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EXECUTIVE SUMMARY
ENVIRONMENTAL HEALTH ASSESSMENT FOR WORK UNIT PYRO 06-08
PYROTECHNIC PERCHLORATE ELIMINATION MITIGATION PROGRAM

FOR Ml18/Ml19 SIMULATORS
TOXICOLOGY REPORT NO. 87-XE-074Z-09C

SEPTEMBER 2009

1. PURPOSE. To provide environmental and occupational health information on new or
replacement energetic compounds for Army use in the research, development, testing, and
evaluation (RDT&E) of alternatives under the Environmental Quality Technology (EQT)
program. This information is necessary for work unit program evaluation.

a. Residues of pyrotechnics, propellants, explosives, and incendiaries that were part of
mission-essential activities have been found in soil, air, surface, and ground water samples,
creating environmental problems and interfering with training activities. As a consequence,
research, development, testing, training, and use of substances potentially less hazardous to
human health and the environment is vital to the readiness of the US Army. Safeguarding the
health of Soldiers, civilians, and the environment requires an assessment of alternatives before
they are fielded. Continuous assessment of the potential alternatives, begun early in the RDT&E
process, can save significant time and effort during RDT&E, as well as over the life cycle of the
items developed.

b. The Army EQT Ordnance Environmental Program (OEP) is dedicated to finding
replacements for substances causing environmental and/or occupational risks to health. As part
ofthis program, each work unit is evaluated for environmental and occupational health impacts.
The primary purpose of this work unit (PYRO 06-08) is to eliminate potassium perchlorate from
the flash composition of the formulations for the Ml18 and Ml19 simulators. These simulators
are used in training to produce illumination or create a high-pitched whistle.

2. CONCLUSION. The proposed formulations have successfully removed perchlorate from the
mixtures, resulting in much more environmentally-friendly devices.

3. RECOMMENDATIONS. The current formulations for the MIl8 and Ml19 simulators
should continue in development.

Readiness thru Health

ES-I



Toxicology Report No. 87-XE-074Z-09C

TABLE OF CONTENTS

PARAGRAPH PAGE

I. REFERENCES 1
2. PURPOSE 1
3. AUTHORITY 1
4. BACKGROUND 1
5. STATEMENT OF PROBLEM 2
6. METHODS 2
7. RESULTS 5
8. DISCUSSION 34
9. RECOMMENDATIONS .36

APPENDICES

A-REFERENCES A-I
B-PRODUCTS OF COMBUSTION: NASA/GLENN MODEL. B-I

LIST OF TABLES

Table I. Composition of Simulator Formulations .4

Table 2. Categorization Criteria used in the Development of Environmental
Safety and Occupational Health Severity 5

Table 3. ECOSAR-predicted endpoints for carbon black 8

Table 4. List of Physical and Chemical Properties .28

Table Toxicological data .30

Table 6. Human Health Impact Assessment.. .32

Table 7. Ecotoxicological Impact Assessment .33

1



Toxicology Report No. XE-87-074Z-09C

ENVIRONMENTAL HEALTH ASSESSMENT FOR WORK UNIT PYRO 06-08
PYROTECHNIC PERCHLORATE ELIMINAnON PROGRAM

FOR M1l8/M1l9 SIMULATORS
TOXICOLOGY REPORT NO. XE-87-074Z-09C

SEPTEMBER 2009

I. REFERENCES. See Appendix A for a listing of references used in this report.

2. PURPOSE. To provide environmental and occupational health information on new or
replacement compounds and mixtures for Army use in explosives, propellants, and pyrotechnics.
This information is necessary for work unit program evaluation.

3. AUTHORITY. This Environmental Health Assessment addresses, in part, the environmental
safety and occupational health (ESOH) requirements outlined in Army Regulation (AR) 200-1
(2007); AR 40-5 (2007); and AR 70-1 (2003); Department of Defense Instruction (DoDI)
4715.4; and Army Environmental Research and Technology Assessment (AERTA, 2007)
requirement PP-3-02-04, "Compliant Ordnance Lifecycle for Readiness ofthe Transformation
and Objective Forces." This assessment was performed as part of an on-going effort by the US
Army Environmental Quality Technology (EQT), Ordnance Environmental Program to reduce or
eliminate the environmental impact from the life cycle use of new chemical formulations
proposed for use in weapon systems or platforms. This program is under the direction of the
Research Development Engineering Command (RDECOM) Environmental Acquisition
Logistics & Sustainment Program (EALSP; Mr. Erik Hangeland) and EQT P2 Chair (Army
Research Laboratory (ARL); Dr. John Beatty).

4. BACKGROUND.

a. Current regulations require assessment of human health and environmental effects arising
from exposure to chemical substances in soil, surface water, and ground water. Applied after an
item has been fielded, these assessments can reveal the existence of adverse environmental and
human health effects that must be addressed, often at substantial cost. It is more efficient to
begin the evaluation of exposure, effects, and environmental transport of military-related
compounds/substances early in the RDT&E process in order to avoid unnecessary costs,
conserve physical resources, and sustain the health of those potentially exposed.,

b. In an effort to support this preventive approach, the US Army Center for Health
Promotion and Preventive Medicine (USACHPPM) has been tasked with creation of a phased
process to reduce adverse ESOH effects impacting readiness, training, development, and
potential remediation costs and to sustain the environmental integrity of testing and training
ranges. This is an ongoing effort, and this report represents the status of information available as
of the date of publication. Sunnnary interpretations ofpreliminary information search results for
this work unit were provided to the sponsor during the course of the development effort.

c. Pyrotechnic simulators teach troops installation, detection, and caution by mimicking
booby traps and other hazards a Soldier might encounter on the battlefield. The Ml18 simulates
illumination from a parachute flare or artillery illumination round and the M 119 produces a loud

1
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whistle. The developer for these simulators is the US Army Armament Research, Development,
and Engineering Center (ARDEC), Picatinny Arsenal, NJ. The principle investigator is
Mr. Mark Motyka.

5. STATEMENT OF PROBLEM.

a. Research, develop, and prove-out perchlorate-free charges for the Ml18 and Ml19
simulators that are more efficient, are life-cycle cost effective, and more conducive to human
health and environmental quality.

b. Potassium perchlorate is a major component of the current simulator formulations. The
perchlorate anion is a strong and effective oxidizer and, as such, is an efficient component of
propellant mixtures. Unfortunately, the perchlorate anion has numerous environmental and
human health regulatory concerns. The greatest human health concern stems from the fact that
perchlorate biochemically mimics iodine, competes with iodine for uptake by the body,
specifically the sodium-iodine symporter (NIS), and inhibits the production ofthyroid hormones.
While individuals that consume recommended quantities of iodine in their diet appear not to be
affected, persons who are iodine-deficient, nursing mothers, and infants are potentially at an
increased risk of thyroid hormone deficiency. Thyroid hormone deficiency has been shown in
the developing rat model to result in impaired neurological development (NRC, 2005).
Ecological effects associated with perchlorate exposure are summarized in a previous publication
(USACHPPM,2007).

6. METHODS.

a. In order to determine the human health and ecological impacts of compounds employed in
these formulations, it is necessary to correctly and unambiguously identify each compound and
to determine its physical, chemical, and toxicological properties. The primary means of
identification employed for each compound in this program is its Chemical Abstracts Service
Registry Number (CAS RN) (Table I). While all compounds do not necessarily have a single
CAS RN, the CAS RN is an unambiguous way of accessing information for chemical substances.
The CAS RN is readily used as a keyword for searching online databases, and is often cross
referenced with both systematic and trivial (i.e., "common") names for chemical substances. In
some cases, synonyms and trade names are also used to identify structures.

b. This report addresses compounds investigated as part of this work unit through the end of
fiscal year (FY) 2008. Basic physical and chemical properties are usually determined by
consulting tertiary sources when such information is available. The properties necessary to
assess fate and transport in the environment (FTE) include-

(I) Molecular weight (MW).

(2) Henry's law constant (KH).

(3) Octanol-water partition coefficient (log Kow).

2
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(4) Water solubility

(5) Boiling point (bp).

(6) Organic carbon partition coefficient (log Koc).

(7) Vapor pressure (vp).

c. Available information on combustion, explosion, and thermal decomposition products is
also collected, if available. Toxicological information needed to estimate potential human health
risks includes reported toxicity effects of acute, subacute, subchronic, and chronic exposures;
potential for mutagenesis and carcinogenesis; and mode(s) and mechanisms of toxicity.
Toxicological information is derived directly from primary sources whenever possible.

d. Hardcopy sources used in this search included publications from the US Department of
Health and Human Services (DHHS), Agency for Toxic Substances and Disease Registry
(ATSDR), and The Merck Index. The Chemical Propulsion Information Agency's (CPIA),
Hazards ofChemical Rockets and Propellants (1985), and the US Environmental Protection
Agency's (USEPA) Drinking Water Health Advisory: Munitions (1992), were also consulted.
Commercial suppliers are sometimes contacted for results of in-house research that may not
appear in the open literature.

e. Online sources include the US National Library of Medicine's Toxicology Data Network
(TOXNET®) that provides access to information from the National Institutes of Health and the
USEPA. The TOXNET is a suite of individual databases including ChemIDPlusLite® and
ChemIDPlus® Advanced (i.e., chemical and registration numbers, and chemical identification
and structure, searches respectively), Hazardous Substances Data Bank® (HSDB), Chemical
Carcinogenesis Research Information System (CCRIS), Developmental and Reproductive
Toxicology (DARTIETIC), Directory ofInformation Resources Online (DIRLINE®), Genetic
Toxicology (GENE-TOX), Haz-Map (database linking chemicals, jobs and diseases), Household
Products (potential health effects of chemicals in common household products), Integrated Risk
Information System (IRIS), International Toxicity Estimates for Risk (ITER), Toxicology
Information Online (TOXLINE®), Toxic Release Inventory (TRI), and Lactation Database
(LactMed) (database of drugs and other chemicals to which breastfeeding mothers may be
exposed). Primary sources are identified and retrieved using PubMed®, the Ovid® Technologies
Journals, and the EBSCOhost® Research Database. (TOXNET®, ChemIDPlusLite®,
ChemIDPlus®, DIRLINE®, TOXLINE®, PubMed®, are registered trademarks US National
Library of Medicine; OVID®, is a registered trademark of Ovid Technologies, Inc.; and
EBSCOhost® is a registered trademark of EBSCO Publishing.)

f. Some properties are not measured experimentally, but are estimated by Quantitative
Structure-Activity Relationship (QSAR) models, or calculated from another value. Every effort
was made to find original research reports describing the data and method of collection. Data
from secondary and tertiary sources and databases were used when data were abundant and well
evaluated. When toxicity data were not available, criteria were modeled using QSAR
approaches.

3
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g. Potential products from combustion were estimated by Dr. Ross Sausa of the US Army
Research Laboratory using the NASA/GLENN Chemical Equilibrium with Applications (CEA)
code. Additional information on the methods and assumptions used in this code can be found at
http://www.grc.nasa.gov/WWW/CEAWeb/ceaWhat.htm. Results depend upon chemical
specific information contained within the model. When chemical-specific information is not
available, data from the closest surrogate is used.

h. Persistence, bioaccumulation, human health toxicity, and ecotoxicity were assigned to
general categories of risk (e.g., low, moderate, and high) using criteria modified from Howe et
al. (2006). Table 2 describes the criteria used in the categorization, though the relative
proportions of each substance were also factored into the final assessment.

Table 1. Composition of Simulator Formulations

Substance/
CAS Nnmber

WF-9 WM-2 WM-l RNX-6 RNX-17
Formulation MllS M119
Boron 7440-42-8 8%

Charcoal 1333-86-4 2%
Epikure 3125 1M NA 8.6% 7.3%

- >96% Polyamino
68410-23-1

Amide
- < 6% Triethylene

112-24-3
Tetramine

Epon 828™ 25068-38-6 17.4% 14.7%

Iron Oxide Red 1332-37-2, 4%
(Ferric oxide) 1309-37-1

Potassium Benzoate 582-25-2 17% 17%

Potassium Chlorate 3811-04-9 67% 80%

Potassium Nitrate 7757-79-1 81% 13% 70% 70%

Red Gum 9000-20-8 3% 3%

Silicon 7440-21-3 6%
Sulfur 7704-34-9 8%
Vinyl Alcohol Acetate

25213-24-5 3%Resin (VAAR)

4
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Table 2. Categorization Criteria used in the Development of Environmental Safety and
Occupational Health Severity (Howe et aI., 2006)

PERSISTENCE

TRANSPORT

BIOACCUMULAnON

TOXICITY

ECOTOXICITY

Readily biodegrades
«28 da s
Water sol. < 10 mgIL
log Koc > 2.0

log Kow <3.0

No evidence of
carcinogenicityl
mutagenicity;
Subchronic LOAEL >
200 mglkg-d

Acute LCsoLDso >I mglL
or 1500 mglkg;
Subchronic ECso > 100
IlgIL or LOAEL > 100
m Ik -d

Degradation Y, life: water <40
da s, soil <120 da s
Water sol. 10-1000 mgIL
log Koc 2.0-1.0

log Kow 3.0-4.5

Mixed evidence for
carcinogenicitylmutagenicity
(B2, 2); Subchronic
LOAEL 5-200 mgikg-d

Acute LCsoLDso 1-0.1 mglL or
1500-150 mglkg;
Subchronic ECso 100-10 IlglL or
LOAEL - 10-100 mglkg-d

Degradation Y, life: water
>40 days soil> 120 da s
Water sol. > 1000 mglL
log Koc <1.0

log Kow >4.5

Positive corroborative
evidence for
carcinogenicity
Imutagenicity;
LOAEL < 5 mgikg-d

Acute LC'o,LDso<IOO
IlgiL or <150 mgikg;
Subchronic LOAEL <10
mglkg-d

Notes:
mgIL - milligrams per liter
LOAEL ~ lowest-observed adverse effect level
LCso - concentration expected to result in 50% lethality to a population of test animals.
LD50 • Lethal Dose 50 median concentration of a toxicant that will kill 50% of the test animals within a designated period
mglkg-d - milligram per kilogram per day
IlgIL - microgram per liter

7. RESULTS.

a. Physical and Chemical Properties. Physical and chemical properties are summarized in
Table 3. Numerical toxicological data is tabulated in Table 4. Data for properties that could not
be found are indicated by "nd" (no data). In some cases the property named is not applicable
("n/a") to the substance being described. For example, if the compound is a nonvolatile solid or
an inorganic salt, vapor pressure, Kow, Koc, and the Henry's Law constant (KH) are typically
negligible. From the available data, there were no indications of significant potential
enviromnental problems (i.e. mobility in water, bioaccumulation, or persistence) for any
component resulting from its physical or chemical properties. However, few data were found for
some of the commercial plasticizers (e.g. Epon™, Epikure™). Although efforts were made to
gather additional data from the manufacturers, little relevant information has been received.
Given the relatively small amounts used in the formulation, it is unlikely these substances will
significantly affect the conclusions ofthis report.

b. Summaries. Summaries of human health and environmental toxicology for each of the
formula components are presented in Tables 5 and 6, respectively. Each characterization is
generally based on the criteria set forth in Table 2. The final risk characterization also
incorporates assessment of the uncertainty associated with available data, the amount of each

5



Toxicology Report No. 87-XE-074Z-09C

compound present in the formulation, and the nature of potential exposure associated with use of
the end item.

c. Compound Characterizations.

(I) Boron. Boron is an element that exists as one of three allotropes at room temperature,
including red crystals, black crystals with a metallic luster, and a black or dark brown amorphous
powder (O'Neil, 2006). Very few toxicity data are available for elemental boron, since its
occurrence in nature is rare. The most likely paths for boron expo'sure are via food - mainly
fruits and vegetables, ground water, air, and consumer products (ATSDR, 1992). Individuals
who reside in areas of the western United States that have natural boron-rich deposits may be
exposed to higher-than-average levels of boron compounds (ATSDR, 1992). In soil, boron
readily forms compounds with surrounding materials depending on the type of soil, its pH level,
salinity, organic matter content, clay content, and other variables. Boron compounds are
absorbed by plants through soil, and there is evidence that boron is an essential nutrient for some
plants (WHO, 2005a).

(a) Acute oral. The acute oral LDso for boron has been determined in several species. In
mouse it is 2000 mg/kg for "presumably amorphous" boron (Stokinger, 1981) although a value
of 560 mg/kg was reported for another "unspecified" form of boron, presumably elemental
boron. LD50's in other species are: rat, 650 mg/kg; rabbit, 310 mg/kg; guinea pig, 310 mg/kg;
dog, 310 mg/kg; and cat, 250 mg/kg (CIDPL, 2009a).

(b) Sub-chronic oral. No data found.

(c) Chronic oral. Based on developmental effects (decreased fetal weights) in rats from
two studies (Heindell et aI., 1992; Price et aI., 1996), the EPA reference dose (RID) for boron is
0.2 mg/kg/day (USEPA, 2006b). The No-Observed-AdversecEffect Level (NOAEL) for boron
is 9.6 mg/kg-day (Price et aI., 1996), and the LOAEL is 13.3 mg/kg-day (Heindell et aI., 1992).

(d) Acute inhalation. No data found.

(e) Sub-Chronic inhalation. Fifteen mice were exposed to concentrations averaging 72.8
mg/m3 of elemental amorphous boron for 7 hours per day, 5 days per week over a 30-day period.
Mean particle size was 0.67 IJ.m with a standard deviation of2.0 IJ.m. At the end of the study,
average boron concentrations in the mouse tissues were: 792 IJ.g/g in the lung, 252 IJ.g/g in the
kidney, 106 IJ.g/g in the liver, and 73 IJ.g/g in the gastrointestinal tract. There was no evidence of
toxicological effects. The mice had a mean weight loss of 7% during the first week, but they
later recovered the lost weight in steady increases (Stokinger, 1981).

(f) Chronic inhalation. No data found.

(g) Dermal. No data found.

(h) Development and Reproduction. No data found.

6
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(i) Mutagenesis. No data found.

G) Carcinogenesis. Based on the lack of human studies and limited animal studies, the
human carcinogenicity of elemental boron cannot be classified (WHO, 2005a).

(k) Ecotoxicology. Boron is an essential micronutrient for some plants. It is important in
plant cell division, metabolism, and membrane structure and function (WHO, 2005a).

(2) Charcoal.

(a) Acute Oral. The'LDso for rats orally exposed to carbon black has been determined to
be>15,400 mg/kg and >3000mg/kg in rabbits RTECS (RTECS, 2006).

(b) Subchronic Oral. Female Sprague-Dawley rats and female CFI mice treated with 1,2
dimethylhydrazine to induce adenocarcinomas of the colon were fed carbon black at 2.05 g/kg
for 52 weeks (Pence et aI., 1985). No differences in tumor incidences were seen in rats or mice.
Although exact amounts were not reported, no effects of a diet of 10% carbon black in mice for
72 weeks were observed (Nau et al., 1976).

(c) Chronic Oral. No differences in tumor incidences were observed in a two-year
feeding study with 2.05 g/kg carbon black in female Sprague-Dawley rats and female CF1 mice
(Pence et al., 1985).

(d) Acute Inhalation. No data found.

(e) Subchronic Inhalation. No data found.

(t) Chronic Inhalation.

i. Hamsters exposed to 3 mg/ft3 black carbon for 172 days did not have any observable
differences in pathological changes to the la3'nx, trachea, hypopharynx, or cervical esophagus
compared to controls. Exposure to 1.5 mg/ft did, however, result in edema in the subepithelial
area of the thyroaryntenoid fold and retention of amorphous eosinophilic material in the
subglotic glands. In the same study, Rhesus monkeys that were exposed to 1.5 mg/ft3 for 160
days did not have any impairment in pulmonary function, but did have accumulations of carbon
black particles in the lymphatics surrounding the bronchiolar areas and were observed to have
experienced destruction of the alveolar walls in the bronchioles and parenchyma surrounding the
pulmonary veins (Nau et aI., 1976).

ii. Carbon black is considered to be a non-specific irritant with toxic effects similar to
other insoluble particulates (USEPA, 2005). Few toxicity data exist for acute inhalational
exposure to carbon black due to the greater concern over the potential for cancer from longer
term exposures (Heimich et aI., 1994; Driscoll et aI., 1996). A description of the current views
on the mechanism of inhalational carcinogenicity is discussed in the carcinogenesis section.

(g) Dermal. No data found.
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(h) Reproduction and Development. No data found.

(i) Mutagenicity. No data found.

G) Carcinogenesis. A recent review by Valberg and co-workers reassesses the
International Agency for Research on Cancer's 1996 reclassification of carbon black from group
3 to group 2B (Valberg et aI., 2006). The elucidated mechanism for carcinogenicity reveals that
the particulate exposures result in macrophage activation of various signaling pathways that
amplify inflammation (IARC, 1996). Mutations and fibrosis result from the chronic state of
inflammation that help to cause metaplastic changes and lung tumors (Knappen et aI., 2004).
The carcinogenic properties are therefore similar to any poorly soluble particle--toxicity results
from particle overload more than the molecules' chemistries. In light of the new mechanistic
data for carbon black's potential carcinogenicity, it has been determined that there is inadequate
evidence of cancer risk in humans and limited evidence in experimental animals (Valberg et aI.,
2006).

(k) Ecotoxicology. Ecotoxicity data were available for the common carp (Cyprinus
carpio) using activated charcoal. Activated charcoal is used in many aquatic filtering systems;
however, effects to the fry in a slurry had not yet been tested; no adverse effects were found
(Kaviraj et aI., 1995). An inhalation study conducted with carbon fibers using northern bobwhite
(Colinus virginianus) was found not to result in adverse effects except at high concentrations (C.
Driver, pers. comm.). ECOSAR-predicted endpoints from the EPA's assessment for carbon
black (USEPA, 2005) are presented in Table 3.

b bl kd' d dT bl 3 ECOSARa e -pre Jcte enjpomts or car on ac .
Orl!anism Duration Endnoint Predicted ml!/L

Fish 14 day LCso 250
Fish 96 hour LCso 170

Daphnid 48 hour LCso 170
Green algae 96 hour ECso 96

Fish 30 day ChV 18
Daphnid 16 day ECso 5

Green algae 96 hour ChV 5
Fish 96 hour LCso 22

Mysid shrimp 96 hour LCso 110
Earthworm 14 dav LCso 240 (dry mass soil)

Key: ChV - chrome value estImate (survIval/growth for fish; growth for algae

(3) Epikure™ 3125. Epikure™ 3125 is a curing agent manufactured by Hexion Specialty
Chemicals, Columbus, OH, and is comprised of two components: polyaminoamide (>96%) and
triethylenetetramine «6%) (Hexion Specialty Chemicals, 2007). A request was made to Hexion
for data that had been collected from any internal toxicological studies done with Epikure™
3125, but no data has been forthcoming. SCORECARD, has Epikure™ 3125 listed as a high
volume chemical with productions exceeding 1 million pounds armually in the US; it could not
be designated with a hazard ranking because of lack of data (Scorecard). The majority of the
information found was from Material Safety Data Sheets (MSDS) for specific products that
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