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Recent changes to international regulations that gov-
ern discharge of ships’ sewage into the sea have left
many people wondering if the United States will for-
mally adopt the new standards and, if it does, how
such action might impact the industry at large. Vessel
owners and operators, shipyards, and boat builders;
manufacturers of marine sanitation devices and
sewage treatment plants; and the independent labora-
tories that test such equipment are all concerned about
the status of MARPOL Annex IV in the United States.

While it may be too soon to predict when or even if the
United States will ratify the sewage annex, everyone
involved can agree that a clear understanding of both
U.S. and international sewage regulations is necessary
to avoid running afoul of the enforcement authorities
both here and abroad.

Sewage regulations can easily be broken down into
three discrete categories covering vessels, equipment,
and testing facilities. These regulations can then be
placed into one of three different scenarios:

a U.S-flagged vessel on an international voyage,
a U.S.-flagged vessel on a U.S. voyage,
anon-U.S.-flagged vessel on a U.S. voyage.

These regulations affect nearly all types of vessels, from
the larger inspected vessels that carry passengers and
cargo, to the smaller uninspected vessels that tow ships
and barges, to even private vessels such as yachts and
recreational vessels. In essence, any vessel with an in-
stalled toilet may be subject to these requirements.

/E PROCEEDINGS Winter 2008-09

Greenwater

The future of
sewage regulations,

equipment design, and testing.

by LT RoOB GRIFFITHS

U.S. Coast Guard Office of Design and Engineering Standards

COMMANDER STEPHEN P. MARKLE, USN (RET.), P.E.
Engineering Director
Navalis Environmental Systems

Aerobic digestion of sewage waste by biological device.
Courtesy TEi-Testing Services.

U.S. Sewage Regulations and Related Policies

For a U.S.-flagged vessel on a U.S. voyage, existing
sewage regulations covering the vessel, its equipment,
and related testing requirements can be found in 33
CFR Part 159. These regulations have not changed
much since they were first introduced in 1975, with the
exception of those for the cruise ship industry operat-
ing in certain Alaskan waters.!

Inspected vessels with an installed marine sanitation
device (MSD) are examined by the U.S. Coast Guard
during annual and five-year certificate of inspection re-
newals. Uninspected vessels (which include recre-
ational vessels) with an installed MSD are checked
periodically to ensure the device is in operable condi-
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tion to the satisfaction of a Coast Guard boarding offi-
cer. Equipment is subject to design approval to verify it
meets the requirements of 33 CFR Part 159 (or an equiv-

gross tons and those of less than 400 gross tons carry-
ing 15 or more passengers may be issued a certificate
every five years, endorsed annually. This is true for all
but small passenger vessels (i.e., 46 CFR Subchapter
T and K), which receive an endorsement on their cer-
tificate of inspection every five years, endorsed an-
nually. Equipment and testing requirements are
similar to those detailed above for a U.S. vessel on a
U.S. voyage.

For anon-U.S. vessel on a U.S. voyage, sewage reg-
ulations can be found in the prior MARPOL Annex
IV with an equivalency made to 33 CFR Part 159 by
Navigation and Vessel Inspection Circular No. 9-82,
Change 1. In this case, the U.S. Coast Guard verifies
the vessel’s certificate of type test during a port state
control examination.

Revised International Sewage Regulations

In 2004, the Marine Environment Protection Com-
mittee (MEPC) of the International Maritime Or-
ganization (IMO) adopted and reissued the revised
MARPOL Annex IV in resolution MEPC.115(51), re-
sulting in several key changes to the international
sewage regulations:

Inspection criteria were enhanced to include

Oxidation/Reduction MSD. Courtesy Navalis Environmen-

tal Systems.

alency) and then undergoes testing, evaluation, and in-
spection by an independent laboratory under
simulated operating conditions. Equipment manufac-
tured in the United States meeting both U.S. and inter-
national requirements may be eligible for a certificate of
type approval. Finally, testing facilities that meet the re-
quirements of independent laboratory testing stan-
dards in 46 CFR 159.010-3 are issued a U.S. Coast
Guard letter of acceptance.

For a U.S.-flagged vessel on an international voyage,
sewage regulations covering the vessel, its equipment,
and related testing requirements can also be found in 33
CFR Part 159 with a concomitant equivalency made to
MARPOL Annex IV by MOC policy letter 03-03. In this
case, the U.S. Coast Guard issues a certificate of equiv-
alency to a U.S.-flagged vessel on an international voy-
age having an installed and operational MSD.
Uninspected vessels over 400 gross tons are issued a cer-
tificate every five years, endorsed annually during the
IOPP (international oil pollution prevention) survey, or
can receive a statement of voluntary compliance from
their classification society. Inspected vessels over 400
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onboard surveys of installed sewage systems
prior to being placed into service and periodi-
cally throughout the life of the vessel.
Standards for discharging treated sewage (i.e.,
effluent) into the water were enhanced and
made more stringent.

Equipment testing procedures were stan-
dardized.

Discharge rates for untreated sewage were es-
tablished.

The IMO adopted MEPC.115(51) on April 1, 2004, and
is applicable to new ships on international voyages
with a keel laid date on or after September 27, 2003, or
delivered on or after September 27, 2006, and existing
ships after September 27, 2008, that are 400 gross tons
and above or that are certified to carry more than 15
persons. The term “person” is defined here to include
both passengers and crew. Annex IV requires ships that
engage in international voyages to be equipped with
one of the following: a sewage treatment plant; a
sewage comminuting and disinfecting system with
holding tank, or a sewage holding tank.

Under Annex IV, the discharge of sewage into the sea is
prohibited except when:
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Mobile testing laboratory for compliance testing. Courtesy TEi-Testing Services.
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The ship has in operation an approved sewage

treatment plant.

The ship is discharging comminuted and dis-
infected sewage using an approved system at

Prior Equivalency

ment plants for new ships
with a keel laid date on or after
January 1, 2010, and for exist-
ing ships having plants in-

stalled or delivered on or after
January 1, 2010. Existing ships
having sewage treatment
plants installed or delivered
prior to that date may con-
tinue to use either the 1976 in-
ternational effluent standards
contained in MEPC.2(VI) or
other applicable national spec-
ifications (e.g., 33 CFR Part
159).

Finally, on October 13, 2006,
resolution MEPC.157(55)
adopted a standard for the
maximum rate of discharge of
untreated sewage in holding
tanks at a distance equal to or
greater than 12 nautical miles
from the nearest land.

Considering the recent changes to MARPOL Annex IV,

a distance of more than three nautical miles

from the nearest land.

The ship is discharging
sewage that is not commin-
uted or disinfected (un-
treated) at a distance of
more than 12 nautical miles
from the nearest land.

The term “sewage” includes
drainage and other wastes from toi-
lets and urinals; drainage from med-
ical spaces including wash basins,
wash tubs, and scuppers located in
such spaces; drainage from spaces
containing live animals; and other
waste water, when mixed with any
of these drainages.

Additionally, on October 13, 2006,
resolution MEPC.159(55) adopted
the revised effluent standards and
performance tests that are applicable
to new installations of sewage treat-
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it may well be that the prior equivalency afforded U.S.-
flagged vessels on international voyages has been all but

COMPARISON OF SEWAGE REGULATIONS

Table 1. U.S. Vessel on U.S. Voyage

| U.S. Regulations & Policy

MARPOL Annex 1V

Vessel Inspected vessel MSD examined during annual and 5-year
renewals of COI, and checked for compliance with 46
CFR ‘aubdmpur F & J. Uninspected vessel MSD must be
in operabl fition to the ion of the USCG
boarding officer,

Equipment ' MSD Design Approval: USCG approves MSD design
that meets requirements or equivalency in 33 CFR Pant
159.

MSD Cerﬂmslinn USC l." issues Lgrig'r.-rmm: Number to

ing ev: ion/testing at Recognized
Faeility under simulated operating u\ndllmm in
33CFR159 for MSD on cither all vessels or uninspected
vessels. Label required.! USCG adds MSD to Approved
Equipment List.

Foreign MSD Manufacturer: USCG issues Letrer of
Certification to foreign manufacturer that meets above
MSD criteria,

Sewage Treatment Plant: USCG issues Cervificate of
Type Approval to U.S. manufacturers that comply with
both MARPOL Annex IV and above MSD criteria.

NIA

NiA

Facility Recognized Facility: USCG issues Letter of Acceprance
1o Recognized Facility that meets requirements of
Independent Laboratory testing standards in
46CFR159.010-3,

Classification Society may apply for and be accepted by
USCG as Recognized Facility that meets requirements of
Independent Laboratory testing standards in
46CFR159.010-3.

" Type Il MSD used for storage of sewage/flushwater at ambient air pressure/temperature has no cer-
tification number/label under 33CFR159.12a; inspected vessels comply with 46CFR Subchapters F & J.
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N/A.
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COMPARISON OF SEWAGE REGULATIONS

Table 2. U.S. Vessel on International Voyage

.S, Reg_ulatiuns & Policy

MARPOL Annex 1V

Vessel USCG issues Certificate u.ff.'mu'wdum'r 1o U, \ vessel

\\|lh lled ional MSD on ional voyage:
I.nlgsmmi Vessel =400GT every 3 years, endorsed
annually at IOPP survey; or Statement of Voluntary
Complianee issued by class; =400GT no program in
place.

*  Inspected Vessel =400GT and <400GT carrying 15
of more passengers, every 5 years, endorsed
annually, excepr Small Passenger Vessel
(Subchapters T & K) receive endorsement on COI,
every 5 years, endorsed annually as per MOC Policy
Ltr 03-03.

.hm rnational Sewage Pumurm: Prevention Certificare
1 by Ad ion {or authorized entity)
1I1cl onboard Swrvey described in MEPC.115(51) at:
*  Initial installation;
Renewal every 5 years;

Repair
1o all vessels on intermational vovages:
 =400GT

<400GT w/ =13 persons (i.e., passengers & crew)
that are applicable o:
*  New Vessels: Keel laid onfafter 27Sept2003 or
Delivered on/after 27Sept2006;
*  Existing Vessels: on/afier 275ept2008,

Vessels <400GT w/ <15 persons shall establish
appropriate measures per Administration.

Equipment | MSD Design Approval: USCG approves MSD design
that meets requirements or eguivalency in 33 CFR Part
159.

MSD Certification: USCG issues Certification Number

to manufacturer following evaluation/te “'“"b at

9.1.1 Sewage Treatment Plant: Cervificare of Type
ipy [ issued by A 1o manufacturer
following full-scale testing using actual operating
conditions of efMuent & performance standards in
MEPC,13%(55) and environmental -.undand: II‘I
MEPC. 107(49); applicable to equiy for
d on or after DIJ.ln"OIU

Recognized Faciliny under simulated ©

in 33CFR139 for MSD on either alf ve m fs or uninspected
vessels. Label required.’ USCG adds MSD to Approved
Equipment List,

Foreign MSD Manufacturer: USCG issues Letter of
Certificarion 1o foreign manufacturer that meets above
MSI criteria.

Sewage Treatment Plant: USCG issues Certificare of
Type Approval to US, manufacturers that comply with
both MARPOL Annex 1V and above MSD criteria,

Existing Vessels: dcceprable 1o use national
specifications in lieu of effluent/performance standards in
MEPC.159(55).

9.1.2 Comminuting & Disinfecting System and 9.1.3
are not issued Certificate of Tvpe Approval

but may be issued fnternational Sewage Pollution

Prevention Certificate if they meet MARPOL Annex IV,

Facility Recognized Facility: USCG issues Letter of dcceptance
o Recognized Faciliy that meets mqu]mmems of
Tncl fent Lab ¥ lesting | in

46(_I~ R159.010-3.

Classification Saciety may apply for and be accepted by
USCG as Recognized Facility that meets requirements of
Independent Lab ) testing dards in
46CFR159.010-3.

Qnalll'wd Testing Facility: Testing facility is Qualiffed

on Lo assure uniformity among various

testing facilities; effective for all vessels 01Jan2010.
Sewage Reception Facility: Government provides

adequate facilities a1 port and terminals for reception of
sewage from holding tank used by (Ulllllimullnk &
Disinfection System 9.1.2 or I1old\n,giank‘l 1.3

" Type 1l MSD used for storage of sewage/flushwater at ambient air pressure/temperature has no cer-
tification number/label under 33CFR159.12a; inspected vessels comply with 46CFR Subchapters F & J.

COMPARISON OF SEWAGE REGULATIONS

Table 3. Non-U.S. Vessel on U.S. Voyage

| | U.S. Rtguhlions& Policy

| Vessel USCG verifies Ce ‘ertificate of Type Test issued to foreign
flagged vessels by their Administration during Port State
Control boardings, accepted by policy in NVIC 9-82 Ch-
L

[ Equipment [ NiA

MARPOL Annex IV

International Qr.'mrr.(,a Pollution Prevention Cer tificate

issued/renewed by Administration (or authorized entity)

after onboard Survey described in MEPC.115(51) at:

*  Initial installation;

*  Renewal every 5 years;

*  Repair
1o all vessels on international voyages:

* =00GT

*  <400GT w/ =15 persons (i.e., passengers & crew)
that are applicable to:

*  New Vessels: Keel laid on/after 27Sept2003 or
Delivered on/after 278ept2006;

*  Existing Vessels: on/after 275ept2008.

Vessels <400GT w/ =15 persons shall establish

appropriate measures per Administration,

9.1.1 Sewage Treatment Plant: Certificate of Type
Approval issued by Administration to manufacturer
following full-scale testing using actual operating
conditions of efMluent & performance standards in
MEPC.15%55) and environmental standards in
MEPC.107(49); applicable to equipment installed or
delivered on or after 01Jan2010,

Existing Vessels: Acceptable to use national
specifications in lieu of effluent/performance standards in
MEPC.159(55).

9.1.2 Comminuting & Disinfecting Svstem and 9.1.3
Holding Tank are not issued Certificate of Type Approval
but may be issued Internarional Sewage Pollution
Prevention Certificate if they meet MARPOL Annex [V,

| Facility N/A
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Q_uallf’cd Teslmg Facility: Testing facility is Qualified
by A ion o assure uni ity among various
testing facilities; effective for all vessels 01Jan2010,

Sewage Reception Facility: Government provides
adequate facilities at port and terminals for reception of
sewage from holding tank used by Comminuting &
Disinfection System 9.1.2 and holding tank 9.1.3,
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eliminated. The effluent standards
alone in MPEC.2(VI), when compared
to MEPC.159(55), are not only numer-
ically different but also appear to be
substantially different. See the com-
parison between the current sewage
regulations and the revised interna-
tional regulations in Tables 1, 2, and 3.

Equipment Design and
Manufacturing

The design of a wastewater treatment
system is fundamentally the same for
both land- and marine-based sys-
tems. Most successful designs follow
arule of thumb by first removing that
which settles and that which floats,
and then treat the remaining 95 per-
cent of liquid, referred to as “mixed
liquor.” At this point, roughly 90 per-
cent of the treatment challenge has al-
ready been accomplished, leaving the
dissolved and suspended material
for subsequent processing. It is there-
fore useful to break down the regula-
tory requirements into functional
system requirements in order to meet
the discharge standards. These re-
quirements exist as six discrete func-
tions, as depicted in Figure 1.

While land-based sewage treatment
systems have incorporated these
steps in a variety of ways, only re-
cently has regulatory action required
the manufacturers of marine systems
to consider such functional require-
ments. For example, sludge or bio-
residue is the byproduct of those
systems that produce the highest-
quality effluent. Management has
typically been to dump it at sea
where permitted, bring it ashore, or
with limited success, incinerate it on-
board. However, for those systems
that treat to a less stringent standard,
the effluent is typically discharged
overboard either as part of the
process or where legally permitted to
do so.
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Making the transition from functional requirements to
engineering specifications requires a firm understand-
ing of process chemistry as well as material standards.
U.S. regulations offer several sections with robust de-
sign guidance. Similarly, ASTM standard F 2363-06,
specification for United States Coast Guard type II, or
IMO MARPOL 73/78 Annex IV marine sanitation de-
vices (flow-through treatment) offers specific materials
and testing requirements for these types of systems.

Today, most marine systems employ biologic activities
that remove dissolved organic material. These systems
employ bio-reactors that are exceptionally sensitive to
influent loading from hydraulics and pollutants. Hy-
draulic loading is handled through equalization tanks
and onboard flow management to ensure the system
receives a fairly constant rate of influent. The more suc-
cessful biological systems are coupled with chemical
equalization to maintain constant nutrient loading.
What is difficult to plan for are upsets caused by the in-
troduction of cleaning and disinfecting products com-
monly used throughout the ship that harm the bacteria
in the bio-reactor.

Modern biological systems can be grouped into one of
three categories:

systems that remove solids using dissolved air
flotation and remove suspended solids by floc-
culation and mechanical means;

systems having high concentrations of solids
as measured by mixed liquor suspended solids
using membrane technology to filter the water;
systems that operate primarily on the princi-
ple of gravity-driven clarification, where grav-
ity causes suspended matter to fall out,

To Process
Sewage

When operated within strict guidelines, these systems
generally produce excellent effluent, but are susceptible
to periodic upset and require not only large quantities
of air to maintain the bio-reactor but also large tanks.
While most systems still employ chlorination disinfec-
tion, some have recently switched to ultraviolet (UV)
light-based systems for this function. Although UV sys-
tems are very effective at disinfecting highly clarified
water, biological treatment systems often produce ef-
fluent with color or turbidity that diminish the effec-
tiveness of this technology.

Another marine system commonly used today is the
physical / chemical type. These systems macerate in-
coming wastewater, then mix it with high concentra-
tions of chlorine-containing compounds that are
typically generated from seawater. These systems rely
on chlorine to oxidize a fraction of the organic material
and to disinfect. Many of these systems also introduce,
as process water, the seawater that was used to gener-
ate the chlorine compounds. Some systems use 10 times
the amount of process water compared to the amount
of wastewater being treated and are typically found on
smaller vessels where available space is at a premium.
Increased effluent quality standards coming into force
over the next several years will create serious chal-
lenges for smaller systems of this type, especially for
residual chlorine content and removal of solids and nu-
trient material.

A third type of system has recently entered both the
large and small ship markets, receiving USCG certifi-
cation as a Type Il MSD in January of 2008. This system
is based on advanced oxidation to remove dissolved
pollutants in wastewater. The trick here is to remove
the particulate organic and inorganic material to offer
the oxidizer an easier target.
Solids are first screened, floccu-
lated, filtered, and then ultra-fil-

Solids

Separation

70

Dissolved

Floating Solids

Settling S

resulting in clarified material passing over a
wall or weir and onto the next step, which is
typically disinfection.
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—~ S
Mixed Liquor Organics & Nutrient Effluent SIngegs?c?JeBlo
Clarification solids Removal Removal Disinfection TreatErt
- . into contact with dissolved ozone
ﬁ gas ln a Stirring deViCe Where OX-
Figure 1. idation of dissolved material oc-

tered to produce a permeate with
turbidity approaching one NTU
(nephelometric turbidity unit).
The permeate is then brought

curs. The ozonated water is then introduced into a
high-power UV system that converts the residual
ozone gas to a highly reactive oxygen species that fur-
ther polishes the effluent. This process not only re-
moves residual organic material, but is also highly
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effective at disinfecting the effluent. Typical effluent
values are below detection for suspended solids and
fecal coliform, and average five-day biochemical oxy-
gen demand is below five milligrams per liter.2

Subsequent system development has led to an ozone-
based sludge management system that reduces the vol-
ume of organic solids through oxidation but increases the
settleability of solids, thus allowing a higher-content
sludge that is partially disinfected and mineralized. These
systems are now being adapted to marine use, having al-
ready proven themselves in land-based sewage treatment
systems as well as graywater reuse applications.

The future of reusing water aboard ships looks prom-
ising. In the previously mentioned system, blackwater
consisting of sewage and galley water can be treated in
a system separate from graywater. By separating out
the water in laundry and hotel accommodations, treat-
ment becomes greatly simplified and produces an ef-
fluent that is suitable for reuse aboard the ship as
technical water. Treated water® can be readily used in a
ship’s laundry, for engineroom technical water, as a
source for fuel oil emulsification for engine oxides of
nitrogen reduction, or for deck washdown and the like.
With the ability to treat upwards of 80 percent of ship-
board domestic wastewater, future systems may even-
tually lead to reduced fuel consumption from water
generation, storage, and transport. Perhaps we can
have smaller ship sizes, given reduced requirements for
tankage, and even reduced operational costs through
lower maintenance of water management technology.

Compliance Testing

Initial qualification testing evaluates mechanical and
electrical performance as well as effluent processing.
The mechanical and electrical performance require-
ments are based on a device’s ability to withstand the
rigors of the marine environment such as corrosion, vi-
bration, and incidental impacts. The new international
requirements for such testing are not much different
from current requirements and therefore will not be
presented here.

There is, however, a substantial difference in effluent
processing performance during the initial qualification
testing. First, the device manufacturer should consider
where the device will be placed into service (coastal, in-
tercoastal, etc.). Second, consideration should be given
to the type of device. For example, if you have a com-
minuting /disinfecting system that simply transforms
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the sewage into an effluent reduced in size, which then
disinfects to prevent the spread of harmful pathogens
but keeps its original nutrient value, this produces an
effluent that must be discharged beyond three nautical
miles from shore. That is different from a treatment de-
vice that first reduces the sewage bio-limiting nutrients
through biological digestion or oxidation and then dis-
infects the effluent to prevent propagation of harmful
pathogens, which would produce an effluent that can
be discharged within three nautical miles from shore.
Another type of device might be a totally “green” de-
vice with an environmentally compatible effluent that
not only addresses bio-limiting nutrients using an al-
ternate disinfection method, but also is capable of re-
ducing both graywater and blackwater effluents to a
zero ecological effect on the aquatic system, thus pro-
ducing an effluent that can be discharged virtually any-
where, including in designated no discharge zones. To
decide which system is best for a given application, a
background in processing testing may be helpful.

Processing testing is based on the ability of a given de-
vice to affect the basic composition of sewage that has
physical, chemical, and biological elements. Testing for
these elements is done using three types of analysis—
physical, chemical, and biological challenges.

Physical testing determines the amount of matter dis-
charged in the effluent which is made up of the solid
residues found in sewage such as fibrous, cellular, and
foreign material. Testing looks for the amount of total
solids untreated by the MSD that are subsequently
passed into the environment.

Chemical testing determines the amount of natural and
introduced chemicals found in the influent. These
chemicals constitute what is known as bio-limiting nu-
trients and hazardous materials. Bio-limiting nutrients
are naturally occurring in human waste and, if un-
treated, promote unwanted growth in an aquatic sys-
tem. These bio-limiting nutrients are determined by
testing for chemical oxygen demand, nitrogen, phos-
phorus, and total organic carbons.

Hazardous chemicals include those used to treat waste
such as disinfectants or chemicals found in graywater
that are introduced into the MSD. Testing for residues
indicates the presence of hazardous chemicals, which
drastically affects the acidity, alkalinity, chlorides, pH,
semi-volatiles, volatiles, and other analytical method-
ology. The type and amount of analysis done is based
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on the extent of purity desired for the effluent. For ex-
ample, you would not test for chemicals not listed in
the regulation unless you wanted to demonstrate the
purity of the effluent for possible use of a MSD in a “no
discharge” zone.

Biological testing determines the amount of natural
pathogens found in human waste. These pathogens
constitute harmful microorganisms that promote illness
and use available oxygen, thus limiting or destroying
the growth within the natural aquatic system. These
microorganisms are determined by testing for biologi-
cal oxygen demand and thermotolerant coliforms.

Another factor in MSD design involves dilution. The
U.S. Environmental Protection Agency strictly prohibits
the use of dilution to reduce effluent to meet discharge
requirements. Although dilution is not applicable to
comminuting/ disinfecting devices, the amount of pro-
cessing water used by an MSD indicates whether it is a
dilution device. If the ratio of process water to influent
water is greater than 5:1 when cycled, an investigation
should be made as to whether the MSD is using dilu-
tion to meet the discharge requirements.

It is important to realize that design approval and cer-
tification indicates a device is capable of meeting dis-
charge regulations, but does not necessarily guarantee
that a given device will always meet the discharge re-
quirements. The condition, maintenance, and operation
of the MSD all affect the quality of the effluent. When
properly maintained and operated, most MSDs will re-
main compliant with the discharge criteria, but should
be tested periodically to verify compliance.

The future of testing will be based on using analytical
methods that will evaluate the MSD effluent to ensure
minimum effect on the aquatic system to the extent that
all physical, chemical, and biological elements of ship-
board graywater and blackwater have been removed or
otherwise neutralized. Only then will the most sensitive
of aquatic systems be unaffected by the passage of a
ship, thus creating a more earth-friendly environment.
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Endnotes:

1-In 2001, a new Subpart E was added to 33 CFR Part 159 to implement “Title
XIV—Certain Alaskan Cruise Ship Operations” governing the discharges of
sewage and graywater from cruise vessels, requiring sampling and testing
of sewage and graywater discharges, and establishing reporting and record-
keeping requirements. This subpart applies to each cruise vessel author-
ized to carry 500 or more passengers operating in the waters of the
Alexander Archipelago and the navigable waters of the United States within
the State of Alaska and within the Kachemak Bay National Estuarine Re-
search Reserve.

-Development of this system is further described in “Design and Prototype
Development of Advanced Oxidation Black and Gray Water Treatment Systems,”
presented at the American Society of Naval Engineers (ASNE) Marine En-
vironmental Engineering Symposium in January 2006 and published in
Naval Engineers Journal, Volume 118, Number 3, 2006, pp. 51-64(14).

3 E.g., “California Code of Regulations Title 22” water reuse criteria.
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