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Abstract

Significant concentrations of lead can be generated at indoor and outdoor firing
ranges during firing operations using conventional leaded ammunition. In an effort to
eliminate the potential risk of lead exposure, the Air Force is transitioning to a lead-free
alternative to the leaded bullet. This study examines airborne chemical exposure to Air
Force small arms range instructors during M16 firing of lead and lead-free bullets.
Historical range information collected from 63 active duty Air Force bases identified that
two thirds of the Air Force military ranges within the Continental United States are
currently firing lead-free ammunition. Over 420 air sampling results were compiled and
statistically analyzed to determine the average representative airborne exposures during
firing of leaded ammunition at indoor and outdoor firing ranges. Highest average 8-hr
TWA exposures for lead were 17% of the Occupational Exposure Limit (OEL). Task
exposures, representing worst case conditions, were found to be 1.2 time the OEL. Two
indoor and four outdoor firing ranges currently firing frangible lead-free ammunition
were evaluated through a collaborative effort with the Air Force Institute for Operational
Health (AFIOH) to assess instructor exposure and current range conditions. Transition to
lead-free ammunition showed a 70% reduction in lead at indoor ranges and a 41%
reduction in lead at outdoor ranges. Airborne exposures generated from metals and
combustion by-products associated with nylon and plastics during M16 firing of frangible
lead-free ammunition were found to be well below their respective OELs. This research
suggests that the exposure levels associated with lead-free ammunition does not pose a

significant threat to Air Force instructors at indoor and outdoor ranges.
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COMPARATIVE ANALYSIS OF AIRBORNE CHEMICAL EXPOSURE TO

AIR FORCE SMALL ARMS RANGE INSTRUCTORS

I. Introduction

1.1 Background

With the terrorist attacks on the United States in September of 2001, security both
in the Continental United States (CONUS) and abroad has become a top priority for this
country. As author of Profile of Munitions R.J. Hammond states:
“Ammunition and water are the only two items that you cannot do without when locked
in combat; other necessities can be provided later, if you survive.”

(Whitfield I1, 1993)

Small arms originated toward the end of the 14™ century as nothing more than a
hand held cannon fired by placing a lighted match to its touchhole. Through time, the
source of ignition mechanism in guns as well as the shape of the bullet has changed;
however, the material in which it was molded has remained the same (Columbia
University Press, 2003). Due to its physical properties and availability, lead has always
been the main component of small arms ammunition. Its weight alone allows it to project
further than any other non-leaded bullet with extreme accuracy (Vargas, 2004).
Unfortunately, this ideal metal also carries with it some environmental as well as
occupational health implications.

Lead triggers more Superfund cleanups across the country than any other

chemical or waste product in the environment (Houlihan, 2005). Lead contamination in

soil has been reported to reduce crop density, effect photosynthesis and root growth (Cao,



2003). Depending on the soil make up, small lead particles can be transported relatively
quickly which can lead to further lead contamination of soils. On April 17, 2001, the
Bush Administration took its first legal action, originally created by the Clinton
Administration, against lead polluters. The rule required “all businesses releasing 100
pounds of lead a year (or greater) to report this pollution to the government” (Houlihan,
2005). With military draw downs and base closures, this requirement posed a significant
problem for the military outdoor ranges. Soils with lead levels above Toxic Characteristic
Leaching Program (TCLP) criteria are considered hazardous waste under the Resource
Conservation and Recovery Act (RCRA) of 1976 and must be remediated before any
closure or transfer can occur (Colorado Department of Human Health, 2005). With
clean-ups of outdoor ranges being extremely tedious as well as costly, the military and
other organizations are moving to indoor ranges and bullet traps to eliminate this
environmental problem. Unfortunately, by containing this hazard within a hardened
facility, the problem has now been transferred to the occupational arena and has become
a huge health concern.

There are three possible routes in which lead can directly impact the health of
personnel, more specifically small arms instructors and shooters. These routes include
inhalation, ingestion and skin contact from the metal. When weapons are fired,
inhalation and absorption become the predominant routes of exposure. Significant
inhalation sources of particulate lead in an indoor range can be produced via the powder
that starts the ignition, the lead burn of the ammunition, gun barrel friction, as well as the

impact of the bullet against a steel bullet trap (Vargas, 2004). In the form of dust, fumes



or liquid aerosol, lead can be easily inhaled and absorbed through the lungs and upper
respiratory tract.

Lead is a heavy metal that has a 30 year half-life in humans and is typically stored
in the bones. Overexposure to lead can lead to adverse health effects in men to include
decreased libido, impotence, sterility, and the potential for miscarriages and still births in
women (USDHHS, 2004). Children born to parents exposed to lead have an increased
chance of mental retardation as well as behavioral problems or even death within the first
year of life. In addition to complications directly related with the reproductive organs,
lead can also have adverse health effects on the central nervous system, the
gastrointestinal tract as well as the kidneys and blood. The severity of this hazard to both
the environment as well as people has driven development of alternative ammunition.

“Green”, or lead-free, bullets were primarily developed to reduce lead hazards on
firing ranges. This environmentally-friendly ammunition being examined by the Air
Force looks virtually identical to conventional ball ammunition, but the projectiles are
made from metal powders bonded with nylon or plastics (Clark, 2000). This ammunition
is available in 5.56 mm for M16 rifles as well as 9 mm for M9 pistols. In addition to
being better for the environment because of the lack of lead, these bullets are also
considered frangible and thus will not ricochet upon impact on hard surfaces, reducing
additional airborne exposure to personnel down range as well as the potential for physical
injury.

In theory, lead-free ammunition appears to be a better alternative to conventional
lead bullets; however, there have been some studies that show that one potential hazard

has been substituted for another. For example, tungsten green bullets used by the Army



have led to both environmental and health problems which turned out to be worse than
conventional lead ammunition used previously (Vargas, 2004). Environmental and
health impact studies showed a pH drop in soil, directly impacting surrounding
vegetation, as well as 100% cancer rate in test rats when exposed to the tungsten
fumes/particulate produced during firing range operations. With lead-free bullets being
approved for Air Force use, it is only a matter of time before their use is implemented
across the board. To ensure one toxic metal is not simply being replaced with another, it
is essential that a critical look at these new green bullets developed to potentially
eliminate environmental and health concerns is taken.
1.2 Problem Statement

Termination or transfer of firing ranges due to base closures and other
circumstances has led to significant environmental concerns for the Department of
Defense. Bullet traps have been implemented across the United States as a solution to
reduce environmental impact to the soil at small arms firing ranges. In doing so however,
the problem has now been shifted to a potential occupational health concern. This
concern is amplified when ranges are enclosed and ventilation systems are found to be
inadequate. Recognizing this concern, the military is taking the next step; directing the
use of green bullets to eliminate the potential for lead exposure to personnel working near
and firing weapons within a shooting range. In doing so, the question becomes, have we
simply replaced one type of ammunition responsible for producing one toxic hazard with

another that could lead to even worse adverse health effects?



1.3 Research Objectives

The purpose of this research was to conduct a comprehensive, comparative
analysis of chemical exposure to instructors at Air Force small arms ranges within the
United States.

Two main focus area questions and corollary questions were developed through
the literature review.

(1) How many bases have transitioned to lead-free ammunition? What is the
maximum and average lead exposure during small arms qualification training using both
lead and lead-free bullets? How much is lead exposure reduced through the use of lead-
free bullets?

(2) What other potential airborne chemical exposures have been introduced to Air
Force instructors and shooters during small arms weapon qualification training as a result
of the transition to green bullets?

1.4 Research Focus

There have been several studies on the health effects of the new lead-free
ammunition at single ranges throughout the United States; however, the Air Force has
never compiled and analyzed airborne exposures to instructors and shooters spanning all
indoor and outdoor Air Force ranges within the United States. The focus of this research
will concentrate around airborne chemical exposure to Air Force small arms instructors
and shooters. Although environmental impact and hazardous noise exposure to military
personnel are also present during shooting activities, these areas of concern will not be

evaluated or analyzed within this scope of work.



1.5 Methodology

The purpose of this research was to analyze airborne chemical exposures to Air
Force small arms instructors and shooters at indoor and outdoor firing ranges across the
United States using both leaded and green bullets. The first step of this research effort
involved identifying all potential airborne chemical hazards to both instructors and
shooters during M9 and M16 Air Force Qualification Courses (AFQC). Potential
constituents of concern were then identified using the Material Safety Data Sheets
(MSDS)s for green ammunition fired during AFQC. Once identified, constituents were
then cross referenced to determine health effects, routes of exposure, target organs and
corresponding exposure limits using references put forth by the National Institute for
Occupational Safety and Health (NIOSH), the American Conference of Governmental
Industrial Hygienists (ACGIH), as well as the Occupational Safety and Health
Administration (OSHA).

The next step was to acquire small arms range air sampling data from Air Force
bases within the United States. Using information acquired during the literature review, a
formal request for air sampling was compiled and coordinated through the Air Force
Research Laboratory Protection of Human Subjects Branch and Major Command
(MAJCOM) for support. Major commands asked to participate include Air Combat
Command (ACC), Air Education and Training Command (AETC), Air Force Material
Command (AFMC), Air Force Space Command (AFSPC), Air Force Special Operations
Command (AFSOC), and Air Mobility Command (AMC). The Air Force Command
Core System (CCS) was also utilized to capture any non responses from the field as well

as serve as quality control of the data being collected. In addition to air sampling results



being requested from base level Bioenvironmental Engineering Flights across the Air
Force, two bases were chosen for additional air sampling to ensure all potential airborne
hazards to instructors and shooters have an opportunity to be captured. Sampling data
from three bases, collected by the Air Force Institute for Operational Health (AFIOH)
during green bullet use was also included in the analysis. All air sampling conducted was
completed using NIOSH sampling and analytical methods.

The comparative analysis results helped identify the different types of
ammunition and ammunition traps being used as well as quantify maximum and average
inhalation exposure to small arms instructors and shooters across the Air Force. Air
sampling techniques captured during the data call and in the literature review will serve
as a starting point to develop a standardized methodology to collect future air sampling
results at both indoor and outdoor ranges.

1.6 Scope and Limitations

This research was limited by the quality of data provided by base level
Bioenvironmental Engineering Flights across the Air Force. Available information
collected varied significantly due to the numerous differences from one firing range to
the next. Variables included types of traps and ammunition, efficiency of the ventilation
system, type and size of range, as well as the number of personnel firing during sampling.
Due to the high turnover in personnel and minimal documentation of air sampling
conditions, specific locations and range conditions for exposure levels were difficult to
explain. Also, data collected from the CCS database may also contain errors and limited

information regarding sampling technique and information.



1.7 Implications
In accordance with Air Force Standard Instruction (AFI) 36-2226, Air Force

personnel must know how to handle firearms safely and effectively in the event of war,
civil disturbance, or military conflict. In order to meet this requirement, Air Force
instructors as well as shooters are required to perform duties in an area of potential health
concern due to lead and other potential toxic hazards. Since all Air Force military
personnel are required to qualify on their designated fire arms before being sent into
combat, the Air Force stands to benefit from a comparative analysis of potential airborne
exposures found at both indoor and outdoor firing ranges with green and leaded bullets.
Without proper identification and quantification of potential airborne hazards to
instructors and shooters within indoor and outdoor ranges, military personnel may be
unnecessarily exposed to toxic hazards. Overexposure to instructors during small arms
qualification training could lead to adverse health problems which could ultimately
compromise mission readiness. Due to the high operations tempo of today, this is not a
government resource that can be neglected. Their expertise and daily effort ensure our
military force is prepared for combat.
1.8 Preview

Military firing ranges have become essential to facilitate required small arms training
to prepare the men and women of our armed forces for war. The dilemma the DoD has
been faced with is the potential environmental impacts introduced during small arms
training at government installations. The subsequent chapters will discuss the history of
the problem, the methodology used to collect and analyze the sampling data as well as

present the results and recommendations gleaned from the analysis.



Il. Literature Review

This chapter provides a comprehensive review of the current literature on
chemical airborne exposures to instructors and shooters at small arms shooting ranges.
An introduction to the basic ammunition components is provided to illustrate the make-
up of the M16, 5.56 mm round being analyzed within this study. In addition, this review
includes an in-depth look at the main constituent of a conventional round, lead;
specifically health effects, associated blood lead levels, and current standards provided by
federal agencies. This chapter further defines the sources of lead exposure and speaks to
the different alternatives being implemented to reduce those exposures, mainly the use of
lead-free ammunition. Findings from two analytical studies regarding the
reduction/elimination of lead exposure through the use of lead-free bullets will then be
qualitatively and quantitatively discussed; showing other potential toxic exposures
associated with this new ammunition. Finally, a comprehensive look at the constituents
that make up the specific lead-free ammunition being utilized by the United States Air
Force will be provided as background information for the methodology presented in
Chapter III.

2.1 Mechanism of Operation

All conventional ammunition rounds are made up of two major components, the
projectile and the cartridge as shown in Figure 2.1. The projectile is made up of a dense
material, typically lead, and is often defined by a tip on its leading edge for target
penetration. The cartridge’s primary function is to house the propellant and primer for

activation upon impact of the firing pin. The M16 rifle fires a 5.56 caliber fixed round



and is considered a small arms weapon. Small arms ammunition is defined as any round
less than or equal to 50 caliber. Webster defines ammunition as being fixed when the
cartridge casing is permanently attached around the base of the projectile to form one

solid unit (Nielson, 1944).

— i

v T;E propellant
Projectile «__ —

B 2
Cartridge

—v—
Shell or round

Figure 2.1 Bullet Components (Potapov, 2005) Conventional ammunition rounds are
comprised of two parts, the projectile and the cartridge.

In order to identify and quantify airborne chemical exposures to Air Force
instructors and shooters within indoor and outdoor shooting ranges, it is first critical to
have a clear understanding of the physical process taking place during normal firing
operations. There are several steps in the process including loading the bullet into the
weapon, chambering the round, pulling the trigger and releasing the firing pin. Once
struck by the firing pin, the primer explodes causing the propellant in the cartridge to
ignite. The burning propellant in conventional ammunition can generate pressures
typically ranging from 18,000 to 20,000 pounds per square inch (psi) and temperatures of

roughly 2000 degrees Fahrenheit (Department of the Navy, Dec 1999). As the gas in the

10



bullet expands, the bullet is propelled down the length of the barrel in the direction of the
target. By scoring the inside of the barrel with spiral groves called rifling, the bullet is
forced to spin as it travels down the barrel and thus resists tumbling in flight. An
illustration identifying key components of the M16 rifle is provided in Figure 2.2. In
addition to understanding the flight path of the ammunition, it is also imperative to
briefly discuss the basic configuration of both inside and outside ranges to better

understand the working environment of Air Force instructors.

STOCK (3]

CARRYING FIRING CHAMBER
HANDLE

FRONT SIGHT ASSEMELY
) BARREL

Rifling Motion
TRIGGER

Firing pin strikes primer; primer explodes causing propellant to burn
High pressure and temperature force round down barrel in rifling motion

Figure 2.2 M16 Key Components and Mechanism of Operation (HQ Department of
the Army, 1993).

2.2 General Range Configuration

Military indoor and outdoor small arms ranges are designed to facilitate firing
operations of the M9 pistol and M16 rifle. At a minimum, the general configuration of an
open outside range consists of a firing line and a target down range. While the length of
the ranges may vary from 50 to 100 feet in length, typical lengths for new ranges will be
roughly 84 feet (Department of the Navy, 1999). If space is not abundant, earth mounds
or backstops can be added down range from the shooter to help stop expended rounds

once they have been fired from the weapon and penetrated their target. Conventional

11



earth berms and backstops at outside ranges usually range between 25 and 30 feet in
height (Mullins, 2001). Space between individuals firing should be designated by firing
lanes extending four to five feet in width (Department of the Navy, 1999). Combat Arms
training ranges designed for Air Force qualification training will have barriers installed
on the firing line in the middle of these firing lanes so shooters may conduct over the
barrier firing. Over head covers and baffles may also be installed at a shooting range to
protect shooters, instructors and innocent bystanders from ricocheting bullets and
inclement weather (Mullins, 2001). In addition to conditions found at outdoor ranges,
indoor ranges may also have rubber mats for shooters to fire from the prone and kneeling
position, additional lighting, automated target retrieval systems, baffles to protect
overhead lighting as well as mechanical ventilation systems to draw away unwanted
contaminants created during firing operations (Department of the Navy, 1999).

Since the speed and distance of a bullet projected from a weapon is dependent on
the specific characteristics of the ammunition being fired, lead has traditionally been used
in conventional rounds. Given that conventional bullet projectiles are made primarily of
lead and the primers contain lead as well, sources of generation as well as the health
effects associated with this highly toxic heavy metal must also be discussed.

2.3 Lead

Individuals using conventional ammunition during small arms firing operations
are potentially at risk of being exposed to lead through four specific sources of
generation. Traditionally, conventional bullets were manufactured with a primer
containing lead styphnate (Commonwealth of Massachusetts, 2005). This component

was chosen to better initiate the explosion in the propellant over other compounds such as
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mercury fulminate and lead azide. Lead styphnate was better able to resist shock and
friction leading to a more consistent ignition. The drawback to using lead styphnate is
the potential for lead oxide fumes being produced during combustion (Fischbein, 1979;
Commonwealth of Massachusetts, 2005). Once the primer is struck, the next potential
source of lead exposure results from the extreme environment created from the burning
of the propellant in the cartridge. As temperatures exceed 1100 °F, the lead projectile
sitting in front of the propellant will begin to vaporize and the resulting fume may be
inhaled by the shooter or instructor within the vicinity of the weapon. In addition, lead
dust may be generated as the bullet rapidly rifles down the length of the barrel due to
friction created between the projectile and the barrel or by misalignment problems with
the “barrel, cylinder, clip, or magazine (Department of the Navy, Dec 1999). The final
source of lead exposure, in the form of dust and lead oxide fumes, comes from the
termination of the bullet as it strikes a hard target, bullet trap, or back stop (Fischbein,
1979).
2.3.1 Health Effects of Lead

Lead can have numerous adverse effects on the human body. At firing ranges, it
enters into the body primarily through ingestion or inhalation. Once within the body,
lead can be absorbed into the bloodstream and accumulated longitudinally over the life of
the individual being exposed. “Approximately six percent of all lead ingested or inhaled
is immediately deposited into the blood or soft body tissues, such as the kidneys, brain or
other vital organs” (OIG DoD, Aug 98). The rest is deposited deep into the bone marrow
where it is stored for roughly 20 years due to its relatively long biological half-life

(Gulson 2002). After the lead is metabolized, it will eventually be excreted out of the
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body through the urine, bile, sweat, hair and nails (OIG DoD, Aug 98). While in the
body, lead has no beneficial function. The degree to which the body is affected by lead is
directly related to the duration and amount of exposure.

Acute overexposure to lead, at high enough doses, can lead to death in as short a
time as a few days (OFRNAR, 2004). At a high enough concentration, an individual can
develop a condition referred to as encephalopathy in which lead has directly damaged the
brain. Although rare, an individual with this condition may experience seizures, coma,
and even death from cardio-respiratory arrest. Although health effects and developing
diseases caused from short term high exposure are a big concern, individuals at firing
ranges are more likely to be exposed to lower concentrations of lead over a prolonged
period of time.

Chronic overexposure to lead can severely damage many of the soft tissue organs
as well as negatively impact an individual’s blood and reproductive systems. Individuals
experiencing chronic lead overexposure will typically show symptoms of “loss of
appetite, metallic taste in the mouth, anxiety, constipation, nausea, pallor, excessive
tiredness, weakness, insomnia, headache, nervous irritability, muscle or joint pain or
soreness, fine tremors, numbness, dizziness, hyperactivity, and colic” (OFRNAR, 2004).
Like acute overexposure, chronic overexposure can also damage the Central Nervous
System (CNS) and lead to encephalopathy. In conjunction with its effect on the brain,
overexposure to lead may begin to weaken the bones and ultimately result in paralysis
(OFRNAR, 2004). Precursor symptoms to the most severe form of this condition often
include but are not limited to vomiting, drowsiness, memory loss, restlessness, and

convulsions (OFRNAR, 2004).
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The urinary system within the body is also affected by overexposure to lead.
Unlike the CNS, symptoms of damage occurring to the kidney do not exist. Even with
routine laboratory tests, it is rare to detect any damage to the kidneys until roughly two-
thirds of their function has been lost (OFRNAR, 2004). Once this occurs, it is very likely
that other organs will begin to fail. In the reproductive system, lead can cause problems
to both men and women. In men, it can decrease sex drive and lead to impotence,
sterility, and the alteration of sperm (OFRNAR, 2004). These effects increase the risk of
birth defects in future children dramatically. Studies have shown that direct and indirect
overexposure to women may lead to miscarriages or stillbirths (OFRNAR, 2004). In
addition to complications prior to birth, children born to parents working with or around
lead also have an increased risk of experiencing “birth defects, retardation, behavioral
disorders” and in some cases death within the first year of life (OFRNAR, 2004).
Individuals who are overexposed to lead will also experience alterations in the blood
which can lead to anemia. Due to the decreased oxygen carrying capacity, individuals
will again become tired and weak with little to no physical effort.
2.3.2 Blood Lead Levels

While lead concentrations found in urine, teeth and hair can be used as biological
indicators of exposure, blood levels are currently the best way to monitor biological
exposure to lead due to the strong correlation between symptoms and exposure levels
(USDHHS, 1997). Blood lead levels illustrate the current amount of lead present within
an individual’s bloodstream at any given time. This snapshot analysis has proven to be
reliable in indicating the amount of absorption into the bloodstream, but does not,

however, account for previous exposures. This test also does not represent the amount of
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blood stored in the soft tissues mentioned previously, only that which is within the
bloodstream itself. Other blood tests used to screen for lead poisoning include
erythrocyte protoporphyrin (EP) and zinc protoporphyrin (ZPP) tests. Unlike the blood
lead level test, these tests are both designed to assess chronic effects attributed from lead
and are typically representative of exposure over a 3 to 4 month period (Novotny, 1987;
AACC, 2004). EP and ZPP levels are representative of biological events occurring in the
bone marrow (Fischbein, 1979). Skeletal bone tests are also being used to determine
cumulative lead exposure for individuals chronically exposed to lead (USDHHS, 1997).

Numerous studies on blood lead level exposure allow us to predict if individuals
will be at higher risk for lead related health problems. Currently, 29 CFR 1910.1025
Occupational Safety and Health Standards, suggests this threshold limit to be roughly 40
micrograms per deciliter (ug/dl). Due to the infinite variable responses possible between
individuals, this dose level is only an estimated level of concern. Table 2.1 summarizes
some of the blood lead level ranges correlated to specific health effects and symptoms
mentioned previously. A comprehensive table listing all blood lead level correlations and
the specific references can be found in Appendix A (USDHHS, 1999).

With the Air Force down-sizing to a leaner force, small arms firing instructors
must be able to perform their duty routinely in order to meet mission operation
requirements. A long absence in duty could hinder readiness training of the men and
women preparing for combat. In order to ensure the protection of the instructors as well
as shooters at shooting ranges, a preventative approach has been taken to evaluate lead

exposures. Historically, and currently, range evaluations are being evaluated through the
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Table 2.1. Blood Lead Level Ranges and Associated Health Effects
(USDHHS, 1999; Commonwealth of Massachusetts, 2005)

Health Effect Blood Lead Level (ug/dL)
. 50 — 300
Severe Brain Damage (Encephalopathy)
Headaches, memory and concentration 40-80
problems, sleep disturbances, mood changes
Anemia 60
Stomach pain, constipation, diarrhea, loss of 50—70
appetite
. 40-80
Nerve disorders; decreased red blood cells
. . 40-50
Male reproductive problems; kidney damage
Slower reflexes 30
Harmful effects on the fetus; impaired mental 10-15

development

local Bioenvironmental Engineering Flight at each base operating small arms ranges.
Evaluation for lead exposure to military personnel is typically performed through
airborne sampling. Airborne lead samples are analyzed in accordance with specific
analytical methods, to be discussed in Chapter 111, and then compared to a standard for
compliance. Controls, such as improved ventilation or more advantageous instructor
positioning are then implemented to reduce any high exposures.
2.3.3 Standards and Regulations

Because of the large concern with overexposure to lead and its associated health
effects, a number of federal agencies have established specific standards or occupational
exposure limits (OELS) to protect personnel working in lead environments. An OEL is

simply a reference value established for a specific chemical substance in the air thought
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to have no adverse health effects for a specified time (Department of the Air Force,

1997). Table 2.2 summarizes these standards for lead in specific media.

Table 2.2 Summary of Standards and Regulations for Lead (USDHHS, 1999)

"ug/m®: micrograms per cubic meter.
*TLV/TWA: threshold limit value/time-weighted average.

| Agency | Media || Level | Comments
Regulation; cause for written notification
40 pg/dL * [land medical exam
Blood
Occupational Safety and 50 pg/dL * |[Regulation; cause for medical removal from
Health Administration exposure
(OSHA) 50 ua/m Regulation; permissible exposure limit
Air HY (8-hr average) (general industry)
(workplace) 3
30 pg/m Regulation; action level
Advisory; recommended exposure limit for
National Institute for Air 50 pg/m*®  ||10 hour work day (non-enforceable)
Occupational Safety and (workplace)
Health (NIOSH) P 100 mg/m® ||Advisory; immediately dangerous to life
and health
American Conference Air
of Governmental (workplace) 50 pg/m®  ||8-hr TLV/TWA guideline for other forms of
Industrial Hygienists lead
(ACGIH) [Blood 130 pgrdL * ||Advisory; biological exposure index
US En\(lronmental Air 3 ||[Regulation; National Ambient Air Quality
Protection Agency - 1.5 pg/m .
(ambient) Standard; 3-month average
(EPA)
*ug/dL: micrograms per deciliter.

In accordance with the Air Force Occupational Safety and Health (AFOSH)

Standard 48-8, Controlling Exposures to Hazardous Materials, the Air Force will adopt

the most stringent standards set forth by the Occupational Safety and Health

Administration (OSHA), the National Institute for Occupational Safety and Health

(NIOSH), and the American Conference of Government Industrial Hygienists (ACGIH).

OSHA has set an enforceable permissible exposure limit (PEL) for airborne lead in the

18




workplace of 50 pg/m®as an 8-hour Time Weighted Average (TWA) (USDHHS, 1997).
Since a TWA is the amount of time a given exposure is averaged over, then a PEL 8-hour
TWA is the average value of exposure of a given substance that should not be exceeded
over the course of any 8-hour period (OFRNAR, 2004). NIOSH, responsible for
recommending health and safety standards, has published a slightly less stringent
recommended exposure limit (REL) of 50 pg/m® as a 10-hour TWA, as well as an
exposure limit of 100 mg/m?® under immediately dangerous to life and health (IDLH)
conditions. An IDLH exposure condition is defined by NIOSH as a condition “that poses
a threat of exposure to airborne contaminants when that exposure is likely to cause death
or immediate or delayed permanent adverse health effects or prevent escape from such an
environment” (US Department of Human Health and Services, 1997) In addition to the
government agencies previously mentioned, the ACGIH, a professional society, has also
published a recommended threshold limit value-time weighted average (TLV-TWA) of
50 pg/m>. The TLV-TWA is defined as “the time-weighted average concentration for a
conventional 8-hour workday and a 40-hour workweek, to which it is believed that nearly
all workers may be repeatedly exposed, day after day, without adverse effects” (ACGIH,
2002).

Most airborne chemical hazards shown to cause adverse health effects typically
have an action limit (usually one-half the permissible exposure level) established to
indicate an airborne concentration level of concern. By establishing an action level,
employers have an opportunity to take preventative action before an employee is required
to stop working in the unsafe environment because of health problems. For lead, OSHA

has set an action level of 30 pg/m?® as an 8-h TWA with exposures of more than 30 days
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per year. In the event this level is exceeded, an employer is mandated “periodic
determination of blood lead levels” (USDHHS, 1999). Furthermore, if an employee is
found to be at or above the OSHA airborne action level and their last three blood lead
levels were found to be over 50 pg/dL, then an employee is required to be removed from
this environment by his employer in order to protect the worker’s health (OFRNAR,
2004).

While OSHA, NIOSH and ACGIH are primarily noted as the agencies established
to protect worker health, the Environmental Protection Agency (EPA) has also set a lead
standard in response to the National Ambient Air Quality Standards (NAAQS)
requirement outlined in the Clean Air Act as amended in 1990 (U.S. EPA, 2005). The
EPA standard of 1.5 pg/m?is designed to not only protect healthy adults, but also to
include children, the elderly as well as any individual with sensitive conditions. Unlike
the 8-hour average exposure standards brought forth from the public health agencies
mentioned previously, this environmental standard is averaged over a three month period.
2.3.4 Lead Ammunition Studies

Numerous studies have confirmed a positive correlation between the use of
conventional lead ammunition, elevated lead exposures, and lead absorption in instructors
and shooters at indoor and outdoor firing ranges. Based on similar methodologies, blood
lead levels and airborne lead concentrations were recorded to serve as a baseline record
of exposures for personnel working or firing at each range (Center for Disease Control
and Prevention, 2005; George, 1993; Novotny, 1987; Fischbein, 1979). Suspending the
use of fire arms in every case resulted in a significant decrease in blood lead levels and/or

airborne lead concentrations. Individuals performing maintenance or range clean up were
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found to experience higher lead levels relative to other employees (Novotny, 1987). In
addition to employees exposed to high lead levels over a short period of time, those
working with greater frequencies and longer durations were also found to have increased
lead levels over workers with less time invested at the range. Specific findings and
guantitative values for each study are presented in the comprehensive summaries to
follow.

The Alaska Environmental Public Health Program conducted a comprehensive
study to evaluate lead exposure for high school shooting teams at indoor firing ranges
within central Alaska (CDC, 2005). Participants in this study included 66 students from
five different shooting ranges. Blood lead level (BLL) tests were conducted to quantify
levels of lead exposure. Average BLLs for team members at one firing range spanned
from 21 to 31 pg/dL with a mean BLL of 24.3 pug/dL. Non-shooting members from the
same households were also tested during this study. All results for non-shooting
members resulted in a mean BLL between 2.6 and 3.5 pg/dL and would suggest that no
additional sources of lead exposure were being introduced to the students at home or
from extracurricular family activities. Participants’ mean BLLs from the other four firing
ranges ranged from 2.1 pg/dL to 18.5 pg/dL. Upon completion of the BLL test, team
members were removed from this environment for a 3-month period and then retested for
comparison to their original BLL test. Suspending the use of fire arms in every case
where pre- and post- BLL tests were performed resulted in a significant decrease in mean
BLLs ranging from 23.6 - 41.2%.

Airborne lead exposure and elevated lead levels found in recreational shooters at

Christchurch Targeting Club in New Zealand suggest that lead is a significant problem at
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indoor ranges. Fifty-two out of 120 target shooting club members were studied in the
early 1990’s for lead exposure over the course of a one year period (George, 1993).
BLLs were measured at the end of a six month long season and again prior to the start of
the new season six months later. Results showed an average reduction of 56% in BLLs
prior to the start of the new season indicating these firing ranges served as a significant
source of lead exposure. Findings from air sampling for lead and bulk dust samples
provided additional data to support the presence of lead in this environment. At one
range, accumulated dust contained roughly 24-36% lead while background dust from a
nearby city was only 0.1% lead.

The Colorado Health Department was notified in 1985 of two indoor firing range
workers with elevated BLLs (Novotny, 1987). Employees’ BLLs were “88 and 69
pg/dL” respectively. In response, BLL and EP tests were performed for the employees
with elevated BLLs, the other two employees working at the range, as well as three of
their spouses to determine both the acute and chronic exposure caused from working at
the range. “Levels greater than or equal to 30 pg/dL for the BLL test were considered
evidence of recent lead exposure while levels greater than or equal to 50 pg/dL for the EP
test showed evidence of lead exposure over a 3 month period”. Blood lead levels for the
four employees ranged from 41 to 77 pg/dL and 24 to 244 pg/dL for the EP test
indicating fairly recent elevated lead exposures. The range manager, whose additional
duties included cleaning the range, was identified to have the highest levels of lead
exposure. Symptoms experienced by this individual included intermittent headaches and
numbness and weakness in his left leg. After refraining from cleaning the range and

avoiding exposure during firing for a four-month period, the range manager was able to
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reduce the amount of lead absorbed in his body (as evidenced by a 41% reduction in
blood lead level) as well as eliminate all previous symptoms with the exception of a
minor calf tremor. Other employees tested also showed a significant reduction in
exposure. Levels of lead exposure were significantly affected by the duration of time
spent in the range. Employees working full time showed a higher exposure than those
only working part-time. No association was made between smoking or eating within the
range due to the small number of employees sampled. In addition to blood tests, area
sampling was conducted to determine the extent of airborne lead exposure within the
range. Air sampling pumps were set-up at various locations ranging from the firing line
to the target. Air sampling over an eight hour period showed increasing airborne
concentrations as the target area was approached. Samples taken at the target as well as
midway between the firing line and the target were found to be above the OSHA
permissible exposure level of 50 pg/m®.

A study of law enforcement agencies in New York took an in-depth look at the
duration and frequency of employment and associated medical symptoms (Fischbein,
1979). Results showed a proportional relationship between Central Nervous System
(CNS) symptoms and the number of years of employment. For example, 50% of all law
enforcement officers working 10 or more years at the indoor range reported CNS
symptoms while only 22.5% of officers working less than 5 years in duration reported
similar symptoms. In addition, increased hours spent at the firing range, regardless of
years of employment, were also noted to increase the instances of CNS symptoms. Cases
of gastrointestinal (GI) symptoms showed a similar correlation with the number of years

an individual was employed at a shooting range.
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Blood samples were taken to measure blood lead levels for instructors employed
at both indoor and outdoor ranges (Fishbein, 1979). The duration of exposure for
instructors working in each type of environment was four months. Mean BLLs during
indoor and outdoor training periods showed a significant difference in exposure to the
instructors. Indoor and outdoor exposures were found to be 31.9 pg/dL and 41.2 pg/dL,
respectively. ZPP lead levels , however, showed little to no change between the two
shooting environments. Results of these tests indicated that the average exposure over
the four month period remained relatively constant but the instantaneous levels captured
using the BLLs showed an increase in exposure.

Although attention has been focused on lead exposure at indoor ranges, this does
not rule out the potential for hazardous effects of lead at uncovered or partially covered
ranges. Studies have shown that outdoor ranges with heavy firing operations can also
experience significant levels of airborne lead (Goldberg, 1991). In addition, lead
exposure to individuals working at outdoor ranges can fluctuate significantly due to
changes in environmental conditions (Goldberg, 1991). Seasons producing calm or
stagnant air movement may contribute to personal exposure while other seasons
conversely may produce more turbulent winds which could likely move a given
contaminant away from the breathing zone. While winds can provide a positive control
through natural ventilation, they may conversely force the same contaminant back into
the breathing zone of the individual thus compounding the potential for increased

inhalation exposure.
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2.3.5 Other Concerns

In addition to lead, other compounds generated during conventional firing
operations are noteworthy. These combustion by-products include “nitrogen, hydrogen,
carbon dioxide, nitrogen oxide, and complex organic compounds of nitrogen” (Fischbein,
1979) as well as carbon monoxide. Primarily an eye irritant, these by-products can also
cause breathing difficulties for humans at higher concentrations. While one individual
firing an M16 does not necessarily present a significant health hazard, multiple personnel
firing over 100 rounds each, however, may lead to significant levels of concern over time
if adequate ventilation is not in place.
2.4 Alternatives for Reducing Exposure to Airborne Lead

By implementing engineering and administrative controls, instructors in most
instances are able to reduce or in some cases eliminate lead exposure all together. One
easily implemented administrative procedure that is often overlooked is the simple
practice of hand-washing which reduces the potential of lead ingestion. Other
administrative controls commonly used to reduce lead exposures of instructors and
shooters include reducing duration and frequency of work at the range as well as
contracting out regularly scheduled range cleanings. Ranges with infrequent or improper
cleaning procedures can lead to the resuspension of dust increasing the potential risk of
lead exposure to instructors as well as future shooters (Common Wealth of
Massachusetts, 2005). While administrative controls can in fact be a quick and simple
way to reduce exposures, engineering controls are the preferred method of controlling a

hazard. Engineering controls shown to reduce lead exposure include ventilation systems
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for indoor ranges, automated target retrieval systems, special bullet traps, as well as
alternative ammunition.
2.4.1 Ventilation and Automated Retrieval Systems

Unlike outdoor ranges exposed to variable wind speeds and direction, enclosed
facilities have the unique ability to maintain a relatively steady environment. Use and
maintenance of an adequate ventilation system can be a key component in controlling
airborne exposures to shooters and instructors at indoor ranges. A study conducted to
evaluate lead exposure for Alaskan shooting teams at five independent indoor ranges
attributed elevated lead levels to “improper design and maintenance as well as poor
ventilation systems”(Center for Disease Control and Prevention, 2005). Individuals
designing a ventilation system for indoor shooting ranges should always ensure that the
system will control the potential hazard of concern below its OEL. To meet this criterion
for lead, NIOSH recommends a flow rate greater than or equal to 50 feet per minute at
the firing line (U.S. Department of Health, Education and Welfare, 1975). In addition,
the ventilation system should be balanced in order to maintain a steady airflow across the
shooters back. An unbalanced system will form eddies which can actually redirect the
airflow back at the shooter or instructor behind the firing line and increase the potential
for airborne lead exposure (Fischbein, 1979). Use of a target retrieval system in
conjunction with adequate ventilation can further reduce potential exposures by
preventing the unnecessary movement of instructors and shooters past the firing line
where lead hazards may be concentrated down range (Department of the Navy,

December 1999).
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2.4.2 Bullet Traps

In 1999, the Action Target Total Contaminant Trap (AT TCT) was identified as
the most common bullet trap utilized within AETC (Kirsch, 1998). See Figure 2.3 for an
illustration of the AT TCT. Although there are many different variations of this
technology, the general purpose of a bullet trap is to capture the spent round once it has
been discharged from a weapon. The AT TCT accomplishes this by directing the bullet
through a linear funnel and into a deceleration chamber. This unit is designed to capture
major fragments from the bullet as well as the lead dust generated upon impact. If
maintained properly, this equipment, in conjunction with a good ventilation system, can
serve as a useful tool to control lead exposure up-range where instructors and shooters
perform their duties. Individuals responsible for the routine cleaning and maintenance of
these traps, however, will likely increase their risk of potential lead exposure generated
from dust. Routine cleaning and High Efficiency Particulate Air (HEPA) filter changes
for this system will vary depending on the quantity, frequency and climate of firing

operations. In more humid climates, dust has a tendency to build up and clog filters

which can have a significant effect on its efficiency.

Figure 2.3 Action Target Total Containment Trap (Action Target, 2005). The AT
TCT was identified as the most common containment trap used within AETC.
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2.4.3 Jacketed Bullets

Originally designed to improve the flight and speed of the round as it travels
down the barrel of the weapon, the introduction of the jacketed bullet has also shown a
significant contribution to reducing lead exposure at the source. Typically made with a
copper alloy, these jacketed rounds serve as a barrier to totally encapsulate the lead core
of the conventional bullet. One study has shown that firing totally copper-jacketed
bullets can reduce airborne lead concentrations by a factor of 21 over that of conventional
lead bullets (Tripathi, 1990). Other studies showed a positive reduction in airborne lead
concentrations ranging from 60% to 89% (Goldberg, 1991; Tripathi, 1991). Associated
blood lead levels of shooters participating in Goldberg’s study dropped significantly from
over 50 pg/dL to less than 40 pg/dL within a three month period after shooting began
using the copper-jacketed bullets. Although lead reduction can be achieved using these
alternative bullets, total elimination of lead exposure is highly unlikely. As mentioned
previously, hot gases produced as a result of the burning propellant can cause lead
projectiles to vaporize. Due to these extreme conditions, even copper-jacketed bullets
“may be vaporized if the base of the bullet is not jacketed” (Navy Environmental Health
Center, Dec 1999).
2.5 Lead-Free Ammunition

The only way to completely eliminate lead exposure to instructors and shooters
during firing operations is to transition to a lead-free round. Aware of the environmental
concerns generated by conventional lead bullets, manufacturers, as well as the

Department of Defense, stepped up to the challenge and developed environmentally safe
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rounds that are still referred to today as “Green Bullets”. Piloted by the Army, the
military effort began back in the early 1990s to develop green bullets and was formally
introduced for use in 1999. The major difference between the conventional lead bullet
used previously and the green bullet developed by the Army was the replacement of the
lead core with one made of tungsten and nylon surrounded by a copper-jacket
(Greenwire, 1999; CBS, 2005). Since tungsten has comparable chemical properties with
lead, it was thought at the time to be a suitable substitute that would maintain similar
flight characteristics while eliminating additional contamination to the soil and
groundwater adjacent to outdoor ranges. Four years after introduction, further research
conducted by the Stevens Institute of Technology in Hoboken, New Jersey found
tungsten to be soluble and quite capable of transport through soil under certain conditions
(CBS, 2005). The record of air sampling studies specific to the Green Bullets
manufactured by the Army were not found within the current literature. Acknowledging
that this bullet may not have solved the environmental concern in which it was originally
intended, the Army continues to research other alternatives that will be safer for both the
environment as well as human health.

Faced with similar environmental concerns as well as potential health concerns to
instructors and shooters, the Air Force also searched for a suitable lead-free replacement
to the conventional bullet (US AFIERA, 1999). A comprehensive study performed in
1999 suggested that lead-free ammunition was less toxic than conventional rounds.
Based on these results, the Air Force approved temporary use of lead-free ammunition
manufactured by Olin Winchester for a few installations in order to perform further

testing. In Mar 2001, the Air Force Institute for Environment, Safety, and Occupational
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Health Risk Analysis, Industrial Hygiene (IH) Branch conducted two rigorous studies to
evaluate an enclosed and semi-enclosed range during use of frangible lead-free bullets
(Culp, 2001a; Culp, 2001b). A frangible round will “break apart into smaller fragments
when impacted with any surface harder than its own.” and is designed to prevent the
bullet from ricocheting off a surface back toward the shooter or any other innocent
bystander in the area (Mullins, 2001). At the time, both ranges were firing Olin
Winchester Ranger Law Enforcement ammunition during M16 rifle and M9 pistol
training. Constituents making up the different components of these specific bullets are
summarized in Table 2.3.

In the original study performed by AFIERA at Randolph Air Force Base, Texas,
the IH Branch sampled for copper, lead, nickel, zinc and tungsten. At the time of
sampling, five shooters fired 80 rounds each for a total of 400 rounds. Due to the size of
the range, the maximum number of students able to fire at one time was seven. Five air
samples were taken behind the firing line for each metal of interest during M16 training;
two personal breathing zone samples and three area samples. Results found all metal
concentrations to be well below their OEL with the exception of copper. Concentrations
for copper were found to be less than 34% of the OEL and less than 3.4% of the PEL for
fumes and dust, respectively. Based on additional information provided by the local
Bioenvironmental Engineering Flight as well as interviews with range instructors, this
evaluation also documented students experiencing headaches during firing operation as
well as an excess of visible unburned propellant accumulating on the range floor.
Concerns generated in this study lead to an additional study being performed at

Columbus AFB in Missouri.
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Table 2.3 Chemical Composition of Olin Winchester Frangible Ammunition

(Culp, 20014a)

Component

Constituents

Bullet

Tungsten powder (CAS #7440-33-T)
Copper powder (CAS #7440-50-8)"
Mylon (CAS # is proprietary)”

Zine stearate (CAS #357-05-1), <8%

S 1)

Additives (proprietary), =2%

Shellcases and
primer cup

Copper (CAS #7440-50-8), 61-96%
Lead (CAS #7439-02-1), =0.1%
Zine (CAS #7440-66-6), balance

Primer mix

mm -

Potassium nitrate (CAS #77537-T70-1),
Mitrocellulose (CAS #9004-T0-00), 1.5-2.5%
Boron metal (CAS 7440428y, 0.5-1.5%
Mitroglyeerin (CAS #35-63-0), 0.1 -0.3%
Tetrazene (CAS #109-27-3), 0.5-1%

Mickel (CAS #7440-02-0), 0.03-0.06%

Diazodinotro phenol (CAS #4682-03-5), 2-5%
'% 0

-3%

Propellant

Mitroglyeerin (CAS #55-63-0), 0-40%

Dibuty] phthalate (CAS #84-74-2), 0-10%,
Polvester adipate (proprietary), 0-10%

Ethyl centralite (CAS #85-98-3), 0-10%

Rosin (CAS #8050-00-7y, (-394

Ethyl acetate (CAS #141-T8-6). 0-1 3%
Diphenylamine (CAS #122-39-4), 0.3-1.5%,
M-Mitroso diphenylamine (CAS #86-30-6), 0-1.5%
Potassium nitrate (CAS #7778-580-3), D-1.5%
Potassium sulfate (CAS #77

TH-B0-3), 0-1.5%
Tin dioxide (CAS #I82H82-10-5), 0-1.53%

2-Nitro diphenvlamine (CAS #119-75-5), 0-1.5%
Graphite (CAS #778242-5), 0.02-1%

Calcium carbonate (CAS #1317-65-3), 0-1%
MNitrocel lulose (CAS #9004-70-0), balance

* The manufacturer classifies the percentage range or this component as proprietary,

During March 2001, the IH Branch conducted a similar evaluation at the

enclosed range located on Columbus Air Force Base MS (Culp, 2001b). In addition to

the metals sampling collected at Randolph Air Force Base, there was a closer

examination of combustion products created during firing operations. These

contaminants were likely to have caused the eye and nose irritation identified in the

31

\\ Formatted: Font: 11 pt




previous study. Since nylon was one of the main constituents of the bullets being fired, a
particular interest was given to its associated by-products; specifically hydrogen cyanide
and ammonia gas. The sampling strategy at this range included four area samples for
metals, hydrogen cyanide, and ammonia gas located at various locations throughout the
range as well as one personal breathing zone sample for hydrogen cyanide and ammonia
gas. Similar to the results found at Randolph Air Force Base, metal concentrations found
at the range were less than half of their OEL with the exception of copper. During this
round of sampling, copper was found to reach 8.5% of the copper dust PEL and up to
85% of the copper fume OEL. To date, there is no approved sampling method available
to distinguish the exposures attributed between copper dust and fumes; both are collected
on a mixed cellulose ester filter. Information provided by Olin Winchester however
indicated that that the “gases resulting from this burning propellant can reach
temperatures over 4941 degrees Fahrenheit” (Culp, 2001b). Since the boiling point of
copper is 4703 degrees Fahrenheit, it is likely that copper concentrations could be in
either the form of copper fumes or copper dust. Using a dust to fumes ratio, this study
indicated that comparison to the dust standard would be more representative of true
worker exposure.

In accordance with the Air Force Civil Engineering Support Agency (AFCESA),
Engineering Technical Letter (ETL) 02-11, “special non-toxic training ammunition” was
permitted in 2002 to reduce the cost required to fix an existing ventilation system as long
as the ammunition was MAJCOM approved (Department of the Air Force, 2002). In
June 2002, the Air Force Center for Environmental Excellence approved the Air Force to

fire “Reduced Hazard Frangible Ammunition, 5.56 mm caliber, National Stock Number
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(NSN) 1305-01 463-8232, manufactured by Winchester ammunition” (HQ Air Force
Center for Environmental Excellence, June 2002) for training purposes. Since that time,
AFCESA has revised its Engineering Technical Letter to read as follows, “lead-free
ammunition is now available and may be used to eliminate contamination concern with
older existing ventilation systems” (Department of the Air Force, 2005)

Based on information collected from Combat Arms Training and Maintenance
(CATM) shops across the Air Force, other types of lead-free frangible ammunition are
now being utilized. Lead-free bullets used within the Air Force now include the
Frangible Non-toxic Ammunition manufactured by Olin Winchester and Ballisticlean
ammunition manufactured by the Federal Cartridge Company. Chemical compounds of
potential concern in the authorized bullets include tin, copper, zinc, barium, aluminum as
well as the by-products associated with nylon and combustion. See Table 2.4 for a
summary of the associated health effect associated with the analytes of interest.

Like lead, OSHA, NIOSH, and the ACGIH have also established limits for the
components and by-products associated with the frangible lead-free ammunition designed
to protect human health. Table 2.5 lists exposure limits for compounds and by-products
associated with the lead-free ammunition currently being used by the Air Force. In
addition to the public health services, the EPA has also established National Ambient Air
Quality Standards for nitrogen dioxide and carbon monoxide as directed by the Clean Air
Act (U.S. EPA, 2005). The nitrogen dioxide standard of 1.2 pg/m® is averaged over a
year period while the limits established for carbon monoxide of 9 parts per million (ppm)
and 35 ppm are averaged over an 8-hour and 1-hour averaging time respectively.

Toxicology information for these analytes is discussed in section 2.5.
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Table 2.4 Associated Health Effects of Analytes of Interest (USDHHS, 1997)

Health Hazard

Chemical Route * Symptoms Target Organs
Inhalation | Weakness, tremors, exhaustion,
Lead abdominal pain, kidney disease, Eyes, Gl tract, CNS, kidneys,
Ingestion eye irritation, paleness, anemia, blood, gingival tissue
Contact pale face, gingival lead line
Copper Inhalation Irritation of eyes, nose, pharynx, Eyes, skin, respiratory system,
: upper respiratory; nasal liver, kidneys
Ingestion . A . : - .
(dust / fumes) g perforation, metallic taste (increased with Wilson's disease)
Contact
. Inhalation Irritation of eyes, skin, : :
Tin respiratory system Eyes, skin, respiratory system
Contact
Aluminum Inhalat_ion Irritation of eyes, skin, Eyes, skin, respiratory system
Ingestion respiratory system Yes, - fesp ysy
Contact
Inhalation itati i
Barium Nitrate |rr|_tat|on of eyes,.skm, rl: ppler Eyes, skin, respiratory system,
(as Barium) Ingestion respiratory system; cough, slow heart, CNS
pulse, stomach inflammation '
Contact
Metal fume fever, chills, muscle
Zinc . ache, fever, dry throat, cough, .
(as Zinc Oxide) Inhalation metallic taste, blurred vision, Respiratory system
tight chest, restricted lungs
Inhalation Irritation of eyes, nose, throat;
Ammonia Ingestion breathing difficulty, chest pain, Eyes, skin, respiratory system
Contact pulmonary edema
Inhalation ;
. ; Asphyx_la, weak, headache, CNS, Cardiovascular system,
Hydrogen Cyanide || Ingestion confusion, nausea, vomit, )
. R thyroid, blood
increased rate of respiration
Contact
Inhalation Irritation of eyes, wet skin, nose . .
L . ; . ’ ' Eyes, skin, respiratory system,
Nitric Oxide Ingestion throat, drowsmes;;, blood blood, CNS
disorder, unconsciousness
Contact
Inhalation Irritation of eyes, nose, throat;
. L - cough, chest pain, decreased Eyes, skin, respiratory system,
Nitrogen Dioxide Ingestion || pulmonary function/edema, rapid Cardiovascular
heart beat
Contact

* Column lists toxicologically important routes of exposure
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Table 2.5 Exposure Limits for Compounds Associated with Lead-Free Frangible
Ammunition Currently Being Used by the Air Force (USDHHS, 1997; ACGIH, 2002;
U.S. EPA, 2005)

OSHA (PEL) NIOSH ACGIH (TLV)
. 8-Hour 15 min 10-Hour
Chemical TWA STEL TWA STEL IDLH 8-Hour STEL
TWA
mg m?® mg/m? mg/m’ mg/m? mg/m® mg/m® mg/m?
Copper ) ) 100 )
(dust) ! ! (as Cu) 1
Copper i . 100 ]
(fumes) 0.1 0.1 (as Cu) 0.2
. 100
Tin 2 - 2 - (as Sn) 2 -
Aluminum 10 - 5 - N.D. 10 -
Barium Nitrate 50
(as Barium) 05 ) 05 ) (as Ba) 0.5
Zinc
(as Zinc Oxide) 5 - 5 10 500 5 10
(fumes)
Zinc (as Zinc
Oxide) 15 - 5 Ceiling 15 500 10 -
(dust)
Ammonia 34.8 - 17.4 24.3 209 17.4 24.4
Hydrogen ) ) ) Ceiling
Cyanide 111 5.2 55.2 5
Nitric Oxide 30.7 - 30.7 - 122.7 30.7 -
Nitrogen Dioxide - Ceg""lng - 1.9 37.6 5.6 9.4
: Ceiling
Carbon Monoxide || 50 ppm - 35 ppm 200 ppm 1200 ppm 25 ppm -

PEL = Permissible Exposure Limit

STEL = Short Term Exposure Limit

Ceiling = at no time should this limit be exceeded

N.D. = IDLH has not yet been determined

mg/m° = milligrams per cubic meter

ppm = parts per million
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2.6 Toxicology Information
2.6.1 Metals (Inhalation/Ingestion Exposure)

Copper is considered a respiratory irritant. Individuals exposed to copper via
inhalation will often show symptoms of coughing, sneezing, runny noses as well as in
some cases chest pain (USDHHS, 2004). In 1981, a human study was initiated to
evaluate the toxic effects of inhalation exposure associated with copper for roughly 100
individuals engaged in sieving copper. Over a three year period, concentrations of
copper exposure ranged from 111 mg/m3 to 434 mg/m3. Workers’ chest x-rays showed
both thickening and scarring of the lungs. Similar animal studies involving mice being
exposed to concentrations of 0.12 mg/m3 of copper as copper sulfate three hours a day,
five days a week for two weeks also supported the respiratory effects found in the human
study involving copper sieve workers (USDHHS, 2004); specifically thickening of the
alveolar tissue. This animal study also noted a positive relationship between
concentration and severity. In other words, as the concentrations of copper increased,
respiratory effects in the mice also increased. Depending on the cleaning and
maintenance practices at various shooting ranges, dust build-up may also lead to
exposure through ingestion. Gastrointestinal effects from copper include anorexia,
nausea, and occasional diarrhea (USDHHS, 2004). In addition to the stomach and lungs,
studies involving copper workers also identified airborne copper exposure to affect the
blood, liver and endocrine system. Other effects reported included headaches, vertigo,
drowsiness and impotency (Department of Health and Human Service, 2004).

When tin is combined with carbon-containing materials it forms what is known as

an organotin compound. These compounds can be used to develop plastics which are
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often used to bind together other potentially toxic metals often found in frangible
ammunition (Mullins, 2001). Since the metabolism of copper, zinc and other metals are
affected by tin, it is very difficult to isolate health effects corresponding specifically to tin
(USDHHS, 1992). Although low in toxicity, inhalation exposure to tin in the form of
dust can affect human lung tissue over time. In addition to targeting the respiratory
system, inorganic tin compounds can also cause dermal and ocular irritation as well as
abdominal pains at high concentrations. Other human and animal studies suggest
exposure to tin can also target the liver, kidney as well as the blood (USDHHS, 1992).
No carcinogenic affects associated with inhalation exposure to inorganic tin or organotin
compounds have been documented by the Agency of Toxic Substance and Disease
Registry (USDHHS, 1992).

Respiratory and neurological effects have been strongly associated with
occupational workers being exposed to aluminum. Aluminum welders and iron welders
working on railroad tracks were compared in one study to identify a dose response
relationship between inhalation exposure to aluminum fumes and specific health effects
(World Health Organization, 1997). Occupational welders working with aluminum for
13 years were found to have minor neuropathy and in some cases degradation of brain
function. Two independent studies conducted during aluminum manufacturing and
soldering operations involving potassium aluminum tetrafluoride flux found reports of
“irritant induced asthma” to be directly associated with inhalation exposure to aluminum
(World Health Organization, 1997). Finally, nine other documented cases of interstitial

fibrosis were linked to chronic inhalation exposure to aluminum oxide.
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Human studies suggest little to no effect on the respiratory system from chronic
exposure to barium (USDHHS, 1992). Another study involving chronic exposure to
barium carbonate dust did however show instances of elevated blood pressures and heart
irregularities (USDHHS, 1992). An animal study involving guinea pigs documented in
1986 showed similar cardiovascular effects (USDHHS, 1992). In a final study,
accidental over exposure to large concentrations of barium also suggested causality of
abdominal cramps, nausea, as well as muscle weakness and kidney failure (USDHHS,
1992).

The health effects associated with zinc inhalation exposure comes primarily from
zinc oxide. Respiratory symptoms associated with acute exposure to low concentrations
of zinc oxide may include coughing and dryness of the throat (USDHHS, 1994). At high
concentrations ranging from 320 mg/m3 to 580 mg/m3, individuals will experience chest
pains and breathing difficulties often referred to as metal fume fever. Although
symptoms may cease within as little as 4 days, ultra fine zinc oxide particles that are less
than one micrometer in diameter may travel to the alveoli and initiate irritation as well as
damage to the lining of the lung. In addition, individuals being exposed to high
concentrations may experience fever, headache and depression (U.S. Department of
Human Health and Human Services, 1994).

2.6.2 Nylon By-Products (Inhalation Exposure)

At concentrations exceeding 30 ppm (21 mg/m®), ammonia can quickly lead to nose
and throat irritation (USDHHS, 2004). Occupational studies conducted within enclosed
buildings and fertilizer factories have shown a strong association between ammonia gas

and respiratory disorders. Individuals exposed over the ACGIH 8-hr TLV-TWA of 25
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ppm were found to have an elevated risk of experiencing wheezing, coughing and asthma
relative to those exposed below the standard (USDHHS, 2004). Another human study
specific to soda ash factory workers found that long term exposure to concentrations
averaging 12.5 ppm had no significant effects on pulmonary function or odor sensitivity
(USDHHS, 2004). In addition to potential respiratory difficulties, animal studies suggest
both acute and chronic exposure to ammonia can decrease the resistance to bacterial
infection and decrease immune response to infection (USDHHS, 2004).

Short term inhalation exposure to low concentrations of hydrogen cyanide have
been found to cause numerous symptoms associated with the central nervous system to
include lightheadness, breathlessness, dizziness, numbness as well as headaches
(USDHHS, 1997). Humans exposed up to 15 ppm (16.6 mg/m®) of hydrogen cyanide for
unspecified durations reported signs of sleep disruption, fatigue, ringing in their ears, skin
sensation of extremities and in some cases loss of consciousness in addition to those
symptoms mentioned previously (USDHHS, 1997). Animal studies involving dogs being
exposed to hydrogen cyanide concentration of 45 ppm for various durations ranging from
28 to 96 days were found to cause tremors, convulsions and comas (USDHHS, 1997).

In addition to problems associated with the central nervous system, the previously
mentioned human study also has shown hydrogen cyanide to affect the human
cardiovascular and endocrine systems (USDHHS, September, 1997). Individuals working
in the silver plating facility exposed to 15 ppm of hydrogen cyanide were also found to
experience instances of palpitations and chest pains; the percentage of workers
experiencing these conditions were 14% and 31% respectively. An additional finding

from this study showed significantly higher thyroid stimulating hormone levels in
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workers exposed to 15 ppm (USDHHS, September, 1997). High thyroid stimulating
hormones (above 4.5 milli-international units per liter for adults) can lead to thyroid
failure and may ultimately affect all body functions (Nissl, 2004). While the hydrogen
cyanide level depicted in this study was higher than the OSHA PEL of 10 ppm, extreme
airborne concentrations of hydrogen cyanide (546 ppm) have been shown to cause death
in roughly 10 minutes.

Other by-products associated with nylon include nitrogen oxides. The Agency of
Toxic Substances and Disease Registry recognizes nitric oxide and nitrogen dioxide as
the most toxicologically significant of these nitrogen and oxygen mixtures (USDHHS,
2002). At low levels, nitrogen oxides act as an irritant. It primarily affects the nose, eyes
and throat and can lead to respiratory problems. Some symptoms experienced include
fatigue, nausea and breathing difficulties. In some instances, individuals exposed to
nitrogen oxides may also experience fluid build-up in the lungs in as little as 2 days of
exposure. At higher concentrations, a more severe affect on the throat and lungs may
occur including burning and tissue swelling.
2.7 Methods

In order to determine if individuals are over the exposure standards outlined in
section 2.5, air samples must be collected and analyzed in a standardized reliable manner.
NIOSH, OSHA and EPA have validated specific methodologies outlining the proper
sampling protocol, media, minimum and maximum flow rates and volumes as well as the
measurement techniques needed to perform an analysis for a specific compound. While
the EPA has developed some reference methods to monitor ambient air quality for carbon

monoxide and nitrogen dioxide, OSHA and NIOSH have established detailed sampling
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methods for all of the components and by-products associated with the lead-free bullets
currently being used by the Air Force. Table 2.6 lists the specific methods developed by
NIOSH and OSHA. A detailed description of the specific methodology used within the

scope of this research is further discussed in Chapter I11.

Table 2.6 OSHA and NIOSH Ambient Air Sampling Methods

Methods

Chemical OSHA NIOSH
Copper ID121 7300
Tin ID121 7300
Aluminum ID121 7300

Barium Nitrate
(as Barium) ID121 7300
Zinc (as Zinc Oxide)
(dust/fumes)

ID121 7300
Ammonia ID188 S347
Hydrogen Cyanide 1D120 6010
Nitric Oxide ID190 6014
Nitrogen Dioxide ID182 6014

2.8 Summary

Use of conventional ammunition at indoor and outdoor small arms shooting
ranges places instructors and shooters at risk of airborne lead exposure. Overexposure to
lead can cause adverse health effects which target a wide variety of organs and systems
within the human body. Lead concentrations at shooting ranges can be reduced

significantly by implementing best management practices and the use of jacketed
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ammunition, however, the only way to eliminate all health effects associated with lead is
to eliminate this toxic metal altogether.

Since the substitution of leaded ammunition with lead-free bullets has been shown
to eliminate potential airborne lead exposure to instructors and shooters, it is how
important to shift attention to the materials selected by manufacturers to replace lead. In
industry, it is not uncommon to replace one toxic material known to cause adverse health
effects to humans with another with little to no toxicity data associated with it. With
more and more Air Force shooting ranges using these frangible lead-free bullets, it is
imperative to determine that manufactures have not merely substituted a bullet that is just
as toxic as or more toxic than the original ammunition. The methodology and analysis
presented in chapter Il and 1V will broach this subject and bring industrial hygienists one
step closer to determining if range instructors and shooters across the Air Force are at risk
of exposure form the materials and by-products associated with lead-free ammunition

during M16 qualification firing operations.
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I11. Methodology

This chapter illustrates the methodology used to address the research of the
following questions originally outlined in Chapter I.

(1) How many bases have transitioned to lead-free ammunition? What is the
maximum and average lead exposure during small arms qualification training using both
lead and lead-free bullets? How much is lead exposure reduced through the use of lead-
free bullets?

(2) What other potential airborne chemical exposures have been introduced to Air
Force instructors and shooters during small arms weapon qualification training as a result
of the transition to Green Bullets?

The chapter also discusses the approach taken to gather firing range design
information and historical lead air sampling results. It further describes the sampling
strategy used at two Air Force installations selected to take part in a comprehensive
evaluation designed to identify and quantify representative airborne exposures to
instructors associated with frangible lead-free bullets. Furthermore, it describes a parallel
lead-free ammunition study at two additional bases being conducted by the Air Force
Research laboratory (AFIOH) at Brooks AFB, TX and the collaborative effort being
made with the author. Finally, this chapter discusses the type of media and flow rate
ranges used, in accordance with specific NIOSH methods, to sample and analyze specific
analytes of interest as well as the approach taken to screen for carbon monoxide during

M16 firing operations.
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3.1 Historical Data Call

A data call request was developed to gather information on the current firing range
designs for Air Force bases located across the United States. Data requested included
types of 5.56 mm ammunition being fired, types of bullet traps currently being used, the
physical location of the firing and whether the weapons firing operations took place
inside or outside. In addition to the specific descriptive information for each base’s
current firing range configuration, historical personal and area air sampling results for
M16 rifle firing were also requested to determine past personnel exposures from
conventional lead bullets. The historical data request form is shown in Appendix B.
Once constructed, the data request was reviewed by the Human Subjects Board and
approved for distribution on 20 July 2005 (Department of the Air Force, 2005). A census
of 63 active duty CONUS bases making up 6 Major Commands was attempted. Major
Commands queried included Air Combat Command (ACC), Air Education and Training
Command (AETC), Air Force Material Command (AFMC), Air Force Space Command
(AFSPC), Air Force Special Operations Command (AFSOC), and Air Mobility
Command (AMC). The Board approval letter is shown in Appendix B.

In order to receive maximum support, distribution of the historical data request forms
was routed through the Command Bioenvironmental Engineers. The Command
Bioenvironmental Engineers were briefed on the background and scope of work to be
performed and then asked to forward the data call request, accompanied by their
supporting remarks, to their respective Bioenvironmental Engineering (BEE) Flight
Commanders. A one-month suspense was given to each Flight Commander to compile

and submit their responses directly to AFIT. Follow-up telephone calls and e-mail
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requests, to combat non-response errors, were then made directly to each base to ensure
bases had an adequate opportunity to participate in the data call. Roughly 25% of the
bases responded with the information requested. See Appendix B for a summary of
participating bases and associated responses. In order to include as much of the sample
population as possible, air sampling results were also extracted through the Command
Core System (CCS) Warehouse located at Brooks AFB, Texas with the assistance of Mr.
Tom Hewitt (Hewitt, Sep 2005). The CCS warehouse is a database originated to serve as
a repository of information on specific activities performed and evaluated during BEE
routine and special surveillance. Air Force bases both stateside and abroad may use this
database at anytime to review results and findings for similar operations currently being
investigated. By utilizing this additional source of information, lead air sampling results
were obtained for 60% of the bases originally polled. Follow-up telephone calls were
then made to BEE flights and CATM range instructors at specific locations to inquire
about information on the type of range, bullets, and traps being used to help categorize air
sampling results taken from the CCS.
3.2 Analytes of Concern

The majority of bases performing M16, 5.56 mm, firing operations are now using
frangible ammunition with a National Stock Number (NSN) of 1305-01-463-8232;
specifically Frangible Non-toxic Ammunition, manufactured by Olin Winchester, or
Ballisticlean ammunition, manufactured by the Federal Cartridge Company. A variety of
frangible bullet types are being sold by these companies. Therefore, specific
nomenclatures for the bullets found at firing ranges were confirmed by contacting the

manufacturer directly; to verify specific ammunition in use based on lot numbers.
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Components of each type of frangible ammunition being fired were then identified using
the Material Safety Data Sheets found in Appendix C. Chemical compounds of concern
included tin, copper, zinc, barium, aluminum, and Zytel nylon. Of particular concern are
the byproducts, ammonia and hydrogen cyanide, associated with the Zytel nylon that are
formed as the bullet is fired.
3.3 Data Collection
Air sampling was conducted at two facilities, Hill AFB and McGuire AFB by the

author. Collaboration was also completed with the Air Force Institute for Operational
Health with sampling results obtained from Ellsworth, Offutt, and Whiteman AFB.
Virtually the same data was collected by the author and AFIOH personnel, at the
respective bases.
3.3.1 Hill AFB

The indoor firing range (Building 741) at Hill AFB, UT is completely enclosed
with unpainted concrete walls on both sides of the range as well as a concrete, unpainted
floor. While the area between the firing line and the hard bullet trap down range is
covered by metal overhead baffles, the area up range from the firing line has been
finished with the addition of a false ceiling. Ventilation for the range was provided
through the use of a supplied air wall located up range from the shooters and instructors.
Figure 3.1 illustrates the supplied air wall used during firing operations.

Air sampling was conducted at the indoor small arms firing range on the 21% and

23" of September 2005 to capture representative range instructor’s chemical airborne
exposures during M16 Air Force Qualification Training. Three instructors were selected

during each respective class to represent unique exposures of individuals typically
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located in specific areas of the range. Instructors were chosen for monitoring as they are
the individuals who are exposed day-after-day to contaminants found at the range.
Shooters are considered to be only intermittently exposed to contaminants generated
during firing operations. Figure 3.2 illustrates the specific areas in which the instructors
concentrated their time during weapon qualification training. Two firing line instructors
performed their duties primarily between the firing line and ready line while the

command (tower) instructor was centered at the back of the range, roughly 13 feet behind

the firing line, elevated on a platform about two and half feet above the floor.

Figure 3.1 Supplied Air Wall. Air movement designed to force air contaminants down
range away from instructors and shooters.
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Figure 3.2 Plan View of Hill AFB CATM Range. Three instructors were monitored
for chemical exposures.

Each individual being monitored was equipped with three air sampling pumps
(Gilian, Florida; SKC, Pennsylvania) to collect personal air samples representative of
instructors’ inhalation exposure. Pumps were connected via Tygon tubing to either a 37-
mm filter cassette or adsorbent charcoal tube positioned in the breathing zone as shown in
Figure 3.3. Samples collected were analyzed using NIOSH method 7300 for specific
metals of interest previously mentioned in Table 2.4 and NIOSH method 6010 and S347
for by-products (hydrogen cyanide and ammonia respectively) associated with the nylon

used in the frangible rounds.
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Figure 3.3 Personal Air Sampling Assembly to Capture Breathing Zone
Contaminants

Required media, average flow ranges and volumes for specific NIOSH methods
are summarized in Table 3.2. Table 3.2 specifies the main analyte, the sampling method,
the sampling media (what the analyte is collected upon), the analytical chemical
technique used, the flow rate of the air sampling pump, and the minimum volume of air
required for collection. The specific analytical protocol for each method is outlined in
section 3.4.

In addition to air sampling, a direct reading indoor air monitor, TSI Q-TRAK
Model No. 8551 (TSI, Minnesota), was used to determine minimum, maximum, and
average carbon monoxide levels during shooting operations. The monitor was positioned
behind a shooting barricade, as illustrated in Figure 3.4, between two students (stations 8

and 14 in the Figure 3.2)
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Table 3.2 Sampling Specifications for Analytes of Interest

200 mg)

. Sampling
1 Sampling . . Measurement Flow Rate
Substance Method Sampling Media Technique (LPM) Vo(ILJ)me
Inductively coupled
Copper 0.8 um cellulose ester Argon Plasma )
(Dust & Fume) NIOSH 7300 membrane - Atomic emission 1-4 5-1000
spectroscopy
Inductively coupled
Zinc NIOSH 7300 | 0-8 um cellulose ester Argon Plasma 1.4 5_200
membrane - Atomic emission
spectroscopy
Inductively coupled
Tin NIOSH 7300 0.8 um cellulose ester Argo_n Plas}mg 1.4 5_ 1000
membrane - Atomic emission
spectroscopy
Inductively coupled
Lead NIOSH 7300 0.8 um cellulose ester Argo_n Plas}mg 1.4 50 — 2000
membrane - Atomic emission
spectroscopy
Solid sorbent tube lon Chromatograph
Ammonia | NIOSH S347 (sulfur_lc_ acid-treated Conductivity Detection 0.1-05 0.1-96
silica gel)
Hydrogen Solid _sorbent tube Spectrophotometry
: NIOSH 6010 | (soda lime, 600 mg / e - 2" 10.05-0.2 2-90
Cyanide Visible adsorption

! Information obtained from the NIOSH Manual of Analytical Methods

approximately four and a half feet above the ground to give a general indication of the

carbon monoxide levels generated during firing operations. On the 21% of September, 19

shooters participated in the weapons qualification class. Each individual fired 100 rounds

for a total of 1900 rounds. Fifteen shooters fired the M16 on the 23 of September

totaling 1500 rounds.

50




Figure 3.4 TSI Q-TRAK monitoring position. The CO monitor was positioned at
station 8 on 21 Sep 05 and station 12 on 23 Sep 05 between two students to monitor CO
levels during firing.
3.3.2 McGuire AFB

The outdoor firing range (25A, Rolling Thunder) at McGuire AFB is completely
open to the environment. Earth mounds are positioned on both sides of the range as well
as behind the down range targets. The floor between the ready line and the earth berm
down range consists of sand and loose dirt. The only source of air movement at the range
is provided by natural ventilation from prevailing winds. During firing operations, there
is a posted flag up range from the firing line used to determine wind direction. Figure 3.5
illustrates the range configuration.

Air sampling was conducted at the McGuire AFB, NJ outdoor small arms firing

range on the 2" and 3" of November 2005 to capture representative chemical airborne

exposures to range instructors during M16 Air Force Qualification Training. Three
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instructors were selected during each respective class to represent unique exposures of
individuals typically located in specific areas of the range. Figure 3.5 also illustrates the
specific areas where these instructors concentrated their time during weapons
qualification training. Two firing line instructors performed their duties primarily
between the firing line and ready line while the command instructor sat on the mobile
command post (tailgate of the bread truck) located 21 feet behind the ready line. Each
individual being monitored was equipped with three air sampling pumps (Gilian, Florida;
SKC, Pennsylvania) to collect personal air samples representative of their inhalation
exposure. Samples collected were analyzed using NIOSH method 7300 for metals and
NIOSH method 6010 and S347 for by-products associated with the nylon used in the
frangible rounds. Required media, average flow ranges and volumes for specific NIOSH
methods previously mentioned are summarized in Table 3.2 with the specific analytical
protocols outlined for each method in section 3.4. On the 2" and 3" of November, 14
shooters participated in each of the weapons qualification classes. Each individual fired
100 rounds for a total 1400 rounds per qualification session. Since environmental
conditions were relatively dynamic due to an outdoor venue, wind direction and wind
speeds were also recorded during firing operations for background site information. A
TSI ALNOR Compuflow (TSI, Minnesota) Model No. 8585 velometer, Natural Resource
Management Area map, and flag were used to measure wind direction and speed. No
carbon monoxide sampling was conducted during this survey due to a lack of available

equipment.
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Figure 3.5 Plan View of McGuire AFB CATM Outdoor Range. Two instructors
moved between the firing line and the ready line and the third remained near the area
marked mobile range control.
3.3.3 AFIOH Collaboration

A parallel study of airborne exposures associated with frangible bullets is
currently being conducted by the Industrial Hygiene (IH) Branch of the Air Force
Institute for Operational Health (AFIOH) in response to a Headquarters ACC request.
After consulting Major Gary Wright, AFIOH Senior Industrial Hygiene Consultant, a
collaborative effort was made to share air sampling results and findings associated with
hazardous material exposures during the firing of 5.56 mm frangible ammunition.
Evaluations of small arms firing ranges performed by the IH Branch of AFIOH included
Ellsworth AFB, SD, Whiteman AFB, MO, and Offutt AFB, NE.

The sampling strategy used by the IH Branch of AFIOH mirrored that used by

the author with two exceptions (by-products of plastics as well as nitrogen oxides
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resulting from the combustion of nylon). Since nylon and plastics are commonly used to
bind with metals such as copper, to form the projectile component of lead-free
ammunition, the IH Branch of AFIOH also sampled for common by-products of plastics
to include hydrogen chloride and phosgene within their study. Additional analytes were
not sampled by the author since the material, Zytel nylon, used to bind the copper in the
Federal Cartridge Company frangible ammunition fired at Hill AFB and McGuire AFB
was clearly identified on the MSDS. Sampling for additional by-products associated with
nylon (nitric oxide and nitrogen dioxide) was also not conducted by the author. This
choice was made due to limited equipment and the relatively low severity of potential
adverse health effects associated at low concentrations in comparison to that of ammonia
and hydrogen cyanide (USDHHS, 2002).

3.3.3.1 Ellsworth AFB

The outdoor firing range (Range C) at Ellsworth AFB is semi-enclosed with
baffled, unpainted concrete walls on both sides of the range as well as a concrete,
unpainted floor. The area between the firing line and the bullet trap down range is
covered by metal overhead baffles. No ventilation system was present during the course
of this assessment. Wind direction and wind speed were recorded during firing
operations as background site information.

Air sampling was conducted at the Ellsworth AFB, SD outdoor small arms firing
range on the 23" of August 2005 to capture representative chemical airborne exposures
to range instructors during M16 Air Force Qualification Training. Two instructors were
selected to represent exposures of individuals typically performing instructor duties at the

range during weapons qualification training. One instructor was located primarily
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between the firing line and ready line (stations 14-20) while the command (tower)
instructor addressed the students sitting down at the back center of the range. Each
individual being monitored was equipped with air sampling pumps (SKC, Pennsylvania)
to collect personal air samples representative of their inhalation exposure. On the 23 of
August, 20 shooters participated in the weapons qualification class. Each individual fired
100 rounds for a total of 2000 rounds.

Samples collected were analyzed using NIOSH method 7300 for specific metals
identified on the MSDS and NIOSH method 6010, S347, 7903, 6014, and OSHA method
61 for by-products associated with the plastics used in the lead-free frangible rounds
(5.56 mm frangible bullets manufactured by Olin Winchester) fired at Ellsworth AFB.
Required media, average flow rates and analytes collected are summarized in Table 2 of
the Consultative Letter, IOH-RS-BR-CL-2005-xxxx Air Sampling in a Partially Enclosed
Firing Range during Use of Frangible Bullets, Ellsworth AFB, SD. Results and findings
from this consultative letter can be found in Appendix D-1. No carbon monoxide
sampling was conducted during this survey.
3.3.3.2 Whiteman AFB

The outdoor firing range at Whiteman AFB is partially enclosed with baffled,
unpainted concrete walls on both sides of the range as well as a concrete, unpainted floor.
The area between the firing line and the bullet trap down range is covered by metal
overhead baffles. No ventilation system was present during the course of this
assessment. Wind direction and wind speed were recorded during firing operations for

background site information.
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Air sampling was conducted at the Whiteman AFB, MO outdoor small arms
firing range on the 13" and 14™ of September 2005 to capture representative chemical
airborne exposures to range instructors during M16 Air Force Qualification Training.
Three instructors on the first day of sampling and two instructors on the second day of
sampling were selected to represent unique exposures of individuals typically performing
instructor duties at the range during weapons qualification training. Instructors were
located primarily between the firing line and ready line while the command (tower)
instructor addressed the students sitting down at the back center of the range. Each
individual being monitored was equipped with air sampling pumps (SKC, Pennsylvania)
to collect personal air samples representative of their inhalation exposure. In addition to
personal samples taken on the second day of shooting, one area sample was also taken in
a vacant firing position adjacent to shooters on the firing line to capture breathing zone
samples for the shooter while in the prone position. On the 13" of September, 20
shooters participated in the weapons qualification class. Each individual fired 100 rounds
for a total of 2000 rounds. On the 14™ of September, nine shooters fired the M16 rifle
during weapons qualification for a total of 900 rounds fired.

Samples collected were analyzed using NIOSH method 7300 for specific metals
identified on the MSDS and NIOSH method 6010, S347, 7903, 6014, and OSHA method
61 for by-products associated with the plastics used in the lead-free frangible rounds
(Ballisticlean 5.56 mm Centerfire Rifle Ammunition, Federal Cartridge Company) fired
at Whiteman AFB. Required media, average flow rates and analytes collected are
summarized in Table 3 of the Consultative Letter, IOH-RS-BR-CL-2005-xxxx Air

Sampling in a Partially Enclosed Firing Range during Use of Frangible Bullets,
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Whiteman AFB, MO. Results and findings from this consultative letter can be found in
Appendix D-2. No carbon monoxide sampling was conducted during this survey.
3.3.3.3 Offutt AFB

The outdoor firing range at Offutt AFB is fully enclosed with baffled, unpainted
concrete walls on both sides of the range as well as a concrete, unpainted floor. The area
between the firing line and the bullet trap down range is covered by metal overhead
baffles. No ventilation system was present during the course of this assessment. Wind
direction and wind speed were recorded during firing operations for background site
information.

Air sampling was conducted at the Offutt AFB, NE outdoor small arms firing
range on the 7" and 9™ of November 2005 to capture representative chemical airborne
exposures to range instructors during M-4 Air Force Qualification Training. The M-4
rifle is comparable to the M16 rifle with the exception of a shorter barrel. One instructor
on the first day of sampling and two instructors on the second day of sampling were
selected to represent unique exposures of individuals typically performing instructor
duties at the range during weapons qualification training. Representative exposure of the
command (tower) instructor, located at the back center of the range, was not captured
during this assessment. Instructors participating in sampling activities were located
primarily between the firing line and ready line. Each individual being monitored was
equipped with air sampling pumps (SKC, Pennsylvania) to collect personal air samples
representative of their inhalation exposure. In addition to personal samples, three area
samples were also taken on each day of firing in vacant firing positions between shooters

on the firing line to capture breathing zone samples for the shooter while in the prone
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position. On the 7™ of November, 7 shooters participated in the weapons qualification
class. Each individual fired 100 rounds for a total of 700 rounds. On the 9" of
November, 10 shooters fired the M-4 during weapons qualification for a total of 1000
rounds fired.

Samples collected were analyzed using NIOSH method 7300 for specific metals
identified on the MSDS and NIOSH method 6010, S347, 7903, 6014, and OSHA method
61 for by-products associated with the plastics used in the lead-free frangible rounds
(Ballisticlean 5.56 mm Centerfire Rifle Ammunition, Federal Cartridge Company) fired
at Offutt AFB. Required media, average flow rates and analytes collected are
summarized in Table 3 of the Consultative Letter, IOH-RS-BR-CL-2005-xxxx Air
Sampling in a Partially Enclosed Firing Range during Use of Frangible Bullets, Offutt
AFB, NE. Results and findings from this consultative letter can be found in Appendix D-
3. Air quality monitors and a cascade impactor were also used to measure carbon
monoxide, nitrous oxide, and nitrogen dioxide concentration during firing activities.

3.4 Analytical Methods
3.4.1 NIOSH Method 7300 for Elements

NIOSH Method 7300 can be found in its entirety in Appendix F (U.S. Department
of Health, Education, and Welfare, 2003). At each of the bases, metal samples were
collected on a 0.8 micron cellulose ester membrane preloaded cassette using Gillian High
Flow sampling pumps, Model HFS-513A. A list of specific pumps and calibration
equipment utilized throughout the sampling collection process is listed in Appendix E.
Security Forces instructors at each base visited indicated firing operations last

approximately two hours on average. Pump flow rates were calculated and set between
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an average standard flow rate of 0.9665 liters per minute (LPM) and 1.339 LPM in order
to maximize the sample volume collected without exceeding the carrying capacity of the
media outlined within this method. Sampling pumps were both pre- and post-calibrated
with a representative sampler inline using the BIOS Dry Cal DC-2 (Butler New Jersey)
primary standard to ensure a continuous steady flow rate was maintained throughout the
sampling process. Two field blanks were taken on site prior to firing operations. All
samples collected for each day of sampling were logged into the Command Core
database and then shipped to the Air Force Institute of Operational Health at Brooks City-
Base in Texas for analysis.

Inductively coupled argon plasma, atomic emission spectroscopy (ICP-AES) was
used to analyze the metal-containing samples. 1CP causes the elements of interest to
produce a characteristic wavelength specific light which was then converted into an
electric signal that could be quantified. Trace metals analyzed included lead, tin, copper,
zinc, barium, and aluminum. Although lead is not one of the components in the
ammunition currently being fired, it was also included in the analysis, since previously
expended lead rounds may still contribute to the instructor and shooters’ potential
exposure.

3.4.2 NIOSH Method 6010 for Hydrogen Cyanide

NIOSH Method 6010 can be found in its entirety in Appendix A-5 (U.S.
Department of Health, Education, and Welfare, 1994). Samples for hydrogen cyanide
were collected on a solid sorbent (soda lime) media using GILAIR-5 Tri-mode air
sampling pumps (Gilian, Florida) fitted with a constant low flow module. A list of

specific pumps and calibration equipment utilized throughout the sampling collection
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process is listed in Appendix E. Based on information provided by Security Forces
instructors, firing operations take approximately two hours to perform. Pump flow rates
were calculated and set between an average standard flow rate of 0.1232 LPM and 0.1774
LPM in order to maximize the sample volume collected without exceeding the carrying
capacity of the media outlined within this method. Sampling pumps were both pre- and
post-calibrated with a representative sampler inline using the BIOS Dry Cal DC-2
(Butler, New Jersey) primary standard to ensure a continuous steady flow rate was
maintained throughout the sampling process. Two sorbent tube field blanks were taken
on site prior to firing operations. All samples collected for each day of sampling were
logged into the Command Core database and then shipped to the Air Force Institute of
Operational Health at Brooks City-Base in Texas for analysis. Visible absorption
spectrophotometry was used to detect and quantify the specific concentrations of
hydrogen cyanide for each air sample collected. In order to determine the amount of
hydrogen cyanide present for a given sample, it must first be desorbed from the tube
using deionized-distilled water. By using a prism, light can be broken down into all the
colors within the visible spectrum (380 — 750 nanometers). Once this is accomplished,
the light can be focused through a narrow open slit directly at the sample of interest. By
rotating the prism, the wavelength of light can be adjusted until it matches up with the
color absorbed by the sample. The quantity of hydrogen cyanide present in a sample can
then be determined by measuring the intensity of the beam of light as it passes through

the given sample.
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3.4.3 NIOSH Method S347 for Ammonia

NIOSH Method S347 can be found in its entirety in Appendix F-2(U.S.
Department of Health, Education, and Welfare, 1979). Samples for ammonia were
collected on solid sorbent (sulfuric acid-treated silica gel) media using GILAIR-5 Tri-
mode (Gilian, Florida) air sampling pumps fitted with a constant low flow module. A list
of specific pumps and calibration equipment utilized throughout the sampling collection
process is listed in Appendix E. As described previously, the firing activity takes
approximately two hours to perform. Pump flow rates were calculated and set between
an average standard flow rate of 0.1240 LPM and 0.613 LPM in order to maximize the
sample volume collected without exceeding the carrying capacity of the media outlined
within this method. Sampling pumps were both pre- and post-calibrated with a
representative sampler inline using the BIOS Dry Cal DC-2 (Butler, New Jersey) primary
standard to ensure a continuous steady flow rate was maintained throughout the sampling
process. Two sorbent tubes as field blanks were taken on site prior to firing operations.
All samples collected for each day of sampling were logged into the Command Core
database and then shipped to the Air Force Institute of Operational Health at Brooks City-
Base in Texas for analysis. lon chromatography was used to detect and quantify the
specific concentrations of ammonia. Ammonia was desorbed from the tube using 10 ml
of 0.1 N sulfuric acid and then broken down into an 8 ml aliquot. Next, the sample was
transported through a liquid chromatograph system by a mobile fluid stream. As the
ammonia in the mobile stream interacts with the stationary media, it will separate
ammonia ions from the solution. Once separated, the ions can be quantified to determine

ammonia concentrations.

61



3.4.4. Carbon Monoxide Monitoring

Carbon monoxide (CO) can be generated as a result of incomplete combustion
when firing small arms. A TSI Q-TRAK indoor air quality monitor (TSI, Minnesota)
was used at Hill AFB to screen for elevated levels of carbon monoxide during firing
operations. By using the logging feature on the instrument, minimum, maximum, and
average CO concentration levels were determined for the duration of firing at the indoor
range. CO concentration monitoring was only accomplished at Hill AFB due to a lack of
equipment at McGuire AFB.
3.5 Summary

A systematic approach was used to identify specific firing range information and
collection of representative airborne exposures to Air Force instructors during M16 firing
using conventional lead and lead-free frangible bullets. By collecting historical data
specific to range configuration and personal airborne exposures during use of
conventional lead bullets for all Air Force installations within the CONUS United States,
a baseline of instructor exposure was established for future comparison. Analytes of
concern identified as components of frangible lead-free bullets being used were then
sampled and analyzed using NIOSH methods. Observations as well as results from

analysis and direct reading measurements will be discussed in Chapter 1V.
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1V. Results and Discussion

This chapter discusses the results and findings for the methodology outlined in
Chapter Ill. First, a discussion of the firing range information from the historical data
call will be reviewed to give a descriptive overview of range configurations across the
Air Force. Air sampling results for lead exposure levels during lead and lead-free firing
operations will then be presented to illustrate representative instructor exposures under
each specific condition. Procedures used to analyze and compare the results will also be
discussed in detail. Finally, results for other chemical constituents evaluated during lead-
free firing operations will be examined to identify potential airborne exposures to
instructors.

4.1 Descriptive Findings from Data Call Request

Sixty-three active duty base Bioenvironmental Engineering (BEE) Offices were
polled in order to determine descriptive firing range information trends across the Air
Force. Over 420 air sampling results were compiled and statistically analyzed to
determine the average representative instructor airborne exposure during firing of leaded
ammunition at both indoor and outdoor firing ranges. The number of samples compiled
from indoor ranges and outdoor ranges were 91 and 330, respectively. In addition to
specific personal exposure samples collected during M16 firing, four additional samples
were also considered to identify additional exposures to instructors accumulated during
firing range cleaning and abatement activities.

Once the average representative lead exposures were determined for indoor and

outdoor firing ranges, two indoor and four outdoor firing ranges currently firing frangible
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lead-free ammunition were randomly selected and visited through a collaborative effort
with the Air Force Institute for Operational Health (AFIOH) to assess instructor exposure
and current range conditions. The author evaluated firing ranges at Hill AFB and
McGuire AFB while AFIOH concentrated their efforts at Ellsworth AFB, Whiteman
AFB, and Offutt AFB. In addition to lead-free sampling conducted at these five bases,
air sampling results for metals were also included from the indoor firing range at Wright
Patterson AFB. The purpose of each site visit was to collect breathing zone samples
representative of instructor exposure to determine the relative reduction in lead exposure
between firing ranges shooting lead and lead-free ammunition. Additionally, exposures
generated from metals and combustion by-products associated with nylon and plastics
were evaluated. Air samples collected during M16 firing of frangible lead-free
ammunition for six metals and six combustion by-products totaled 241 samples. This
section will discuss specific analytical procedure used as well as report results found
throughout the course of this research.

An electronic mail data call request was sent through the MAJCOM s to 63 active
duty Air Force installation BEE Offices located within the Continental United States
(CONUS) to identify Air Force-wide trends regarding key parameters, such as
ammunition being fired, types of bullet traps and range configuration at indoor and
outdoor shooting ranges. Eighteen offices responded. Information collected from the 18
bases indicated all but two firing ranges have transitioned to some brand of the 5.56 mm
lead-free bullets used during M16 firing operations. Over 50% of those bases identified
as using lead-free bullets are firing ammunition with a National Stock Number (NSN) of

1305-01-463-8232 manufactured by either Olin Winchester or the Federal Cartridge
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Company. Other manufacturers supplying lead-free ammunition under the same NSN to
Air Force shooting ranges include Action Target and the Federal Ammunition Company.

Because of limited responses, the Command Core System (CCS) database was
then used to extract air sampling data for bases not responding to the initial data call.
This secondary resource provided range data for 20 additional CONUS installations.
Lead air sampling data from the Command Core warehouse database was first queried
using the lead chemical Abstract Service (CAS) number, 7439921. Results for lead air
samples collected for all activities conducted within the Air Force were then sorted to
separate firing range specific processes from other activities involving lead exposures
found within the system. Process categories used to categorize sampling results included
variations of the following, “Security Forces”, “Combat Arms Training and
Maintenance”, as well as “indoor” and “outdoor” firing ranges. Due to a lack of
information in the CCS regarding the range configuration at each installation, BEE
Flights and CATM instructors from each base were then contacted by phone to determine
whether their range was located inside or outside. Additional information collected
through these phone calls mirrored that requested in the original data call to include use
of lead and lead-free bullets as well as the general category of bullet traps found at each
range. Table 4.1 shows the number of responses by MAJCOM as well as the overall
percentage of data collected through the original data call and the CCS system across the
Air Force.

Table 4.2 summarizes the breakdown of range information acquired from primary
and CCS resources. Results from the data call, CCS and follow-up suggest that the

majority of bases across the Air Force have transitioned to alternative lead-free
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Table 4.1 Installation Response to Firing Range Data Call by MAJCOM

MAJCOM Base Responses Number of Bases | % of Bases with Data

ACC 9 16 56
AETC 6 13 46
AFMC 6 10 60
AFSOC 2 67
AFSPC 6 75
AMC 9 12 75
USAF Academy 0 1 0
TOTAL 38 63 60

ammunition. While over two thirds of installations are now utilizing some form of the
lead-free bullet, roughly 29% are still using lead bullets during M16 firing operations.
The outdoor to indoor ratio of ranges in operation across the Air Force is roughly eight to
one. While the bulk of bases are predominantly conducting firing operations at outdoor
ranges, 11% are now shooting within enclosed facilities. Roughly 62% of the ranges
located outside have some form of cover and or side walls designed to protect the
shooters and instructors from inclement weather as well as shooters, instructors and
innocent bystanders from ricocheting bullets; these are designated as semi-enclosed. Due
to lack of documentation at various bases, 26% of the range information on bullet traps
was found to be unknown. The distribution of those identified, however, show a one to
one ratio of hard to soft bullet traps. A complete breakdown of specific range

information for each base can be referenced in Appendix B-3.
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Table 4.2 Installation Range Information

Outdoor _??;Ie;
MAJCOM | Lead IT:efe%' Unknown | Indoor Semi- Unknown Unknown
Enclosed Open Hard | Soft

ACC 5 4 2 1 5 3 0 4 3 2
AETC 2 3 1 0 5 1 0 3 1 2
AFMC 1 5 0 2 2 2 0 4 1 1
AFSOC 1 1 0 0 0 2 0 0 2 0
AFSPC 1 4 1 1 2 3 0 0 5 1
AMC 1 8 0 0 7 2 0 3 2 4
Agasdﬁgy 0 0 0 0 0 0 1 o | o 0
TOTAL 11 25 4 4 21 13 1 14 14 10
% of Bases 29 66 11 11 55 34 3 37 37 26

Percentage totals exceed 100% because several bases use both lead and lead-free bullets

4.2 Analysis Approach and Relevant Formulas

Once lead sampling results and corresponding range information were compiled,

they were next sorted by type of range (indoor or outdoor), type of weapon being fired

during sampling, date of sampling, as well as task and workshift TWA exposures. Task

exposure is assumed to be representative of the airborne exposure accumulated by an

instructor during the duration of actual firing for the M16 Air Force qualification training.

Typical firing operations range from one to two hours in length. Unlike the task

exposure, the workshift eight-hour TWA exposure is averaged over an eight hour

duration and is then comparable to the Air Force Occupational Exposure Limit, or the

OSHA compliance standard permissible exposure limit. TWAs are calculated by

summing task exposures and averaging them over the duration of an individual’s

workshift. For compliance, TWAs are calculated over an eight-hour period. The basic
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equation used to perform the workshift TWA exposure calculations (Plog, 1996) is

shown in Equation 4-1:

TWA = Cl*t1+C2*t2+Cn*tn (4_1)
480

where C : Concentration (mg/m®) of measurement;

t : time of activity (minutes);

480 = time in an 8-hour workshift (minutes)

All air sampling results collected after the Air Force Engineering Technical Letter

02-11 dated 22 Nov 2002 were excluded from analysis to ensure lead-free ammunition
would not affect the average mean lead exposures representative of firing operations
during use of leaded ammunition. Lead exposure data for indoor and outdoor ranges
were then subdivided into significant population categories for analysis. Workshift
TWAs for each category were then plotted as histograms using statistical software
(JMP5.1) to determine their natural distribution. Figure 4.1 illustrates the log hormal
distribution using the lead exposure data from the indoor “M16 only” population
category. All other sub-categories of exposure, including “M16 & Unknown” for indoor
firing ranges and “M16 Only”, M16 & M9”, “M16 & M9 & M4”, “M16 and Unknown”,
“M16 & M9 & Unknown”, and “M16 & M9 & M4 & Unknown” for outdoor ranges

mirrored the lognormal distribution shown.
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mg/m®

Figure 4.1 Log Normal Distribution of Outdoor M16 Lead Exposure (JMP5.1, 2005)

The arithmetic mean and standard deviation were then calculated for each
subcategory of exposure mentioned previously for both indoor and outdoor ranges. The
mean tells us the central tendency of the quantitative data being analyzed and can be
calculated by simply summing all sample exposures collected for each category and
dividing them by the number of samples contained in the data set (McClave, 2005).
Once the mean was determined, the standard deviation was calculated to determine the
variability in the data. The larger the standard deviation, the more variable the data. The
standard deviation was calculated by taking the square root of the sum of the squares of

deviation from the mean value divided by one minus the number of samples being

analyzed (McClave, 2005). Mean lead exposures, symbolized by x , and standard
deviation, symbolized by “s” were calculated using equations 4-2 and 4-3 as follows

(McClave, 2005):
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Arithmetic Mean

x=1 (4-2)

where n = total number of samples
Xi = lead exposure from sample i

Standard Deviation

Z:_:(Xi —x)

°T n-1 (4-3)

where n = total number of samples
i = lead exposure from sample i

X = mean lead exposure

Assuming the samples being analyzed were randomly selected from the target
population and the lead air sampling data collected from the CONUS bases had a relative
frequency distribution that was approximately normal, the 95% confidence interval could
be calculated about the mean. The first condition is met due to the entire population
being sampled. Since there is currently no straight forward method used to determine
confidence limits about the mean for data with a log normal distribution, a naive
approach was taken to determine confidence limits for each category of lead exposure

data. The first step of this approach was to normalize all the data by taking the natural
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log of each exposure. Figure 4.2 shows the same data plotted in Figure 4.1 after being

normalized.

i
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Figure 4.2 Normalized Distribution of Outdoor M16 Lead Exposure (JMP5.1, 2005)

Once the conditions required for a valid small-sample confidence interval had been
satisfied, the 95% confidence limits of the normalized data were then calculated for each
category using equation 4.4 shown below (McClave, 2005):

Small Sample Confidence Interval for Mean Lead Exposures

— S
Xita/Z T

n (4-4)

where a=0.05
s = Standard deviation of transformed data
n = total number of samples
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x = mean lead exposure of transformed data
and t,, is based on (n-1)degrees of freedom

Critical values of t were extracted from McClave, 2005. A summary table of t-
values used to calculate the 95% confidence limits for all analyzed data can be found in
Appendix G. Linear interpolation was used to calculate all values not found within the
table. For degrees of freedom greater than 120, t g,5 was assumed to equal 1.960.

Once confidence intervals had been established for the normalized data for each
category, values were then converted back to their original units by taking the natural
base (e) of the confidence limit values. Upon completion of this back transformation, a
95% confidence limit about the median was established.

4.3 Lead Exposure Results

Lead exposure data for indoor ranges utilizing leaded ammunition were
subdivided into three significant population categories. Each subcategory was developed
based on a lack of standardization in exposure grouping at base level during data entry in
the CCS. Subcategories were established for indoor ranges based on the potential
weapons being fired during sampling and include “M16 Only” air sampling results,
“M16 & Unknown” air sampling results, and air sampling results collected during “Back
Stop Cleaning and Abatement” activities. “M16 Only” and M16 & Unknown”
subcategories were developed to clearly identify the relative lead exposure being
generated during M16 firing. Due to a lack of specific information found in the CCS, the
central tendency was determined for each subcategory to ensure exposure during M16
firing would not be influenced by results generated by other weapons lumped under this

activity. Categories ranged from exposure from “M16 Only” to “M16 and Unknown”
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lead exposures not defined within the CCS. In addition, two samples collected during
cleaning and abatement operations were also included in a separate category to illustrate
a potential additive exposure which may be incurred by some instructors performing
these activities as additional duties. Table 4.3 shows a summary of the mean and median
workshift 8-hour TWA exposures at indoor shooting ranges during firing of leaded
ammunition. Based on the log normal distribution illustrated in Figure 4.1, the median
represents a more accurate central tendency of the data than the mean and will be used to
represent the average exposure of a given population category. The median will also be
used during comparative analysis to lead exposures associated with lead-free bullets. In
addition to addressing the central tendency, Table 4.3 also compares representative lead
exposure to the lead 8-hour TWA-OEL, 0.05 mg/m®.

Table 4.3 shows the results for indoor ranges and indicates the presence of lead
exposure during firing operations using conventional lead bullets. Both “M16” and
“M16 and Unknown” category numerical descriptive measures were calculated twice due
to two unique sampling points significantly higher than all others collected from the CCS
warehouse database. Results illustrated in Table 4.3 show “M16 only” and “M16 &
Unknown” values calculated including and excluding two elevated samples from Luke
AFB. The two samples from Luke AFB indicate 8-hour TWA exposures of 0.675 mg/m?*
and 1.34 mg/m° respectively. These values would imply that individuals at this indoor
facility were overexposed from 1350 times the OEL to 2680 times the OEL over an
eight-hour period. Based on past indoor range studies during conventional leaded
ammunition firing discussed in the literature review (Chapter 2), these lead exposure

values are exceptionally high and are more likely data entry errors involving units. The
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categories where these two high samples were excluded are more likely representative of
instructor eight-hour exposures at indoor ranges.

“M16 only” data shows a median eight-hour TWA for lead of 0.006 mg/m°® and a
mean eight-hour TWA of 0.016 mg/m®. As shown in Table 4.3, the eight-hour TWA lead
concentrations for this category ranged from 0.0003 mg/m® to 0.258 mg/m®. Results
from the “M16 and Unknown” population on the other hand shows a lower median eight-
hour TWA value of 0.002 mg/m® with lead concentrations ranging from 0.00001 to 0.258
mg/m?>. Using the upper confidence limit associated with the median as a conservative
estimate, exposures from “M16 Only” and “M16 & Unknown” categories range from 6%
to 17% of the lead OEL. Although the number of samples supporting the cleaning and
abatement median exposure values is limited, there is a strong indication that these
activities generate significantly higher lead exposure relative to instructor duties alone.
Samples used to calculate representative cleaning and abatement exposure are limited to
air sampling results from Fairchild AFB and Seymour Johnson AFB.

Outdoor firing range eight-hour TWA personnel lead exposures are summarized
in Table 4.4. Much like exposures found in Table 4.3, lead exposures specific to outdoor
firing ranges were also segregated into subcategories. Each subcategory was developed
based on a lack of standardization in exposure grouping at base level during data entry
into CCS. Subcategories were established for outdoor ranges based on the potential
weapons being fired during sampling and include “M16 Only”, M16 & M9”, “M16 &
M9 & M4”, “*M16 & Unknown”, “M16 & M9 & Unknown”, and “M16 & M9 & M4 &

Unknown”.
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Table 4.3 Summary of Workshift Lead Exposures at Indoor Ranges Firing Leaded Ammunition

Mean | Median 95% CL
_ Number [ ‘o’ " " | "o 8-Hr TWA | o dard about Median OEL ®
Sample Population of TwA | Twa | DatdRange | 5eiation (mg/m3) | % of OEL
Samples 5 Y (mg/m®) LCL ucL 9 °
(mg/m*) | (mg/m°) (mg/m®) (mg/m?)
M16 Only 39 0.067 0.007 0.0003- 1.34 5.87E+00 0.004 0.013 0.05 25
M16 Only 1 37 0.016 0.006 0.0003 - 0.258 3.97E+00 0.003 0.009 0.05 17
M16 & Unknown 91 0.031 0.002 0.00001 -1.34 | 8.03E+00 0.002 0.004 0.05 7
M16 & Unknown * 89 0.009 0.002 0.00001 - 0.258 | 6.67E+00 0.001 0.003 0.05 6
Backstop Cleaning & 4 0071 | 0062 | 0.036-0121 | 1.82E400 | 0.024 0.162 0.05 324
Abatement
! Two Samples Excluded from Luke AFB because of Data Entry Errors
® o of OEL Based on Upper Confidence Limit
Table 4.4 Summary of Workshift Lead Exposures at Outdoor Ranges Firing Leaded Ammunition
Mean Median 95% CL
Sample Population Number of |  8-Hr 8-Hr I?)a?ar ;—;/r\:pé Standard (about Median) OEL %
P P Samples TWA TWA 3 g Deviation LCL ucL (mg/m3) | OEL
3 3 (mg/m”) 3 3
(mg/m?) | (mg/m°) (mg/m?) | (mg/m’)
M16 Only 83 0.012 0.002 7.29E-5 - 0.255 6.55E+00 0.001 0.003 0.05 5
M16 & M9 154 0.011 0.001 3.87E-8 - 0.255 2.30E+01 0.000 0.001 0.05 3
M16 & M9 & M4 166 0.011 0.001 3.87E-8 - 0.255 2.12E+01 0.001 0.001 0.05 3
M16 & Unknown 246 0.017 0.002 1.50E-7 -1.14 6.54E+00 0.002 0.003 0.05 5
M16 & M9 & Unknown 322 0.015 0.001 3.87E-8-1.14 1.35E+01 0.001 0.002 0.05 4
M16 & M9 & M4 & Unknown 330 0.015 0.001 3.87E-8-1.14 1.32E+01 0.001 0.002 0.05 4

% OEL Based on Upper Confidence Limit




For each subcategory, the mean and median eight-hour TWA exposures were determined
to find the central tendency of the data being analyzed. As shown in Table 4.4, the eight-
hour TWA lead concentrations for all subcategories ranged from 7.25E-9 mg/m® to 1.14
mg/m?>. Excluding data concentrations associated with the firing of unknown weapons,
the range of eight-hour TWA concentrations is reduced to 7.29E-5 mg/m® to 0.255
mg/m®. By comparing the upper confidence limit about the median with the lead OEL,
the representative Air Force lead exposure for instructors at outdoor ranges is well below
the OEL. In all instances, lead concentrations were found to be five percent or less of the
OEL based on the Upper Confidence Limit about the median. While the central tendency
in both Table 4.3 and Table 4.4 are both well below the lead OEL of 0.05 mg/m®, there
are bases with substantial lead exposures (as shown in the range values) that did in fact
exceed the limit designed to protect instructors from adverse health effects.

In order to determine if the use of lead-free bullets significantly reduces lead
exposure generated during firing operations, lead samples were collected at both inside
and outside ranges during M16 Air Force Qualification Training during this study. By
comparing the difference in lead exposure at each individual base (lead ammo data from
data call; lead-free collected during study), the number of confounding factors can be
substantially reduced and thus increase the confidence in our descriptive analysis. Based
on results presented in Table 4.5, lead exposure to instructors at indoor ranges at Hill and
Wright Patterson AFB has been reduced by roughly 70% by use of lead-fee ammunition.
Lead exposure at the outdoor open range at McGuire AFB on the other hand only showed

a 41% reduction in lead exposure. Differences in lead reduction at indoor and outdoor
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ranges could be directly attributed to variable wind directions and speeds at outdoor

ranges.

Table 4.5 Lead Exposure Comparison between Lead and Lead-Free Ammunition

8-Hr TWA
. Type of Number 3 Standard | % of | % Reduction in
Installation Bullet of (mg/m ) Deviation | OEL | Lead Exposure
Samples | Median | Mean
Hill Lead 20 0.0061 | 0.0143 | 2.41E-02 12 70
Hill Lead-free 9 0.0018 | 0.0016 | 4.53E-04 4
McGuire Lead 0.0017 | 0.0013 | 5.27E-04 a1
McGuire Lead-free 0.0010 | 0.0010 | 1.84E-04
Wright Patterson Lead 58 0.0024 | 0.0448 | 1.60E-01 5 73
Wright Patterson | Lead-free 9 0.0006 | 0.0006 | 1.84E-04 1

% Reduction in Lead Exposure Based on Median

As expected, exposure data from lead-free bullets also show a parallel reduction

in the central tendency of the lead, relative to the lead OEL. Although the comparison

presented in Table 4.5 suggests a significant lead exposure reduction attributed to the

change in ammunition, it is important to note that representative lead exposures generated

during both lead and lead-free firing are well below the lead OEL. Figure 4.3 illustrates

both the reduction in lead as well as the lead OEL.
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Figure 4.3 Reduction in Lead Exposure due to Transition to Lead-Free Bullets

4.4 Lead-Free Ammunition Exposure Results

Personal air sampling results collected during this study indicate that all chemical
compounds sampled at the outdoor firing ranges at Ellsworth AFB, Whiteman AFB,
McGuire AFB, and Offutt AFB were well below the occupational exposure limits. Low
concentrations of copper and trace levels of zinc were detected at all four outdoor ranges.
Looking at all facilities, the eight-hour TWA concentrations for copper ranged from
0.0377 mg/m?® to 0.2040 mg/m®. The eight-hour TWA concentration for zinc ranged
from 0.0019 mg/m® to 0.0250 mg/m®. In addition to small concentrations of zinc and
copper, aluminum was also sampled and detected at Whiteman AFB, McGuire AFB, and
Offutt AFB. At those bases, concentrations of aluminum were found to range from 0.002
mg/m? to 0.011 mg/m®. Both aluminum and zinc compounds were found to be less than
1% of their respective OELs while copper compounds were found to be roughly 1.3% of

the OEL. All other sampled metals were found to be below their respective detection
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limits. All nylon and plastic byproducts associated with lead-free ammunition were also
found to be below their respective detection limits with the exception of phosgene.
Traces of phosgene were detected at Ellsworth AFB. Table 4.6 summarizes the mean
and median task and eight-hour TWA workshift exposure data and the standard deviation
and confidence limits about the median for four outdoor firing ranges during M16 firing
of lead-free ammunition. Data was combined for the four bases. It is important to note
the size of the confidence intervals are extremely large due to the limited number of
samples taken. Because of the small sample number, the 95% confidence interval
presents little to no value for discussion regarding realistic instructor exposures. Base
specific results for these outdoor ranges are summarized in Appendix H-1. Personal air
sampling results indicate that all compounds sampled at the indoor firing ranges at Hill

AFB and Wright Patterson AFB during use of lead-free ammunition were
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Table 4.6 Summary of Exposure at Four Outdoor Ranges Firing Lead-Free Ammunition

Task Exposure 8-Hr TWA 8-Hr TWA 95% CL
Number 3 3 Standard - TWA
Analyte of (mg/m’) (mg/m’) Deviation D?;[r? I/?ni\%ge (about Median) Standard % OEL
Samples g (mg/m®)
. . LCL UCL
Mean Median Mean Median 3 3
(mg/m?) | (mg/m)

Aluminum 19 0.019 0.0153 0.0033 0.0029 4.12E+02 0.0019-0.0110 | 0.0002 0.0521 10 < 0.03
Barium 9 0.266 0.0706 0.0004 0.0004 1.00E+00 | 0.0004 - 0.0005 | 0.0004 0.0004 10 0
Copper 21 0.807 0.5240 0.0468 0.0132 8.85E+01 0.0377- 0.2040 | 0.0017 0.1016 1 1.3

Zinc 21 0.163 0.1524 0.0067 0.0042 2.76E+02 | 0.0019-0.0250 | 0.0003 0.054 10 0.04
HCL 12 1.252 1.1983 0.1473 0.0952 1.37E+01 | 0.0560 - 0.8450 0.018 0.503 - -
HCN 21 0.434 0.3570 0.0271 0.0268 4.20E+01 | 0.0140-0.0380 | 0.0049 0.1467 111 < 0.2
NH? 17 0.236 0.1988 0.1976 0.1964 6.56E+00 | 0.1583-0.2170 | 0.0746 0.5167 17.4 < 11
NO 9 0.030 0.0267 0.0846 0.0637 2.03E+01 | 0.0220-0.1800 | 0.0063 0.6446 30.7 < 0.2
NO, 11 0.039 0.0225 0.0445 0.0371 3.31E+01 | 0.0100-0.0800 | 0.0035 0.39 5.6 < 0.7
Phosgene 11 0.002 0.0022 0.0043 0.0042 3.11E+02 | 0.0040-0.0072 | 0.0001 0.1994 0.4 11

% OEL Based on Upper Confidence Limit




well below the occupational exposure limits. Even when examined on a task basis, all
compounds had very low concentrations in air. Low concentrations of copper and trace
levels of zinc were detected at both indoor facilities. All other analytes were found to be
below their respective detection limits. The eight-hour TWA concentrations for copper
ranged from 0.0015 mg/m? to 0.0350 mg/m?; for zinc from 0.001 mg/m?® to 0.0107
mg/m®. All metals and compounds were found to be less than 3% of their respective
OELs. Table 4.7 summarizes the mean and median workshift exposure for two indoor
firing ranges during M16 firing of lead-free ammunition. Due to the low number of
samples taken, 95% confidence intervals for this data are large and add very little value
for discussion. As a result, confidence limits were not reported as seen previously.
Base specific results for Hill AFB and Wright Patterson AFB are summarized in
Appendix H-2.

Table 4.7 Summary of Exposure at Hill AFB & Wright Patterson AFB Indoor
Ranges Firing Lead-Free Ammunition

Number Mean Median Mean lvge_?_:?n Iga?; ;:er TWA %

Analyte of Task Task 8-Hr TWA 3 g Standard >
3 3 3 TWA (mg/m°) 3 OEL

Samples || (mg/m?) || (mg/m°) (mg/m°) 3 (mg/m*)
(mg/m°)

Barium 13 0.0052 0.0062 0.0011 0.0009 0.0004 - 0.0021 10 0.01
Copper 18 0.0087 0.0081 0.0086 0.0050 0.0015 - 0.0350 1 0.50
Lead 13 0.0061 0.0062 0.0013 0.0011 0.0005- 0.0021 0.05 2.27
Tin 6 0.0070° || 0.0069° 0.0018 0.0018 0.0015 - 0.0021 2 0.09
zZinc 13 0.0109 0.0081 0.0028 0.0023 0.001 - 0.0107 10 0.02
NH3 9 0.88° 081° 0.2179 0.2125 0.1778 - 0.3469 17.4 1.22
HCN 9 0.15° 0.16° 0.0380 0.0380 0.0360 — 0.0400 111 0.34

% OEL Based on Median
P Task Exposure Based on Samples from Hill AFB Only
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In addition to collecting metals and byproduct samples associated with plastics
and nylon, direct reading instruments were also used to screen for combustion byproducts
at Hill AFB and Offutt AFB firing ranges during M16 firing of lead-free ammunition.
The chemicals screened included carbon monoxide, nitric oxide, and nitrogen dioxide.
Screening for nitric oxide and nitrogen dioxide were not conducted at Hill AFB due to a
lack of available equipment. Table 4.8 summarizes minimum, maximum and average
concentration levels present during firing operations. Analyte concentrations averaged
over the full duration of the shooting period were found to be well below their respective
OELs. Maximum concentrations were generated immediately after weapons had been
discharged and were dissipated within seconds.

Table 4.8 Combustion Concentrations Present During Firing Lead-Free
Ammunition

. Sample Min Max Avi OEL
Installation || Analyte [ Sample Date Time (?nin) (opm) (opm) (ppngw) (opm)
Hill co 21 Sep 05 130 0 54 0 25
Hill co 23 Sep 05 89 0 204 2 25
Offutt co 7 Nov 05 90 0 62 8 25
Offutt co 9 Nov 05 118 0 103 5 25
Offutt NO 7 Nov 05 90 0 1 0.2 25
Offutt NO 9 Nov 05 118 0 0.8 0.2 25
Offutt NO, 7 Nov 05 90 0
Offutt NO, 9 Nov 05 118 0

4.5 Base Specific Observations
Specific observations and relevant discussion for lead-free firing operations at
Hill AFB and McGuire AFB are discussed below. Findings for Ellsworth AFB,

Whiteman AFB, and Offutt AFB can be found in Appendix D-3, D-4, and D-5.
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451 McGuire AFB

Four of the nine ammonia samples collected for the outdoor range at McGuire
AFB were not considered in this analysis due to pump failures during sampling.
Although all sample results were reported below the detection limit, insufficient volumes
were collected to provide representative samples for the full duration of M16 firing
operations. On each day of sampling, one instructor was observed taking a five minute
smoke break during the duration of the sampling period. Based on sample results
collected on the 2" and 3" of November, smoking has no apparent affect on exposure
concentrations during firing operations involving lead-free ammunition. Average wind
speeds ranged from a minimum of 300 fpm (3 knots) to 1100 fpm (11 knots) for the three
days of air sampling at McGuire AFB. On the 2" of November, wind was recorded to be
flowing 1100 fpm on average in the south easterly direction directly into the breathing
zone of instructors and shooters, as measured using a TSI ALNOR CompuFlow (TSI,
Minnesota) Model No. 8585 velometer. Slightly elevated results of copper
concentrations collected on the 2" of November, relative to the 3" and 15", where winds
were predominantly blowing down range away from the instructors and shooters, suggest
that wind speed and direction have a direct influence on exposure levels during firing
operations.
45.2 Hill AFB

Low concentration levels of all chemicals at the indoor firing range at Hill AFB
can be attributed to a number of in place engineering and administrative controls. In
addition to using lead-free ammunition during M16 qualification training, this indoor

facility is also equipped with an automatic target retrieval system and a perforated floor
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to ceiling supply wall designed to provide uniform air distribution across the firing line.
Past smoke tests performed by the Hill AFB Bioenvironmental Engineering Flight
indicated laminar flow throughout the range with only minor eddy currents being
produced. Eleven air flow velocities were collected at the firing line at even intervals
between firing stations 1 and 21 using an ALNOR CompuFlow 8570 velometer and
compared with the minimum 50 ft/min velocity and recommended design velocity of 75
ft/min outlined in the Indoor Firing Ranges Industrial Hygiene Technical Guide
(Department of the Navy, Dec 99; Department of the Air Force, Nov 05). Figure 4.4
shows a plan view of the range configuration with air flow velocities collected at the
firing line for the purpose of this study. Velocities recorded at the firing line ranged from

55 ft/min to 160 ft/min with an average velocity of 82 ft/min.

Firing Line —
I 21 | 70 fpm
?’ 19 | 73 fpm
17 | 86 fpm
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g 13 | 83 fpm
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Figure 4.4 Hill AFB Plan View of Air Flow Velocities at Firing Line
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In addition to engineering controls, a contract has been in place since March 2004
to remove spent projectiles and other hazardous debris from the firing range on a
quarterly basis. By contracting out this task to non-Air Force employees, instructors are
able to eliminate the additional elevated exposures generated during cleaning operations
which likely put them in jeopardy of exceeding specific OELs designed to prevent the
onset of adverse health effects.
4.6 General Discussion & Conclusions

Lead air sampling results from using leaded ammunition indicate that the central
tendency of eight-hour TWA lead concentrations range from 3% to 17% of the Air Force
OEL. At first glance, it may appear that there should be no major concerns since the
median lead exposures presented are below the OEL as well as the action limit of 0.025
mg/m?. It is however important to note that there are still installations firing leaded
ammunition that are well above the Air Force OEL and are thus prone to lead exposures
capable of causing adverse health effects. Furthermore, if we were to consider the worst
case scenario by assuming firing operations were to increase to a maximum duration of
eight hours a day, five times a week, instructors could potentially be exposed to lead
concentrations up to 0.0582 mg/m?® (1.2 times the OEL). The worst case scenario was
determined using the 95% upper confidence limit of the “M16 only” median task
exposure shown in Table 4.14 of Appendix H-3. With this nation at war and the constant
closure of military installations, the assumption used to estimate worst case lead
exposures would be considered reasonable.

Comparison of median lead exposures seen in Table 4.5 generated from firing

leaded ammunition at indoor and outdoor ranges suggests that personal lead exposures
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within indoor ranges are greater than those at outdoor firing ranges. This difference in
breathing zone exposures is most likely attributed to lack of routine cleaning at indoor
ranges combined with bad administrative practices and inadequate ventilation systems.
While natural ventilation provided at outdoor ranges can be quite variable, winds blowing
predominantly down range have the ability to carry lead contaminants away from the
instructor’s breathing zone and thus reduce the overall lead exposure accumulated over
the task duration.

With roughly two thirds of installation ranges currently using frangible lead-free
ammunition, it is more than appropriate to discuss some of the exposures and findings
identified during lead-free operations at both indoor and outdoor ranges. As expected,
lead concentrations were significantly reduced by the transition from lead to lead-free
bullets. Assuming all facility conditions remained relatively constant during the use of
lead and lead-free ammunition, the reduction of lead exposure found at the two indoor
firing facilities is likely attributed to the transition to the frangible lead-free bullets.
Based on results of this study, it is not unreasonable to conclude that the lead-free
ammunition manufactured by Olin Winchester and the Federal Cartridge Company
presents no known adverse health hazards associated with lead.

Other metals found in lead-free ammunition as well as the combustion by-
products associated with nylon and plastics used to bind them together were also studied
to ensure constituents were not presenting a new potential exposure hazard of equal or
greater toxicity. This study was focused on instructor exposure and was thus limited to
only areas in which instructors traversed during the period of the M16 shooting activity.

Of the analytes sampled, only small traces of zinc, copper, aluminum and phosgene were
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detected above their level of detection. Personal air sampling exposure showed all metals
as well as plastic and nylon by-products to be well below their applicable OELs. Using
the task TWA exposure found in Table 4.7 and Table 4.8 to assume worst case conditions
as discussed for leaded ammunition, all breathing zone samples were still found to be
below their applicable OELSs.

Based on the central tendency results, this research suggests that the exposure
levels associated with lead and lead-free ammunition does not pose a significant threat to
the majority of Air Force instructors at indoor and outdoor ranges. If operation tempo
increases for Air Force ranges using lead and lead-free ammunition to the extent that
instructors are exposed to the equivalent of the task exposure however, occupational

exposure limits may be exceeded at firing ranges using leaded ammunition.
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V. Conclusions

5.1 Overview

This chapter readdresses the potential adverse health concerns generated in response
to transitioning from lead to frangible lead-free ammunition during M16 firing operations
at indoor and outdoor shooting ranges. Research questions presented in Chapter | will be
answered based on information collected from the historical data request as well as the
guantitative and qualitative results obtained during firing of lead-free ammunition at six
active duty Air Force CONUS installations. The main focus questions and corollary

questions to be answered are reiterated below.

(1) How many bases have transitioned to lead-free ammunition? What is the
maximum and average lead exposure during small arms qualification training using both
lead and lead-free bullets? How much is lead exposure reduced through the use of lead-
free bullets?

(2) What other potential airborne chemical exposures have been introduced to Air
Force instructors and shooters during small arms weapon qualification training as a result
of the transition to Green Bullets?

In addition to summarizing overall results, this chapter will also build conclusions,
cite limitations, and discuss recommendations gleaned from this research. Finally, future
research will be suggested to better understand other areas of concern related to lead-free

ammunition currently being implemented across the majority of the Air Force firing.
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5.2 Results

Firing range information collected from the data request sent to 63 CONUS
installations as well as that collected from the CCS database warehouse suggests roughly
66% of firing ranges are currently firing lead-free bullets compared to leaded ammunition
during M16 qualification training. Based on range configuration information compiled
from 38 of the 63 bases polled, only 11% of ranges across the Air Force are currently
performing firing operations within indoor facilities. Of the remaining 89%, 21
installations are conducting firing operations at semi-enclosed ranges while 13 perform
this activity at shooting ranges completely open to the environment. The type of bullet
traps being used across the Air Force during firing operations was inconclusive due to a
significant lack of detailed responses reported from each installation. Range information
received did, however, suggest a 50/50 ratio of ranges using hard traps as opposed to soft
traps to collect spent ammunition.

Maximum and average lead exposures reported during firing of leaded
ammunition were based on air sampling results performed by previous Bioenvironmental
Engineering Flights dating back to 1986. Results indicate eight-hour TWA lead
exposures directly associated with M16 firing operations at indoor facilities range
between 0.0003 mg/m® and 0.258 mg/m?® with a median eight-hour TWA of 0.006 mg/m®.
In the event that instructors were to perform this task over the course of an entire eight-
hour workshift, personnel could potentially be exposed to lead concentrations of 0.0582
mg/m®. This potential lead exposure represented by the task exposure is approximately

1.2 times the Air Force OEL of 0.05 mg/m®. M16 firing of leaded ammunition at outdoor
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firing ranges showed a similar range of lead concentrations to those found at indoor
facilities with a slightly lower median eight-hour TWA exposure of approximately 0.001
mg/m?. In addition to potential exposures generated during M16 firing, limited air
sampling results collected during range cleaning and abatement operations suggest that
individuals performing these activities would more than likely accumulate additional lead
exposure significantly higher than those instructors performing only duties specific to
firing operations, with eight hour exposures ranging from 0.036 to 0.121 mg/m?® as an
eight-hour TWA.

The amount of lead reduction attributed to the transition from lead to lead-free
bullets was calculated by comparing lead exposures generated during the use of leaded
bullets with those generated during the use of lead-free ammunition at three separate
installations; all other parameters were assumed to remain relatively constant. Results
showed approximately a 70% reduction in airborne lead concentrations at indoor ranges
and a 41% reduction in airborne lead concentrations for outdoor ranges. However, there
are many factors that may have contributed to the lead exposure reductions illustrated by
this research. Other contributing factors might include changes in administrative
procedures, wind speed and wind direction at outdoor ranges, and upgrades to existing
range configuration at indoor ranges. Upgrades to indoor range configuration may
include more efficient ventilation systems, automatic target retrieval systems, and/or
variations of bullet trap collection systems.

In addition to analyzing lead exposures generated during M16 firing of leaded
ammunition, comprehensive evaluations were also conducted at installations firing lead-

free ammunition to ensure that the lead hazards associated with leaded bullets were not
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simply being substituted with another form of ammunition capable of generating other
exposures of equal or greater toxicity. Analytes of interest sampled during the firing of
green bullets included aluminum, barium, copper, lead, tin, zinc, ammonia, hydrogen
cyanide, nitric oxide, nitrogen dioxide, and phosgene. Personal air sampling results
representative of instructor exposure showed that all metal concentrations, as well as
plastic and nylon by-products, were well below their applicable OELs and in most
instances less than the limit of detection. Even when assuming worst case exposures
represented by task exposures for each analyte sampled, breathing zone samples were
still found to be well below their applicable OELSs.

5.3 Limitations and Assumptions

There are several assumptions and limitations associated with this study. The
exact implementation date for installation transition to the frangible lead-free ammunition
was not well established. A 2002 Engineering Technical Letter approved use of lead-free
ammunition as an alternative to leaded ammunition but did not mandate that all bases
comply. Although a clear transition date was not established by this letter, the date of the
letter was assumed as the implementation start date for transition to lead-free ammunition
to ensure any lead-free air sampling results would not influence analysis for leaded
ammunition.

Sample results extracted from the CCS (that have been input by numerous
individuals) are subject to many variables that could affect their reliability. Due to the
low level of detail captured within this database, data is subject to several limiting
factors. Limiting factors include failure to consider the possibilities of consecutive

samples, unclear identification of sample locations leading to misrepresentation of true
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breathing zone exposures, as well as data entry errors made by personnel upon receipt of
sample results. By not considering consecutive samples, task exposures as well as eight-
hour TWA exposures may be considerably underestimated. Failure to identify sample
location and type of sample (personal or area) could also skew the true central tendency
of the data being analyzed. This research assumed each sample collected was
representative of the entire firing duration of the activity and that all samples were
representative of realistic instructor exposures. Potential gross data entry errors due to
incorrect units, as evident by two unrealistic air sampling results entered by Luke AFB
suggesting instructor exposures to be over 1350 times the OEL, were identified during
analysis and were removed to prevent skewing the data.

Due to accuracy of equipment and variation in sampling technique caused by
personnel change over at each installation, sampling results may vary over time. In
addition to the variability attributable to the potential for different sampling strategies,
upgrades in facilities to include more efficient ventilation systems, bullet traps and other
engineering controls designed to reduce personal exposure may also affect data being
analyzed. Facilities and engineering controls designed to reduce the potential for
exposures were assumed to be constant unless clearly identified in firing range
information collected from each installation.

Overarching conclusions made regarding sampling results collected during lead-
free ammunition also assume comparable engineering controls are in place at all firing
ranges and that only frangible lead-free ammunition manufactured by Olin Winchester

and the Federal Cartridge Company are being fired. Other potential ammunition
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introduced at indoor and outdoor firing ranges designed for the purposes of a suitable

substitute for conventional lead bullets would require further analysis.

5.4 Research Recommendations

Findings from this research suggest that a significant reduction in lead exposure
can be accomplished by transitioning to Frangible Non-toxic Ammunition, manufactured
by Olin Winchester, or Ballisticlean ammunition, manufactured by the Federal Cartridge
Company. In addition to reducing lead exposures, results from air sampling conducted
during firing of these frangible lead-free bullets at six Air Force firing ranges also
suggests that the exposures associated with the metal constituents and nylon and plastic
by-products are well below the OEL. Based on results associated with the two specific
types of frangible lead-free ammunition analyzed within this study, this research supports
the recommendation to fully implement the use of these specific frangible lead-free
bullets at all indoor and outdoor shooting ranges across the Air Force. Further research,
however, would be warranted if other frangible lead-free bullets were to be considered
for use. Additionally, since it is unclear if lead-free ammunition is the sole engineering
control responsible for minimizing potential exposure to Air Force instructors, further
research is also recommended at indoor firing ranges to determine the additive affect
associated with other engineering controls currently in place. With that being said,
ranges firing lead-free ammunition with personnel experiencing eye or nasal irritation
should ensure ventilation systems are operating adequately to produce a velocity of 75

feet per minute on the firing line to ensure any potentially stagnant airborne irritants are
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blowing down range and away from the instructors breathing zone (Department of the
Navy, Dec 99; Department of the Air Force, Nov 05).

In addition to the recommendations primarily designed to address exposures at
small arms firing ranges, attention to detail when populating the CCS database is
recommended. Since the CCS database warehouse was designed to serve as a repository
of information for Bioenvironmental Engineers and other agencies specific to different
activities being performed across the Air Force, the input of good quality data is critical.
In doing so, we can build confidence in the exposure data being preserved and potentially
use that data in the future to address and solve problems like the one presented in this
thesis.

5.5 Additional Research

Other environmental and human health concerns associated with lead-free
ammunition at indoor and outdoor firing ranges must still be addressed in order to fully
understand the implications of replacing conventional leaded ammunition with frangible
lead-free ammunition. This section discusses recommendations for additional studies,
ranging from quantifying the reduction in exposures due to engineering controls to
performing a life cycle cost analysis on the use of lead-free frangible bullets at Air Force
shooting ranges.
5.5.1 Evaluation and Quantification of Engineering Controls

This research concluded that Air Force instructors working at ranges firing lead-
free ammunition are not in jeopardy of being over exposed to metals or by-products at
levels associated with adverse health effects. Since engineering and administrative

controls were in place at the time of sampling, it is safe to conclude that instructors are
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well below their respective OELs under current range conditions. Since using lead-free
ammunition may in fact eliminate all potentially toxic airborne health exposures at the
source, additional sampling could be conducted at indoor ranges to determine if, for
example, the presence of a ventilation system is truly needed to control occupational
exposures associated with lead-free ammunition. In addition to quantifying the actual
reduction in exposures due to the ventilation system, additional air sampling could be
conducted to determine further reductions in exposure attributed from automatic target
retrieval systems as well as other engineering and administrative controls. In the event
that a given engineering control is not required to control a specific hazard, removal of
this control could prove to be a significant savings in operation and maintenance cost for
the Air Force.
5.5.2 Exposures Generated from Cleaning Operations

If lead-free ammunition poses no health hazard during firing operations, the next
logical step is to determine if instructors performing range cleaning activities will
generate an additional significant exposure capable of exceeding the occupational
exposure limits designed to protect the Air Force employee. A similar sampling strategy
could be employed to capture representative breathing zone samples of range instructors
performing these additional duties. Once samples are collected and analyzed, exposure
levels generated can be added to the personal exposure generated during firing operations
to determine the total exposure potentially received by Air Force instructors. If the total
exposure levels remain well below their respective Air Force OELS, these activities can
be performed without the use of additional personal protective equipment (PPE). If PPE

is not required to perform these duties, the physical burden on instructors performing this
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additional duty may be alleviated or future costs associated with contracting out this
service could be reduced significantly.
5.5.3 Environmental Impacts Associated with Lead-Free Ammunition

With over 80% of the Air Force ranges being outside to some degree or another,
there is still a concern on the environmental impacts associated with the transition to
lead-free ammunition. In order to ensure that the military has not simply substituted
leaded ammunition of known toxicity with a comparable bullet potentially comprised of
other toxic heavy metals, volatile organic compounds or ozone depleting chemicals,
further studies involving several different lead-free bullets should be explored to
determine the best environmental alternative. Specific areas of interest should include
the fate and transport of these associated chemicals through different media to determine
the extent of accumulated environmental damage over time, perhaps through modeling.
5.5.4 Sustainable Design Look at Using Lead-Free Ammunition

Research performed in this study suggests that the transition from lead to lead-
free ammunition at two thirds of CONUS Air Force firing ranges has led to a less toxic
environment for Air Force instructors. If the transition to lead-free ammunition is also
found to reduce the amount of impact on the environment throughout the life cycle of the
bullet, there could be a significant reduction associated with clean up-costs for the
military. As a result of lead being replaced by safer components in these green bullets,
these bullets may be categorized as sustainable products. By performing a life cycle cost
analysis for ranges using lead-free bullets as opposed to those currently using
conventional leaded ammunition, the Air Force may be able to determine the reduction in

the long term cost savings associated with the resource management decision of
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transitioning from lead to lead-free bullets. In addition to monetary savings associated
with this transition, potential environmental impact savings may also be realized.
5.6 Closing Comments

In conclusion, Air Force instructors at indoor and outdoor ranges firing lead and
lead-free ammunition are not exposed to significant airborne lead concentrations known
to cause adverse health effects. If operation tempo increases at ranges using lead and
lead-free ammunition to the extent that instructors are exposed to the equivalent of the
task exposure however, occupational exposure limits may be exceeded at firing ranges
using leaded ammunition. Results collected from the four outdoor firing ranges and two
indoor facilities within this study strongly suggest that Air Force instructors at firing
ranges using frangible lead-free ammunition manufactured by both Olin Winchester and
the Federal Cartridge Company (NSN 1305-01-463-8232) are currently not being
exposed to significant concentration levels of metals and plastic or nylon combustion by-
products known to potentially lead to adverse health effects. Considering all findings and
results discussed in this research, the best way to reduce the potential for toxic chemical
airborne exposure to Air Force instructors, thus preserving the government assets charged
with training our men and women to go into battle, is in fact to “get the lead out” and

make a 100% transition to these frangible lead-free bullets.
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Appendix A: Internal Dose Associated with Health Effects from Selected Studies
(USDHHS, 1999)

Blood
Population lzad Bone lead
studied Exposura (pg/dL)  (ppm) Effact Comments Reference
Cardiovascular
840 M, 57 yrs old General 8.1 (meaan) 20 {mean Hypertension Lengiiudinal study Cheng =t al.
{m=anj population tibia): {Mormiative Aging Study). 2001
28 {mean Covariates: age and body
patzlla) mass index; race; family
history of hypertension;
educaticn; tobacco smoking
and alceho! consumption:
and distary intakes of
sodium and calcium.
877 pregnant F, General 1.8 (geo- B (mean Hypertension  Longitudinal study of Rathenberg
15— yrs old population  mefnc tibia): pregnancy. ‘Co-variates: at al. 20020
mean} 11 imean age and body mass index,
calzansus) parity. postoarturmn
hypertension, iohacco
smaking, and education.
405 adults, Oecup- 4.8 (mean) 14 imean)  Increase in Longitudinal study. Glenn et al.
86 yr= ald ational systolic blood  Covariates: age and body 2002
{mean) pressurs mass index; diagnosis of

diabetes, arthritis, or thyroid
disease; education; and
blood pressure
measurement interval.

204 F 81 yrs old General 3 (mean) 13 (fibia) Hyperiension  Case-control study (Murses  Korrick et al.
{meanj population  =<1-14 17 (patella) Health Swdy). Covariates: 1900
{rangs) age and body mass index,
dietary sodium intake, and
family history of
hypertension.

5§30 M. &7 yrs old General 7 imean) 24 (mean Hyperiension  Case-control study. Hu et al.
{mean) population tibia) Covanates: body mass 1888a
21 {mean indax and family history of
patzlla) hypertension.
13,871 Mand F, General 23 [ Increase in MHAMES Il analysis. D=n Hond =t
=20 yrs oid population  (median) systolic and Covariates: age and body &l 2002
1.4-3.8 diastolic blood  mass index: hematoorit, total
{inter- pressura serum calcium, and protein
quartile concentrations; tobacco
range] smaking; alcohel and coffee

consumption; distary
calcium, potassium, and
sodium intakes: dizhetes:
and use of antihypertensive
drugs.
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Blood

Fopulation lead Bone lead
studied Exposure (pg/dL)  (ppm) Effect Comments Reference
218 F. 48 yrs old General 2.8 (mean) NM Diastolic hyper- MHAMES Il analysis. Co-  Mash et al.
{mean) population 0.5-31 tension variates: race, age, and 2003
(rangs) body mass index: fobacco
smaking. and aleohol
consumption.
508 M and F. General =15 =10 Increase in Cohaort follow-up study of Gerr et al.
1824 yrs old population (exclusion systolic and Bunker Hill children. 2002
criterion) diastolic blood Covariates: gender, age,
pressure and body mass index; blocd
hemoglobin and serum
albumin concentrations;
education; tobacco smoking
and aleohol consurnption;
current use of birth control
pills; income; and current
PLE.
775 M, 52 yr= old General 8imean) 22213 {tibia) EKG changes  Cross-sectonal study Cheng =t al.
=] population 31+18 and conduction (Mormative Aging Study). 1888a
(patella) defacts Covanates: age, body mass
index, diasiolic blood
pressure, fasting blood
glucose level, aleohal
consumption, and serum
HDL concentration.
Gastrointestinal
Children General §0-100 7] Colic Compilation of unpublished MNAS 1572
population  (rangs) data.
Hematological
158 adults General 505 %] Ciecreasad Four groups of subjects were Hemberg and
population  (rangs) ALAD activity  analyzed. One unexposed Mikkansn
and acocup- group and three warker 1870
ational Qroups.
570 children, 1- Residence =20 1] Anemia Anemia defined as Schwariz et
5 yrsold near lead hematocnt €<35%. lron al 1280
are smelier status was not available.
143 childran, 10— Residence 50 (0] Decreaszad There was na ocbvious Faoels and
13 yrs ald near lead  [rangs) ALAD activity  threshold for ALAD-PBB Lauwerys
smelier relationship. A threshold for 1887

elevation of EF was evident
betwesn 15 and 20 pgidL
PhLE.

99



Fopulation
studied

Blood
lead

Exposura (pa/dL)

Bone lead

(ppm) Effect

Comments Reference

Musculoskeletal
290 children, 58—
10 yrs old

General
population

Renal
744 M. 54 yrs old General
(mean) population

455 M. 57 yrs old General
(me=an) population

TO7 M. 82 yrs old General
[mean) population

20,000 M and F, General
=20 yrs cid population

1.981 M and F.
45 yrs ald
(me=an)

General
population

2.8 {meaan)

8 (mean)
=428
{range}

10 (mean})
0.2-54
{rangs}

8.5 {mean)

3.3 (mean)

11 (miean)
2-72
{rangs}

1t Increased
caries in urban

children

it Diecrease in

GFR

R [it] Decrease in

GFR

Diecraase in
GFR

21 (tibia)
32 (patella)

P Diecreaszs in

GFR

R [it] Decrease in

GFR

100

Germmel =t
al. 2002

Mo increase in canes was
seen in 253 rural children
(PbB, 1.7 pwg/dL). Covari-
ates: sex, race, SES.
maternal smoking, parental
education, and dental
hygiene varables.

Cross-sectional study
(Mormative Aging Study).
Covariates: age and body
mass index; sysiolic and
diastolic blood pressures;
aleohol consumption and
iohacoo smoking: and
analgesic or diuretic
medications.

Payion et al.
1884

Himi et al.
1808a

Longitudinal study (Morm-
ative Aging Study). Covari-
ates: age and body mass
index; hypertension; alcohol
consumplion and tobacco
smaking: and education.

Prospective study (Morm- T=aih =t al.
ative Aging Study). Covari- 2004
ates: age and body mass

index; diabetes and hyper-

tension; alcohol consumption

and tobacco smoking: and

education.

Muntner t al.
20032

MHAMES Ill analysis. Co-
variztes: age, gender, and
body mass index; sysiolic
blood pressure; cardio-
vascular disease and dia-
betes melliius; alcohal con-
surnption and cigarefts
smoking: and househald
income, marital status, and
health insurance.

Staessen et
al. 1882

Cross-sectional study
(Cadmibel Study). Covari-
ates: age and body mass
index; urinary glutamylirans-
ferase actvity; diabstes
mellitus; and analgesic or
diuretic therapy.



Blood

Fopulation lead Bone lead
studied Exposure (pg/dL)  (ppm) Effact Comments Reference
Endocrinclogical
75 men Oecup- 50858 7] Decreazed Ma significant correlation for  Lopez et al.
ational {rangs} serum T2 and  FT4 and TSH in this PRE 2000
T4 range. TSH, T3 and T4
increased in the rangs 5—
50 pgidL.
82 children, General 277 MM Mo effect on Covaniates: sex, race, 3ES, Siegel et al.
11 mo—7 yrsold population (rangs) 25 serum T4 or and hemoglobin; 56% of the 185889
{mean) FT4 children had PB <24 pgidl.
30 children, General 33120 2] Decreased 15 children with mean PbB  Rosen et al.
1-5 yrs old population  (range) serum YVitamin  of 18 pg'dL served as a 1880
O levels COMParison group.
Immunaological
38 children, General =10 7] Increased IgE 35 children with PLEB Sun et al.
3-8 yrs old population and decreased <10 pgidl served as 2002
lg= and Igh in  contrals. Mo such effect was
F seen in M or in the combined
analysis of M and F.
275 childran, General 148 2] Increased Mo other parameter of Lutz &t al.
Smo—gyrsold  population (rangs) serum IgE cellular or humeral immunity 1888
showed a significant
association with PRB.
Covanates: age, race, sex,
nufrition, and SES.
Meurological
172 children, General 7.7 (life- 7] T4 Q2 points  Children tested with Canfield et al.
Syrsold population time decline with Stanford-Binet Intelligence 2002a
average) PbB increase  Scale. Covariales: sex,
1-10 pgidL birth-weight, iron status:
mother's 1Q, education, race,
smaking. income, and
HOME score.
4 853 children, General 1.8 (gea- MM PbB <Z pg/dL Covariates: sex, race, iron  Lanphear et
8-16 yr=s ald population  metric associated with status, exposure o second-  al. 20003
meanj decreased hand smoke, region of the

arithmetic and
reading skills
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Blood

Population lead Bone lead

studied Exposure (pafdL)  (ppm) Effect Comments Reference
237 children, General 5.4 (maan) MM PbB associated Associations were present at Chiodo et al.
7.5 yrs oid population with decre- PbE as low as 3 pgidL; 2004

ments in do- 18 variables were controlled
mains of atter- for in addition to alcohol and
tion, exscufive, drug use.

function, visual-

motor integra-

tion, sodal

behavior and

rmotor skills

738 clder adulis General 4.8 (mean) 28.5 i(mean  Impaired Associations were found for  Wright et al.
population patzlla) cognitive fest  both PbE and bone lead. 2003
performance Age, education. and alcohal
intake were included in
regrassion models.

Reproductive
74 adult men Ocoup- 48.3 1%} Ciecraazed ‘Wife's variables contrelled  Gennart et al.
ational (mean) ferility for included parity. time 19820
since previous birth, age.
birth cohort, employment
siatus, and education.
Husband's varables
included smaoking. alzohal
intake, education, and
parameters reflacting
exposure intensity and
duration.
251 men Oceupation 1020 [ Decraaz=d Only couples with one Sallmén et
al (rangs) ferility pregnancy were included in - al. 20000
study. Association existed
only with younger maternal
age (<30 ye=ars).
121 women General 25.1 fcord MM Increased pre- The effect was evident only  Torres-
population  blood) term births among primiparous, but not  Sanchez et
mulliparous women. al. 1908
Developmental
328 infanis, General 5.8 (mean) 15.3 PkB at 1 month Infant age, sex, breast Sanin et al.
1 mo old population (maternal and matemal  fesding practices, and infant 2001
patzlla) patzlla bone  health were included in
inversely regression models. Matemal
associated with variables: age, parity.
weight gain maternal anthropometry,
education, and hospital of
recruitrment.
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Blood

Fopulation lzad Bone lead
studied Exposure {pg/dL)  (ppm) Effect Comments Refarence
233 infanis, General 7.0 (mean 141 Cord PoB “ariables included in medels Hemandez-
1 mo old population in cord {matemnal associated with were maternal height, calf  Awila =t al.
blood) patella) low birth circumference, smoking, 2002
length; patella  parity, reproductive histony,
lead associated age and education, hospital
with low head  of delivery, infant sex, and
circumference gesiational age.
4,381 children, General 1-72 &[] Reducsd Data from NHAMES II1. Ballew =t al.
1-7 yrs old population  (range) length or height Meodels included: age, sex, 1589
and head cir-  ethnicity, and poverty-
cumference income ratio. Models also
considerad head of
househaold education,
exposurs to cigareite smoke,
nufrient intake, iron status,
anemia, history of anemia,
previgus testing for high
PbB, and previous treatment
for lead poisoning.
1.708 girls. General 1-22 17| DCelayed sexual Data from MHAMNES 11 W et al.
8-18 yrz old population  (rangs) maturation Covariates: race ethnicity, 2003k
age, family size, residence in
metropoiitan area, poverty-
income ratio, and body mass
index.
2.741 girls, 8—  General 3 R Delayed sexual Data from MHAMNES 111 Selevan et al.
18 yr= old population [geocmetric maturation Covariates: age, height, 2003
mean} body mass index, history of

tobacoo smoking or anemia,
dietary intake of iron,
witamin <. calcium, and
family income.

ALAD = G-aminglevulinic acid dehydratase; EKG = electrocardiogram; F = female{s); GFR glomerular filiration rate;

HOL = high density lipoprotein; g = immunoglobin; M =

maleis); mo = monthis); MHAKES Il = Third Mational Health

and Mutrition Examination; MM = not measured; SES = socioeconamic status: yr(s) = yean(s)
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Appendix B-1: Historical Data Request Form

DEPARTMENT OF THE AIR FORCE

AIR UNIVERSITY (AETC)

9 Aug 05
MEMORANDUM FOR SGPB

FROM: AFIT/ENV

SUBJECT: SMALL ARMS FIRING RANGE DATA CALL

1. Aresearch study on airborne exposures associated with leaded and lead-free (green)
bullets is being initiated by the Department of Systems and Engineering Management.
Request you provide data of all Bioenvironmental Engineering air sampling conducted at
base firing range for the current range configuration. Purpose of this data call is to
compile historical data of observations and air sampling results collected by base level
Bioenvironmental Engineering Flight’s across the Air Force. Results of this data call will
help identify the different types of ammunition and ammunition traps being used as well
as quantify the average inhalation exposure at Small Arms Ranges across the Air Force.
In addition, it will assist current research efforts to identify different methods/techniques
being used in the field to conduct air sampling at Small Arms Ranges. Techniques will
serve as a starting point to develop a standardized methodology to collect future air
sampling results. See attachment for specific firing range and air sampling results
information being requested. Suspense Date: 9 Sep 05.

2. This request has been coordinated by your MAJCOM BEE. If you have any questions
regarding this request, please contact Capt Eric J. Cameron at eric.cameron@afit.edu.
Thank you in advance for your time and effort on this data call. Your cooperation is
greatly appreciated.

//Signed//

ERIC J. CAMERON, Capt, USAF, BSC
Bioenvironmental Engineer

Attachment:
Requested Small Arms Firing Range Information
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1. Type of ammunition being fired: Lead-Free (Green) Bullets ] Lead
Bullets

la. Manufacturer:

1b. Caliber:

1c. CAS Number:

If “Green” Bullets being fired, please specify start date:

2. Type of Range at Installation (please include all ranges):

Enclosed [1 Semi-Enclosed [] Open [ Mobile []
3. Type of trap being used to collect round:

[_1 Hard Bullet Traps (e.g. metal to metal or Funnel Trap w/deceleration
chamber)

[] Soft Termination (e.g. earth or sand berm)
[] Other:

In addition, please include the following:

[_1 All current air sampling results (Area and personal)
- Please indicate whether lead or lead-free bullets fired at time of sampling

[ ] Description of Firing Range (include pictures if available)
[ ] Any special surveillance regarding inhalation exposure to
instructor/shooters

[] Latest Bioenvironmental Engineering Assessment
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Appendix B-2: Human Subjects Board Approval Letter

DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)
WRIGHT-PATTERSON AIR FORCE BASE, OHIO

9 August 2005

MEMORANDUM FOR AFIT/ENV/GIR
ATTN: Eric J Cameron

FROM: AFRL/HEH

SUBJECT: Approval for the Use of Volunteers in Research.

1. Human experimentation as described in Protocol 05-54-E
“A Comprehensive Look at Heavy Metal Exposure to Air Force
Instructors and Shooters for Small Arms Ranges” may begin.

2. In accordance with AFl 40-402, this protocol was reviewed
and approved by the Wright Site Institutional Review Board

(WSIRB) on 20 July 2005, the AFRL Chief of Aerospace Medicine
on 8 August 2005. A review is due 364 days from Board Review.

3. Please notify the undersigned of any changes in
procedures prior to their implementation. A judgment will be
made at that time whether or not a complete WSIRB review is
necessary -

Signed 9 August 2005
HELEN JENNINGS
Human Use Administrator
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Appendix B-3: Summary of Participating Bases and Collected Range Information

Type of Range Type of Trap
Outdoor Type of Bullets Soft Trap
Indoor Hard Trap

AMC Semi-Enclosed | Open Lead Lead-Free Earth | Sand Comments
Davis Monthan AFB, AZ - - X X - - X -
Barksdale AFB, LA No data for base
Beale AFB, CA No data for base
Cannon AFB, NM No data for base
Creech AFB, NV No data for base
Dyess AFB, TX - - X - X - [ - | -
Ellsworth AFB, SD - X - - 2004 X - - -
Holloman AFB, NM No data for base
Langley AB, VA - - X Not identified
Minot AFB, ND - X - X - X - - Over OEL
Mountain Home AFB, ID - X - X* X * - X - * Fire Both
Nellis AFB, NV No data for base
Offutt AFB, NE No data for base
Seymour Johnson AFB, NC X - - X 2004 only * X - - * Due to cost
Shaw AFB, SC - X - Not identified X - -
Whiteman AFB, MO - X - X 2005 - X -
Altus AFB, OK - X - - X X - - -
Columbus AFB, MS No data for base
Goodfellow AFB, TX - X - X - Not identified No Air sampling data
Keesler AFB, MIS - - X - Oct-05 - [ x | -
Lackland AFB, TX - X - Not identified No Air sampling data




Laughlin AFB, TX

No data for base

Little Rock AFB, AK

No data for base

Luke AFB, AZ

No data for base

Maxwell AFB, AL - X [ x | x | - -
Randolph AFB, TX No data for base

Sheppard AFB, TX No data for base

Tyndall AFB, FL - X x | - | x | - -
Vance AFB, OK No data for base

Arnold AFB, TN No data for base

Brooks City Base, TX No data for base

Edwards AFB, CA - - - X - X -
Eglin AFB, FL No data for base

Hanscum AFB, MAS - X - X X - -
Hill AFB, UT X - - 2003 X - -
Kirtland AFB, NM - X - X X - -
Robins AFB, GA - - X - one

Tinker AFB, OK No data for base

Wright-Patterson AFB, OH 2004 Prior 2004 - 2004 X -

Hurlburt AFB, FL - - X - - X

Duke Field, FL No data for bases

Moody AFB, GA = = = X - X -
Buckley AFB, CO - - X - - X -
F.E. Warren AFB, WYO X - Not identified

Los Angeles AFB, CA No data for bases

Malstrom AFB, MA - X - 2004 - X 3 Ranges (2 open / 1 impact)
Patrick AFB, FL - X - X - X -
Peterson AFB, CO - - - X - X Shoot AF Academy




Schriver AFB, CO

No data for bases

Vandenberg AFB, CA - X X - [ - |
Andrews AFB, MD X - 2000 Not Identified
Charleston AFB, SC - X X X | - |
Dover AFB, DE X - - Not Identified
Fairchild AFB, WA X - X X -
Grand Forks AFB, ND X - 2004 - X
MacDill AFB, FL X - X X -
McChord AFB, WA No data for bases

McConnel AFB, KA No data for bases

McGuire AFB, NJ - [ x | 2002 - [ x |
Pope AFB, NC No data for bases

Scott AFB, IL Since 97/98 Prior 97 X Not Identified
Travis AFB, CA X - 2004 Not Identified

US AF Academy, CO

No data for bases

Highlighted installations indicate reposes received from initial data call




Appendix C: Material Safety Data Sheet for Lead-Free Ammunition

Olin MATERIAL
WINCHESTER SAFETY DATA

AMMUMHITION
SHEET

Clin MSDS No.: 00085.0001 Revision Date:
Revision Mo. & Supercedes: 1/1/

1. PRODUCT AND COMPANY IDENTIFICATION

Product Name: CENTERFIRE LOADED ROUNDS, FRANGIELE NON-TOXIC

Chemical Name: Mincture — Metal Alloy

Synonyms: 5.56 Frangible, Mon-toog, Sintefire

Chemical Family: Matal mixturs

Formula: Mot applicable - mixturs

Product Use: Cenferfire Rifle and Pistol Loaded Ammunition

COMPANY ADDRESS MSDS Control Group TECHMNICAL EMERGEMCY TELEPHONE
Olin Brass and Winchester. Inc.  INFORMATION: NUMBER:
427 Morth Shamrock 5t 518-258-3507 1-528-2581-871

East Alton, IL 620241187
wwnw. winchester.com

2. COMPOSITICNINFORMATION OM INGREDIENTS

CAS Number Components o By Weight EINECS/ ELINCS # EU Classification
Symbol R-Phrase
T440-50-8 Copper 231-158-8 Mons Mone
T440-56-6 Zinc 231-175-3 Fias dustar R15-17
powder)
T440-31-5 Tin 231-141-8 Mona Mons
2004-70-0 Mitrocellulose Mot listed E" R2
55-630 Mitroglycerin 200-240-8 E TN R3, R2G27/Z8,
R33, R5162
This material i= not Tsted in Annex T of Cirectve BEETEEEC. Thin has classfied the matenal sccording o the conventional mefhod based

upen information from similar matenals.
OSHA REGULATORY STATUS:  Explosive

3. HAZARDS IDENTIFICATION

CAUTION!

EXPLOSIVE. KEEP AWAY FROM HEAT. DO NOT SUBJECT TO MECHANICAL SHOCK. PARTICLES FROM FIRING MAY BE
HARMFUL IF INHALED. DO NOT TAKE INTERMALLY.

HAZARD RATINGS (for dust or fume) Degres of hazard (0 = low, 4 = axtreme)

Hazardous Materials |dentification Svstem (HMIS) Health: 0 Flammability: 0 Physical Hazard:
Explosive: 2

Mationa! Fira Protection Association [MFPA] Mivture. Mot rated.

HUMAN THRESHOLD RESPONSE DATA
Odor Threshold: Unknown
Irritation Threshedd: Unknown
I gEr i ) (5] The IQLH for this product is moi known. Thg IDLH for copper is 100
mg'm”. The I0OLH for nitraghycerin is 75 mg/m

POTENTIAL HEAL TH EFFECTS

This product is composed of a finished metal slloy carfridge which contains the warous components completely sealed within.
Therefore, under normal handlimg of this product. no exposure to any harmful matenals will ocour.

When the ammunition is fired, a small amount of parlicles may be gensrated which may be slightly iritating to the eyes and the
respiratony tract. The particles may contain frace amounts of these harmful substances:

MSCS # 00085 0001
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Clin
WINCHESTER

ek ELTIEE
Page 2 of 5

i in- Will produce dilation of bleod vessels and drop in blood pressure which may affect the heart. It has also been shown to
cause methemoglobinemia (cyanosis).

Copper: Inhalation of high concentrations of metallic copper dusts or fumes may cause nasal irmtation and'or nausea, vomiting and
stomach pain.

It is unlikely that the amount of paricles that someone would be exposed to from firing a loaded round would be sufficient fo cause
any of thase effects.

MEDICAL CONDITIONS AGGRAVATED BY EXFOSURE" There are no medical conditions known to be aggravated by exposure to
this product in its solid form.

POTENTIAL ENVIRONMENTAL EFFECTS: Mone known.
4. FIRST AID MEASURES

EYE CONTACT: Immediately flush out fume or paricles with large amounts of water for at lzast 15 minutes, occasionally lifting
the upper and lower eyelids. If eye irritation develops, call a physician at once.

SKIN CONTACT:  Wash skin with plenty of soap and water,

INHALATHIMN: If symptoms of lung imtation occur (coughing, wheezing or breathing difficulty), remove from exposurs area to
fresh airimmediately. If breathing has stopped, perform artficial respiration. Hesp affected person warm and at
rest Get medical attention.

INGESTION, If ingested, immediately call a physician.

5. FIRE FIGHTING MEASURES

PROPERTY | VALUE | FROFERTY | VALUE
Explosive | Yes Flammable | Mot apolicable
Combustible | Mot apolicable Pyropharic | Mo
Flash Point (7C) | Mot apolicable Burning Rate of Materal: | Mot applicable
Lower Explosive Limi Mot apolicable Autoignition Temp.: | Mo data
Upper Explosive Limit: | Mot applicable Flammahility Classificafion: (defined by 28 CFR 1910.1200) | Explosive

LIMUSUAL FIRE AMD EXPLOZION HAZARDS: I fire reaches cargo, do not fight. Evacuate all person, including emergency
responders from the area for 1500 feet (143 mile)in all directions.

EXTINGUISHING MEDIA: Flood area with water. If no water is available, carbon dioxide, dry chemical or
earth may be used. If the fire reaches the carge, withdraw and let fire burm.
SPECIAL FIREFIGHTING PROCEDURES: In case of fire, use normal fire fighting equipment. Protection concemns must also

addrass the potential of the physical characieristic of this product as explosive.

6. ACCIDENTAL RELEASE MEASURES

FOR ALL TRANSPORTATION ACCIDENTS, CALL CHEMTREC AT B00-424-8300.

Spills of this material should be handled carefully. Do not subject materials to mechanical shock. A spill of this material will normally
not reguire emergency response team capabiliies. |, howsver, a large spill ooours, call 1-888-288-1211 for technical assistance.

T, HANDLING AND STORAGE

HANDLIMG: Ma special requirements
STORAGE Ma special requirements
Sheif Life Limifations: Mot known
Incompafible Maferals for Fackaging:  None known
Incompatible Mafenals for Storage or Tranzsport: Acids, Class A & B explosives, strong oxidizers, and caustics
CONDITIONS TO AVOID - Mechanical impact or shock and electrical discharge.

MSCE MNo- 00085.0001
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Clin
WINCREITER

Page 3 of 5

B EXPOSURE CONTROLS/PERSONAL PROTECTION

CAS# CHEMICAL ACGIH TLV OSHA PEL INTERNATIONAL OELS
NAME
T440-50-8 Copper 0.2mgim” (fume), 1 [ ] m” (fume) Aust'ig. Belgium, Canada: 0.2 mg/m "~ (fumes), 1
mg'm” (dusts and 1 mgm” {dusts and | mgim” [dusis) .
misis) mists) Denmark: 1.0 mg/m” (dust gnd powder) i
Germany (MAKE 0.1 mgim” (fume), 1 mg/m” {dusts
and mists)
TA40-56-6 Zing Mone established Mone established | None established
T440-31-8 Tin 2 mg'm Zmgim” Mone established
a0D4-70-0 Mitrocellulose Mone established MNone established | Mone established
55-8340 Mitroglycerin C.05ppm (045 mg/m ™) | Ceiling— 0.2 ppm | Denmark: 0.02 ppm (0.2 mgim™) .
Skin (2 mg-‘m“:l MNerway, Sweden: 0.03 ppm (0.2 mgim 7}
Skin Austria, Belgium, Germany, The Metherlands,
Faland, Switzerland: 0.05 ppm (0.47 mg/m *}. skin
Finland, France: 0.1 ppm (0.8 mgim 7). skin
U.K.: 0.2 ppm (2 mgim ). skin

ENGINEERING CONTROLS:

EYE / FACE PROTECTION:
SKIN PROTECTION
RESPIRATORY PROTECTION
GEMNERAL HYGIEME:

Local exhaust ventilation is recommended if significant dusting occwrs or fumes are gensrated.
Ctherwize, use general exhaust ventilation. Use hearing protection.

Use safety glasses.
Mot normally neaded

Respiratory protection not normaly needed
Cio not eat, drink, or smioke while using this product. Wash hands thoroughly after usa.

a. PHYSICAL AND CHEMICAL PROPERTIES

PROPERTY VALUE PROPERTY VALUE
Appesrance | Cylindrical brass cartridge Vapor Densify (sir=1): | Not applicable
CQgdor: | Mone Buoiiing Point {#F)- | Mot applicable
Molecular Weight | Not applicable - Modure helting poinf: | MNot applicable
Physica! State | Solid Specific grawity (g/cc): | Mot applicable
pH: | Mot applicakle Buik Densify | Mot applicable
Vapor Prezsure (mm Hgl: | Mot applicable Vigcosify (cps): | Mot applicable
Vapar Density | Mot applicable Diecomposifion Temperafurs: | Mot applicable
Selubiiify in Walter (207C)- | Inscluble Ewvaporation Rafe: | Not applicable
Volatiiez, Percent by valume: | Not applicable Octanolivater partition coefficient | Not applicable

10.

STABILITY:
MATERIALS TO AVOID:

HAZARDOUS DECOMPOSITION PRODUCTS:
HAZARDOUS POLYMERIZATION

OTHER:

STABILITY AND REACTIVITY

Stable under mormal temperatures and pressure.
Arids, Class A & B explosives. strong oxidizers, and caustics

Mitrogen oxides, carbon monoeade, carbon dioxide
Will net coeur.

Cartridge may detonate if case is punctured or seversly damaged.

11.  TOXICOLOGICAL INFORMATION

POTENTIAL EXFOSURE ROUTES: The physical naturs of this product makes absarption from any route unlkely. A small amount of

inhalable particles may be created when projectils is fired.

ACUTE ANIMAL TOXICITY DATA:

For Froduct: For Components
Copper mn Farocellulose finc Mitrogliycenn
Ora L | Not applicable for product 3.5 mglg No data =5 akg (rat) Mo data 105 rmg'kg (rat}
(mouse,
miraperitones!]
Cemal Not appficable for product 375 mgikg (rabhbit. Mo data Nodata Mo data = 280 mg'kg
LD subcutaneous) {rakbdbit)

MSDS Moo 00085.0001
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For Product: For Cormponents
Copper [ Farocellubose Zinc Mitroglycenn

Inhafabion | Mot apglicakle for product o data He data Wodata Mo data N data
LCae Partcles generated from

firing may be slighthy tows.
Imitaticn Mot & skin or eye mitant as a | Respirstory imitant Mo data Nodasa Eye imitant Wid ey and skn

loaded round. irmtant
SUBCHRONIC/ CHROMIC TOXICITY: MNa information for product.
CARCINCGEMICITY: This product or its components are not classifisd as carcinegenic by IARC, NTP.,

QOSHA or EPA
MUTAGEMIZITY: Thiz product is not known or reporied o be mutagenic.
BEPRODUC 'ny ERATOGENICITY, OR This product is not know or reported to cause reproductive or developmental
EVE S effects.
I'-IEL,HDLCICICAL EFFECTS: Thiz product is not know or reporied to cause neurolegical sffects
= i r-3

WHICH ENHANCE T CI}'HCITY.' Mone known or reportad.

12. ECOLOGICAL INFORMATION

COTOMICITY: Mo data is availabie on this product. Individual constituents are as follows:
Copper: The toxicity of copper to aguatic organisms varies significantly not only with the species. but als o with the
physical and chamical characteristics of the water, such 3= its femperature, hardness, furbidity and carbon dicxids
content. Copper concentration varying from 0.1 to 1.0 mg/l have been found by various investigators to be not weic
for mast fish. Howsver, concentrations of 0.015 to 3.0 mg/l have been reported as toxic, particularly in soft water o
r"un,- kil nds of fish, crustacea. mollusks, ins=scts, and plankion.
X : LCm = 1000 migfl (fish, inverebrates,
"llh’ﬂgl){c&'ll" Bluegill. 98 hour LCm = 1.228 mg/l (static)
Zing: The following concentrations of zine have been reported as lethal to fish:
Rainbow trout fingerlings: 0.13 mg, 12— rs
Blu=gill sunfish: & hr TLM = 1.8- 3.5 mg/l {soft water, 30°C)
Rainbow trout: 4 mgl (hard water) 2 days
Sticklebacks: 1 mg/l (soft water) 24 hrs
The presence of copper appears to have a synergistic effzct on the toxicity of zine towards fish
MOBILITY: Mo data
PERSISTANCEDEGRADABILITY: Mot biodegradable. Bullsts may fragment and decompose in soil.
BIOACCUMULATION: Mo data

13. DISPOSAL CONSIDERATIONS

Care must be taken to prewent snvironmental contamination from the use of this material. The user of this material has the
respansioility to dispose of unused material, residuss and containers in compliance with all relevant local, state and federal laws and
regulations regarding treatment, storage and disposal for hazardows and nonhazardous wastes.

14, TRANSPORT INFORMATION

US.DOT | RIDIEDR |  IMDG | 1aTa | Mo | Canada TDG
FPROPER SHIFFING NAME Cartridges, small arms
HAZARD CLASS: 145
UN NGO UK 0012
PACKING GROLP: Il
HAZARD LABEL/FLACARD: Mo label required highway/water

1.45 Label Airf 1.4 Placard over 1001 lbs. (454 kg

REPCRTABLE QUANTITY: Mot applicakie

MEDS Moo 00085.0001
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SPECIAL COMMENTS:

May be
reclazsified
domesticaly
{U.5. Land] as
an ORMD i
packaged as
per 48 CFR
172.63. Mark
ORMD per 42
CFR 172.318.

15. REGULATORY INFORMATION

US FEDERAL

TSCA The compaonenis of this product are listed on the Toxic Substance Control Act inventory.

CERCLA: Copper, R.Q.= 8000 bs_; finc, R.G. = 1000 |bs.; Miroghlycerin, R.G. = 10 Ibs. (No reporting is required if
diameter of the pieces of metal is equal to or excesds 100 micrometers (0.004 inches).

SARA 313: Copper, Zinc (fume or dust), Nitroglycerin

SARA 313 Hazard Class:

alth: Aoute—Yes, | Eirer Mone | Reschivity Mone | Belesze of Prezaurs: None
Faor dust or fume anly | Chronic - Yes

SARA 302 EHS List:

Mone of the components of this product are listed.

RQ = Reportabe Quantty

STATE RIGHT-TO-KNOW STATUS

Component *CA Prop. 65 MNew Jersay Pennsylvania Massachusetts Michigan
Copper Mot listed x X X X
Zinc Mot listed X Mot listed X K
Tin Mot listed Mot listed X X Mot listed
Nitrocellulose Mot lisied X X X Mot listed
Mitroglycerin Mot lisied X A X Mot listed
EUROPEAN REGULATIONS

Danger Symbaol: E Explosive

Risk Phrasas: R2 Risk of explosion by shock, friction. fire or other sources of ignition

Safety Phrases: 52 Keep out of reach of children.
German WG Classification: Unknown.

CANADIAN REGULATIONS

DSL LIST:

Regulations.
IDL: Copper, Tin
WHMIS:
16. OTHER INFORMATION

REVISIONS:

The components of this product are on the DSL or are exempt from reporting under the MNew Substances Notification

Thiz product is not subject to WHMIS. [t is reguiated as a Class 6 Explosive in Canada.

PREFARED BY: (Clin Corporation

OTHER:
NOTICE: THE INFORMATION

OR OTHERWISE BE EXPOSED TO THIS PRODUCT.
ENGINEERING, OPERATIONS AND MAMAGEMENT AND FOR PERSOMS WORKING WITH OR HANDLING THIS

PLANT

Additional information available from: www winchester com

IN THIZ MSDS SHOULD BE PROVIDED TO ALL WHO WILL USE, HANDLE, STORE, TRANSPORT,
THIS INFORMATION HAS BEEM PREPARED FOR THE GUIDANCE OF

PRODUCT. OLM BELIEVES THIS INFORMATION TO BE RELIABLE AND CURRENT AS OF THE DATE OF PUBLICATION, BUT
MAKES NO WARRANTY THAT IT I5.

MS0S Moo 00085.0001
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MATERIAL SAFETY DATA SHEET

SMALL ARMS AMMUNITION
BALLISTICLEAN 5.56MM =,
CENTERFIRE RIFLE AMMUNITION

Federal Cartridge Company
900 Ehlen Drive
Anoka, Minnesota 55303

TELEPHONE: 763-323-2300
PRODUCT SERVICE: 763-323-3706
EMERGENCY PHONE NUMBER: 800-424-9300 (CHEMTREC)

Issue Date: August 19, 2003

SECTION #1 - PRODUCT IDENTIFICATION:

NON-TOXIC CENTERFIRE RIFLE PRODUCT FAMILY

Centerfire Metallic Cartridge Including The Following:

BC556NT1
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SECTION #2 - CHEMICAL COMPOUNDS:

CHEMICAL COMPOUNDS
TWA UNLESS OTHERWISE NOTED
CAS NUMBER OSHA PEL ACGIH TLV
Bullet . 7440-50-8 1 mg/m’ 1 mg/m’
*Copper Jacket
Fume: .1 mg/m’ Fume: .2 mg/m’
Core: Copper Powder
(See Above)
Zytel Nylon None Assigned | 15 mg/m’ (S mg/m® | 15 mg/m’ (5 mg/m’
as respirable dust) as respirable dust)
Cartridge Case - Brass
(As Copper) (See above)
*Zinc (As Zinc Oxide) | 7440-66-6 10 mg/m® (5 mg/m® | 10 mg/m’
1314-13-2 as respirable dust) Fume: 5 mg/m’
Fume: 5 mg/m’
Propellant - 9004-70-0 Not Established Not Established
Nitrocellulose
*Nitroglycerine 55-63-0 1mgm'  STEL |.46mg/m* (Skin)
Diphenylamine 122-39-4 Not Established 10 mg/m’
Primer - 87-31-0 Not Established Not Established
Diazodinitrophenol
Tetracene 109-27-3 Not Established Not Established
* Barium Nitrate 7440-39-3 5 mg/m* .5 mg/m’ '
(As Barium)
*Aluminum 7429-90-5 15 mg/m* (5 mg/m’ | 10 mg/m’®
as respirable dust)
Nitrocellulose
(See above)
Nitroglycerine
(See above)

* Indicates toxic chemical(s) subject to the reporting requirements of section 313 of title ITT of
the Superfund Amendments and Reauthorization Act (SARA) of 1986 and 40 CFR 372.
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DEFINITIONS OF ACRONYMS
Occupational Safety and Health Administration’s Permissible Exposure Limit.

OSHA PEL:

ACGIH TLV: American Conference of Governmental Industrial Hygienists® Threshold
Limit Values.

TWA: Time Weighted Average.

STEL: Short Term Exposure Limit, the 15-minute exposure that should not be
exceeded at any time during a workday.

CEILING: The concentration that is not to be exceeded at any time during a workday.

CAS: Chemical Abstracts Service number.

SECTION #3 - PHYSICAL DATA

Boiling Point: Not Applicable
Melting Point: Not Applicable
Vapor Pressure: Not Applicable
Density: 3.1 - 8.0 grams/cc
Solubility (Water): None

Evaporation Rate: Not Applicable
Percent Volatiles: Not Applicable
Vapor Density (Air = 1):  Not Applicable
Appearance: Brass case with copper/Zytel nylon bullet.
Odor: None

Odor Threshold: None

SECTION #4 - FIRE FIGHTING & EXPLOSION DATA:

Flash Point (F): - Not Applicable
Auto Ignition Temperature (F): Not Applicable
Upper Explosive Limits (Percent):  Not Applicable
Lower Explosive Limits (Percent): Not Applicable

May ignite if heated to 250 degrees F, independent of air.

Fire & Explosion Hazards:
Unconfined ignited cartridges can produce low velocity
mwlﬁcﬁagmcnmmatmaycauseeyeinjuryorsmﬁcial
skin wounds if unprotected by standard fire-fighter turnout
gear.

Extinguishing Media: Water

Special Fire Fighting Instructions: ~ Wear full fire-fighter protective gear including face shicld
or SCBA. Use wide fog pattern nozzle to stop any low
velocity Use water to cool ordinary

fragments.
combustibles below ignition temperature.
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SECTION #5A - EXPOSURE & EFFECTS — INHALATION

ROUTE OF EXPOSURE & EFFECTS - INHALATION

Acute: Acute inhalation of smoke may produce mild throat and eye irritations.

Chronic: None known.

First Aid: Remove person to fresh air, If breathing has stopped, administer artificial
respiration. If symptoms should appear, contact physician.

SECTION #5B - EXPOSURE & EFFECTS -- SKIN

ROUTES OF EXPOSURE & EFFECTS - SKIN

Acute: Contact with metal fumes may cause skin irritation.
Chronic: None known. I

First Aid: ‘Wash thoroughly with soap and water,

SECTION #5C - EXPOSURE & EFFECTS - EYES

ROUTES OF EXPOSURE & EFFECTS - EYES

Acute; Contact with large volumes of smoke may cause minor eye irritation.

Chronic: None known.

Remove person to fresh air. If foreign body is suspected, wash eyes in fresh

First Aid:
water for 15 minutes, contact physician.

SECTION #5D - EXPOSURE & EFFECTS -- INGESTION

ROUTE OF EXPOSURE & EFFECTS - INGESTION

Ingestion of nitroglycerin is known to cause headaches, convulsions, tachycardia

Acute:
and apnea. Ingestion is not a likely route of exposure.

Chronic: None known.

Note: Wash hands thoroughly with soap and water before eating or smoking,
First Aid: Ingestion is not a likely route of exposure. In case of ingestion, contact physician.

SECTION #5E - EXPOSURE & EFFECTS — CARCINOGENESIS DATA
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N.T.P.: No
LAR.C.: No
OSHA: No

SECTION #5F - EXPOSURE & EFFECTS - COMMENTS
Barjum is a toxic metal, at high concentrations. Ballisticlean ammunition contains trace levels of
Barium.

SECTION #5G - AGGRAVATION OF PRE-EXISTING HEALTH CONDITIONS

AGGRAVATION TO PRE-EXISTING HEALTH CONDITIONS

None known.

SECTION #6 - REACTIVITY & POLYMERIZATION

Stability: Stable under normal use conditions.

Conditions to Avoid: Individval cartridges may ignite if the primer is struck or if the

cartridge is exposed to excess heat.
Incompatible Materials: Oils, Acids, Alkalies, Ammonia, and other corrosive materials.
Hazardous Decomposition
Materials: Oxides of Barium, Nitrogen and Carbon.
Polymerization: Will not occur.

SECTION #7 - SPILLS, LEAKS & DISPOSAL PROCEDURES

STEPS TO BE TAKEN - SPILLS:

Avoid conditions detailed in Section #6. If container should rupture place all loose cartridges
from broken shipping cases into a sturdy container, secure container carefully.

Waste Disposal Methods: Contact Manufacturer - Product Service (763) 323-3706.

SECTION #8 - SPECIAL PROTECTIVE EQUIPMENT

Ventilation: Use in a well-ventilated area. Consult the current edition of ACGIH
Industrial Ventilation Manual and/or NRA ventilation recommendations.

Protective Equipment:

Eyes: Recommend protective eyewear conforming to ANSI Z-87.
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Gloves: Not generally required.
Respirators: Use an approved respirator while cleaning range facilities if applicable
exposure limits are exceeded.

Hearing Protection: Hearing protection recommended while discharging cartridges.

SECTION #9 - SPECIAL PRECAUTIONS — STORAGE & HANDLING

Storeinadry.ocolareaintheorigimlwutaimrtoassurcperfonmncc. Keep out of the reach
of children. Avoid striking the primer of unchambered cartridges. Remove ammunition from

service if any of the following conditions have occurred:

Prolonged storage at or above 170 degrees F.

2. Evidence of corrosion.
3 Physical damage.
4. Exposure to oil or spray type lubricants.

Avoid prolonged storage in leather cartridge carriers. Cartridges can ignite if heated to 250

degrees F independent of air.

SECTION #10 - TRANSPORTATION INFORMATION

This material is a US Department of Transportation Hazardous Material.

US DOT Proper Shipping Name:

Hazard Classification: 1.45
UN Identification Number: UNO0012
Packing Group: I

Although reasonable care has been taken in the preparation of this document, Federal Cartridge
Company extends no warranties and makes no representation as to the accuracy or completeness
of the information contained herein and assumes no responsibility regarding the suitability of this
information for the user's intended purpose or the of its use. Each individual
should make a determination as to the suitability of the information for their particular purpose.
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Appendix D-1: Analytical Air Sampling Results from Hill AFB

Analytical Resulis
for

U.5. ATR FORCE
Work Order No.: 05100009
Client Reference:  F41622-02-A0001LHILL AFB/

Sample Type: MH3 Tube Date Reccived: 108032005
Method References Apnmonia; Method: NIOSH 8-347 Analvei:  CLH
RL (ug): oo )
Air Ammonia
Lab Sample Volume
No. Identification (Mirers) (pg) (mgm’) {ppm)
N0ls  BEO34556 BLANK 092105 0 <20 - -
0024 BKO5455T BLANK 092105 0 = -
DO3A SZD54558 0W2105 01444 <20 <066 <.95
O0dA  SE054559 (AW2105 31,0464 =20 =064 =92
OhSA  SEDSE560 HH21035 21,2628 <20 =0.94 <14
06A  BEOS45T] BLANK 092305 1] <2ib - -
TA  BEOS4572 BLANK 09/23/03 0 =20 - -
MEA  SZ054573 (XIS 243741 <20 <R =12
0094 SZO54574 092305 24 7408 =20 =i Bl =1.2
04 SZ0S45TS 0923705 13764 <20 =1.5 «2.1
General Notes:

< Less than the indicated reporting limit {EL).
== Information not available er not applicable.
Back sections (if applicable) were checked and showed no significant breakthrough unless otherwise noted,
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Analyzed
TV 2005
HY 12005
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11072005
10102005
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Analytical Resulis
for

U5, AIR FORCE
‘Work Order No.: 05100009
Client Reference:  F41622-02-A0001/HILL AFB/

Sample Type: HCN Tube Date Recelved: 1040372005

Mithod Reference: NIDSH 6010 Analyst:  MP

RL  (pgp 24

. o e

Sample Valume

0124 BE054562 BLANK 09/21/05 0 <24

G134 SZ054563 0w 2105 17,8494 <24 <0,13 <0,12 10052005
0144 SZO54564 021105 18.1324 <24 =013 <112 104052005
MEA  SZ054565 (42105 17.9211 <24 <13 <12 107052003
0I6A  BKO54576 BLANE 09/23/03 0 <24 - - 1042005
0174 BKOS4577 BLANK $0/2305 0 =24 - - 104052005
DIBA  SZ054578 09/23/05 13.9219 <24 <017 <0146 10H04/2005
O19A  SZ054579 05/2305 142464 <24 <017 =015 10052005
0204 SZ054580 05/23/05 137418 =24 =017 =016 V052005

Gieneral Notes:

=t Less than the indicated reporting limie (RL).
: Information net avanlable or not applicable.
Back sections (if applicable) were checked and showed no significant breakthrough unless atherwise noted.
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Analytical Resulis
for

1.8, ATR FORCE
Clayton Work Order No.: 05100091
Client Reference:  FA1622-02-AM01HILL

Client 1D+ BED05455] Date Sampled: HZ1/2005
Lab 1D 0oLA DateReceived: 100472005
Matri: MCE Filter, .Bum Air Vol.(L): MNA
) Reporting
Concentration Limi Test
Analyte (ug) (mg/m”) {ng) Method Date Analyzed/Analyst
Barium =1 - 1 MWIOSH 7300 00/ 2005 DH
Copper =1 - 1 MIOSH 7300 TG 2005 DH
Lead =l - 1 NIOSH 7300 100G/ 2005 DH
Mickel =l - 1 NIOSH 7300 L6/ 2005 DH
Tin =1 - 1 NIOSH 7300 TG/ 2005 DH
FAL =l - I NIOSH 7300 1062005 DH
Client 1D: BED34532 BLANK Duate Sampled: 212005
Lakb TD: ZA DateReceived: 10402005
Matriz: MCE Filter, . Bum Alr ValL): MNA
Reporting
Comeentration Limit Test
Annlyte (ng) (mg/m’) (g} Methad Date Analyzed/Analyst

Barium <1 - 1 MIOSH 7300 OGS 2005 DH
Copper =1 - 1 WIOSH 7300 O 20005 DH
Lend =] - 1 MIOSH 7300 LV 2005 DH
Nickel <1 - 1 MIOSH 7300 1OVG/2003 DH
Tin =1 - 1 NIQSH 7300 1006720035 DH
Fine <] - 1 MNIOSH 7300 1A 2005 DH
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Amnalytical Results
for

11.5. AIR FORCE

Clayton Work Order No.: 05100091
Client Reference:  F41622-02-A0001/HILL

Client [D: SZ054553 Date Sampled: Q22005
Lab 11 D03A ateReceived: 42005
Mairix: MCE Filter, .Bam Adr Vol(L)y: 162.162
Reporting
Concentration Limit Test
Analyte (1) (/') [T Method Date Analvzed/Analyst
Basium <1 <006 | MWIOSH 7300 TG 2005 H
Copper 26 006 1 WNIOSH 7300 062003 H
Lead =1 <0062 1 NIDSH T3040 162005 DH
Mickel 18 0024 1 MICSH 7300 TN/ HMS DH
Tin <1 <0.0062 1 MIOEH 7300 JLSITC I
Zine 59 0.0K36 1 WIDSEH 7300 10006205 DH
Client [D: SE054554 Date Sampled: WAN2005
Lahb ID: A DateReceived: 1WArH0ns
Mlatrix: MCE Filter, .8um Alr VolL): 167475
Reporting
Concentration Limit Test
Analyte p) {mgfm) i) Mlethod Date Analyzed/Analyst

Barium =1 < (D00 1 NIOSH T30 K06/ 2005 DH
Copper =1 <00y 1 WIOEH 7300 1006 RS DH
Lead =1 =0, () 1 MWIOEH 7300 1006/ 2005 DH
Mickel =i <0006 1 MWIOSH 7200 TOAG2005 DH
Tin =1 =0 0060 i WIOSH 7300 10ADG 2005 DH
Zine =l ={1, 0060 1 NIOSH 7300 102003 DH
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Analytical Results
for

U5, AIR FORCE
Clayton Work Order No.: 05100051
Client Reference:  F41622-02-A0001/HILL

Clicnt ID: SZ054553 Drate Sampled: WAI005
Lah TD: LEILEN DateReceived: 1072005
Wiatrin: MCE Filter, .8um Air Vol(Ly: 136.2705
Reporting
Concentration Limit Test
Analyte (ng) {mg/m®} (mg) Method Date Analyzed/ Analysi
Barium <1 <i.0073 1 MIOSH 7300 O 2005 DH
Copper <1 <0.0073 1 MIOSH Fa00 2005 H
Lead =1 =073 1 MNIOSH 7300 10 2005 DH
Nickel =1 <073 1 NIOSH T300 L2005 DH
Tin =1 <073 1 MIQSH T L2005 DH
Zine =1 <0073 1 MNIOSH 7300 1062005 DH
Client 11: BEO34566 BLANK Date Samplesd: LYAE2005
Lab ID: 006 A DateReceived: A 2005
Matrix: MCE Filter, .Bum Alr ValiL): MA
Reporting
Concentration Limit Test
Amnalyte (g} gy (ug) Methisd Date Analyzed Analyst

Barium =1 - 1 NIOSH 7300 NG 24H5 DH
Copper =1 - 1 NIOSH 7300 100G 2005 X
Lead =l - 1 MIOSH 7300 100G 2003 DH
Mickel =l - 1 NIOSH 7300 100620035 DH
Tin =] - 1 MNIOSH 7300 102005 H
Zine <l - | MIOSH 7300 . 10062003 DH
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Analytical Results
for

U.5, AIR FORCE

Clayton Work Order No.: 05100081
Client Reference:  F41622-02-A0001/HILL

Client 1D: BEO34567 BLANK Diate Sampled: GAS2005
Lab 1D DOTA DateReceived: 142005
Matrix: MCE Filter, .Sum Ajr Vol.(L): Ma
Reporting
Concentraiion Limit Test
Analyte (ug) (mg/m) (ned Method Date Analyzed/Anakyst
Barium <l = 1 MIOSH 7300 1v0ar2o0s [k
Copper =l - 1 MIDSH 7300 1062005 PH
Lead =l - 1 MIDEH 7300 1062005 DH
Mickel <l - 1 MIOSH 7300 1062005 DH
Tin =<1 - 1 MIOSH 7300 100G/ 2005 *H
Zinc <l - 1 NIOSH 7300 1062005 DH
Client 112z BZ054568 Dute Sumpled: Q12372005
Lab 1D 008A DareReceived: 1472008
Mlatrix: MOCE Filier, Bum Alr Vol(Ly: 123.17
Reporting
Concentration Limit Test
Analyte (pgh {mg‘m’) {ng) Method Date Analyzed/ Analyst

Barium <1 <0, (8] 1 MIOSH T3040 1AM 2005 DH
Copper =] <0, (K81 1 MIDSEH 7300 LA 2005 DH
Lead =] <0.0081 1 MWIOEH 7300 1062005 DH
Nicke! <1 <0.0081 1 MIDSH 7200 vk 2005 DH
Tin =1 =0,(H51 I WIOSH 7300 V02005 I3H
Zinc =1 =0.0081 1 WIOSH 7300 1062005 DH
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Analytical Results
far

LS. AIR FORCE

Clayton Work Order No.: 03100091
Client Reference; F41622-02-A0001/HILL

Client 1D: SZE054560 Date Sampled: /232005
Lab ID: B0aA DateReceived: L0/ 2005
Matrix: MCE Filter, Bum Alr Val(L): 126.8
Reporting
Coneentration Limit Test
Amnalyte (pz) (mg/m*) (pe) Method Drate Analyzed/Analyst
Barium <1 =00078 1 MIOSH 7300 LG 2005 DH
Copper <] <[.0078 1 NIOSH 7300 LG 2005 CH
Lemd <1 <0,0078 1 MIOSH 7300 vl 2005 DH
Mickel =] <0078 1 MIDSH 7300 [ WG 2005 DH
Tin =] <0078 1 NIDSH 7300 162005 DH
Zine =1 <0078 1 NIOSH 7300 106 2005 OH
Client 1D: S2054570 Date Sampled: 232005
Lab 1D: [DEY DateRecelved: 1002005
Mlatriz: MCE Filter, .Bum Air VoliL): 154,254
Reporting
Concentration Limii Test
Analyie (el {mgfm) (gl Method Date Analyzed/Analyst
Barium =l <(h M5 1 WNICSH 7300 A 2005 DH
Copper <1 <. (M5 1 MNIOSH 7300 10062005 DH
Lead <1 <0, (NG5 1 WIOEH 7300 A 2005 DH
Mickel <] <0 (K5 1 MIOSEH 7200 H0AG2005 DH
Tin <] <0.0065 1 MIOSH 7200 062005 DH
Line <1 <0.0063 1 HIOSH 7300 162005 DH
General Motes:

<2 Less than the indicated reporting limit {RL).
=z Infarmation wot available or not applicable.
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ANALYTICAL RESULTS Date:  23-Now-05

Client: 1.5, AIR FORCE
Project: F41622-02-A0001/HILL AFB UTAH
Sample T‘}"‘IE} NH3 Tube Worlk Order No: 053110711
Method Reference  NIOSH 5-347 Date Received:  11/15/2003
RL  {ug): 20 Analyst: CLH
Air Ammonin
Lab Sample VYolume Dhinte
LI'S Identification {liters) (ng) (mg/m?) (ppm) Analyzed
QA BKOS4E60 BLANK 11AH0S ] =20 - - | 12272005
00T A BEO5486] BLANK 110103 ] =20 - - 117222005
(IR A SA054862 1140105 215007 = =003 =13 117222005
0094 SZ054863 1140103 250003 =H) (1.5l =1.1 117222005
0104 SX054864 1 LAYLOS 252125 <20 =074 =1.1 117222005

Cieneral Motes:

< Less than the indicated reporting limat (RL).

== Imformaton not available or not applicable.

Back scctions (if applicable) were checked and showed no significant breakihrough unless atherwise noted.

ANALYTICAL RESULTS Date: 23-Nov-03
Client: U5, AIR FORCE
Project: F41622-02-A0001/HILL AFB UTAH
Sample Type: HEON Tube Waork Order No: 05110711
Method Reference NIOSH 6010 Date Received:  11/15/2005
RL  (pgk 24 Analyst: CLH
Air Hydrogen Cyanide
Lal Sample Valume Date
Ma. Tdentification (litersy () {mg/m") {ppm) Analyzed
o01A BEOS4805 BLANK 11015035 o <14 - - 117182005
DA BEO34866 BLAMK 114105 0 =24 - = TN ES
Q3 A SZ05ARGT 11401505 153508 <14 <016 =0.14 11182005
0044 SEOS4RGE 1141705 154 <24 <016 <14 11 RA2005
G05A  SXOS4EGD | L0105 153388 =24 =0.16 =114 F1/182005
Giencral Motes:

=: Less than the indicated reperting limit (RL)Y
=t Information not available or not applicable.
Back sections {if applicakle) were checked and showed no significant breakthrough unless ctherwise noted.
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Air Metals Report of Analysis

for
75 AMDS/SGPB
WorkOrder: 50511183
Project:
Date Reported: 1270272003
Client Sample ID: ~ BE034853 Diate Sampled: 11/1/2003
Lab Sample IT:: S0511183-01A Date Received: 11/142003
Sample Type: MCE Filter Method Ref : WIOSH 7300 - METALS BY ICE
Air Vol (L): HA
Site Identifier: 0340 Approver: Juanita. Gillilard
Sample Location:  BLDG 741
Prep: WNIOSH 7300 SAMPLE FEEP Prep Diare: 11/28/2005 10:30
Limit of
o Loncentration Detection
Analyte (ug) ‘| i {ug) DF |Date Analyzed Initials
Barum <0.250 - - 0.250 11/29/2005 4:35:50 PN JMM
Copper <125 - - 1.26 11/29/2005 4:35:50 PN JMM
Lead <0.825 - - 0825 JMM
Nickel <0.825 - - 0825 JMM
Zinc <125 - - 1.26 JMM
Client Sample ID: ~ BEOS4E36 Date Sampled: 11/1/2003
Lab Sample ITv: S0511183-024 Date Received: 11/142005
Sample Type: MCE Filter Method Ref : WIOSH 7300 - METALS BY ICE
Air Vol (L): HA
Site Identifier: 0340 Approver: Juanita. Gillilard
Sample Location: ~ BLD(G 721
Prep: Prep Diate: 11/28/2005 10:30
Limit of
Concentration Detection
Analste [ugl}{mﬂm]} pe m) e DE |Date Analyzed Initials
Barum <0.250 - - 0.250 11/29/2005 4:30:08 PN JMM
Copper <125 - - 1.26 11/29/2005 4:30:08 PN JMM
Lead =0.825 - - 0.823 11/29/2005 4:30:08 P JMM
Nickel <0.825 - - 0825 11/29/2005 4:30:08 PN JMM
Zinc <125 - - 1.26 11/29/2005 4:30:08 PN JMM
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Air Metals Report of Analysis

for
75 AMDS/'SGPB
WorkOrder: S0511183
Project:
Date Reported: 12022005
Client Sample ID:  SZ034E57 Diate Sampled:
Lab Sample ID: S0511183-034 Date Received:
Sample Type: MCE Filter Method Ref : WIOSH 7300 - METALS BY ICP
Air Vol ([L): 130874
Site Identifier: 0340 Approver: Tuanita Gilliland
Sample Location:  BLDG 741
Prep: WIOSH 7300 SAMPLE FEEF Prep Dare: 11/28/2005 10:30
Limit of
| Detection
Analyte wg) ! fmzmy ! (ppm) (ug) DF |Date Analyzed Initials
Barum <0.250 =0.0m7e - 0.250 117292005 4:42:00 PM JHIN
Copper =125 =0.008493 - 1.25 1 11i29(2005 4:42:08 PM JHIK
Lead =0.825 =0.00447 - 0.823 1 1172902003 4:42:00 PM JuIM
HMickel =0.825 =0.00447 - 0.625 1 11i28(2005 4:42:08 PM JuIK
Zing <125 <0.00892 - 125 1 112902005 4:42:00 PM JHIN
Clisut Sample ID:  SZ034E838 Date Sampled: 117172003
Lab Sample ID: 20511183044 Diate Received: 11/142005
Sample Type: MCE Filter Method Ref : NIOSH 7300 - METALS BY ICPR
Air Vol ([L): 14351
Site Identifier: 0340 Approver: Juanita Gillilaed
Sample Location: ~ BLDG 721
Prep: WIOSH 7300 SAMPLE FEEF Prep Dare: 11/28/2005 10:30
Limit of
Detection
Analvte gL me 1w DF |Date Analvzed Initials
Barum =0.250 =0.00174 - 0.250 11/2912003 4:45:12 PM JHIK
Copper <125 =0.00871 - 1.25 1 112902005 44512 PM JhIM
Lead =0.825 =0.00436 - 0.823 1172912003 44512 PM JuIM
Migkel <0.825 <0.00438 - 0.625 1172912005 44512 PM JHIN
Zing =125 =0.00871 - 1.25 1 11i29(2005 4:45:12 PM JHIK
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Air Metals Report of Analysis

for
75 AMDS/SGPB
WorkOrder: 50511183
Project:
Date Reported: 12/02/20035

Clisnt Sample ID: 3034830 Diate Sampled: 1171 3
Lab Sample ID: S0511183-054 Date Received: 117122003
Sample Type: MCE Filter Method Ref : MIOSH 7300 - METALS BY ICP
Air Vol (L): 141.081
Site Identifier: 0340 Approver: Juanira Gilliland
Sample Location:  BLDG 741
Prep: WIOSH 7300 SAMPLE FREFP Prep Diate: 11/28/2005 10:20
Limit of
Detection
Analyte (ug) (ug) DF (Date Analyzed Initials

Barum =0.250 =0.0M77 - 0.250 1172802003 4:48:20 PM JAM
Copper <128 =0.00886 - 1.25 117282003 4:48:20 PM JAM
Lead <0.825 <0.00443 - 0.625 05 4:48:20 PN JMM
Mickel =0.825 =0.00443 - 0825 11/28/2005 4:48:20 PM JAAM
Zing =125 =0.00886 - 1.25 1172902005 4:48:20 PM JM

General MNotes:

= Less than the indicared limit of detecion (LODY).

--: Infennstion not

available or not spplicabla.

The calonlated concenration (mg/m*) was obiained using the colleciion volume providad on the snalysis request form
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Appendix D-2: Analytical Air Sampling Results from McGuire AFB

ANALYTI CAL RESULTS Date: 02-Dec-85
Client: 1.5, ATR FORCE
Project: F41622-02-A0001 McGUIRE AFB/
Sample Type: NH3 Tube Waork Order No: 05111147
Method Reference NIOSH 5-347 Date Received: 117232005
RL  (pgk 20 Analyst: RAS
Air Ammonia
Lals Sumple Volume Date
Nao. Identification (liters) (ng) {mgfm?) (ppmi} Analyzed
0 A BKO30507 BLANK 11402705 o <20 - - 11302005
0024 BEO50508 BLANE 1 10205 1] =20 11302005
0034 SZ050509 | 1205 35T <20 <0165 =094 1102005
0044 SZ0S0510 | 10205 324198 < (162 <0L.ED 117302005
005A  SZ0E0511 | 1/0205 20725 =20 <067 =097 1173002005
(A BEOS0522 BLANEK 117034k 1] =X = 11730 20S
GOTA  BKOS0523 BLANE | 1/03/03 1] <20 - 1IAN2005
(B A SZ050524 | 10305 20,752 =M <056 <14 11730 M
00 SE050525 | 10303 198588 <H) =10 =14 1173002005
OlDA  SZ050526 [ 1M305 14,7444 <20 =14 =19 1173020005
Ol1A  BEDSDS4G BLAME [1/15M5 0 =2 = 117302005
OI2A  SZD50547 11/150% R EX TS =20 =i ay “l.4 117300 200E
013 SZ0S054R [1/1503 2AMME < =10 =14 117302005
DldA  SZO5054% L1/1505 18,315 <M =11 <& IRERTI e ]
015A  BEOSO53E BLANK L1/15/05 i <20 11302005

General Motes;

< Less than the mdicated reporting limit (RL}
- Information not available or nat applicable.
Back sections (if opplicable) were checked and showed no significant breakthrough unless atherwise noted,
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ANALYTICAL RESULTS

Drate:

02-Dec-0F

Clieni: U.S, AIR FORCE
Project: F41622-02-A001/MeGUIRE AFR/
Sample Type: HOCN Tube Work Order No: O5111146
Method Reference NIOSH 6010 Date Received:  11/23/2005
RL  (ugh 2.4 Analyst: CLH
Adr Hydrogen Cyanide
Lah Sample Volume Date
Mo Identification {liters) (pz) {mg/m'} {ppm) Analyzed
001A BEO50512 BLANK 11/02/05 [} =24 - - 1 1/28/2005
(2 A BEOS05 13 BLANE | 1/02/05 0 <24 - 11728/ 2MS
[UEE SZ050514 110205 216428 =24 =011 =010 1172872005
00 A SZO50515 1140205 210744 =24 =011 =099 11282005
[LIREY SZO50516 11/02/05 21 915 <24 =011 =009 11282005
0064 BRO5052T BLANE 11/03/05 ] <14 - - 1282005
o7 BROSNSIE BLANK 1103405 L] =24 = - 11/28/200%
DOBA SZ0305I9 1103405 IR <14 <017 =016 1 1/28/2008
(LI SZ050530 1103405 98774 <24 <24 =022 117282005
010A SZOF053] 11AGAS 9.976 =24 =024 =022 117282005
1A BEDSDSS0 BLAMK 11/157035 [ =24 - 1122005
012A BEO5E551 BLANK 1171505 i} =14 - - 11282005
(XY SZ050552 1171505 155918 =14 <f.18 ={L 16 1282005
0144 SZ050553 1171503 13 5408 =14 =017 = 16 1 1/282005
(RN SE050554 1171505 13.0275 =24 =18 <17 1 1/28/2005

General Notes;

<= Less than the indicated reporting limit (RL}.
=== Information not available or not applicable

Back sections (1f applicable) were checked and showed no significant breakthrough unless oiheswise noted,

133



Air Metals Report of Analysis

for
USAF CLINIC MCGUIRE/SCGP
WorkOrder: 50511228
Project:
Date Reported: 12/13/2005
Clisnt Sample ID: Diate Sampled: 117272003
Lab Sample ID: Date Received: 11222003
Sample Type: MCE Filter Method Bef : MIOSH 7300 - METALS BY ICP
Air VolL): HA
Site Tdentifier: 0121Z Approver: Juanita Gilliland
Sample Location: BLDG 22154
Prep: WIOSH 7300 SAMPLE PREFP Prep Date: 1173072005 9:30
Limit of
Detection
Analvte (ug) (uz) DF |Date Analyzed Initials
Alminum <125 1.25 S B:44:43 PM JMIN
Barium =0.250 0.250 4443 P JHIM
Copper <125 1.25 4443 PM JuIN
Lead <0.825 0.625 4443 P JHIM
Migkel <0.825 0.629 4443 P JHIM
Zinc <125 1.25 5 Ed:43 PM JHIM
Client Sample ID: 3 Date Sampled: 11272003
Lab Sample ID: S0511228-024 Date Received: 11/22/2005
Sample Type: MCE Filrer Method Ref : MNIOSH 7300 - METALS BY ICP
Air Vol(L): HA
Site Identifier: 0121Z Approver: Juanita Gillilapd
Sample Location: BLDWG 22254
Prep: WIOSH 7300 SAMPLE PREFP Prep Date: 11/30/2005 %:30
Limit of
Detection
Analvte (ug) DF |Date Analyzed Imitialz
Aluminum 1.28 4744 P JHIM
Barum 0.250 T4 P JHIM
Copper 12 4744 FM JRIN
Lead 625 T4 PM JHIM
Mickel 0.829 4744 P JHIM
Zinc 1.28 T4 P JHIM

134




Air Metals Report of Analysis

for
USAF CLINIC MCGUIRE/SGP
WorkOrder: 50511228
Project:
Date Reported:  12713/2003
Client Sample ID: ~ 3Z030304 Diate Sampled: 1122003
Lab Sample ID: F0511228-034 Date Received: 11222003
Sample Type: MCE Filter Method Ref : WNIOSH 7300 - METALS BY ICE
Air Vol(L): 152.87
Site Identifier: 0121Z Approver: Fuanita Gilliland
Sample Location:  BLDG 22254
Prep: NIOSH 7300 SAMPLE FREP Prep Date: 11/30/2005 %:30
Limit of
o Loncentration | Detection
Analyte (ug) J (ppm) (ug) DF |Date Analyzed Initials
Aluminum <125 <0.00767 - 125 12 5 6:56:50 PM JAN
Banum <0.250 <0.00153 - 0.250 12 6:56:50 PM JAN
Copper peled | 0.0138 - 1.25 12 5 6:56:50 PM SN
Lead <0.825 <0.00384 - 0.825 12 5 6:56:50 PM JAN
Mickel <0.825 <0.00384 - 0.825 5 6:56:50 PM JAN
Zinc =125 =0.00767 - 1.25 12 5 6:56:50 PM SN
Client Sample ID: Diate Sampled: 117272003
Lab Sample ID: Date Received: 11/22/2003
Sample Type: MCE Filter Method Ref : NIOSH 7300 - METALS BY ICP
Air Vol(L): 145.438
Site Identifier: 01121z Approver; Juanita Gilliland
Sample Location: BLDG 22254
Prep: WIOSH 7300 SAMPLE FREP Prep Date: 1173072005 5:30
Limit of
Detection
Analyte (ng) (ug) DF |Date Analyzed Initials
Aluminum <125 <0.00756 - 125 'B/2005 6:50:54 PM JAN
Banum <0.250 <0.00151 - 0.250 12 5 6:50:54 PM JAN
Copper 443 0.0268 - 125 5 6:50:54 PM JAN
Lead <0.825 <0.00378 - 0.825 5 6:50:54 PM JAN
Migkel =0.825 =0.00378 - 0.825 S 6:50:54 PM JeAM
Zinc <125 <0.00756 - 125 8/2005 6:50:54 PM JAN
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Air Metals Report of Analysis

for

USAF CLINIC MCGUIRE/SCP

WorkOrder: S0511228
Praject:
Date Reporred:  12/13/20035
Client Sample ID: ~ 3Z050306 Drate Sampled: 11272005
Lab Sample ID: S0511228-054 Date Received: 11222005
Sample Type: MCE Filter Method Ref : MIOSH 7300 - METALS BY ICP
Air Vol ([L): 182.75
Site Identifier: 01212 Approver: Tuanira Gilliland
Sample Location:  BLDG 12254
Prep: WIOSH 7300 SAMPLE FREF Prep Date: 11/30/2005 :30
Limit of
o Concens Detection
Analyte g ! i (ug) DF |Date Analyzed Initials
Aluminum <125 <0.00768 - 1.25 PM JHIM
Barum <0.250 =0.00154 - 0.250 P JHIN
Copper 3.30 0.0z202 - 1.25 T PM JHIM
Lead =0.825 =0.00384 - 0.825 = JHIM
Migkel <0828 =0.00384 - 0.625 PM JKIM
Zing <1325 <0.00768 - 125 T FM JHIN
Client Sample ID:  BE0OS0317 Diate Sampled: 11/2/2002
Lab Sample ID: S0511228-064 Date Received: 117222005
Sample Type: MCE Filer Method Ref : WIOSH 7300 - METALS BY ICP
Air Vol(L): NA
Site Identifier: 01z Approver: Tuanita Gilliland
Sample Location:  BLDG 12254
Prep: WIOSH 7300 SAMPLE FEEP Prep Date: 1173072005 %:30
Limit of
_| Detection
Analyte (ug) DF |Date Analyzed Initials
Algminum 1.25 JHIN
Barum 0.250 JHIM
Copper 1.25 JAn
Lead 0825 JHIM
Mickel 0.625 JHIM
Zing 1.25 JNIM
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Air Metals Report of Analysis

for
USAF CLINIC MCGUIRE/'SGP
WorkOrder: S0511228
Project:
Date Reported: 12/13/2003
Client Sample ID:  BEOS0S1E Diate Sampled: 1132003
Lab Sample ID: 511228-07A Date Received: 11/22/2003
Sample Type: MCE Filter Method Ref : WIOSH 7300 - METALS BY ICE
Air Vol(L): HNA
Site Identifier: 01212 Approver: Tuanita. Gilliland
Sample Location:  BLDG 22254
Prep: WIOSH 7300 SAMPLE FREP Prep Date: 11/30/2005 9:30
Limit of
e Concentration | Detection
Analyte (ug) ‘| (mz/m?) ! (ppam) (ug) DF |Date Analyzed Initials
Aluminum <125 - - 1.25 JMK
Earium =0.250 - - 0.250 JMM
Copper <125 - - 1.25 JMN
Lead <0.825 - - 0.825 JMK
Migkel =0.825 - - 0.825 :08:02 P JMM
Zinc <125 - - 125 5 7:00:02 PM JMK
Client Sample ID:  3Z030519 Diate Sampled: 1132003
Lab Sample ID: S0511228-084 Diate Received: 11/22/2003
Sample Type: MCE Filter Method Ref : WIOSH 7300 - METALS BY ICE
Air Vol(L): 107.12
Site Identifier: Nz Approver: Jumnita Gilliland
Sample Location:  BLDG 22254
Prep: WIOSH 7300 SAMPLE FREP Prep Date: 11/30/2005 9:30
Limit of
e Concentration | Detection
Analyte ng) | {mg."ln’]j (ppam) (ug) DF |Date Analyzed Initials
Alminum =125 00117 - 1.25 120812005 7: JMM
Earium =0.250 =0.00233 - 0.250 JMM
Copper <135 <0017 - 125 JMK
Lead =0.825 =0.00583 - JMM
Mickel <0.825 <0.00583 - JMK
Zinc <125 <0017 - JMK
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Air Metals Report of Analysis

for

USAF CLINIC MCGUIRE/SGP

WorkOrder: S0511228
Project:
Date Reported: 12132003
Client Sample ID: ~ 2Z0 ] Date Sampled: 11732003
Lab Sample ID: S0511228-00A Date Received: 11222003
Sample Type: MCE Filrer Method Ref @ WIOSH 7300 - METALS BY ICF
Air VolyLj: 101.612
Site Identifier: 0121Z Approver: Juanita Gilliland
Sample Location: — BLDWG 22254
Prep: WIOSH 7300 SAMPLE FEEF Prep Date: 11/30/2005 13:10
Limit of
o Concentration. | Detection
Analyte (ug) J (mg/ (ppm) (ug) DF |Date Analyzed Initials
Aluminum <125 <0.0123 - 1.25 24:24 PM JMM
Barum =0.250 =0.00246 - 0.250 4:24 P JMM
Copper <125 <0.0123 - 1.25 424 P JMM
Lead <0.825 <0.00615 - 0825 424 P JMM
Mickel =0.825 =0.00615 - 0.823 424 P JMM
Zing <125 <0.0123 - 1.25 424 P JMM
Clisnt Sample ID: Diate Sampled: 11732005
Lab Sample ID: S0511228-104 Date Received: 11/22/2003
Sample Type: MCE Filer Method Ref @ WIOSH 7300 - METALS BY ICE
Air VolLj: 75.516
Site Identifier: 01212 Approver: Juanita Gillilard
Sample Location:  BLDG 22254
Prep: WIOSH 7300 SAMPLE PREP Prep Drate: 1173002005 13:10
Limit of
_| Detection
Analyte (ug) (ug) DF |Date Analyzed Initials
Aluminum <125 1.25 JUM
Barum =0.250 =0.00331 - 0.250 JHM
Copper <125 <0.0188 - 1.25 JMM
Lead =0.825 =0.00828 - 0825 JMM
Mickel <0.825 <0.00828 - 0.825 JMM
Zinc <125 <0.0188 - 1.25 JMM
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Air Metals Report of Analysis

for

TUSAF CLINIC MCGUIRE/SGP

WorkOrder: S0511228
Project:
Date Reported:  12/13/2005
Client Sample ID:  BEO30340 Diate Sampled: 11152005
Lab Sample ID: S0511228-11A Date Received: 11/22/2005
Sample Type: MICE Filter Method Ref : MIOSH 7300 - METALS BY ICP
Air Vol{L): HNA
Site Identifier: 0121Z Approver: Juanita. Gilliland
Sample Location:  BLD(G 21254
Prep: WIOSH 7300 SAMPLE FEEFP Prep Dhate: 11/30/2005 13:10
Limit of
_| Detection
Analyte (ug) DF |(Date Analyzed Initials
Aluminum 1.25 7:36:30 PM JMIM
Barium 0.250 T:36:20 PM JeAM
Copper 1.25 T:35:30 PM JHAM
Lead 0.825 T:36:20 PM JeAM
Mickel 0.825 T:36:30 PV JeAN
Zinc 1.25 T:36:20 PM JeAM
Client Sample ID:  BEO30341 Diate Sampled: 11152005
Lab Sample ID: 50511228124 Date Received: 11/22/2003
Sample Type: MICE Filter Method Ref : MIOSH 7300 - METALS BY ICP
Air Vol(L): HNA
Site Identifier: 0121Z Approver: Juanita Gilliland
Sample Location:  BLD(G 21254
Prep: WIOSH 7300 SAMPLE FEEFP Prep Dhate: 11/30/2005 13:10
Limit of
e Concentration | Detection
Analyte (ug) I (mg:m'lj (ppam) (ug) DF |(Date Analyzed Initials
Aluminum =125 - - 1.25 127242005 7:38:30 PM JeAM
Barium =0.250 - - 0.250 1 T:30:20 PM JeAM
Copper <125 - - 1.25 1 T:38:30 PV JeAN
Lead <0.825 - - 0.825 1 7:38:30 PM JeAN
Mickel =0.825 - - 0.825 T:30:20 PM JeAM
Zinc =125 - - 1.25 T:30:20 PM JeAM
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Air Metals Report of Analysis
for
USAF CLINIC MCGUIRE/SGP
WorkOrder: 50511228
Project:
Date Reported:  12/13/2005

Client Sample ID: Diate Sampled:
Lab Sample IDv: 50511228-13A Date Received:
Sample Type: MICE Filter Method Ref
Air VolyL): 3091

Site Identifier: 01212 Approver:

Sample Location:  BLD(G 22254

11/715/2005
117222003
: WIOSH 7300 - METALS BY ICP

Tuanita Gilliland

Prep: WIOSH 7300 SAMPLE FREF Prep Date: 11/30/2005 13:10
Limit of
o Eoncentration | Detection
Analyte mg ! (ppm) (ug) DF |Date Analyzed Inmitials
Aluminum <125 <0.0139 - 125 JMM
Barum =0.250 =0.0027 - 0.250 JMM
Copper <125 <0.0139 - 125 JMM
Lead =0.825 =0.00695 - 0825 JMM
Migkel <0.828 =0.00695 - 0.625 JMM
Zinc =125 00138 - 1.25 JMM
Client Sample ID: S0543 Diate Sampled: 117152005
Lab Sample ID: F11228-144 Date Received: 11/22/2003
Sample Type: MCE Filter Method Ref @ WIOSH 7300 - METALS BY ICE
Air VolyL): 80052
Site Identifier: 0121Z Approver: Juanita Gilliland
Sample Location:  BLD(G 22254
Prep: WIOSH 7300 SAMPLE FREF Prep Date: 11/30/2005 13:10
Limit of
_| Detection
Analyte (ug) DF (Date Analyzed Initials
Alminum 1.25 T:45:32 PM JMM
Barum =0.250 =0.00281 - 0.250 T:45:32 PM JMM
Copper <125 <0.0140 - 125 T:45:32 P JMM
Lead <0.828 =0.00702 - 0.625 5:32 PM JMM
Hickel =0.825 =0.00702 - 0825 7:45:32 P JMM
Zinc =125 =0.0140 - 1.25 T:45:32 PM JMM
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Air Metals Report of Analysis

for
USAF CLINIC MCGUIRE/SGP

WorkOrder: 50511228

Project:

Date Reported: 12/13/20035
Client Sample ID:  SZ030344 Date Sampled: 117132005
Lab Sample ID: S0511228-154 Date Received: 11/22/2003
Sampls Type: MCE Filter Method Ref : NIOSH 7300 - METALS BY ICP
Air VoliL): 25973
Site Identifier: 0121Z Approver: Juanita Gillilaed
Sample Location: ~ BLD(G 22254
Prep: WIOSH 7300 SAMPLE FREF Prep Date: 1173072005 13:10

Limit of
_| Detection
Analyte g (ug) DF |Date Analyzed Initials

Aluminum =125 <0.012% - 1.25 12182005 T-46:33 PM JUM
Barium <0.250 <0.00258 - 0.250 -48:33 P JMN
Copper <125 <0.0129 - 126 -48:33 PM JMN
Lead =0.825 =0.00644 - 0.825 4E:33 PM JMN
Nickel =[.825 =0.00644 - 0.825 12 -46:33 PM JAM
Zinc =125 =0.0129 - 1.25 121802005 T-46:33 PM JMM

General Motes:

= Less than the indicated linut of detection (LOL).
-2 Information net available or not applicable.
The caloulated concenration (mg'm®) was obiained using the collecnon volume provided on the analysis request form
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Appendix D-3: Analytical Air Sampling Results and Findings from Ellsworth AFB

Air Sampling Results from Ellsworth
8-Hour TWA | TWA
Individual Sample Task Exposure Results Standard
Sampled |Analyte Number (mg/m3) (mg/m3) (mg/m3) % OEL
HCN Pz051065 |[< 0.13 < 0.0255 11 < 0.2
_ Copper PZ051063 0.238 0.0466 1 4.7
§ Zinc PZ051063 0.0276 0.0054 10 0.1
g NO2 Pz051068 |[< 0.216 < 0.0423 5.6 < 0.8
$ o PZ051069 |< 0.216 < 0.0423 30 < 01
" HCI Pz051067 |< 0.37 < 0.0725 --
Ammonia Pz051066 < 1.1 < 0.2154 17 < 13
Ammonia Pz051072 < 1.1 < 0.2154 17 < 13
_ Phosgene PZ051070 0.037 0.0072 0.4 1.8
é HCN Pz051071 < 0.13 < 0.0255 11 < 0.2
E Copper PZ051064 0.245 0.0480 1 4.8
% Zinc PZ051064 0.0281 0.0055 10 0.1
:g NO2 Pz051075 < 0.211 < 0.0413 5.6 < 0.7
- NO Pz051074 |< 0.211 < 0.0413 30 < 0.1
HCI Pz051073 |< 04 < 0.0783 --
Notes:

--Temperature and pressure at time of sampling was near STP; therefore,
concentrations not adjusted.

-- There was no analysis on Brown for phosgene because his air sampling pump
failed.
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Findings from Ellsworth

a. The major compositional difference between the lead and frangible ammunition is
the replacement of the lead with alternative metals. These alternative metals are typically
in powder form during manufacturing, and nylon is used to bind the metals together. Our
study focused on the alternative metals and potential combustion by-products of nylon (or
plastic in general) that may be irritating.

b. Air samples collected during this survey for the selected hazardous materials show
concentrations to be well below the applicable OELs. However, range personnel
indicated that they periodically experience eye and nasopharyngeal irritation that lasts 2-3
hours after firing is completed.

c. Smoke tests showed a potential for backflow of particles into the shooter’s position
behind the red line. During the firing of M-16 frangible ammunition on 23 Aug 05, a
light haze formed behind the red line approximately 30 minutes after the commencement
of firing.

d. During sampling, winds varied from 17 — 22 knots with the wind blowing from the
south (directly into the range). Air enters the range through the baffled side containment
walls and the overhead baffles with no exhaust outlet behind the target backstop. This
condition causes the formation of eddies (swirling air) to propagate up-range toward the
shooters.
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Appendix D-4: Analytical Air Sampling Results and Findings from Whiteman AFB

Whiteman AFB Air Sampling Results

8-Hour TWA TWA
Concentration Results Standard
Sample ¥ Contaminant {mg/m3) {mgim3) {mig/m3) % OEL
PZ051081 Aluminum 0.021 0.004 10 0.0
= PZ05109 Copper 0.348 0.164 1 16.4
@ PZ051081 Zing 0.104 0.020 10 0.2
E PZ051108 HCHN = 0213 = D.028 11]|= 02
@ PZ051113 MH3 < 1778 = D215 175 = 12
E PZ051120 HCI = 0.718 = D.0&7
5 PZ051128 NO2 = 0411 = D.050 SE|= 09
PZ051131 MO < 0411 < D.050 30| =« 0.2
PZ051124 Phosgene = 0.081 = D.004 04| = 1.0
- PZ051092 Aluminum 0.027 0.005 10 0.1
o PZ051 Copper 1.051 0.204 1 20.4
g" PZ051 Zing 0.129 0.025 10 0.3
= PZ051107 HCHN = 0143 = 0.028 11 = 02
= PZ0D51115 MNH3 < 1073 < D.208 175 = 12
o PZ051121 HCI < 0428 < D.053
E PZ051127 NO2 < 0213 = D041 SE|= 07
E PZ0D51132 NO < 0213 = D.041 0| = 01
PZ051135 Phosgene = 0021 = D.004 04| = 10
PZ051083 Aluminum 0.023 0.004 10 0.0
% PZ051083 Copper 0.950 0.192 1 19.2
2 PZ051083 Zing 0.125 0.024 10 0.2
2 PZ051109 HCH < 0344 < D.023 11| = 02
o PZ051118 MH3 = 2438 = D.208 175 = 12
E PZ051122 HCI = 0411 =< D.089
= PZ051128 NO2 = 0481 = D.041 56| = 07
E PZ051133 NO = 0481 = D041 30| = 01
PZ0511238 Phozgene < 0021 < 0D.004 04| = 10

Figure 1. Air Sampling Results on Day 1.
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Whiteman AFB Air Sampling Results

8-Hour TWA TWA
Concentration Results Standard
Sample # | Contaminant [mg'm3) (mgim3) (mg/m3) % OEL
PZ0510%4 [ Aluminum 0.024 0.004 10 0.0
= PZ051084 | Copper 0.035 0.006 1 0.6
ﬁ PZ051084 | Zinc 0.018 0.003 10 0.0
= BZ051123 [ HCI = D475 < 0077
% PZ031110 [ HCN < 0154 = 0.025 11 ] = 0.2
o PZ051125 [ NOZ2 < 0.063 < 0.010 56 = 0.2
= PZ031117 [ HH3 = 1.278 = 0.208 175 = 1.2
PZ051137 | Phosgene < (0.026 = 0.004 04 =< 14
= BZ051085 | Aluminum 0.029 0.005 10 0.0
_8 PZ051085 | Copper 0.075 0.012 1 1.2
@ PZ051085 | Zinc 0.027 0.004 10 0.0
o BZ051124 [ HCI = 0434 < 0.070
£ PZ031111 [ HCN = 0153 < 0.025 11 ] = 0.2
= PZ051130 [ NOZ < 0.081 < D.010 56|= 02
= PZ051118 [ HH3 = 1.278 = 0.208 175 = 1.2
3 PZ051128 [ Phoszgene < 0.025 = [.004 04| = 1.0
PZ0510%5 [ Aluminum 0.043 0.005 10 0.0
BZ0510%8 | Copper 1.040 0.113 1 113
PZ051086 | Zinc 0.13% 0.015 10 0.2
E PZ051125 [ HCI = 0769 = [0.083
E BZ051112 [ HCN < 0.260 = 0.028 11 ] = 02
BZ051119 [ NH3 < 1.920 = D208 175 = 12
PZ051138 | Phosgene < (0.038 = 0.004 04 ] = 1.0

Figure 2. Air Sampling Besults on Day 2.
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Findings from Whiteman

a. The major compositional difference between the lead and frangible ammunition is
the replacement of the lead with alternative metals. These alternative metals are typically
in powder form during manufacturing, and nylon is used to bind the metals together. Our
study focused on the alternative metals and potential combustion by-products of nylon (or
plastic in general) that may be irritating.

b. Air samples collected during this survey for the selected hazardous materials show
concentrations to be well below the applicable OELs. However, range personnel
indicated that students periodically experience eye and nasopharyngeal irritation after
firing is completed.

c. A smoke generator was used to observe airflow pattern within the firing range prior
to air sampling. Observations were made under three separate conditions: all doors open,
all doors closed, and a combination of doors open and closed. Smoke tests showed a
potential for backflow of particles into the shooter’s position behind the red line if all
doors were closed or doors open with at least 1 door closed. With all the doors open, the
smoke propagated down range away from the shooter’s position. Worst case conditions
were observed with all doors closed as the smoke lingered in the shooter’s breathing
zone.
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Appendix D-5: Analytical Air Sampling Results and Findings from Offutt AFB

Offutt Air Sampling Results

8-Hour TWA TWA
T'N oV Sample : Concentration Results Standard
# Contaminant {mg/m3) {mgim3) {mgim3) % OEL
1175 Aluminum 0.010 002 10 ] 0.4
‘-E 1175 Copper 0.288 0.054 1 5.4
@ 1175 Zine 0.032 0.006 10 0.1
c 1187 HCHN = 0.073 = 0.014
g 1183 MH3 < 1.158 < 0217 17.5 < 1.2
5 1181 HCI = 4507 = 0.845
0 1206 MO2 < 0.225 < 0.042 5.6 < 02
w 1200 MO = D.118 = 0.022 30 = 0.4
1212 Phosgene = 0.023 = 0.004 0.4 = 1.1
8-Hour TWA TWA
g_N oV Sample : Concentration Results Standard
# Contaminant {mg/m3) {mgim3} {mg/m3} % OEL
1177 Aluminum 0.007 < 0.002 10 = 00
= 1177 Copper 0.066 0.0M7 1 1.7
% 1177 Zine 0.008 0.002 10 0.4
e 1183 HCI < 0230 < 0.058
g 1188 HCHM = D.098 < 0.025
— 1202 MO = D.719 = 0.180 30 = 0.6
ucgl 1208 MO2 = D0.352 = 0.088 5.6 = 18
w 1198 MH3 = D.835 = 10.209 17.5 = 1.2
1214 Phosgene = 0.017 = 0.004 0.4 = 1.1
1178 Aluminum 0.007 = 0.002 10 = 0.0
1178 Copper 0.010 0.003 1 0.3
E 1176 Zine 0.007 < 0.002 10 = 00
© 1182 HCI < 0225 < 0.056
E 1188 HCHM < D101 < 0.025
[=] 1201 MO = D.BB8 < D187 30 = 08
g 1207 MO2 < D0.158 < 0.040 5.6 < 0.7
1185 MH3 = D.827 = 0207 17.5 = 1.2
1213 Phosgene < 0.018 < 0.004 0.4 = 1.1
1178 Aluminum 0.064 < 0.011 10 = 04
1178 Copper 0.560 0.085 1 95
1178 Zine 0.065 0.011 10 0.1
[ 1184 HCI = 0315 = 0.084
2 1150 HCHM = 0.122 = 0.025
< 1203 MO = D.B6E < 0177 30 = 08
1208 MO2 < D.208 < 0.042 5.6 < 02
1157 MH3 = 1.049 = 0.214 17.5 = 1.2
1215 Phosgene < 0.021 < 0.004 0.4 = 1.1

Figure 1. Air Sampling Results.
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Offutt Air Sampling Results (Continued)

Cascade Impactors

8-Hour
TWA TWA
Concentration | Results | Standard
Date Sample # Contaminant {mgim3) {mgim3) | (mg/m3) |% OEL]
r-Mov 1145-1150  [Copper U553 D i) 1
9-Mow 1151-1158 |Copper 0.091 0.02 1 23
O-Mow 1159-1166 |Copper 0.096 0 10 0.2

Air Quality Meters

Traximum Average

Date QContaminant | Minimum (ppm) (ppm) {ppm)
T-How QHO 1] 1 0.2
T-Mow JNOZ2 1] 0 0
7-Mov JCo 1] 62 B
T-TIOV IH:J 3 PR 0.2
O-Moy JNO2 1] 0 0
9-Mov JCO 1] 103 5

ity was measured with Quest ag-3000 momtors. The carbon mencxide 4CF CiTicel sensors
in the ag-5000 monitors were made by City Technology Lid.
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Findings from Whiteman

a. The major compositional difference between the lead and frangible ammunition is
the replacement of the lead with alternative metals. These alternative metals are typically
in powder form during manufacturing, and nylon is used to bind the metals together. Our
study focused on the alternative metals and potential combustion by-products of nylon (or
plastic in general) that may be irritating.

b. Air samples collected during this survey for the selected hazardous materials show
concentrations to be well below the applicable OELs. However, range personnel
indicated that instructors periodically (typically on calm days) experience eye and
nasopharyngeal irritation after firing is completed. Additionally, some instructors
experience a metallic taste in their mouth. This is more pronounced with instructors who
smoke.

c. A smoke generator was used to observe airflow pattern within the firing range prior
to air sampling. Observations were made with all doors closed and weather reported
winds from 110 at 6 knots. The smoke generator was placed at position 8 and position
19. The smoke traveled toward position 1 and accumulated around shooting positions 3-
6 and 1-10 respectively. Smoke tests showed a potential for backflow of particles into
the shooter’s position behind the red line.

d. Wind speed and direction (see attachment 2) directly influence the potential for
exposure. Although there were more shooters and more rounds fired on 9 Nov, the
measured copper concentration on 7 Nov was approximately 3 times greater than copper
concentrations measured on 9 Nov. The wind on 7 Nov blew directly into the range,
creating a positive pressure at the bullet trap. This caused the aerosols generated during
firing to be pushed back towards the shooters/instructors. On 9 Nov, the wind blew
across the range, pushing the aerosols towards the wall, minimizing exposure to
shooters/instructors in the center of the range.
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Appendix E: List of Equipment Used

Primary Flow Standards

BIOS Dry Cal DC-2

BIOS Dry Cal Low Cell (DC-LC-1)
BIOS Dry Cal Med Cell (DC-MC-1)

Air Sampling Pumps

Gillian Hi Flow Sampler Model : HFS-513A
Gillian Hi Flow Sampler Model : HFS-513A
Gillian Hi Flow Sampler Model : HFS-513A

GILAIR-5 Tri-Mode Air Sampler
GILAIR-5 Tri-Mode Air Sampler
GILAIR-5 Tri-Mode Air Sampler
GILAIR-5 Tri-Mode Air Sampler
GILAIR-5 Tri-Mode Air Sampler

SKC Pocket Pump 210-1002 (Hill AFB)
AirCheck Sampler (McGuire AFB)

Indoor Air Quality Meter (Hill AFB)

TSI Q-TRAK Model #8551

Velometer (McGuire AFB)
TSI ALNOR CompuFlow 8585

Serial Number Last Calibration
B1268 2 Oct 02
L1736 2 Oct 02
S3676 2 Oct 02

112.136
112.139
112.14

13184
13193
13520
13873
14679

5872

545346

30497 Jul 04
21 Sep 05 (User Cal)

99017049 27 Apr 05
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Appendix F-1 NIOSH Method 7300 for Elements

ELEMENTS by ICP 7300
(Nitric/Perchloric Acid Ashing)
MW: Table 1 CAS: Table 2 RTECS: Table 2
METHOD: 7300, lssue 3 EVALUATION: PARTIAL Issue 1: 15 August 1990

Issue 3: 15 March 2003

O5HA: Table 2 PROPERTES: Takia 1
RIOSH: Table 2
ACGIH: Table 2

ELEMENTS: aluminum® caldum lanthanum mickoel almnium Tungsten™
antimony® chomium® lithium* patassium tellurium vanadum®
arsenic cobalt agnesEum phosphoms tin yitrium
barium cogper mangansss® salanium thallium zine
Berylium® ron i lybdenum® slver titanium Zironium™
Gadmium bead™

*Some compounds of hese elaments requine spedal sample treakmant.

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE:  INDUCTIVELY COUPLED ARGON
(0.8-pm, celluloss ealer memirans, of PLASMA, ATOMIC EMISSION
5.0-um, polyvind chloride memirane) SPECTROSCOPY (ICP-AES)
FLOWRATE: 1o 4 Limin ANALYTE: slaments above
VOL-MIN: Teble 1 ASHING
M Teble 1 REAGENTS: conc. HNO,/ conc. HCIO, {41), 5mL;
2ml incremenis added as needead
SHIFMENT: roufine
CONDITIONS:  room tenperature, 30 min; 150 °Clo near
SAMPLE dryness
STABILITY: stable FINAL
SOLUTION: 4% HNO,, 1% HOIO,, 25 mL
BLANKS: 2 to 10 field blanks per set
WAVELENGTH:  dapends upon dement; Table 3
ACCURACY BACKGROUND
CORRECTION:  specird wavelengh shift
RANGE STUDIED: ot determined CALIBRATION:  slements in 4% HNO,, 1% HCIQ,
BIAS: ot deteemined RANGE: varies wih elament [1]

OVERALL PRECISION (§,):  nol delermined ESTIMATED LCD: Tobloa 3 or 4

ACCURACY: not delenmined PRECISION (8} Tables 3and 4

APPLICABILITY: The working rangs of this metod is 0,005 1o 2.0 mgdr for sach element in a S00-L air sample. This is
smultanecus slementd andyss, not compound specific. Vedfy that the types of compounds in the samples are solubla with
e ashing procedums sslectad.

INTERFERENCES: Spectal interferences are hie primary interferences encountered in ICP-AES andysis. These am
Frimieri zed by judicious wavelength sdecton, inlerelement corection faciors and Backgmund corection [1-4).

OTHER METHODS: This issue updates issues 1and 2 0f Method 7300, which eplaced PECAM 3531 [3] or lrace alaments.
Flame dlomic absorplion spectroscopy (e.g., Mehods 70XX) is an allemale andylcd lechnique for many of hese slemeants.
Graphile fumace AAS (eg., 02 for Be, T105 for Phj is more sensilive.

NIOSH Manud of Analytical Mathods (NMAM ), Fourth Edision
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ELEMENTS {ICP): METHOD 7300, lssue 3, dated 15 March 2003 - Page 2 of §

REAGENTS: EQUIPMENT:
1. Nitric acid (HNO3), conc., ultra pure. 1. Sampler: callulose ester membrane filter,
2. Perchlonc acid (HCKD ), conc., ultra pure.® 0.8-pym pore size; or polyvinyl chlorida

3. Ashing acid: 4:1 (v )HNOgHCIO . Mix 4
volumes conc. HNO with 1 volume conc.

mam brana, 5.0-pm pora siza; 37-mm
diameatear, in cassette filkar halder.

HCIO, 2. Personal sampling pump, 1 to 4 Limin, with
4. Calibration stock solutions, 1000 pg/mlL. flexible connacting tubing.
Commercially available, or prepared per 3. Inductively coupled plasma-atomic emission
instrumeant manufacturar's recomm andation spactrometar, equipped as specified by the
(se8 step 12). manufacturar for analysis of alemeants of
5. Dilution acid, 4% HNO,, 1% HCIO4. Add 50 intarast.
mL ashing acid to 600 mL water; diluie to 1L 4. Regulator, two-stage, for argon.
§. Argon. 5. Beakers, Phillips, 125-mL, or Griffin, 50-mL,
7. Distibad deionizad watar. with watchglass covers.**
6. Volumetric flasks, 10-, 25-,100-mL., and 1-L**
7. Assorted volumetric pipets as needed.**
*  See SPECIAL PRECAUTIONS. 8. Hotplate, suface tempearature 150 "C.

** Clean all glasswara with conc. nitric acid
and rinsa thoroughly in distiled watar
befora usa.

SPECIAL PRECAUTIONS: Al perchloric acid digestions are required tobe done in a perchloric acid
hood. When working with concentrated acids, wear protective clothing and gloves.

SAMPLING:

1. Calibrate each personal sampling pump with a representative sampler in lina.

2. Sample at an accurataly known flow rate between 1 and 4 Limin for a total sample size of 200 to 2000

L (sea Table 1) for TWA measureaments. Do notexcead afiter loading of ap proximataly 2 mg total dust.

SAMPLE PREPARATION:

ol

MOTE: Starta reagent blank atthis step.

§. Heaton hotplate (120 °C) until ca. 0.5 mL remains.

Open the cassette filker holders and transfer the samples and blanks to clean beakers.
Add 5 mL ashing acid. Coverwith a watchgbss. Let stand 30 min at room tem paratura.

NOTE 1: Recovery of lead from some paint matices may require other digestion techniqueas. Sea
Mathod TO82 (Lead by Flama AAS) for an alternative hotplate digesfon procedura or Mathod
T302 for a microwave digestion procadura.

MOTE 2: Some speciesof Al, Ba, Co, Cr, Li, Mn, Mo, ¥, and Zr willnotbe comp letely solubilizad by this
procadura. Altem ative solubilization techniques for most of these elements can be found
alsawhare [5-10]. For example, agua regia may be neaded for Mn [6,12].

Add 2 mL ashing acid and repeat step 5. Repeat this step until the solution is clear.

Ramove watchglass and rinsa into the baaker with disfilled water.

Incraasa the temparature to 150 *C and take the sample to near dryness (ca. 0.5 mL).

Dissolve the residue in 2 to 3 mL dilufon acid.

Transfer the solutions quantitafivaly to 25-mL volumetric flasks.

Diluta to volume with dilution acid.

MOTE: |f more sensitivity is required, the final sample volume may be held to 10 mL.

S0

e

HIOSH Manud of Analylical Methods (NMAM ), Fourth Ediion
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ELEMENTS {ICP): METHOD 7300, Issue 3, dated 15 March 2003 - Paga 3 of 8

CALIBRATION AND QUALITY CONTROL:

12. Calibrate the spactrometer according to the manufacturars recommendations.
NOTE: Typically, anacid blank and 1.0 pg/mL multislem ent working standards are usad. The following

multialemant combinafions are chemically compatible in 4% HNO, /1% HCIO,:
a. Al As Ba, Be, Ca, Cd, Co, Cr,Cu, Fe, La,In, Na
b. Ag, K, Li, Mg, Mn, Mi, P, Pb, Se, Sr, Tl V. Y, Zn, Sc
. Mo, S5b,5n, Ta, Ti, W, Zr
d.  Acid blank

13. Analyze a standard for every ten samples.

14. Check recoveries with at least two spiked blank fillers perten samplas.

MEASUREMENT:

15. Setspectrometerto conditions spacified by manufacturer.
16. Analyze standards and samplas.
NOTE: Iftha valuas for the samples are above the range of the standards, dilute the solutions with
dilution acid, rmanalyze and apply fhe appropriate dilution factor in the calculafons.

CALCULATIONS:

17. Obtain thesolufion concentrations for the sample, C, (pg/mL), andthe avarage media blank, Cp{pa/mL),
from the instrument.

18. Using the saolution volumeas of sample, V, (mL), and meadia blank , ¥ {mL), calculate the concentration,
C (mg/m?, of each element in the air volume sampled, V (L)

_ Osbs- G b

|
Vv IS

! Ft:

NOTE: pgfL = mgim?

EVALUATION OF METHOD:

Issues1and 2

Methad, 7300 was originally evaluated in 1981 [2,3]. The precision and recovery data were defermined at2.5
and 1000 pg of e ach elemant persamp le on spiked filkers. The measurements use dfor the meth od avaluation
inlssuas 1 and 2 weara determinaed with a Jamrall-Ash Modal 1160 Inductivaly Coupled Plasma Spectrometer
opearated according to manufacturar's instructions.

Issue 3

In this update of MIOSH Method 7300, the precision and recovery data were determin ed at approximataly 3x
and 10x the instumental detecfon limits on commearcially preparad spked fitars [12] using 25.0 mL as the
final sample volume. Tables 3 and 4 list the precision and recovery data, instrumental detection mits, and
analytical wavelengths formixed cellulose ester (M CE )and polyvinyl chlorde (PVC )filters. PVC Fillers which
can be used for total dust measuremants and then digested for metals measuremants wearea tested and found
to give good results. The values in Tables 3 and 4 were determinad with a Spactro Analytical Instrumeants
Model End On Plasma (EQP)(axial) oparated according to manufacturer’s instructions.

NIKOSH Manual of Analytical Mathods (MMAM ), Fourth Edifon
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ELEMENTS {ICP). METHOD 7300, Issue 3, dated 15 March 2003 - Paga 4 of 8
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ELEMENTS {ICP): METHOD 7300, Issue 3, dated 15 March 2003 - Paga 5 of 8

TABLE 1. PROPERTIES AND SAMFLING VOLUMES

FPropertias

Elamant Atomic Air Volumea, L @ OSHA PEL
(Symibol) W aight MP, 'C MIM MAX
Silver [(Ag) 10787 261 250 2000
Aluminum [Al) 26.98 &G0 5 100
Arsanic (As) 74,92 81T 5 2000
Barium (Ba) 137.34 Ti0 50 2000
Beryllium (Be ) 9.01 1278 1250 2000
Calcium (Ca) 40,08 B42 5 200
Cadmium (Cd) 112.40 a1 13 2000
Cobalt (Co) 58.93 1495 25 2000
Chromium (Cr) 52.00 1890 5 1000
Copper (Cu) 63.54 1083 5 1000
Iran {Fa) 55.85 1635 5 100
Paotassium (K) 39.10 63.65 5 1000
Lanthanum 138.91 az0 5 1000
Lithium {Li) 6.94 179 100 2000
Magnesium {Mg) 24.31 651 5 &7
Manganese {Mn) 54.94 1244 5 200
Malybdenum (Mao) 25.94 651 5 &7
Mickal [Ni) 58.71 1453 5 1000
Phosphoms (P) 3097 44 25 2000
Lead {Ph) 207.19 328 50 2000
Antimony (Sb) 121.75 630.5 a0 2000
Selenum (Sa) T8.96 217 13 2000
Tin {En) 118.69 231.9 5 1000
Strontium {Sr) BTG2 769 10 1000
Tallurium (Ta) 127.60 450 25 2000
Titanium (Ti) 47.90 1675 5 100
Thallium (TI) 204.37 304 25 2000
Vanadium (V) 50.94 1890 5 2000
Tungsten (W) 1B3.85 3410 5 1000
Yitium (¥) BE. 91 1485 a 1000
Zinc (Zn) 65.37 418 5 200
Zirconium (Zr) a1.22 1852 5 200
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ELEMENTS (ICP): METHOD 7300, Issua 3, dated 15 March 2003 - Paga 6 of §

TABLE 2. EXPOSURE LIMITS, CAS # RTECS

Bemeri Exposure Umiks, mgint (Ca = camcinogen)
{Symizal) CAS it RTECS O5HA NIQEH ACGIH
Silver (Ag) TA40-22-4 VIW3S00000 Q.01 (dust, fume, metd) 001 (metal, solutie) 0.1 {matal)
0.01 {soluble)
Alurminum (Al T420-90-5 BOOZI0000 15 ftotal dust) 10 {tctal dust) 10 {dust)
£ (reapimble) £ (respirable fume) 5 (powders, fume)
2 (salls, alkyls) 2 (zalts, alkys)
Arsanic (As) Ta40-35-2 COOS25000 varies C 0002, Ca 0.01, Ca
Barium (Ba) Ta40-39-3 COBATOO0 05 08 0.5
Bendlium (Be) Ta40-41-7 DS1750000 0.002, C 0,005 0.0005, Ca 0.002, Ca
Calcium (Ca) T440-70-2 - varias varies varias
Cadrrium (Cd) 740439 ELOS00000  0.005 lowas feasitie, Ca 0.01 {lotal), Ca
0.002 {reepr.), Ca
Cobalt {Co) T440-45-4 GFETSO000 0.1 0.05 {dust, fume) 0.02 {dust, ume)
Chrorium (CF) TA40-47-3 GB&00000 05 05 05
Copper (Cu) Ta40-50-8 GLEIZ5000 1 {dust, mists) 1 {dust) 1 (dust, mists)
0.1 {furne) 0.1 {lumna) 0.2 {furne)
kon {Fa) 7430-80-5 NO4SESS00 10 {dust, ume) 5 (dus, fume) 5 (fume)
Potassium (K) 740087 TEE4E0000  — - -
Lanthanum 7439-91-0 - - - -
Lithiuen (Li) 7439932 - - - -
Magnesium (Mg) 7430-95-4 OMZI00000 15 {dust) as oxide 10 {fume) 22 oside 10 {furme) az axide
5 (respirabile)
Manganese (Mn) 7430065 00WTEOD  CS 1;8TEL 3 5 (et
1; STEL 3 {fume)
Molybdenum (Me) 7430987 CA4S80000 5 (sclulls) 5 {scuble) 5 (sclubie)
15 {total inscluble) 10 (insolubie) 10 (insolubie)
Nicked (M) 7440-02-0 QRSO50000 1 0.015, Ca 0.1 {zolubls)
1 (insoluble, mesal)
Phosphorus (P) TII140 THISHNO0 04 0.1 0.1
Lead (Po) 7430021 OFFS25000 005 008 0o
Anfmony (S5) 7440-36-0 CO402500 05 0.5 05
Selenium (Sa) TT8240-2 WETTO0N00 02 0.2 02
Tin {Sn) 7440315 XPFI2ONO0 2 F 2
S¥ontum (SF) TA40-24-6 - - - -
Tellurium (Te) 13404-80-0  WYZS25000 0.1 0.1 0.1
Titamium {Ti) 7440-32-5 XR17OO000  — - -
Thallium (T} 7440-280 XEM2E00 0.1 (skin) (scluble) 0.1 {kin) {aduble) 0.1 {skin)
Vanadum (V) Ta40-62-2 YW240000  — CO00s -
Tungsten TA40-33-7 - 5 5 5
10 (STEL) 10 (STEL)
iwrium (¥} TA40E5-5 262080000 1 NiA 1
Zne (Zn) 7440555 ZGRE00000 - - -
Zireenium (Zr) TAAOET-T ZHTOTON00 5 5 STEL 10 5 STEL10
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ELEMENTS (ICP): METHOD 7300, | ssue 3, dated 15 March 2003 - Paga 7 of B

TABLE 3. MEASUREMENT PROCEDURES AND DATA [1].
Mixed Cellulose Ester Filters (0.45 pm})

wavalkength Est. LOD | LOD |Ceartified % Recovery Percent | Certified k4 Parcant
Elamant nm pal ng/mL| 3x LOD (=) RSD 10x LOD Racovary RSD
(a) Filtar (b} (N=25) (b} (c) (N=25)
Ag 328 0.042 1.7 0.77 102.9 2.64 a2 Q8.3 1.53
Al 167 0.115 4.6 1.54 105.4 11.5 6.40 101.5 1.98
As 189 0.140 5.6 3.08 a94.9 2.28 12.9 93.9 1.30
Ba 455 0.0086 0.2 0.31 101.8 1.72 1.28 ar.7 0.69
Be 313 0.005 0.2 0.31 100.0 1.44 1.29 284 0.75
Ca T 0908 | 363 15.4 28.7 6.65 64.0 100.2 1.30
Cd 226 0.0075 | 0.3 0.31 29.8 1.99 1.28 ar.5 0.88
Co 228 0012 0.5 0.31 100.8 1.97 1.29 28.4 0.90
Cr 267 0.020 0.8 0.31 234 16.3 1.28 101.2 2.79
Cu 324 0.068 2.7 1.54 102.8 1.47 G.40 100.6 0.92
Fa 258 0.085 3B 1.54 103.3 548 6.40 98.0 0.95
K TGE 1.73 69.3 23.0 20.8 1.51 a6.4 a7.6 0.80
La 408 0.048 1.9 0.77 102.8 2.23 a1 100.1 0.92
Li G670 0.010 0.4 0.31 110.0 1.91 1.28 ar.T 0.81
Mg 274 0.098 3a 1.54 101.1 535 6.40 98.0 1.53
Mn 257 0.005 0.2 0.31 101.0 1.77 1.28 4.7 0.73
Mo 202 0.020 0.8 0.31 106.3 247 1.28 98.6 1.09
Ni 231 0.020 0.8 0.31 109.6 3.54 1.28 101.2 1.38
P 178 0.082 aT 1.54 B4.4 6.19 6.40 B2.5 4.75
Pb 168 0.062 24 1.54 109.4 2.41 6.40 101.7 0.88
Sb 208 0182 iT 3.08 20.2 11.4 12.9 41.3 32.58
Sa 196 0.135 5.4 23 BTG 11.6 2.64 B4.9 4.78
Sn 188 0.040 1.6 0.77 a0.2 18.0 a2 49 21.79
S8r 407 0.005 0.2 0.31 101.0 1.55 1.28 ar.3 0.65
Ta 214 0.078 ER 1.54 102.0 267 6.40 ar.4 1.24
Ti 334 0.050 20 0.77 a8.4 2.04 a1 234 1.08
Tl 140 0.082 aT 1.54 100.9 2.48 G.40 99.1 0.80
\ 292 0.0z28 1.1 0.77 103.2 1.92 a2 98.3 0.84
w 207 0.075 3n 1.54 T2.2 10.1 6.40 57.6 14.72
Y am 0.012 0.5 0.31 100.5 1.80 1.28 ar.4 0.75
Zn 213 0.310 12.4 4.60 102.2 1.87 19.3 95.3 0.90
Ir 338 0.022 0.4 0.31 BB.O 19.4 1.28 25 5787

(@) Bold values are qualifative only because of low recovery.

(b) WValues are cerfified by Inomganic Venturas INC. at 3x and 10x the approximate instrumental LOD

(c) Valuesrepored were obtainad with a Spactro Analytical Instruments EQP ICP; pedform ance may vary with
instrumeant and should be independeantly verified.
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ELEMENTS (ICP). METHOD 7300, Issue 3, datad 15 March 2003 - Pagae 8 of 8

TABLE 4. MEASUREMENT PROCEDURES AND DATA [1].
Polywinyl Chlaride Filter (5.0 pm}

wavelangth Est.LOD | LOD | Certified % Parcant | Cartified ™ % Parcant
Elament nm ug per | ngmlL 3x LOD Racavery RSD 10x LOD Recovery RSD
(c) fillar o) (a) (N=25) (b} (a) [N=25)
Ag aze 0.042 1.7 0.78 104.2 8.20 318 B1.8 18.9
Al 167 0.115 4.6 1.56 TT.4 115.24 6.40 829 20.9
As 189 0.140 5.6 3.10 100.7 513 12,70 969 az2
Ba 455 0.005 0.2 0.31 102 .4 3.89 1.270 998 20
Ba 313 0.005 0.2 0.31 106.8 3.53 1.270 1028 2.1
Ca ER N 0.908 36.3 15.6 GB.1 12.66 64.00 968 53
Cd 226 0.0075 0.3 0.31 105.2 557 1.27 1018 2.8
Co 228 0.012 0.5 0.31 108.3 4.67 1.27 102.8 2.8
Cr 267 0.020 0.8 0.31 109.4 5.31 1.27 103.4 4.1
Cu 324 0.068 27 1.56 104 .9 518 6.40 101.8 2.4
Fa 259 0.085 R 1.56 BB.T A6.82 6.40 991 a7
K TE6 1.73 69.3 23.4 964 4.70 95.00 992 22
La 408 0.048 1.9 0.78 45.5 4.19 3.18 988 2.6
Li G670 0.010 0.4 0.31 107.7 4.80 1.27 1104 27
Mg 279 0.088 a8 1.56 54.8 20.59 6.40 G645 AT
Mn 257 0.005 0.2 0.31 101.89 4.18 1.27 883 2.4
Mo 202 0.020 0.8 0.31 106.6 582 1.27 9841 EN ]
Ni 23 0.020 0.8 0.31 111.0 5.89 1.27 1036 az
P 178 0.092 3T 1.56 101.92 17.82 6.40 BG5S 10.4
Fb 168 0.082 25 1.56 109.86 6.12 6.40 103.2 2.9
Sb 206 0.182 7.7 3.10 G4.6 22.54 12,70 3BA 305
Se 196 0.135 5.4 2.30 B83.1 26.23 9.50 TE.0 17.2
Sn 189 0.040 1.6 0.78 BT 27.29 3.18 52.0 20.4
5r 407 0.005 0.2 0.31 718 4.08 1.27 812 2.7
Ta 214 0.078 a3t 1.56 108.6 T.49 6.40 973 3.8
Ti 334 0.050 2.0 0.78 101.0 9.46 318 924 5.5
TI 180 0.092 aTF 1.56 110.3 4.04 6.40 101.9 2.0
W 282 0.028 1.1 0.78 108.3 3.4 3.18 102.5 2.6
w 207 0.075 3.0 1.56 T49 15.79 G6.40 447 19.6
Y 371 0.012 0.5 0.31 101.5 3.63 1.27 1014 2.5
Zn 213 0.310 124 4. 70 91.0 68.69 191 101.0 9.6
Zr 339 0.022 0.9 0.31 TO.T 54.20 1.27 404 421

{a) Valuesreported ware obtained with a Spactro Analyicallnstruments EOP ICP; parformance may vary with
instrument and should be indapandantly varified.

(b} Values are certified by Inorganic Ventures INC. at 3x and 10x the approxim ate instrumental LOD [12].

{c) Bold values are gqualtative only becauss of low recovery. Other digestion techniques may be more
appropriate for these elements and their compounds.
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Appendix F-2 NIOSH Method S347 for Ammonia

Ammonia

Analyte: Ammonia Method No.: 5347
Matrix: Alr Range: 17-68 mg/cu m
0SHA Standard: 530 ppm (35 mg/cu m) Precision {Eﬁ}): 0.062
FProcedure: Adsorption on sulfuric acid- Validation Date: 11/25/77

treated silica gel, desorp-

tion with 0.1 N sulfurie

acid, ammonia specific elec-

trode
1. Pripciple of the Method

I,

1.1

1.2

A known volume of air is drawn through a glass tube containing sul-
furic acid-treated silica gel to trap ammonia vapors. The sampling
tube is connected in series to a prefilter to collect particulate
ammonium salts.

Ammonia is desorbed from the silica gel with 0.1 N sulfuric acid,
and the sample is analyzed using an ammenia specific electrode.

Range and Sensitivity

2.1

This method was validated over the range of 16.9-67.6 mg/cu moat an
atmospheric temperature of 24°C and atmospheric pressure of 759 mm Hg,
using a 30-liter sample. This gample size is based on the capacicy
of the sulfuric acid-treated silica gel to collect vapors of ammonia
in air at high relative humidity. The method is capable of measuring
much smaller amounts if the desorption efficiency is adequate. De-
sorption efficiency must be determined over the range used.

The upper limit of the range of the method is dependent on the ad-
sorptive capacity of the sulfuric acid-treated silica gel. This ca-
pacity varies with the concentrations of ammonia and other substances
in the air. Breakthrough is defined as the time that the effluent
concentration from the collection tube {containing 200 mg of sulfuric
acid-treated silica gel) reaches 5% of the concentration in the rest
gas mixture. Breakthrough was not observed after 310 minutes ac an
average sampling rate of 0.209 liter/minute and ralative humidity of
85% and temperature of 25°C, The breakthrough test was conducted at
an average concentration of 68.6 mg/cu m.

5347-1
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Interferences

3,1 Wwhen interfering compounds are known or suspected to be presenc in
the air, such informatiom, ineluding their suspected identities,
should be trensmitted with the sample.

3.2 Methyl amine and ethyl amine are known interferences of the analyei-
cal method. Other volatile amines may also interfere in the analy-
tical method.

3.3 Particulate contaminants such as ammonium salcs are removed by the
prefilter.

Preclsion and Accuracy

4.1 The Coefficient of Variatlion (CVr) for the total gnalytical and sa=-
pling method in the range of 16.9-67.6 ngfeu m 18 0.062. This
value corresponds te & 2.2 mgf/cu m standard deviation at the 0SHA
standard level. Stratistical information can be found in Reference
11.1. Details of the test procedures are found in Reference L1.1.

4.2 On the average, the concentrations obtaimed in the laboratory vali-
dation study at 0.3¥%, 1X, and 2X che OSHA standard level were .43
lower than the "true" concentrations for 18 samples. Any difference
hatween the "found" and "rrue' concentrations may not represent a
bias in the sampling and analytical method, but rather a random vari-
ation from the experimentally determined "true" concentration. The
coafficient of Variation is a good measure of the accuracy of the
method since the recoveries and storage atability were good and
would not contribute to a bias i{n a determined concentration. Stor-
age stability studies on samples collected from a test atmosphere at
a concentration of 33.8 pg/cu m indicate that collected samples are
stable for at least T days.

Advantages and Disadvantages of the Method

5.1 The sampling device is small, portable, and involves no liquid;.
The tubes are analyzed by means of a guick, instrumental method.

5.7 One disadvantage of the method is that the amount of sample that can
be taken is limited by the number of micrograms that the tube will
hold before overloading. When the amount of ammonia found on the
backup section of the sulfuric acid-treated silica gel tube exceeds
257 of that found on the fromt sectlem, the probabilicy of sample
loss exists.

5.3 The precision of the method is limited by the reproducibility of the
pressure drop across the tubes. This drep will affect the flow ratt

and cause the volume to be imprecise, because the pump i8 ugually
calibrated for one tube only.
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1.

Apparatus

6.1 Prefilter Unit: The prefilcer unit, which is used to remove parti-
culate interferences, consists of a 37-mm diameter cellulose ester
membrane filter with a pore sfze of 0.80 micrometer coentained in a
17-pm two-pilece cassetta filter holder. The filter is supported in
the holder by a stainless steel screen.

6.2 Personal Sampling Pump: A calibrared personal sampling pump whose
flow rate can be determined wicthin 3% act the recommended flow rate.

6.3 Sulfuric Acid-Treated Silica Gel Sampling Tubes: Glass ctube with
both ends unsealed and fire-polished, 6.0-cm long with a 6-mm 0.D.
and a 4-mm I,D. contalning two sections of 20/40 mesh sulfuric acid=
treated silica gel (Section 8.2) separated by a 2-mm portion of
glass wool., The adserbing section of the tube contains 100 mg of
sulfuric acid-creaced silica gel and che backup section contains
100 mg. & plug of silylated glass wool is placed at the ends of
the tube. The pressure drop across the tube must be no greater than
13 inches of water at a flow rate of 0.2 liter/minute. The glass
tubes should be rinsed and dried with acetone before packing. The
tubes are capped with plascic caps.

6.4 Orion Model 95-10 ammonia gas sensing electrode, or equivalent.

6.5 Orion Model 407 specific ion meter, or equivalent. A pH mecter with
a millivele readout can also be used.

6.6 Seineillarion vials, 20 ol.
6.7 Magnetic stirrer and stirring bars.
6.8 Pipetrs: Delivery type of convenient sizes.

6.9 Volumetric Flasks: 1-liter and 50-mlL and other convenient sizes for
preparing standard selutions.

6.10 Beakers, 250 mL.

6.11 Gas-ctight syringes: 2- and 5-mL for preparing spiked samples.
6.12 Stopwatch.

6.13 Manometer.

Raa;enta

Whenever possible, reagents used must be ACS Reagent Grade or better.
7.1 Lecture bottle of ammonia gas, reagent grade.

7.2 Ammenium chleride, reagent grade.

7.3 Sulfuric acid, reagem:t grade in the following concentrations: 0.1 N
and 0.4 N.
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7.4 Prepare a 1000 gicrograms/ml ammonia gtock standard by welghing
1.1476 g ammonium chloride in a 1-1iter volumetric flask. Make to
volume with defonized water.

7.5 Prepare a 10,000 micrograms/sl ammonia stock standard by welghing
31,476 g ammonium chloride in a l-liter volumerric flask. Make to
volume with deionized water.

7.6 Sodium hydroxide solutiem, 10 N.

7.7 Silica gel, 20/40 mesh from SKC, Inc.

Procedure

8.1 Cleaning of Equipment. All glassware used for the laboratory analy-

8.2

8.4

sis should be detergent washed, thoroughly rinsed with tap water and
distrilled water, and dried.

Preparation of Sulfuric Acid-Treated Silica Gel
8.2.1 Place 6 g of 20/40 mesh silica gal in a 250-mL beaker.

§.2.2 Add 15 mL of 0.4 N sulfuric acid te the beaker. 35tir the
mixture, and cover the beaker with a warch glass.

§.7.3 Heat the silica gel-acid mixture in a fume hood with a Bunsen
burner to & very gemtle boil. Evaporate approximately one-
half of the liquid.

g.2.4 Flace the coverad beaker in a drying oven at 120°C until the
remainder of the water has been evaporated.

8.2.5 The prepared acld-treated silica gel should flow freely and
not adhere to the beaker. Store the gilica gel in a desic-
cacor uatil ready for use.

calibration of Sampling Pumps. Each personal gampling pump must be
calibrated wich a representative sampling tube and prefilcer cas-
sette unit in the line to minimize errors associated with uncertais
ties in the volume sampled.

Collectien and Shipping of Samples

§.5.1 Assemble the filter in the cassette holder and close firaly.
The filter is backed up by a stainless steel screen rather
than a filter pad. Secure the cassette holder with tape of
shrinkable band.

8.4.2 Immediately hefore sampling, remove the caps from the ends of
the sulfuric acid-treated silica gel tube. Remove the filter
holder plugs and attach the outlet of the filter holder t@
the inlet of the sampling tube with a short piece of £
tubing.
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8.4.3

B.4.4

8.4.5

B.4.6

8.4.7

8.4.10

8.4.11

The smaller section of sulfuric acid-treated silica gel is
used as a backup and should be positicned nearer the sampling

pump.

The tube should be placed in a vertical direction during sam-
pling to minimize channeling through the sulfuric acid-treared
sllica gel.

Air being sampled should not pass through any hose or
tubing bafore entering the prefilcer cassecte.

A sample size of 30 liters is recommended. Sample at a flow
rate between 0.1 and 0.2 liter/minute. Record the sampling
time, flow rate, and type of sampling pump used.

The temperature, pressure, and relative humidity of the at-
mosphere being sampled ‘should be recorded. If pressure read-
ing is not available, record the elavation.

The sampling tube should be capped with plastic caps immediace-
ly after sampling. Under no circumstances should rubber caps
ba used,

The filter should be removed from the cassetre filter holder
and discarded. The cassette holders and stainless steel
screens should be cleaned and saved for future use,

With each bacch of ten samples, submit one tube From the same
lot of tubes used for sample collection. This tube must be
subjected to exactly the same handling as the samples except
that no air is drawn through ic. This tube should be labeled
as the blank., A minimum of 18 extra sulfuric acid-treated
silica gel cubes should be provided for desorptien efficiency
determinations.

Capped tubes should be packed tightly and padded before they
are shipped to minimize tube breakage during shipping.

Analysis of Samples

The meter used in the amalysis of samples must be calibrated before
samples are analyzed. The procedure for calibration of the specific
ion meter or pH/millivolt meter is discussed in Section 9. Proceed
to Section 9 before sample analysis.

4.5.1

Preparation of Samples. FRemove the plastic cap from the in-
lec end of the sampling tube. Remove the glass weol plug and
cransfer the first (larger) section of sulfuric acid-treated
silica gel to a 20-ml scintillation vial. Remove the sepa-
rating section of glass wool and transfer the backup section
of sulfuric acid=-treated silica gel toe another scintillacion
vial. Analyze these two sections separately, Firm tapping
of the tube may be necessary to effect complete transfer of
the sulfuric acid-treated silica gel.
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8.6

§,5.2 Desorption of Samples. FPrior to analysis, 10 mL of 0.1 ¥
gulfuric acid is pipetted into gach vial. Cap and shake the
sample vigorously. Desorption is complete in &5 minuces.
Analyses should be completed within one day after the ammonia
is deserbed.

8.5.3 Pipet an 8-mL aliquot of the desorbed sample into 2 clean
20-ml seintillation wial., Add & mlL of delonized water to
the vial.

§.5.4 Add 1 oL of 10 N sodium hydroxide to the vyial to make the
solution basic. The toral volume in the vial should be 15
oL. Add a magnecic stirring bar. after addition of Dase,
gamplas ghould be analyzed immediately.

8.5.5 Lower the ammonia apecific elecerode into the solutien, taking
care not to ctrap air under the elactrode. If using a specifie
jon meter, record the meter reading on the logrithmic scale.
This reading is the sample concentration in micrograms/oL.

If a pH/millivolt meter is used, record the millivelt reading
and refer to the calibration curve prepared in section 9 to
deterzine the sample concentration.

8.5.6 If the sample falls outside of the range of analysis, recali-
brate the meter in the Tange of interest.

Decermination of Desorption Efficiency

8,6.1 The desorption afficiency of a particular compound <an vary
fwnmeh“ﬁmwtumuMn Thus, it is necessary to
determine the fractiom of the specific compound chat is
removed in the desorption process.

8.6.,2 Extra sampling tubes containing sulfuric acid-treaced silica
gel are used to prepare spiked samples for desorption effi-
ciency determinations. Spiked samples are prepared by draw-
ing air through the tubes and spiking the air upstreanm of the
tube with the appropriate amount of ammonia gas. Ammonia gas
ig gpiked upstream using gas tight syringes. Volumes of
o.755, 1.51, and 3.02 ol of ammonia gas represent the amount
present at 0.3X, 1X, and 7% the OSHA standard levels, re-
spectively. The amount spiked is equivalent to that prasest
in & 30-liter air sample at the selected level.

Six tubes at each of three levels (0.5X, 1X, and 2X the 0SHA
standard) are prepared in this manner and allowed to stand
for at least overnight to ensure complete adsorption of the
ammonia onto the sulfuric acid-treated silica gel. These
tubes are referred to as the samples. A parallel blank tube
ghould be treated in the same manner eXcept that no sasple
is added to it. The sample and blank tubes are desorbed asd
analyzed in exactly the same manner a8 the sampling tube
described in Section 8.5.
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The descrption efficiency (D.E.) equals the average weight in
micrograms recovered from the tube divided by the weighe in
micrograms added to the tube, or

Average Weight recovered (micrograms) — Blank
Weight added (micrograms)

D.E.

The desorption efficiency is dependent on the amount of
ammonia collected on the sulfuric acid-treated silica gel.
Plot the deseorption efficiency versus weight of ammonia found.
This curve is used in Section 10.5 to correct for adsorption

losses.

9. Calibration and Standards

9.1 Prepare standard solutions containing 10 micrograms/ml, 100 micro-
grams/mL, and 1000 micrograms/mlL as described below:

9.1.1 10 micrograms/mL: Using the 1000 micrograms/ml stock
solution (Section 7.4), pipet a 5-ml aliguot into a 50-mL
volumerrie flask and bring to volume with deionized water.
From this solutiom, pipet ancther 5-mL aliguot ints a clean
d0=al velumetric flask, and add 20 mL 0.1 N sulfuric acid,
2 ml of 10 N sodium hydroxide, and bring to volume with
deionized water. This final solution is the 10 micrograms/
ml standard. Cap the solution after preparation.

9.1.2 100 micrograms/ml: Pipet a 5-mL aliquot from the 1000
micrograms/ml stock solution into a clean 50-mL volumetric
flask. Add 20 al 0.1 N sulfuric acid, 2 ml 10 ¥ sodium
hydroxide, and bring to volume with deionized water. Cap
the solution after preparation.

9.1.3 1000 micrograms/mL: Pipet a 5-mL aliquet from the 10,000
micrograms/ml stock sclution (Section 7.5) into a clean
50-mL volumetric flask. A&dd 20 @l 0.1 N sulfuric acid, 2
ml 10 ¥ sodium hydroxide, and bring to volume with delfonized
water. Cap the sclution after preparation,

Hore: These standards are good for approximately 2 hours if
kept tightly capped.

Addirional standards may be prepared in order to accommodate
the range of samples to be analyzed. Prepare additional
atandards ever the range of interest using the 1000 micro-
grams/mL stock standard selutioen.

9.2 The specific ion meter must be calibrated cver the range of interest
using standard solutions prepared as described sbove. The meter
is calibrated over a 10-fold concentration range.
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9.3

To calibrate the specific ipn meter in the range of 10-100 micro-
grams/mlL, use the following procedure:

9.z.1 Place the electrode in the 10 micrograms/mL gtandard. Turn
che function switch to &7 and adjust the mater peadle to
"10" on the logrithmic scale with the calibraticm control.
Use magnetle seirring throughout the procedure.

9.2.2 Rinse the electrode and place in the 100 micrograms/mbL
gtandard and stir thoroughly. Turn the temperature compen=
sator knob until the meter needle reads "100" on the logrith-
pic scale. The merer is now calibrated in the range of
10-100 micrograms/mL.

5.2,3 Recalibration of the meter is necessary in order teo analyze
samples oucside of this range. Repeat the calibration pro-
cedure for the range of 100-1000 micrograms/mL.

If a pH/millivolt meter 1s uged, the standards degeribed above can
be used to prepare & atandard calibration curve. The curve is pre-
pared on seml-log paper by plotting millivelt versus concentratiocn
in micrograms/mL. The concentration should be plotted on the
logrithmic scale.

10, caleulations

10.1

10.2

10.3

10.4

Read the concentration, in micrograms/mL, corresponding to eath meter
reading.

corrections for the blank must be made for each sample.
micrograms/mL = micrograms/ol sample = micrograms/ml blank
whare:

micrograms/mL sample = micrograms/mL found in front section of
sample tube

picrograms/ml blank = micrograms/mL found in front sectiom of
blank tube

A similar procedure is followed for the packup sections.

Determine the picrograms/sample by making the following volume
correction.

mL
Micrograms/sample = micrograms/ml  x 15 mL % %EEE—

Add the weights found in tha front and backup sectiomns to decermiot
rhe total weight of the sample.
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10.5 Read the desorption efficiency from the curve (see Sectien 8.6.2)
for the amount found in the front section. Divide the total weight
by this desorption efficiency te obtaln the corrected micrograms/

sample.
Total weight
Corrected micrograms/sample = ot T.E

10.6 For personal sampling pumps with rotameters enly, the following cor-
rection should be made.

!
Corrected Volume = f x clW=— = =—

where:

= Fd o ke

1
2
1

=

z

B,

F T

2 1

flow rate sampled

sampling time

pressure during calibration of sampling pump (mm Hg)
pressure of air sampled (mm Hg)

remperature during calibration of sampling pump ("K)
temperature of air sampled ("K)

10.7 The concentration of ammonia in the air sampled can be expressed in

mg/cu m.

mg/cu @

Corrected micrograms (Section 10.5)

Corrected air volume {(liters) (Section 10.6)

10.8 Another method of expressing concentration 1s ppm.

24,45 7160 T + 273

ppm-mg;‘cumxﬁxpr

where:
P
T
24,45
M.W.
760
298

11. References

pressure (mm Hg) of air sampled

temperature (°C) of air sampled

molar volume (liter/mole) at 25°C and 760 mm Hg
molecular weighe of ammonia

standard cemperature (*K)

standard temperature (*K)

11.1 pDocumentation of NIOSH Validation Tests, Mational Institute for
Occupational Safety and Health, Cimcinnaci, Ohio (DHEW-NIOSH-
Publication No. 77-185), 1977. Available from Superintendent of
Documents, U.S. Government Printing Office, Washington, D.C., Order
¥o. 0L7-033-00231-2.

11.2 Backup Data Report for Ammonia, prepared under NIOSH Contract Ne.

210-76-0123.
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Appendix F-3 NIOSH Method 6010 for Hydrogen Cyanide

HYDROGEN CYANIDE 6010
HCMN MW: 27.03 CAS: 74-90-8 RTECS: MW6825000
METHOD: €010, Iasus 2 EVALUATION: FULL IBsuG 1: 15 May 1388

IsBue 2: 15 August 1554

O8HA : 10 ppm (skin) PROPERTIES:  gas: BP 28 °C; vapor densily 0.93

NIOSH: STEL 4.7 ppm {alr = 1.00); dillg} 0.53 g/mL @ 20 "C:

ACGIH: © 10 ppm {skin} WP E2.7 kPa (520 mm Hg) & 20 °C
(1 ppm = 1,105 mg/m @ NTR) explosive range 5 to 40% viv In alr

SYNONYMS: nydrocyanic ackd, prussic acld, formanitrie

SAMPLING MELASUREMENT
SAMPLER: SOLID SORBEMT TUSE TECHHIGUE: SPECTROFHOTOMETRY,
(soda lime, 500 mg/200 mg) VISIELE ASSORPTION

FLOW RATE: 0.05 to 0.2 LimIn

AMALYTE: cyanids len complax
WOL-MIN: 2L < ppm
-Max: 90 L DESORPTION: 10 mL delonized water; stand 50 min
SHIPMENT: routine COLOR DEVELOPMENT: N-chigrosuccinimide’
succinimide oxldizing agent
SAMPLE and barbiturle aciapyrigine
STABILITY: 3f least 2 waeks @ 25 "C [1] coupling agent; abserglion &

530 nm In 1-cm cuvetie
BLANKE: 2 1o 10 field blanks per set

CALIERATION: si@andard solutlons of KCN In 014
HalH
RANGE: 10 b3 300 ug CN per sample [1]
ACCURACY
ESTIMATED LOD: 1 pg CN per sampie [1]
RANGE STUDIED: 2 fo 15 mgim® [1]
{3-L samplas) PRECISION (5 ): 0.041 @& 10 10 50 mg per sample [1]
BI&S: Mot significant
OVERALL PRECISION (5} 0.076 [1]
ACCURACY: = 15.0%

APPLICABILITY: The working range 15 0.3 o 235 ppm (3 to 260 mg/nd) far 3 3-L alr sample. This method Is applicable ta STEL
measurements. Farboulatz cyanides are trapped by the Inltlal glass fber membrane disk. This method |2 more sensitive m
sublect ta fewer Interferences than MISSH Method 7804, which uses lon speciflc elecirade analyzls. The method was ussdt
determing HCN In firefignting enviranments [2]

INTERFERENCES: A nigh concentratlon of hydrogen sullde glves a negatllve Interference

OTHER METHODS: This Is based on the method of Lambert, et al. [3]. NIO3SH Method 7904 uses an lon specific electrade for
measurement. The mefhod has been adapted for use with 3 Technicon Autsanalyzer [4].

RI2EH Manual of Analyllcal Methods (NMAM], Fourth Editlon, 8/1
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REAGENTS:

1. Potassium cyanide®, reagent grade.

2. Succinimide, reagent grade.

3. N-Chlorosuccinimide, reagent grade.

4. Barbituric acid, reagent grade.

5. Pyridine, spectroghoctometric quality.

E. Phenolphthalein, 1% {wiv) in ethanol or
methanol, reagent grade.

7. Hydrochloric acid, concentrated, reagent
grade.

8. Sodium hydroxide (NaOH), reagent grade.®

9. Sodium lime (Cad + 5-20% NaOH), reagent
grade (Aldrich #28843-4 or equivalent).
Crush and sieve to 10435 mesh. Siore in
capped container.”

10. Water deionized-distilled.

11. Sodium hydroxide solution, 0.1 W.*

12 Calibration stock solution. 1 mg /mL CH™
Diszolve 0125 g KCM in 0.1 N MaOH in a 50-
mL volumetric fiask. Dilute to mark with 0.1 N
MaOH. Standardize by fitration with standard
AgMQ, solution (see APPEMNDIX).

13. Hydrochlorie acid solution, 0.15 M.

14. N-Chlorozuccinimidesuccinimide  oxidizing
reagent. Dissolve 10.0 g succinimide in about
200 mL distilled water.  Add 1.00 g M-
chlorosuccinimicde.  Stir to dizsolve.  Adjust
volume to 1 liter with distilled water. Stable 8
months when refrigerated.

15. Barbituric acid/Pyridine reagent. Add about 30

mL distilled water to 6.0 g barbituric acid in a
100-mL Erlenmeyer flask. Slowly add 20 mL
pyridineg with stiming.  Adjust the volume fo
100 mL with watsr. Stable 2 months when
refrigerated.

EQUIPMENT:

1.

(I e

SPECIAL PRECAUTIONS: HCM gas and cyanides
particulates are highly toxic and may be fatal if
swallowed, inhaled, or absorbed through the skin

51

Soda lime and NaOH are very caustic [S]

Usze gloves and a fume hood for handiing theze
chemicals.

. Specirophotometer,

. Pipets, wolumetric 0.1-,

Sampler, glass tube, % cm long, 7-mm 0D,
S-mm 1D, with plasiic caps, containing two
zectons (front = 600 mo; back = 200 mg)
granular soda lime 10435 mesh, separated and
contained with silanized glass wool plugs, with
a 5-mm diameter glass fiber filter disk placed
before the plug on inlet side. Tubes are
commerically available. (SKC, Inc. 226-258 ar
equivalent.)

visiizle, 580 nm, with
cuvettes, 1-cm light path.

. Perzonal sampling pump, 0.05 to 0.2 Limin,

with flexible connecting fubing.

05, 10, 20

10.0-mL.

. \ials, glass or plastic, 15-mL with PTFE-lined

caps.

. Flasks, volumetric, 25-, 50-, 100-, 1000-mL,

with stoppers.

. Pipets, fransfer, dispozable.
. Syringes, 10-pL, readable fo 0.1 pl.
. Flask, Erdenmeyer, 100-mL.
10.
11.

Syringes, 10-mL, polyethylene with luer tip.
Filter cassette, with membrane fiter, 13-mm
diameter, 0. 45-um pore size, with lusr fitting.

* See SPECIAL PRECAUTIONS

SAMPLING:

1.

2

Calibrate each personal sampling pump
with & representative sampler in line.
Break ends of sampler immediately before
sampling. Attach sampler to personal
sampling pumg with flaxible tubing.

Sample at an accurately known flow rate between 0.05 and 0.2 LYmin for a tofal sample size of

0.6 to 90 L.
Cap tube. Pack securely for shipmeant.

HI2EH KManual of Analylical Methods (NMARM), Fourth EQitlon, 371534
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SAMFPLE PREPARATION:

5.
6.

Score 2ach sampler with a file. Break sampler at score line.

Transfer front and back sorbent sections to separate vials. Discard glass wool plugs separating

and retaining sorbent sections.

NOTE: An estimate of particulate cyanide may be obtained by analyzing the initial glass fiber
filter dizk as follows; however, no evaluation data are available for particulate cyanides
determined in this manner.

(i} Transfer the glass wool plug at the tube inlet and the glass fiber filter disk
immediately behind it to a third vial.

{if) Add 10.0 mL 0.1 M NaQH to each vial.

{li} Proceed with step §.

Add 10.0 mL deicnized-distilled water to each vial containing a sorbent zaction. Cap each vial.

Allow to stand 60 minutes, with cccasional agitation. Transfer to a 10-mL plastic syringe fitted

with an in-line 0.45-pm filter. Collect the filirate in a clean vial.

CALIBRATION AND QUALITY CONTROL.:

9. Calibrate daily with at lsast six working standards over the rangs 1 to 200 pg CH™ per sample.
a. Prepare a working standard solution, 1.00 pg /mL.CN", by diluting 100 L of calibration stock
solufion fo 100 mL with 0.1 N NaOH.
b Pipet 0.5, 1.00-, 1.50-, 2.00- and 2.50-mL of the working standard solution into 25-mL
volumedric flasks to make 0.50-, 1.00-, 1.50-, 2.00- and 2.50- pg CMN" standards.
¢. Analyze together with field samples and blanks (steps 12 through 15).
d. Prepare calibration gragh (absorbance vs. pg CN7).

10. Determine desorption efficiency (DE) at least once for each lot of soda lime used for sampling.

Prepare at least three tubes at each of five levels plus three media blanks.

a. FRemove and discard back sorbent section of a blank sampler.

b Inject a known amount of calibration stock solution directly onto the soda lime with a
micraliter syringe.

c. Cap, and allow to stand ovemight.

d. Desorb (steps 5 through 8) and analyze together with working standards and blanks (steps
12 threugh 19).

&. Prepare a graph of DE vs. pg CH recoverad.

11. Analyze three quality contrel blind spikes and three analyst spikes to ensure that the calibration
graph and DE graph are in control.

MEASUREMENT:

12. Set spectrophotometer according to manufacturer's recommendations and to conditions on p.
6010-1.

13. Pipet a sample aliquot estimated to contain 0.5 fo 2.5 pg CH  into a 25-mL volumefric flask.
Alternately, fo cover an unknown sample concentration range, pipst 0.5-, 1.00-, and 3.00-mL
aliquots into separate 25-mL vol. flasks for each fisld sample. Larger or smaller aliquots may be
taken, based on prior knowledge of expected analyte level.

Fipet 0.5 mL 0.1 N NaCH into a 25-mL volumetric flask for reagent blank.
5. Add one drop phenolphthalein solution to sach standard or gample.
NOTE: Add a litthe deionized-distilled water to increass volume for easier mixing. Al solutions
should be alkaline {pink) at this point.
18. Starting with the reagent blank, add dropwize 0.15 4 HCI, with mixing, until pink color just

disappears. CAUTION: HCM may be produced. Work in hood.  Immediately add 1.0 mL
M-chlorosuccinimide/succinimide oxidizing reagent. Mix and let stand.

KIZSH Manual of Analytllcal Mathods (KMAM), Faurth Editlon, 8/15/24
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MNOTE 1: To avoild possible loss of HON, add the oxidizing agent before proceeding to the
next sample.
MOTE 2: Do not prepare more samples than can be analyzed within the 30-minute maximum
time for color development.
17. After at least 5 min. standing (but not longer than 15 min), siarfing with the reagent blank, add
1.0-mL barkituric acid-pyridine coupling reagent. Mix.
18. Adjust sample volume to 25 mL with deionized-distilled water and allow to stand at l2ast 12 min
{but not longer than 30 min) for color development.
19. Read abscrizance at 580 nm in a 1-cm light gath cuvelle on a spectrophotometer. If sample
absorbance iz cutside the range of the calibration standards, take an aliguot, re-analyze (steps
12 through 12), and apply the appropriate aliquot factor in calculations.

CALCULATIOMNS:

20. Calculate the mass, pg, of CH in aliguot analyzed. Apply the appropriate aliguct factor to
calculate the mass, pa, of CN™in the original 10-mL solution.

21. Determing the mass, pg CM” (corrected for DE), found in the sample front (W) and back (W)
zorbent sections and in the average media blank front (By) and back (B} sorbent secticns. If
Wy, = WA10, report breakthrough and possible sample loss.

22 Caleulats concentration, T, of HCM in the air volume sampled, ViL).

caW *Wn'BTV'Bn) .1'“-"“'“13-

where 1.02% = conversion factor, CN™ to HCH
EVALUATION OF METHOD:

The methed was evaluated by sampling the test atmospheres of HCM generated from a compressed
mixture of HCM in nifrogen [1]. The range of HCN conceniration was equivalent o 2 to 15

maim? for a 3-L air sample. Twenty-two samples collectsd at 0.2 Umin for 15 minutes

indicated overall precizion 5., of 0.076 with nearly 100% recovery. Breakthrough occurred

after 40 minutes of sampling at the flow rate of 0.2 Limin at an HCN concentration of

145 ma/im®. Sample tubes spiked with solutions of KCM and analyzed after storage, indicated that the
samples of cyanide ions were stable on the tube for at least 2 weeks. Analysis of 22 tubes which were
spiked with KCM standard solutions in the range 10 fo 50 pag indicated a recovery of neary 100% with a
pooled precision of 0.041. Desorption efficiency may be poor below 10 ug CN™ [E].
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APPENDIX: STANDARDIZATION OF CALIBRATION STOCK SOLUTION
Titrate an aliquat of the cyanide standard stock solution (Reagent 12) with standard silver nitrate
(AgMN0.) solution. The end point is the first formation of a white precipitate, Ag[&a(CN).]. Calculate the
cyanide concenfration with the following eguation:
M, = 52.04 WV, (M)
Where M. = cyanide concentration {mg/mL}
Wy = volume (mbL) of standard silver nifrate solution

M, = concenfration {moles/L) of standard silver nitrate solution
W, = volume (mL) of calibration stock solution titrated

RIS EH Marual of Aralyilcal Methods (KMAM), Fourth Ediflon, 871524
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Appendix G: Summary Table of Critical t-Values

0
Degrees of Degrees of
Freedom toss Freedom toss
1 12.706 18 2.101
2 4.303 19 2.093
3 3.182 20 2.086
4 2.776 21 2.080
5 2.571 22 2.074
6 2.447 23 2.069
7 2.365 24 2.064
8 2.306 25 2.060
9 2.262 26 2.056
10 2.228 27 2.052
11 2.201 28 2.048
12 2.179 29 2.045
13 2.160 30 2.042
14 2.145 40 2.021
15 2.131 60 2.000
16 2.120 120 1.980
17 2.110 Infinity 1.960
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Appendix H-1: Summary of Results for Base Specific Outdoor Ranges

Table 4.9 Summary of Air Sampling Results for Ellsworth AFB

Analyte N“Z}ber TasFmECmc%ure Standard 8-Hr TWA (mg/m’) Standard
Samples | Median | Mean Deviation Median Mean Deviation

Ammonia 2 1100 | 1.100 | 0.00E+00 | 0.215 0.215 0.00E+00
Copper 2 0.242 0.242 4.95E-03 0.047 0.047 9.90E-04

HCL 2 0.385 0.385 2.12E-02 0.075 0.075 4.10E-03
HCN 2 0.130 0.130 0.00E+00 0.026 0.026 0.00E+00
NO 2 0.214 0.214 3.54E-03 0.042 0.042 7.07E-04
NO2 2 0.214 0.214 3.54E-03 0.042 0.042 7.07E-04
Phosgene 1 0.037 0.037 0.00E+00 0.007 0.007 0.00E+00

Zinc 2 0.028 0.028 3.54E-04 0.005 0.005 7.07E-05

Table 4.10 Summary of Air Sampling Results for Whiteman AFB
Tas;< mim%;“re 8-Hr TWA (mg/m°)
Analyte Number of Star)da}rd Star)da}rd
Samples Deviation Deviation
Median | Mean Median Mean

Aluminum 6 0.026 0.028 | 7.96E-03 0.005 0.005 5.48E-04
Copper 6 0.919 0.673 | 4.84E-01 0.106 0.104 9.24E-02
HCL 6 0.596 0.606 1.78E-01 0.080 0.099 5.39E-02
HCN 6 0.184 0.211 7.92E-02 0.027 0.027 1.72E-03
NH3 6 1.527 1.627 5.13E-01 0.208 0.209 2.86E-03
NO 3 0.411 0.368 8.52E-02 0.041 0.044 5.20E-03
NO2 5 0.213 0.246 | 1.94E-01 0.041 0.039 3.06E-02
Phosgene 6 0.026 0.035 2.32E-02 0.004 0.004 0.00E+00
Zinc 6 0.115 0.090 | 5.44E-02 0.018 0.015 9.70E-03
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Table 4.11 Summary of Air Sam

ling Results for McGuire AFB

Tasz‘mE)/‘rEg;“re 8-Hr TWA (mg/m?)
alye | Nt ) Do oo
Median | Mean Median Mean
Barium 9 0.00246 | 0.00232 | 6.53E-04 | 0.00040 0.00041 3.55E-05
Copper 9 0.01390 | 0.01578 | 4.88E-03 | 0.00235 0.00316 1.81E-03
Lead 9 0.00615 | 0.00579 | 1.63E-03 | 0.00097 0.00103 8.82E-05
Aluminum 9 0.01230 | 0.01159 | 3.27E-03 | 0.00200 0.00207 1.74E-04
Zinc 9 0.01230 | 0.01159 | 3.27E-03 | 0.00200 0.00207 1.74E-04
NH3 5 0.99500 | 1.09000 | 1.28E-01 | 0.16350 0.16529 4.15E-03
HCN 9 0.17000 | 0.16778 | 5.09E-02 | 0.02888 0.05367 2.55E-02
Table 4.12 Summary of Air Sampling Results for Offutt AFB
Analyte Number of Tasé<mEg>/<rp])1%§ure Standard | 8-Hr TWA (mg/ m°) Standard
Samples - Deviation - Deviation
Median Mean Median Mean
Aluminum 3 0.007 0.008 1.72E-02 0.002 0.002 2.76E-03
Copper 3 0.066 0.121 1.99E-01 0.017 0.025 3.40E-02
HCL 3 0.23 1.654 2.50E+00 0.058 0.320 4.62E-01
HCN 3 0.099 0.091 1.83E-02 0.025 0.021 6.45E-03
NH3 3 0.835 0.940 1.92E-01 0.209 0.211 5.37E-03
NO 3 0.719 0.751 2.19E-01 0.177 0.175 4.72E-02
NO2 3 0.225 0.245 9.88E-02 0.042 0.057 2.75E-02
Phosgene 3 0.018 0.019 3.25E-03 0.004 0.004 0.00E+00
Zinc 3 0.008 0.016 2.07E-02 0.002 0.003 3.29E-03
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Appendix H-2: Summary of Results for Base Specific Indoor Ranges

Table 4.13 Summary of Air Samplin

Results for Hill AFB

Number Median 9?‘?/';1)5%_ Mean %m%)(s_

anayte | ot | o5 | Devation Twa | Deviation
Samples (mg/m?) LCL | UCL (mg/m?) LCL UCL
Barium 9 0.004 1.996 0.003 | 0.007 | 0.001 2.157 0.001 0.002
Copper 9 0.008 1.323 0.007 ] 0.010 | 0.002 1.385 0.002 0.003
Lead 9 0.006 1.279 0.005 | 0.007 | 0.001 1.374 0.001 0.002
Tin 6 0.007 1.133 0.006 | 0.008 | 0.002 1.122 0.002 0.002
Zinc 9 0.009 1.703 0.006 ] 0.014 | 0.002 1.801 0.001 0.004
NH3 9 0.850 1.283 0.702 | 1.030 | 0.212 1.253 0.179 0.253
HCN 9 0.152 1.130 0.139 ] 0.167 | 0.038 1.044 0.037 0.039

Table 4.14 Summary of Air Sampling Results for Wright Patterson AFB

- 0, -
Analyte Number of Samples hﬂ?d':'?/ci gg?gg;ﬂ 20 CL (Bhour)
(mg/m?) LCL ucL
Barium 4 0.001 1.483 0.000 0.001
Copper 9 0.012 2.198 0.006 0.021
Lead 9 0.001 1.276 0.001 0.001
Tin 4 0.002 1.845 0.001 0.006
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Appendix H-3: Summary of Task Lead Exposure at Indoor Ranges Firing Leaded Ammunition

Table 4.15 Summary of Task Lead Exposures at Indoor Ranges Firing Leaded Ammunition

95% CL (Task)

Median
Sample Population Analvte Number of Task Standard OEL X OEL
P P y Samples Exposure Deviation LCL UCL (mg/m3) (Based on UCL)
(mg/m?®)
M16 Only Lead 28 0.0478 6.738 0.0228 0.1001 0.05 2
M16 Only * Lead 26 0.0331 4.042 0.0188 0.0582 0.05 1.2
M16 & Unknown Lead 78 0.0139 7.116 0.0089 0.0216 0.05 0.4
M16 & Unknown * Lead 76 0.0118 5.585 0.0080 0.0175 0.05 0.4

* Excluding Samples2 & 8 (Luke AFB)
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