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(Carcinogens
Introduction

The complexity and range of environmental hazards to which deployed Desert
Storm/Desert Shield personnel had exposure opportunity include members of every known
hazard class: biologic agents, chemicals and physical agents as well as those of wartare itself.
Bevond identifying the presence of potential environmental hazards however, to assess the
health risk of exposed personnel, the exposure circumstances., duration and dosc of these agents
is also crucial.  The absence of these data severely limit the ability of public health professionals
to make assessments about potential future health risk. This 1s generally true about most chronic
outcomes, including cancer risk, although the relatively short duration of exposure in the Gulf
(months) and our current understanding of the mechanism of cancer development. make
determinations of cancer risk perhaps a bit easier to elucidate than some other discase outcome.

Mechanisms of Carcinogenesis

Over the last hifty years, the process of cancer development resulting from exposure to an
environmental cancer causing chemical has been clucidated. While there are intricate molecular
processes involved, there are several unifying and fairly straight-forward coneepts which assist in
understanding the process ol cancer development.

The first coneept is that cancer results from a multi-stage process, rather than a single
insult or exposure. This process commences with exposure 10 a carcinogen- a substance which
can cause cancers, This carcinogen interacts with DNA-the genetic material of a cell-and
critically alters it, usually by covalently binding with it causing a mutation, this is termed ™
initiation.”™ This process is not in itself sufficient to result in tumor formation. Rather it is the
first in a series of events, the subsequent events and timing of which are also critical in advancing
the likelihood of cancer development.

A subsequent exposure to usually a sccond agent, termed a “promoter™, possibly 1n
multiple doses, over the right time frame, may result in tumor formation. This ** promotion™
stage is likely composed of a number of steps. It is believed that part of the promotion stage
involves a sccond critical mutational cvent in the cell’s DNA.

The final stage of the process. “ progression”, then begins. It appears that there are
chemicats that both enhance and inhibit this stage and that progression oceurs over a prolonged
period of time, with the type of tumor, its invasiveness and metastic propertics being modulated
by chemicals encountered during this later stage. [ Frumkin, 1995

Another important feature of the carcinogenic process is the concept of ™ latency™.
Latency is defined as the time span between the initiating event and the development of the
recognizable tumor. The latency period for human cancer development tends to be quite long as
we have observed in epidemiologic studics. According to Doll and Peto, world rencwned cancer
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epidemiologists, “ It must be born in mind that cancer in humans seldom develops unti] one or
more decades after beginning exposure to a carcinogen..” [Doll and Peto, 1981]

Risk Assessment

Risk Assessment 1s a process adopted by governmental public health agencies
(EPA,OSHA), to characterize the magnitude and severity of population exposure to carcinogens.
This is a four step process which involves:

(a) Hazard Identification- the collection of data to determine whether a substance is
carcinogenic to humans. Data sources include epidemiologic studies, animal studies, short term
bioassays and structure activity relationships (SARS} of the chemicals in question.

(b) Exposure Assessment- determines the population exposed to the putative carcinogen, at
what concentration or exposure dose, for what duration and through what exposure route (
inhalation, ingestion or skin absorption).

(c) Dose Response Assessment- involves applying information in the first two steps to
construct a qualitative estimate of cancer risk at various exposure doses. This may involve
extrapolation of data using mathematical models from higher dose exposures down to lower
exposure concentrations, where cancer outcomes might be more difficult to identify.

(d) Risk Characterization- is the outcome of the above process. It yields a quantitative
estimate of human cancer risk. It also considers measures of uncertainty for each of the above
steps.

| Frumkin, 1995 )

Epidemiologic Evidence

In examining the case for deployment-related cancer excess, we must look to
epidemiologic studies. Two mortality studies of PGW veterans have been conducted (Kang and
Bullman, 1995; Write et al, 1996). Neither found excess mortality for cancer when compared to
that experienced by troops deployed elsewhere during the same period.

Another study of hospitalized PGW veterans reported in preliminary findings (Coate et
al, 1995) pre-war versus post-war hospitalization rates for active duty troops deployed to the PG
between August 1990 and July 1991 with those of un-deployed veterans. The study found no
increase of hospitalization for any cause among PGW veterans compared to control veterans.
Examination of 14 broad diagnostic categories in each of three past war periods elicited four
instances of possible increased risk of hospitalization, one for neoplasms. The authors point out
these were largely benign, but the time frame of 1991, would not allow for any latency after
some presumed environmental exposure making any putative association biologically
implausible.

The Cancer experience of active duty PGW service members is similar to that reflected in
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the epidemologic studies. “Cancer is rare among CCEP enrollees. “ (PAC Report pg.61) The
types of cancer found most frequently (lymphomas, skin cancer and testicular cancer) are among
the most commonly found in males of the deployed age group. These are the same findings
involved in the DVA experience. “Cancer also is rare among individuals in VA’s Registry.
There does not appear to be an unusual incidence of any specific type of cancer in this
population.” (PAC Report pg. 61) The same three most common cancer types seen in the CCEP
population were reported in the VA registry cohort. Thus both epidemologic evidence and
registry data sources are corroborating no Cancer excesses in the PGW exposed cohort.

Exposure Assessment
Exposure Assessment in Reproductive Health Studies

Most of the studies of reproductive health of Persian Gulf War veterans, whether they be
those that have been completed, or those that are ongoing, suffer from extremely weak exposure
assessment. A majority of the studies use exposure assessment definitions as simple as those
deployed being exposed, and those non-deployed being unexposed for controls. This is clearly
inadequate. The most seriously flawed in this regard are the birth defects studies which generally use
birth defects reporting data bases, and compare outcome with Persian Gulf deployed versus non-
deployed members, and there is absolutely no discussion of exposure assessment. In exception to
this, however, is the Jowa study of regular military and National Guard deployed versus non-Persian
Gulf deployed regular and National Guard service members. Here, although the only reproductive
outcome that is surveyed for are symptoms of sexual discomfort, there is a much greater emphasis in
a fairly detailed environmental exposure history. Of the studies that are ongoing, again the very large
hospital based medical record studies, such as the Cowan and Calderon studies, as well as the
Aronetta studies 3, 4 and 7, referred to in Dr. Swan's report, all have this significant weakness of
having no address of exposure assessment, except deployment status. The other studies that are
ongoing, several do, however, address environmental exposures. These include the National Health
Survey performed by the Department of Veterans Affairs, which 1s going to include a detailed self
report of a number of environmental exposures, as well as the University of Oregon's evaluation of
infertility, menstrual abnormalities, fetal loss and genital tract symptoms, where they are also going to
include a quite detailed environmental history of physical, biological and chemical agents. The
planned study by the KLEMM group of 10,000 Persian Gulf War deployed women compared to non-
deployed woman, looking at infertility, pre-term birth, still birth and birth defects, has a very detailed
environmental exposure history proposed, and includes duration of exposure before, during and after
deployment to the same environmental hazards. This is an added strength that is not seen in any of
the other studies heretofore. Also of interest, we should mention that the clinical study at the
University of Cincinnati, looking at seminal plasma hypersensitivity reactions plans to address in a
research format some of the environmental agents which may be active here by introducing some of
these environmental substances in an in vitro system during the assessment of seminal plasma
hypersensitivity. This type of inclusion of environmental effectors in a research protocol is something
that we should like to see in future research studies.

Epidemology of Self-Reported Environmental Exposures
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The 1996 summary of the Department of Defense's (DOD) Comprehensive Clinical Evaluation
Program (CCEP) for Persian Gulf War Veterans included data for more than 18,000 returned service
members who requested a complete health evaluation.  Part of the health evaluation involved
quuestionnaire completion of a self-reported environmental history. The questions clicited information
about toed and water intake. and personal habits, such as smoking and exposure to passive smoke, as well
as questions regarding the more uncommon chemical environmental exposures.  Obviously, the
circumstances of exposure, and what determines the individual service member's positive response, are
variable. Frequency of exposure is also not obtained by this method. Nonctheless, it gives a sketch of
what individual soldiers reported.

A stmuidar battery of questions were included in the Department of Veterans Attairs (DVA)
Persian Gulf Registry questionnaire. Responses clictted are displayed in Table X, Of interest is the close
agreement between the two sources on frequency of environmental exposures. Passive cigarette smoke.
diesel exposure, oil fire smoke and tent heater fumes were most commonly reported.

The detail of the questions in both the DOD's CCLEP assessment, and the DV A's assessment are
problematic. While a tarly complete "laundry list” ot potential exposures is elicited. information
regarding crucial aspects of the exposure are lost because of the way the question is worded. Most of the
questions [rom both sources are worded like: "While in the Persian Gulf, do you believe you were
exposed to any of the following?" It is not clear to the service member what constitutes a posttive
answer, o example. exposure to diesel fumes, the most common affirmative response reported (90%
ol veterans and 88% of active duty service members) could like have been elicited by anyone riding in
a vehicle. More diseriminating information could have been elicited, such as attempting to determine
more intense exposure, that is occupational diesel exposure arising from, say assignment to vehicle
maintenance or transport. This compared 1o a "environmental” exposure opportunity of any vehicle rider.
which is what is supgested by an open ended question like “Have you ever been exposed”?” This simple
discrimination would lend some semi-quantitative information about exposure intensity. The DVA
questionnaire gives a pood example of a simple improvement in questioning, which refines the
information elicited. When asking about dicsel or petrochemical exposure, it asked about skin contact.
While it is understood that only so much detail can be captured, some simple refinement of questions
could enhance the value of the information obtained without increasing the number of questions.
Tightening up the overall summary questions from "were yvou ever” (o "were you, as part of your job
dutics working with": or "did you have skin exposure to..."; or "other than bystander exposure, did you
work with or regularly (define time frequency appropriate to the substance in question) handie substance
X

There are some substances for which we are more interested in chronic exposure, such as petrochemicals,
diesel and particulates. and discriminating phrases could be added to those questions to enhance response
value. For other substances, we are interested in only one time exposure, such as mustard agent, but even
then, we are interested in whether there was skin contact or true breathing of fumes, such as in a fire or
explosion.

To summarize, without adding to the number of questions either health assessment battery currently
includes. more refinement of the language used in crafling questions, and some guidance given to
participants about what type of exposure constitutes a clinically important "yes" to the question, could
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greatly enhance the value of this information.
Candidate Carcinogens

A number of carcinogens or potentially carcinogenic substances have been referred to as
present in the Gulf War theater both by the IOM Committee and the PAC. [ have attempted to
include those substances and also have reviewed the GAO Report on Reproductive hazards to
identify possible carcinogens on that list. A discussion on those agents’ toxicology and
evidence of carcinogencity is displayed in an appendix. In addition, several examples of each
type of hazard class will be reviewed in the text and are summarized in Tables 2-4.

Pesticides

There is documentation that the DOD shipped large volumes of one OC-Lindane to the
Gulf. A commonly encountered organochlorine insecticide, it is the agent used to treat head lice.
(PAC p.106)

According to the National Toxicology Program (NTP), there is sufficient evidence for the
carcinogenicity of various isomers of hexacholorocyclohexane (a substituent of lidane} in
animals. There is inadequate human evidence for cacinogenicity however.

Sarin (O- isopropyl methylphosphonic acid)

Sarin is a chemical Warfare agent which is a potentially lethal cholinesterase inhibitor. It
is not listed on the IARC or NTP carcinogen list (Sidell, 1992).

Paossible exposure to sarin or other Chemical Biological Warfare (CBW) agents from
atomospheric dispersion after bombing and destruction of Iraqi CBW facilities have been raised
in PAC reports and IOM discussions. While atomospheric models of such an exposure are
controversial at best, the IOM Commitlee counsels “.... There is no available evidence in human
or animal studies to date that exposure to nerve agents at low levels that do not produce any
detectable acute clinical or physiological manifestations results in any chronic or long-term
adverse health effects.” [OM Report page 50.

While the committee went on to make recommendations of some issues which required
further research (e.g. long-term, low level exposure effects), they stated that they “..relied heavily
on known toxicological and pathological effects and existing knowledge regarding short and
long-term health effects of CBW agents and on findings reported from extensive DOD and DVA
clinical evaluations of veterans. ““‘As well there has been no confirmed report of ¢linical
manifestations of acute nerve agent exposure.” (IOM report pg. 50).

As has been discussed throughout this document, while a number of toxic agents were
present in the GW theater, the duration and chronicity as well as intensity of exposure figure into
the likelihood of adverse health effects development. This is especially true of carcinogen
exposure. While some of the commonly used pesticides are animal carcinogens, they are not
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recognized human carcinogens and the expected exposure scenarios make cancer development
unlikely.

Oil Fire and Soil Contaminants
Volatile Organic Compounds

A health study of Army personnel deployed from Germany to Kuwait in June-September
1991 included an assessment of blood concentrations of several commonly encountered volatile
organic compounds (VOCs). Concern about VOC exposure from possible oil well fires
suggested this component of the comprehensive health study.

Subjects were assessed in three phases, in Germany prior to deployment; several weeks
after deployment in Kuwait; and upon return to Germany. Generally, there were not significant
differences in findings in the three phases and VOC results were considered within the range of
levels determined to be normal U.S. reference levels.

Investigators have reported only one significant elevation in VOCs among a large number
of Kuwait-deployed servicemen and that was to the compound tetrachloroethelene (PCE). This
compound is not usually associated with oil fires, but was also found to be higher in some
firefighters in Kuwait. One suspicion is that these elevations are due to PCE exposure during
weapons cleaning. (Personal Communication, D. Ashley, NCEH, CDC, Atlanta)

The compounds sampled for in this study can be found in the table below.
Table: Volatile Organic Compounds Sampled in Army Health Risk Assessment

1,1,1 - Trichloroethane
1.4 - Dicholorobenzene
Benzene
Chlorobenzene
Chloroform
Ethylbenzene
m-/p- Xylene
Xylene
Styrene
Tetrachloroethene
Toluene

It must be kept in mind that the time frame of sampling in Kuwait was summer 1991 and
therefore not necessarily representative of VOCs exposure earlier in the deployment. None-the-
less, the data are valuable in the context of excursions observed in Germany and as compared to
expected levels in the U.S.

Particulate Matter/Air Pollutants
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Dr. Leibowitz’s report on air pollutants summarizes the work of a number of different
investigators regarding air pollutants of different classes including particulate matter (PM), some
metals and oxides of Nitrogen (NO,) and sulfur dioxide (SO,). He feels there is evidence for
likely acute health hazards and potential for some chronic health hazards” ( Lebowitz draft,p.
12). I believe that this broad statement is about as precise as anyone can get given the exposure
assessment limitations. For some of the air pollutants Dr. Lebowitz discusses, the data are better
than they are for some other toxicant classes found in the theater. I don’t think the duration of
exposure to the air pollutant concentrations discussed here would significantly contribute to
cancer risk of the a deployed service member.

Diesel Exhaust

Diesel exhaust is a complex made up of gases and particuiate produced as a waste product
from diesel-powered equipment. Its major components include carbon dioxide, carbon
monoxide, oxides of nitrogen and particulates. Animal studies have consistently demonstrated
significant increases in Jung tumors in chronically exposed (at least 24 months) animals. (IARC,
1989). Also numerous epidemologic studies in humans demonstrate excess cancer risk (NIOSH
1988, [ARC 1989). The International Agency for Research on Cancer (IARC) classifies diesel
exhaust as a probable human carcinogen (Group 2A).

Benzo (a) pyrene

A number of toxic constituents characterize oil fire exposures, with much attention given to
the polycyclic aromatic hydrocarbon benzo (a) pyrene.

Environmental characterization of Kuwait oil-well fires indicated the likely presence of
numerous genotoxic contaminants. Mutagenic products of combustion including polycyclic
aromatic hydrocarbons (PAH) such as benzo (a) pyrene (BAP) were a concern in performing a health
risk assessment for troops deployed to Kuwait in June - September, 1991. As part of a larger health
assessment of these troops, the U.S. Army Environment Hygiene Agency (USAEHA) assessed the
potential for mutagenic exposure. The study employed a generic measure of mutagen exposure,
sister chromatid exchange (SCE).

Elevations of basecline SCE frequencies have been employed as indicators of human
genotoxic exposure to a number of environmental agents (Hansteen, 1982; Sorsa and Yager, 1987)
including polycyclic aromatic hydrocarbons (PAHs) (Rudiger et al., 1976; Dosaka et al., 1987).

Frequencies of sister chromatid exchange (SCE), a measure of genotoxic exposure, were
assessed in military troops deployed to Kuwait in 1991. Soldiers completed health questionnaires
and had blood collected prior to, during and following deployment to Kuwait. Frequency of
spontaneous SCE was determined on blood samples as a measure of mutagenic exposure and are
displayed below in Table 1. Compared to pre-deployment baseline SCE frequency means, levels
obtained two months into the Kuwaiti deployment were significantly increased (P < 0.001) and
persisted for at least one month after return to Germany. Outcome was unaffected by known
personal SCE effect modifiers including smoking, age, and diet.

50-364 - 19
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Table 1.

Comparisons of SCE frequencies for soldiers prior to, during and post deployment to Kuwait

n Prior During Post

502 4330 +9.07¢ 5.12+0.09

35 4.38¢ +0.09 528+0.12

26 4414 £0.116d  5.11+0.16 529+0.15

AThe number n varies due to differences in soldiers available for phlebotomy during each collection
mission.

bp < 0.0001 comparing 'Prior' to 'During', paired t-test; “p < 0.0001 comparing 'Prior' to 'Post’,
paired t-test.

dp <0.001 comparing 'Prior' to "During' paired t-test; “Mean + SE of individual means of SCEs
per cell.

This study reveals a ighly significant increase in mean SCE for a population of soldiers serving in
Kuwait while oil-well fires burned. This increase persisted for at least one month following return
to their pre-deployment assignment in Germany.

The genotoxicity of air particulates isolated during the Kuwait oil well fires was
demonstrated by Kelsey et al. (1994) who reported a dose-response relationship for SCE induced
in vitro with air particulate collected in Kuwait. However, a particulate sample collected in
Washington, DC showed simtlar results, although not with the same intensity as the Kuwaiti
sample. Kelsey also reported slight increases in the mutation frequency of the hprt locus induced
by both particulate samples, with the Kuwaiti sample being more mutagenic. This study failed to
demonstrate PAH-DNA adducts through 32P-post-labelling experiments in a human
lyphoblastoid cell line treated with the particulate samples. Darcey and colleagues also failed to
show differences in levels of PAH-DNA adducts in lymphocytes of nine workers fighting oil
fires in Kuwait (Darcey et al., 1992). These observations suggest that other constituents of
combustion products rather than PAHs may be responsible for the genotoxicity reported by
Kelsey et al. Environmental exposures not due to burning oil fires may have also caused the
observed increases in SCE.

The authors concluded that although a statistical increase in SCE frequency has been
demonstrated in troops deployed to Kuwait, implying a genotoxic exposure, multiple candidates
exist as the potential cause of this observation. At present, SCE elevations are thought to measure
exposure to some genotoxic agent, but the long-term health consequences of this phenomenon have
not been determined in this or other populations’ exposure to genotoxicants. (McDiarmid, et al.,
1995).

Another aspect of the Army's larger health risk assessment determined environmental PAH
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exposure which revealed low ambient levels of PAHs in the areas where soldiers were working in
Kuwait. As well, measures of PAH interactions with human blood lymphocyte DNA (PAH-DNA
adducts) and aromatic-DNA adducts were at their lowest levels in Kuwait compared to levels in
Germany. (Poirier M. et al., in preparation). These results suggest that the SCE elevations observed
by McDiarmid's group in this same cohort of soldiers are not due to environmental PAH exposure.
It is important to realize however, that this group of soldiers were deployed in the June-September,
1991 time frame, and their duties did not involve oil well fire suppression, thus their proximity to
the burning wells was not a likely risk factor, nor can these exposure circumstances be widely
attributed to other deployed units. There is limited evidence, however, that environmental PAHs and
BAP may not have played as significant a role as anticipated in potential health risks to soldiers
during deployment.

Other Toxicants
Depleted Uranium (DU)

Uranium is a naturally occurring heavy metal found in the earth’s crust which is an alpha-
emitting radioactive nuclide. It occurs in several isotopic combinations. Naturally occurring
uranium is an isotopic mixture of U > (0.005%), U 2* (0.711%) and U *** (99.284%).

Depleted uranium is a byproduct of the uranium enrichment process which increases the
percentage of U 2% in the isotopic mix of natural uranium. This enriched uranium has various
nuclear power and nuclear weapons applications. The product remaining is a uranium compound
“depleted” of U*** and U **. Thus DU possess a radioactive activity about 60% that of naturally
uranium. By weight percentage, naturally occurring uranium posses a radioactivity of 0.7
uCi/gm versus 0.4 uCi/gm for DU. [Daxon, 1995]. When alloyed with other metals to enhance
its physical charactenstics, DU is used in weapons systems.

The Nuclear Regulatory Commission’s (NRC) standard for public exposure to “man-
made” sources of radiation is 100 mrem/year above background (10.CFR 20.1301).

Uranium is an alpha particle emitter. An alpha particle is a positively charged (+2) ion
composed of two protons and two neutrons. Alpha particles cannot penetrate the skin’s outer
layers and normally therefore don’t pose a health risk unless they are internalized. Beta particles
(an electron emitted during radioactive decay of a neutron) is more penetrating. A gamma ray, a
discrete packet of electromagnetic energy with no mass or charge, is extremely penetrating and
thus poses a health hazard externally and internally.

Potential radiologic health effects from external DU exposure are thought to be small. *
The primary external hazards from DU are P and y radiation. These emissions are generated by
the radioactive decay of trace-levels of uranium daughter (decay) products. The radiation
exposure that Army personnel receive depends on the amount of DU present, the DU component
or piece of equipment in question, (kinetic energy penetrator, DU armor, etc.}), the configuration
( in manufacture, in storage, uploaded on a vehicle, bare penetrator, etc.) and the exposure time.
All DU weapon systems used by the Army are shielded to control the B radiation emitted from
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DU. The Army has aggressive programs for managing the radiation exposure potential from DU
munitions and tank armor.” ( Summarized by Daxon, pg. 106). Researchers have conducted
investigations to evaluate radiation field strengths. These investigations sought to define the level
of exposure for soldiers and other personnel operating or maintaining these weapon systems.

Table 6-1. Comparison of the Relative Radiation Dose per Unit Mass Internalized, for DU
and other Substances

ISOTOPE RELATIVE RADIATION DOSE*
DU 1.0

Naturally Occurring Uranium 1.7

PP RA 200,000

1 Am 30,000,000

* Doses were calculated based on the committed effective dose equivalent per unit intake factors
for inhalation quoted in EPA’s Federal Guidance Report No.11 ( Eckerman et al, 1988)

Uranium doses were calculated assuming that all were insoluble and, as such, represent worst
case (highest) committed effective dose equivalent values (from Daxon).

Continuing from Daxon.....

Danesi (1990) summarized the exposure potential from DU weapon systems. He
concluded that intact DU weapons systems, both munitions and armor, presented very
little external exposure risk for personnel working with them. Danesi (1990) further
suggested that soldiers and support personnel working with or using DU weapon systems
are unlikely to exceed the exposure limit for the general population and will not approach
the limit for occupational exposure (5,000 mrem/yr.) The Army monitors soldiers and
support workers according to NRC occupational exposure standards (10 CFR 20.1201),

Holding a spent DU penetrator ( DU metal without shielding) would deliver a skin dose
(B and y) of approximately 200 mrem/hour (Coleman et al., 1983; Cross, 1991: Needham
and Coggle, 1991; Piesch et al., 1986; Rohloff and Heinzelmann, 1986) The current
occupational exposure radiation dose limit (B and ) for skin is 50,000 mrem/yr. The
only plausible way that a soldier or support person could exceed this skin dose would be
if a piece of DU from an expanded penetrator were carried as a souvenir.

The radioactive properties of DU have the greatest potential for health impacts when
DU is internalized. DU can be internalized through inhalation or ingestion. Inhalation
can occur during DU munitions testing, during a fire involving DU munitions or armor,
and when DU particles are re-suspended by testing or fires. The inhalation potential of a
particle depends on its dimensions and mass. The effective particle size is determined
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from the mass-mean particle-size. Ingestion occurs primarily from hand-to-mouth
transfer or from DU-contaminating water or food. Fragment wounds containing DU
metal and contamination of any wound with DU occur in combat,

Internalized DU delivers radiation wherever it migrates in the body. Within the body,
o radiation is the most important contributor to the radiation hazard posed by DU. The
radiation dose to critical body organs depends on the amount of time that DU resides in
the organs. When this value is known or estimated, cancer and hereditary risk estimates
can be determined. (ICRP, 1977).

The health risks of internal DU exposure are a function of the particle
characteristics, route of exposure, duration of exposure, and the species of DU (Eckerman
et al., 1988; ICRP, 1981). The rate at which DU is eliminated can be measured in urine
or, in the case of ingestion, in the feces. These data can be used to estimate the total
amount of DU internalized. From this and other information, researchers can develop
health risk models to estimate health risk for various types of internal DU exposure
(Boecker et al., 991, Eisenbud, 1987; ICRP, 1981, 1979; Kathren and Weber, 1988;
Kocher, 1989; Leggett, 1989; Toohey et al., 1991; Wrenn et al., 1985).”

Health Risks from Chemical Toxicity

Because the radioactivity of DU is very low, the chemical toxicity of DU may be the
more significant contributor to human health risk. As previously indicated, DU and
natural uranium have essentially the same chemical behavior and toxicity. Therefore,
chemical toxicity data developed for any isotope of uranium are applicable to DU. Other
heavy metals--such as lead, chromium, tungsten, and uranium--are also chemically toxic.
The toxic properties of DU and uranium have been broadly studied (Voegtlin and Hodge,
1949, 1953; Stokinger et al., 1981; Kathren and Weber, 1988; Leggett, 1989; Diamond,
1989; Kocher,1989;Zhao and Zhao, 1990).

As has been the case throughout this report, the absence of exposure assessment data
severely limit what can be said about a soldier’s potential risk of a cancer outcome from
a“ DU” exposure. [t is believed by a majority of investigators involved in following the
DU-exposed soldiers from the several * friendly fire” incidents, that those soldiers with
retained metal fragments are and were likely the “ most exposed” because their fragment
retention constitutes an ““ on-going” exposure of some seven year’s duration. The
inhalation exposures that accompanied those events are thought likely to be of greater
intensity than other exposure scenarios that have been described including those
involving potential exposure during rescue operations, decontamination and equipment
overhaul and preparation for transport; and even more remotely exposed, in fact, more
aptly environmentally rather than occupationally exposed, those with *“ bystander”
exposure ( walking by a burning Bradley, for example.) These examples constitute a
model of “ concentric rings” of exposure, with those involved in the friendly fire
incidents in the center, those involved in the rescue, decontamination {decon) or possibly
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rare health surveillance activities in a intermediate circle and the more remotely, possibly
one-time, environmentally exposed in the outer-most circle. Various exposure modeling
scenarios arc being constructed by the Radiation Health groups of the Army, and should
provide some improvement regarding exposure opportunities for these potentially
exposed groups. Of special import in this work are the respiratory exposure issues
surrounding the opportunity to inhale re-suspended DU particles { during decon
operations, for example).

Caution is warranted however, because although these modeling scenarios will
hopefully fill data gaps too long with us, the models, almost by definition, will be built
on multiple assumptions. This does not render the results useless, but also does require
acknowledging the uncertainty which accompany their conclusions.

Concerns about uranium exposure as a potential cancer risk are driven by its alpha-
emitting radiologic properties. A number of human epidemologic studies have been
done in uranium miners exposed to uranium { and other potentially toxic substances in
mines) over the past 30 years. Although several of these studies have found lung cancer
excesses in miners, attributing these excesses to uranium has been difficult due to the
presence of other hazards in the mines including radon gas, silica, other metals and
possibly miners’ smoking [Samet et al 1984, Gottlieb and Husen 1982; Summarized by
ATSDR 1997].

Studies evaluating lung cancer risk in uranium- processing nuclear plant workers have
been similarly plagued by worker exposure to other radioactive sources. Several studies
found excesses in lung cancer, but could not unequivocally link them to uranium
exposure (Cragle et al, 1988; Cookfair et al.,1983). Studies of bone cancer (Sarcomas)
associated with uranium exposure also have not shown excesses in humans.(Samet et al
1986; Wrenn and Singh 1983; Summarized in ATSOE 1997]. Several studies of
lymphatic and hematopoetic tissue have found small excesses, but again, the questions of
exposure to other radioactive sources ( e.g. TH #°, a decay product of U #*) is raised.
(Archer ct al 1973; Waxweiler. 1983). Taken as a group, the human epidemologic
evidence that elemental uranium itself has resulted in cancer excesses is not strong.
Rather the presence of uranium progeny ( radon) or other radiologic or toxic metal
exposure sources are compounding and are likely driving the cancer excesses observed.

These data regarding elemental uranium suggest that the radiologic cancer risk of DU
exposure is likely even lower than that for elemental uranium due to the relatively lower
radioactive activity of DU (0.4 uCl/gm) compared to elemental uranium (0.7 uCi/gm).

As well | the multi-stage theory of cancer development suggests that the more
remotely, environmentally DU-exposed, those with by-stander exposure, those with
short duration exposure, are likely not to have sustained a statistically significant cancer
risk. The small cohort of soldiers with retained metal fragments are likely the group at
highest risk for cancer, (due to on-going exposure derived from the retained metal).
However, even seven years into the exposure, there is no clear evidence of DU-related
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clinical health effects in those soldiers with retained fragments. Latency issues and
prudence would suggest, however, that this group continue to be followed.

in summary, while DU is a radiologic hazard, its relatively low radiologic activity, the
low likelihood of prolonged duration of exposure ( except for the group with retained
metal fragments), combined with the mechanistic issues the multi-stage theory of
carcinogenesis implies, suggests that a significant cancer risk from DU exposure is
small. This is the opinion of both the IOM Committee and the PAC.

Mustard Agent

Mustard agent, an akylating chemical weapon, 1s capable of causing covalent binding
of an alkyl group (small carbon-containing groups) to genetic material (the DNA of a
cell). Hence it possesses mutagenic and potentially carcinogenic activity. It is highly
reactive and can cause skin and eye burns acutely. There is evidence of an increase in
Jung cancer from exposure. (IOM, 1993; ATSDR, 1992.)

One confirmed case of mustard agent exposure has been documented in a soldier
exploring a captured bunker in Southern Iraq on March 1, 1991. It is unlikely that there
was widespread or significant exposure to mustard agent in the absence of other reports
of acute effects.

Aflatoxin

Aflatoxin, a naturally occurring toxin elaborated from mold growing on some stored
grains, peanuts or other food stuff under certain storage conditions, is raised as a
potential environmental carcinogen. There is epidemiologic evidence that aflatoxin
ingestion 1s associated with an excess of liver cancer and that liver cancer incidence is
higher in geographic areas where there is aflatoxin excess ( e.g. China) Wogan,
1992[Ref.] However, the exposure scenario and evidence which could make this
toxicant a plausible candidate for widespread concern is absent.

Increased rates of liver cancer could result decades following low-level exposure,
although available evidence reviewed by the committee does not indicate such exposures
occurred during the Gulf War.” PAC Report p. 112.

Research Regarding Cancer

There is little government sponsored ongoing research activity, specifically regarding cancer
risk. Given the summary of biologic plausibility and exposure scenarios recounted thus far, this
lack of activity is not particularly inappropriate. If there is a cancer excess to be documented in
deployed troops, we know that the latency between first exposure, and onset of disease, 15 usually
many years (normally at least ten), and therefore any excesses are still to be found 1n the future.

There are a number of applied (rather than human epidemiologic) studies ongoing which do
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relate to potential cancer risk. These include the study titled "Biomarkers of Susceptibility and
Polycyclic Aromatic Hydrocarbon (PAH) Exposure”, part of the U.S. Army Kuwaiti oil fire
health risk assessment (project # HHS-3). The depleted uranium (DU} basic studies, including
an animal study of imbedded DU metal fragments (project #DOD-7A) being done at the Armed
Forces Radiobiology Research Institute (AFRRI) in Bethesda, and an inhalation toxicology study
of DU fragment carcinogenicity (project #DOD-7B) performed at the Inhalation Toxicology
LLaboratory of the Department of Energy in Albuquerque are also ongoing.

some studies already completed have helped inform this report. For example, the U.S. Army
Kuwaiti oil fire health risk assessment results (DOD-16; DOD-18) have been reported in this
document in the section discussing polycyclic aromatic hydrocarbons and volatile organic
compounds.

Although listed as environmental toxicology studies, several of these projects may have
important input regarding exposure assess ment for carcinogens. These include the
characterization of emissions from tent heaters (project #D0OD-34} ongoing at the U.S. DOE
Laboratory at Albuquerque, the Persian Gulf Veterans Health Tracking System (project #DDOD-
19) at the Center for Health Promotion and Preventive Medicine (CHPPM) at Aberdeen, and the
Retrospective Verification of Mustard Gas Exposure Project (VA-47) at the Louisville VAMC,
may contribute. Although this study's aim is to correlate mustard gas exposure to reproductive
risk, its applicability to cancer risk is also clear.

Another basic research study with a non-cancer focus, but with potential application to the
cancer question, is a project titled "DNA Damage From Chemical Agents, and its Repair”
(project #VA-6D)} at the Portland VAMC. Here the focus is on nervous system insult from
mustard exposure. However, some of the measures of DNA- mustard interactions (DNA
adducts) may be applicable to cancer (and reproductive hazard) questions.

Epidemiologic studies that are examining the cancer question include an ongeing mortality
study of veterans {project VA-1) and a completed study of U.S. military personnel (project
#DOD-15).

Also of interest is an ongoing Boston VAMC study of Gulf War and Vietnam veterans cancer
incidence (project VA-4C). This study involves linking rosters of Gulf War veterans 1o state
cancer registries in the New England area. These record linkage studies tend not to focus on
specific environmental exposures, but would look as Persian Gulf War service as the exposure,
and compare results to non-Persian Guif War deployed veterans. This is a reasonable way to do
surveillance for the unlikely, but possible cancer excesses which might arise from Persian Gulf
War deployment.
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Recommendations

L The inappropriate use and application of toxic substances (diese!
fuel used as a sand suppressant) needs to be identified and stopped.
Training in hazardous materials handling and commeon sense handling of
these substances needs to be implemented. The NIEHS model of tiered
hazmat training is suggested.

il. As the PAC report suggested, surveillance for cancer
development can be planned for and implemented although care to
refine exposure assessment questions for epidemiologic tools needs to
be brought to the process,

1. Future surveillance of the DU-exposed “friendly fire” cohort is
required. This group is perhaps the only undisputed carcinogen-exposed
cohort identified from the deployment. Although we are heartened by
good health outcomes up to now and the relatively lower radioactive
intensity of DU compared to natural uranium, the exposure
circumstances of retained metal fragments has not been previously
encountered and represents an on-going exposure. We are obliged to
follow them forward.

PAC Recc pg. 126

“DOD & VA should perform long-term mortality studies of GW veterans
appropriate for investigating cancer rates in the Gulf War veteran population in coming
decades.”
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Table 1: Frequency of Self-Reported Environmental Exposures in
Gulf War Veterans (GWV)® and Active Duty Service Member (ADS)

EXPOSURE POSITIVE RESPONSE
GWV* (%) ADS’ (%)

Passive Cigarette Smoke 88.5 88
Diesel/Other Fuels/Petrochemical Fumes 90.4 88
Oil Fire Smoke 72.6 71
Tank Heater Fumes 2.5 70
Pyridostigmine Bromide 64.2 74
Personal Pesticide Use 66.7 66
Burning Trash/Feces 73.9 N/A
Skin Exposure to Fuel 73.7 N/A
ATE Non-US Food 71.3 66
Chemical Agent Resistant Paint CARC) 34.3 47
Solvent /Paints 53.6 48
Anthrax Immunization 48.7 49
Ate Contaminated Food ' 332 21
Microwaves 34.2 N/A
Bathed in Contaminated Water 28.6 20
Bathed in Non-Military Water 30.5 N/A
Bathed in/Drank Non-US Water N/A 32
Botulism Vaccine 26.8 26
Depleted Uranium 14.2 15
Nerve Gas 14.1 61
Took Qral Meds to Prevent Malaria N/A 22
Mustard Gas/Blistering Agent N/A 25
Chemical Alarm N/A 65
Witnessed Casualty N/A 56
Witnessed SCUD Attack N/A 54
Witnessed Actual Combat N/A 37
Wounded in Combat N/A 2

a = From Office of Public Health & Environmental Hazard

5. DVA. “Review of DVA Revised Gulf War Registry & [n-Patient Treatment Files (12/97) N = 10,075

b = Percent based on parncipants who answered Yes or No (excludes unknown) from DOD CCEP for PGW Veterans (4/96).
N = 18.075

i:diveuseriocemediatliduimelissal
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TABLE 2: SUMMARY OF MUTAGENICITY AND CARCINOGENICITY

OF SELECTED PESTICIDES

AGENT MUTAGENICITY CARCINOGENICITY

Carbaryl Stight mutagenic risk No tumors in 10 fong-term rodent studies
May combine with dietary nitrite to form Dietary nitrite constituent was carcinogenic at high
mutagenic constituent doses in one study

Diazinon ? Mutagenicity Not considered carcinogenic

Dichlorvos + in-vitro mutagenicity Classified as “possible human carcinogen” by EPA
- Mutagenicity in live animals

Lindane Unlikely mutagenic in humans at low dose

Carcinogenicity in animals is low (IARC)
One i1somer 1s carcinogenic in animals, however.

L8¢

Pentachlorophenol

Weakly mutagenic at most
No evidence in humans

+ animal carcinogen {mice)
Limited evidence for carcinogenicity in humans

Pyrethrins No information found No status established
Warfarin No information available No information available
Sarin

Not listed as carcinogenic by IARC or NTP

International Agency for Research on Cancer (IARC); National Toxicology Program (NTP)

See appendix for sources and citations
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TABLE 3: SUMMARY OF CARCINOGENCITY OF SELECTED
OIL FIRE & SOIL CONTAMINANTS

AGENT CARCINOGENICITY
Arsenic o Sufficient evidence of carcinogenicity in humans (IARC)
Cadmium .

Sufficient evidence of carcinogenicity in animals
Limited evidence in humans (IARC)

Hexacholorobenzene

® O

Sufficient evidence in animals
Inadequate evidence in humans (IARC)

[.ead

Sufficient evidence of carcinogenicity in animals
Inadequate evidence in humans (IARC)

Nickel

Sufficient evidence of carcinogenicity in animals
Sufficient evidence in humans (IARC)

Polycyclic Aromatic Hydrocarbons (PAHs)

Sufficient evidence of carcinogenicity in animals for some PAHs (IARC)
Many + epidemiologic studies of increased cancer incidence in humans

Silica

Sufficient evidence of carcinogenicity in animals
Limited evidence of carcinogenicity in humans (IARC)

Diesel Exhaust

Sufficient evidence of carcinogenicity in animals
Limited evidence of carcinogenicity in humans (IARC)

International Agency for Research on Cancer (IARC); National Toxicology Program (NTP)

See appendix for sources and citations

BYSG
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TABLE 4: SUMMARY OF CARCINOGENCITY OF

SELECTED TOXICANTS

AGENT

CARCINOGENICITY

Mustard Agent

* Limited evidence of carcinogenicity in animals

» Sufficient evidence of carcinogenicity in human
(1ARC)

Turbine Fuel JP-5

¢ Not listed as a carcinogen by IARC OR NTP

Turbine Fuel Aviation JP-8

¢ Not listed as a carcinogen by IARC OR NTP

Fuel Naval Distillate M/L-F (NATO F 76) » Not listed as a carcinogen by JARC OR NTP

International Agency for Research on Cancer (IARC); National Toxicology Program (NTP)

See appendix for sources and citations

68¢
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Ot oyl
TRADE OR OTHER NAMES

Product names include Carbamine, Denapon, Dicarbam, Hexavin,
Karbaspray, Nac, Ravyon, Septene, Sevin, Tercyl, Tricarnam, and
Union Carbide 7744.

INTRODUCTION

Carbaryl is a wide-spectrum carbamate insecticide which
controls over 100 species of insects on c¢itrus, fruit, cotton,
forests, lawns, puts, ornamentals, shade trees, and other crops,
as well as on poultry, livestock and pets. It is also used as a
molluscicide and an acaricide. Carbaryl works whether it is
ingested into the stomach of the pest or absorbed through direct
contact. The chemical name for carbaryl is Ll-naphthol
N-methylcarbamate.

Carbaryl is formulated as a sclid which variea from
colorless to white to gray, depending on the purity of the
compound. The crystals are odorless. This chemical is stable to
heat, light and acids under storage conditions. It is
non-corrosive to metals, packaging materials, or application
equipment. It is found in all types of formulations including
baits, dusts, wettable powder, granules, oil, molassas, aqueocus
dispersions and suspensions (13).

Carbaryl is a general use pesticide.
TOXICOLOGICAL EFFECTS
ACUTE TOXICITY

Carbaryl is moderately to very toxic, and is labeled with a
WARNING signal word. It can produce adverse effects in humans by
skin contact, inhalation or ingestion. The aymptoms of acute
toxicity are typical of the other carbamates. Direct contact of
the skin or eyes with moderate levels of this pesticide can cause
burns. Inhalation or ingestion of very large amounts c¢an be toxic
to the nervous and respiratory systems resulting in nausea,
stomach cramps, diarrhea and excessive salivation. Other symptoms
at high doses include sweating, blurring of vision,
incoordination, and convulgions. About fifty cases of
occupaticnal or accidental illnesses due to exposure to carbaryl
have been reported, but ne fatalities have been documented. The
only documented fatality from carbaryl was through intentional
ingestion.

The oral LD50 of carbaryl ranges from 250 mg/kg to 850 mg/kg
for rats, and from 100 mg/kg to 650 wmg/kg for mice (12, 13). The
inhalation LC50 for rats is 0,005 to 0.023 mg/kg {(13}. Low doses
can cause minor skin and eye irritation in rabbits, whose dermal
LD50 has been measured at greater than 2,000 mg/kg {12).
Technical carbaryl has little potential for skin or eye
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Technical carbaryl has little potential for skin or eye
irritation.

Occupational workers have the greatest potential for
exposure through inhalation or through the skin. The general
public's highest risk of exposure is through ingestion of
contaminated food {(14)

CHRONIC TOXICITY

Athough it may cause minor sgkin and eye irritation, carbary.
does not appear to be a significant chronic health risk at or
below occupational levels. Male volunteers who consumed low
doses of carbaryl for six weeks did not show symptoms, but tests
indicated slight changes in their body chemistry (12).

Reproductive and Teratogenic Effects

No reproductive or fetal effects were observed during a
long-term study of rats which were fed high doses of carbaryl
{12} . The evidence for teratogenic effects due to chronic
exposure are minimal in test amimals. Birth defects in rabbit
and guinea pig offspring occurred only at dosage levels which
were highly toxic to the mother. A 1980 New Jersey
epidemiological study found no evidence of excess birth defects
in a town sprayed with carbaryl for gypsy moth control. There is
only limited evidence that carbaryl causes birth defects in
humans. The EPA has concluded that carbaryl does not pose a
teratogenic risk to humans if used properly (16}.

Mutagenic Effects

Numerous studies indjicate that carbaryl poses only a slight
mutagenic risk {8, 12). However, carbaryl can react with nitrite
under certain conditions to give rise to N-nitrosocarbaryl.
Nitrosocarbaryl has been ghown to be highly mutagenic at low
levels in laboratory test systems. This may be a concern to
humans because there is a possibility that carbaryl, a pesticide,
and nitrite, a substance found in food additives and in human
saliva, may react in the human stomach to form nitrosoccarbaryl
(2, 8). Carbaryl has been shown to affect cell mitosis {cell
division) and chromosomes in rats (13).

Carcinogenic Effects

Carbaryl has not caused tumors in ten longterm and lifetime
studies of mice and rats. Rats were administered high daily doses
of the pesticide for two years, and mice for eighteen months,
with no signs of carcinogenicity (3). However,
N-nitrosocarbaryl, formed by the reaction of carbaryl and
nitrite, has been shown to be carcinogenic in rats at high doses
(7). BAlso, mice exposed to carbaryl in the product, tricaprylin,
for four weeks each, developed lung tumors (12}.

Organ Toxicity

Ingestion of carbaryl affects the lungs, kidneys and liver.
Inhalation will also affect the lungs (14, 17). Nerve damage can
occur after administration of high doses for 50 days in rats and
pigs (12). Several studies indicate that carbaryl can affect the
immune system in animals and insects. These effects however have
not been documented in humans.

Fate in Humans and Animals

Most animals, including humans, readily break down carbaryl
and rapidly excrete it in the urine and feces. Workers
eccupationally exposed by inhalation to carbaryl dust excreted
74% of the inhaled dose in the urine in the form of a breakdown
product (13). This is consistent with information on other
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product (13). This is consistent with information on other
species which excreted nearly three quarters of a dose in their
urine within 24 hours of administration (14). The metabolism of

up to 85% of carbaryl occurs within 24 hours after administration
(13).

ECOLOGICAL EFFECTS

Carbaryl is lethal to many nontarget insects. The pesticide
is more active in insects than in mammals. The destruction of
honeybee populations in sprayed areas is somatimes a problem.
Carbaryl is moderately toxic to aguatic organisms, such as
rainbow and lake trout, bluegill, and cutthroat. It is also
moderately toxic to wild bird species, with low toxicity to
Canada geese (12).

Accumulation of carbaryl can occur in catfish, crawfish, and
snails, as well as in algae and duckweed. Residue levels in fish
were 140 fold greater than the concentration of carbaryl in
water. In general, due to its rapid metabolism and rapid
degradation, carbaryl should not pose a significant
bicaccumulation risk in alkaline waters. However, under
conditicns below neutrality it may be significant (14).

ENVIRONMENTAL FATE

Carbaryl has a short residual life on treated c¢rops. The
insecticide remaines at the application site, where it is slowly
taken into the plant and metabolized. Insecticidal properties
are retained for 3-10 days. Loss of carbaryl is due to
evaporation and uptake into plants. Breakdown by sunlight does
not appear to be significant.

Degradation of carbaryl in the soil is mostly due to
sunlight and bacterial action. It is bound by organic matter and
can be transported in soil runoff. Carbaryl has a half-life of 7
days in aerobic soil and 28 days in anaerobic seil (9).
Degradation of carbaryl in crops occurs by hydrelysis inside the
plants. It has a short residual life of less than two weeks. The
metabolites of carbaryl have laower toxicity to humans than
carbaryl itself. The breakdown of this substance is strongly
dependant on acidity and temperature.

In pond water, carbaryl is broken down by bacteria through
chemical processes. Evaporation does not occur. Carbaryl has a
half-life of from 1 to 32 days in pond water. In a stream,
carbaryl that had washed in from forest spraying, decayed to 50%
within a 24 hour pericd. It has been shown to degrade more
slowly in the presence of mud in aguatic habitats. Carbaryl has
been detected in groundwater in three separate cases in
California.

Carbaryl has a half-life in the air of one to four months.
Crops, shade trees, shrubs and other vegetation in bloom should
not be sprayed with carbaryl as bee kills are possible.

PHYSICAL PROPERTIES AND GUIDELINES

Carbaryl is a solid which varies from colorless to white or
gray, depending on the purity of the compound. The crystals are
odorless. Carbaryl is stable to heat, light and acids. It is

not stable under alkaline conditiomns. It is non-corrosive to
metals, packaging materials or application equipment.

Exposure Guidelines:
NOEL: 0.06 mg/kg/day

ADI: 0.1 mg/kg/day
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STEL: 10 mg/m3
TLV: air TWA S5 wmg/m3
CL: 625 mg/m3

Drinking Water Health Advisory: Drinking Water Equivalent Level:
(DWBL} : 3.5 mg/L (13} :

Physical Properties
CAS #: 63-25-2
Chemical Name: 1-naphthyl N-methylcarbamine

Solubility in water: (.005 g/100 g (20 degrees C), 0.004 g/100 g
(30 degrees C)

Solubility in solvents: Carbaryl is soluble in ethanol,
petroleum ether, diethyl ether,and chloroform; moderately soluble
in polar solvents such as acetone, dimethyl sulfoxide, mixed
cresols, and cyclohexanone.

Melting point: 145 degreeg C

Vapor pressure: <0.0001 torr {20-25 degrees C)

Log P: <-3.00

Kow: 64.6-229.1 (1, S5, 6, 10)

Koc: 205.0-457.1 {1, 4, §5)

K{d): nonionic

BCF: 28.2-28.8 (1, 5}

H: <9.9 x 10 to the minus 5 power torr/M

BASIC MANUFACTURER

Rhone-Poulenc Ag. Co.

P.O. Box 12014

TW Alexander Dr.

Research Triangle Park, NC 27709

Telephone: 919-549-2000

Emergency: B800-334-7577

Review by Basic Manufacturer:

Comments solicited: October, 1992
Comments received:
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This PIP is part of the EXTOXNET Pesticide Information
Notebook. For more information, contact the Pesticide Management
Education Program, Cornell University, 5123 Comstock Hall,
Ithaca, N.Y. 14853-0901.

DISCLAIMER: The information in this profile does not in any way
replace or supersede the information on the pesticide product
label/ing or other regulatory requirements. Please refer to the
pesticide product label/ing.
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Diazinon
TRADE OR OTHER NAMES

Trade names of this product include Knox Out, Spectracide
and Basudin. Djiazinon may be found in formulations with a
variety of other pesticides such as pyrethrina, lindane and
disulfoton.

INTRODUCTION

Diazinon is a non-syatemic organo-phosphate insecticide used
on home gardens and farms to control a wide veriety of sucking
and leaf eating insects. It is used on rice, fruit trees,
sugarcane, corn, tobacco, potatcoes and on horticultural plants.
It is also an ingredient in pest strips. Diazinon has veterinary
uses against fleas and ticks. Nearly 2.6 million pounds of
diazinon were used each year prior to 1983 (6).

Some of the older formulations of diazinon were unstable and
contained a number of potent impurities such as sulfotepp and
monothiono-TEEP {(6). Newer products do not contain impurities
which increase the risk associated with diazinon use. In 1988
EPA cancelled the registration of diazinon for use on golf
courses and sod farms. They cited die-offs of birds which often
congregate in these areas.

TOXICOLOGICAL EFFECTS
ACUTE TOXICITY

Diazinon is classified as slightly toxic to moderately
toxic, depending on the formulation. It carries the signal words
CAUTION or WARNING. Toxic effects of diazinon are due to the
inhibition of acetylcholinesterase. The range of doses that
results in toxic effects varies widely with formulation and with
the individual species being exposed. The toxicity of
encapsulated formulations is relatively low because diazinon is
not released readily while in the digestive tract. Some
formulations of the compound can be degraded to more toxic forms.
This transformation may occur in air, particularly in the
presence of moisture, and by ultraviocler radiatien. Most modern
diazinon formulations in the United States are now stable.

Several independently documented cases of diazinon poisoning
have occurred among agricultural applicators and among household
residents. In the latter case, poisoning followed indoor spraying
of a relatively concentrated (25%) solution of diazinon.

The symptoms associated with diazinon poiscning in humans
include weakness, headaches, tightness in the cheat, blurred
vigion, non-reactive pinpoint pupils, salivation, sweating,
nausea, vomiting, diarrhea, abdominal crampa, and slurred speech.
Death has occurred in some instances from both dermal and oral
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exposures at very high levels.

Repeated single dose LDS0s range from 2.75 mg/kg/day to
nearly 450 mg/kg/day for rats (B). Still others have reported
LD50s as high as 720 mg/kg/day (4).

CHRONIC TOXICITY

Chronic effects have heen observed at doges ranging from 10
mg/kg/day for swine to 1,000 mg/kg/day for rats. These effects
included only visibly recognizable symptoms of toxicity {(gross
toxicities). Certain effects such as the inhibition of red blood
cell cholinesterase, and enzyme response occurred at much lower
dosges in the rats. No-effect doses have ranged from 0.02
mg/kg/day in humans to 0.1 mg/kg/day in rats. These values are
based on inhibition of the enzyme acetylcholinesterase. Enzyme
inhibiticon has been documented in red bloed cells, in blocod
plasma, and in brain cells at varying doses and with different
species.

Reproductive and Teratogenic Effects

The data on reproductive and developmental effects due to
chronic exposure is limited. One study has shown that injection
of diazinon into chicken eggs resulted in skeletal and spinal
deformities in the chicks. Bobwhite gquail born from eggs treated
in a similar manner showed skeletal deformities but no spinal
abnormalities. Acetylcholine was significantly affected in this
latter study {(3). Tests with hamsters and rakbbits at low doses
{0.125-0.25 mg kg) showed no developmental effects while tests
with dogs and pigs at higher levels (1.0-10.0 mg/kg) revealed
grose abnormalities (2).

Mutagenic Effects

Tests have revealed the potential for diazinon to be
mutagenic, but no fully conclusive evidence exists to support
this notion (7). The mutagenicity in humans remains unevaluated.

Carcinogenic Effects

Diazinon is not considered carcinogenic. Test on rats over
a two year period at moderate doses (about 45 mg/kg) did not
cause tumor development in the test animals.

Organ Toxicity

Diazinon itself is not a potent cholinesterase inhibitor.
However, in animals it is converted to diazoxon {a substitution
of oxygen for the sulfur molecule), a compound that is a strong
enzyme inhibitor.

Fate in Humans and Animals

Metabolism and excretion rates for diazinon are rapid. The
half life of the pesticide in animals is about 12 hours. The
product is passed out of the body through urine and in the feces.
The metabolites account for around 70% of the total amount
excreted. Cattle exposed to diazinon may store the compound in
their fat over the short term. One study showed that the
compound cleared the cows within two weeks after spraying
stopped. Application of diazinon to the skin of cows resulted in
trace amounts in milk 24 hours after the application.

ECOLOGICAL EFFECTS
Birds are guite susceptible to diazinon poisoning and

therefore regulations are in place to protect them from hazards
posed by turf and golf course treatments. The EPA in 1988
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concluded that the use of diazinon in these areas poses a
"widespread and continuous hazard" te birds. Bird kills
asacciated with diazinon use have been reported in every area of
the country and at all times of the year. The EPA further
concluded that Canadian geese and mallard ducka would be exposed
to LCSO concentrations in very short periods of time after
application (from 15 to 80 minutes depending on the applicaticn
rate of the pesticide}. Birds are significantly more susceptible
to diazinon than other wildlife. LD50s for birds range from 2.75
mg/kg to 40.8 mg/kg/day (5).

Most fish are very sensitive to diazinon. Rainbow trout have
a LC50 of 90-140 ppb. In hard water, lake trout and cutthreoat
trout are somewhat more resistant. Warm water fish such as
fathead minnows and goldfish are even more resistant (LC50s
rangiug from 0.5 ppm to 15 ppm). There is scme evidence that
saltwater fish are more susceptible than are freshwater fish.
Bioconcentration ratios range from 200 in minncws to 17.5 for
guppies. Howard (8) states that based on these experimental
figures, "diazinon will not be expected to significantly
bioconcentrate in agquatic systems.'" Other studies show that
diazinon has been found to concentrate in fish 300-600 times the
ambient water concentration. This is a relatively low
bicaccumulation level as compared to a very persistent compound
like DDT which may accumulate to about 60,000 times background
levels.

ENVIRONMENTAL FATE

Diazinon seldom migrates below the top 1.3 centimeters (1/2
inch) in soil but can stay biologically available for six months
under conditions of low temperature and low moisture. The
average time for 50% degradation in soil is two to four weeks.
Bacterial enzymes can speed the breakdown of diazinon and have
been used in treating emergency situations such as spills (3).
The breakdown rate is also highly dependent on the acidity of
water. At highly acidic levels, one half of the compound
disappeared within 12 hours while in a neutral solution, the
pesticide tock six months to degrade to one half of the original
concentration. Diazoxon is unstable in soil. Howard (8) notes
that the pesticide was detected in 54 wells in California and in
tap water in Ottawa, Canada and in Japan. Diazinon has also been
detected (but not quantified} in Lake Erie and Lake Ontario.

In plants, a lower temperature and a high cil content tend
to increase the persistence of diazinon (5). Generally the
half-life is rapid in leafy vegetables, forage crops and grass.
The range is from two days to 14 days. 1In treated rice plants
only 10% of the residue was present after nine days. Diazinon is
absorbed by plant roots when applied to the soil and translocated
to other parts of the plant.

Exposure Guidelines:

NOEL: 0.0lmg/kg/day rat

-- 0.02mg/kg/day monkey

-- 0.02mg/kg/day humans

Drinking Water: 0.014 mg/l {(ppm}
DWEL: 0.003 mg/l

ADI: 0.002 mg/kg/day

TLV-TWA: 0.1 mg/m3

RED: 0.00009 mg/kg/day (OPP)
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HA: 0.0006 mg/l lifetime

Physical Properties:

CAS #: 333-41-%

Sclubility in water: &0 mg/y

Solubility in solvent: Petroleum ether, alcohol, benzene
Melting Point: decomposes >120 degrees C

Vapor Pressure: 6 x 10 to the minus 5 power mm Hg
Partition Coefficient: 1.9-4.2 {log}

Adsorption Coefficient: 1,000 ml/g

BASIC MANUFACTURER

Ciba-Geigy Corp

PO BOX 18300 .
Greenshoro, NC 27419
Telephone:%19-632-6000

Review by Basic Manufacturer: .

Comments solicited: January, 1992
Comments received: April, 1992
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DISCLAIMER: The information in this profile does not in any way
replace or supersede the information on the pesticide product

label/ing or other regulatory requirements.

pesticide product label/ing.

Please refer to the
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Dichlorvos
TRADE OR OTHER NAMES

Apavap, Benfos, Cekusan, Cypona, Derriban,
DerribanteDevikol, Didivane, Duo-Kill, Duravos, Elastrel,
Fly-Die, Fly-Fighter, Herkol, Marvex, No-Pest, Prentox, Vaponite,
Vapona, Verdican, Verdipor, Verdisol. Trade names used outside
of the U.5. include Doom, Nogos, and Nuvan (2).

REGULATORY STATUS

A Special Review of dichlorves was initiated in February
1988 because EPA determined that the registered uses of
dichlorvos may pose a risk of cancer as well as inadequate
margins of safety for cholinesterase inhibition and liver effects
to exposed persons {12). The Special Review was not complete as
of March 1992 (10). Products containing dichlorvos must bear the
signal words "Danger-Pecison" {2).

INTRODUCTICN

Dichlervos is used to control household, public health, and
gstored product insects. It ig effective against mushroom flies,
aphids, spider mites, caterpillars, thrips, and white flies in
greenhouse, outdoor fruit, and vegetable crops (2).
Therapeurically, dichlorvos is used to treat a variety of
parasitic worm infections in dogs, livestock and humans.
Dichlorvos can be fed to livestock to contrel botfly larvae in
the manure. It acts against insects as both a contact and a
stomach poison {2). Dichlorvos is available in aerosol and
soluble concentrate formulaticons {2). It is used as a fumigant
{(2) and has been used to make pet cecllars and pest strips (3).

Dichlorvos is one of a ¢lass of insecticides referred to as
organophosphates. These chemicals act by interfering with the
activities of cholinesterase, an enzyme that is essential for the
proper working of the nervous systems of both humans and insects.
Please refer to the Toxicology Information Brief on
cholinesterase-inhibition for a more detailed description of this
topic.

In 1355, it was discovered that crystalline trichlorfon,
another organcphosphate pesticide, gave off a vapor which was
capable of killing insects. That vapor was dichlorvos, which has
since been developed for insect control in enclosed spaces (3).

TOXICOLOGICAL EFFECTS
ACUTE TOXICITY
Dichlorvos is highly toxic by inhalation, dermal absorption

and ingesticn (9). Because dichlorvos is volatile, inhalation is
the most commeon route of exposure. As with all organophosphates,
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dichlorvos is readily absorbed through the skin. Skin which has
come in contact with this material should be washed immediately
with soap and water and all contaminated clothing should be
removed.

Acute illness from dichlorvos is limited to the effects of
cholinesterase inhibition. Compared to poisoning by other
organophosphates, dichlorvos causes a more rapid onset of
gymptoms, which is often followed by a similarly rapid recovery
(3). This occurs because dichlorves is rapidly metabolized and
eliminated from the body. Persons with reduced pulmonary
(lung} function, convulsive disorders, 1liver disorders, or recent
exposure to cholinesterase inhibitors will be at increased risk
from exposure to dichlorveg. Alccholic beverages may enhance the
toxic effects of dichlorves. High environmental temperatures or
exposure of dichlorveos to visgible or UV light may enhance its
toxiecity {(9).

Dichlorvos is mildly irritating te skin (9). Concentrates
of dichlorvos may cauge burning sensatioms, or actual burns (§).
Dichlorvos can be very toxic if it is not immediately washed off,
but instead left on the skin long encugh for it to become
absorbed through the skin and into the bloodstream. One man
nearly died after spilling 4 ounces of a 3% o0il solution of
dichlorvos on his lap. He did not wash it off. Another man only
became nauseous and dizzy after spilling a similar amount on his
arm. He washed off the dichlorves with soap and water {6). Do
not use organic solvents to remove dichlorves from the skin
(DLA/DOD Hazardous Mat'ls Info. System #0014-29- 438-0000. 1982).

The organophosphate insecticides are cholinesterase
inhibitors. They are highly toxic by all routes of exposure.
When inhaled, the first effects are usually respiratory and may
include bloody or runny nose, coughing, chest discomfort,
difficult or short breath, and wheezing due to constriction or
excess fluid in the bronchial tubes. Skin contact with
organopnosphates may cause localized sweating and involuntary
muscle contractions. Eye contact will cause pain, bleeding,
tears, pupil constriction, and blurred vision. Following
exposure by any route, other systemic effects may begin within a
few minutes or be delayed for up to 12 hours. These may include
pallor, nausea, vomiting, diarrhea, abdominal cramps, headache,
dizziness, eye pain, blurred vision, constricticn or dilation of
the eye pupils, tears, salivation, sweating, and confusion.
Severe poisoning will affect the central nervous system,
producing inccordination, slurred speech, loss of reflexes,
weakness, fatigue, involuntary muscle comtractions, twitching,
tremors of the tongue or eyelids, and eventually paralysis of the
body extremities and the respiratory muscles. In severe casges
there may also be involuntary defecation or urination, psgychosis,
irregular heart beats, unconsciousness, convulsions and coma.
Death may be caused by respiratory failure or cardiac arrest (9).

Some organcophosphates may cause delayed symptoms beginning 1
to 4 weeks after an acute exposure which may or may not have
produced immediate symptoms. In such cases, numbness, tingling,
weakness and cramping may appear in the lower limbs and progress
to incoordination and paralysis. Improvement may oCccur aver
months or vyears, but some residual impairment will remain (9).

The administration of slow-release formulations of
dichlorvos to domestic animals to treat for internal parasites
has caused some inhibition of cholinesterase and mild symptoms
such as nausea or diarrhea, but no serious signs of illness.
Repeated, small deses generally have no effect on treated
animals. Doses of up to 4 mg/kg of a slow release formulation,
given to cows to reduce flies in their Ffeces, had no visibly
adverse effects on the cows. Blood tests of these cows indicated
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cholinegsterase inhibition (3).

Dichlorvos is very volatile, meaning that it readily forms
vapors which may be inhaled. Inhalation is the most common way
to he exposed to dichlorvos. Low, repeated doses may be
non-toxic. High doses of dichlorvos may be very toxic,
especially if inhalation exposure is continucus ({6). Dichlorvos
produces irritating gases, such as phosphorous and chlorine
oxides, when heated (NIH/EPA 1984).

Eye protection should be worn when handling dichlorvos.
Application of 1.67 mg/kg in rabbits' eyes produced mild redness
and swelling, but no injury to the cormea (9). Dichlorvos may
cause eye burns. Organophosphates cause the pupila to constrict
(pin point pupils).

The amount of a chemical that is lethal to one-half (50%) of
experimental animals fed the material is referred to as its acute
oral lethal dose fifty, or LDS0. The oral LDS0 for dichlorvos in
mice is 61 to 175 mg/kg, 100 to 1090 mg/kg in dogs, 15 mg/kg in
chickens, 25 to B0 mg/kg in rats, 157 mg/kg in pigs, and 11 to
12.5 mg/kg in rabbits (2, 6, 9). The dermal LDS0 for dichlorvos
in rats is 70.4 to 250 mg/kg, 206 mg/kg in mice, and 107 mg/kg in
rabbits (2, 3, 6, 9).

The lethal concentration fifty, or LC50, is that
concentration of a chemical in air or water that kills half of
the experimental animals exposed to it for a set time period.
The 4-hour LCS50 for dichlorvos in rats is 15 mg/m3, and 13 mg/m3
in mice (8).

CHRONIC TOXICITY

Feeding studies indicate that a dosage of dichlorvos very
much larger than doses which inhibit chelinesterase are needed to
produce illness. Rats tolerated dietary doses as high as 62.5
mg/kg/day for 90 days with no visible signs of illness, while a
dietary level of 0.25 mg/kg/day for only 4 days produced a
reduction in cholinesterase levels (3).

Rats were exposed to air concentrations of 0, ©.05, 0.5 and
5 mg/m3 of dichlorvos over a 5 week period. Rats in the 0.5 and
S mg/kg groups exhibited significantly decreased cholinesterase
activity in the plasma, red blood cells, and brain. The NOEL for
this study was .05 mg/m3. In dogs fed dietary doses of 0.0095,
0.016, 0.16, 1.6 or 12.5 mg/kg/day for 2 years, decreased red
blood cell cholinesterase activity, increased liver weights and
increased liver cell size occurred im the two highest doses
tested. The NOEL was 0.08 mg/kg/day (12}. Chronic exposure to
dichlorvos will cause fluid to build up in the lungs (pulmonary
edema) (NIH/EPA; OHM/TADS 1984).

Repeated or prolonged exposure to organophosphates may
result in the same effacts as acute exposure including the
delayed symptoms. Other effects reported in workers repeatedly
exposed include impaired memory and concentration,
disorientation, severe depressions, irritability, confusion,
headache, speech difficulties, delayed reaction times,
nightmares, sleepwalking and droweiness or insomnia. Aan
influenza-like condition with headache, nausea, weakness, loss of
appetite, and malaise has alsc been reported (9}.

Reproductive Effects

When male and fewale rats were given a diet containing 100
ppm (5 mg/kg/day) dichlorvos just before mating, and with this
dosage continued through pregnancy and lactation for females,
there were no effects on reproduction or on the survival or
growth of the offspring, even though severe cholinesterase
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inhibitien occurred in the mothers and significant inhibition
cccurred in the offspring. The same results were observed in a
3-genaration study with rats fed dietary levels up to (25
mg/kg/day) (3). Once in the bloodstream, dichlorves may cross
the placenta (9).

Teratogenic Effects

A dose of 12 mg/kg was not teratogenic in rabbits and did
not interfere with reproduction in any way. There was no
evidence of teratogenicity when rats and rabbits were exposed to
air concentrations of up to 6.25 mg/m3 throughout pregnancy.
Dichlorvos was not teratogenic when given orally to rats (3).

Mutagenic Effects

Dichlorvos can bind to molecules such as DNA. For this
reascn, there has been extensive testing of dichlorvos for
mutagenicity. Several studies reviewed by EPA have shown
dichlorvos to be a mutagen (12}. Dichleorvos is reported positive
in the Ames mutagenicity assay {Mut. Res. 87:211 (1981); 76:169
(1980); 40 (1):19 (1976) and in other tests involving bacterial
or animal cell cultures. However no evidence of mutagenicity has
been found in tests performed on live animals. Its lack of
mutagenicity in live animals may be due to rapid metabolism and
excretion of dichlorveos (3).

Carcinogenic Effects

Dichlorvos has been classified as a possible human
carcinogen by EPA because of the results of tests on rats and
mice (11). When dichlorveos was administered by gavage to mice
for 5 days per week for 103 weeks at doses of 10 or 20 mg/kg to
males and 20 or 40 mg/ka to females, there was an increased
incidence of benign tumors in the lining of the stomach at the
high dose for both sexes. When rats given daily doses of 0, 4 or
8 mg/kg for five days per week for 103 weeks, there was an
increased incidence of benign tumors of the pancreas and of
leukemia in male rats at both doses. At the highest dose, there
was also an increased incidence of benign lung tumors in males,
In female rats, there was an increase in the incidence of benign
tumors of the mammary gland (12). Neo tumors caused by
dichlorves were found in rats fed up to 25 mg/ka/day for 2 years
or in dogs fed up to 11 mg/kg/day for 2 years. No evidence of
carcinogenicity was found when rats were exposed to air
containing up to 5 mg/m3 for 23 hours/day for 2 years (3). A few
tumors were found in the esophagus of mice given dichlorvos
orally, even though tumors of this kind are normally rare {(9).

Organ Toxicity
Dichlorvos primarily affects the nervous system through

cholinesterase inhibition, by which there is a deactivation of
cholinesterase, an enzyme required for proper nerve functioning.

Dichlorvos causes fluid to accumulate in the lungs (6}.
Liver enlargement has occurred in pigs maintained for long

periods of time on high doses (500 ppm} (3, 6€). Dichlorvos
caused adverse liver effects in dogs (12). Lung hemorrhages may
occur (14). Cholinesterage inhibition may affect the nervous

gystem. In mice, a single oral dose of 40 micrograms (ug)/kg
caused changes in the testes. In male rats, repeated doses
caused abnormalities in the tissues of the lungs, heart, thyroid,
liver and kidneys (9).

Fate in Humans and Animals

Amongst the organophosphates, dichlorvos is remarkable for
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its rapid metabolism and excretion by mammals. Dichlorvos was
not detected in the blood of rats, mice or people after exposure
te atmospheric concentrations of up te 17 times that normally
reached for insect control in homes. Exposure of rats to 11
mg/m3 (250 times the normal exposure) for 4 hours was required
before dichlorvos was detectable in the rats. Even then, it was
detected only in the kidneys. At 90 mg/m3 (2000 times normal
exposure), dichlorvos was detected in most tissues of the rat.
Following exposure to 50 mg/m3, the half-life for dichlorvos in
the rat kidney was 13.5 minutes. The reason for this rapid
disappearance of dichlorvos is the presence of degrading enzymes
in both tissues and blood plasma. From the gastrointestinal
tract, dichlorvos is absorbed into the portal blcod, rather than
into the general bloodstream. From the portal blood, it is moved
to the liver where it is rapidly detoxified. Thus poisoning by
nonlethal doses of dichlorvos is usually followed by rapid --.
detoxification in the liver and recovery. Rats given oral or
dermal doses at the LDS50 level either died within one hour of
dosing or recovered completely (3, 6).

Dichlorvos does not accumulate in body tissues and has not
been detected in the milk of cows or rats, even when the animals
were given doses high enough to produce symptoms of severe
peisoning (3} .

ECOLOGICAL EFFECTS
Effects on Birds

Dichlorvos is highly toxic to birds including ducks and
pheasants (4, 8). The LD50 for wild birds fed dichlorves is 12
mg/kg (NIOSH RTECS Online File #82/8110).

Effects on Aquatic Organisms

UV light makes dichlorvos more toxic to aquatic life by

5-150 times (15). NIH/EPA found the grass shrimp to be more
gensitive to dichlorvos than the sand shrimp, hermit crab and
mummichog (in that order)} (1984). For ocean- dwelling species

they found: scud > Atlantic silverside > striped killfish »
striped mullet » bluehead > American eel > northern puffer; where
"s" indicates a greater sensitivity to dichlorvos. The 96-hour
LCS0 for dichlorves in fathead minnow is 11.6 mg/l, 0.9 mg/l in
bluegill, 5.3 mg/l in mosquito fish, 0.004 ppm in sand shrimp,
3.7 ppm in mummichogs, and 1.8 ppm/96 hours in American eels
(NIH/EPA 1984). The 24-hour LC50 for dichlorvos in bluegill
sunfish is 1.0 mg/l (2).

Dichlorvos does not significantly bicaccumulate in fish (4).
Effects on Other Animals (Nontarget gspecies)

Dichlorvos is toxic to bees (2).
ENVIRCNMENTAL FATE
Breakdown of Chemical in Soil and Groundwater

Dichlorvos does not adsorb to soil particles and it is
likely to contaminate groundwater. When spilled on soil,
dichlorvos leached into the ground with 18 to 20% penetrating to
a depth of 30 c¢m within 5 days. 1In soil, dichlorvos is subject
to hydrolysis and biodegradation. Volatilization from moist
soila is expected to be slow. Half-lives of 7 days were measured
on clay, sandy-clay, and loose sandy soil (4).

Dichlorveos is rapidly broken down in the air and in damp
media such as soil. The pH of the media determines the rate of
breakdown. Alkaline soils, water, etc., show rapid breakdown,


http://www.gulflink.osd.mil/library/senate/siu_index.html

620

whereas acidic media shows slow degradation. For instance, at a
pH of 9.1 the half-life of dichlorvos is about 4.5 hours. At a
pH of 1 (very acidic}, the half-life is 50 hours (8). Dichlorvoes
is non-persistent.

Breakdown of Chemical in Water

In water dichlorvos remains in solution and does not adsorb
to sediments. It degrades primarily by hydrolysis, with a
half-life of approximately 4 days in lakes and rivers. This
half-life will vary from 20 to 80 hours between pH 4 and pH 9.
Hydrolysis is slow at pH 4 and rapid at pH 9 (4, S).
Biodegradation may occur, especially under acidic conditions
which slow hydrolysis, or where populations of acclimated
micro-organisms exist, as in polluted waters. Volatilization
from w-ter is expected to be slow. The volatilizarion half-life
from r.ver and pond waters have been estimated at 57 and over 400
days respectively (4}.

Breakdown of Chemical in Vegetation

Except for cucumbers, roses, and some chrysanthemums, plants
tolerate dichlorvog very well (5).

PHYSICAIL PROPERTIES AND GUIDELINES

Dichlorves is a ceolorlegs to amber liquid with a mild
chemical odor. Dilute dichlorvos breaks down rapidly in the
presence of moisture. Concentrated forms are readily decomposed
by strong acids and bases {(3). Dichlorvos is stable under normal
temperatures and pressures, but it may pose a moderate fire
hazard if exposed to heat or flame. It may hydrolyze on contact
with moisture, and may decompose in the presence of strong acids
or bases (3, 9). Thermal decomposition of dichlorvos will
releagse toxic oxides of phosphorus and carbon, toxic and
corrogive chlorides and toxic phosgene gas. Dichlorvos is
corrosive to iron and steel. It may attack materials such as
plastics, rubber and coatings (9). Other metals (stainless
ateel, aluminum, nickel) are registant if no water is present.

Dichlorvos increages the effects of malathion (5}.
Alcoholic beverages promote the absorption of dichlorvos into the
bleoodstream (8).

Persons who work with organophosphate materials for long
periods of time should have frequent blood tests of their
cholinesterase levels. If the cholinesterase level falls below a
critical point, no further exposure should be allowed until it
returns tc aormal (13}.

Protective clothing must be worn when handling dichlorvos.
Before remeving gloves, wash them with soap and water. Always
wash hands, face and arms with soap and water before smoking,
eating or drinking.

After work, remove all work clothes and shoes. Shower with
scap and water. Wear only clean clothes when leaving the job.
Wash contaminated clothing and equipment with soap and water
after each use. Keep contaminated work clothes separate from
regular laundry.

Exposure Guidelines:
1 mg/m3 OSHA TWA (skin) {9)
0.1 ppm (0.9 mg/m3) ACGIH TWA (skin} (9}

1 mg/m3 NIOSH Recommended TWA (skin) (9)
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(9) Occupational Health Services, Inc. 1891 (May 15). MSDS for
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DISCLAIMER: The information in this profile does not in any way
replace or supersede the information on the pesticide product
label/ing or other regulatory reguirements. Pleage refer to the
pesticide product label/ing.
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Air concentrations of 200
or health (9).

PADI: 8 x 10 to the minus 4 power mg/kg/day, based on a 2-year
dog feeding study (12)

Physical Properties

CAS #: 62-73-7

Specific gravity: 1.44 {60 degrees /60 degrees F) (2}
Solubility in water: 1 g/100g at 25 degrees C (17)

Solubility: Miscible in non-polar solvents such as
dichloromethane, 2-propanocl and tolueae (2, 17}. Soluble in
ethancl, chloroform, acetone, and kerosene (1, 5). Miscible in
alcohol and in aromatic and chlorinated hydrocarbon solvents.
Solubility in kerosene and mineral oils is about 3% (3).
Boiling point: 140 degrees C at 20 mm Hg (17); 117 degrees C at
11 mm Hg (2); 35 degrees C at 0.05 mm Hg (3); 183 degrees F (84
degrees C} (9)

Flash point: »>175 degrees F (>80 degrees C) {2, 16), practically
non-flammable (17).

Vapor pressure: 0.0l mm Hg at 30 degrees C (18)
Chemical class/use: Organophosphate insecticide
BASIC MANUFACTURER

Amvac Chemical Corp.

4100 E. Washington Blwvd.

Los Angeles CA 90023

Review by Basic Manufacturer

Comments solicited: January, 1992.
Comments received: April, 1992.
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Pichlorvos
TRADE OR OTHER NAMES

Apavap, Benfos, Cekusan, Cypona, Derriban,
DerribanteDevikol, Didivane, Duo-Kill, Duravos, Elastrel,
Fly-Die, Fly-Fighter, Herkol, Marvex, No-Pest, Prentox, Vaponite,
Vapona, Verdican, Verdipor, Verdisol. Trade names used outside
of the U.5. include Doom, Nogos, and Nuvan (2).

REGULATCRY STATUS

A Special Review of dichlorvos was initiated in February
1988 because EPA determined that the registered uses of
dichlorvos may pose a risk of cancer as well as inadequate
margins of safety for cholinesterase inhibition and liver effects
to exposed persons (12). The Special Review was not complete as
of March 1932 {(10). Products containing dichlorves must bear the
signal words "Danger-Poison" (2}.

INTRODUCTION

Dichlorvos is used to control household, public health, and
stored product insects. It is effective against mushroom flies,
aphids, spider mites, caterpillars, thrips, and white flies in
greenhouse, outdeor fruit, and vegetable crops {2).
Therapeutically, dichlorvos ig used to treat a variety of
parasitic worm infections in dogs, livestock and humans.
Dichlorvos can be fed to livestock to control botfly larvae in
the manure. It acts against insects as both a contact and a
stomach poison (2)}. Dichlorvos is available in aercscl and
soluble concentrate formulations (2). It is used as a fumigant
(2) and has been used to make pet collars and pest strips (3}.

Dichlorvos is one of a class of insecticides referred to as
organophosphates. These chemicals act by interfering with the
activities of cholinesterase, an enzyme that is essential for the
proper working of the nervous systems of both humans and insects.
Please refer to the Toxicology Information Brief on
cholinesterase-inhibition for a more detailed description of this
topic.

In 1955, it was discovered that crystalline trichlorfon,
another organcphosphate pesticide, gave off a vapor which was
capable of killing insects. That vapor was dichlorvos, which has
since been develcped for insect control in enclosed spaces (3}.

TOXICOLOGICAL EFFECTS
ACUTE TOXICITY
Dichlorvos is highly toxic by inhalation, dermal absorption

and ingestion {9). Because dichlorveos ig volatile, inhalation is
the most ccmmon route of exposure. As with all organocphosphates,
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dichlorvos is readily absorbed through the skin. Skin which has
come in contact with this material should be washed immediately
with soap and water and all contaminated clothing should be
removed.

Acute illness from dichlorveos iz limited to the effects of
cholinesterase inhibition. Compared to peoisoning by other
organophosphates, dichlorvos causes a more rapid onset of
symptoms, which is often followed by a similarly rapid recovery
(3). This occurs because dichlorvos is xapidly metabolized and
eliminated from the body. Persons with reduced pulmonary
(lung) function, convulsive disorders, liver disorders, or recent
exposure to cholinesterase inhibitors will be at increased risk
from exposure to dichlorvos. Alcoholic beverages may enhance the
toxic effects of dichlorveos. High environmental temperatures or
exposure of dichlorvos to visible or UV light may enhance its
toxicity (9).

Dichlorvos is mildly irritating to &kin (9). Concentrates
cf dichlorves may cause burning sensatioms, or actual burns (6}.
Dichlorvos can be very toxic if it is mot immediately washed off,
but instead left on the skin long enough for it to become
absorbed through the skin and into the blocdstream. One man
nearly died after spilling 4 ocunces of a 3% o©il solution of
dichlorvos on his lap. Ee did not wash it off. Another man only
became nauseous and dizzy after spillimg a similar amount on his
arm. He washed off the dichlorvos with soap and water (6). Do
not use crganic solvents to remove dichlorvos from the skin
(DLA/DOD Hazardous Mat'ls Info. System #0014-29- 43B-0000. 1982).

The organophosphate insecticides are cholinesterase
inhibitors. They are highly toxic by all routes of exposure.
When inhaled, the first effects are usually respiratory and may
include bloody or runny nose, coughing, chest discomfort,
difficult or short breath, and wheezing due to constriction or
excess fluid in the bronchial tubes. Skin contact with
organophosphates may cause localized sweating and inveoluntary
muscle contractions. Eye contact will cause pain, bleeding,
tears, pupil constriction, and bluryed vision. Feollowing
exposure by any route, other systemic effects may begin within a
few minutes or be delayed for up te 12 hours. These may include
pallor, nausea, vomiting, diarrhea, abdominal cramps, headache,
dizziness, eye pain, blurred vision, constriction or dilation of
the eye pupils, tears, salivation, sweating, and confusion.
Severe poisoning will affect the central nervous system,
producing incoordination, slurred speech, loss of reflexes,
weakness, fatigue, inveoluntary muscle coatractions, twitching,
tremors of the tongue or eyelids, and eventually paralysis of the
body extremities and the respiratory muscles. In severe cases
there may alsc be involuntary defecationm or urination, psychosis,
irregular heart beats, unconsciousness, convulsions and coma.
Death may be caused by respiratory failure or cardiac arrest {9).

Some organophosphates may cause delayved symptoms beginning 1
to 4 weeks after an acute exposure which may or may not have
produced immediate symptoms. In such cases, numbness, tingling,
weakness and cramping may appear in the lower limbs and progress
to incoordination and paralysis. Improvement may OCCUr over
months or years, but some residual impairment will remain (9).

The administration of slow-release formulations of
dichlorvos to domestic animals to treat £or internal parasites
has caused some inhibition of chelinesterase and mild symptoms
such as nausea or diarrhea, but no serious signs of illness.
Repeated, small doses generally have no effect on treated
animals. Doses of up to 4 mg/kg of a slow release formulation,
given to cows to reduce flies in their feces, had no visibly
adverse effects on the cows. Blood tests of these cows indicated
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cholinesterase inhibition (3).

Dichlorvos is very volatile, meaning that it readily forms
vapors which may be inhaled. 1Inhalation is the most common way
to be exposed to dichlorvos. Low, repeated doses may be
non-toxic. MHigh doses of dichlorvos may bhe very toxic,
especially if inhalation exposure is continuous (é). Dichlorvos
produces irritating gases, such as phosphorous and chlorine
oxides, when heated (NIH/EPA 1984).

Eye protection should be worn when handling dichlorves.
Application of 1.67 mg/kg in rabbits' eyes produced mild redness
and swelling, but no injury to the cormea {(9). Dichlorvos may
cause eye burns. Organophosphates cause the pupils to constrict
{pin point pupils}.

The amount of a chemical that is lethal to one-half (50%) of
experimental animals fed the material is referred to as its acute
oral lethal dose fifty, or LD50. The oral LD50 for dichlorvos in
mice is 61 to 175 mg/kg, 100 to 1090 mg/kg in dogs, 15 mg/kg in
chickens, 25 to 80 mg/kg in rats, 157 mg/kg in pigs, and 11 to
12.5 mg/kg in rabbits (2, 6, 9). The dermal LD50 for dichlorvos
in rats is 70.4 to 250 mg/kg, 206 mg/kg in mice, and 107 mg/kg in
rabbits (2, 3, 6, 9}.

The lethal concentration fifty, or LC506, is that
concentration of a chemical in air or water that kills half of
the experimental animals exposed to it for a set time period.
The 4-hour LC50 for dichlorvos in rats is 15 mg/m3, and 13 mg/m3
in mice (9).

CHRONIC TOXICITY

Feeding studies indicate that a dosage of dichlorvos very
much larger than doses which inhibit cholinesterase. are needed to
produce illness. Rats tolerated dietary doses as high as 62.5
mg/kg/day for 90 days with no visible signs of illness, while a
dietary level of 0.25 mg/kg/day for only 4 days produced a
reduction in cholinesterase levels (3).

Ratg were exposed to air concentrations of 0, 0.05, 0.5 and
5 mg/m3 of dichlorvos over a 5 week pericd. Rats in the 0.5 and
5 mg/kg groups exhibited significantly decreased cholinesterase
activity in the plasma, red blood cells, and brain. The NOEL for
this study was 0.05 mg/m3. In dogs fed dietary doses of 0.0095,
0.016, 0.16, 1.6 or 12.5 mg/kg/day for 2 years, decreased red
blood cell cholinesterase activity, increased liver weights and
increased liver cell size occurred in the two higheat doses
tested. The NOEL was 0.08 mg/kg/day {(12). Chronic exposure to
dichlorves will cause fluid to build up in the lungs (pulmonary
edema) (NIH/EPA; OHM/TADS 1984).

Repeated or prolonged exposure to organophosphates may
result in the same effects as acute exposure including the
delayed symptoms. Other effects reported in workers repeatedly
exposed include impaired wemory and concentration,
disorientation, severe depressions, irritability, confusion,
headache, speech difficulties, delayed reaction times,
nightmares, sleepwalking and drowsiness or insomnia. An
influenza-like condition with headache, nausea, weakness, loss of
appetite, and malaise has also been reported (9).

Reproductive Effects

When male and female rats were given a diet containing 100
ppm (5 mg/kg/day) dichlorvos just before mating, and with this
dosage continued through pregnancy and lactation for females,
there were no effects on reproductiom or on the survival or
growth of the offspring, even though severe cholinesterase
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inhibition occurred in the mothers and significant inhibition
occurred in the offspring. The same results were observed in a
3-generation study with rats fed dietary levels up to (25
mg/kg/day} (3). Once in the bloocdstream, dichlorvos may c<ross
the placenta (9}.

Teratogenic Effects

A dose of 12 mg/kg was not teratogenic in rabbits and did
not interfere with reproduction in any way. There was no
evidence of teratogenicity when rats and rabbits were exposed to
air concentrations of up to 6.25 mg/m3 throughout pregnancy.
Dichlorvos was not teratogenic when given orally tc rats (3).

Mutagenic Effects

Dichlorvos can bind to molecules such as DNA. For this
reason, there has been extensive testing of dichlorvos for
mutagenicity. Several studies reviewed by EPA have shown
dichlorvos to be a mutagen (12). Dichlorvos is reported positive
in the Ames mutagenicity assay (Mut. Res. 87:211 (1981); 76:169
(1980); 40 (1):19 (1976} and in other tests involving bacterial
or animal cell cultures. However no evidence of mutagenicity has
been found in tests performed on live animals. Its lack of
mutagenicity in live animals may be due to rapid metabolism and
excretion of dichlorvos (3).

Carcinogenic Effects

Dichlorvos has been classified as a possible human
carcinogen by EPA because of the results of tests on rats and
mice (11). When dichlorvos was administered by gavage to mice
for 5 days per week for 103 weeks at doses of 10 or 20 mg/kg to
males and 20 or 40 mg/kg to females, there was an increased
incidence of benign tumors in the lining of the stomach at the
high dose for both sexes. When rats given daily doses of 0, 4 or
8 mg/kg for five days per week for 103 weeks, there was an
increased incidence of benign tumors of the pancreas and of
leukemia in male rats at both doses. At the highest dose, there
was also an increased incidence of benign lung tumors in males.
In female rats, there was an increase in the incidence of benign
tumors of the mammary gland (12). No tumors caused by
dichlorvos were found in rats fed up to 25 mg/kg/day for 2 years
or in dogs fed up to 11 mg/kg/day for 2 years. No evidence of
carcinogenicity was found when rats were exposed to air
containing up to 5 mg/m3 for 23 hours/day for 2 years (3). A few
tumors were found in the esophagus of mice given dichlorvos
orally, even though tumors of this kind are normally rare (3}).

Organ Toxicity
Dichlorvos primarily affects the nervous system through

cholinesterase inhibition, by which there is a deactivation of
cholinesterase, an enzyme required for proper nerve functioning.

Dichlorvos causes fluid to accumulate in the lungs (6).
Liver enlargement has occurred in pigs maintained for long

periods of time on high doses (500 ppm) {3, 6). Dichlorvos
caused adverse liver effects in dogs (12). Lung hemorrhages may
occur (14). Cholinesterase inhibition may affect the nervous

system. In mice, a single oral dose of 40 micrograms (ug)/kg
caused changes in the testes. In male rats, repeated doses
caused abnormalities in the tissues of the lungs, heart, thyroid,
liver and kidneys (9).

Fate in Humans and Animals

Amongst the organcphosphates, dichlorvos is remarkable for
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its rapid metabolism and excretion by mammals. Dichlorvos was
not detected in the blood of rats, mice or pecple after exposure
to atmospheric concentrations of up to 17 times that normally
reached for insect control in homes. Exposure of rats to 11
mg/m3 (250 times the normal exposure) for 4 hours was required
before dichlorvos was detectable in the rats. Even then, it was
detected only in the kidneys. At 90 mg/m3 (2000 times normal
exposure), dichlorvos was detected in most tissues of the rat.
Following exposure to 50 mg/m3, the half-life for dichlorvos in
the rat kidney was 13.5 minutes. The reason for this rapid
disappearance of dichlorvos is the presence of degrading enzymes
in both tissues and blocd plasma. From the gastrointestinal
tract, dichlorves is absorbed into the portal blood, rather than
into the general bloodstream. From the portal blood, it is moved
to the liver where it is rapidly detoxified. Thus poisoning by
nonlethal decses of dichlorves is usually followed by rapid ----
detoxification in the liver and recovery. Rats given oral or
dermal doses at the LD50 level either died within one hour of
dosing or recovered completely (3, &).

Dichlorvos does not accumulate in body tissues and has not
been detected in the milk of cows or rats, even when the animals
were given doses high enough to produce symptoms of severe
peisoning (3).

ECOLOGICAL EFFECTS
Effects on Birds

Dichlorvos is highly toxic to birds including ducks and
pheasants (4, 8). The LD50 for wild birds fed dichlorvos is 12
mg/kg (NICSH RTECS Online File #82/8110).

Effects on Aquatic Organisms

UV light makes dichlorvos more toxic to aquatic life by

§-150 times (15). NIH/EPA found the grass shrimp to be more
sengsitive to dichlorvos than the sand shrimp, hermit crab and
mummichog (in that order) (1984). For ocean- dwelling species

they found: scud > Atlantic silverside > gtriped killfish >
striped mullet > bluehead > American eel > northern puffer; where
">" indicates a greater sensitivity to dichlorvos. The 96-hour
LC50 for dichlorvos in fathead minnow is 11.6 wmg/l, 0.% mg/l in
bluegill, 5.3 mg/l in mosquito fish, 0.004 ppm in sand shrimp,
3.7 ppm in mummichogs, and 1.8 ppm/96 hours in American eels
{NIH/EPA 1984). The 24-hour LC50 for dichlorvos in bluegill
sunfish is 1.0 mg/l (2).

Dichlorvos does not significantly bicaccumulate in fish (4).
Effects on Other Animals (Nontarget species)

Dichlorvos is toxic to bees (2}.
ENVIRONMENTAL FATE
Breakdown of Chemical in Soil and Groundwater

Dichlorvos does not adsorb to soil particles and it is
likely to contaminate groundwater. When spilled on soil,
dichlorvos leached into the ground with 18 to 20% penetrating to
a depth of 30 cm within 5 days. 1In soil, dichlorvos is subject
tc hydrolysis and biodegradation. Veolatilization from moist
soils is expected to be slow. Half-lives of 7 days were measured
on clay, sandy-clay, and loose sandy socil (4).

Dichlorves ig rapidly broken down in the air and in damp
media such as soil. The pH of the media determines the rate of
breakdown. Alkaline soils, water, etc., show rapid breakdown,
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whereas acidic media shows slow degradation. For instance, at a
PH of 2.1 the half-life of dichlorvos is about 4.5 hours. At a
pPH of 1 {(very acidic), the half-life is 50 hours (8). Dichlorvos
is non-persistent.

Breakdown of Chemical in Water

In water dichlorvos remains in solution and does not adsorb
to sediments. It degrades primarily by hydrolysis, with a
half-life of approximately 4 days in lakes and rivers. This
half-life will vary from 20 to 80 hours between pH 4 and pH 3.
Hydrolysis is slow at pH 4 and rapid at pH 9 (4, S).
Biocdegradation may occur, especially under acidic conditions
which slow hydrolysis, or where populations of acclimated
micro-organisms exist, as in polluted waters. Volatilization
from woter is expected to be slow. The volatilization half-life
from river and pond waters have been estimated at 57 and over 400
days respectively (4}.

Breakdown of Chemical in Vegetation

Except for cucumbers, roses, and some chrysanthemums, plants
tolerate dichlorvos very well (5).

PHYSICAL PROPERTIES AND GUIDELINES

Dichlorvos is a colorless to amber liguid with a mild
chemical odor. Dilute dichlorvos breaks down rapidly in the
presence of moisture. Concentrated forms are readily decomposed
by strong acids and bases (3}. Dichlorves is stable under normal
temperatures and pressures, but it may pose a moderate fire
hazard if exposed to heat or flame. It may hydrolyze on contact
with moisture, and may decompocse in the presence of strong acids
or bases (3, 9}). Thermal decomposition of dichlorvos will
release toxic oxides of phosphorus and carbon, toxic and
¢orrosive chlorides and toxic phosgene gas. Dichlorvos is
corrosive to iron and steel. It may attack materials such as
plastics, rubber and coatings (9). Other metals (stainless
steel, aluminum, nickel) are resistant if no water is present.

Dichlecrvos increases the effects of malathion (5).
Alcoholic beverages promote the absorption of dichlorvos into the
bloodstream (8).

Persons who work with organophosphate materials for long
periods of time should have frequent blood tests of their
cholinesterase levels. If the cholinesterase level falls below a
critical point, no further exposure should be allowed until it
returns to normal (13}.

Protective clothing must be worn when handling dichlorves.
Before removing gloves, wash them with soap and water. Always
wash hands, face and arms with scap and water before smoking,
eating or drinking.

After work, remove all work clothes and shoes. Shower with
svap and water. Wear only clean clothes when leaving the job.
Wash contaminated clothing and equipment with soap and water
after each use. Keep contaminated work clothes separate from
regular laundry.

Exposure Guidelines:
1 mg/m3 OSHA TWA (skin) (9)
0.1 ppm (0.9 mg/m3) ACGIH TWA (skin) (9)

1 mg/m3 NIOSH Recommended TWA (skin) (9)
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Air concentrations of 200 mg/m3 are immediately dangerous to life
or health (9).

PADI: 8 x 10 to the minus 4 power mg/kg/day, based on a 2-year
dog feeding study (12)

Physical Properties

CAS #: 62-73-7

Specific gravity: 1.44 (60 degrees /60 degrees F) (2)
Solubility in water: 1 g/100g at 25 degrees C {17)

Solubility: Miscible in nen-polar solvents such as
dichloromethane, 2-propancl and toluene (2, 17). Soluble in
ethanol, chloroform, acetone, and kerosene (1, 5). Miscible in
alcohol and in aromatic and chlorinated hydrocarbon sclvents.
Solubility in kerosene and mineral oils is about 3% (3).
Boiling point: 140 degrees C at 20 mm Hg {(17}; 117 degrees C at
11 mm Hg {2); 35 degrees C at 0.05 mm Hg (3); 183 degrees F (B4
degrees C} (9}

Flash point: 175 degrees F (>80 degrees C} (2, 16), practically
non-flammable (17).

Vapor pressure: 0.01 mm Hg at 30 degrees C (18)
Chemical class/use: Organophosphate insecticide
BASIC MANUFACTURER

Amvac Chemical Corp.

4100 E. Washington Blvd.

Los Angeles CA 90023

Review by Basic Manufacturer

Comments solicited: January, 1992.
Comments received: April, 1992,
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LINDRNE
TRADE OR OTHER NAMES

Proprietary names for products containing BHC are Agrocide,
Ambrocide, Benesan, Benexane, Borer-Tox, and Gamasan. Lindane
may alsoc be found in formulations with a host of fungicides and
insecticides.

INTRCDUCTION

Lindane is an organochlorine insecticide and fumigant which
has been used on a wide range of sc0il-dwelling and plant-eating
ingects. Lindane is presently used primarily for seed treatment
and in lotions, creams, and shampoos for the control of lice, and
mites (scabies) in humans,

Benzene Hexachloride (BHC) is the 100% pure form of the
product while lindane is slightly less pure (>99% pure}. There
are eight separate three dimensional forms (isomers) of BHC; the
gamma configuraticon being one of those forms. As used in this
profile lindane and BHC refer only to the gamma isomer of BHC.

Some formulations of lindane are classified as Restricted
Use Pesticides (RUP). Restricted Use Pesticides may be purchased
and used only by certified applicators. Most uses of lindane in
agriculture and in the dairy industry have been cancelled by the
EPA. Lindane is no longer manufactured in the United States.

TOXICOLOGICAL EFFECTS
ACUTE TOXICITY

Lindane is highly toxic and carries the signal word WARNING.
It is a central nervous gystem stimulant with symptoms usually
developing within one hour. Symptoms of acute exposure in humans
can include mental and motor retardation, central nervous system
excitation, clonic (intermittent) and tonic (continuous)
convulsions, respiratory failure, pulmonary edema and dermatitis.
Other symptoms in humans are more behavioral in nature such as
loss of balance and somersaulting {7), grinding of the teeth, and
hyperirritability. Lindane can be absorbed through the sgkin,
through inhalation or through direct ingestion.

Most acute effects have been due to accidental or
intentional ingestion, although inhalation occurred (especially
among children) when it was used in vaporizers. Workers may be
exposed to the product through absorption through the skin and
through inhalation if handled incorrectly.

The oral LD50 for rats is 88-270 mg/kg, for mice 59-246
mg/kg, and for rabbitas 60 mg/kg. The lowest oral dose which may
be lethal for a child is estimated to be 180 mg/kg. Lotions
(10%) applied for scabies have resulted in severe intoxication in
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some children and infants.
CHRONIC TOXICITY

Sixty male workers in a lindane producing factory had ne
signs of neurological impairment or perturbation after one to
thirty years exposure. However another study of chronically
exposed workers showed some mild differences in heart beat.

$mall amounts of lindane fed to rabbits (1.5-12.0 mg/kg) for
five to six weeks, and to rats (6.25-25 mg/kg)} for 35 weeks
suppressed their immune systems. This adversely affected the
organisms' ability teo fight off disease. In a two-year rat study,
significant liver changes were attributed to the intake of
moderately small amounts of lindane in the diets of the test
animals (approximately 5 mg/kg/day) .

Reproductive Effects

Female rats experienced a disturbance of their reproductive
¢yecle and inhibited fertility with doses of 0.5 mg/kg for four
months. Treatments of 0.05 mg/kg did not produce these effects.
Lindane was found to be slightly estrogenic to female rats and
also caused the seminiferous tubules in male rats to become
atrophied at doses of 8 mg/kg/day over a ten day pericd (7).
These tests suggest that the compound may have reproductive
effects in human populations.

Teratogenic Effects

Beagles given 7.5 or 15 mg/kg from day five throughout
gestation did not produce pups with any noticeable birth defects.
Pregnant rats given small amounts of lindane in their food had
offspring unaffected by the pesticide (3). Lindane, however, can
be passed from the mother to the developing fetus (3). It
appears that lindane will not cause developmental effects at low
levels of exposure and causes reproductive effects at levels
approaching the acute toxicity doses. These effects have not been
chserved in human populations.

Mutagenic Effects

A variety of tests on mice and on microbes have shown no
mutagenicity in the cells tested (7). It has been shown to
induce some changes in the chromosomes of cultured human
lymphocytes during cell division at fairly low doses. It is
unlikely that lindane would pose a mutagenic risk in humans at
very low exposure levels.

Carcinogenic Effects

The carcinogenicity of lindane in experimental animals is
low {(or limited) as judged by the International Agency for
Research on Cancer (1). Mice fed 100-500 mg/kg diets for 24
weeks showed no signs of tumors. Rats fed for a lifespan at
5-1,600 mg/kg diet with a mean age at death of 58 weeks, had no
increase in tumor incidence.

One of the confounding factors in establishing a link
between the insecticide and carcinogenicity is the presence of
three different dimensional. forms (isomers) of the compound BHC.
Each form has a slightly different toxicity.

The International Agency for Research on Cancer has
concluded that there is sufficient evidence to show that one of
the lindane isomers is carcinogenic and limited evidence to
establish the carcinogenicity of the beta and gamma isomers (10}.

Fate in Humans and Animals
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Of a single dose of 40 mg/kg to rats, 80% was excreted in
urine and 20% in feces. Half of the administered lindane is
excreted in three or four days. When administered for 18 days at
8 mg/kg, metabolites were found in bloed, liver, kidneys, spleen,
heart, and the brain. In humans, the mono, di, tri, and
tetra-chlorophenolic metabolites are detected in urine with the
trichlorophencls predominating. Residues disappear within three
weeks after dosing ceases. Cows fed low doses in their daily
ration for 35 days produced milk with residues from 0.002 te
0.015 ppm.

ECOLOGICAL EFFECTS

Lindane can be stored in the fat of mammals and birds.
Birds of prey in the Netherlands contained up to 8% ppm in this
tigssue. Residues can alsc find their way into egg yoclks at
measurable concentrations for 32 days after dosing (5). Harbor
seals from the German North Sea and raccons from North America
were found to have lindane in their fat at concentrations ranging
from 0.3 ppm to 1.0 ppm (8).

Lindane is very highly toxic to fish. The 96 hr LC50 ranges
from 1.7 tc 32 ppb for trout and salmon te 44 to 131 ppb for
catfish, perch and goldfish. Water hardness did not seem to
alter the toxicity to fish but temperature did. An increase in
temperature from 2 degrees to 18 degrees C caused a 2.3-fold
decrease in rainbow trout toxicity, but a 7 degree to 29 degrzes
C increase caused a 2.6-fold increase in bluegill toxicity.
Chronic, sublethal exposures to lindane produced liver and kidney
problems in fish. Most of the lindane in the fish was
wnmetabolized., In the snail (Physa) most of the lindane was
found as the metabolite pentachloro-cyclohexene.

Birds are more tolerant of high doses of lindane than are
mammals. Mallards have an LDS0 of more than 5000 mg/kg.
Pheasants, Japanese quail, and bobwhite quail have LCS50 values of
561 ppm, 425 ppm and 882 ppm respectively. Thus lindane is only
slightly toxic to these organisms. Egg shell thinning and
reduced egyg production has occurred in birds exposed to lindane.

Lindane is highly toxic to bees and to agquatic
invertebrates. The compound is believed teo cause birth defects
in amphibians.

ENVIRONMENTAL FATE

On eight types of goil, it was found that lindane residues
decreased by 40 to 80% per year. When sprayed on the surface,
the half-life wasg 4-6 weeks with 90% gone in 30-40 weeks. When
worked into the soil, the half-life was 15-20 weeks with 90% gone
in two to three years. At the end of 15 years, 0.2% remained.
The typical half-life for lindane was 400 days. Lindane can be
washed off and into the soil, especially when humus content is
low (5).

The pesticide has been found in a gignificant number of
groundwater samples in New Jersey, California, Mississippi, South
Carclina, and in Italy at very low concentrations (maximum
concentration of 0.9 ppb in New Jersey) (8). Lindane is a
contaminant in water in the Great Lakes at very low
concentrations as well.

Lindane is very stable in both fresh and salt water
environments. It will disappear from the water by secondary
mechanisms such as adsorption on sediment, biological breakdown
by microflora and fauna, and adsorption by fish through gills,
skin and f£ood (5). Storage in body fat is directly proportional
to concentration in feed.
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Plants pick up residues from not only direct application,
but through water and vapor phases. While crops such as
cauliflower and gpinach had less than 0.1 ppm when grown in soil
with residues of 0.1 to 0.5 ppm, carrots may accumulate high,
persistent concentrations (5). Persistence is seen when plants
are rich in lipid content. The half-life in lettuce was three to
four days. The metabolism in plants is not well understoed, but
carrots were estimated to metabolize lindane at a rate of 43 to
47% after eight to ten weeks, based on the uptake by the plant.
Exposure Guidelines:

NOEL {rat): 0.33 mg/kg/day, based on multiple effects
brinking Water: 4 ug/l (ppb) (EPA}; 3 ug/l (ppb) (WHO)
HA: 0.0002 mg/l lifetime

TLV-TWA: 0.5 mg/m3

TLV STEL: 1.5 mg/m3

ADI: 0.008 mg/kg/day (WHO)

RfD: 0.0003 mg/kg/day (EPA)

LEL: 1.55 mg/kg/day

Physical Properties:

CAS #: G58-89-9

Chemical name: gamma-1,2,3,4,5,6-hexachlorocyclohexane
Chemical class/use: organochlorine insecticide

Solubility in water: 7 mg/l

Solubility in other solvents: >5 g/100g in acetone, benzene,
ethanol and ethyl acetate

Melting Point: 112.5 degrees C

Vapor Pressure: 3.3 x 10 to the minus 5 power mm Hg
Partition Coefficient: 3.61-3.72 {(log octanol/water)
BASIC MANUFACTURER

Drexel Chemical Company

PO Box 9306

2487 Pennsylvania St.

Memphis, Tn 38103

Telephone: 901/774-4370

Review by Basic Manufacturer:

Comments solicited: October, 1992
Comments received:
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