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Characterizing Lead Exposure at a U.S. Coast Guard
Indoor Firing Range

Introduction

Exposure to airborne and settled lead dust at firing ranges is a well-known hazard that puts
employees, fire arms instructors (FAIs), customers, and their families at risk for lead poisoning.
Workers are exposed to lead in firing ranges when they fire weapons, instruct shooters, clean the
range, clean firearms, empty bullet traps or sort brass (Fisher, 2013). Recently, several indoor
firing ranges in Oregon and Washington State have been scrutinized by federal and state
agencies for lead exposures. On November 2012, the U.S. Coast Guard Sector Columbia River in
Astoria, OR, secured an indoor firing range after they discovered that one of their active duty
members had an elevated blood lead level (BLL). It was later determined that the ventilation
system was non-operational (Riutta, 2012) and the range was reopened after the ventilation
issues were fixed and the internal CG standard was met (50 fpm). On January 2013, a health
assessment survey determined that the U. S. Coast Guard Base Seattle indoor firing range’s
ventilation system was not operating to internal Coast Guard standards while the heating unit

was operating (Riutta, 2013).

On February and March 2013, the same indoor firing range at U.S. Coast Guard Sector
Columbia River in Astoria, OR, composed of two trailers were restricted from normal operations
after it was discovered that several users had elevated blood lead levels (BLLs) (Riutta, 2013).
After a more thorough assessment, it was revealed that the mechanical ventilation system used to

remove lead dust and fume suspended in the air was operating inefficiently. Moreover, during



an interview with one of the workers at one of the ranges, a potential source of lead exposure
was identified; range workers were not donning personal protection equipment (PPE) during

clean-up operations.

Each year, approximately 4,100 users from different local and federal agencies visit the U.S.
Coast Guard Base Seattle’s indoor firing range, potentially exposing FAIs and the shooters to
elevated levels of lead. It is expected that the number of users will increase as a result of the
possible closing of nearby federal firing ranges. According to the Department of Defense (DoD),
their new budget will increase from fiscal year 2013 to fiscal year 2017; however, the total U.S.
defense budget, including funding for military firing ranges, will drop by approximately 22%

(DoD, 2012).

The purpose of this study is to evaluate the relationships between determinants (hygiene
practices, rounds fired, type of round or weapon used, etc.), air lead (PbA) exposures and blood
lead levels (BLLs) as well as relating PbA and BLL to each other in Coast Guard personnel

instructing on the range.

The rationale for the study is to determine if the Coast Guard is maintaining the range in a
manner that will protect FAIs from elevated lead exposure. We will pursue this study in three
specific aims:

Aim 1: Recruit and observe FAIs on the range while they work and collect personal air samples,
work-related questionnaires, and capture weaponry usage information (i.e., shooting logs).

Aim 2: Measure the association between FAIs' lead exposure and BLLs. We will do this by
collecting two blood samples: One prior to the first firing session (baseline) and one 30 days

after the first firing session.



Aim 3: Measure the association between FAI’s lead exposure (airborne lead) and the amount of
ammunition (full metal jacket and lead) by collecting weaponry usage information.

Aim 4: Measure the association between BLLs and the amount of ammunition (full metal jacket
and lead) by collecting weaponry usage information.

Aim 5: Evaluate engineering controls during the use of the firing range and the weekly and
monthly cleaning of the range.

In this study, we will examine the prediction that high BLLs are related to greater airborne
lead exposures and other exposure factors relating to the inhalation and ingestion of lead. It is
important to note that the research presented here is innovative for the U. S. Coast Guard, which
has never conducted an indoor firing range study of this scope including BLLs as a potential

exposure determinant.

Background and Significance

Lead and lead compounds, which are toxic to humans, are ubiquitous in the environment.
Lead-containing ammunition is heavily used in the military. Modern military forces, including
the U. S. Coast Guard, are trained in using one or more small arms, including handguns,
shotguns, rifles, and machine guns. Most of the ammunition used in military small arms contain
lead (Dorman, 2013). Therefore, exposure to lead during weapons training at indoor firing
ranges is a crucial occupational-health concern. Since the February and March 2013 incidents,
the U.S. Coast Guard’s District 13 Safety and Environmental Health Office (SEHO) has become
more interested in controlling lead exposures; in particular, for the FAIs that work in and around

indoor firing ranges for long periods of time.



Chemical & Physical Properties of Lead

Lead is a malleable, dense (density=11.3 gm/cm?), low melting (melting point= 327 ° C),
bluish-gray naturally occurring metal and is a post-transition element on the periodic table
(Group 14). It is a mixture of four stable isotopes, 208 Pb (51 — 53%), 206 Pb (23.5 — 27%), 207
Pb (20.5 — 23%), and 204 Pb (1.35 — 1.50%). “Lead is exceptionally dense, making it ideal for
projectiles. It is also relatively soft, which allows it to be formed, even in home environments,
into a variety of bullet and shot gauges” (Verbrugge, 2009). When lead comes in contact with
air and water, films of lead sulfate, lead oxides, and lead carbonates are formed. These films act
as a protective barrier that prevents corrosion of the original metal (King, 2005). Lead exists in
both organic and inorganic forms. The organic form, which is generally more toxic, will not be

discussed here because it is the inorganic form that is found in ammunition.

Historic Use of Lead

Lead is found in very high amounts in a mineral called galena, a metallic, lead-gray mineral
with cubic cleavage and a distinctly high density. “Because it melts at a relatively low
temperature and is so easily worked, lead was one of the first metals to be extensively used by
many societies” (UMN, 2014). Galena is formed at low to medium temperature hydrothermal
veins in igneous rocks, pegmatites, and contact-metamorphosed sedimentary rock. In North
America, for example, one of the most economically important galena deposits is found in

altered carbonate and chert rocks of the Upper Mississippi River Valley area (UMN, 2014).

There is scientific evidence that suggests lead was being used very early in the development of
the human race. Lead was one of the seven metals of antiquity. Its discovery dates back to at

least 3500 B.C. and lead artifacts have been discovered widespread throughout the ancient world



(Waldron, 1973). Lead was also found as a by-product when gold and silver were being mined.
Between 40-90 AD, a well-known Greek pharmacist and botanist, Pedanius Discorides, noted in
one of his written works that “lead makes the mind give away” (Gilbert, 2012). With their
navigational skills and large mines, Spain and Greece were able to distribute lead to other parts
of the globe.

Easy to handle, lead was used by the Romans in plumbing. From their early use of the
element, the word plumbing is derived from plumbum, Latin for lead. The use of this word gave
rise to the chemical symbol for lead, Pb. Lead is slightly sweet to the taste, making it an
excellent additive for fine Roman wines that were shipped all over Europe (Gilbert, 2012).
Hundreds of years ago lead was used in objects such as; coins, bullets, and fishing weights.
More recently, the metal was extensively used in paints, as the solder for food cans, and as an
additive to gasoline, but many of these uses have been reduced or eliminated in western society
because they can lead to lead poisoning (UMN, 2014). In 1971, lead-based house paint was
banned in the US (Altera, 2004) and in 1976, leaded gasoline was banned in the US (Freeman,

2012).

Current Uses of Lead

According to OSHA inspection data, the industries that expose workers to the highest levels
of lead in the U.S are primary/secondary smelting, battery manufacturing, brass/bronze and
copper foundries and pigment manufacturing (Froines, 1990). The Washington State
Department of Labor & Industries (L & I), however reported that the top 5 industries in the state
with highly exposed workers to lead are in; bridge/tunnel/elevated highway construction,
automotive repair shops, painting/paper hanging, electronics/electrical equipment, and motor

vehicle parts/accessories (L & 1, 1999).



Radiator replacement in vehicles, for example, is a very common repair in the auto industry
and in the public sector. In 1988, seven state health agencies, in collaboration with NIOSH,
maintained registries of BLLs in adults (L & I, 2014). It was reported that 83 automotive repair

workers had BLLs higher than 25 pg/L; 18 of them (22%) greater than 50 pg/L (MMWR, 1991).

In 1992, NIOSH discovered that 42 workers developed lead poisoning while conducting jobs on
bridges. Processes like abrasive blasting, sanding, burning, cutting, and welding on steel
structures coated with lead-containing paints were likely to produce high concentrations of lead

dust and fumes (NIOSH, 1992).

House painters are other workers who if not properly trained could be highly exposed to lead
based paint (LBP). The Washington State Safety and Health Assessment and Research for
Prevention (SHARP) Program conducted five site visits at pre-1950 single-family homes to
determine whether or not workers were being exposed to lead during surface preparation work.
Of the nine painters measured for lead exposure, four (44%) were overexposed to lead on the
days of the survey. It was later determined that the lead exposures were due to power
sanding/grinding (range from 100-2142 pg/m®) and hand scraping (108 ug/m®) (Altera, 2004).

Lead is commonly used in the health arena as radiation shielding to protect patients and
employees during x-ray procedures. Molten lead is even used to cool certain types of nuclear
reactors. Additionally, lead’s usage is also found in the weight adding of sailboats’ keels and
divers’ belts.

Lead ammunition manufacturing and exporting in the U. S. is a large industry, with
approximately 10 million shipments per year worth approximately 37.70 billion (NSSF, 2013).

It is also estimated that there are approximately 270 million firearms owners in the US (SAS,
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2011). Users firing conventional ammunition first get exposed to ammunition’s primer, which
contains lead styphnate and initiates the explosion in the mercury fulminate and lead azide
propellant (Fischbein, 1979). The second potential source of lead comes from the extreme
environment created by the burning the propellant in the cartridge. Temperatures can exceed
1100 °F (Fischbein, 1979) and can vaporize the base of the bullet if it’s not jacketed (or clad) in
copper (U.S. Navy, 2002). The final exposure source can come in the form of dust and lead
oxide fumes, when the bullet strikes a hard target, bullet trap or back stop (Fischbein, 1979).
There are calls, however, to remove lead from bullets and shot, especially for hunting. Some
animal species, like the California Condor, become lead poisoned by accidentally ingesting
bullet fragments and/or shot from carcasses left by hunters (California Fish and Wildlife, 2007).
A bill would require the use of non-lead rifle and pistol ammunition when taking big game and

coyote within specified areas (California Fish and Wildlife, 2007).

Lead is also broadly used in the household craftwork because of its remarkable properties,
such as corrosion resistance, density, and low melting point (Abadin, 2007). Common

examples are pipes, solder, weights, storage batteries, pottery glazes, and leaded glass.

Toxicokinetics of Lead

Absorption from Inhalation

In the occupational settings, inhalation of lead is generally the most significant route of
exposure; “however, hygienic improvements in industry have resulted in reduced airborne lead
levels, making routes of exposure other than inhalation increasingly important” (ACGIH, 2013).
Inorganic lead can be deposited in the respiratory tract when the aerosols are inhaled. This is

dependent upon the size of the inhaled particles, the age of the person exposed, pre-existing
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conditions (i.e., asthma, COPD), breathing patterns (i.e., nose or mouth breathing), airway
makeup, and air-stream velocity within the respiratory tract (James, 1994). Lead absorption is
also influenced by particle size, solubility, and pattern of regional deposition within the
respiratory tract. Larger particles (>4.5 um), that are deposited in nasopharyngeal and
tracheobronchial areas can make it to the esophagus and be swallowed via mucociliary transport.
Once swallowed, this lead can be absorbed in the gut. Additionally, smaller inhaled particles (<
4.5 um), can reach the alveolar region and absorbed after extracellular dissolution or ingestion
by macrophages (Abadin, 2007). Studies have suggested that 95% of inorganic lead inhaled as

submicron particles gets absorbed by the human body (Wells, 1975).
Oral Absorption

It is important to note that oral (gastrointestinal) absorption of ingested inorganic lead is
highly influenced by the individuals’ age, fasting condition, nutrition (i.e., calcium and iron), and
pregnancy, as well as characteristics of lead being ingested (i.e., particle size, mineralogy,
solubility, and lead species) (Abadin, 2007) (Verbrugge, 2009).

Gastrointestinal absorption of inorganic lead (i.e., lead chloride, lead nitrate, lead acetate)
tends to be higher in children than in adults (approximately 40-50%) (Ziegler, 1978); in adults, 3
to 10% in fed individuals (Rabinowitz, 1976). In animal studies, with oral administration of lead
acetate, absorption occurred at a higher rate (38% of the dose) in young monkeys than in adult
monkeys (26% of the dose). It is believed that the reason why absorption is dependent on age is
due to developmental shift from neonatal to adult diet (Weis, 1991). The presence of food in the
digestive tract is known to decrease absorption of water-soluble (inorganic) lead. The
composition of a mineral, like calcium or phosphate, in normal diet would decrease the

absorption capabilities of ingested lead (Heard, 1982).
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Dermal Absorption

Dermal absorption of inorganic lead is considered to be in a lesser category than either oral or
inhalation routes. However, several studies have been able to quantify estimated absorption
through the dermis (Abadin, 2007). A study conducted on lead battery workers detected
quantities of lead in the upper layers of the stratum corneum even before the workers started their
shift and after cleaning of the skin surface; thus, suggesting penetration of lead into the skin
(Sun, 2002).

Exfoliation, the natural removal of dead cells from the skin, has been associated with the
elimination of other types of metals, like mercury. Lead concentrations in sweat collected from
the right arm increased 4-fold following the application of lead to the left arm, indicating that
some lead had been absorbed (Hursh, 1989). In industrial settings, skin contamination is fairly
common, and the cleaning procedure may visibly remove most of the toxic agent. However,
washing may also increase skin uptake by the penetration-enhancing effect of the surfactants in

soap (Larese, 2006).

Distribution of Lead in the Human Body

The term body burden is defined as “the total amount of lead in the body” and will be used
throughout this section (Abadin, 2007). Most of the data regarding lead’s body burden is
available through autopsy studies between 1960 and 1970 and reflect eras when ambient and

occupational exposure levels were much higher than in present times (Barry, 1975).

Concentrations of lead in blood vary significantly with age, physical state, and several of

other factors that could affect exposure to lead (i.e., anemia) (Abadin, 2007). The excretory half-

13



life of lead in blood in adults is estimated to be 30 days (Griffin, 1975). Approximately 99% of
lead in blood is found in the red blood cells and is bound to proteins within the cell, not the
erythrocyte membrane. It is estimated that the geometric mean of blood lead levels (BLL) in the
U.S (20-59 years of age) is 1.5 pg/dL (95% ClI, 1.5-1.6); in children (1-5 years of age), the
geometric mean of BLL is 1.9 pg/dL (95% ClI, 1.8-2.1). However, the geometric mean of BLL
for non-Hispanic black children is higher than that for Mexican-American and non-Hispanic

white children, displaying variances in risk for exposure (CDC, 2005).

It is estimated that 94% of total body burden of lead in adults is found in the bones; in
children, storage in the bone accounts for 73% of total body burden (Barry, 1975). Lead
concentrations in bone increase with age, a marker of a moderately slow turnover of lead in adult
bone with a half-life of approximately 27 years (Gross, 1975). “This large pool of lead in adult
bone can serve to maintain blood lead levels long after exposure has ended” (Fleming, 1997).
Lead accumulation is not equally distributed in the skeletal system; it is found where bone had
the most active calcification at the time of exposure (Abadin, 2007). However; as age

progresses, lead levels would decrease over time (O'Flaherty, 1995).

Metabolism of Inorganic Lead

Inorganic lead absorption from the gastrointestinal tract in both humans and animals is highly
influenced by age, fasting/fed status, diet, solubility and particle size. There isn’t any scientific
data out there suggesting that the fraction of lead absorbed from inhalation exposures relies upon

the amount of lead in the lung. Even though particle deposition is highly dependent on particle
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size and ventilation rate, all the amount of lead deposited deep in the lung is eventually absorbed
(IARC, 2006).

Although several studies have indicated that inorganic lead is slightly absorbed through the skin,
it has been determined that high perspiration in humans show notable increase (IARC, 2006).
Additionally, in both humans and experimental animals, the swift absorption of inorganic is
easily distributed from blood plasma into erythrocytes, soft tissues, and bone; the half-life of lead
in blood and soft tissues is between 20 to 30 days in adult humans and 3 to 5 days in adult rats
(IARC, 2006). “The only organ only organ containing an amount of lead sufficiently large to
cover slow compartment is the skeleton, which is known to harbor more than 90 per cent of the

body burden of lead” (Skerfving, 1983).

Excretion of Lead

Regardless of how lead is absorbed in the body, it is excreted primarily in urine and feces; sweat,
saliva, hair and nails, and breast milk are minor routes of excretion (Griffin, 1975). Not many
studies have investigated the relationship between sweat and lead exposure; however, one group
of workers exposed to lead had extremely high levels in sweat even though their lead in blood
was only moderately elevated (Lilley, 1988). A study investigating lead exposed children and
non-exposed children suggest that lead is present in the saliva and that differences can be reliably
measured. The results showed good correlation between Pb saliva and lead encountered in the
plasma or blood, suggesting that Pb saliva may be valuable in the assessment of lead exposure
(Costa de Almeida, 2009). Based on intravenous studies in humans, fecal excretion accounts for
nearly one-third of the total excretion of absorbed lead (fecal/urinary excretion ratio of

approximately 0.5) (Abadin, 2007).
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Health Effects Caused by Lead Exposure
According to the International Agency for Research on Cancer (IARC), inorganic lead is

considered to probable human carcinogen (group 2A); however, limited evidence has been found
in humans. On the other hand, there is sufficient evidence of carcinogenicity in experimental

animals (IARC, 2006).

Animals Studies Dealing with Lead Exposure

Current animal studies are investigating the association of lead exposure and respiratory and
carcinogenic outcomes. Studies of rats and mice suggest that lead inhalation, especially for
extended periods of time, can cause serious adverse effects in the lung. A study of rats exposed
to lead by inhalation was conducted using two doses: The first group was exposed to 500 pg
Pb/0.1 m®/day for 1 week; the second was exposed to the same amount of lead but for 2 weeks.
The results suggested that the chronic lead exposure may cause irreversible morphological

alterations in the rat lung tissue (Onarlioglu, 1999).

A study of mice exposed to lead as 0.1 mL or 0.2 mL of lead nitrate solution (0.1 mg/mL) by
venous injection every other day for 15 days suggested that lead or nanoparticles including lead

compounds can damage lung macrophages, resulting in lung fibrosis (Sun, 2009).

Another study was conducted in female CH3 mice infected with murine mammary tumor
virus (MMTV). They were strictly on a diet containing either 0.15 or 0.65 ppm of selenium
(believed to prevent cancer) and exposed to only 0.5 ppm of lead in the water over their entire
post-weaning lifespan. The results of this study showed that lead diminishes the antitumorigenic

effects of Selenium (Schrauzer, 2008).
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Other studies in rats and mice also suggest that exposure to lead was associated with
adenoma, carcinoma, and adenocarcinoma in the kidneys, tumors of the brain, hematopoietic
system, and lung (NTP, 2011). Lead acetate has been introduced in the sustenance of rats and
has been proven to cause benign and malignant kidney tumors (adenoma and carcinoma);
additionally, lead acetate has amplified the incidence of virus-induced lymphocytic leukemia in
mice (NTP, 2011). Furthermore, lead acetate has been added in the water consumption of
pregnant mice from gestation day 12 to four weeks postpartum; the results have shown a dose-
related increase in proliferative lesions of the kidneys including atypical hyperplasia, adenoma,

and adenocarcinoma in the offspring (NTP, 2011).

Human Studies Dealing with Lead Exposure

Although lead exposure has been associated with increased risk of lung, stomach, and
urinary-bladder cancer in diverse human populations, the evidence for lung and stomach cancer
in occupational settings seems to be weak. A study of blood lead levels in 12 newly diagnosed
breast cancer cases in Nigerian women who were exposed to contaminated soil and water from
toxic metals (including lead), was found to be directly correlated with lead in tumors (p = 0.05),
directly correlated with selenium in blood (p = 0.02), and inversely correlated with hair selenium
(p = 0.04). Lead in tumors, on the other hand, was inversely associated with blood selenium (p =
0.04). These results indicate that lead interacts (or inhibits) with selenium in vivo (Altaise, 2010).

Cytogenetic studies of exposed workers have shown increases in DNA chromosome
aberrations or sister chromatid exchange, including some studies with positive-exposure
response trends. There are eight studies of cancer mortality or incidence among highly exposed

workers to lead; more so in lead smelter and battery plants (Steenland, 2000).
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Many of the above mentioned lead studies had several limitations. For example, poor
exposure assessment or failure to control for confounding by other factors that could increase the
risk of cancer (i.e., exposure to other carcinogens, smoking), did not demonstrate correlation
between the level or duration of exposure and the degree of cancer risk (NTP, 2011).

BLLs, however, are constantly compared in other studies. A study examined a population of
20,700 workers who had been biologically monitored for their blood lead levels from 1973 to
1983. After comparing the Finnish general population with this cohort, a 1.4-fold increase in the
overall cancer incidence and a 1.8-fold increase of lung cancer among those who had ever had a
blood lead level of more than 1.0 pmol x 1 were found. Additionally, no bias or confounding
was found to explain the odds ratio of squamous cell carcinoma in the lung with only a slight
elevation in blood lead levels (Anttila, 1995).

Depending on how high the lead exposure level, lead can adversely affect the nervous system,
kidney function, immune system, reproductive organs, developmental and the cardiovascular
system. In men more than women, high levels of lead in the body can affect the sex drive (loss
of libido); it can also cause infertility, modify spermatogenesis and possibly teratogenicity

(Martinez, 1993).

Lead exposure may also block calcium transport, which could have a detrimental effect on
cellular process in the nervous system and other vital organs in the body. It also disrupts the
synthesis of heme groups, which are a part of the hemoglobin molecule that carries oxygen in red

blood cells and in other enzymes in the body (Abadin, 2007).

The lead effects most commonly encountered in current populations are neurological effects

in children and cardiovascular effects in adults (TCEQ, 2014).
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Hearing loss may also be attributed to occupational lead exposure. The health records of 183
workers who visited a private civilian occupational health screening clinic showed a correlation
between BLLs and hearing loss at 4000 Hz, which is traditionally, the frequency initially
affected by noise-induced hearing loss (Forst, 1997). Some believe that audiometric testing

should be included in medical screening of confirmed lead exposed workers.

Pulmonary Function Abnormalities after Recent Lead Exposure

One of the most controversial issues with respect to lead exposure and health, is whether or
not exposure affects workers’ lung function. Recently, researchers from the Oslo University
Hospital and the Norwegian Defense Research Establishment examined 55 healthy subjects
(non-smokers) from the Norwegian Armed Forces that were exposed to 3 different kinds of
military ammunition (one lead, two unleaded) using an assault rifle. Pulmonary function tests
were conducted on the subjects at 3 different times: baseline (prior to shooting), after a firing,
and 24 hours after the last firing session took place. In order to control for outside exposures or
other confounders, a tent was used during firing sessions. The results suggested a decline in lung
function shortly after shooting and at 24 hours after exposure, compared with the pre-test levels.
The results showed that lung function, measured by FEV1, declined by a mean average of 5%
after 1 hour of shooting and by 7% at 24 hours after shooting (European Lung Foundation,

2013).

Blood Lead Levels (BLLs)

A clear indication of high blood lead levels (BLLS) is lead toxicity. Severe lead toxicity is
often associated with BLLs of greater than 70 pg/dL in children and 100 pg/dL in adults. For

example, lead-induced anemia could be a reliable indicator that BLLs are being lingering around
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the human body for prolonged periods of time (Gracia, 2007). In fact, low BLLs can
dramatically affect glomerural and tubular renal function. A study in young adults with a mean
BLL of 2 pg/dL showed a correlation between serum cystatin C, biomarker of kidney function,
and urine beta-2-microglobulin , a measure of tubular function, with BLL suggesting renal
dysfunction due to reduction in renal excretion of lead and thus increased blood lead levels.
(Rossi, 2008).

Another well discussed symptom believed to be related to lead toxicity is hypertension.
Systolic pressure, for example, may increase 1-2 mmHg with each doubling of BLLs (Gracia,
2007). “Other over signs and symptoms include hypertension, peripheral neuropathy, ataxia,
temor, gout, nephropathy, and anemia. In general, symptoms increase with increasing BLLs”
(Tak, 2008). Table 1 shows some of the clinical presentation of lead toxicity based on BLLs.

Although BLLs can cause very serious adverse health effects, it can be medically managed.
Chelation therapy successfully lowers elevated BLLs but may not mitigate lead-induced
cognitive defects associated with lower lead levels. This may be caused by the inability to
eliminate sufficient amounts of lead from the tissues or reverse preexisting tissue damage.
Chelation therapy, however, is not recommended when adults have BLL concentrations of less
than 45 pg/dL; a potential risk of adverse drug or remobilized lead should be a call for medical

concern (Gracia, 2007).
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Table 1 Clinical Presentation of Lead Toxicity Based on BLLs (Gracia, 2007).

Level of Toxicity BLL (ug/dL)" Children Adults
Asymptomatic or <10 Diminished learning and Not applicable
) ) . memory, decreased verbal
impaired abilities ability, impaired fine motor
coordination, signs of
ADHD or hyperactivity,
lower 1Q~, impaired speech
and hearing
Mild 10-39 Myalgia or parasthesia, Not applicable
irritability, mild
fatigue/lethargy, occasional
abdominal discomfort
Moderate >40-50 Arthralgia, trouble Fatigue,
concentrating, general somnolence,
fatigue, headache muscular | moodiness,
exhaustibility, tremor, lessened leisure
weight loss, vomiting, interest, impaired
constipation, diffuse psychometrics,
abdominal pain chronic
hypertensive
effects,
reproductive
effects
Severe >70-80 Lead lines (bluish black Headache,
appearance on gingival memory loss,
tissue), colic (intermittent, | diminished libido,
severe cramps), parasthesia | insomnia, metallic
or paralysis, taste, abdominal
encephalopathy pain, constipation,
myalgia/arthralgia,
nephropathy
Severe, acute >100-150 Encephalopathy, seizures, | Encephalopathy,
anemia, nephropathy various CNS¥
effects, anemia,
nephropathy

ug/dL: Micrograms per deciliter.

°’ADHD: Attention-deficit/hyperactivity disorder.
“1Q: intelligence quotient.

TCNS: Central nervous system.
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Occupational Lead Exposure Studies

There are a number of occupational studies that deal with lead exposure in firing ranges; the
earliest found was in 1957, where a small arms instructor at a Canadian indoor firing range was
discovered to have lead poisoning while he donated blood. After a further assessment of the
instructor’s urine it was discovered that the levels were 1000 pg/L, approximately 7 times the
threshold limit (Ross, 1960). This finding triggered an exposure assessment evaluating airborne
lead concentrations during firing practice, surface wipe sampling, and ventilation measurements.
The results found that many of the air and wipe lead concentration measurements were elevated

and the ventilation system was substandard (Ross, 1960).

Another study conducted in a police department’s indoor firing range in Kalb County,
Georgia showed 3 FAIs having lead poisoning with BLLs greater than 100 pg/dL with free
erythrocyte protoporphyrin (FEP) levels greater than 450 pug/mL of red blood cells, abdominal
pain and abnormal conduction of motor and sensory nerves. Again, flawed ventilation was
believed to be at fault. It was found that the filter and screen at the air intake system appeared to
have never been replaced, blocking air supply and that a fire damper, which was part of the air
intake system, was believed to have been closed for an unknown amount of time (Landrigan,

1975).

A 3-month study of 17 law enforcement trainees undergoing weaponry instruction at an
indoor firing range were observed for their lead exposure risks. BLLs were taken from each of
the trainees in four different occasions as follows: Prior to weaponry training and once a month
for 4 months after training began. Additionally, airborne lead exposures were measured at three
different times during weaponry instruction. After the study concluded, BLLs showed a mean of

6.5 (pre-training) to 50.4 ug/dL (post-training); mean airborne lead concentrations were above
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2,000 ug/m3, which is 40 times the OSHA PEL. The ventilation system and heavy use of lead
bullets contributed to these elevated exposures (Valway, 1989). Between 1980 and 1982,
National Institute for Occupational Safety and Health (NIOSH) investigators conducted firing
range studies using personal breathing zone (PBZ) air sampling on 90 individuals at
municipal/state/federal governnment firing ranges in the states of Alabama, Georgia, Missouri,
Nebraska, Ohio, Vermont, and Washington, D. C. During firing, shooters were exposed to an
average airborne lead concentration of 100 ug/m3; 47 of them exceeded OSHA’s PEL of 50
ug/m?® as 8-hour TimeWeighed Average (TWA) (CDC, 1983). A lead exposure study conducted
at the FBI Firearms Training Unit’s indoor firing range (composed of 23 shooting booths, a one-
booth firearms testing range, and 7 outdoor training ranges) used 16 FAIs (a combination of
firing range technicians, gunsmiths, and firing range instructors) to determine airborne lead
concentrations. Sixty-one personal breathing zone (PBZ) samples and thirty area samples were
collected. Mean concentrations were as follows: 51.7 ug/m?® for instructors, 2.7 ug/m? for firing
range technicians, and 4.5 ug/m?® for gunsmiths (NIOSH, 1991). Additionally, carpet sampling
collected from 14 dormitory rooms used by FBI students and 14 FBI permanent staff rooms
showed extremely high lead concentrations (means of 214 ug/g and 65 ug/g, respecively). This
was believed to be caused by FBI students carrying the lead from the range to the dorm on their
shoes and clothes. NIOSH recommended that the range modify its ventilation system and train

FBI personnel (staff and students) in personal hygiene practices (NIOSH, 1991).

In 1997, NIOSH investigators conducted a lead exposure study at the Forest Park Police
Department using 30 subjects (composed of different police officers in the Forest Park, OH area)
who used the firing range for firearms qualification and training (NIOSH, 2009). During the

study, it was determined that the firing range was operating under positive pressure, contrary to
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recommended design (Anania, 1975) and with gunsmoke smell immediately noticeable when
firing sessions commenced. Measurements of supply/exhaust air flow rates were much lower
than design specifications [50-75 feet per minute (fpm)] (Anania, 1975) with an average velocity
of 25 fpm. Additionally, a smoke test revealed backflow patterns (i.e., eddies) even if no one

was standing at the firing line (NIOSH, 2009).

Non-occupational Lead Exposures

Lead is not only found in the occupational setting; it can reach our daily lives without us even
knowing it. “The most common non-occupational exposures to lead were shooting firearms;
remodeling, renovating, or painting; retained bullets(gunshot wounds); and lead casting” (CDC,
2011). Certain hobbies can bring lead directly into the home, like such as; hunting and eating
game, or home automotive repair, can infiltrate lead to the home and expose family members; to
include: soldering glass or metal, making bullets, or slugs, or fishing weights, making stained
glass, or glazing pottery. “You can bring lead home in the dust on your hands or clothes if lead

is used in the place where you work” (ATSDR, 2005).

Federal/State Regulations, Standards and Guidelines for Lead

Overexposure to lead at indoor firing ranges has been a concern at both local and U.S. Coast
Guard ranges. As previously mentioned, a King County Washington firing range was found to
have overexposed workers to lead causing adverse health effects (Fischer, 2013). Similarly, U.S.
Coast Guard indoor ranges in Seattle, WA and Astoria, OR were temporarily shut down as a
result of either users having elevated blood lead levels or ranges not operating satisfactorily;

thus, creating a possible overexposure environment (Riutta, 2013).
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As a federal agency, the U.S. Occupational Safety and Health Administration (OSHA)
mandates that the U.S. Coast Guard follow its standards in the workplace. If lead is suspected
within the workplace environment, employers are required to initially determine if worker
airborne lead exposures exceed the Action Level (AL) of 30 micrograms per cubic meter of air
(30 pg/m?3) averaged over an 8-hour period. This determination should be established with the
use of personal air monitoring with an emphasis on the employees identified as being the most
exposed (OSHA, 1993). This assessment is done without regard to the use of a respirator.
According to the U.S. Coast Guard Ordnance Manual, if military or civilian personnel are
enrolled in the Occupational Medical Surveillance Evaluation Program (OMSEP) they are
required to be tested for lead poisoning and monitored if the following conditions take place: (1)
if air testing yields results greater than 25 pg/m?® of lead in the air, members on the range must
have blood lead levels tested, (2) if blood lead levels are greater than or equal to 25 pg/100 g (25
pg/dL) of whole blood averaged over a 3-month period, the member shall be removed from any
firing range operations, (3) if blood lead levels are greater than or equal to 30 pg/100 g (30
pg/dL) of whole blood at any time, the member shall be removed from any firing range
operations, and (4) a member may only return to work on a range if the average blood lead level
over a 6-month period is less that 20 micrograms per 100 grams of whole blood (USCG

Ordnance Manual, COMDINST M8000.2D).

If federal employees, including FAISs are being exposed to lead above the OSHA permissible
exposure limit (PEL) of 50 pg/m?3, for more than a total of 30 days per year, the employer is
required by law to implement engineering, administrative, and work practice controls to mitigate
and maintain lead exposures below the PEL (USCG Medical Manual COMDINST M6000.1E).

“Where any employee is exposed to lead above 200 ng/m?, but for 30 days or less per year, the
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employer shall implement engineering controls to reduce exposures at or below 200 pg/m?. If
the employee exposure is below 200 pg/m?® but above 50 pg/m? any combination of engineering,
work place (including administrative controls), and respiratory controls may be implemented to

reduce and maintain employee lead exposure to or below 50 pg/m®” (SAIF, 2010).

The National Institute for Occupational Safety and Health (NIOSH), has a recommended
exposure limit (REL) for lead that is the same as the PEL, but NIOSH also has a level that is
Immediately Dangerous to Life and Health (IDLH) equal to 100 mg Pb/m?® (NIOSH, 2013). The
American Conference of Governmental Industrial Hygienists (ACGIH) threshold limit values
(TLVs) are the same as the PEL and the biological exposure index (BEI) is equal to30 pg/dl of
whole blood (ACGIH, 2013). Guidelines for surface contamination have also been developed
and adapted from a variety of groups. The U.S. Department of Housing and Urban Development
(HUD) has developed standards for lead contamination on surfaces for housing and remediation
of lead-based paint on houses (HUD, 2010; HUD, 2014). According to HUD standards where
indoor firing ranges are near residential areas, the allowable lead dust level on floors is 4.3
ug/100 cm? (40 ug/ft?) Since this level is protective of children in homes, we will focus on the
value OSHA has adopted from HUD, of 21.5 g/100 cm? (200 ug/ft?) [OSHA, 29 CFR 1926.62,
Lead (Construction), 1993]. Table 2 gives a summary of federal and state regulations, standards

and guidelines for lead.

26



Table 2 Summary of the Federal/State Requlations, Standards and Guidelines for Lead.

Agency/Organization Medium Limit Value Remarks
OSHA Air 30 pg/md” Action level
OSHA Air 50 pg/md Permissible exposure

limit (8-hour TWA™)
NIOSH Air 50 pg/md Recommended exposure
limit (8-hour TWA)
NIOSH Air 100 pg/md Immediately dangerous
to life and health
ACGIH Air 50 pg/md TLV ~ (8-hour TWA)
OSHA Blood 40 pg/dL* Written notification
from employer and
medical exam
OSHA Blood 50 pg/dL Immediate removal
from work exposure
above the AL
ACGIH Blood 30 pg/dL Biological exposure
index (advisory info)
OSHA Surfaces 21.5 pug/100 cm? (BNL, | Floor surfaces outside
2014) indoor firing range
HUD Surface 4.3 ug/100 cm? (BNL, Floor surface at/near
2014) housing/public places

*ug/dL: Micrograms per deciliter.

°ug/m3: Micrograms per cubic meter.

“TWA: Time weighted average = Average exposure over a specified period of time, usually a nominal eight hours
“TLV: Threshold limit value = Level to which a worker can be exposed day after day for a working lifetime
without adverse health effects.
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Types and Designs of Firing Ranges

There are two types of firing ranges: outdoor and indoor. Although they are both important in
nature and considered potential sources of lead exposure if not managed correctly, we will only

discuss indoor firing ranges.

Indoor firing ranges are enclosed facilities having a very distinctive operation. Even though
military and civilian personnel that use them take advantage of their controlled environment,
improper use and design could be detrimental to human health. Lead and other type of metals
could reach extreme concentrations in the air and floor, causing elevated exposures. That is why
the range must be a safe, efficient operation and should be maintained as designed or as per
manufacturer’s specifications (NAVFAC, 1992). The main design criteria for firing ranges deal
with preventing armament penetration, safe removal of lead fume and dust, safe containment of

the spent rounds, and reduction of noise.

Baffling System

“The range must be designed to withstand the most powerful cartridge authorized for use on
the range” (NAVFAC, 1992). A baffling system must be provided/installed inside the range to
protect inside lighting fixtures, pipes, and ceiling from poorly aimed shots. Baffles should be
placed at 30 degree angles to the ceiling and constructed of steel plating, whose thickness

depends on the type of ammunition approved for use (NAVFAC, 1992).

The firing range’s surfaces should be of flat concrete slab or comparable material NAVFAC,
1992). These should also be smooth in nature with no extended edges, easy to clean/maintain,
with no carpeting (to prevent lead dust accummulation) (Navy, 2002). Walls must be

constructed of flat reinforced concrete or core-filled masonry to prevent bullets from penetrating
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or exiting the range. “Walls, floors, and roof construction must be bulletproof” (NAVFAC,

1992).

Bullet Traps

The sole purpose of the bullet trap (or stop) is to capture the bullet (and its generated energy)
to avoid projectiles or their remnants from escaping (NAVFAC, 1992). There are a myriad of
bullet traps; plate and pit, escalator, venetian blind, snail type, rubber lamella, and granular
rubber. All the different types of traps have their advantages and disadvantages, which won’t be

discussed, though two of these are described below.

A plate and pit bullet trap includes a steel plating mounted at a 45 degree angle; it’s
thickness/hardness depends on the ammunition used. Once the shooter begins firing, the bullets
strike the steel plating and the force created will direct them into a 6-8 inch deep sand pit (Navy,

2002).

An escalator or total containment bullet trap, the type located at our study site, consists of
sloping steel surfaces that direct bullets into a swirl area or decelaration chamber in order to
disperse their projectile energy in a safe manner. Once the bullets lose their energy, they fall into

a tray for future collection (Navy, 2002).

In-Range Systems

The target retrieval system is very important for the users of the range because it allows
personnel to change their targets without going down range, where there is more lead on surfaces
and a potential to be in the line of fire (NAVFAC, 1992). The target is either placed or retrieved

using either a motorized system or a hand crank moving back and forth to the desired position.
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Target holders should not present a flat surface perpendicular to the line of fire to prevent bullet

ricocheting (Navy, 2002).

Noise

The use of weapons at an indoor firing range is a very loud operation and can affect the
hearing of anyone inside the range. When a bullet is fired, there are a number of sources of noise
including the explosion caused by the firing pin striking the primer at the base of the cartridge,
the ignition of the powder, and the bullet as it breaks the sound barrier (Anania, 1975), in
addition to the bullet striking the back stop. The impact noise can be made worse if the range
has been designed without noise absorptive surfaces. Frequently hearing protection devices are

required for those in the range during shooting. Double hearing protection may also be required.

Exhaust and Supply Air Systems

The design of how clean air is supplied and exhausted out of an indoor firing range is crucial
in dealing with lead and other possible contaminants (i.e., copper, selenium, antimony).
Extremely high exposures, up to 35 mg/m?® (Schaeffer, 1990) have been documented in ranges
with poorly designed ventilation systems.

Air supply systems should be provide 100% outside air (no recirculation) equally across the
width of the firing range to avoid turbulence that could cause lead to be pulled back (i.e., eddies)
into the user’s breathing zone (Navy, 2002).

“For optimum air distribution there should be a minimum distance of 15 feet from the shooters
position to the wall directly behind the shooter” (Anania, 1975). With the use of a perforated
wall, a constant, laminar air flow toward the firing line forces contaminants away from shooters

into the downrange section of the firing range (Navy, 2002; NAVFAC, 1992) and exhausted out
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of the range. For optimal protection against airborne contaminants, the air supply system must
sustain a laminar flow of between 50 and 75 feet per minute (fpm) across the sectional area of
the firing line, regardless of the number of firing lanes (Navy, 2002).

Air exhaust systems should remove 3 to 7% more air than being supplied to the range to
maintain a negative pressure with respect to outside of the range (approximately -0.04 £ 0.02
inches of water) (Navy, 2002; NAVFAC, 1992). Additionally, the system should be designed to
provide a minimum duct air velocity of 2500 to 3000 fpm (ACGIH, 2004) to prevent the settling
of the heavy lead dust. Figure 1 shows a schematic for an indoor range and its ventilation system
(Alvarez, 2014). An optional exhaust opening approximately 15 feet forward of the firing line
may be used but should not exhaust more than 25% of the total air flow (NAVFAC, 1992). To
avoid improper supply and exhaust operation, interlocks should be used that require both systems
to be running simultaneously (Navy, 2002). Figures 2 and 3 show how poorly provided supply
air can increase exposures at the firing line (Action Target, 2011). Supply and exhaust air

systems must be installed in locations that will avoid cross contamination.
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Figure 1 Current indoor firing range ventilation system (Drawing by JV

Alvarez).

Air Filtration Systems

According to the American Society of Heating, Refrigerating and Air Conditioning Engineers

(ASHRAE), both the supply and exhaust air has to be filtered through a series of minimum

efficiency reporting value (MERV) pre-filters and then through high efficiency particulate air

(HEPA) filters before the air either enters or leaves the indoor firing range (Morgenthaler, 2002).

Pre-filters are very important because they are the first to contact contaminated exhaust air from

the range and will be loaded with lead. These filters require a more stringent replacement regime

than HEPA filters (NIOSH, 2009).
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Air improperly introduced from the back of the range can cause
eddies to form in front of the shooters face.

Figure 2 Turbulence at the firing line caused by elevated air velocities at the firing line (Action
Target, 2011).

Air improperly introduced from the top of the range can cause
larger eddies to circulate around the shooting area.

Figure 3 Turbulence caused by poorly aimed supply air (Action Target, 2011).
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Range Cleaning and Other Administrative Controls

“Personnel performing range maintenance, cleaning, and reclamation activities are typically at
the highest risk for airborne lead exposure” (USCG, 2012). Lead dust that settles on the floor
cannot be dealt with using engineering controls. To avoid overexposure to lead, the indoor firing
range’s floors and horizontal surfaces should be cleaned regularly; booth shelves or target
retrieval systems should also be cleaned. Cleaning methods should include the use of an
explosion-proof HEPA vaccum or wet methods (i.e., exclusive use of vacuum and mop). Use of
a broom, however, should be prohibited during range cleaning operations (Navy, 2002; Anania,
1975). Figures 4 and 5 show cleaning personnel conducting reclamation and vacuuming

operations.
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Figure 4 Cleaning personnel conducting reclamation activities (Photo by MA Torres).

34



Figure 5 Cleaning personnel using HEPA vacuum cleaner inside the range (Photo by MA
Torres).

In order to minimize lead exposure at the indoor firing ranges, a variety of practices and

prohibitions are implemented. Below are some of these:
e Personnel are not allowed to walk forward of the firing line,
e Sticky walk-on mats should be used outside of the range exit door to remove lead dust
from boots and shoes,
e Consumption of food, beverages, smoking or chewing tobacco, gum or application of
cosmetics is prohibited during firing range use, and during fired brass collection, gloves

should be worn and it is prohibited to use baseball caps to collect spent brass.
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Background Information of Study Site

The indoor firing range used in this study is located in downtown Seattle on Pier 36, at the
U.S. Coast Guard Base. It was built in 1978 and operated by the Federal Protective Services
(FPS), which provides integrated security and law enforcement services to federally owned and
leased buildings, facilities, properties and other assets. In 1994, the range was given to the U. S.
Coast Guard since FPS could not maintain lead exposure below the PEL and no funding was
available to improve the ventilation system. When transfer of ownership took place, the U.S.
Coast Guard Civil Engineering Unit (CEU) Oakland, CA was responsible for designing and
installing a new ventilation system.

After installations were complete, the range supervisor at the time was very concerned about
not having sufficient airflow to remove lead and other contaminants from the range. U. S. Coast
Guard District armory personnel and contracting representative conducted a smoke test to
determine air flow patterns within the range. It was later determined that eddies were developing
at the firing line and recirculating air back to the firing line. It was determined that one of the
two supply air vents was causing the air to form eddies at the firing line Figure 6 shows how the
indoor firing range looked like back in 1978 (Alvarez, 2014). The Safety and Environmental
Health Officer (SEHO) was asked to conduct air sampling to determine whether or not lead
exposures were above OSHA’s PEL.

Three personal breathing zone samples (3 shooters at the firing line) and one area sample (on
a table near ventilation controls) were collected for 7.5 hours. All personal samples were above
OSHA’s PEL 50 pg/m® based upon an 8-hr time weighted average. However, blood samples

were taken from the shooters were between 5-12 pg/dL (below OSHA’s medical removal
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standard of 40 pg/dL). It was recommended that a perforated wall-type of supply air system be

used. Later that year, this type of system was installed in the range.
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Figure 6 Indoor firing range design prior to perforated wall-type of supply air system
installation (Drawing by JV Alvarez).

In 2008, an escalator plate type of bullet trap with a circular deceleration chamber (Snail Type,
by Savage Range Systems, Inc.) was installed (Figure 7). Recently, the firing range supervisor
requested CEU Oakland to re-evalulate the firing range’s heat and ventilation system.

One of the issues that the range has is that the heating system, when turned on, alters the laminar

air flow; thus, the range is only operated with the heater off, which is problematic in the winter.
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Figure 7 Escalator type of bullet trap with circular deceleration chamber (Savage Range Systems,
2011).

Study Subjects

For this project, we only studied FAIs’ exposures due to the fact that they are the employees
who are on the range most frequently. To become an FAI, one must be a 2nd Class Petty
Officers (E-5s) or above (U.S. Coast Guard Active Duty or Reserve), have stellar appraisals
(evaluations), be within military weight standards, enrolled in the Occupational Medical
Surveillance Program (OMSEP), and cleared to participate in range operation duties by the
medical authority (USCG Medical Manual, COMDTINST M6000.1E). FAls are looked upon to
deliver effective weaponry qualification and instruction to military personnel. Aside from
technical skills with a variety of firearms, FAIs will have a high degree of accountability,
leadership and train-the-trainer experience. Once an FAI is designated as such by their unit, their

primary task is training.

Before taking on FAI duties, candidates are required to attend the Fire Arms Instructor

Course, which will provide students with the skills and knowledge necessary to act as an
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independent FALI in accordance with all applicable Coast Guard instructions. This training takes
place at the U. S. Coast Guard Training Center in Yorktown, VA and consists of the following;
classroom instruction, practical exercises on instructional techniques, range and weapon safety
requirements, course of fire, marksmanship skills and coaching techniques, target reading
analysis and scoring, and administrative duties. There are rigorous pre-requisites that have to be
met before U. S. Coast Guard personnel can attend the FAI course. Students must be qualified in
following minimum levels: (1) Sharpshooter - Basic Rifle Marksmanship Course (BRMC), (2)
Sharpshooter - Basic Pistol Marksmanship Course (BPMC), (3) Practical Pistol Course (PPC),
(4) Practical Rifle Course (PRC), (5) Riot Shotgun Course (RSC), and (6) Judgmental Pistol

Course (JPC) (TQC, 2013).

Duties as FAI

The most important task that the FAI has to accomplish is to assist their fellow Coast
Guardsmen in qualifying in the use of a variety of weaponry skills. As part of the Coast Guard
mission to protect U.S. coast assets, law enforcement personnel either intercontinental or abroad
must be prepared to act and qualify in the use the three types of small arms: pistol, rifle, and

shotgun.

The qualification process, however, could take weeks, even months. There are instances
where law enforcement personnel are not able to qualify in all of the required weaponry. This
situation places a heavy burden on the FAI because, depending on the unit, there must be a
predefined number of qualified law enforcement personnel. This means that for the less skilled
law enforcement personnel, the more ammunition rounds and time is spent at the range, and thus,

potentially increasing lead exposure.
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Before firing (qualification) sessions take place, FAIs are required to test all weapons to
ensure they work as designed. Additionally, they are responsible for accounting for all the
rounds spent at the firing range. They have to know what kind of bullets (i.e., leaded, unleaded,

frangible, green) and their caliber are being used at the range at all times.

As a safety and health measure, a pre-fire brief takes place within 30 minutes of the start of
the qualification process. There, FAIs discuss the rules that everyone inside the firing range
need to follow. For example, wearing hearing and eye protection, ball caps and working boots,
no smoking or eating inside the range, never point a firearm at a person, wash hands with liquid
soap after all range activities and before eating, smoking, applying cosmetics or leaving the

range, etc. (Coast Guard Range Training Handbook, 2013).

FAI or any shooters’ duties do not include cleaning inside the range, other than picking up
slugs, casings, etc. behind the firing line. As part of the USCG Base Seattle indoor firing range’s
standard operating procedure (SOP), no one is allowed to walk forward of the firing line. This
has been implemented to prevent unnecessary injury (i.e., people firing) and/or the spread of lead

dust.

Non-FAI Duties and Assignments

Being an FAI for one’s unit isn’t one’s “full-time job.” The jobs or ratings typically carried
by the FAIs are Gunner’s Mate (GM), Maritime Enforcement Specialist (ME), and Boatswain’s

Mate (BM). The work conducted by the individuals in these ratings are listed in Table 3.
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Table 3 Brief explanation of ratings in the Coast Guard designated as FAIs (Dolbow, 2010).

Rating Abbreviation Job Description

Gunner’s Mate GM Responsible for training personnel in proper
handling of weapons, ammunition, and
pyrotechnics, maintenance on all
ordnance/gunnery equipment.

Maritime Enforcement Specialist ME Maritime law enforcement, anti-terrorism,
force protection, port security and safety, and
unit-level training in these fields.

Boatswain’s Mate BM In charge of small boat operations, search
and rescue, aids to navigation, law
enforcement and security operations.

Ammunition Used at the Coast Guard Firing Range
A bullet typically consists of a casing, primer, propellant, and projectile. Bullet casings are

typically made of brass and contain a propellant and a primer. The propellant provides the
expanding gas that propels the projectile and is typically a mixture of nitrocellulose and
nitroglycerin. The propellant is ignited by a primer (explosive), which commonly contain shock
sensitive metallic salts and metallic nitrate compounds such as fulminates of lead (lead
staphynate or lead peroxide) (Fischbein, 1979; Navy, 2002; USCG, 2012). These materials may
be a source of lead dust and fume generation in the ranges during weapons firing. Lead can also
be generated when the projectile fragments travels through the barrel and rifling. The projectile
is usually a dense material such as lead and may or may not be jacketed with a copper- zinc
alloy. Non-jacketed bullets are projectiles that are completely exposed, while partially and fully
jacketed bullets have portions of the projectile exposed. Higher airborne concentrations of lead
are typically found as the exposed area of lead projectiles increase (Fischbein, 1979; Navy, 2002;

USCG, 2012). Additionally, fragmentation as a result of bullets impacting the target or backstop
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(bullet trap) may contribute to the general air lead concentration in the firing range (Valway,
1989). The anatomy of a common bullet and how it operates as a cartridge-based ammunition is
shown below on Figure 8. “The cartridge partially seals the firing chamber of the weapon. On
firing, a pin strikes the primer at the base of the cartridge (1) and ignites it. This ignites the
powder, which burns rapidly and generates expanding gases. The gases are forced down the
length of the barrel, pushing the bullet in front of them (2) and eventually out of the barrel (3).
Simultaneously, the cartridge case expands, thereby completing the firing chamber seal. The
momentum imparted by the process propels the bullet but there is no process within the bullet
that sustains movement. As a consequence, the bullet begins to lose velocity shortly after it

leaves the barrel” (Bevan, 2006).
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Figure 8 A self-contained cartridge and the process of firing the bullet out of a weapons’s barrel
(Bevan, 2006).

Ammunition Study Review

There are various studies that have shown a strong association between standard lead

ammunition, airborne lead, and BLLs in shooters and instructors at indoor and outdoor ranges.
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A study was conducted using 3 different types of standard lead ammunition (0.38 caliber, 148
grain, and semi-wadcutter bullets) and 2 different types of unleaded ammunition (copper-
jacketed and nylon jacketed bullets). Using a personal air sampling pump attached to a shooter’s
lapel, all types of bullets were fired in an indoor range at a set rate and duration. The results of
the study showed a reduction of air lead exposure using copper-jacketed and nylon jacketed
bullets (factors of 28 and 9, respectively) compared to the other conventional bullets (Fischbein,

1980).

In another study, to assess the effect of using jacketed ammunition, civilian firearm instructors
used three different types of ammunition: Leaded bullets, nylon-coated bullets, and copper-
jacketed bullets. Each test timeframe required the firearm instructors to fire 60 rounds over
approximately 10 minutes. First, copper-jacketed ammunition was used; second, nylon-coated
ammunition and third, leaded ammunition. Results of the study clearly showed a substantial
reduction in airborne lead when jacketed bullets were used; even more so if using copper-

jacketed bullets (97% decrease) (Valway, 1989).

Weaponry Used at the Coast Guard Firing Range

The U.S. Coast Guard commonly uses three types of small arms for weaponry training: The
Sig Sauer P229 DAK pistol, the M-16 A2 rifle, and the Remington 870 shotgun. The Sig Sauer
is a short recoil, semi-automatic, magazine-fed, recoil-operated, double-action pistol, with an
intermediate trigger, reset point, chambered for the .40 caliber S & W (Smith & Wesson)
cartridge. Each trigger pull cocks and releases the hammer to fire the pistol from the first to the

last round (Coast Guard Range Training Handbook, 2013). The most commonly seen
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ammunition used for the Sig Sauer pistol were DWGX (.40 caliber full metal jacket) and
DWGW (.40 caliber full metal jacketed hollow point).

The M16 A2 rifle is lighweight, gas-operated (facilitates motion for loading/extracting of the
spent case, ejection, cocking of the hammer or striker, chambering of a fresh cartridge, and
locking of the action), magazine-fed, shoulder-fired weapon with the capacity to fire either in
semiautomatic, burst fire, or fully automatic by simply pressing a selector lever (Coast Guard
Range Training Handbook, 2013). The most commonly seen ammunition used for the M16 rifle
were A059 (5.56 mm 62 grain lead core, full metal jacket) and A071 (5.56 mm 553 ball, full
metal jacket).

The M870 Remington shotgun is manually-operated, action-pumped, shoulder-fired weapon
with a parkerized metal finish. This shotgun has a synthetic stock and fore-end with a pistol
grip. It has a 14-inch barrel with a tritium front bead sight and fitted with cylinder choke tube to
increase accuracy when firing 00 Buck ammunition (leaded shot) (Coast Guard Range Training
Handbook, 2013). The most commonly seen ammunition used for the Remington shotgun were

A011 (leaded 00 Buck shot) and A023 (12 gauge leaded slug).

Materials and Analytical Methods

Study Design
Two Institutional Review Board (IRB) entities, the University of Washington’s Human
Subjects Division (HSD) and the U. S. Coast Guard Headquarters’ Command (CG-113) Office

reviewed and approved our study before we begin gathering data (Appendix A and B,

respectively).
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Nine subjects (FAISs) were recruited for a 4-week long study inside the USCG Base Seattle’s
indoor firing range, their normal work setting, to determine whether or not their duties placed
them at risk of overexposure to lead. After consenting to the study, whole blood was collected
from all subjects at the beginning and at the end of the study to determine whether or not a
change in blood lead levels (BLLs) had occurred throughout the study period. Additionally, a
two-year BLL history from the FAIs was requested to determine any possible trends or indicators
of overexposure to lead. After analyzing the data, BLLs were very low, indicating exposures
lower than the action level of 30 pg/dL (as high as 11.4 pg/dL; as low as 1.5 pg/dL); thus, the
BLL history was not included in the study.

Three questionnaires (one demographical/one occupational before and after the study) were
issued to obtain work-related information (i.e., number of rounds used), hygiene practices (wash
hands before eating or drinking) and extra-curricular activity (i.e., consume game) information to
determine any other potential sources of lead exposure. To test whether or not the ventilation
system was performing to specification, the system was assessed before and after the study.
Personal air lead exposures were measured for the FAIs between 2-4 times (depending on
availability) throughout the study while they oversaw weaponry qualification. Shooting logs
were also retrieved and analyzed to determine whether or not the type of ammunition (i.e.,
leaded, jacketed) was correlated with either BLL or airborne lead exposure.

To verify the effectiveness of two different range cleaning practices (weekly and monthly),
surface wipe samples of lead dust before and after cleaning were collected from the floor of the

firing range (Figure 9 and 10).
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$
Side by Side Ghost Wipe Samples of
Pre/Post Cleaning

Figure 9 (left) and Figure 10 (right). Surface wipe sampling scheme (By GA Croteau). On the
left (Figure 9), the diagram represents the 10 x 10 cm template used to take 2 sets of pairs (pre-
cleaning and post-cleaning) collected each time weekly or monthly cleaning took place. On the
right (Figure 10), the two regions (noted in red tape) consisting of 5 quadrants where samples
were taken. The first region was located 5 feet south from the firing line; the second was located
5.6 feet from the firing line. The blue taped regions near the firing line were used for a different
experiment.

Study Subjects
FAIs based in the Seattle, Oregon, and surrounding units during the study period were the

potential population for this study. Because the size of this population was constantly changing,
it is impossible to fully quantify the number of FAIs available for the study. A total of 53 FAIs
were asked to participate in the study and 9 (17%) agreed to participate; 41 (77%) of them were
deployed to an undisclosed location, 2 (4%) of them could’ve started the process but were
scheduled to leave the state of Washington in the middle of the study, and 2 (4%) of them did not
want to participate due to personal reasons. All participants completed all aspects of the study in
full. After verbally agreeing to participate in the study, the FAI were given; informed consent
forms to read and sign (Appendix C), a demographic questionnaire (Appendix E), and a pre-
firing work and hygiene practices questionnaire (Appendix F). Additionally, to review pertinent

medical history, subjects were required to fill out a HIPAA authorization form (Appendix D).
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All forms were given and collected in person and stored in a locked cabinet at the University of
Washington. Figure 11 shows how the information for the FAIs was captured starting at the
consent phase to the end of the study. The pre-firing work and hygiene practices questionnaire
was issued to determine any potential determinants of lead exposure, such as smoking in the
range, welding lead-containing scrap metal, making bullets or fishing sinkers, etc. An identical

questionnaire was also given post-firing to determine whether any of the factors had changed.

Ventilation Assessment
There are three main test procedures commonly used to evaluate the operation of ventilation

systems used to control lead expsoures at indoor firing ranges; a smoke test, air velocity
measurements, and a negative pressure test (Navy, 2002). A “smoke test” uses a smoke tube,
smoke candle, or smoke (fogging) machine to observe air flow patterns. Laminar flow at the
firing line is the ideal. A Rosco® 1500 (Rosco Laboratories Inc.) theatrical fog machine was
used as per manufacturer’s instructions for this purpose. Prior to starting the test, the ventilation
system was turned on for approximately 30 minutes. Smoke was released in all firing lanes
simulating each firing positions (prone, kneeling, standing) in two instances; with a person
present and without a person present. Observations of smoke (airflow) patterns were done

during normal ventilation operations throughout the firing range (Figure 12).
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How of eventsfor the Characterization of Lead Exposures at a Coast Guard Hring Range study
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ventilation system

Post-monitoring
guestionnaire

Figure 11 Flow of events for the Characterization of Lead Exposure at a Coast Guard Firing
Range Study (Diagram by MA Cohen).
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Figure 12 A Rosco® 1500 smoke machine. Smoke was released in all firing lanes simulating
each firing positions (prone, kneeling, standing) to observe airflow patterns during normal
ventilation operations throughout the firing range (Photos by MA Torres).

49



The next atribute of the ventilation assessment was to take air velocity measurements at the
firing line. According to the U.S. Occupational Safety and Health Administration (OSHA),
which has jurisdition over the Coast Guard, whenever a ventilation system is employed as a
measure of exposure control for lead, measures like capture velocity, duct velocity, or static
pressure should be conducted every 3 months (OSHA, 1993). A VelociCalc® Multi-Function
Ventilation Meter 9565 (heated element anemometer) was used to measure the air velocity at each
of the three firing positions in all four firing lanes. At each firing location, a nine-point grid was used
to take measurements and the measurements averaged for that firing position (Figure 13). Lastly, a
pressure differential evaluation was conducted in order to test whether or not air contaminants
generated in the space would be carried out of the range or contained in the range. A TSI Model
8705 DP-Calc™ Micromanometer was used to check pressure differential at the entrance door to
the range. Additionally, with the use of a fog machine, air flow patterns were witnessed at the

entrance to the range.
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Figure 13 Cross-sectional view of four lanes each with nine air velocity measurement grid areas

representative of all firing positions (standing, kneeling, and prone) (Navy, 2002).

Blood Sampling

Blood samples from all subjects were collected on two different occasions: one before the
subjects’ first firing session and one at the end of the study. Certified phlebotomists from the
U.S. Coast Guard Medical Clinic in Seattle, WA were charged with the collection of all blood
draws. A 1-3 mL sample was drawn from the FAI’s anticubital region on either right or left arm,

depending on the accessibility of the vein.
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Air Sampling Methods

Air samples were collected in accordance with NIOSH Method #7082. Air sampling pumps
(SKC Inc., XR5000) were calibrated using a DryCal air flow meter (Bios, Defender 520) for
both personal and area samples prior to and after monitoring. Pumps were fully charged prior to
calibration. The sampling train consisted of an air sampling pump calibrated to approximately 2
liters per minute (Ipm), ¥% inch ID Tygon tubing, a 37 mm, 0.8 um pore sized, mixed cellulose
ester (MCE) filters in a closed faced polystyrene cassettes. Prior to personal air sampling, we
explained to the subjects the purpose of why we were sampling and if they had any questions

regarding the study or the equipment.

A pump was attached to each FAI’s belt and the cassette assembly attached the FAI’s collar.
The position of the cassette assembly was placed within 1 foot from the FAI’s head (nose and
mouth). Figure 14a and b shows how the sampling train is set up on two FAIs. Three pumps
were used for area sampling; in lanes #2 and #3 at the standing firing position (5 feet) and
outside of the firing range, but still indoors. The two in-range area samples were used to
estimate the shooter’s exposures and the sample collected outside of the range used to determine
whether lead was migrating out of the range. Figures 15a, 15b, and 16a show the locations

where the area samples were collected.
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Figures 14a and b FAIs wearing personal air sampling pumps. (a), an MCE filter with a cassette
holder is attached with a clip into the FAI’s lapel. (b), an FAI has the air sampling pump
attached with a clip on his belt.

Figure 15a and b Area sampling pumps. On the left, one area sampling pump is located
approximately 5 feet from the range’s door at a height of 5 feet from the ground. On the right,
two area sampling pumps; one placed in firing lane #2 and the other at firing lane #3 (both at a
height of 5 feet).
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As a quality control check, for every 10 MCE filters used, an additional one was taken to the
field and used as a field blank. These filters were handled and analyzed identically to the sample

filters.

Wipe Sampling Methods

Surface wipe sampling helped us determine the efficacy of weekly and more indepth monthly
cleaning for lead removal inside the firing range. Surface wipe samples were collected using
GhostWipes™ (Environmental Express®) over a 10 cm x 10 cm area using a template, in
accordance with the modified NIOSH Method #9100. Wiping the surface was done with firm
pressure, using “S” strokes, covering the entire surface (edge to edge) twice horizontally and
once vertically at five locations behind the firing line both before and after the cleaning. Each
sample was collected as a pair of collocated duplicates (Figure 9) to help determine the spatial
homogeneity of lead on the surfaces. The collocated pairs were placed next to each other. The
pre- and post-cleaning samples were also located adjacent to each other (Figure 10). The weekly
cleaning was typically conducted on the first through third Fridays of the month and the monthly
cleaning conducted on the fourth Friday of the month. Tape was used to identify sampling
locations so the post samples could be collected from the correct location. After each week’s
wipe sampling, the location was changed. Some samples were also collected outside of the

range to determine whether lead was being tracked out of the facility.

In order to prevent cross-contamination, a new set of nitrile gloves were used every time to

collect dust from horizontal surfaces inside the square template and the template cleaned

54



between samples. Wipes were placed into plastic collection bags, labeled, and sent to the UW’s
AIHA accredited Environmental Health lab for analysis. As a control measure, one field blank
was collected each day wipe sampling was conducted. Figure 16b shows one of the researchers

taking wipe samples from the floor inside the firing range.

Figure 16a and b UW researcher at work. On the left, researcher setting up area
sampling pump at firing lane #2. On the right, researcher taking surface wipe

samples from the floor inside the firing range (Photos by MA Torres).
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Study Observations
All FAIs were randomly observed each time they went in and out of the range. It is not

customary to have individuals (other than the trainees and FAISs) inside the range for

observational purposes. Figure 16 and 17 show FAIs observing/instructing shooters in the range.

Figures 16 and 17 FALI in action (Photo by MA Torres). On the left (Figure 16), FAI is
instructing shooters on how to properly fire and qualify for the M-16 rifle. On the right (Figure
17), FAI is observing the firing techniques he just taught to the shooters.

Sample Analysis

Blood lead levels were strictly handled (collected, labeled, and processed) by the U.S. Coast
Guard Medical Clinic laboratory personnel. A contracted third party laboratory, Quest

Diagnostics®, was in charge of picking up the specimens for analysis. BLLs were analyzed
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using atomic absorption spectrometry (AAS). Results were given to the Coast Guard clinic who

forwarded them to us.

Air and Wipe Sample Analysis

After collection, filters and wipes were processed at the University of Washington’s AIHA
accredited Environmental Health Laboratory. Filters were digested using microwave digestion
with concentrated nitric and hydrochloric acids (EHLSOP-11). Samples were analyzed using
inductively coupled plasma mass spectroscopy (ICP-MS EHLSOP-07). The metals analyzed
were antimony (Sb), copper (Cu), selenium (Se), tin (Sn), zinc (Zn), and lead (Pb) because they
are commonly found associated with lead and jacketed ammunition; however, we will only
report results for lead (Pb).

After MCE filters and Ghost Wipes™ were analyzed, several results were found to be below the
limit of detection (LOD) for lead of 0.02 pg/sample. To handle these censored data, we replaced
the values reported as less than the LOD with LOD divided by the square root of 2 (Succop,

2004; Croghan, 2003).

Results

Ventilation Assessment
Smoke from the smoke test was observed to move down range with relatively little turbulence.
However, turbulence was observed at an overhead area near a “can” light fixture approximately

6 to 8 inches from the #2 firing lane. This finding did not alter the result that the range has good,

non-turbulent flow, but raised questions about air flow from the drop ceiling.
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The pressure differential test found the range negative with respect to the outer area by 0.499” of
H>0O. Both negative pressure and smoke tests were considered satisfactory.

We assessed the range’s ventilation system at the beginning (Pre) and at the end of the study
(Post) to verify that the conditions in all 4 firing lanes at the 5 ft, 3 ft, and 1 ft heights were
maintained. Results are shown in Table 4. According to NIOSH, an indoor firing range should
have air velocities at the firing line of between 50-75 fpm (Anania, 1975). Our results show that
all 4 firing lanes were above 50 fpm. Interestingly, firing lane #1, which is the closest to the only
entrance to the range, generally showed a higher average air velocity measurement compared to
the farthest firing lane (#4). This phenomenon may possibly be the result of a design flaw in the
ventilation system of the range; eddies or turbulence (as in Figure 2) in firing lane #1 may form.
The air flow within the four firing lanes should be very similar; here, we saw a lot of variability

between lanes.

Demographic and Pre/Post Questionnaire Information

Demaographic descriptors of our study population are shown in Table 5. The typical FAI was a
Gunner’s Mate First Class, between 31-40 years old, and extensively experienced (5-9 years as
an FAI). Other rates, like Maritime Enforcement Specialists (MEs), can be assigned as FAIs;
however, they have to be at least E-5 in pay grade. E-5s are considered non-commissioned
officers (NCOs), and called “petty officers”. Onboard a “cutter” or a Coast Guard vessel 65 ft in
length or longer, when an E-5 reaches the next pay grade (E-6 or First Class Petty Officer) he or
she becomes part of leadership group: The First Class Mess. This group is mentored by the
Chief Petty Officer (CPO) Mess, the highest enlisted rank system composed of E-7 through E-9
pay grades [i.e., E-7 (Chief Petty Officer), E-8 (Senior Chief Petty Officer), and E-9 (Master

Chief Petty Officer)] (Dolbow, 2010).
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Table 4 Pre/Post Ventilation Assessment.

Lane

(each measurement is an average of 9 measurements in ft/min)

PRE Avg (std)
Position |1 2 3 4
Standing | 110.2 (14.6) 78.2(19.3) |70.5(15.6) 54 (11.9)
Kneeling | 80.4 (15.1) 86.2 (8.8) 66.2 (16.5) 60.2 (16.3)
Prone 69.3 (29.8) 82.7 (17.2) 86.5 (5.9) 60.7 (11.5)
Lane
(each measurement is an average of 9 measurements in ft/min)
POST Avg (std)
Position | 1 2 3 4
Standing | 92 (13.1) 63 (7.9) 68 (4.9) 55.7 (7.9)
Kneeling | 103.1 (9.7) 74.4 (175) |70.7 (8.0) 56.1 (11.1)
Prone | 111.1(6.3) 99.8 (9.4) 82.6 (10.0) 57 (9.7)
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Table 5 Demographic information on subjects with duties as FAISs.

Variable N | %
Age (YTrs)

25-30 2 |22
31-35 3 |33
36-40 3 |33
>40 1 |11
Gender

Male 9 |100
Ethnicity

White 9 |100
Country of Birth

UsS 9 |100
Rank

CPO (E-7) 2 |22
PO1 (E-6) 6 |67
PO2 (E-5) 1 |11
Rate (job position) tasked with FAI duties

Gunner's Mate (GM) 7 |78
Maritime Enforcement Specialist (ME) 2 |22
FAI activities

Administrative 3 |33
Training 9 |100
Supervisory 3 |33
Law Enforcement 2 |22
Maintenance 1 |11
Total experience as FAI (Yrs)

0-3 years 2 |22
3-5 years 2 |22
5-9 years 4 |44
>10 years 1 |11
Time working as an FAI at the USCG firing range (days)

Once a month 2 |22
2-3 times per month 7 |78

Table 6 shows pre/post monitoring exposure determinants gathered from the FAIs. Nearly all
used jacketed ammunition and approximately half of the FAIs used standard lead ammunition at
the Coast Guard range at some point in time. Two-thirds of the FAIs consumed tap water on the

base that is potentially contaminated with lead, and half were involved in home car maintenance.
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Before subjects entered the study, FAIs spent an average of 8 hours/month with an average of

1239 rounds fired at the CG range; conversely, at the end of the study FAIs spent an average of

53 hours/month with an average of 370 rounds fired at the CG range.

Table 6 Occupational/non-occupational exposure determinants from FAIs.

Exposure sources of interest (Pre/Post Monitoring Number % Number %
Questionnaires) (Pre) (Post)
Cutting or burning iron work with a torch 1 11 0 0
Cleanup of leaded material 2 22 1 11
Ammunition manufacturer 0 0 1 11
Making bullets or shot 1 11 1 11
Average hours spent last month at the CG range 8 |- S
Average hours spent last month at the other range(s) 5 | e A
Average number of bullets fired at the CG range 1239 | - 3710 | -
Types of bullets fired (multiple responses is
acceptable)
Standard lead 5 55 5 55
Full metal jacket 9 100 8 88
Frangible 2 22 2 22
Green 0 0 0 0
Drinking water from buildings with possible traces of 9 90 7 77
Frequency of drinking water with possible traces of
lead
Multiple times a day 4 44 6 66
Once a day 3 33 0 0
Once a week 0 0 0 0
Once a month 0 0 0 0
> Once a month 1 11 0 0
Do not drink water on base 1 11 2 22
Home or other building renovation 1 11 0 0
Home car maintenance 5 55 5 55
Do you hunt for game? 2 22 2 22
Do you eat you eat your game? 2 22 2 22
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Table 7 presents summary statistics for the BLLs, where the difference is defined by subtracting
the pre-monitoring BLL from the post-monitoring BLL. It can be seen that BLLs are relatively
variable between subjects. In 4 subjects (45%), BLLs decreased from baseline (Pre-BLL). The
rest of the subjects’ (55%), BLLs increased but slightly, almost unrecognizable, more than 20

times lower than OSHA’s medical removal level of 40 pg/dL.

We conducted a paired t-test to verify whether or not there is a statistically significant difference
between post and pre BLLs. Our results showed that difference between post and pre BLLs (A)
was p>0.05; not statistically significant. Figure 18 shows the differences in Pre and Post BLLs
per each FAI. The variability between subjects is probably dependent upon many factors. To
name a few: individual metabolism, personal hygiene (i.e., washing hands before placing them
into the mouth), or time spent at the range. “Sometimes workers with a high exposure to
airborne lead appear to have only moderate PbB-levels, whereas workers with a low exposure

may have relatively high PbB-levels” (Williams, 1975).

Table 7 Summary of Blood Lead Concentrations (pg/dL).

Statistic Pre-BLL | Post-BLL | Post-Pre BLL
Average 2.4 2.3 2.4
Standard Deviation | 1.6 1.2 1.4
Minimum 0.9 0.9 0.9
Maximum 5.6 4.6 51
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Figure 18 Differences in Pre and Post BLLs per each FAL.

Before and after BLLs were platted against one another, including a symmetry (1:1) line, as
shown in Figure 19. Symbols above the symmetry (1:1) line have higher post BLLs and values

observed below the symmetry (1:1) line have higher pre BLLs.
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Figure 19 FAI Post vs. Pre BLLs Scatterplot.

Table 8 lists a summary of PbA personal exposures throughout the study. Figure 20 shows the
PbA exposures by FAI which displays the variability of the levels by person and time. For the
most part, exposures were relatively low, well below OSHA’s action level of 25 pg/m®.0One
subject (#10), however, had a PbA exposure of 20.5 pg/m3. We believe that this result was
isolated given the fact that the subject’s average BLL was 2.1 pg/dL, more than 20 times below
OSHA'’s medical removal level of 40 pg/dL. We were not able to attribute the high exposure to

any observations or other factors.

64



It should be noted that the collection of PBZ samples was not equally distributed among subjects,

because FAI’s had between 2 and 4 samples collected. It all was dependent upon subject

availability. Regardless of this fact, on average the PbA concentrations were very low, also more

than 20 times below OSHA’s standard of 50 pg/m?®.

Table 8 Summary of Air Lead Exposures (2-4 samples per FAI).

Exposures (ug/m?)

FAI Average (ug/m®) | Maximum | Minimum Range Number
2 0.3 0.4 0.2 0.2 3
4 1.3 2.0 0.6 1.4 3
6 0.3 0.3 0.2 0.1 2
8 0.2 0.35 0.04 0.31 4
10 10.3 20.5 0.07 19.8 2
12 4.3 7.8 0.8 7.0 2
14 6.7 8.5 4.9 3.6 2
16 0.7 2.0 0.3 1.7 4
18 0.2 0.2 0.1 0.1 3
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Figure 20 PbA Concentration vs. FAI # Scatterplot.

PbA vs. Total Full Metal Jacket (FM])/Leaded Rounds

Table 9 shows a summary of ammunition used (full metal jacket (FMJ) and lead rounds) that

subjects were exposed to while they were conducting weaponry training with military personnel.
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Table 9 Summary of Ammunition Rounds Exposed to During Training Sessions: Full
Metal Jacket (FMJ) and Lead.

FMJ Rounds Lead Rounds

FAI Avg. SD Max Min Avg. SD Max Min
2 1190 114 1285 1064 0 0 0 0
4 1190 114 1285 1064 0 0 0 0
6 632 484 974 290 38 53 75 0
8 824 661 1658 265 123 138 290 0
10 685 296 894 475 40 0 40 40
12 3600 877 4200 2980 0 0 0 0
14 685 296 894 475 40 40 40 40
16 920 217 1210 710 70 97 205 0
18 806 707 1322 0 54 37 94 20

To test the hypothesis that the type and number of rounds fired while on the range can influence
the air lead exposure (hypothesis #2), we plotted graphs to investigate these relationships.
Figures 21 and 22 show the relationship between air lead exposures and rounds fired [Lead
rounds (shotgun) and full metal jacket (FMJ), respectively]; each data point represents the
number of rounds (lead or FMJ) expended at the range per FAI air monitoring session. As it can
be seen, there is no association between the type or number of rounds fired and air exposures.
However, subjects #10 and #14 had PbA exposures of 20.5 pug/m? and 8.5 pg/m?, respectively.

We believe that, although it is not common for FAIs to personally fire rounds, in this particular
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air monitoring session, both FAIs did fire several rounds. There are several instances where
FAls personally fire rounds: To maintain weaponry qualifications or when weapons jammed or
a shooter had issues with handling weapons. FAIs mainly observe and instruct shooters during

weaponry qualifications.
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Figure 21 PbA Concentration vs. Total Lead Rounds Scatterplot.
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PbA Concentrations vs. Total Full Metal Jacket (FMJ) Rounds
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Figure 22 PbA Concentrations vs. Total Full Metal Jacket (FMJ) Rounds Scatterplot.

A BLLs vs. Average PbA Concentration
To evaluate whether there was a relationship between air and blood leads (hypothesis #1), we

plotted the A BLLs and the average PbA of FAIs (Figure 23). However, some of the average
PbA concentrations were in a slight cluster. So, to spread the data more uniformly we log-
transformed them. Figure 24 shows the log-transformed data. After regressing the data, we
determined that there was no relationship (p>0.05) between A BLLs and average PbA

concentrations.
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Figure 24 A BLLs vs. Avg. LN PbA Concentrations Scatterplot.

A BLLs vs. Total Lead/Full Metal Jacket (FM]) Rounds
To test the hypothesis that the type and number of rounds fired while on the range can influence

the blood lead level (hypothesis #3), we plotted graphs to investigate these relationships (Figures
25 and 26). Again, it can be seen that there is no association between A BLLs and the type or

number of rounds.
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Figure 25 A BLLs vs. Total Lead Rounds Scatterplot.
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Figure 26 A BLLs vs. Total Full Metal Jacket (FMJ) Rounds Scatterplot.

Post vs. Pre Surface Wipe Sampling

Wipe sampling was conducted to evaluate the effectiveness of weekly and monthly cleaning
protocols. Weekly cleaning is generally done the first three Fridays of the month and involves
the retrieval of ammunition casings/slugs with a dry squeegee, the use of a HEPA vacuum
cleaner, and “tidying up the place” for users the following week. Monthly cleaning is generally
conducted on the last Friday of the month and covers the same as the weekly cleaning, but adds

the cleaning of the bullet trap and mopping the floor of the range. The workers conducting both
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the weekly and monthly cleaning wear full Tyvek suits, gloves, safety glasses, and half-mask

respirator with a P100 HEPA filters.

In order to evaluate the two cleaning practices, we first evaluated the homogeneity of the surface
contamination. Sixty side-by-side paired surface wipe samples (30 weekly, 30 monthly) were
taken from the floor of the indoor firing range over a 4-month period. The pairs were evaluated
using a paired t-test. No statistical differences were found between the side-by-side samples (p
>0.05). This allowed us to compare the pre-and post-cleaning samples and assume that they

would be similar if cleaning hadn’t taken place.

To evaluate both cleaning methods statistically, we used paired t-tests to measure the post- to
pre-cleaning differences for both weekly and monthly cleaning practices, where negative values
indicate that cleaning removed lead. Statistically significant differences were found for both,
weekly and monthly cleaning procedures (p<0.012 and p<0.016, respectively). Interestingly, the
weekly cleaning had lower surface concentrations after cleaning than before cleaning (Table 10
and Figure 27), while the monthly cleaning had higher concentrations after cleaning than before

(Table 10 and Figure 28).

Figures 27 and 28 show how surface lead concentrations increased over time, which is indicative
of poor cleaning practices. Then, we compared weekly from monthly data to determine which
cleaning practice is better than the other. Figure 28 shows that during the first month of
sampling, the cleaning maintains low a level of surface lead; however, the surface lead on the
second month almost doubles after cleaning and increasing gradually on the third month. This
finding indicates that the monthly cleaning procedure is not eliminating the surface lead but

rather spreading it around the firing range floor. Figure 27shows that weekly cleaning, although
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not eliminating surface lead completely, allows the level of surface lead to increase slightly over
time. Although weekly cleaning seems to be removing surface lead better than monthly
cleaning, it’s still not reducing the quantity over time. Like shown with BLLs, another
comparison between surface lead concentrations before and after cleaning is by plotting all the
values including a symmetry (1:1) line. Figures 29 and 30 show post vs. pre lead surface wipe
concentrations for weekly and monthly cleaning practices, respectively. Values observed above
the symmetry (1:1) line are post lead surface concentrations and values observed below the
symmetry (1:1) line are pre lead surface concentrations. We can observe that most of the weekly
data (Figure 29) falls below the symmetry (1:1) line. On the contrary, most of the monthly data
(Figure 30) falls above the symmetry (1:1) line; a clear indication that monthly cleaning is less
efficient than weekly cleaning. Additionally, when the differences were investigated by cleaning
procedure and date (Figures 31 and 32), we find that on one day, the weekly cleaning procedure
reduced the lead level in a statistically significant manner, whereas the monthly cleaning

procedure increased the lead level on two of the days in a significant manner.
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Table 10 Pre/Post Ave. and Delta (A) Surface Wipe Concentrations (1a/100 cm?).

Average Pre- | Average Post Average

Date Cleaning protocol | cleaning (SD) | Cleaning (SD) Delta (SD)
1/24/14 Weekly 0.40 (0.13) | 0.42 (0.15) .006 (0.13)
2/14/14 Weekly 0.64 (0.15) 0.30 (0.07) -0.34 (0.18)
2/28/14 Weekly 0.70 (0.31) | 0.45 (0.09) -0.23 (0.27)

Overall Weekly 0.58 (0.16) 0.39 (0.08) -0.19 (0.18)
1/31/14 Monthly 0.28 (0.05) | 0.44 (0.06) 0.17 (0.07)
2/21/14 Monthly 0.73(0.51) | 1.44(0.32) 0.76 (0.57)
4/4/14 Monthly 1.01(0.89) | 2.35(1.07) 1.35 (1.62)

Overall Monthly | 0.67 (0.37) | 1.41 (0.78) 0.76 (0.59)
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Figure 27 Weekly Surface Wipe Sampling vs. Date Scatterplot.
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Monthly Surface Wipe Sampling vs. Date
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Figure 28 Monthly Surface Wipe Sampling vs. Date Scatterplot.
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Weekly Post vs. Pre Surface Wipe Sampling
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Monthly Post vs. Pre Surface Wipe Sampling
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Average difference in post— minus pre—wipe
lead levels, by date, for weekly cleanings. Both average
differences and 95% confidence intervals are shown.
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Figure 31 Avg. Difference (A) in Weekly Surface Wipe Sampling vs. Date (Figure by S Bergen).
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Average difference in post—- minus pre-wipe
lead levels, by date, for monthly cleanings. Both average
differences and 95% confidence intervals are shown.
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Figure 32 Avg. Difference (A) in Monthly Surface Wipe Sampling vs. Date (Figure by S
Bergen).

Quality Control
Several procedures of quality control were utilized throughout the study to identify potential

issues with the data collected at the firing range (MCE filters and Ghost Wipes™). Field blank
Ghost Wipes were found to be almost negligible in lead content (highest concentration was 0.03

1g/100 cm?). Field blank MCE filters were almost negligible for lead content. The highest
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concentration for personal air sampling was 0.07 pg/m3and for surface wipe sampling was 0.03
1g/100 cm?. Thus, the values were within 5 % of air sampling and surface wipe sampling’s limit
of detection (0.03 pg/m®and 1 pg/100 cm?, respectively).

The laboratory spiked both MCE filters and Ghost Wipes™ and found recovery rates at 104.3%

and 99.1%, respectively.

Discussion

Biomonitoring Outcomes

Blood lead levels (BLLs) measured for all nine subjects were within normal limits. The highest
average BLL was 2.4 pg/dL, which is 20 times lower than OSHA’s standard of 40 pg/dL.
Although the rate of elimination of lead from the body is variable, depending on the individual’s
metabolism, age, diet, etc., our study shows that the lead exposure generated at the indoor firing
range does not seem to be a threat to the health of the FAIs. The combination of controls, using
copper jacketed bullets instead of lead (substitution) and a well-functioning ventilation system
(engineering control) kept blood lead levels relatively low. Gulson et al., (2002) agreed with this
finding and suggested that to reduce the uptake of lead even further, non-lead primers should be
used. However, as mentioned previously, studies have shown that low BLLs can dramatically
affect glomerular and tubular renal function (Rossi, 2008). That is why the already established
annual medical monitoring program (i.e., OMSEP) needs to be consistent and closely followed

for FAIs and other personnel.
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Airborne Lead Exposures

Air samples from personal breathing zones (PBZs) from all nine subjects were within normal
limits. The highest average air lead exposure was 10.5 pg/m?3, which is 5 times lower than
OSHA'’s standard of 50 pg/m3. Although there are many variables that could influence FAIs
exposure to lead (i.e., type of ammunition, number of rounds fired, personal hygiene practices),
our study showed that the lead exposure generated in the indoor firing range did not greatly
impact the airborne lead exposures of the FAIs. Again, a combination of controls, using copper
jacketed bullets instead of lead (substitution) and a well-functioning ventilation system

(engineering control) kept airborne lead exposures low.
Relationships Between Variables

Our study could not find any relationships between airborne lead and BLLs, ammunition (lead or
full metal jacket), or FAI activity (work-related or extracurricular). Likewise, no relationship

was drawn between BLLs and type of ammunition or FAI personal activity.

It is very important to reiterate our findings with subjects #10 and #14 (Figures 21 and 22) which
yielded airborne lead exposures of 20.5 pg/m?® and 8.5 pg/m?, respectively. After interviewing
the FAIs regarding this event, it was established that they fired weapons during the session,
though it is not a common practice due to internal accountability issues. Although our 4-week
study could not find any relationship between airborne lead and BLLs, ammunition or FAI
activity, it may not necessarily represent the exposure that could occur over a longer period of
time (i.e., six months, 12 months, or 18 months).

Valway et al., (1989) assessed the effect of using jacketed ammunition instead of leaded

bullets, by having shooters fire 60 rounds in approximately 10 minutes. The types of bullets
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used were copper-jacketed bullets, nylon-clad bullets and leaded bullets. Although the results of
air sampling showed 97% reduction using copper-jacketed bullets, the minimal airborne lead
exposure in this part of Valway’s study was 27.8 pg/m? (very close to OSHA’s action limit of 30
ug/m?), potentially placing the shooters at risk of lead poisoning if exposed to airborne lead over
long periods of time.

Our study did find some discrepancies with the weekly and monthly cleaning procedures that
take place inside the indoor firing range. Weekly cleaning, which is conducted by active duty
U.S. Coast Guard personnel, had lower surface concentrations after cleaning than before
cleaning. However, monthly cleaning, which is conducted by civilian contracted personnel, had
higher concentrations after cleaning than before. It is possible that the mop used to clean the
floor on a monthly basis is simply moving the lead around the floor, instead of removing it. This
allows the surface lead concentrations to accumulate as time passes. This finding is an indication

that poor monthly cleaning practices are being used inside the firing range.

Limitations
Our study has several limitations. Our goal was to recruit at least 15 subjects and we only

acquired nine. A larger sample size could have given us a better representation of the population
we were studying (i.e., FAIS.) and increase our power to demonstrate statistically significant
effects.
Another limitation was that the duration of the study was relatively short. With a longer study,
we may have been able to collect more replicate samples, which could have reduced the variance
of our measures and given us more accurate measures (Nieuwenhuijsen, 2003).

In order to get a “better picture” of what takes place in other U.S Coast Guard indoor firing

ranges, our study would have benefited with inclusion of more than one location. Possible
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variations (or differences) in the use of weaponry, ammunition, engineering controls, hygiene

practices, etc., would have been captured, compared, and new lessons learned.

Conclusions

One of our concerns driving this study was the fact that DoD budget cuts could close down
nearby federal indoor ranges and more military personnel (i.e., Navy, Army, and Air Force)
would start visiting U.S. Coast Guard Base Seattle’s indoor firing range. This could increase
lead exposures for the FAIs. So far, that concern has not been realized. However, if a
combination of controls (i.e., jacketed ammunition, properly maintained ventilation system and
an effective surface cleaning protocol) is well sustained, exposures to lead should be kept below

the AL and PEL.

In sum, our results show that a combination of controls, using copper jacketed bullets instead of
lead and a well-functioning ventilation system, can be used to keep air and blood lead levels low.
One concern was the fact that firing lane #1 yielded several high air velocities (> 100 fpm) above
NIOSH recommendations of 40-75 fpm. This could be considered a flaw in the ventilation
system’s design or maintenance and should be further investigated. Having high velocities
inside an indoor firing range could create eddies or turbulence (as in Figure 2) and possibly place
firing range users at risk for lead exposure.

Using the hierarchy of controls has enabled working personnel’s mean BLLs and airborne lead
exposure to be maintained at less than 20 times OSHA’s standards (more than 20 times below 40
pg/dL and 50 pg/m3, respectively). However, it is clear that although OSHA’s surface
contamination recommendation of 21.5 pg/100 cm? was not exceeded (highest value was 4.4

1g/100 cm?) anywhere inside the firing range, we found that the weekly cleaning procedure is
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more effective than the monthly procedure at removing lead from the floor. A more robust
cleaning procedure needs to be implemented in order to improve the removal of lead
contamination from the range. The possibility of spreading surface lead outside the firing range
via different means (i.e., lead-contaminated working boots, clothing, and hands or hair) is present
and could affect other personnel or a more sensitive population (i.e., pregnant women, children).
When interviewing the civilian cleaning crew that conducts the monthly cleaning, we
discovered that their employer does not have a “set in stone” procedure to clean the firing range.
The use of good engineering controls can be circumvented if housekeeping is lacking, as found
by Scott (Scott, 2012). Additionally, some studies mentioned that ranges’ walls, structures,
tables (i.e., classroom), chairs, partitions, and nearby classrooms should also be regularly cleaned
and have washable surfaces to improve cleaning operations (Gelberg, 2009). These were not
investigated in this study, but it is part of the U.S. Coast Guard Base Seattle indoor firing range’s

cleaning and maintenance standard operating procedure.

Future Work

During the course of this study, the noise level created outside of the firing range was
sometimes extremely loud. Future studies may investigate noise controls to reduce exposures
outside of the range. If the noise levels outside of the range were greater than 90 dBA, averaged
over an 8 hr time period, the OSHA Hearing Conservation Standard comes into play. Another
possible venue for investigation would be to further investigate the effectiveness of the cleaning
procedures. As mentioned earlier, our study showed that both weekly and monthly cleaning
procedures are not properly eliminating surface lead; it’s acumulating over time and spreading

around the indoor firing range. A possible solution would be to request a consultation with
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another hazardous materials cleaning company or OSHA to conduct an assessment of the present
procedure with thoughts to add, correct, or eliminate steps to allow for proper elimination of

surface lead.
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Appendix B - USCG IRB Approval Letter
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Appendix C - Study Participant Consent Form

I
= Eh

Higiain Slsacy, Jism

NOY 07 2013

Uw

NIVERSITY ©F WASHIKGEITH
STUDY FARTICIFATION COHEENT FPORM
CHARACTERIEING LEAD EXPCAURE AT A DOAST URRD FIRTHG RANGE

Ampsarchere:

Wzlyin A, Torrse, LT, U.5. Compk Ouard

Phone: A32-22E-2540

Martin k., Cohen. &c0, Schosl of Fublic Healch, Onlversicy of EA
Prione: 208-816-18305

Fomh 5. Saizas, Phb, Sckhool of Fublic Health, Unlversity of WA
Fhione: 3I05-a85-71R5

Michasl £. Morgan, Sch, School of Punlic Health, Undversity of HR
Fhone: 2I05-a85-3221

RESERACHER 'S STATEMERT

B are asking you ce join In a ressarch study. The purpoes of this ceonsnt
form 18 to give you the infermatian you will nead a help pou decide whether
te ba in chis study. Please read this fomm carsfully. Tou may ask guibioss
about what we will azk you s &S, cha riaka, -cthe benefits, your rights as &
wolunteer, of anything else about the ressarch or this farnm that ia Eal
clasr. When all of your questiona have besn answeresd, youa oan decide if you
Want to be in this study or oot, Thie prosess iz called *informed congent. ™
We will give you & capy of this form for wour resords; we will keep tha
arigimal as part of our records retenkicm.

FORFEE

MHilitary perecmoel as wwll a8 cther fedaral and atate agencies ars raquirsd
Ea maintain weaponkey qualifications ae part of thalr sarvice Lo oUF oOUNTEY.
Howswar, wWithout praper controls, maintenance and hygiene procedures, and
r=dical monitoring, users of firisg ranges way be expoged Co elevated levels
of aizbarne and gorface lead comtamination. The purposs of cur 12-waak- loesg
study is to evaluabe lead expoaores Eo veera of the indoor Clring range at
the O.5, Somat Suard Base in Seattls, HA. We will alsc evalusbs Eackosa bhat
affect aic lead exposuress and aubsegquant Bleod lead lewels.

FROCELCIBES

At the besinnipg of the study, each participant will £i11 out twa
guestionnaires: The £irst will gather your demsgraphic informaCion and che
mecond will &ak guestions about job tasks, your work routine, past firing
range experisnaoe, and hobbies sand other activities chat seuld alfeck yoor
sxposare Lo lead. The sscond questionmaire will be uesd again approxzimacaly
33 days lakter,

Toe first will be regarding perscaal kabita, densgraphice, past firing range
exparience, ate. The gecond, will be distributed 30 daye after the first
gaestionpaire to obtain changes (Ef apy)] ip work reocine, addicticmal job
tamks ar hobbies, and/or uomosual activities that would increase or decieans

APPROVED
NOY 07 2013

LAY Hourras Sy
117713 Aevieny Gommtien
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oscupatisnal |lead) exposure. Each gquestioonaire should take approzimakely
10 minutes T complacs.

Ap part of tha meody, wa «ill be taking approximately 10 milliliters of blood
from a vein in your arm at tuwo different times: ab Eha keginnieg of Che
mbady and the other approximately 30 days atbesr the first bloed draw. If you
sgre=, the blaocd will be drawn by certified phlebotomists from the HMedical
€linic at the 0.8, Coast Auard Base in Seattle, WA, After collecstion, the
panples will ba @ent Eo a certified comtracted laboratory for lesd analysis,

Netweas the Firat and second blood draws, weou will do your. typical wsrk as an
Fal. ®hen you are cm the range, wa woold like 0o Basire YouUr personal lead
axpoEura &t leagt once bab not more than twloe during che study. This=
emtalls wearing & snall sir sasspling posp o8 Four balt with a tubs running to
a Eileay in & small plastic cassette that woold be clippsd te your sallag.
To belp us inksrpret cur data, we =010 eallest Pour Shootipg log thab you
marmally keep for the rangs.

Wa ales ragquest permiseion to be glven yoor blood lesd levels for the
pravious cwo years if you are ln the ocoupational moniterimg susvelillaccas
evaluation program |ZMBEF] . Thie information will assist our &cudy in
deceymining possibls sxposures to lead.

Wour nams will be recorded with your demographic infermacion, Dut we will
cois the rast of the study data that you or the clinio poovides to us.  Wa
Wwill keesp the link betwsen your sane aced Bbe cods ln & separate, secaresd
lecaricn oo late=r than 01 January Z015. After that daks, ws @ill deaceoy The
lipk. If we puklish tka resuleas of thias atudy, we wlll not use your nans.
Ell personal inEormaticn will be swinkained in & confidential manmer and
mbored in lacked cabinet in a locked office.

There are some limits to this pratection, Me will welumtarily previde Cha
information $o:
« & menber of the federal government who peeds it in seder ko aocdie ar
evaluate the Tessarch; as
» individuals at che Usiversity of Washington, the U.B. Coast Buard. and
acther groups involved in the reseszch, if they need the Information Co
makes sura bha cesessch ia belng done cormectly.

BEFEFITH

Participacta in this stwdy will berefic from learniog about theirc airkarme
lead exposure and blood lead lewel during weapensy gquallflsatlon gegslons.
additisnally, che informacico gained from this scody could benefic cha U.5.
Coast Jusard in deternining iF the Indoor £iring range ls in Fact maintainiog
safa levela of alrborme lead.

THIHGS T THINE ABOUT

Wi will lab=l ywour samples and the information abosue veu with o norber, not
yoar nams. We will kesp pour mame and other informatioo that might ddentify
Yo GEparate LTOM wour papple. The record thet links the nwrksr with youar
name will ba kept by che UM repearchers.

APPROVED
KOV 07 2013

LAY Huamsa nS oy .
Hoverw Comnbiss
10774013
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fmg of the risks of allowing us to ksep the pample=s i= that informacion akous
vau might ba relsased acolfdentally.

COTHER IHFCGEMATICON

The blood samplss will be kept until it is uesd up or destroyed. Tha aanglas
will ke weed arly Far regearch. hg previpusly stated, the purposs of cur
gtudy is to evaluate lead exposurs of the indeor firing rarge; btha cesulba
may hBely improve safety protocols for rangs USers.

Bven 1f vou d=cids now that your samples can be uped for ressersh. poo cas
change your misd lacer. Jodt let us Knod THat you 30 NOEC WaNt s EO WSE your
ganple for our cessarch,

Tour name will nob ks vaed in any publiahed reporca about this study.

If yvou decide to ceade participation in che redearoh, you may do 8o &b &ny
time wikthout penalty,

IMPERTANT STEFS TO TARE IF BLOOD LEAD LEVELS KRE FCUND T BE MBRIRMAL

If ypour blocd lead lewsl is found Eo be abowve 50 ugiml, we will removs you
from the study. HWa will male sure chat ypou repelwe Io0llew up consultation
with a physician,

GUOESTICHE

It wou have questions about this research or about thie study. plesss conbact
e of tha peaaple listed on chis form. IC pou have questions about wour

rights 4 a res=arch domer, pleass contact the Universlity of Washingron Human
Subjeccs Divislon at (2061 S43-D054).

Signature of perman obtaining coneent dats

Printed mame of pereon shtainiog consant dakda

SUBJECT'S STHTEMENT

The =scudy described above has Dean axplalned To me, and I voluntarily Ccoosent
tes participate. I had the opportunity to ask questisos and understand chat
futuce guasticna [ nay Bave abasct the stedy orF about my rights ao a subject

wWlll be angwersd by ary of the University of Mpshingkton reessprchere 1isksd
sbcwa Elia Ferm.

e

Your aignacars Date
Feue ';;.rintad Tiame D= AF'F'HG."'IED
Wy 07 2013
| Human Subpce
11713 Firgms Uil
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Appendix D - HIPAA Authorization Consent Form

UNVERSITY of WASHINGTON z .
FTRITER TP e HIPAA Authorization

For iha Use of Patiarn Hesth |ndoesasion for Fomssrch
Rewanreh Tée Charncterizing load swposure at @ Coast Guerd Fiing Range HECENEL

Human Suokcs D
Lead researcher. Melvin A Tomes e —

Instituton of lead researcher. University of Washington wreian
A, Purpose of this form UW

The purposa of this form is to give your permission to e research team 10 oblain and usa your patient
health nformation. Your patient informaticn will be used to do he research named above.

State and feceral privecy laws protect your patient information. Thass laws say that, in most cases, your
healh care provider can release your dentfsbie patient information 1o the research leam anly ¥ you give
permission by sigreng this form
You do not have 1o sign this permzsion form. If you do nat, you will 5til be allowed to jon the research
Sudy. Your decsicn % not sign this parmission will not affect any other treatmant, heakh care, enrolmant
In heakth plans or abgidity for benefils,
B. The patient information that will be obtalned and used
“Patient informalicn”™ means the heath nformaticn in your medical or othar headhcare records. It slso
indudes information in your recards that can identfy you. For example, It can iInclucka your name, address,
phone number, birthdate, and madical record number.
1, Lecaon of pabient information
By signing this form you are giving parmission % the followng organizaticn{s) to disclose your patient
infarmation for this research:

& Univarsity of Washirgton, Dapariment of Ervironmental & Occupational Healh Scenos

U.S. Coast Guard Medical Clinic. Seattie, W4,

2. Patient information that wil be released for research use

This permission is for the health care provided to you during the following time period: Oclober 1, 2011
theeugh July 01, 2014

The specific infarmaton that will be refeased and used for this research is described below

3000 Lead Level Laborstory Resubs - APPROVED
COIRs -
Appeorsd u-:coa;{u ] NV 17 2613
UW Humsn Subjects

Wy
Bocmes #58 Veesn 4 On VIV Pae 1 92
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HECENED
baman Sunjecin Dhdslion

CCT 01 2013
C.  How your patient information will be used

The rescarcher will uSe your padent informaton only In theways That ane descibed in tha r&a-aarm-mr!llw
foem that you sign and as described hem:

Thee regeanch consent farm desaibes wha will have acoess o your informasion. It also describes how your
mmﬂ“lmﬂm. Wil Gan &=k queslions aboul whal Te ressanch baam wil I'.’l:I'n'il.l"lj'l:l.ll'
infoaration ard haore iy will protect it

The privacy kras da not alwerys requine the receiver of your informatian to keap your infommation
canfidential. After your informatsion has been given 1o othars, there is a risk Shat it could e shered vithoun
WOUr peErTiSSian.

0.  Expiration

This permission for the esearchers fo cbitain your patient Inleomation on July 1, 3014,

E. Cancaling your parmission

fou may change yaur mind at amy fime.  To fake back your pemmission, you must send your writian
rejuesd ja:

Martin A, Coben, Sc. 3
Liniversity of Washingion
Hiow: 154695

' 4215 Reoseveli Way NE.
Seattle, WA SEI5-AHN

I youi lake back your parmision, the reseanch feam may still keep and use any patient indormation abou
wau thal ey already have Buf fiey can't abtain mare health infarmation about wou for this resesmh unkass
it i required by & federal sgency thal is monilodng the ressarch.

 youl iake back your pamniaion, you will mof nssd bo leswve the ressandh study.

F, Giving parmission

‘o give your pesmission i release your mfamation by signing this famn.

Frinted Mame of Research Subject Biriladate

Signature of Research Subject Dlate of signasura

Wou will recaive a copy of this eigned form. Ploaco keop it with your peroonal rocords.

i — APPROVED
kwmnanﬂ:bimu] TURY R
N Huma Hulnjetis
Dz man #h5 Yok 34 - Do 11 Fun i TR e
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Appendix E - FAI Demographics Questionnaire

L [ S Participama ID:
furvey: Demographics Researcher:
 Indoor Firing Range Study: emoeraphics Human Shiecis O

Instructions: As participant of the study, we are pequesting thal you provide us with the OV O 2013
ndormaison helew, Pleass don't hesitate to ask asy questions thet you may bave, Char points of uw
COmLACTy g

LT Meglwin Tarres 832-226-2540

1, Firat Mame:

2. Last Mame:

3. Rank:

4. Positionfgob (2., Gunner's Mate, Boalswsean"s Mate, Machinery Technician):

3 Briefly, what activicies do voi do for vour joh?

B Matiorslity:

T. Coumiry of Rirth;

8. Current Age:
& Gonder: Male OO Femals O

10, Hew long kave yom been a Fire Arma [nstrocsar (EAD?

years mnths daye (circle cee)

ii. {Oin average, how alien are you an FAT at the US Coast Guord range in Seatile?
O Mewver, if this responss pleass
O 1 timea menth?
[ 2 3 times a moaik?
[0 ance pwesk?
O 2 -3 tifsed & wesk?
O 4-5 times a week?
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Appendix F - Appendix F: Pre/Post Firing Session Questionnaire
for Fire Arms Instructors (FAIs)

Data: Participarsg W

Sureey: Pre J Post Rissearchir:

USCG Indoor Firing Range Study: Firing Session PR
Questionnaire for Fire Arms Instructors (FAIs) Human Sehiacts Dhwsior

Instrwetloms: A8 participant of the study, we ane equesting that you provide w with the WOV 07 2013
inlasrmation below. Flease don'l hesitate W agk any quesisons that vou may have, Our poinds af UW
conincis are;

LT bdelvin Tornes 832-226-2 541

1. Om average, how aften doyou elean the Const Gunrd firing rangs?
1 Mewver, if this regponse please GO TO (haesthon # 5
1 1 dime 5 month 7
[ 2 «% times a momth?
O 4 oF more dmes 5 month?

2. While cleaning the range, what kind of resparator do you use?
O Mo

O DMeposable dust mesk (M95 siyle)
[ Rubber hall facepiece with filter carridges
O Powered aip-purifying resplratos

3. Hawve you been [t tested for the resparalor?
O Yes O Mo, bal I have a respiratar O on’t know [ Mo, doa™t have a respimtar

4. Hawe you recsrved training o wse the respirados?
[ ¥es [ Mo, but [ have o respiratar ] [Ban't knew [ Mo, don™ have n respirator

5, Dwooyouw et or drink in the mnge?
O %es O Ho

G, Inthe last year, have you ever drank water Cincluding cofTee and tea) from the hase’s
drinking fountain or iaps?
O YesO Mo

o I wes, howe often do vou drink water from the base®s diinking fountain oo taps?
O ||:|u|lip||.' trres A IJE]-
O sneceaday
O onee a week
O once a month
O beza than ones & month

13)5/13
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B Do you smoke in the range?

O Yes [0 Mo

2. After working or shooting on the range, do- you wash your bands belore eating or
amnrking”?
O Yes [J No

14, Do you wear your work clothes hones afier working or shooting an the range?
O Yes O Ne

I'1. Have you ever done any of the below job tasks in the past year (check the ane that
appliea)?

Jdaob task Yes | Mo | Don't Know

.

Cuthing ar burning fron wark with a torch

b.

Welding paimted surfaces or kead-containing scrap
metal

Soldering with lead-based solder

-

Rolling or brushing lead paing®

Spray painting with lead paint®

Appleed lead pant® as a powder |

Frecling or remaving barriers coraining lead paint® |

FlE| m oA

Ll paimt™ removal by dry seraping

Lead paint * resmoval using chemicals

[

Lesd paint * remaval by power sanding

Lead paint * remarval by buming

Lead paint * remaval by ahrasive hlasting

Cleanup af Jeaded material

.

Sweeping of leaded materials

Cleaning lessd with a standard vacuem

* By paint, we mean paind or primer.
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- 12, Have vou ever warked b aiy of the below industres?

Imdustry

Y=

Py
Daon®t Kmow

u. Balmy mmanaliscim illi

L. Ballea y rewyeling

c. Lend soldering

o, Leod sonsileg

e, Foundry

Radistor repodr

Metal machining or grinding

I

Wire or cable manufacun:

Plasiics or FVC mamufacturing

Serap medal recycling

1
k. Ammumitien mamifacture

1. Demaoliisn

m. (ther lead work not already mentioned (please wiite the type of job done):

13. Have you ever engaged in any of the following activites?

Activity

Vs

Don'i Know

A Leadlighting or stalned glass

b. Pottery or ceramics with lead plaze

¢, Making brullegs ar shot

=

d. Making fishing sinkers

. Home or odher building renovation

Fremmifume oF mirmoT renovation

=
&
g. Buming painted wood .
h.

Hoame car maintemance

i. Home aulo painl renovation

j-  Regular use of hadr color vesiowes oo oiler beaded cosuetics

k. Do vou bunt for game?

L. If ves, do vou eat you eat wour gasme?




14, Have you recently 1aken any of the following folk medicines?

Medicine , Yes | No | Don't Know |
0. Ayurvedic (ancient Hindu) medicine

b. Chinese herbal madicine

¢, Other folk remedies (if yes, please list)

15. Have you ever received a gunshot wound 7
[J Yes OO No O Don’t know

16. If yes, do you still have lead in your body?
[J Yes O No [ Don't know

17. Have you ever been “medically removed™ from work due to lead expasure?
O Yes OO No O Don't know

Firing Range Information
18. Do you shoot at the firing range at USCG Base in Seattle? [ Yes [ No
19. IEves in the last month, on average how much time did you spend firing rounds?

hrs por day week month (circle one)

20. Do you shoot at other firing ranges?
J Yes O No

21, 1fves, in the last moath, on average bow much time did you spend firing rounds?

hrs per day week month (¢ircle one)

22. On average, about how many rounds do you fire while a1 the range?
_ budlets per event

23, What kind of bullet do you typically fire? (List the percentage of each type}
Standard lead %

Full metal jacket %

Frangible %

ERNTRR
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Appendix G: - Range Data Collection Form

Range Data Collection Form

FORCECOM ARMORY SEATTLE
Unit Hame DATE FAI HAME MALC | Rds Fired | #SHOOTERS |[TIME STARTED | TIME ENDED
EX: USCGC P.SEA 02JANDS | GM2 MORALES Al5S 550 10 0800 1500
2

3

4

5

]

T

=]

g

10

11

13

14

15

18

18

id

20

21
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Appendix H: - UW Field Research and Consultation Group Field
Data Sheet

FIELD RESEARCH AND CONSULTATION GROUP FIELD DATA SHEET
IMDUSTRIAL HYGIEMIST: FRCG MO Summany:
PROJECT: SAMPLING DATE:
ANALYSES SUBMISSION DATE:
Miedla:
Jsampls] Pump  Requested activity  Sampling Rate {limin) Sampling Time  Sample  Tare Gross  Sample  Conc. Comments
D D Analyses Deacription  Inibial  Final  Avg.  Start  Stop  Total Vol [m®) welght Welght  Welght [mgim®)
#0Oh ! 0] #DNiD! 0,000 | #Dnvim!
FON D! 0] #Dnin! 0,000 FONVID!
=0t 0] #Dnin! 0.000 =Dl
#0Oh ot 0] #DNiD! 0,000 | #Dnoim!
FON D! 0] #Dnvim! 0000 #DINVID!
#0Ohv ! 0] #DNiD! 0,000 | #Dnvin!
#0Oh ot 0] #DNiD! 0,000 | #Dnoim!
Foh D! 0] #Dnvim! 0000 #DvD!
#0Oh ! 0] #DNiD! 0,000 | #Dnvim!
#0Oh ot 0] #DNiD! 0,000 | #Dnoim!
=0t 0] #DRvim! 0.000 =Dl
#0Oh ot 0] #DNiD! 0,000 | #Dnoim!
FON D! 0] #Dnvim! 0000 #DINVID!
FRCG_fmmxls
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Appendix I: - Surface Wipe Sampling Form

Melvin's Surface Wipe Sampling Form ™

Date:

Location:

Location 10 Pre Post
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Appendix J: - Personal Air Sampling Analysis Reports
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From Rebecea Clirst Catheree Signeostly
Subject ANALYSIS REPORT
EHL Refesnce Client Reference Samipling Site
11403018 2013053 USCG Firing Reoge
Sampling Reesipt Prepantion Anslysn
Dates 271040576714 LY LTS L) 32647202014 A3
Methed EHLEOP -11 Mi Sample Preparatien fee TH Fiker for Mesal Analyse
EHLSOP - 07 lsstrumented Analysis OF Flescrss by ICP-MS (Bised Ow EPA 60205 Rev.l 2007)
Moda MCE Fiten
Results
) <043
i <003 <0\ =0 <00} 0.8
% ~ < <w < sm
20 <ol <ol <0m <uo: 0.05
204 <o <01 <000 < [
205 172 0a ~ 0.3 097 4.29
105 <ol <ot <003 <003 <003
Y =0m <01 =00 <003 0.08
~ < <
g < I.E C&! c%.%!} cgn%s_-_cuo.g‘.l_
i <o T 1 7
FT <om <1 <003 <008 <0 |
212 <0 <0l < 0o <003 <a@3
213 <o =0 <oy T <oy | <om
214 «< 01 <0 <0} <003 <003
225 [5] <01 <003 <003 )
236 < =0 <0u3 <003 <0@
nr_ ~<om < <003 | <ops | um
228 «<0nl <0 <003 <003 « .03
a0 <o < <03 <003 <om
Fil <00 <01 <005 | oes T
23 003 = <00z 1 <083 I
232 <003 <0 <003 <003 13
33 <uny =4 <003 <008 s
234 <00} <{ <003 <003 <0
35 <003 <01 <003 <0.03 <nm
b <003 <01 <003 | o (L]
L <008 <01 <005 | coms | com |
WA g et h ThE e epon da bl s b repraduced cocepe b 01 wides veses appeoval of the Bberen. 132}
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<Q. < <

< < <

0 - <

< Q. < <

<Q < 0.

<0 = <00%
53 <003 <0, <003 <003 108
254 « (LU < <no3 < 0.03 L4
255 <00} 0 <003 <003 <0.m
5k <03 « Q. « 003 <003 0
7 <oul <0 <O <003 <0W |

« 00 0, = (L1 <003 <000

259 <0 <0 < (L0 <008 3
200 < <Q. < (L0 < 103 <0

!
I

« (LI < 0] <

=< LM <02 <

< (114 < 1)2 <

«< L4 < 0.3 b

< DM <02 <

31 147 <

« L4 <03 <

< D4 <02 <

=004 <02 <

< 1L0§ <03 -

< (L < £ < (L [

<l <0h <L -

- <ﬂ <L < )] < Q.

< <|)_4 “L o =

< <05 < (L < <0

00844 <) < 0L0S < [.0¢ 0.198

« 005 <] « 0L06 < 0.0¢ <006

<005 <03 <005 <0.0f 0223

<00 <0 <005 <006 <006

< (L% (), < (L0S < (.06 < 0.00

<0l <02 =<0 00581 0264

<00 <12 <0 <003 00608

=0 <03 <0 =008 165

~0m <02 <and <003 20621
pal) L7737 <0m <02 < 0n < 1)-3 « Q.03

A ey began  ThO b ocpent stal nt be repodicad ccot i 0] widect unizanpeoaad of B Rhorsary.
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215 160 <) - < <01 cnl
16 118768 <0 <07 <0 0428 199
i 17508 =0 <07 <1 <0 <l
K 13045 < <Q7 <. < 0.4 Q.2
pi) NETIT] <[] <Q7 (). <0l <0
240 IL_W <ﬁ_ <07 <M. =01 <1
i 976 0; <0 <008 00539 o401
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H 045415 <nus <03 <005 <08
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M8 = (LM <02 < LM < 0.4 00875
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250 71022 < 0.1 <02 « 004 < 004 <004
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252 L6136 ‘% <) < (.4 <004 L0796
233 L0180 < [ <2 < .04 < (LM 4
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7 ={L “ ()5 <l < ). «

258 L2500 ~{L <5 <{ <) <Ol
2% )51 =0 <13 <0 <11 oy |
260 24844 <{ <03 < - =01
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Rerults wers not carrecsed for spike recavery efficioncy.
Results were corrected for matris bk valuce

Fictd blordta, whets s d, are srnbyzsd 3ed reperied m mrsples 08 " o for Skl bl wefucs
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204564 06-543-3703
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Appendix K: - Surface Wipe Sampling Analysis Reports

man Bl Elaadide Lok by
B - al i s tooal Pl Bk
=iz Deiliiy ol Wi lagiem

T L, ity Cikean, e [
FEL

IRIIHE

L

| e o b e

i, WA

i

e | el B T

FHL Eab i e L '
e mlary L Flley s

i

g ey Vs Caslve

[ Usba L'ed Umimln ool 2e'nin
il P o L ] Moo v e | gt ol P e
rHLEIFer L d Ml 13 L mk Tha o WTm
[ . e g
L
Cw M Ba - =
ISR e :
i I = = T .
Mrak E il L = =7}
o ot * =] [ 1] [x] o
e ¥ ] ] s e
L0 o & el &l 04
[ alvmw T T ) e
L& P i L] wll al 12
LI PR i ] [ 7 . ™
A Pt - =] [ T i
2l P w ] e 1] a0
A P = (] ] s o |
T I ) T s
LRSS H & '] Lk
Fi & = ba B
A P b - 4 (7] wl el
41 PRk E ] 7] B3 =0
[ (] L ] 3
[ (7] | 7] 7]
[FIL T (7] mll - LH
| L FEE da | ol .3 L]
Al i & 1] CEE Bl
L i 2 L] 8 ke
1 ¥ < [ S e 1
] = (] [} 1 Tl
[] 1 (7] 3T 17 [%]
| ol
- i —a o
[ s e L ol I
) - = - =
L eaars B | Elw | W

] dwaln v e e |l wr e ol
- i 1 L

fram am e gl b
L

4 T T wom e casliesd e T da 11
Pk s . s s, o -
i o
b sy sl o g s .
1k ke e v ks 0 s e 8 e sk
e
Fammmsn 7 R - ] s il
i by
= YR = [ T W TN
LTSS b
s Pl B P B (e Mg o e s wid = =

124



Environmental Health Laboestory
Department of Enviconmental and Occupational Health Sciences
Unlversity of Washingten

From Febecca Chirist Carderiow Signogeny
Hubject ANALYEIS REPORT
FHI, Rel, Cliern Rk Sempling e
14037 DNI053 USCG Firing Rumgpe
Hamuplig Recedpr Preperaticn Analysis

1 2M4/14-372/14 I3 WI6-H/2/2014 453 - A1

PHLRBOP A2 Microwave Samgie Preparation for TH Wipes for Metal Analysis
EHLSOP - 07 Lestrumental Asalysic Of Hlemente by [CP-MS (Baoed On EPA 60003 Rer.| 2007)
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Method
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123 02 6. =008 20 78
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11 PRE 2.3 S 16 a5 a1y
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3 I 5T, E2) 3 323

2 PRE 57 19 2% 29 I8
ﬁ% $53 ER 3 5] %
PR X80 ms 16 13 20
+1FRE 501 19.4 a1 54 0
4.2PRE [ 18,9 10 19 n
5 it 47 013 33 5

| BB AN Trag S Thin bt ropeis sh il | i B spwindnd wnonpt o Ol ilond myies mpyweend of B bsbwastiry. w

125



10 257
ILIPRE 3K i
N2 PR <h 569
121TRE 3 587
121 PRE 180 530
131 FRE €20 07,7
PRE FI 51
L1PRE 213 [30) 2L (¥
43 FRE i 76! 018 21 65 3
'_]m PRI éuu 554 010 I8 [E]
SZPRE 319 56 23 16 435
L_1G1E i 52 59 It <6
03 PRIC 25 % 29 [ 18
17 % X i bl a8 44
[EF . [E (¥ 7. 59
13 PRE 197 55 3% 1% 30
152 PRE 690 X0 + 149
191 P'RE a7 333 114 A 6
152 PRE 11 59 022 — 1% s |
I PRE 746 2 43 183
Wz PRE 7.5 5 .19 [¥] 43
301 PRE =50 aL? YER I 3
2 PRE i6e S o1z 3 393
SLITRE 13 G 13 £9 86
13 PRE 730 (% it X bIX
12) PRE o X U220 iE) s1.
2 PRE k] SL8 03 &l 3
M1 PRE pa i %74 1 A 455
L2 PRE . 4 0.13 4.4 0.1
41 PRI i} EX o0 74 5%
.2 PRE 932 Vik 10 (1 s |
EXT i) 019 15 X
2 POST 10t [ 015 [X) 5
21 POST 700 X S F) EFT
F 5 5 014 15 At
31 POST 548 % ols R 35
S2P0ST t 1 13 4. 6
A1 PosT 1 %.T 0.1 3.3 Az
$2P08T 103 09 NE 3. B -
51 POAT (] 174 il 3 33
5 559 [EE] 10 34 170
111 POST 131 A iy 4 35
L2 P08T [SH @l 005 EX 155
121 POST 150 133 I 43 K9
122 FOST i # 4. T
A POST 1. Si IE 5. i
3IPOST 5 162 1 1 B
LI FOST 38 LT [ K Hs
43 POST 75 553 I 73 83
A POET 350 S 0.5 X 3
a i Y [ 0 6
161 POS 182 13 037 &l 8]
£2 POST IRL Y 155 74 132

- LY Py Saags b

126

Thn koot repoet shid ] 9o e ropeodacnd oo @ (ol widwoet A1kwes sppeeeal af fu Ly



506
4
A0 D 120 21
[T} 7l 153
362 048 73 12
52, 038 [
0, 042 (% 1
360 [V 5 27
10 352 33 253
313 FOST 22 35, 0 74 125
126 46 (5] s 2
321 POST 169 [Tk [ 52,
32ZPOST 17 455 ais [ )
] 159 (36 009 & 40
£ POST 170 @ 15 74 HI
141 PORT 160 . oL 63 g,_.l
i 71 52 020 o4 (51}
01 [FB). [ 1. <105 =04 01
15 3 <005 <0k (T8I
2 135 T < % < <065
03 063 i <00 =04 016
o4 425 <005 <05 007
iiﬁi [53 X <00 | «0s | 6er |

Notes Fownks wery noe coerecosd for spibe recovers elficiency.
Resude were correctad fee proces Blank value,
Epike recovery experiment uesd matrix hlvek subsraction 1o desermine dliciency.
Matrts blank results are being peovided due to the vacishility in hackground kevele bn O & 20
from FB sanples snd msatrix blank provided ts the lah,

Pkl Mosds, vhwn wabmtiod o wnbrod ud rgponed o maghe 02 Srhaeme wve Wb For D] Wlenh vahoon
Tt sobely the suborérnr's Sochibon o bow mo wilae dw bd Mok vedse
Maaka appiy cady te e sangies lowid,
Lo ctherwiv moicd, for concbons of (e s papho s receivad wers sabdiconry .
.Qnm -
- ,.('( /"" - 'L \
i | ' G { ulell
<& \ \\\ \ j ] \ L'
o=\ SO L\ KL SR
Buaa Tas, P, QAC Dwse Rl Dills, PL.D. EHL Diestoe  Date
m-om 2055435200
| Y R Py Rt Thes tewt scport sl oot by seprociuced ©coope b 541wtk weinan sppaoned of dhe Mborenns 15

127



