width of the existing bridge does not afford the opportunity to provide dedicated
lanes to low risk truck travelers that have undergone the required background
investigations and have met the other requirements necessary to be pre-approved by both
the Canadian and Untied States Governments under the Free and Secure Trade (FAST)
program. Without such dedicated lanes, the benefits of this program are inherently
limited since the FAST trucks are restricted from movement across the border by trucks
that backup on the structure while waiting to be processed through customs which have

not been approved for the FAST program.

The No-Build Alternative consists of simply maintaining the existing Ambassador Bridge
while only providing routine maintenance. Enhancements to the existing service plazas
and customs facilities will still need to be made and are proceeding. While these types of
enhancements could improve operations and efficiency in processing vehicles at the
existing facilities in the short term, they will not eliminate the need for repairs to the

existing 80 year old structure.

The absence of the dedicated FAST lanes and wide shoulders on the existing bridge
results in major traffic backups when any impediment to traffic flow is encountered on
the existing bridge. This problem will continue to grow over time and will adversely
impact trade and contribute to air and noise pollution resulting from traffic congestion
and idling trucks and buses. Capital costs associated with the No-Build Alternative are
also increasing every year as more and more repair and maintenance is required on the
existing bridge. Billions of dollars would eventually be lost each year by both the U.S.
and Canadian economies in trade and economic growth due to the constraints of the

existing bridge and lack of dedicated FAST lanes.

The No-Build Alternative will also fail to take advantage of the credits offered by the
federal government for DIBC/CTC’s private funding by DIBC/CTC of a major new river
crossing, eliminating the opportunity to divert badly needed public funds to other priority
transportation projects. Hundreds of millions of tax dollars would have to be used to
build a crossing elsewhere at some point in the future. In addition, the No-Build
Alternative would preclude any opportunity to inject a major capital investment in the

regional economy and a host of new jobs.

Other environmental impacts associated with the No-Build Alternative project would be
negligible. No relocations would be required.

The addition of a second span, as opposed to improving the existing span, also yields the
advantages of structural redundancy. At present, should an emergency occur on the
existing Ambassador Bridge where traffic is impeded, there is no another bridge within
the immediate region to route the traffic. This redundancy would ensure that this vital
border crossing be functional even if a major problem were created on a new structure.

Given the importance of this crossing to the people and businesses of both countries, the
inability of the existing structure to accommodate the FAST trucks, the fact that the
existing structure cannot be counted on to indefinitely carry heavy commercial traffic
without significant costly upgrades, and the decreased level of functionality due to

4059

P



Environmental Assessment
Ambassador Bridge Enhancement Project
Page 12

narrow lanes with substandard shoulders, the No-Build Alternative did not rank high
among the array of alternatives studied and did not meet the needs of this project.
Therefore, this alternative was not considered further in the alternatives analysis.

2.3 Corridors under Consideration

The purpose of the Ambassador Bridge Enhancement Project is to remove traffic from an
aging structure without interrupting service between the United States and Canada. The
imtent is to maintain the capacity of the current crossing and to improve the efficiency of
the crossing by providing dedicated lanes restricted to low risk truck travelers.

A capacity expansion study is underway in the region in which numerous alternative
corridors are currently being investigated under the auspices of the bi-national Detroit
River International Crossing Study or DRIC study. Unlike the purpose of the
Ambassador Bridge Enhancement Project, the purpose of the DRIC study is to
investigate alternatives for additional capacity needs in the future. All of the alternatives
under investigation by the DRIC study carry construction costs likely to be substantially
greater than the cost of using the existing corridor described below. In addition,
community impacts would be much greater as a result of the substantial business and
residential relocations likely to be required as a result of the introduction of a large plaza
and river crossing into entirely new neighborhoods in both Canada and the United States.
Substantially more environmental impacts are also likely to occur with construction of a
bridge in a new corridor as compared to the existing alignment. Since little vacant,
unpopulated areas exist in the region on both sides of the border, construction of an
entirely new facility on an entirely new corridor simply to replace the existing lanes
would be extremely costly and would disrupt communities that do not currently
experience bridge traffic. For the least intrusive alternative corridor under investigation
by the DRIC study, several hundred homes, churches and business would be demolished
with many more experiencing line exposure to much higher than existing noise levels

along with a reduction in air quality.

The Ambassador Bridge Enhancement Project simply modifies the existing crossing by
replacing the lanes of an aging bridge structure that connect to existing plazas in the U.S.
and Canada. As such, other alternative corridors are not being considered as they are
beyond the scope of this project and would not meet the purpose and need and they
would have substantial human and environmental impacts.

2.4 Comparison of Alternatives

2.4.1 Operating Scenario Alternatives

Two different operating scenarios are evaluated. These operating scenarios include either
a new six lane structure with the existing bridge serving pedestrians, bicyclists and as a
redundant resource or a new three lane structure serving southbound traffic while

renovating and reconfiguring the existing bridge to carry traffic northbound.
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2.4.1.1 New Six Lane Structure
Under this operating scenario, once the new structure is constructed on the preferred

alignment, traffic would be removed from the existing bridge and relocated to the new
structure. This would then allow the existing structure to be renovated without impacting
the flow of traffic through the facility. Once the existing structure is renovated, it would
serve pedestrians and bicyclists as well as serve as a redundant resource in case traffic

was impeded on the new structure.

This scenario would provide lanes in reserve that could be made available in the case ofa
terrorist act or other events that would cause the new structure to be unavailable to carry
traffic. Having these lanes in reserve would limit the negative impacts to the economies
of both countries should the flow of trade across this vital border crossing be impeded. It
would also allow for the construction of a state of the art structure for the day to day use

for all traffic through the facility.

2.4.1.2 New Three Lane Structure
In this alternative, a new three lane structure with full safety shoulders would be built on

preferred alignment. All traffic would then be moved to the new structure that would
temporarily use the shoulders to allow four lanes of traffic to utilize the facility consistent
with the lanes in use today. Once traffic is removed from the existing bridge, it would be
renovated and reconfigured so that upon completion it could be placed back into service
to carry three lanes of traffic in one direction with the fourth lane used as shoulders. The
new bridge and the newly renovated bridge would then operate together with three lanes
of traffic on each structure carrying traffic in one direction. Both bridges would contain a

FAST lane for low risk truck travelers.

The width of the travel way on the existing bridge is 47°-0” (14.3 m) with an additional
8’ (2.4 m) wide raised pedestrian walkway. In order to provide the necessary width to
allow full safety shoulders and three lanes of traffic, the raised walkway would need to be
removed and the deck reconstructed as part of the rehabilitation program. The full
rehabilitation of the bridge to continue indefinitely with current and future day-to-day
truck traffic is expected to require the full replacement of many of the primary load
carrying structural elements of the superstructure. Full superstructure replacement may be
the most cost effective solution to significantly extend the life span of the existing bridge.
Under this scenario, the new project would be completed in two separate phases, the
construction of the new structure, followed by the renovation of the existing structure.
The construction schedule is expected to be significantly longer and the costs much
greater than the construction of a single new six lane structure.

Environmental impacts of the new three lane structure would be minimal, comparable to
the preferred Western Alignment Alternative described below. Visual impacts would be
reduced compared to other build alternatives. The new three lane structure would have a
similar width to the existing bridge and would therefore appear closer in scale to the
existing structure. The significance of this narrower width for the three lane structure is
somewhat diminished because the height of the towers and the cables will be much
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greater on the new structure in order to avoid environmental, hydraulic and navigational
impacts in the Detroit River.

2.4.2 Structural Alternatives

Alternatives considered feasible for the river crossing structure include a suspension
bridge similar to the existing Ambassador Bridge, a cable stayed bridge and a tunnel.
Criteria used to evaluate structural alternatives include costs, navigational impacts,
environmental impacts, economic impacts, functionality, impacts during construction,

and security.

2.4.2.1 “Twin” Suspension Bridge )
With the south tower of the existing Ambassador Bridge located in the waters of the
Detroit River, the construction of a true “twin” span with a main span length of 1850’
would also require the placement of the new Canadian tower in the river. This would
result in numerous adverse environmental impacts and is also considered undesirable

from a navigational perspective.

The superstructure for suspension bridges is supported by vertical cables connected to a
main catenary cable on each side which is draped over the main towers and then
anchored in a large mass anchor pier. Each of these catenary cables must be present in
order to maintain the integrity of the bridge and the removal of any one of them will
almost certainly result in the catastrophic failure of the superstructure. Consequently,
suspension bridges have the unfavorable characteristic of containing fracture critical
members which means they are inherently less secure than redundant load path structures

such as cable stayed bridges.

In order to span the entire width of the river and avoid encroachment on the floodplain,
destruction of habitat in the river and navigational impacts to shipping, a span length of
approximately 2200 ft is required. The construction costs of suspension bridges with a
main unsupported span length less than 3000 ft, are generally greater than the costs for
cable stayed bridges and less than the cost for a tunnel. In addition to greater costs, a
longer main span would also require that the towers be of greater height than the existing
structure. However, the cable system will be similar to the geometric shape of the

existing system and compliment the existing architecture.

2.4.2.2 Cable Stayed Bridge

With current technologies, cable stayed bridges are economically competitive for span
lengths from less than 600 ft to up to about 3000 ft. In order to span the entire width of
the river and avoid encroachment on the floodplain, destruction of habitat in the river and
navigational impacts to shipping, a span length of approximately 2200 ft is required.
Cable stayed bridges are extremely resilient and resistant to failure since they contain
considerable internal structural redundancy. This means that such structures are very
robust and can withstand failures of one or more cables without a catastrophic failure of
the bridge. This represents a significant improvement in the security of the crossing when

compared to a suspension bridge or tunnel.
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The durability of cable stayed bridges is also superior since a very large portion of the
structure is in a state of compression. Even under live loading, most of the structure does
not exhibit the unfavorable aspects associated with tension in a concrete structure. This
means that the reinforcing steel within the concrete is much less susceptible to the
detrimental effects of moisture and other corrosive agents thereby dramatically improving

the durability and life span of the bridge.

Since the superstructure for a cable stayed bridge is built from the deck level and will not
require any temporary works or structures within the river or the floodplain, no negative
environmental impacts associated with these activities are anticipated during

construction.

Construction costs for a cable stayed structure are expected to be the lowest of the
structural alternatives considered feasible.

Due to the increase in span length required to bridge the entire river and in order to
effectively carry the load of the superstructure, the height of the towers for the cable
stayed bridge will need to be greater than the towers on the existing bridge. In addition,
the cables will be erected in a modified fan shape rather than with the catenary cables
supporting vertical hangers that are present on the existing bridge and therefore have a
significantly different appearance. The existing Ambassador Bridge contained the longest
cable suspension bridge span in the world when it was built. A new cable stayed
Ambassador Bridge will have the longest cable stayed bridge span length in North
America when it is built. The two structures will provide a striking side by side
visualization of what was the state of the art for the 20th century and what is the state of

the art for the 21st century.

2.4.2.3 Tunnel

From an aesthetic perspective, a tunnel alternative will have the least impact on the
existing structure. However, the primary disadvantages of tunnels are their significantly
higher construction costs, decreased functionality and greater security concerns.

Major engineering challenges are also present for the tunnel alternative for the alignment
alternative that provides the least impacts to the natural and human environment since it
is not possible to maintain a maximum grade of 5% and connect to the existing plaza in
the United States without significant impacts to the operations and functionality of the
United States plaza during and after construction. The distance between the Detroit River
and Fort Street will not allow the construction of a tunnel below the entire width of the
Detroit River and still elevate to cross Fort Street and connect to the plaza as configured
by the Gateway Project. Major reconstruction of the plaza would be necessary in order to
facilitate the construction of a tunnel. Such reconstruction would require significant
impacts to the existing operations of the plaza and the traffic that is served by the entire
facility. Reconstruction of the plazas as configured by the Ambassador Bridge Gateway
Project would also further increase the overall cost of the project.
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In addition, environmental impacts of a tunnel are greater than those associated with the
bridge alternatives. Tunnels tend to concentrate air pollution at the specific points where
the tunnel is vented. The disbursement of the air pollution then takes greater distances
and time to reduce the concentrations of air particulates to acceptable levels.

Further, if the existing plazas could not be used to support the tunnel, new plazas
elsewhere will need to be constructed. Since little vacant, unpopulated areas exist in the
region on both sides of the border, construction of an entirely new facility would be
extremely costly and would divide communities that are currently united. Any new plaza
arrangements would most likely require substantial intrusion into several neighborhoods
on both sides of the border. Community impacts would also be much greater as a result of
the substantial business and residential relocations likely to be required as a result of the
introduction of a large plaza into entirely new neighborhoods in both Canada and the
United States. Substantially more environmental impacts are also likely to occur with
construction of a plaza in a new area as compared to the preferred alignment described
here which uses the existing plazas in both the United States and Canada. Visual
impacts on the existing structure would not be significant nor would navigation be

impacted with a tunnel.

The cost of new plazas and the tunnel would be substantially greater than the cost of
other structural alternatives studied.

2.4.3 Alignment Alternatives

Alignment alternatives available for consideration include constructing on the same
centerline as the existing alignment, constructing to the east of the existing alignment,
constructing to the west of the existing alignment and constructing on a completely new
alignment in a different corridor. Selection of a preferred alignment alternative must
consider the impacts of such a selection in both the United States and in Canada: Criteria
used to evaluate alternative alignments include costs, relocations required, environmental
impacts, economic impacts, functionality and impacts during construction. Each of the
build alternatives will provide structural redundancy within the region in the event of an
emergency or the need to shut down the proposed bridge.

2.4.3.1 Replace Existing Bridge on Current Alignment

The existing structure is a suspension bridge with two main catenary cables supporting
the superstructure over the river. It was constructed largely on a tangent alignment for
most of its length except for the section in the United States just north of Fort Street
where an “S” curve is present. There is no economically feasible method of replacing this
structure on the same alignment without disastrously impacting the flow of traffic during
construction. A replacement structure along the same alignment as the existing bridge
would require that the existing facilities be shut down for several months during

construction. Such a shut down would have a devastating impact to commerce between
the United States and Canada and is clearly not a practical option.
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In addition, the existing structure is eligible for listing on the National Register of
Historic Places. The removal or significant alteration of this structure would be
undesirable from an historic resources perspective. By making the significant
improvements needed to the existing bridge, the historic integrity of the structure would
be compromised or lost altogether. Other environmental impacts of building a new bridge

in the existing corridor are expected to be minimal.

The addition of a second span, as opposed to improving the existing span, also adds
structural redundancy. Should an emergency occur on the existing Ambassador Bridge
where traffic is impeded, there is not another bridge within the immediate region to route
the traffic. This redundancy would ensure that this vital border crossing be functional
even if a major problem were created on a new structure.

Since closing this corridor during construction is clearly neither desirable nor feasible,
and in view of the impact on the existing span, this alternative was not considered further

in the alternatives analysis.

2.4.3.2 Construct New Structure on East Alignment

In the United States Plaza, primary and secondary customs inspections for trucks bound
for the United States currently take place immediately to the east of the existing span and
north of Fort Street. The location of this processing will remain to the east of the existing
bridge and north of Fort Street once the Ambassador Bridge Gateway Project is
completed. The trucks that pass inspection and are granted access to the United States
exit the inspection facilities on the south side onto a dedicated ramp connected directly to
the interstate. Customs inspection for cars bound for the United States are located off the
north end of the existing bridge and for cars bound for Canada, just off the south end.
Construction of a new span immediately to the east of the existing bridge would require
that the bridge land in the United States in the area where trucks are currently being
processed and necessitate the complete reconfiguration and reconstruction of both the
United States and Canadian plazas to allow processing and inspections to take place
elsewhere. The East Alignment Alternative would require the acquisition of several
commercial and residential properties to the east of the existing plazas and would
encroach further into the neighborhoods surrounding the plazas. This alignment option
would also require the relocation of Huron Church Road to the west of the existing bridge

between the river and the plaza.

The East Alignment Alternative would require a major reconstruction of the plazas which
were only recently reconstructed and would hinder traffic flow and operations during
construction. It would also require commercial and residential acquisitions to the east of
the existing plazas. By relocating the plaza closer to residential areas, air and noise
pollution impacts would be greater than with other alternatives studied.

While this alternative would provide the additional span required, it would not dosoina
manner which minimizes impacts to the human and natural environment relative to other
alternatives. Further, as this alternative would require the alteration of the newly designed
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and constructed plazas in the United States and Canada, it is one of the least desirable
alternatives from an economic and functional standpoint.

2.4.3.3 Construct New Structure on West Alignment

Constructing a second span immediately to the west of the existing bridge was
recognized as the alignment of choice during the preparation of the Environmental
Assessment for the Ambassador Bridge Gateway Project. This alignment was also taken
into consideration during the planning and design for the ongoing expansion of the plaza
in Windsor and will therefore require no changes, modifications or expansion to the

existing plaza in Canada.

Operationally, this alternative has few negative impacts before, during and after
construction. Since the construction of the Ambassador Bridge Gateway Project will
provide the West Alignment Alternative a direct connection to the United States plaza
without the need for any modifications, the operation of the entire facility will remain
unaffected by constructing the new bridge to the west of the existing bridge. Therefore,
the cost and functionality of this alternative is among the best studied.

The scope and magnitude of the environmental impacts associated with this alignment are
among the least of all of the alternatives considered. Environmental impacts are expected
to be minimal to none as this alternative would require the construction of only the bridge
connecting the two plazas and no piers would be placed in the Detroit River. No
relocations beyond those required by the Ambassador Bridge Gateway Project will be
required in the United States. The only relocations required in Canada are those renters
occupying short term temporary housing near the University of Windsor. These homes
are already owned by the CTC and the area will be used as a buffer between the plaza and
the nearby neighborhoods. Additionally, in Windsor, this alignment option would move
the flow of traffic away from the University of Windsor and thus, reduce impacts to the

University when compared to other alternatives.

2.5 Basis for Choice

After carefully considering the attributes of each of the alternatives, the six lane cable
stayed bridge on the western alignment was selected as the preferred alternative on the
basis that it provides the most benefits for the least impacts. From the standpoint of
environmental and economic impacts and cost, this alignment ranks highest among all the
alternatives considered (Figure X-X). The new six lane structure was selected rather than
the three lane structure since this scenario provides the opportunity for the greatest
national and economic security of both countries. Using the existing bridge in the daily
operating scenario would continue to subject an aged structure to the negative detrimental
effects associated with the traffic_loading at this extremely busy crossing. The effort
required for maintenance and repairs will result in an ever increasing frequency of lane
closures and other disruptions to the users which would add to backups in the
neighborhoods around the facility causing a decrease in air quality and an increase in
noise levels. Alternatively, rehabilitation and maintenance of the existing structure can be
effectively and economically conducted indefinitely once the daily stress experienced as
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a result of the constant stream of commercial trucks and automobiles is removed. The
costs associated with maintenance and repairs are rapidly becoming less and less
economically feasible to undertake and complete in a manner that provides for the best
use of scarce resources. The six lane cable stayed bridge on the western alignment
_provides the most robust and secure structure, with the fewest environmental impacts at
the lowest cost and on that basis is carried forward as the preferred alternative (Figure X-

X).
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Figure X-X. Ranking of Operating Scenarios
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2.6 Benefits of Preferred Alternative

The construction of a cable stayed bridge immediately to the west of the existing span
will ensure secure, dependable and redundant infrastructure for the next century. It will
continue to maintain and improve the free flow of trade across this critical border
crossing by introducing a state of the art bridge built to current standards with full safety
shoulders and internal structural redundancy. The safety shoulders planned for the new
span will promote the efficient flow of traffic by allowing broken down vehicles and
vehicles involved in accidents to be removed from the traffic lanes, permitting traffic to
continue to flow freely. The shoulders planned for the new span thus should speed the
flow of traffic across the bridge. The current structure does not have large enough
shoulders to allow for their use in the event of a vehicle breakdown or accident.

The new structure will also provide dedicated lanes to connect to the existing toll booths
already in place for low risk truck travelers participating in the Free and Secure Trade
(FAST) Program. These lanes should significantly improve the processing of commercial
vehicles and reduce backups and idling on the bridge and local streets, thereby improving
air quality in the area surrounding the facility in both nations and lowering the
transportation costs to shippers. By dedicating lanes to low risk travelers, it is expected
that the benefits of the program will then be fully realized and an increase in participation
will occur. As participation in the FAST program increases, overall processing time will
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decrease and backups on the bridge, on Huron Church Road in Windsor and on the
interstate and connections in the United States will decrease. By constructing the bridge

using private funding, only those that use the facility will pay for the costs through tolls
collected in the plazas. By being so funded, the Proposed Project will create toll credits
and make them available to be used as local match for federal funds for other much

needed infrastructure projects in Michigan.

Additional expected benefits of the preferred alternative include:

e No need for relocations

e Ability to meet traffic needs as processed through the plazas
e No need to alter plazas or local roadway network
e Little to no human or environmental impacts

No increase in traffic volumes

2.7 Consistency with Other Projects

The primary purpose of the Ambassador Bridge Enhancement Project is to maintain the
existing crossing and to improve operations where possible. Higher traffic volumes are
not anticipated as a result of this project and the purpose of the project is not to add
_ capacity. The Proposed Project compliments and enhances both the Ambassador Bridge

Gateway Project and the Windsor Plaza Expansion Project. Both of these projects
anticipated the addition of an adjacent span to the existing Ambassador Bridge and were
planned to accommodate such a new span. The Ambassador Bridge Enhancement
Project will tie directly into the existing plazas without the need for any changes or
expansion and will not require the closure of any local streets. The sizing of the plaza and
the ramp connections to the United States Interstate System included the consideration of
a second span adjacent and west of the existing structure and are consequently sufficient
to accept the Ambassador Bridge Enhancement Project without need for any

modification.

The Proposed Project is consistent with and will fulfill the expressed desire of the
governments of both the United States and Canada to fully implement the low risk
traveler program. The Ambassador Bridge Enhancement Project will provide the first real
opportunity to fully implement this program and-is expected to clearly demonstrate the
benefits of the program to the extent that its success can then be exported to other border

crossings.
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