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Basic Concepts in Toxicology e e . |
Current pesticide issues in California
Assessing Dose

2 truism in toxiceology is that the "dose makes tne poLlsuL. oo
nilar principle applies in pharmacology when we think in terms
therapeutic, sub-therapeutic, and toxic doses of drugs. However,
for toxic substances, unlike prescription drugs, assessment of
dese may be very difficult. Wa most often have imprecise \
information derived from our clinical histories and sometimes |
den't even know the precise nature of the chemical substances
encountered by our patients. Fortunately, familiarity with |
common exposure situations greatly facilitates the task of |
history taking. This becomes clear when we ask about doses of l
cemmon toxins such as alcohol or tobacco. How many beers did you |
drink last night? How many shots of whiskey? How many i
\

Th
si

cigarettes do you smoke in a day? How many vears have you
smoked? -

We also have laboratory measures of exposure - blood alcochol for.
measuring acute ethanol intake and urine cotinine for measuring
exposure to cigarette smoke. Laboratory measures of dose are
nest often relative. They are useful because we have historical
data. associating a biological effect with a certain gquantitative
laboratory measurement - like a blood concentration of alcohol >
0.1% or 0.08%. Less often we can use laboratory data to
guantitatively assess dose in absolute terms - as in the
hypothetical situation when we have an acute exposure to compound
%, followed Dby a 96 hour urine collection, knowing that
excretion of the compound is 100% through the urine and is 50%
compound y and 30% compound z. Measuring the amount of either Y
or z in the urine in this situation gives the original dose.
Clinical exposure assessment is usually very imprecise compared
to exposures measured in experimental settings, but is comparable
to data derived from questionnaires, work histories, and other
sources of information used in epidemioclogic studies. Highly
pracise information on dose - from laboratory measurements or
historical records - sometimes allows epidemioclogists to assess
the effects of spontaneous variations in dose. In the ideal
situation this is termed a "natural experiment".

Dose-response - threshold vs. non-threshold effects

Response to a particular dose depends on the nature of the effect
studied. 1In some biological symptoms there are clear threshold
patterns of dose and response - indicating that no response at
all occurs below a certain dose level as in the action potential
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in the nerve axon. 1In other systems the dose response may be
linear, sigmoidal or "sublinear", or rarely, exponential or
"supralinear™". Examples of threshold effects include response
to chemical irritation of the eye and skin, detection of odor,
chemical induction of birth defects, and various types of
systemic poisoning. The existence of thresholds for the chemical
induction of cancer is controversial, partially because of
confusion about terminology. Some consider any deviation towards
a sublinear response evidence for a threshold, while others seenm

to reject the idea of thresholds out of hand as an article of
faith.

A set of interesting guestions arises when considering the
question of threshold vs. non-threshold responses in allergy
mediated diseases. Classically allergic reactions demonstrate
stereotypical patterns - hay fever, hives, asthma, and allergic
contact dermatitis. These allergic reactions involve two
possible thresholds - the initial dose(s) necessary to induce the
allergy - and the lowest dose to which an individual reacts once
sensitized. This concept is important since it points out that
those likely to develop allergic reactions to chemical antigens
are those with high dose rather than low-dose exposure. This
classical model of allergy contrasts with theories proposed by
"clinical ecologists" or "environmental allergists" who hold that
certain people have inmune systems altered by exposure to low
levels of environmental chemicals ‘and have become universally
sensitive to synthetic chemicals.

Laboratory Benchmarks of Toxicity

In evaluating the toxicity of synthetic chemicals animal tests
are commonly used as a means of predicting human toxicity. Even
for acute effects these tests are not exact predictors of human
response because of variations in species sensitivity to various
chemicals and differences between human exposure patterns and the

narrow set of exposure conditions used“in standard toxicology
tests. :

LDso

studies These are commonly done with rodents, testing the dose
required to kill 50% of an animal population following
dermal, respiratory, oral, intraperitoneal, or
intravenous exposure. The LDS0 is actually a
mathematical construct -read from a plot of dose (in
mg/kg) vs. % mortality. Because it is easiest to
administer the test compounds orally, the oral ID50 is
the most common benchmark of toxicity. EPA, for
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example, rates systemic toxicity of pesticides in terms
of the oral LD50 as follows (<= 50 mg/kg - Category 1;
> 50 mg/kg and <= 500 mg/kg -Category 2; > 500 and
<=5,000 mg/kg - Category 3; > 5,000 mg/kg - Category 4.

Irritation

studies

Cancer
Biocassays

Based upon testing in albino rabbits, EPA rates eye
irritation as follows: Corrosive; produces corneal
cpacity not reversible within 7 days - Category 1;
corneal lesion reversible within 7 days, but causes
persistent eye irritation - Category 2: No corneal
opacities, irritation reversible within 7 days -
Category 3; no irritation - Category IV.

Skin irritation is rated as follows: Corrosive -
Category 1; Severe irritation at 72 hours - Category 2;
Moderate irritation at 72 hours - Category 3; Mild or
slight irritation at 72 hours - Category 4.

Animal cancer biocassays employ between 300 to 600
animals apportioned by sex and exposure into "high",
"low", or no exposure categories. The high dose is
chosen as the maximum dose that does not cause non-
cancer mortality and therefore decreased survival -
over the lifetime of the animal, about two years. The
high dose chosen in this fashion is known as the
maximum tolerated dose (MTD).

Historically, the use of biocassays has proven that
potent animal carcinogens frequently turn out be human
carcinogens: vinyl chloride, bis-chloro-methyl-ether
(BCME) , 4-aminodiphenyl (ADP), methylene- bis-(2-
chloroaniline) MOCA or MBOCA. The extrapolation of the
results of bioassays to low dose exposures is
controversial. Standard regulatory practice is to use
a linear extrapolation, but some industry groups have
contended that technique is needlessly conservative.
For example, data generated by the Chemical Industry
Institute of Toxicology (CIIT), demonstrate what
appears to be a non-linear dose response for nasal
tumors induced by chronic inhalation of formaldehyde.

In evaluating animal test data described above it is important to
remember that the results predict relative toxicity of humans to
chemicals following acute exposures. Prolonged exposures may

3




Current Pesticide Issues in California - Michael 0'Malley, M.D.

lead to cumulative effects that are not predicted in acute
toxicity tests. This phenomenon has been observed for both
irritant effects and systemic toxicity.

Pesticides

Pesticides are chemical or physical agents that have biocidal
properties. Classification may encompass either use or
structural characteristics.

Use Classes include insecticides, fungicides, herbicides,
molluscicides, and bacteriocides depending on the target
organism. Chemical classes don't correspond to use categories
but do give a general idea of mode of systemic toxicity.
However, it is often difficult to difficult to predict local
irritant or allergic effects on skin, eyes, or respiratory tract
based upon chemical structure alone.

Use Categories versus Chemical Class Structure

Use Cateaory Structural Categories
Insecticides Organochlorines, organophosphates, carbamates, pyrethrins,

synthetic pyrethreids, nicetine, rotenons

Herbicides Trichlore/dichloro-phenoxyherbicides, urea derivatives,
carboamates, triazines, glyphosate

Fungicides Carbamates, organophoaphates, miscellanecus campounds including
captan, captafol, pentachlerophenol, iprodione, elemental sulfur

Anti-miczobinls Triszine-§-triones -chlorine relessing agents, chlorine,
dichloronitrobenzans

Rodenticides Coumadin and derivatives - long and short acting anticoagulants;
strychrine; sodium flucroscetate (compound 1080).

Common Modes of Exposure

The most important physical property of any chemical agent in
terms of evaluating exposure is its vapor pressure. For
materials with vapor pressure < 107° mm Hg, respiratory exposure
is not very likely except when a fine aérosol is generated and
remains airborne for a prolonged period of time. Even in
pesticide application work, previous studies have demonstrated
that dermal exposure accounts for 95-99% of the total potential
exposure for most non-volatile pesticides as indicated in the

following table below. Dermal exposure is the principal route of

exposure for most field work. Ingestions are obviously
infrequent in the work place, but have led to some serious
poisonings on the job:




Current Pesticide Issues in California - Michael O'Malley, M.D.

Material

Phosphine
Sulfuryl fluoride
Methyl bromide
Hater

H-butyl mezcaptan
Dichlorvas (DDVP)
Mevinphos
Malathion
Chlorpyrifos
Chlordane
Dimethoate
Cynazine
Phoaalone

Vaper Pressures of some common pesticides

Vapor
Pressure - rmm Hg

232,369
=760
1,725

24

E3

1x10?
2x107°
1.2x107*
1.8x10-4
1x107*
Ex10™*
l.Ex10-9
< 1p”°

Distribution of Exposures in the California Work Force

Agricultural use of pesticides generates both direct and indirect
exposures.

Direct exposures: nixers, loaders, applicaters &
flaggers.

Indirect exposure from pesticide residue on foliage and
commodities; among fieldworkers highest exposure comes
from hand work in close contact with heavy foliage
(Grapes>Tree Crops>Row Crops). Degree of exposure
depends on applicaticn history, compliance with reentry
requirements, and breakdown of pesticide. Breakdown is
very rapid with some compounds (phosdrin, dimethoate)
and very slow with others (phosalone, guthioen,
chlorothalonil, propargite). Predicting the rate of
breakdown is a key element in allowing safe use of most
pesticides on field crops and also protecting consumers
from excessive residues on food. Field workers are
protected by waiting period know as reentry intervals
and consumers by a related waiting period called a
preharvest interval.

Non-agricultural use encompasses a whole host of exposure
situations:

~household exposures - structural pest control, garden
use, childhood exposures. Products of most frequent
concern include insect sprays, household antibacterial
agents, ant traps, rodenticides, insect powders, and
herbicides.

-retail workers - indoor spills from pesticide
containers, often with pesticide concentrates
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-office/restaurant workers - residue of indoor
applications

—outdoor workers - drift exposures

-emergency response workers - direct or indirect
exposures to pesticide spills/drift

Illiness Data

The relative possibility of serious illness following expesures
to different portions of the work force can be ascertained by
reviewing the distribution of probable and definite cases of
organophosphate poisoning reported to CDFA through the Pesticide
Illness Surveillance Program (PISP). Data in this system derive
from workers' compensation reports (Doctor's First Reports -
DFRs) and mandatory reporting of cases of pesticide illness by
physicians (Figure 1).

The PISP data for probable and definite organophosphate poisoning
were reviewéd in order to ascertain cases that met a strict case
definition (Figure 2). This review, in combination with
employment denominators demonstrated that pesticide applicators
(SIC 0721 -crop protection services) have by far the highest risk
of illness (Figure 3). If cases are restricted to those meeting
strict criteria for organophosphaté poisoning, this single SIC
code containing on average approximately 4,000 individual
workers, has an illness rate 212 times higher than the ras* =£
the California agricultural workforce and 4,451 times greater
than the Non-agricultural work force. The rate of confirmed
poisonings in this group from organcophosphates alone is 64 times
higher than the rate of systemic poisonings reported for the U.S.
workforce as a whole = 0.7 cases/10,000 workers employed (Figure
4). As shown in Figure 5, the leading causes of illness in the
professional pesticide applicators are the Category 1 (LD50<=50
mg/kg) organophosphates, but Category 2-materials such as -
chlorpyrifos alsc make a contribution to the burden of illness.
Many cases invelve exposures to multiple Category 1 pesticides.

Focusing in on one category of illness and a single year's worth
of data can of course be misleading. While pesticide applicators
tend to have high rates of illness from year to year because of
their direct exposures to pesticides, systemic illnesses in
fieldworkers from systemic pesticide residue tend to be episodic.
In years where no outbreaks are recognized the rates for systenmic
illness in fieldworkers may therefore appear to be zero. There
were in fact two clusters of fieldworker illnesses. associated

8




Current Pesticide Issues in California - Michael 0'Malley, M.D.

with the carbamate insecticide methomyl in 1988 - one due to a
reentry violation and a second due to unexpected persistence of
methomyl beyond the reentry interval. Neither episode appeared
in cur tabulation because the graph only depicted organophosphate
associated illnesses. In 1987 there were three major clusters of
fieldworker poisonings associated with the organophosphate
phosaleone, and these obviously did not show up in the data we
looked at for 1988.

The episodic nature of illness among fieldworkers is a key to
evaluating the reporting efficiency of California‘'s surveillance
program for pesticide illnesses. Since 1949 outbreaks of
poisoning from organophosphate residue have been recognized in
California, Oregon, and Washington.
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Episcde of Fieldworker Poisoning in Californmia Since 1549 .

Rumber

Year Zocation Chemical(s) Crop 111
1949 Haryaville Parathion Pears 20-25
1951 Delans Parathion Grapes 16
1952 Riversids Parathion Cranges 11
1953 Riverside Paxathion Oranges 7
1959 Zptire State Parathion Citrus 275
1961 Terra Beila Parathion Lemons 97
1963 Hughaon Parathicon Peaches g
1966 Terra B2ella Parathion Orangesa 9
1966 Portervilla Parathion Orangea 3
1966 Lindaay Parathion Oranges 3
1966 Navelencia Parathion Orangesa 11
1966 Terra Bella Parathion/ethion Oranges 15
1967 Zughson Azinphosmethyl/ethion Peaches 23
1967 Ballico Azinphoamethyl Peaches 3
1968 Lindsay Parathion oTanges 19
1970 Portervilla Dioxarhion/naled Lemons El
1970 Lindsay Parathion/ethion Oranges 2
1370 Terra Bella Azinphosmethyl/ethion Oranges B-11
1970 YcFarland Parathion Qranges 15
1370 Orosi Parathion Qrangea 11
1971 Orange Cove Parathion Qlives a
1972 Lind Cove Parathion Cranges 3
1972 Exeter Parathion Cranges )
1972 Huron Parathion Lettuce 4
1973 Fowler Dinlifor/phosaicne/ethicn Grapesa 27

/phosmet
1974 ¥erman Azinphosmethyl/phosalone Grapes 2
1975 Lemon Cove Parathion Oranges 16
1976 Presno - Hevinphos Lettuce 4
1977 Orange Cove Parathion Orangesa 319
1978 Tulare Ethion Crapes 7
1980 Ballics Azinphosmethyl Peaches 6
1280 Salinas Mevinphas/phosphamidon Cauliflower 22
1981 King city Mevinphos Laettuce q1
1982 Strathmore Parathion Oranges 17
1982 Salinas Mevinphos Cauliflower 35
1992 Salinas Oxydemeton-methyl Cauliflower 17
1583 San Juan B. Azinphosmethyl Irrigating 2
1984 Firebaugh Chlerpyrifos/acephate Cotton 2
1985 Ducorx Parathion Grapefruit 4
1986 Watsonville Halathion Strawberries 2
1986 Five Points Methamidophos Cetton 25
1986 Three Rosks Methamidophos Cotton 3
1987 Madera Phosalione Grapes
1987 Madera Phosalone Grapes
1987 Selma Phosalone Grapes
1988 Delana Hethomyl

Grapes

The reason for the episocdic nature of fieldworker poisonings
becomes clear upon examining a series of day-of-harvest samples
looking at organophosphate residues collected by CDFA from 1975

to 1985 showed that only 174 (6.7%) of 2,563 showed detectable of
the fields had detectable organophosphate residues, and 5 (0.2%)
demonstrated residues that were considered hazardous. Aalthough
it is probably not safe to overgeneralize from this series of
residue samples, they do indicate that exposures of fieldworkers
to organophosphates is intermittent rather than continuous.
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Exposures to Household Pesticides

Exposures to pesticides in the home derive largely from the use
of over-the-counter products, together with a smaller of

exposures following treatments by professional structural pest
control operators.

Deaths from Pesticide Exposure

A recent review of DPR files for deaths probably or definitely
associated with pesticide exposure revealed thirty-two cases
reported through our surveillance program between 1982 and 1987.
Twenty~seven (84.3%) were attributed to non-occupational
pesticide exposures. This group included twelve suicides, five
accidental ingestions, and ten persons who entered fumigated
structures prior to untarping. '

There were five occupational deaths related to pesticides. Two
were workers in a pesticide formulation plant who entered a tank
containing residues of ethylene dibromide. A structural pest
control worker received a fatal exposure to the solvent methylene
chloride (a non-pesticidal ingredient of the mixture being
sprayed) during application of a structural pesticide in a
confined space. A security guard mistakenly entered a structure
under fumigation. The final cases was a fieldworker who
collapsed in a field recently sprayed with an organophosphate
insecticide known as methamidophos. The last case is listed as
probably related to pesticide exposure although there was
evidence that the death may have been related to a
cerebrovascular accident (stroke). However, due to complicated
circumstances, a complete autopsy was not performed and no

attempt was made at the post-mortem to evaluate blood
cholinesterase.

Six additional deaths involving agricultural aircraft accidents
were reported to the department from 1582 to 1987 for evaluation
of a possible relationship to pesticide exposure. Four involved
aircraft accidents in which no evidence of any pesticide exposure
could be identified. These included one case in which pesticide
exposure was ruled out at autopsy and three cases in which the
plane which crashed carried no pesticide. Two aircraft accidents
involved crop dusters carrying insecticides, but noc definite
evidence was found implicating the pesticide as the cause of the
accident. As these data illustrate accidents involving
agricultural aircraft do occur periodically in California. They
are not usually related to pesticide exposures since the
California Agricultural Code specifically prohibits agricultural
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aircraft pilots from mixing or loading pesticides which they
apply.

Two recent (1989 and 1990) deaths merit some discussion because
of the unusual circumstances surrounding them. In December 1289
a structural pest control worker died during an application of a
novel termite control pesticide employing liquid nitrogen. The
underlying factors in this death were unusual construction
techniques in the apartment being treated that allowed the gas to
escape its normal confines, failure of the worker to wear
required oxygen monitoring equipment, and the "solo" application
of the asphyxiant gas, so that no one was on hand to rescue the
applicator following his collapse.

In January 1990 an applicator died while applying parathion in a
Kern County almeond orchard. Although he had been well during the
morning, he became symptomatic at 1 p.m., simply reporting to his
supervisor that he didn't feel well and shortly there after
became diaphoretic. He lapsed into unconsciousness without
explaining what happened and died within 30 minutes of his first
symptoms. Although the circumstances pointed to an accidental
exposure, perhaps from a cleaning out a clogged spray nozzle,
greater than 400 parts per million (ppm) of parathion were found
in his stomach at autopsy. The rapid onset of symptoms is
consistent with ingestion of parathion but the circumstances of
exposure remain unclear. i

10
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Systemic Poisons

Organophosphates
Classic hazard of agricultural employment.

Toxic to the nervous system by inhibiting the breakdown of the
transmitter acetylcholinesterase by the enzyme
acetylchelinesterase, resulting in overstimulation of portions of
the nervous system which contain acetylcholine: post ganglionic
fibers of the parasympathetic nervous system (control secretions
of respiratory and GI tracts, heart rate, etc), sweat glands in
the sympathetic nervous system, preganglionic fibers in the
sympathetic nervous system, and skeletal muscle. The acronym

MUDDLS is a helpful means of remembering the principal effects of
cholinesterase inhibitors:

Miocsis (constriction of the pupils) Urination Diarrhea
Diaphoresis (sweating) Lacrimation (tearing)
Salivation.Other effects of note include bradycardia
(slowing of the heart rate). This may be gquite severe in
some instances and may be responsible for episodes of
~dizziness and syncope (fainting) associated with
organophosphate poisoning. These same symptoms may be
produced by inhibition of acetylcholinesterase in the
central nervous system, so that it is frequently
impossible to ascertain the physiologic cause of the
symptoms in individual cases.
Diagnosis is usually made based upon a history of exposure and a
bloed test of red cell and plasma cholinesterase. A test within
the low normal range is not sufficient to rule out poisoning
given the wide range of normal values in the population. In this
situation, the diagnosis can be made by comparison with a
baseline value, by doing serial followup tests, or by testing for
regeneration of the native acetycholinesterase enzyme following
in vitro treatment of a blood sample with the cholinesterase
antidote protopam. There is no clear evidence as to what level
of cholinesterase inhibition is necessary to produce symptomatic
illness, although claims have been made for various thresholds

(e.g. 50% depression, or 80% depression) in the past based upon
different case series.

Recent examples: crew poisoning with phosdrin and phosphamidon in
Salinas, 1980 following entry inte a treated field 6 hours after
application in order to band cauliflower. Serial cholinesterase
testing demonstrated inhibition even in workers who initially
presented with values in the low normal range.

11
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1987 phosalone poisonings: slow absorption of moderately toxic
compound over a one-two week period led to moderate to severs
cholinesterase inhibition in 78 exposed individuals. This
presentation 1s termed subacute given the relatively long
asymptomatic period between first exposure and the onset of
symptoms. The slow absorption also produced 21 individuals who
were asymptomatic despite levels of cholinesterase depressicn
comparable to that seen during the Salinas reentry poisonings.
This episode also highlighted the nacessity to recognize '
individual cases of fieldworker peisoning as sentinel health
events.

freatment: Atropine iIs an antidote for the muscarinic symptoms
(respirateory and GI tract secreticns, bradycardia, etc), but not
for nicotinic effects (skeletal muscle) or on central nervaeus
system eife

cts. Atropine works by blocking muscarinic receptors
and has a relatively short-lived effect. Protopam {2-PAM)
adjunct to atropine and works by breaking down the enzyme-
inhibitcr complex. It is therefore effective against entire
range ol symptoms.

is an

Carbamate Poisoning

This is qgualitatively similar to organophosphate except that it
is more readily reversible since the complex between the
cholinesterase enzyme and carbamate insecticides readily breaks
down. It is not necesssary for new snzyme to be synthesized for
normal Zunctioning to be restored. Conseguently it is more
Zifficult to detect cholinesterase depression due to carbamates.
Treatment: Like organophosphates, carbamate poisoning may be
treated by the use of intravenous atropine. However protopam {(2-
FEM) is of no value in treating carbamate poisoning, and may
exacerbate the symptoms of poisonings with particular carbamates
such as carbaryl and gropoxur.Recent example:

1988 poisonings with methomyl in workers girdling grapes near
Delano, cCalifornia.

Fumigants

Prototype is the compound methyl bromide, which is a potent
central nervous system toxin, most frequently following a
respiratory exposure. Extremely high doses (2-3,000 ppm) produce
acute loss of consciousness, respiratory depression and death.
This pattern of anesthesia like effects is also typical of other
- fumigants such as sulfuryl fluoride. However, unlike sulfuryl
fluoride, in the great majority of cases, the symptoms of
overexposure to methyl bromide are delayed in onset. Most common
initial symptoms in fatal or nonfatal cases with delayed onset
are malaise, headache, visual disturbances, nausea, and vomiting.
Later, a great variety cof central nervous system manifestations

appear, including numbness, ataxia, change of personality and
seizures.
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Organochlorines

DDT is the prototype organochlorine. It has low acute toxicity
compared to toxic organophosphates; the oral LD,, in the rat is
113 mg/kg compared to the LD,, for parathion of 4-13 mng/kg.
Symptoms of overexposure ars most common after ingestion and
include hyperexcitability, tremulousness, and in extreme cases,
seizures. Most organochlorines are extramely persistent in the
environment. They have an =qually long half life in <the body and
can be measured several months after a significant exposure. A
notable exception is endrin, which is much more readily
metabolized (by oxidation) *han the other organochlorines and is
not detectable in the blood stream more “han two weeks after an
exposure. Endrin is two-four times more toxic than DDT, with an
LDs of 16-43 mg/Kg in the rat. Food contamination with endrin
has been responsible for a number of illness clusters worldwide.
3ecause the symptoms rasenkled those of encephalitis, the cause
of the illnesses was oftsn not inmediately apparent.

Aluminum Phosphide (Phostoxin®, Fumitoxin®)

Holecular weight: 34 grams/mole

¥Melting point: -133°C

Beiling point: -87.7 °C

Selubility in water: .26 cc in 100 cc H20

Reactivity

Reacts violently with halogen, hzlogen acids, nitric acid,
nitrous oxide, and chromium oxycnlcoride, silver and nercury
nitrate, nitrogen trichloride, cxygen, and water. Corrodes
copper, gold, and silver. 3urns spontaneously in air at
concentrations of 1.8% or greater if trace of P2H4 (diphosphine)
present. Occupational Health Guideline (U.S. Department of
Labor) also states that it reacts with halogenated hydrocarbons.

Odor threshold

Depends on contamination of aluminum phosphide preparation with
other metal phosphides. Reported odor threshold ranges from 0.02
ppm  to 1.5-3ppm.

Mode of Action

Probably cellular poison akin to cyanide, with cellular enzyme
cytochrome oxidase affected, just as in cyanide poisocning.

Symptoms of Overexnosure

" Flulike illness: diarrhea, abdominal pain, headache,. chest
tightness, pulmonary edema. No specific laboratoxry
abnormalities, but may cause liver enzyme abnormalities or
elevated bilirubin; kidney dysfunction.
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Exposure Limits

American Conference, cf Governmental Industrial Hygienists (ACGIH)
Threshold Limit Value (TLV) is identical to current OSHA
rermissible exposure limit (PEL) of 0.3 ppm. Ceiling or short
term exposure limit (STEL)=1 ppm. Documentation of TLV'S
indicates that basis for phesphine TLV is study of Jones
(American Industrial Hygiene Association Journal 25:376-379,1964)
that found gastreointestinal symptoms (diarrhea and abdominal
pain), headache, and chest tightness in association with
exXposures ranging from 0.4 - 35 ppm in grain handling workers.
Maximum allowable concentration (MAC) in Eurcpe is 0.1 PEM.
Current TLV for hydrogen cyanide (HCN) by comparison is 5 ppm,
the same as the csiling limit. Cyanide TLV set on basis of
slight symptoms associated with exposures ranging from 18-35 Ppn
and a safety factor below the levels producing these wminor
symptoms.

Protective Eguipment

Exposures to PH3 above 10 ppm require self-contzained breathing
apparatus (SCBA). No respiratory proisciion required for nosmal
use when applied outdcors.

Approved Méthods of Disposal

Spent ash - small amounts of completely spent residual dust may
be disposed of on site of application by burial or by spreading
over the land surface away from inhabifed buildings.

Spent ash should not be disposed of in dumpsters or other
locations where confinement may occur.

Partially spent =material (green ash) - disposed of using wet
method, i.e. immersion in water or dousing with slurry of water
and detergent.

Aluminum phosphide containers require triple rinsing prior to
dispecsal as routine waste.

Fire Fighting Methods

C02, dry chemical extinguishers

H20 and Halogen fire extinguishers not recommended. Water may
exacerbate the fire. Effect of halogen (Halon®) extinguishers on
fire uncertain. Occupational Health Guideline (U.S. Department
of Labor} states that it reacts with halogenated hydrocarbons and

thus might be expected to be made worse if freon extinguishers
used.

Significant episodes with aluminum phosphide reported to the
Caljifornia Pesticide Tllness Surveillance Program-1982—1990

1983
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Index Case 2253-83; Priority investigaticn 89-1La-83: 2an
explosion and fire occurred at a fFfood processing plant in Los
Angeles after the 700,000 cubic foot builiing was furmigated using
62 flasks with aluminum phosphide. Althcugh the label
recommended using three gallons of waterydetergent slurry o
deactivate each flask of fumigant, emplcizes attempted to empty
all of the fiasks into a single 55 gallcn barrel approximately
half full of a water/detergent mixture. 2 sudden fire and
explosion occurred after they emptied 22 Zlasks in*o the barrel.
After they extinguished this initial firs, the two men dumped the
remaining ashes into an empty barrel, shoritly resulting in an
even larger fire and explosion that took =—he fire department 30
minutes to distinguish. Exposed indiviiuzils develcped nausea and
headache, and ssverzl wers n~ospitalized f=r observation.

Lo

1e8%

Case 165-87 - kn employee c¢Z a2 Yolo county rice nill developed
tightness in chest after aluminum phesphiZe ash he was disposing
of In a 3/4 full 55 gallon Zrum ignitegd, zzposing him to
phesphine gas.,

Cases 2206-287 and 2207-87: TSDA guality Inspectors complained of
lightheadedness, and chest ain in conjunmztion with intermittent
presence of phosphine odor zt a Madera walnut processing
operation. No air monitoring done at sizs despite complaints of
inspectors. Medical records reviewed ani “elephone consultation
conducted Ly Worker Health and Safety.

e

oy

8

ity investigatizz number &63-Tul-88:
Sixteen workers became ill <he day £ llzuing fumicgation of an
almend sorting building in Tulare county, developing symptoms of
e
£t

Index Case 2334-88; prior:
wd
nausea, headache, ches ightness, and z-iominal cramps.

k]
-

Index Case 2574-88; priority investigatisn 73-Ker-88: Episodes of
cenjunctivitis at an almond processing czeration in Kern County.
PH3 levels proved well below 0.3 ppm and 2id not appear related
to the cause of the outbreak. Medical..rzcords and field
investigation reviewed by Worker Health znd Safety in conjunction
with California Department of Health Services and Kern County
Agricultural Commissioner's Department.

1989

Case 395-89: A forklift operator exposei to fumes inside rice
mill warehouse after fumigation tarp rupzured February 28. He
developed dizziness, vomiting, nausea, diarrhea, stomachache,
disorientation, and decreased motor cooriination for which he was
seen at Kaiser Morse and UC Davis Occupazional Medicine Clinic.

A site visit was also made to the mill *> evaluate the source of
exposure and review the process for handling aluminum phosphide
in the mill. Employer believed that expssure occurred after
employee himself disturbed the tarp on palettes under fumigation.
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Case 474-89: An unemployed mazle found dzad in a rail grain car
under fumigation with aluminum phosphide in transport from Texas.
Case 783-89: A rodent control worker in Los Angeles disposed of
unspent aluminum phosphide pszllets in a dumpster ani second
employee developed sora thrczt and chest tightness a<fter putting
out a subsequent fire.

Case 2664-89: An Alameda couniy electrician develcora2d dizziness
and difficulty breathing aftsr putting out a fire iz a dumpster
caused by improperly discarded aluminum phosphide a
residue of grain fumigation conducted by neighborin
company on rail cars in transit.

ol Ash was

grain

=
—
—

1

)
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Cases 3004-90 and 3005-90: <Unspent pellets of aluminun pPhosphide
were improperly disposed of zn February 21 at a Kern County
almond processing operation by confinement in a tarrzd bin and
subsequently expleded, injuring two employees - one wizth facial
burns, hair loss, a broken 12ft leg and perforated T.Tmpanic
membranes (ear drums) and the second with facial bur=s and
lacerations.

Index Case 842-90; Priority Investigatisn 27-Mad-9$6: Cotton
debris piles at a generation plant, under fumigaticn with
aluminum phosphide, broke out into flames. Six emplilcyees
potentially exposed to phosphine from fire received -adical
examinations but had no syrmptons. Draeger tube readings for
phosphine taken at the site shovwed no detectabkle lavzl:z

Methyl Bromide

A review of the medical litsrature indicates that fz<al exposures
to methyl bromide have occurred in association with 2lood bromide
levels ranging from 50 to 400 ppm.'?® The air level =f methyl
bromide required to produce 120 ppm of blood bromids over an
approximately 13 hour periocd cannot be estimated dir=ctly. The
American Conference of Government Industrial Hygienists (ACGIH)
set the current threshold limit value"{TLV) for metrvl bromide in
occupational settings at 5 ppm to prevent pulmonary =dema and

Hine CH. Methyl bromide poisoning. A review

of ten cases. Journal of Occupational
Medicine. 11:1-9,1969

Bradford JC. Methyl bromide and related
compounds. in Haddad IM and Winchester JF eds.
Clinical Management of Poisoning and Drug
Overdose. WB Saunders. Philadelphia, 1990; pp
1241-1243
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sericus neurotoxicity.’ This standard derives from application

of a safety factor toc a Lowest-cbservable-effect-level (LOEL) in |
a study of workers who developed "mild systemic pPoisoning when
exposed for two weeks to cencentrations generally less than 35
ppm". From these data it seems likely that the breathing zone
concentration of methyl bromide required to produce a fatality
following a single thirteen hour exposure would significantly
exceed 35 ppm. Although the human dose-respcnse curve is not
known with precision, animal studies do indicate that methyl
bromids has a steesp, sigmoidal dose-toxicity curve following
short-term inhalatiocn exposures,‘ with a relatively narrow range
between exposures producing no cbservable effect and those
producing a fatal cutcome. It is plausible =hat the difference
betwezn less severe symptoms of the majority of those exposed to
this compound and the fatal outcome of somes case derive from
horter durations of exposure, varying concentraztions of the gas,
and th2 nature of the dose-response curve for acute inhalation
exposuras to methyl bromide. '

Non-Svstenic Illness

Eye injuries and skin disease nake up about 2/3 of all pesticide
relatad cases reported in California. Majorityv are related to
irritant effects of the pesticides. For skin disease the most
notorious-irritant is the miticide propargite, which has been
responsible for several recent outbreaks in crews harvesting
nectarines and citrus. Many cases are also associated with the
use cI elemental sulfur. Sulfur is not a potent irritant, but it
is used at extremely high dose rates and residue levels
enccuntered in th2 Zield may be quite high. In applicaticn work,
direct exposures o bare skin are likely to result in irritation,

but this czn be prevented fairly simply by wearing a shirt with
long sleeves and gloves to protect the hands. TFieldworkars are
also crone to allergic contact dermatitis, especially from
fungicides such as benomyl, captan, and chlorothalonil. Numerous
plant species may produce reactions on the skin which are
indistinguishable from those produced by pssticides.

Treatrent of contact dermatitis from pesticides resembles that
for pcison ocak: topical steroid creams .and antihistamines.
Systenic steroids may be indicated in severe cases.

American Conference of Government Industrial
Hygienists: Documentation of Threshold Limit

Values and Biological Exposure Indices: |
ACGIH, Cincinnati, Ohio; 1986 '

Hayes WJ. Handbook of Pesticide Toxicology.
Academic Press. San Diego, 1991 p668-671
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Pesticide Carcinogenicity

Recognition of individual cases of occupational disease
frequently presents a diagnostic challenge, even when there is a
short interval between exposure and the onset of illness. This
is especially true in regard to pesticide expesuras since the
symptoms ci poisoning are usually non-specific and resemble those
cf influenza and cther common non-occupational illnesses. Much
of tha data on the potentiazl chronic health effe

IZects of pesticides
of therefecrs comes from animal toxicclogy studies,

Znimal Data

The animal data on pesticide carcinogenicity identifies several
as carcinogens in one or rore animal species only at the MTD.
The predictive value of these results for human eyposures is
unclear to many. Compounds in this category identified from <he
California Department of Feood and Agriculture (CDFA) SB 950 data
base include glyphosate (Rcundup), bromacil (Hyvar), captan,
ethoprop and others. Data Zor the herbicide bromacil are given
in detail ta2low:

Oncogenicity in Mouse: 80 animals of each sex tested at .
each dose for 18 months on dietary concentrations of 0,
250, 1250, 5000 ppm. Increased number of liver tumors

- (adenomas and carcinomas) cbserved at the high dose in
males only at the high dose. Doses above 250 ppm in this
study were associated with a number of adverse effects
including liver cellular hypertrophy and cellular
necrosis, atrial thrombus, and acrtic root necrosis.

Onccgenicity in Rat: 36 animals of each sex tested at
2ach dose for two vears on dietary concentrations of o,
250, and 1250 ppm. Xo oncegenic effect was observed in
this study, but the number of animals in each test group
was not adequate to detect an effect if present. Weight
retardation was noted in animals at doses higher than 250
PpI.

Compounds identified as carcinogenic at doses below the MTD
include ethylene dibromide (EDB} and chlordimeform {(CDF). Data
for chlordinmeform are given below from a 1976 study reported by
the registrant of chlordineforms to CDFA:

Oncogenicity in Mouse: 50 animals of each sex were fed
chlordimeform in the diet at 0, 20, 100, and 500 ppm for
two years. No increase in tumors was noted for the 20 rpm
treatment group, but malignant hemangicendotheliomas were
noted in both sexes at 100 and 500 ppm doses in
approximately 50% and 75% of the treated animals
respectively. No oncogenic effects seen in' similar study
on rats or dogs. The principal metabolite of '
chlordimeform, 4-chloro-toluidine (4-COT), had previously
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been found te produce the same kind of vascular tumors in
mice in a study at NCI.

Festicides Rated as Animal Carcinogens

There is approximate agreement about pesticides that are animal
carcinogens. The list given below derives from a recently
published text on occupational medicine.

Animal Carcinogens

Alachloz Amitraz Aldrin

Anitrole Arsenicals Azinphoamethyl
Eenomyl Cazedylic Aci Captafol

Captafel Captan Cathbeon tetrachloride
Chleordane Chizrdimeferm Chlorbenzilate
Chlorthalezil Cypermethrin Cyromazind
Daminozicde ciellate Lichlorepropane
Zichlerzprepene

PBimethipin
Cimethoate Dithiocarbamates
Zthafluraliia

Ethylene dibromide
Zthylere oxide

Glyphosate
Igran Linoren
Maleic hv Methanearscroic acid Methomyl
¥ethyl cromide uirex Henuron
Crezylin Oxyflucrien Paragquat
oats ] Fentachlorophenol Permethrin
¢-Phenviphenal Profluralia Pronamide
Propoxur Ronnel Thicdicerb
Thiophanate-methyl Trifleralin Triallate

Human Epidemioiogic Studies

Human studies on the carcinogenicity of pesticides have been
somewhat inconsistent, with results that have varied somewhat
according to geograzphy and from study to study. There have been
many studies, for example, demonstrating increased risk of
leukemia and hematopoietic cancer among farmers in the Midwest.
The risk has bzen variously attributed to pesticides
(specifically the herbicide 2,4-D) and other possible causes such
as oncogenic viruses. Tor our purposes it will be of value to
review specifically relevant data from California.

California

In Califeornia, the principal finding of mortality studies of
agricultural workers has been a significant increase in the
occurrence of non-malignant respiratory disease, which was
observed by Carlson (Carlson, M.L., Petersen, G.R.: Mortality

of California agricultural workers. J Occup Med 20(1):30-32,
1978 and again by Stubbs (Stubbs, H.A., Harris, J., Spear,
R.C.: A proportionate mortality analysis of california
agricultural workers, 1978-1979. Amer J lndus Med 6:305-320,
1984). The possible link between leukemia and lymphoma mortality
and farm residence in California has also been explored, but no
significant relationship could be demonstrated (Fasal, E.,
Jackson, E.W., Klauber, M.R.; Leukemia and lymphoma mortality
and farm residence. Amer J Epidemiol 87:267-74, 1968). The
California agricultural industry differs significantly from that
in the Midwestern U.S. in the relatively small contributions made
by grain and livestock production and the heavy production of
specialty crops. It is uncertain whether the increased
mortality from non-malignant respiratory disease is related to a
chemical exposure or some other factor in the work environment.
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The studies described above do not indicate any consistent
increase in malignancies associated with agricultural employment.

Childhood Cancer and Pesticide Exposures

Case-control studies cf childhood cancer have frequently used
rather broad use categories to identify exposures, so they have
been unable to associats particular pesticides with the positive
findings. For example, pesticides exposures were positively
associated with childhood krain cancer in Baltimore between 1965
and 1975 when compared :foc children without cancer, but not when
compared to centrels with cther types of cancer (Geold, E.,
Gordis, ' L., Tonascia, J., et =zl.: Risk factors for brain
Tumors in children. im J idemiol 109(3):208-319, 197%). A
study of childhood l=sukemia in Les Angeles reporting a positive
association with pesticide exposures used only one control
population (children without cancer selectad by random digit
dialing), so that it was not poessible to easily assess the
importance of recall hizs (Lowengart, R.A., Peters, J.M.,
Cicioni, €., et al.: Childhood leukemia and parents!
occupational and home exposurss. J Nat Can Inst 79(1):3¢9-486,
1987).

Childhcod Cancer Clusters and Pesticide Exposure

Background

A cancer cluster, cr cancer outbresak, can be defined as an
increase in the nurbsr cf cancer cases beyond that statistically
credicted (bassd on arpropriate ragional or naticnal cancer
rates) for a given cexmmunity within a specified periocd of fime.
This type of event Is also known as a time-space cluster. This
designation distinguishes it from clusters which are defineg only

geographically {(space <l
simply identified as geo
cancer 1is persistently ?
rate for the entire p
data is available.

usters). Space clusters are more perhaps
graphic aresas where one or more types of
ound to occur at a higher than expected

Clusters may consist of a single fumor type, but clusters
involving multiple tunmor types are also frequently reported to
public health officials. There is some theoretical reason to
include the multiple tumor type outbreaks in the cluster
definition since some carcinogens, such as vinyl chloride, are
known to produce more than one type of primary cancer. However,
in any cluster caused by a single agent, it would be expected
that one or two types of cancer would predominate. Workers
exposed to vinyl chloride, for example, show increased risks for
biliary and liver cancer, brain cancer, and respiratory system
cancer; however, the excess risk is far greater for liver and
biliary cancer (more than 1,000 times the number of expected
cases}, than for brain (five times the number of expected cases),
or respiratory cancer (twice the number of expected cases).
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The most frequently hypothesized causes of community cancer
clusters reported in the literature have been infectious agents,
usually conceived as a slow acting virus, or a toxic
envircnmental exposure. The infectious theory was popular in
the 1260's and early 1970's, but none of the investigations
reported in the literature succeeded in identifying a causal
agent. Currently, most cluster investigations involve searching
for a toxic environmental agent. The concern for toxic
environmental agents perhaps derives from occupational
carcinogens, such as bis-chloro-methyl-ether and vinyl chloride,
which were first identified as the result of cancer cluster
investigations. Although agents for a few occupational clusters
have been identified and have proven to be of real significance,
there has been no comparable success in identifying agents for
space-time clusters of cancer in residential communities. Unique
environmental agents have been identified for certain space
clusters, where cancer has been identified as an endemic, rather
than epidemic, problem. In the Cappadocia region of Turkey, for
example, two villages have been identified with high incident
rates for mesothelioma; environmental investigation has
demonstratad that an asbestos-like mineral, known as zeclite, is
comnen in the region.

McFarland

The California Department of Health Services and the Xern County
Health Department have extensively studied the problem of cancer
in ¥cFarland, which was identified by concerned parents of
chhildren with cancer. The phase I study, conducted by the Kern
County Health Department during 1985 and 1986, identified an
appreximately three fold excess of childhood cancer in the 11
year period from 1975 to 1985. The cancer types in the ten cases
identified included fibrosarcoma, large cell lymphona,
neurchlastoma, rhabdomyosarcoma, leukemia (two cases), osteogenic
sarcoma, Wilms' tumor (2 cases), and astrocytoma. The phase I
investigation also demonstrated an increase in increase in
adverse reproductive ocutcomes (fetal deaths, stillbirths, and low
birth weights) was also identified for the period 1981 to 1983.
Exposures were evaluated by taking soil, air, and water samples
during the investigation. These did not reveal any ongoing
problem with chemical environmental pollutants, but could not
rule cut of a transient exposure occurring at an earlier date as
the cause of either the cancer cluster or the cluster of adverse
reproductive outcomes. Besides chemical exposures, the Phase I
environmental study also demonstrated the absence of greater than
background levels of ionizing radiation. Interviews with Voice
of America officials (VOA) regarding the VOA transmitter near
Delano revealed that the transmitter used shortwave radiation for
broadcasts to South America. The VOA records of shortwave
radiation were being reviewed by the state Department of Health
Services at the time the phase I study was written, but were
expected to show that levels of shortwave exposures in McFarland
were similar to that of the general U.S. population.

Phase II studies at McFarland were completed by the cCalifornia
Department of Health Services in 1988 and included review by a
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panel of outside experts. The investigation focused on
questioning parents of cancer cases and controls (children who
did not have cancer) to see if there were any significant
differences in previous illnesses, medications, exposure to x-
rays, type of housing, exposures to pesticides or other
chemicals, and amounts of water consumed. One finding of
interest in the phase II study results regarded parental
employment. 80% of the fathers of cancer cases, compared with
45% of the fathers of controls, stated that they had worked in
the fields in the time interval between thrze months before
pregnancy and the date of diagnosis of the child's cancer. This
flﬁdlng was perhaps attributable to recall bias, sinces the
information apparently derived from an open-ended gquestion, which
the "case" fathers may have filled out more completely chan
"control" fathers.

Environmental exposures evaluated during phase IT included review
of well water data from six wells supplying the community,
especially regarding levels of nitrate contamination. Pesticide
use raports were also reviewed te determine which pesticides were
used most frequently between 1980 and 1982, the period in which a
single exposure could have conceivably accounted for the bulk of
the cancer cases and also the cluster of azbnormal reproductive
outcenes. This review did identify eight pesticides which were
used more fregquently than in 1579. Of these eight compounds,

only four (dimethoate, fenbutatin cxide, dincseb, and
dinitrophenol), were used in substantial volume. No evidence was
found indicating that any of the cases had been either directly
or indirectly exposed to these materials.

Rosamond

The town of Rosamond is located in southeast portion o¢f Kern
county, on a high desert plateau near +the Zdwards Air Force Base.
The population in 1980 was 2,878 with 898 school age children.
Data from the Environmental Epidemiology and Toxicology Section
of CDHS demeonstrate indicate that eight cases of childhood cancer
(ages 0-198) occurred in during the years 1975-1984. 1In Rosamond,
1.47 cases of childhood cancer would have been expected to occur
during this time. The statistical procablllty that 3 cases would
occur in a town the size of Rosamond is two in a thousand. Four
of the cases were noted to be medullcblastoma, a rare childhood
tumor which arises in the brainstem and cerebellum (posterior
cranial fossa), a rate of occurrence 20 times that expected.

It is not primarily an agricultural community, but there are 4
manufacturing plants in the Rosamond area and a number in
surrounding areas. One of the plants is a metal smelter and was
considered by CDHS as a possible source of community pollution
with toxic metals and also dioxins from the plant smokestacks.

Reproductive Effects of Pesticides

Birth defects from exposure to environmental chemicals are
generally considered to be threshold phenomena - i.e. no effect
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will be noticed below a minimum dose - and many teratogens only
that cause birth defects at doses also associated with maternal
toxicity. It is also reassuring that descriptive epidemiclogic
studies have shown that there is no general increase of birth
defects in farm the San Joaquin Valley compared to urban areas of
the state.? There is nevertheless cause for concern because of
the high risk of systemic poisoning in agriculture relative to
the remainder of the work force some exposures nay exceed the
threshold or safe-dose.

Thirty-five workers became 1ill after they entered a cauliflower
field contaminated with residues of three different insecticides,
the organophosphates cxydemston-methyl (Metasystox®), mevinphos
(Phosdrin®), and a carbamate, methomyl (Lannate®). One crew
member was pregnant with a 4-week old fetus. At birth, the 3200-
g female infant had multiple cardiac defects, bilateral optic
nerve colobomas, microopthalmia of the left eye, cerebral and
cerebellar atrophy, and facizl anomalies. The cardiac defects
included ventricular and atrial septal defects, stenosis of the
pulmonary artery, and a patent ductus arteriosus. The chilg died
at 14 days of age. There was no family history of birth defects,
nor ary maternal risk factor present, except that doxylamine
(Bendectin®) had been prescribed at 9 weeks fetal age. It was
unlikely that doxylamine was responsible for the observed
anomalies.. Of the three chemicals involved, reproguctive effects
in test organisms have been observed only with oxydemeton-methyl.
This case represents the first report of human malformations
associated with prenatal exposure to this chemical. Further

studies may be warranted to determine if a causal relationship
» N 6 :
exists,

Background on Contact Dermatitis and Occupational Skin Disease

Clinical Description - Contact Dermatitis is a common condition,
found in about 2% of the population surveyed by the National
Health Assessment Nutrition and Examination Survey (NHANES). The
hallmark of this condition is the correspondence between the
pattern of dermal exposure to the agent in question and the
distribution cf subsequent blistering and erythema, followed by
cracking, fissuring, and lichenification. Depending on injury teo
melanocytes in the basal layer of the epidermis, acute episodes
may have sequelae of either hyper- or hypopigmentation.

Mechanisms of Injury - Contact dermatitis is most commonly
produced by direct irritation, arbitrarily differentiated from a
skin burn (e.g. acid on the skin) only by the difference in
intensity and acuteness of the irritant response. At the other

‘Birth Defects in California: January 1, 1983 to December 31,

1986. A report of the California Birth Defects Monitoring Program,
January 15, 1%90

‘Romero P, Barnett PG, and Midtling JE (1989): Congenital
anomalies associated with exposure to oxydemeton-methyl.
Environmental Research 50:256~261
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end of the spectrum are weak irritants (or low concentrations of
potent irritants) that produce a response only after repeated
exposure. This type of cumulative irritation to the skin thus
produces contact dermatitis just as cumulative repetitive trauma
to the skeletal system produces stress fractures and tendenitis.
The classic example of this is hand dermatitis produced by
wetwork - characterized by drying, cracking and fissuring of the
hands following a period of weeks or months of repeated contact
with water, detergents, or solvents. An important variation of
direct irritation is phototoxicity - skin irritation produced by
a UV or visible light activated chemical - e.g. 8-methoxy
psoralen.

Allergic contact dermatitis is usually a delayed hypersensitivity
(Type 4 immune response) resaction that develops after repeated
exposures to an antigenic substance. Once the sensitivity
develops, an acute response - identical to that produced by
irritant contact dermatitis - may recur following exposure to
very small doses of the antigen. This exquisite sensitivity is
identified clinically by use of the patch test - a provocation
test that uses a concentration of the suspected allergen too low
to produce an irritant response when occluded against the skin
for 24 hours. The appropriate concentration for testing must be
worked out by a tedious trial and error procedure, but
fortunately this has already been done for common allergens such
as nickel, neomycin, rubber additives, preservatives, etc, found
in the household environment. Important subtypes of allergic
contact dermatitis include photoallergic contact dermatitis and
contact urticaria. In the former condition, the initial chenical
exposure produces no response until an antigen is produced by
interaction with UV or visible sunlight. Many reactions to
sunscreens containing para-amino-benzoic-acid (PABA) are of this
type. Contact urticaria is a unique syndrome characterized by a
Type 1 rather than a Type 4 allergic response to dermal

exposure - so the skin findings are the evanescent wheal and
flare reaction rather than the persistent vesiculation and
erythema produced by the type 4 reaction.

Differential diagnosis - Contact dermatitis has been confused
(both under and over diagnosed) with nearly every type of skin

condition. However, the most common conditions to consider in

- the differential diagnosis include seborrhea, atopic eczema,
psoriasis, superficial fungal infection (tinea of the hand,

trunk, foot, etc), pityriasis rosea, polymorphous light eruption,

drug eruptions, and heat rash (miliaria rubra).

Occupational skin Disease

Skin disease is the most common form of occupational illness,
accounting for approximately 1/3 of all occupational disease
reported. Besides contact dermatitis, which accounts for 90% of
all cases, it includes skin infections, and a variety of less
common conditions such as occupational acne and chemical
leukoderma (vitiligo provoked by exposure to an exogenous
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chemical agent). Recognition of the condition may be difficult
since the differential includes non-occupational contact
dermatitis as well as the long list of skin conditions that mimic
contact dermatitis. It is helpful to question patients about the
type of work they do and the materials that come into direct
contact with the skin. If you can ascertain the pattern of
dermal exposure that occurs on the job, you can move the
diagnosis of occupational skin disease higher or lower on your
list, depending upon the degree of correspondence you see with
the lesions you observe. Remember that some agents readily
penetrate work clothing, so that you may see reactions in
apparently non-exposed areas of skin. Dusts, for example,
collect in the flexural areas and around the cuffs of long sleeve
shirts, and around the collar line, producing a typical pattern
of flexural eczema very difficult to differentiate from atopic
dermatitis,

High risk groups to consider in terms of occupational skin
disease include agricultural workers (plants and agricultural
chemical exposures), constructicn workers (cement, poison cak),
machine shop workers (cutting oils), and rubber workers (a whole
variety of rubber additives). A variety of case examples will be
discussed focusing on outbreaks of skin disease in several of
these high risk groups.

Treatment

Treatment of contact dermatitis 1s straightforward, employing. use

of topical (wvalisone, lydex, etc) and systemic steroids.

Supportive trsatmant with moisturizing creams (Zucerin,

lubriderm, etc) is very important, particularly in cases of

irritant contact dermatitis. It may be necessary %o treat cases
bt =]

as of skin involved like burn patients, and a

wha
15
with extensive =a
e cases may require hospitalization for intensive

portion of thes
nursing care.

Pesticides and Occupational Skin Disease

Statistical infeormation on dermatitis derived from workers
compensation sources can be imprecise, but is useful in
conjunction with a knowledge of the literature on occupational
skin disease. In the sections below, statistical information on
the distribution of skin disease in the California agricultural
workforce is presented, followed by a review of available
literature on pesticides and occupational skin disease, and
finally a summary of some recent outbreaks among California
agricultural workers.
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Iliness sStatisties on Skin Disease in Agricultural Workers

Michael A. O'Malley, M.D., M.P.H.
Worker Health and Safety Branch
California Department of Food and Agriculture
Room A-316, 1220 N Street
Sacramento, California 95814
816-445~-8474

August, 19%0

ILINESS STATISTICS?

'Adapted from O'Malley MA and Mathias cCG: Distribution of

Lost-work-time Claims for Skin Disease in California Agriculture;
Am J Ind Med 14:715-20,1988
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INTRODUCTION

National statistics have consistently identified agricul:ture

(among manufacturing, construction, _rv1c=s, retail trade, etc)
as the major industrial lelSlGn at the highest risk of
occupational skin disease (Wang, 1979:; O'Malley, 1988). In order

\

to develop specific priorities in the control of occupational
skin disease in agriculture, we evaluated <he distribution o=®
claims, by source of skin disease, among the subdivisions of

A

agricultural employment. The study was lirited to California

agriculture because of detziled emplcvment information which was
available for that state (ua_-_ornla Inplovment Development

Department, 1978, 1979, 1980, 1381, and 1922). Although
agr::alture in Ccll;O;nla, '_t“ its heavy concentration cf
spe:;al‘y crops, is not tTypical of agricul:iure elsewhere in <he
U.5., its workforce is well worth studying per se, since it
acccunts Ior approximately a third of the =otal U.S. Agricul+tural
emgloyment (U.S. Bureau of Lzbcr Statis ics, 1984).

RESTLT

2,722 claims for lost-work-time skin diseass among 2,355,802
err_cyees of California aﬂricul:ural businesses were raporied ‘o
the SDS file during the study period (11.3 3 cases/10,0C00
emeolcoyed): Limited demog*anhlc informatisn in the SDS file
showed that claimants were 77.€% male, and ranged in age from 14
Lo 24 years, with a median age of 27.8 years. Fewer than 3% of
clazizants were less than 15 or =sre than 64 years of age.
Dencminators to match the demographic infeormation available faor
Thz cases were not availakble, S5 that claizs rates by age and sex
could not ke calculated.

in the overall workforce cases vwere most freguently attributed o
plants (22.1%), chemical exposurss (20.4%), and food products
(12.2%}, with a "miscellaneous" and "nonclzssifiable! causes
accounting for most of the remaining cases (15.0%). Among the
subiivisions of agriculture considerable variation occurred in
the distribution of cases by source of expcsure (Table 1). For

skin disease associated with plants the for estry subdivisions
(8IC's 081, 082, 084, and 085) had the highest rate of claims
(83.53 case/lo OOO employed) and this group notably had no
reported cases due to any other source of exposure. Other Jgroups
with elevatad claims rates (glvan as cases/10,000 employed) for
plant-associated skin disease included SIC 078- -Landscaping
Services (35.9), SIC Ol8-Horticultural Spacialties {15.9}, SIC
071-S0il Preparation Serxvices (9.9), SIC 029-~General Livestock
Farms (9.6) and SIC 027-Animal Specialties (7.6).

In addition to having an elevated rate of claims from plant
de?ratltls, Horticultural Specialties had the highest rate of
claims associated with exposure to agricultural chemicals (5.1
cases/10,000 employed). Other groups with elevated claims rates
(given as case/10,000 employed) in this category included SIC
072-Crop Services (4.7), SIC 025-Poultry and Egg Production
(3.8), SIC 0lé-Vegetables and Melons (2.8), SIC 019-General Crop
Farms (2.5), and SIC 071-Scil Preparation Ssrvices (2.5).
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DISCUSSION

Although compensation claims clearly represent only a sample of :
the actual cases (Discher, 1975; Kahn, 1976), they represent an |
invaluable population based data source which gives us one of the
few clues we possess as to which groups of agricultural workers
are at highest risk of skin disease. While it would be desirable
to assess the distribution of skin disease based on a complete
set of cases, our previous work has demonstrated that the
distribution (or ranking) of groups at high risk for occupational
skin disease is relatively independent, across a fairly wide
range, of the magnitude of case reporting rates (0'Malley, 1288).
Misidentification of the true distribution of skin disease from
claims data is only possible where the degree of underreporting
varies substantially from one SIC group to the next. Clainms
rates can thus serve as a first step in developing descriptive
data on the epidemiology of agricultural skin disease. As with
other types of descriptive data, these rates are primarily of
value in setting priorities for disease prevention efforts, and
in generating hypotheses which can be followed up by analytical
studies and improved surveillance techniques.

Within each SIC classifying cases by source of illness has clear
descriptive value. The results shown in Table 1 give an
interesting perspective, for example, on the relative role of
plants and food products versus the role of chemicals in causing
skin disease in the major subdivisions of agriculture. In the
forestry subdivisions (SIC's 081, 082, and 085) plants were
associated with all claims filed for lost-work-time during the
study periocd, with the vast majority undoubtedly related to
poison-cak (Baginsky, 1982). In the Horticultural Specialties
group (SIC 018), plants were identified as the source of the
majority of skin disease cases, but chemical exposures also
played a significant role. For the Crop Services group (SIC
072), chemical exposures appeared to be the predominant source of
skin disease, while in the Vegetables and Melons (SIC 016) the
majority of claims derived from exposure to food products. Even
the fairly limited information on the socurce of illness contained
in the SDS file (0'Malley, 1988) can thus be of value when cross-
classified with the product-oriented STC code.

For SIC subdivisions with skin disease associated with two or

three major sources of skin disease, proper classification of

cases may be a significant problem in the SDS data. In the

Horticultural Specialties group (SIC 018), for example, one can

postulate that cases of skin disease due to contact with plants

are sometimes attributed to chemical exposures and vice versa.

Since many of the crops (e.g. primrose, chrysanthemums, daisies,

lilies, and poinsettias) produced in the industry and the

chemical compounds it uses (e.g. benomyl, dienochlor,

chlorothalonil, and captan) are recognized sources of allergic r
contact dermatitis (Cronin, 1980a; Cronin, 1980b; California |
Department of Food and Agriculture, Worker Health and Safety :
Branch: 1978, 197%, 1%80, 1981, 1983; van Joost, 1983; Johnson,
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1983), skin patch testing would appear to be the only means of
satisfactorily identifying the source of individual. cases in
Horticultural Specialties workers. Although the results of such
specific medical tests are not contained in the SDS file, the
data in the file and existing information on important exposures
in the industry do suggest that a series of systematic patch test
investigations into these cases would be worthwhile.
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Literature on Pesticides and Occupational Skin Disease

In this section the literature on pesticides and occupational
skin disease is reviewed, presented by use cztegories of
pesticides, with particular emphasis on the materials associated

with occupational skin disease in California agriculture (Table
2).

Fungicides

¥Yany c¢f the synthetic chemicals compounds which produce skin
reacticns in agricultural workers are fungicides. Compounds
discussed below include elemental sulfur, bencnyl, dyrene,
captan, difolitan, chlorothalonil, and the thiocarbamates.

Element=zl Sulfur

The large number of cases associated with elemental sulfur in : ‘
California agriculture (Table 2) is striking and would seem to
imply <hat sulfur is a potent skin irritant. However, standard
skin irritation studies for most agricultural formulations have
shown just the opposite.™ Other work, using guinea pigs!, has
shown that a 25% concentration cf wettable powder produces a 2+
irritant reaction. 1In the same study, the guinea pig
maximization test, conducted with a 5% topical concentration of
sulfur-*, has shown that elemental sulfur is a moderately strong
experimantal allergen. Two case reports implicate elemental
sulfur as a human contact allergen. Schneider® reported two
cases of contact allergy in patients who used medications
containing elemental sulfur to treat superficial fungal
dermatoses. Both patients had positive patch test reactions to 5%

elemental sulphur in various vehicles. A& contrcl series was not
reported.

Wilkinson® reported the case of a professionzl gardener with a
previous history of atopic eczema who developed an eczematous
eruption involving the elbow flexures and the right hand. He had
a positive patch test reaction to 5% sulphur in petrolatum,but a
contreol series was not reported. Gregorczyk and Swieboda‘
described 15 cases of desquamative dermatitis among 425 Polish

‘'Unpublished CDFA data
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sulphur miners in which irritant dermatitis due to elemsntal
sulfur may have played a part.

These disparate pisces of information suggest that an active
irritant may be formed from elemental sulfur by oxidation
(sulfuric acid) or reduction (hydrogen sulfide). A reaction to a
mixture containing sulfur in an agricultural formulator is
discussed below.

During Cctcber, 1988 & 41 year sld man was using a auifur/melacthion/carbaryl mixture to Zust roses for
powdery rildew. During the agzlication he was wearizg z short sleeve shirt and some of = cust
accidentelly coztaminated &l ight foreerm. Sipnce the day was guite warm, he was sweati profusely aad
the materisl stuck to his arm. Four hours later he expeTtienced some burting and itching. follewing
Terning wher he tock a shower the irritaticn was worse and he then noticed & rash on his fzrearm. He had
no histery of asthma, hay fever, eczema, Or other crevicus skin condition. The remainder eof his past
medical Lirtory was unremarxztie and he was taking Lo medicines at the Time of The incident.

At the time of examination, <there was & puncrate pzitern of contact dermazitis over the T
obposite arm was unaffected. The patient declined eny medication and the rash resclved w
weeks later. Ee declined =z e patch tested to either aulfur, mala=hion, ar the apecifiz rixture which he
had beer using. He was able To Tesume handling the custing sulfar without problem previded he wore a lcong
sleeve =iirt in order to prevext the dust from directly =sntacting the skin.

t forearm. The
Sut seguelae tTwo

Comment Thia case report demonatrates that sulfur can produze irritant dermatitis given sufficient
exposure. Given the short izterval between the exposure and onset of the dermatitis, thare is little .
likelihood that the reacticz :is allergis rather then ir=itant. This is alse sgagested Dy the sbaence of a
Tecurrent dermatitis when he resumed using dusting sulfur wezring protective clothing.

Benomyl (Benlatef®)

Benomyl is a systemic carbamate fungicide with extremelv low
potency as a cholinesterase inhibitor, used in the conzTral of
many diseases of fruits, nuts, vegetables and ornamental plants.
Guinea pig tests of benomyl for irritancy conducted by the
manufacturer at 12.5% and 25% agueous dilutions were raported to
be negative.® But the maximizaticn test conducted in the same
test showed 2% benomyl to be a potent experimental allergen. The
first report implicating benomyl as a contact allergen appeared
in 1972. Seven Japanese women employed in a greenhouse by a
carnation grower developed derrmatitis of exposed skin after
benomyl was sprayed there on two occasiens. No cases occurred
until two weeks after the second spraying. The seven patients
had 2+ reactions to a 1:10 dilution of benomyl in olive oil and
three control subjects were negative.® van Ketel’ also

reported a case of benomyl sensitivity, confirmed by patch
testing (with a 1% preparation which elicited no reaction from
10 contreols), in a begonia grower. A second report from the
Netherlands by van Joost also highlighted the occurrence of
benomyl hypersensitivity in nursery workers and florists.®

The above cases illustrate the capacity of foliar residues of
benomyl to cause allergic contact dermatitis in nursery workers.
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Zwelg et 21’ demonstrated that exposure up to 5.4 mg/person-hour
to benomyl is also a potential probliem in strawberry harvesting,
Everhart*® studied benomyl applicators and noted a maximum

total exposure of 26 mg of benomyl in mixing/loading operaticns,
and markedly lower total exposures associated with field residue
exposure (12 mg), and home use of the material (<1 mg).
Hargreave™ noted the possibility of exposures from handling
treated commodities, demonstrated persistent benomyl residues on
litchi nuts up to 15 days after postharvest treatment in a
dipping process: 20 ppm of benomyl in skin and 1.3 ppm in the
flesh of the nut.

Captan

Captan is a fungicide commonly used on grapes, apples, almonds,
and other crops. It is formulated as a wettable powder, dust and
flowable powders - alone or in combination with other fungicides
and insecticides. In addition to use as a pesticide, it has been
used successfully as a treatment for pityriasis versicolor.:?
Jordan and King found a 5% sensitization rate to captan using a
modified Draize test on volunteer subjects, and a 10%
sensitization rate on wvolunteers using captan in the human-
maximization test. Women appeared toc become sensitized more
frequently than men.-

Captan has been reported to cause dermatitis in association with
apple spraying in Scandinavia® and has been a relatively
frequently reported problem in California (Table 2). A series of
178 patients at the Nagoya City University Medical School who
were routinely tested between 1977 and 1980 with the North
American Contact Dermatitis Research Group of standard
allergens. 5.6% had significant positive reactions to captan.

No clinical details were given in the report, but the
surprisingly high percentage reacting to captan, presumably, an
uncommen exposure, raises the possibility that the material cross
reacts with other allergens in the standard series.!® Rudner:
observed a similar high percentage of captan reactors in the
North American Contact Dermatitis Group results in 1976 and
speculated that results might be due to cross reaction with
thiurams.
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Captafol (Difolatan®)

Captafol has a chemical structure nearly identical to that of
captan,and has many similar uses as a fungicide. Captafol
accounted for 62 (28.7%) of a series of 274 cases of pesticide
associated contact dermatitis seen in Japan between 1968 and
1970.*7 In a similar series of 18.2% of 121 Korean farmers
likewise reacted to the material.® Cottel observed several
cases in San Joaguin Valley orchard farmers in 1972 with positive
patch test responses to a .1% agueous preparation of captafol.!®
Irritant and allergic contact dermatitis was also seen in 23% of
133 Kew Zealand timber workers tested with the material by
Stoke.® Camarasa found 4 of 7 ill workers from a captafol
packaging plant had 3+ patch test responses to 1% captafol.?

An outbreak of dermatitis due to captafol sensitivity was also
seen among a group. 36 workers on a Kenyan coffee plantation.?
Urticaria and asthma were part of the clinical picture reported
affecting 7 (17.1%) of 41 workers in a captafol packing operation
in a chemieal shed.?®* The similar occurrence of asthma and
contact dermatitis in a welder employed by a maintenance firms
which serviced captafol distribution plants was reported by
Groundwater.®* Captafol thus apparently is capable of causing
both delayed and immediate types of hypersensitivity as well as
irritant dermatitis.

Plondrel® (diethyl-phthalimido-phosphothicate)

Plondrel is a fungicide that structurally resembles captan and
captafol, but is dubbed an corgancphosphate because of its
phosphothicate group. In 1975 van Ketel?® reported the cases of
in two culturists and two florists who sprayed Plondrel® on roses

and subsequently developed dermatitis. All four reacted to 0.1%
Plondrel® in petrclatum, but no reactions occurred in twenty
control subjects tested with the same material. van Ketel
subsequently reported a third case of hand eczema in a 21 year
old florist who had a 3+ reaction to 0.1% plondrel.?

Dyrene (anilazine)

Dyrene is a fungicide, formulated as a wettable powder, commonly
used on tomatoes and a wide variety of other crops. 7TIts chemical
structure somewhat resembles the triazine herbicides with two of
the alkyl groups replaced by chlorine atoms. The only report of
dyrene sensitization in the medical literature appeared in 1980~
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describing an outbreak of dermatitis among 14 of 26 workers on a
single farm in Tennessee. Of seven workers patch tested with .1%
dyrene 6 had positive reaction and no reactions occurred among 9
unexposed controls.?””*® This compound has also been noted as a
cause of contact dermatitis among agricultural workers in

California (table 2). An earlier series of cases was reported in
more detail

Chlorothalonil

Chlorothalonil (tetrachlororisopthalonitrile, a substituted
benzene derivative) is a broad spectrum fungicide which has
widespread use on ornamental flowers and other crops. A case of
allergic contact dermatitis from chlorothalonil in a cabinet
maker was first reported in 1980.% An outbreak of dermatitis

due to chlorothalonil sensitization was subsequently reported in
a group of Norwegian wood treatment workers by Johnsson in 1983.
Fourteen of twenty workers interviewed had complaints of :
suspected to be work related contact dermatitis. On testing with
0.01% chlorothalonil, 7 demonstrated allergic reactions, 6 were
negative, and one had a reaction reported as "toxic".® a

series of three nursery workers with allergic contact dermatitis
due to chlorothalonil was reported by Bruynzeel and van Retel,
and included one patient who reported attacks of generalized
pruritus and urticaria.® All of the reports described above
employed patch tests of 0.01% chlorocthalonil in petrolatum
because higher concentrations proved irritating in control
subjects tested.

Cases of contact dermatitis associated with exposure to
chlorothalonil have been relatively frequent (table 2), but it is
uncertain how many cases are due to irritant versus allergic
mechanism. The value of patch testing in suspected cases of

chlorothalonil dermatitis is demonstrated by the case described
below.

Contact Urticaria in a Conifer Seedling Nursery

Three illness reports were received during 1988 by the Humboldt
County Agricultural Commissioner's (HCAC) office regarding
dermatitis and hay fever symptoms among employees of a conifer
seedling nursery in Korbel, California. 1Ill employees of the
nursery were interviewed and examined during the site visit to

-38~




Pesticides and Occupational Skin Disease - Michael O'Malley, M.D.

ascertain the previous history of atopic illness and recent
history of allergic illness. Results of investigaticns conducted
by the State Compensation Insurance Fund and the Humboldt County
Agricultural Commissioner's Office were also reviewed for
information regarding the history of illness and the results of
environmental sampling. The nursery which employs four to five
rull time employees and approximately fifteen seasonal workers
(nursery helpers and lzad workers) from December to June. There
are 15 enclosed greenhouses on the property and 5 shade frames
where seedlings are raised under less contreolled conditions.
Total output from the nursery is 3.5 to 4 million seedlings/year.
The two principal products are coast redwood (Segquoia
sempervirens) and Douglas Fir (Pseudotsuga menziessi). Other
products include Western White Pine (Pinus monticcla) and
Eucalyptus seedlings.

The affected employee is a 48 year old woman employed at the
nursery since 1976, and has worked as both a lead person (full
time worker) and nursery helper {seascnal). She has no past
history of atopy except a history of "whelps" which she has
developed after taking penicillin. While at work on November 14,
1288 she developed a very acute swelling of the eyelids,
accompanied by nasal congsstion, watery eyes, itching of throat
and cough. Examination by a local physician episode indicated
that she had marked facial edema and also rales and wheezing in
the left lower lung fields. The problem was present
intermittently thereafter when she was at work, but usually
cleared in the evenings. It was also better during the weekends
when she did not work and during periods of vacation or layoff.
At the beginning of February, 1989 she had a very acute episode
of facial swelling while she was driving a forklift which cleared
within 2 hours after she was removed from the work environment.

During February 1989 she was sent to the patch test clinic at UC
San Francisco. She had a negative reaction to the standard patch
test tray, which includes the fungicide captan, but does not
contain any of the other pesticides to which she had potential
exposure in her work. She showed an immediate hypersensitivity
reaction to both redwood and Douglas fir seedlings which were
taped to her skin for 20 minutes. Since both seedlings had
apparently been previously treated with fungicides it was not
possible to ascertain whether the reaction was to the plant
material per se or possibly to fungicide residue on the leaves.
Followup patch testing at UC San Francisco with untreated
seedlings again demonstrated positive reactions typical of
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contact urticaria. She again showed no reaction in an open patch
test to captan, but showed an "anaphylactoid reaction® +o
chlorothalonil. &application records showed that this material
had been applied to any of the greenhouses at the nursery since
early December, 1988. However, chemical analysis revealed that
significant concentrations of chlorothalonil were nevertheless
present on all three seedlings tested. No detectable levels of
other pesticides which had been applied at appreximately the same
time period could not be detectad. The envirenmental persistence
of this compound would appear to0 be an inportant reason for its
effect on this particular patient. A description of the clinical

findings in this case was recently published by Dannaker and
Maibach.

Thiocarbamates

This group of fungicides structurally resemble <the rubber
accelerator disulfiram (Antabuse®), a common sensitizer present
in the U.S. standard patch test series.” The entire group of
compounds - ethylene bisdithiocarbamates (EBDC's) - has become
the focus of resgulatory concern because of metabolic conversion
to the carcinogen ethylene thiourea (ETU). ETU is also
recognized as a skin sensitizer and may be the active allergen in
the EBDC pesticides.™

Maneb and Zineb

Maneb is a common name applisd to manganese ethylene
bisdithiocarbamate, a widely used fungicide for tomatoes,
fruits,and a number cf field crops. It is marketed under the
several brand names including Dithane M-22 and Maneb-80. Its
chemical structure resembles that of thiram and it is closely
related to zineb (zinc ethylenebisdithiocarbamate and a number of
other thiram-like compounds used as fungicides worldwide.
Matsushita® tested maneb and zineb experimentally with the
guinea pig maximization procedure and found both compounds to be
potent sensitizers with a high degree of mutual cross reactivity.
Concentrations of 5% or more were found irritating.

In 1977 Burry reported two cases of sensitization in seed
handlers from South Australia. He obtained positive patch tests
with .5% of a mixture of maneb and zineb known as Mankobunt.?®
Cases of sensitization to EBDC's were also reported in large
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series of contact dermatitis cases patch tested in Korea and

Japan as well as cases reported to public health departments in
Great Britain.”

Exposures sometimes occur in floral shops. Nater®™ reported
three cases of sensitization from workers handling ornamental
plants in the Netherlands. Two were office workers who hag
purchased Maneb spray to care for the plants in their office, and
the third was a 51 year old woman who worked as an assistant in a
flowershop. Rudzki and Napiorkowska® reported a similar case of
a woman florist who was sensitized to a pesticide mixture
{Sadorlon 75) containing the ;hnglclde tetramethylthiuram
olsulphlde(thlram) -whose structure resembles that of maneb ang
ineb. An earlier case due to enVLronmental exposure on a golf-
course was reported by Shelley.®

Dichloronitroaniline (DCNA, Botran®)

DCNA is a material used on grapes to protect against the effects
of Botritis and other fungal pathogens. 2although it has not been
reported in the medical literature as a sensitizer, its chemical
structure resembles that of known potent sensitizer,
dinitrochlorobenzene, and some of the cases associated with DCNA !
in California (Taklz2 2) may be due to allergic contact ’
dermatitis,

Pentachleorophencl (PCP)

PCP is a broad spectrum biocide capable of causing serious
systemic toxicity. 1In addition to these systemic effects, it is
capable of causing chloracne as well acute dermal irritation.*
Exposures are principally associated with its use as a wood
preservative and fungicide.

Creosote

Used to preserve railroad ties and telephone poles, creosote is
derived from either cocal tar or petroleum pitch and has a number
of well studied affects on the skin. Coal tar products including
creosote, have complex effects on the skin,ranging from
irritation to phototoxic effects to the 1nduction of skin cancer.
A large outbreak of dermatitis due to creosote was reported in
1943: 450 of 2700 wood treaters,roofers, and carpenters examined
by Jonas showed evidence of creosote induced burns and skin
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irritation. Individual case reports have linked creosote with
gkin cancer.®

Insecticides
Organophosphates

These insecticides are the classic cause of occupaticnal
poisoning in agricultural workers. Rycroft has noted that
despite the lack of clinical reports describing organophosphate
associated skin disease, many organcophosphates are potent
experimental sensitizers.®

Malathion

This widely used compound controls a variety of insects from
aphids to mosguitoes. It has numerous preparations which are used
on orchards, ornamentals and row crops. Its low toxicity is due
to the fact that mammalian carboxy esterases quickly detoxify
malathion after absorption.** Milby** showed that 1% and 0.5%
solutions of malathion were sensitizing in human volunteers.

Malathion has infregquently been a cause of occupational
illness.*“*" The only survey of .skin sensitivicy due to
malathion yet conducted was reported by Milby.”® The patch
tested one hundred fifty seven poultry workers with 1% agueous
solution of technical grade malathion and found 4 with positive
reactions. 211 four had high exposure to malathion and three had
a history of recent skin eruptions suggestive of undiagnosed
malathion contact sensitivity. In a survey of poultry workers
two of forty three had positive patch test reactions to malathion
and had histories of undiagnosed skin ailments. It was
considered possible that the active sensitizer in the malathion
preparations used in the above studies‘could have been a
contaminant of technical malathion, diethyl fumarate. Some of
the skin reactions associated with malathion currently being
reported (Table 2) may be secondary to allergic contact
dermatitis.

Diazinon

Diazinon is an organophosphate of relatively low toxicity which
serves to contrel soil insects;many pests of fruits,vegetables
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and ornamental plants; and is also used as a seed treatment. No
documented reports of contact allergy to diazinon have appeared
in the medical literature, but it has been reported to have a
moderate capacity as a skin irritant.® collins et al reported

a case of porphyria cutanea tarda associated with exposure to
diazinon;* a possible mechanism for this effect was

subsequently identifed by the same group of authors, who noted
experimentally that the isodiazinon isomer of diazinen is capable
cf inhibkiting the liver enzymes ferrochelatase and
copreporphyrinogen oxidase.

Naled

Naled iz an organophosphate of relatively low toxicity which is
used on a variety of crops as a preharvest treatment and for
control cf flies in poultry sheds. Contact sensitization o
naled nas been reported in workers employed by a chrysanthemum
grower after twelve of them had entered chrysanthemum beds
recently treated with Naled and dicofol. Those workers who were
patch tested to both compounds had 3+ responses to naled and no
reaction to dicofol.®

Dichlervos (DDVP)

Derrmatitis associated with DDVP was first noted in dogs and cats
wearing DDVP containing flea collars.®®%3¢ Persistent

papular dermatitis was reporited by Mathias®™ in the case of a
truck driver who had accidentzl skin contact with DDVP while
transporting a commercial formulation of the material. Patch
tests with 1% and 0.1% DDVP in Petrolatum were both negative.

Methyl Parathicn

Bhargava et al’® noted the case of an Indian woman with no prior
history of illness who developed erythema multiforme, with
typical iris lesions following exposure to 2% methyl parathion
sprayed to kill bedbugs. Skin biopsy was consistent with the
diagnosis of erythema multiforme and the lesions were reproduced
upon challenge with "methyl parathion in the form of snuff".

Pevny’’ reported a 40 year old West German vineyard worker with
dermatitis of the hands, forearm, and face who had positive patch
test reactions to 7 of 27 pesticides to which she was tested,
including parathion, methyl parathion, metasystox®, methathione,
azinphosmethyl, EDTA, and pyrethrin. All seven materials were
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used in the vineyard where she worksd and she developed an
additional iatrogenic sensitization ts the organochlorine
pesticide fantichlor.

Carbamates
Carbaryl

Carbaryl i1s a broad spectrum insscticide used to contrel insects
°n more than 100 crops. The only report of dermatitis associated
with carbaryl came from Kenya where an applicator applying
carbaryl was reported to develop a rash after spilling a solution
of carbaryl and occluding the materiazl against his skin for
several hours.”® In the large serises cf cases of contact
dermatitis due to pesticides reported by Lee, there were no cases
of sensitivity to carbaryl among zhe 121 cases tested.

Vapam-metan sodiun

A soil fumigant and nematocide, netam sodium is also effective
against weeds and soil fungi. Casas of contact dermatitis
associated with metam sodium have been reportad principally from
“he Germany where cases of irritation cor sensitization from *his
material in the production of roct vegetables appears to be
commen, *¥-¢ 6

Miticides
Propargite (Omite®) .

Propargite is a widely used pesticide, formulated as a wettable
powder (Omite® 30W) that is effective against many different
species of mites infesting citrus, stone fruit, grapes, grapes,
strawberries and many other crops. It “is frequently combined with
sulfur to form a miticide/fungicide combination.

In a survey of 121 laborers with dermatitis from a rural clinic
in Korea(26), one had contact dermatitis and a history of
exposure to propargite (Omite} which coincided with a positive
patch test reaction. None of the remaining patients reacted to
the material. This is virtually the only evidence that
propargite might be a sensitizer. Extensive experimental work
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with both .animals and humans has demonstrated that cropargite is
a potent dermal irritant.®

An cutbreak of poisoning and dermatitis with Omite occurred in
Japan in 1870. After the miticide was used on some orange trees,
40 of a group of workers developed irritant dermatitis and 43 of
the 47 had signs of neon-cutaneous effects - principally
irritation of the respiratory tract.®® Dermatitis ewperienced

by Califernia mixers and loaders in 1979 and 1980 led %o the
development of water soluble packaging for propargite, first used
on a trial basis in the San Joaquin Valley in 1981.°% This
formulation has apparently reduced, but not eliminated dermatitis
from propargite in mixer-loaders of pesticides (Table 2).
Outsreaks of dermatitis associated with exposure to propargite
have also been noted in California field workers. Extremely high
exposures to propargite (ranging from 0.89 to 5.49 pg/cm?)
followed application of a new formulation known as Omite® CR and
were assoclated with an outbreak of severe dermatitis in Tulare
County citrus harvesters 1986.°° A subsequent outbresak of
somewhat milder dermatitis associated with the Omite® 30W

formulation and median exposures of 0.61 to 0.69 ug/cm® was
repcrted in 19%88.

Dermatitis in Steone Fruit Harvesters

In Sune, 1988 the Department of Food and Agriculture, Worker
Health and Safety Branch, rzceived a report regarding an outbreak
of dermatitis among three crews of nectarine harvesters in Tulare
County, California. oOn interview, 42 (80.7%) of 57 workers in
the three affected crews reported experiencing a rash between
June 13 and June 27. Rashes reported on questionnaire were found
to be contact dermatitis on medical examination in 42 (91.3%) of
the workers. No cases were reported among members of a
comparison crew employed by the same grower and none were
identified on examination. Significant negative associations
were noted between rash reported on questionnaire and exposure to
formetanate hydrochloride, B. thuringiensis, envircnmental heat,
and work in untreated orchards; positive associations were noted
for exposures to propargite and iprodione. The results of skin
examinations performed on June 27 and 28 demonstrated a similar
pattern of association between the rash score for individual
workers and exposures between June 13 and June 27. Although
exposures to iprodione and propargite were highly correlated and
could not be separated on multivariate analysis, only 34 (74%) of
the reported cases were preceded by expesure to iprodione whereas
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all of the cases were preceded by exposure to propargite.
Propargite was thus the only exposure which could have accounted
for all of the reported cases and also had a positive association
with the occurrence of dermatitis. Contact dermatitis in the
present episode was associated with levels of dislodgeable
propargite residue ranging from 0.53 to 1.91 ug/cm?, with median
values for the three affected crews equal to 0.61, 0.64 and 0.69
ug/cm’® respectively. Median residue to which the unaffected crew
was exposed during the same time interval was 0.15 ug/cm?.

Cyhexatin (Plictran® - Tricyclohexyl hydroxystannate)

Cyhexatin is an organotin compound used as an acaricide-miticide
to control plant feeding mites resistant to other pesticides. It
is formulated as a wettable powder. Contact allergy due to this
material was reported in 2/121 patients from a clinic population
in rural Korea. An additional patient had a history suggestive of
plictran sensitization but had a negative patch test. Other
organotin compeunds®®’ have been reported as skin irritants

and it is plausible that cyhexatin is also somewhat irritating.
This compound was removed from the market in 1988 secondary to
adverse reproductive effects observed in animal tests.

Herbicides
Bi?iridiyls (Paraguat and diquat)

Paragquat and diquat are contact herbicides and dessicants with a
wide variety of applications in weed control and treatment of
seeds. Dermal application of paraguat under occlusion has
produced skin irritation in rabbits at doses of 1.56 mg/kg of the
ion. The LDS0 is 24 mg/kg when applied experimentally to rabbit
skin but this can be reduced to 4.5 mg/kg if the paraquat is
applied under occlusion.®® It is evident from these and other
experimental studies that paraquat produces injury by irritation
and corrosion of the skin rather than by sensitization. Paraquat
has fregquently been reported as a cause of skin injury in Great
Britain where it is available as an over the counter preparation
for home use,®® and has also caused numerous cases of
occupational eye injury.’” '

Paraquat is a potent systemic toxicant and was reported to cause
fatal injury on absorption through the skin of a 39 year old
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woman who regularly mixed batches of paraquat in her work. She
developed ulcers of the upper and lower extremities after
contaminating several scratches on her arms and legs with
paraquat. These ulcers failed to heal over a period of four
weeks and subsequently progressed to respiratory failure over a
period several weeks, the only deocumented case of skin exposure
leading to fatal paraquat poisoning.™

Glyphosate (Roundup?®)

Glyphosate is an isopropylamine derivative of glycine-used as a
non-selective post-emergence herbicide to control perennial
grasses, broadleaf weeds plus many tree and woody brush species,
It has no cholinesterase inhibiting activity. Technical grade
glyphosate has been shown to be non-reactive in skin and eye
irritation studies on file with CDFA, but the 39% formulated
product causes moderate levels of irritation, a disparity
probably due to irritant properties of surfactant(s) in the
latter. Virtually all of the cases of eye, skin, and respiratory
irritation reported in California have occurred in applicators of
the formulated product, and the residue is not known %o produce
any sort of skin reaction. In the CDFA series, cases of skin
irritation associated with glyphosate were often associated with
contaminated work clothing occluding the material directly
against the skin. A phototoxic reaction to a preservative
present in Roundup® was reported by Hindson and Diffey.™

Phenoxy and Urea herbicides

2,4,5-T and 2,4-D are both derivatives of phenoxyacetic acid but
are produced by different processes. While production of 2,4,5-T
has been associated with numerous outbreaks of chloracne,” no
such association has been made for 2,4-D. Chloracne,
attributable to contamination with tetrachlorcazoxybenzens, has

also been associated with the production of urea herbicides such
as diuron.

Fumigants
Dichloropropene-Dichloropropane mixture
This product was used as a soil fumigant-nematocide until its

manufacture was discontinued by the Dow Chemical company. The
dichloropropene component is still available under the trade name
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Telcne®,. Contact sensitization to dichloropropane has been
reported,’ but the material is rated as a primary irritant and
most skin reactions to the material are probably due to this
affect.

Dichloropropene caused illness in 46 persons exposed in a
trucking accident near Yuba City in 1975. The most common symptom
Was mucous membrane irritation, although a number of victims had
chest tightness and non-specific signs of systemic poisoning. The
material has elseawhere been reported to cause edema, readness and
necrosis of the skin.™

Methyl bromide

A fumigant and nematocide used for agricultural and structural
pest control. An industrial accident in 1%42 revealed the
capacity of methyl bromide to cause skin burns and irritation.’®
Methyl

bromide can readily be absorbed through the skin’’ and has been
responsible for a number of serious occupational poisonings in
California.’” oOther fatal poisonings are reviewed by Hayes(74).

Ethylene dibromide (EDB)

This was removed from the market because of concern regarding its
carcinogenicity in 1983 and controversies about safe levels in
consumer products. 16 cases of skin burns and minor irritation
cccurred in Califcrnia workers exposed to ethylene dibromide in
1975-76. Each of the burns resulted from a failure of prompt
decontamination.” ©One fatal ingestion of EDB has been
reported,®™ and in 1982 two California workers died after
entering a storage tank containing the material. Skin necrosis
was a prominent feature at autopsy in both casesz.®

Plant Dermatitis

Plant dermatitis is usually in the differential diagnosis of
occupational skin disease and for some agricultural SIC's plant
dermatitis is the principal form of occupation skin disease
(Table 1). A current reference on the subject has been published
by Benezra et al;*® an exhaustive older reference (currently out
of print) was published by Mitchell and Roock.
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Two outbreaks of dermatitis were investigated during 1988 and
1989 which rroved to be associated with exposure to toxic weeds
rather than to pesticides. The first involved a crew of
approximately 10 workers engaged to pull weeds in a cotton field
near Firebaugh, California during July, 1988. On July 27 several
workers noted the onset of dermatitis on legs and forearms and
subsequently sought medical treatment. Eight of nine workers
examined by CDFA on August 3 showed residuals of a severe
dermatitis cver the thighs and forearms. Weed samples taken from -
the implicated field on August 3 were identified by a CDFA
botanist as cocklebur (Xanthium pennsylvanicum), field bindweed
(Convelvulus arvensis), and thorn apple (Datura stramonium).
Chemical residue samples taken from the field were somewhat
contradictcry. A residue sample taken August 2 showed 53 ppm of
propargite, approximately eguivalent to 0.19 micrograms/cm‘’ of
dislodgeakle residue. A sample taken August 5 showed no
detectakble propargite. 2Application records indicated that no
pesticides had been applied to the field during 1988.

The second outbreak involved a crew of workers pulling weeds in a
sugar beet field near Willows, California during May, 1989.
Fourteen cases of bullous contact dermatitis were identified
among 42 crew members. The grower's pesticide applicaticn
records revealed that no pesticides had been applied to the field
since November 1988 and no pesticides were present on tested
samples cf sugar beet foliage. The principal weed identified in
a botanical survey of the field was Mayweed (Anthemis cotula),
but other species were also noted, including cocklebur {one of
several Xanthium species), and prickly lettuce (Lactuca
scariola). Experimental patch testing with A. cotula in a
volunteer subject demonstrated its capacity to produce skin
irritation. Irritant reactions to A. cotula were felt to be the
probable cause of the observed outbreak of contact dermatitis in
the fieldworkers.
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EMERGENCY MEDICAL MANAGEMENT OF PESTICIDE POISONING

Kent R. Oison, MD, FACEP

L IMMEDIATE MANAGEMENT: PRE-HOSPITAL

A. SCENE SAFETY & PROTECTIVE GEAR

Most products are highly contaminating. The potentiai for secondary
confamination of rescuers is significant, and critical medical care may have
to walt until victims are decontaminated or rescuers are properly protected.

Skin protection needed for most products. Mast crganophosphates,
carbamates, and chlorinated compounds are well-absorbed across the
skin, and even after initial decontamination rescuers are advised to wear 1-2
layers of Iatex gloves and use disposable gowns or aprons.

Respiratory protection mainly for solvents, Most pesticides are not
highly volatile, but their solvents (such as xylene) are readily vaporized and
may pose a significant inhalation hazard to rescuers working in enciosed or
poorly ventilated areas {eg, the ambulancs).

B. °  PATIENT EXTERNAL DECONTAMINATION (This should be performed by
properly protected rescusrs working in the decontamination area before the victim
is transferred to less-protected personnel in the support area.)

Strip contaminaied ciothing. Contaminated clothing should be doubie-
bagged and labelled. )

Copious water flush. This is usually performed with the victim standingina
“kiddle" podl or taying on a guerney or backboard over a diked or ctherwise
contained area to catch water runcff. Routine wash is 10-15 minutes i
victim's condition allows.

Soap & shampoo wash. Especially useful for cily or otherwise adherent

materials on skin or in hair. Any mild soap (eg, hand dishwashing soap) is
fine. . '

c. PREHOSPITAL MEDICAL CARE (To bet'p;erformed only after victim
decontamination in the hot zone.)

Airway & Breathing. Hopefully, the victim's airway and breathing are intact
after the necessary delays in decontamination. Remember that the main
cause of death in pesticide poisoning is respiratory failure.

Atropine. If OPs or carbamates are invoived, atropine may be appropriate
and is carried on all paramedic rigs. Administer a test dose of 0.5-2 mg; i
the patient rapidly develops dilated pupils, tachycardia, dry and flushed
skin, etc, it's uniikely to be a serious articholinesterase intoxication. In
contrast, serious poisonings may require several hundred mq of atropine.
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Remember that atropine doas not reverse skeletal muscle weakness, the
primary cause of respiratary arrest and death.

Do not induce emesis. The possibility of abrupt onset of seizures or coma
makes this too dangerous. If the paramedics carry activated charcoal, it
may ba given (50 gm PO) i the patient is awake and cooperative.

L HOSPITAL DIAGNOSIS & TREATMENT

A, PREVENT STAFF & FACILITY CONTAMINATION

Assure on-scene decontamination. This is the most important measurs
since it may prevent serious contamination of hospital facilities and
personnel as weil as ambulance providers.

Prepare reception & treatment area. Prepare an area just outside the ED
entrance for a quick inspection for adequacy of decontamination, with
soap, shampoo, and warm water hose for additional decon i necessary.
Also useful for the unexpected, stillcontaminated arrivals.

Protective gear for staff. If adequate decontamination has been cartied
out at the scene, hospital staff should need no special precautions other
than gloves and disposable gowns. On the other hand, unexpected or
Improperly decontaminated victims may arrive. Therefore, it's a good idea
to keep watar-resistant aprons and extra glaves for skin protection, and to
maintain an outdoor reception and decon area so that inhalation of solvents
does not occur.

It Is not reasonable to expect ED staf to be fitted, trained, and

repeatedly drilled in use of specialized respiratory protective gear such as
gas masks and SCBA.

8. REASSESS ABCs

Airway. Suction excessive secretions, and intubate the trachea if
necessary.

Breathing. Recognize that respiratofy muscle weakness may abruptly lead
to respiratory paralysis. Check ventilatory function with bedside spirometry
and arterial blood gases. .

Circulation. Hypotension is not common with OP's, carbamates, or
chlorinated hydrocarbons, unless another complication such as seizures or
ventilatory failure has occurred. Arrhythmias may occur, especially with
chlorinated compounds owing to myocardial sensitization.

c. ANTIDOTES (Anticholinesterase agents)

Atropine,. Effective for muscarinic symptoms and signs (salivation,
sweating, bronchorrhea, bradycardia, abdominal cramps) but not nicotinig
effects (muscle weakness). See prehospital care abova for dosage/use.
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Pralidoxime. More specific "antidote” which reverses binding of the OP to
cholinesterase: it reverses both muscarinic and nicotinic signs. Administer
1-2 gm IV over 5-10 minutes, and repeat as necessary every 4-12 hours as
needed. Recent studies suggest that a constant infusion (approximately

150-200 mg/hr 1V) may be more effective, because the half-life of 2-PAM is
relatively short.

D. GUT & SKIN DECONTAMINATION

Lavage v ipecac. !pecac should not be used, because of the potential for
abrupt onset of seizures or respiratory arrest. Perform lavage as soon as

possible. Protect the airway with an ET tubs if the person is obtunded or
otherwise compromisad.

Activated charcoal. Administer 50-60 gm along with a cathartic (eg,
sorbital 70-100 mb). Some studies suggest that chlorinated HCs such ag

Kepone and Lindane may be eliminated from the body more rapidly with
repeated-dosa activated charcoal.

Skih decontamination..See prehospital notes above. Even i scene
decontamination has been performed, a repeated spap/shampoo wash is

recommenxied for oily or adherent products, along with scrubbing under
the nails and in skinfolds.

E. DIFFERENTIAL DIAGNOS!S. Consider other intoxications and medical conditions
that may present with altered mental status, sefzures, and sweating, such as:

Heatstroke .
Idiopathic seizure disorder
Sallcylate intoxication
Anxiety/hyperventilation
CNS infection

CNS trauma

[Il. POISON CONTROL CENTER CONSULTATION

. San Francisco: {800) 523-2222
. Sacramento: (800) 342-9293
. San Jose: (800) 662-9886
. Fresno: (800) 346-5922
. Los Angefes: (800) 7776476
. Irvine: (800) 5444404
J San Diego: (800) 8764766

A, MERICAL TOXICOLOGY CONSULTATION. PCCs provide a variety of consuitation
ta cailing health professionals and the public, including:

. Differential diagnosis
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. Selection of appropriate laboratory tests. Use of cholinesterase levels:
selection of other labs.

. Use & precautions with antidotes. Dcsage, side-effects, precautions, and
other drug information.

. Medical toxicologist back-up. Each PCC has a physician toxicologist
available 24 hours a day for medical consultation, if needed.

B. REPORTING REQUIREMENTS. PCCs can inform callers about State law related to
reporting of pesticide illness, and gould sarve as a 24-hour reparting point for health

professionals,

. Information on reporting rules & forms.

. Telephone numbers of local heaith departments.

. Future: official reporting site? This would increase the likelihood that

serious cases are promptly reported. In addition, it wouid encourage the
use of PCC medical consultation and thereby enhance patient care.
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Epidemiology of Food Safety
Foodborne Infectious lliness and Contamination with Natural Products

Infections continues to be the leading cause of acute iliness associated with food.
Among reportable diseases, salmonellosis appears to be the greatest concern, with
more than 40,000 cases confirmed annually by isolates of one or more species,
exclusive of 8. typhi, from stool cuitures in U.S., with some increase in the last 10
years. These confirmed cases represent probably a much larger number of unreported
cases, in addition to cases of staphylococcal and virali gastroenteritis that are not
routinely reported through the Public Health Surveillance System operated by CDC and
the state health depariments. Notable recent cutbreaks have included  Listeriosis
associated with Mexican-style "Quebracho" cheese and other soft cheeses and an
outbreak of salmoneliosis associated with pasteurized milk that involved >16,000 culture

confirmed cases. The total number of symptomatic cases was estimated to be as
high as 300,000.

Contamination of food with natural products has also been a recent issue, illusirated
by the occurrence of thyrotoxicosis in the Northern Midwest associated with the

ingestion of "extra lean ground beef" containing high levels of T3, T4, and histologically
demonstrable chunks of bovine thyroid tissue.

History of Chemical Fobd Safety Issues

Federal Regulation in U.S. dates back to Pure Food and Drug Act and Meat Inspection
Act of 1806, which followed on the heels of publication of The Jungie by Upton -
Sinclair.  In addition to foodborne bacterial fllness, there was concern about
adulteration of food with chemical substances. Synthetic pesticides now in use were
unknown, but there were many problems with residues of arsenic on produce that
resulted in dramatic episodes of consumer poisoning and consequent promotion of
alternative natural insecticides such as derris root. '

Since the introduction of synthetic pesticides there have been numerous outbreaks of
accidental contamination of food with common insecticides such as parathion, endrin,
and toxaphene. Epidemics of acute intoxication continues to be an issue, as illustrated
by the 1985 outbreaks of poisoning secondary to aldicarb contaminated watermelons.
Recent episodes have inciuded seizures associated with endrin contaminated taquitos
and methamidophos (Monitor®) contaminated peppers and cucumbers.

Produce Monitoring Programr

Extensive monitoring of produce for pesticide takes place in California, with more than
15,000 samples taken annuaily by the Department of Food and Agriculture and a few
additional samples taken by the US FDA. 8,500 (57%) are taken are taken in the
market place surveillance, with 2,500 (17%) taken as preharvest samples and an equal
number taken for targeted priority pesticides, and 1,500 (10%) samples taken of
produce destined to be used in processed foods. Of all samples taken, 70-80% show




no detected residue, and less than 1% show illegal residues, most commonly low
levels of contamination with a material for which no tolerance exists on the crop in

question. Rarely, sufficient levels of an acute toxin are detected to warrant a product
recaill,

Concern About Carcinogenic Effects of Low Level Residues

Potential human carcinogens are usually identified from high dose animal bioassays,
conducted at the maximum tolerated dose (MTD) that causes no acute mortality.
Concern about the human risk from high dose animal carcinogens depends on one’s
interpretation of the threshold/non-threshold question in the natural history of cancer.
Despite a great deal of research no consensus on this issue has been reached. There
is little evidence for an "all-or-none” threshold response, but for some chemicals there
is some evidence that the dose-carcinogenic response curve may be non-linear.
Recent examples of public concern have been ethylene dibromide and daminozide
(Alar"). Given low levels of pesticide residue in produce, there is probably minimal
risk in context of overall diet. Dietary concerns that may be of greater concern include
total caloric intake and total dietary fat. Concern about carcinogenic effects of
pesticides should focus on the workplace. Available data shows there is no increased
risk of cancer in the overall California farm workforce. Nevertheless, experience with
manufacturing workers exposed to particular products, such as the bladder carcinogen
chlordimeform, suggest the need for filling in existing data gaps and minimizing
exposure to and/or limiting the use of potent animal carcinogens.




The Western
Journal of Medicine

Articles.

Subacute Poisoning With Phosalone, an
Organophosphate Insecticide

MICHAEL A, O'MALLEY, M2, MPH, Sceremento, and STEPHEN A MeCURDY, MD, MPH, Daovis, Cziifarnia

An illness characterized by weakness, dizziness, and gastrointestinal symptoms was identified among a crew of 30
migrant field-workers employed by a grape grower in Madera Count

v, California, during August 1987. The onset of
symptoms occurred between August 24 and August 30 and a median of 9 days from the date of first employment.

The first crew member sought medical treatment on August 26, and 10 crew members were admitted to hospitai
between August 27 and August 30. For most workers, gastrointestinal and constitutional symptoms resolved
shortly after admission, but 4 patients had episodes of severe sinus bradvcardia persisting for several days. On the
day of admission, transient atrioventricuiar dissociation developed in 2 persons. Interviews with 16 crew members
not admitted to the hospital identified only 1 additional worker iil with gastrointestinal symptoms, but all 16 had
moderate to severe inhibition of both piasma and red blood cell cholinesterase. Four other workers who were tested

but not interviewed also had cholinestarase depression. The crew had had exposure since
ganophosphate insecticide phosalone, which was last appiied to the vinevard on.July 21, 0r 29
this is the first report unequivocally linking phosalone to field-worker poisonin

nature of the symptoms associated wit}
episodes.

[ ]

v faeQuray 5A: Subacute soizanieg with pic

August 19 to the or-
days earlier. Although
g. the delayed onset and nonspecific

h subacute poisoning may have hindered the recognition of previous similar

3&:2re. an JrgEnophescnats insscticiae, West J Maz 1850 Daor 33:510-624)

Organophosphate pesticides are wicely used in madern
agriculture. In 1987 the Califcraiz Denartment :
and Agriculture (CDFA) reported more than ;
was sold throughout California.’ Thase compounds
acetyicholinesterzse, leading to overacs:
tne cental nervous svstem dependent on aceivichcine-
mediated nevrotransmission. In humans with exposure 1o
‘oxic amounts of organopnosphate pest:

acute poisening commeniy include saiivation. lac:
urination. dizrrhea, vomiting, bradvczrdiz, and perigherz!
weakness or paralvsis.® When poiscning is severe, canzra!
nervous system effects such as seizures znd comz mav alsc
occur and mav culminate in death. Symptoms ¢f or-
ganophosphate toxicity are nonspecific. and the dizgnesis
requires 2 high degree of clinical suspicion.

Inrecent years outbreaks of organophosphate poiscring
in California field-workers have frequen:ly involved large
groups presenung to the emergency: department of z rural
hospital fer evaiuation of acute gastrointestinal sympioms
aiter a single accidental overexposure to a highiv toxic or-
ganophosphate insecticide.? In this context. group znc indi-
vidual cholinesterase data may be difficul: to interpres, but
the cornmon exposure history and epidemic nature of the
illness facilitate diagnosis.” In cases of accidental or deliber-
ate ingestion of organophosphates, diagnosis is facilizated
by the recent history of ingestion. There is typicaily an
interval of less than 24 hours between the exposure and the
start of symptoms.’

‘ndividual cases of field-worker poisoning may prove
difficult to identify without a recognized outbreak of ill-
ness. As illustrated by the series we report here, recognition
may be especially difficult when the gradual absorption of a
moderately toxic organophosphate leads to a subacute on-

cides, sympume of

setof svmproms. Although fuliv apparentiliness may even-
tually develep ina small number of czses. some persons mzv

be asymptomatic or may have miic znd nonspecific SvinD-
toms despite marked cholines:zrasz inhibition. The clinica!
svndreme of subacute intoxicaticn shown by the most se-
verely affected patients may differ r2m that seen in acute
poisonings, as illustrated in our seriss Dy the occurrencs o7
atrioventricuiar dissociation and severe dradycardia with-
Olt eXC2SS 185DIratory and gaswrointesiinal tract secretions

typical of acute cholinergic crisis.

Patients and Methods

California law requires physicians to report confirmed
and suspected cases of pesticide poisoning to the appropri-
ate county kealth officer. These reporss are then forwarded
to the county agricultural commissiorear's office for investi-
gation ofthe circumstances of gesticide exposure. Autheri-
ties in the California Department: ¢f Health Services and she
CDFA are also notified. Work-ralated cases may also enter
into the reporting network on a pinvsician's filing of a Werk-
ers’ Compensation report with the state Department of In-
dustriai Relations.*

Qur series involves an incident of poisoning by the insec-
ticide phosalone (S-[{6-chloro-2-oxo-3{2H]-benzoxazolyl)
methyi] C,0-diethyiphorodithicate) that was reported to
the CDFA during August (and September) of 1987, The
investigation of these cases involved interviewing affected
and unaffected employees by officials from the state and
county agricultural departments; reviewing grower applica-
tion histories; sampling implicated fields for pesticide resi-
dues; and examining in detail medical records for all ex-
posed persons who sought medical treatment.

The suppression of cholinesterase activity was quantita-

From the Worker Health and Safety Branck, Caiifornia Denarmens

of Food and Agriculture, Sacramento (Dr O'Malley), and the Division of Oceupational and

Eavironmental Medicine, University of California, Davis, School of Medicine (Dr McCurdy).
Reprin: zequests to Michaet A. O'Malley, MD, California Dept of Food and Agriculture, A-316, 1220 N St. Sacramento, CA 95614,

Reprinted from the Western Journal of Medicine. € 1990
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ABBREVIATIONS USED IN TEXT

CDFA = Cafifornia Deparmment of Food and Agricultura
LD:- = minimum leznal.dose -

tively estimated frem the midpoin: of the normal raage,
using the method of Namba and co-workers.s The reiz
ship between cholinesterase depression and severat DosTH-
lated exposure factors was svaluated using the W
20K surn tast for independent samples.” Factors ev
included weork history. sources of focd, place of resi
e use of irrigation water for washing clothes er &
and the presence of symptoms. Informazion on work
and sources of food and water was gbrained exci:
ominterviews. Where a direct inter-iew was not possd
! ! infcrmation regarding the presence or
r2 obtained rom medical recs
LIements were ¢ 2
Crzziry Services at CDFA. inciuding disle
idue sampies for phosalcne and muit

trmge
el

. Fis pnlse rate and
gings i s physical ax

18l alerncon. No o
JU-man crew were i
vitalsigns were normai: the fin

~oo

emarkznie exeeps: for mild epigasiric en
inine. potassium, sodium, ¢
ium, and zi eveis—were -

ing 1.5 liters o7 3% dextrose in 2

rcerness. A complete biced count and cn
agnesis of acute zastroenters
ire. the patient feit serter and

:<0 Pt the nex: dzv because of zersis-
iness associazed with the occ
of diarrhez. crampy zbdominal pain. lacrimation. znd
vatien. Ox rzexamiration, he appeared weak and his =
rate was 3£ beats per minute: his biood pressure ang
T3loTy rae were normal. His pupils were 3 mm in &

the lungs were clear, anc the abdomer, w25 nontence: -
oratory examinations again showed a normai compiets
biood count. chemistry panel, and urinzlysis. The plzsme
cholinesterzse level was 504 units per litar (normal, 9c<
2.400); tze ervthrocyte cholinesterase content was 4.340
units per iizer (normal. 9.348 to 16,994). At 2:35 pyt he nzd

an episede of severe bradvcardia with a supraventricuiar

demdbmenala
rhythm of 32 beats per minute (F igure 1, top). Eis biced
pressure was 109/74 mm of mercury, but there was no nca-
tion describing symptoms or postural changes in the biced
pressure. He received 1 mg of intravenous atropine, and in
several minutes his heart rate increased to 60 beats per
minute,

On admission to the hospital, the patient was given
second dese of 1 mg of atropine iniravenously and was
placed on cardiac telemetry. Because of recurrent episodes
of moderatz bradycardia, he required a total of 1.3 mg of
atropine on his first hospital day (Table 1). Severe bradycar-
dia recurred at 5:00 am on the second hospital dav (heart
rate, 37 beats per minute) and again at 7:34 am, with an
initial sinus pause of 2.6 seconds, foliowed by recovervto an

estimated heart rate of 59 beats per minute (Figure 1, bot-
tom). After a dose of atropine, his heart rate increased 1o 75
beats per minute, During the next several davs, the patient
received frequent doses of atropine for episcdes of moderate
sinus bradvcardia. Except for an intermittent headache,
nausea, and a single episode of icose stool reported on he
seventh hospitat day, he was asyvmpiomatic and his lungs
remained ciear to auscuitation. He was asymptomatic on
discharge but had persistent mild bradvecardia. A totzl of
16.5 mg of ztropine was administered throughout his eight-
day hospitzl stay (Table 1).

Although other crew members were asymptomatic when
patient ! first reported symptoms, on August 29, a 13-vear-
old boy (patient 2) collapsed at the same lsbor camp shertly
after work. He was taken by an acquainzznce to the commu-
nity hospital along with two other members of the craw
{patients 3 and 4). All three hac nzusea and abdominal

ramping and were later admitzed. Cholinesterase vaiues
were weil Selow the lower limit of normal (Table 1). On
instructions from the emergency depariment staff. the ac-
guaintance returned to the labor camp 10 see if any addi-
tonal camp residents were ill. As z result, patients 5
through 10 were admirted 0 the hosgital late in the evening
of August 2% or earlv in the morning of August 30 with
sympioms 25 shown in Table 1.

Patientz 3.3, 2nd deach nad severa oy

acrcardia compa-
rableto that of the indax case. Aside rosturaldizzinsss
suifered by patlent 5 on the third he id

svmptomaiic when these episodes occ:
had episodes of atri _
5:43 py oo the first day in the hespi

{Figure 2, top znd
bottom). Eospital records showed t:

22t the workers were

asvmptomatic when discharged (betwsen September 3 znd
September 3), but many still had a mid sinus bradveardia
{bevween 3G and 00 beats per minuse:.

Figure T.—Carcisc wmiamarrey $ITiCS tEKen on now episodes 6F zasare
sragycardia: T ,On firs; hoseita: cav a1 23 ‘20t had @ supraventricu-
tar r;":'.'tnm of 22 neats ger minuts, Bottom, On seccnc nessital day at 7:32 =,
thare was 3 2.5-5 $nus pause foilowen Oy recs.2ry to sbout 39 bests per
minute.

=N

o

Figure 2.—Carciac telemetry strips taken on patienl 6 on first hospital day
show episodes of atrioventricular dissociation at (top) 6:46 am and (bottom)
5:43 P
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TABLE 1.—Summary of Clinical Course of 10 Potients Admitted to Haspital With Subacute Phosalone Foisaning
Choiiresierose Level,” Lowes:
‘ Ueiizar Heart Agiz,  Atropine, FProlidosime. Teemerry
Perient Age, yr Dare Symptoras Plesma REC bpm mg groms Fisdings
| I 25 BI27  Vomiting, disrrhes, dizziness, disorientation,
lacrimation, saiivation, acgominal cramps 30 4,380 32 4.5 None SB
B/28  Headache, nayses 362 4,680 30 5.0 Y]
8/2%  None 545 5,080 44 2.0 SB
8/30 Headache 608 6,200 49 1.0 ;|
8/31  None 724. 5,280 45 3.0 ‘s3
5 Headache, nauses 864 5,720 46 1.0 53
g2 Loose stool, abdominal cramas 1,083 B,020 50 to GG 52
93 Discharged
F 15 8/7%9  Dizziness, nausea, abdomira! Cramps, vomizing 325 4,920 Y] Mone tons
8/30  None 72
831 Dischargag 43
3o 24 /23 Duziness, nzusea, sbdeming: cramps, vomiting 281 3,200 56 06 . Sg
8/30  None 45 i <8
B/31  Nene 454 4,800 4 . 1 s3
i None 580 4,120 7 0.5 1 S8
92 Diseriarged 42 58
I 23 8/28  Weakness, nauses, accominzi can, dizziness 315 4,580 [=10] None MNone nNene
830 hone 72
837 Heazache 54
5..... 44 2'30  V.easness, nizziness P 3,760 38 4.0 \ <2
28.3Y  licne 35 5,400 42 0.5 i3
gt D'znress on rising 357 6430 36to 38 2.0 88
-8.2 tione 210 7.800 39 1.5 SB
91 None 782 6,120 39 Q.5 58
8i2 Nons 362 7,430 43 S2
. 93 Cischarged . None
B, 18 830  Vieakness 51 5,160 39 33 1 53, av
dissociation
831  Nane B4+ §,760 38 2.5 S8
an KNone 221 7,240 14 .o SB
812 None 988 8,040 53 .. S3
9:3 None g24 7.240 34 1.5 Sa
gis Ches: pam, hesgache e5] 12,800 52 S8
g2 Discharged
7o, 33 8/20  Veakness 238 3880 50to3ss 0.5 1 S8
8/3 None 303 6,160 ...
8/31  None 385 6,080 48 S8
a1 None 582 6,200 72 Neone
92 None 760 7.960 52 None
93 Nene g3 8,280 NR None
8. 54 B/29  Mzuses, hesdache, abdomirai 227, dizzinass it 4,000 60 1 53
820  None 346 4,240 58 k|
8/31  Headache 433 7.000 61 SB
a/1 None 884 8,280 45 1.0 SB
92 Nang 805 6,820 50
83 Nene 793 6.760 54
9. 18 8/29  Nauses, vomiting, dizziness, s5dcminai tenderness 330 4,920 60 None None
B/30  None reported 360 5,520 58 1 58
8/31  None reported 474 7.560 53 <8
9t None reported 678 8,360 582 SB
812 Mone reported 834 7,800 None
93 Discharged . . .-
10....... 49 8/29  Dizziness, salivation, headache 329 3,680 56 None 1 SB
8/30  None reported 352 4,480 56 5B
Bf31  None reported 537 9,400 80 - SR
9f1 None reported 737 8,400 B4 Nane
92 None reported 960 6,360 >50
9f3 Discharged - 330 11,040 .

"Choiiresterase tests done using modifiea Ellman (colorimetne) method. Normal sarge: REC chalinesterase, 9348 to 16.296 {midpowit s 13,172); plasma cholinesterase. 364 ta 2,400 (mudpoint is 1,683),
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PHOSALONE POISONING

Except for bradycardia, there were few signs of choliner-
gic crisis among the 10 patients during their hospital stays.
Although patient 3 had chest tightness on admission, he
never showed respiratory distress, end his lungs remained
clear to auscuitation,

On August 31 and September 1, the remaining members
of the harvesting crew had cholinesterase tests, and all but
four were available for interview on September 2. These
intarviews revealed an unreported case of gastrointestinal
symptoms in a crew member (patient 27) whose date of
svmptom occurrence corresponded to the dates reporied by
the 10 patients previousty admitted to the hospital (Figure

TABLE 2.—Cholinesterase Volues for Crew Members With
Subocute Phosalone Poisaning Not Admitted to Hospital®
Flasma Cholinesterase S3L Chofinesterase

% Below o Below
Midpoint of Midoaint of
Crew Meosured  Nomnal Meosured Normol
Member  Value Range Velue Rarge Sympioms
LA B 738 532 4,800 €36 Nene
12.... 530 55.0 7,680 437 t
13.... £08 6539 5,760 437 None
14.... 209 518 5,440 514 None
15.... 635 58.7 E,520 s0.5 b
1., 838 52.1 6.220 £0.5 None
17 ... 749 '55.5 7,000 45.9 None
18.... 582 65.6 £.520 £3.5 None
19.... 573 - -659 £.500 337 None
20.... 1,187 308 B34 51 +
21..., 1,035 38.5 8,520 25 +
22.... @88 48.4 5,160 2.8 None
23.... 874 558 6,080 tiE None
24 ... 1,108 341 £.360 c.5 None
25.... 769 543 6,760 4g.7 None
26 ... 939 442 5,540 498 None
27 ... 0.26 748 037 £3.9 Indigestion,
stomach pains,
vemiting,
nausea; tingling
of body
28.... 0.8 B25 .26 71 Numbness in
tongue
29.... 4y 69.9 0.49 45.8 None
30.... 0.20 206 0,40 5548 None
RBC = erythroovie
“Cholimesssrase tests for crew memoers 27 througn 20 were sone using the Micrel methad
a1 # refercal laboratory in Fresno. Califormia. Normal range in ¢ oH units: RBC crolinesterase,
Q.55 to 1.25 (midpainz 15 0.90); plasma cholirestarase, 0.41 ta L€ [=midpoint 15 1.03). Oiher
8575 were cdimee out using the Ellman metrad at the hosnital Jasoratory. Normai mnge m
units per iter: RBC chobinesterase, 9,348 to 1€.936 imcpaint 15 12.172); plasma crodinester-
ase, 954 1o 2,400 [migpeint is 1,682).
tCr=w memoer was not availabie for intamew.

3). Crew member 28 reported atypical svmptoms that did
not begin until September 6; this member was counted as
asymptomatic in the subsequent analysis.

Results of the cholinesterase tests showed that all crew
members had enzyme activity levels depressed far below the
predicted values (Table 2). For the crew as a whole, the
median degree of plasma cholinesterase inhibition was
64.9%; for erythrocyte cholinesterase, the median degree of
inhibition was 52.5%. The degree of cholinesterase inhibi-
tion was not influenced by previous work done during the
1087 harvest season of by the consumption of grapes at
home or at work {Table 3). It was noted that the 11 symp-
tomatic workers had a significantly greater degree of cho-
linesterase inhibition than did the 15 who were asymptom-
atic {Figure 4). Althcugh the use of the irrigation canal for
vashing clothes or bathing wes suspected as a possible
source of exposure, it proved to have a significant negative
relationship with the occurrence of cholinesterase depres-
sion. Crew members who did not live at the camp may have

{ Firgt \orker Hireg

Il Patients, No.

19 VWorkers Hirzd

T I

15 0 18 20
Daie During August 1987
5;1 ]
] _
4 1
s | l
< 34 i
S
5 b
z 2

o

-
-

5 6 7 B 9 10 17 12 13 4 15
Cays. No.

Figure 3.—The graghs show the distribution of cases by time of ocurrence:
Top, Cases are shown by date of onset; bottom, cases are shown by latency
between firs exposure and start of symptoms. M =patient admitted to hospi-
tal, Z =patient not sdmitted

—_
[y~ ]
L)
o

TABLE 3.—Investigation of Foctors Postulated to Affect Cholinesterase Depression

Estimaiad % . .
Number Inhibition Median Velue Number Es:imated %o Inhibition Medign Value
Factar Exposed RBC Flosma Unexposed RBC P Value® FPlosma P Vaiue®
Labor camp residence ... ... i 19 81 70 7 51 238 81 12
Prior work, Mexico. . ..o iiiiin i 8 52 58 16 &0 £40 n 760
Prior work, Oregon. ... ..ot 10 56 64 14 57 779 78 219
Bathing or washing in irrigation canal ......... 12 49 63 1Q 63 Lee] 81 oo
Ategrapes at work. .. ... uvvn i aes 16 Ly) 72 8 53 783 64 851
Ate grapes at home . ... ..eeenrrnciiannes 8 50 &7 18 g2 88 72 840 |
Food provided by crew supervisor............. 13 &7 B0 & 57 254 77 830
Symptomatic flness. . ..., ieiiiiai i 11 58 81 15 s1 002 60 001
RBC = erythrocyte
“Based on the difference b posed and groups in the Wilcoxan rank sum test.
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Figure 4.—The cercantage of depression for piasma ang ersinrogyie i830)

tnolinestersse ieveis s shown in symptomatic ang asymgpiomatic workess,

= =worker with Z23UCERIeNS, + = asymptomatic worker, s = worker nol in-

Tarviewed

~ad even less zdegquate facilities. Five crew members (14,
18,22, 24, and 30) reported that they slept either in their
zutomebiles ¢r

. or in the fields since they began working for
1ze Madera County grape grower and had no temporary
residence during their stay in Madera.

Work History and Pesticide Residue Data

On investigztion of these ilinesses by the Madera County
Agricuiturzi Commissioner’s Office, it was found that be-
Tore mid-August. crew members had no commen exposure
nistory. Severzi persons reported having worked previously
‘. Oregon. cthers in Idaho, and stiil others in southern
Santa Clara County and the San Joaguin Valley of Califor-
nia. Dates of emplovment in Madera County ranged from
August 3 to August 26, but most crew members began work
for grower A on August 19, manually harvesiing a block of
French Colombard grapes. This block had beex treated May
153 with 25% phosalone wettable powder (7 Ib per acze). On
July 21 various rows in this block received z second applica-
vion of phosalone emulsifiable concentrate at 3 pt per acre
and prosaione wettable powder at 3 b per acre. The seven-
day interval to allow safe reentry into phoszlone-treated
fleids® elapsed on Julv 28, cne week before the first worker
entered the Zield (Figure 3).

Other blocks worked between August 19 and August 26
included 35 rows of Thompson seedless grapes treated with
25% phosalone wettable powder at 7 1b per acre on May 15.
According o the grower’s application recerds, all blocks
within the vineyard had received at least one treatment
with phoszione, during either May or July, and no other
cholinesterase-inhibiting insecticides were applied during
the 1987 growing season. This was confirmed by chemical
analysis of fieid samples showing persistence of phosalone
(13 disiodgeable foliar residue sampies with levels ranging
from 0.5 to 2.0 ug per cm?; median value, 1.3 g per cm®} and
its toxic transformation product, phosalone-oxon {ranging
from nondetectabie to-0.29 pg per cm?; median value, 0.12
ug per cm*). All samples were thus below the 7.0 ug per cm?
dislodgeable foliar residue estimated as a safe level for pre-
venting cholinesterase inhibition and acute poisoning in
field-workers.’” In none of the 13 samples taken was residue
of any other cholinesterase-inhibiting insecticide found.

Discussion

This series of poisorings associated with the insecticide
phosalone underlines the unpredictable reiationship be-
tween cholinesterase inhibition and the occurrence of re-
lated symptoms. Although there was 3 significant statisti-
cal relationship between symptoms and cholinesterase
depression in the crew as a whole, some workers with

greater than 80% depression of plasma cholinesterase levels
remained asymptomatic. The absence of symptoms in most
crew members is likewise unexpected when cholinesterase
data from the current cutbreak are compared with previous
case series involving the acute onset of organophosphate.
poisoning.?* This finding strongly suggests that both the
rate and the magnitude of cholinesterase depression are
important determinants of symptomatic illness after £Xpo-
sure to organophoesphate insecticides.

The principal clinical features of interest in this series
were the atrioventricular dissociation and severs sinus
bradycardia among the patients admitted to the hospital.
Atrioventricular dissociztion and bradycardia were unex-
pected because cardiac side effects of organophcesphate ex-
posure have usually been associated with an acute overdose
of the agent, accompanied by florid signs of cholinergic
oversiimulation.t®-*? Although the bradycardia was well tol-
erzied during bed rest ot relative inactivity, six of the ten
patients receiving hospital care initially presented with
svmptoms of dizziness or syncope, and one patient (patient
5) had transient postural dizziness on his third day in the
hospital. These symptoms may have been due to direct
pharmacologic effects of acetylcholine on the central ner-
vous system. but they could also plausibly be explained by

_the severe bradvcardia shown by four of the eight patients

monitored with cardiac telemetry. Because few cases of
acute phosalone intoxication have previousiv been pub-
lished, it is impossible to escertain whether the prominent
cardiac effects seen in these persons were attributable pri-
marily to the slow onset of poisoning or were a unigue
feature of illness after exposure to phesaione.

The outbreak reported here is the first instance in which
phosalone has been identified as the principal agent re-
sponsibie for & mass fleld-worker poisoning incident. Al-

- though it has previousiy been implicated in conjunction

with other organophosphate pesticides, phosalone’s mod-
erate toxicity {for rats, minimum oral lethal dose [LD,,] is
120 mg per kg and the dermal LD, 1s 1.530 mg per kg'*)
made it seem a less likely cause of thaose outbreaks than
were otfer, more toxic compounds.**-** The {inding of dis-
lodgeable residue levels below the estimated safe level® of
7.0 ug per cm!? also militated against phosalone’s being a
contributing cause in each of the previous episodes. An
investigation of the episode reported here, however, shows
that illness may occur at residue levels well below 7.0 ug per
cm?. After the investigation of this outbreak, two similar
phosalone-related ouibreaks of illness—also accompanied
by cases of asvmptomatic cholinesterase depression—were
reported at the beginning of September 1987.'7 Emergency
restrictions on harvesting phosalone-treated vineyards
were then imposed for the remainder of the harvest season
(September, October, and November of 1987).

A principal distinction between phosalone and other
organophosphate insecticides is its environmental persis-
tence. General surveys of hand-harvest operations in Cali-
fornia, involving samples collected by CDFA between 1975
and 1984, have shown that harvester exposure to or-
ganophosphate residues is intermittent, with only 6% of
the 2,088 fields sampled in this series having detectable
residue levels.® Phosalone, by contrast, typically persists
well beyond its seven-day reentry period; and in California’s
Central Valley, its environmental half-life ranges as long as
30 days.'-* Given the recognition of illness in field-workers
associated with phosalone levels of 0.3 to 2.9 xg per cm?
dislodgeable foliar residue (following applications made
more than a month earlier), adjustment of the reentry inter-
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val was deemed an impracticat method of regulating this
compound, e*ccent for use on machine-harvested crops. By
agreement detween CDFA and the manufacturer, phosalone
use in Cainorma was therefore eliminzted for all manually
harvested creps beginning in 1988.

Conclusion

T, b

-o lteating piysicians, a physiologic adaptation to cho-
linesterase inhibition seen in subacute organophosphate
poisoning presents many clinical dilemmas. Skouid Da-
Lients presenting with cnly mild sinus bradveardia be ad-
mitted to the hosgial. and should all these patients be
menitered rostinelvwizh cardiac telemetry? Doesm oderate
0 severe bradvecarcia with no other symptoms of cholines-
terase inhibition warrant the aggressive use of atr opine rec-
c"”.r“.encec Icrseriousacute po:somn"""‘” Should the use of
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Acetylcholinesterase Assays: What Do They Mean?
How To Use Them.
Barry W. ¥Wilson, Ph.D.
University of california, Davis

I. Inhibitien of Red Blood cell Acetylcholinesterase and Serun.
Non-Specific Cholinesterases Indicate Expesure to Organophosphate
énd Organocarbamate Esters.

%. Cholinesterases hydrolyze esters of choline in a multi-
step enzyme reaction.

B. Organcphcsphate esters.and carabamate esters bind to
cholinesterases, but are not rapidly released, inhibiting the
enzymes.

1. Carbamates are readily hydrolyzed from cholinester-
ases. Diluting the blood before assaying promotes reactivaticn.

2. Organophosphates bind mnore firmly than carbamatess,
especizlly when a group leaves the phosphate and "aging¥ occurs.

II. Agricultural Workers In califormia Using Categories I and 1IT
Pesticides Are Required To Have Blood Cheolinesterase Tests,

A. Easeline tests arse taken, preferably when the wsrkar
fhave rot been exposed to pesticides for 30 days.

n

B. Employees working with Categery I chemicals are tssted
more coftsn than others. _

C. A drcp to 80% of kaseline signals retesting.

D. Decrease to 70% of RBC ACRE level or to 60% of plasmz
chclinestsrase indicates the worksr should be ramoved from = e
workplace.’

IZII.

Laboratories Determining Blood Cholinesterases are Approved
By The California Department Of Health Services (CDHS).

IV. Normal Tables Shculd Be Consulted For Patients Without Ease-
line values.

A. Each laboratory is expected to provide values for the
assay thay use.

V. Kinds Of Assays Approved By CDES.
A. Rssays using acetylcholine and pH changes-
1. Michel Test
2. pH Stat
B. Assays using acetylthiccheline :and colorizetry
1. Reaction rate determinztions
2. End point automated assays

VI. Preparation of Bloocd For Xssaying.
A. Check with the laboratory first
B. Use heparin to prevent clotting.

C. Separating red blood cells and plasma is preferable if
they are to be assayed individually.

VII. New Technigques.
A, Antibodies
B. Cxime reactivation
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Acetylcholinesterase ASSays: What Do They Hean?
How To Use Them.
_ Barry W. Wilson, Ph.D.
" University of Califormia, pavis

VIII.References

Latest Requirements: cuidelines for Phys;cians, 1688; Pes?icife
Unit, Hazard Evaluation Secticn, California pepartment of Health
Services.

pH Stat Method: Manual of rnalytical Methods for the Analysis

of Pesticides in Humans and Environmental Samples, Section
6,2, (3),(a) "Cholinestsrase activity in Eklcod® 1%80.
TPA-600/8-80-038.

Acetylthiocholine kit: RezgentSet, Cholinesterase Ca@alog No.
124117. Boehringer Mannhein Diagnostics inc. 7300 Westpark,
Zouston TH 77063.

Basic acetylthiocholine method: Ellman, ¢.L., Courtney, X
andres, V. anc Featherstona, R.M. 1981.
_zriz determination of acetylcholineste
Pharm. 7:88-55.

- cemmon pH technigue: Michel, E.0. 1349. Anﬁelectro;e?;;
netned for the determinaticr of red blood cell and plasma ciciin
esterase activity. J. Lab. Clin. Med. 34:1564

State zutomated acetylthiocholine method: Knaak, J.B, Maddy,
K.T., Jackson, T., Fredrickson, A.S., Pecgles, 5.2. and Lcve, R.
1973 Cholinesterase activity in Llood samples collected from
field workers and nenfield workers In california. Toxicel. &prl

Pharmacol. 43:735-770.




o w wr e e U e e asd mer me e e e

UNCOMMON ASSASSINS:
POISONING BY SELECTED UNCOMMON OR UNUSUAL PESTICIDES

Xent R. Olson, MD, FACEP
Medical Director
SF Bay Area Regional Poison Control Center

VARIETY OF PESTICIDES USED FOR VARIETY OF PURPOSES

Insecticides Fungicides
Organophosphates Captan
Carbamates Pentachlorophenol
Organochlorines

Fumigants

Herbicides ‘ Hydrogen cyanide
Bipyridyls Methyl bromide
Chlorophenoxy compounds Phosphine

Sulfuryl fluoride

ORGANOCHLORINES

INTRODUCTION

*
*
*

*

Widely used in agriculture & structural pest control
Lindane alsc used for treatment of lice and scables
Many products now banned because they persist in the
environment and accumulate in biclogic systems

Have been largely replaced by organcphosphates

PHARMACQLOGY / MECHANISM OF TOXICITY

*

Well-absorbed from GI tract, skin, and by inhalaticn
Highly lipid soluble (large volumes of distribution)
Accunmulate with repeated exposure, very slow eliminaticn
Example: accumulated DDT eliminated at a rate of approx
only 1% per day, with a half-life of 6-12 months.
Interfere with transmission of nerve impulses, especially
in the brain - potent CNS toxins

May sensitize myocardium to arrhythmogenic effects of
catecholamines

Many can cause liver and/or renal injury

TOXIC DOSE

*
*

Acute toxic dose highly variable
Extensive or repeated whole-body application of lindane to
infants has resulted in seizures and death
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Compound LD50 in Male Rats Approx Lethal

CRAL DERMAL Human Dose
Aldrin 39 mg/kg 98 mg/kg 3-7 gm
Chlordane 335 840 2=6
Dieldrin - 46 90 2-5
pDoDT ‘ 217 2,510 -
Endrin 138 18 -
Heptachlor 100 195 -
Lindane 23 1,000 10~-30
Mirex 740 >2,000 i -

CLINICAL PRESENTATION

Nausea and vomiting shortly after exposure
Confusicn, tremor, seizures

Coma and respiratory depression L
Arrhythmias may occur due to catecholamine sensitivity
Because of high lipid solubility, toxicity may ke prolonged
Signs of hepatitis or renal injury may develop

E

DIAGNCSIS

* Based upon history of exposure and clinical presentation
* Blood levels generzlly not available

GENERAL TREATMENT

* Control seizures & protect airway, assist ventilation
* Monitor asymptomatic patient for at least 6-8 hours
* Ventricular arrhythmias may respond to propranclol

* No specific antidotes
DECONTAMINATION
SKIN:

* Highly contaminating - rescuers should wear proective gear
* Remove clothing, wash skin & hair with copious Soap/water
* Irrigate exposed eyes with copious tepid water or saline

INGESTION:

* Do NOT induce emesis because of risk of seizures
* Perform gastric lavage and administer activated charcoal

ENHANCED ELIMINATION:

* Repeated doses of activated charcoal or cholestyramine?
* No benefit with hemodialysis or hemoperfusion
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PENTACHLOROPHENOL

INTRODUCTION

*
*

Chlorinated aromatic hydrocarben ) . ,
Herbicide, fungicide, wood preservative and defoliant

PHARMACCLOGY / MECHANISM OF TOXICITY

* Readily absorbed through skin, lungs and GI tract

* Most accidental poisonings invelve skin absorption

* Elimination half-life 30-80 hours ) o

* Uncouples oxidative phosphorylation in mitochondria,
resulting in generalized increase in metabolic activity

* Fetotoxic in rats when given in the first trimester

TOXIC DOSE

*

*

*

Minimum human lethal dose not known, but serious
intcxication reperted after ingestion of 2 gm
Air level considered immediately dangerous tec 1:ifs or
health (IDLH) is 150 wg/m3 -

OSHA permissible expcsure limit (PEL) is C.5 mg/m2

CLINICAL PRESENTATION

* Irritation of skin, eyes and upper respiratory itract

* Headache, vomiting, weakness, sweating, and dyspnea

* Fever, tachycardia, tachypnea, cenvulsions and coma ]

* Death due to cardiovascular collapse &/or hyperthermla

* Pancreatitis, hepatitis, aplastic anemia with chronic
exposure

DIAGNOSIS

*

*
*

Should be suspected in patients with fever, metzbelic
acidosis, diaphoresis and tachypnez . ) '
Consider also dinitrcphenol or salicylate poiscning
Blood levels not readily available

GENERAL TREATMENT

L

Maintain airway and assist breathing if necessary
Treat seizures with usual anticonvulsants

Treat hyperthermia with aggressive coeling

No specific antidote

Monitor for at least 6 hours after exposure
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DECONTAMINATION
SKIN:

* Remove clothing and wash exposed areas with soap and water
* Contaminating - rescuers should wear protective gear

INGESTION:

# Do NOT induce emesis because of risk of seilzures
* Perform gastric lavage and administer activated charcoal

ENHANCED ELIMINATION:

+ No evidence for efficacy of dialysis or hemoperfusion
* ? Repeated dose activated charcecal

2,4-D & CELOROPHENOXY EERBICIDES

INTROLDUCTION

%* Widely used herbicides o _
* "Agent orange! was & mixture of 2,4-D and 2,4,53-T which

also contained small amounts of TCCD (dioxin)

MECHANISM OF TOXICITY

* In plants, act as growth hormorie stimulaters
% Mechanism of toxiclty in animals nct known: wicdsspread
ruscle damage occurs, and cause of death is usually

ventricular fiprillation _
%* Skin not a significant route of aksorption

TOXIC DOSE
*# Animal oral LD50s 160-100C ng/kg

* Minimum human toxic dose of 2,4-D is 3-4 gm or 40-50 mg/kg

* Death has occurred aiter adult ingastion of 6.5 gm

CLINICAL PRESENTATION

% Muscle weakness and muscle spasms, massive rhabdomyolysis

* Tacnycardia, severe and intractable hypotension
* Hepatitis and renal injury may occur

DIAGNOSIS
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* History of exposure to an herbicide, elevated CPX
* Specific blood levels not routinely available

GENERAL TREATMENT

Protect airway and assist ventilation if necessary
Treat rhabdomyolysis with fluids, IV bicarbonate

No specific antidote ) .
Monitor patient closely for 6-12 hours after ingesticn
because of potential for delayed onset toxicity

+ A A

DECONTAMINATION

* Empty stomach with emesis or gastric lavage
* Administer activated charcoal

ENHANCED ELIMINATION:

* No proven role for dialysis or hemoperfusion
* Alkalinization of ‘urine may promote excretion of 2,4-D

METEYL BROMIDE

INTRODUCTION

* Odorless and colorless gas with poor warning properties
* Liquefies at 3 degrees C-

* Fumigant, fire extinguisher, and chemical intermedizte:

PHARMACOLOGY / MECHANISM OF TOXICITY

* Gas is well-absorbed by inhalation and skin exposure

* Retention of gas in clothing and rubber boots can be a
source of prolonged percutaneous exposure

* Mechanisms in include inhibition of sulfhydryl enzymes,
methylation of proteins, depletion 6f cellular glutathione

* NIOSH considers MeBr a potential occupational carcinogen

TOXIC DOSE / AIR LEVEL

OSHA workplace permissible exposure limit (PEL) is 5 ppm
Toxic effects common at 200 ppm )
Level immediately dangerous to life or health is 2,000 ppm

Poor warning properties: significant exposures can occcur
before onset of symptons ‘

L
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CLINICAL PRESENTATION

* Irritation of eyes, skin, mucous membranes, and upper

respiratory tract

Pulmonary edema - may be delayed onset

Skin exposure - dermatitis and chemical burns

Systemic toxicity - malaise, visual disturbances, headache,
nausea, vomiting, vertigo, tremor, seizures, and coma
Chronic persistent neurclogical sequelae

¥

DIAGNOSIS

* Based on history of exposure and typical symptoms.
* Serum bromide levels may be elevated but do not correlate
with severity of intoxication

GENERAL TREATMENT

* Secure patent airway and assist ventilaticn if necessary

* Observe for minimum of 6-12 hours after exposure

* No proven specific antidote; although some authors
recommend BAL or N-acetylcysteine

DECONTAMINATION:

* Rescuers must wear self—contaiged breathing apparatus
* Remove from exposure and administer supplemental oxygen

* Remove clothing and wash affected areas with soap and water

ENEANCED ELIMINATION:

* Not effective

REFERENCES

1. American Council of Governmental Industrial Hygienists:

Documentation of TLVs and BEIs, S5th*Edition, ACGIH,
Cincinnati, 1988

2. Doull J et al (Eds): Casarett & Doull's Toxicology: The

Basic Science of Poisons, 3rd Edition, MacMillan, New
York, 1987

3. Hayes WJ: Pesticides Studied in Man, Williams & Wilkins,
Baltimore, 1982 . .

4. Proctor NH et al: Chemical Hazards of the Workplace, 2nd
Edition, JP Lippincott Co, Philadelphia, 1988
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SUPERWARFARINS

Ken Kulig, MD, FACEP
Medical Directer

Rocky Mountain Poison
and Drug Center

Denver General Hospital

Introduced as rodenticides because they are effective
in warfarin resistant rodents and less is required
for effectiveness. LDieo of warfarin in mice

0.025% x 21 days.

LDioe of brodifacoum in mice is 0.005% x 1 day
{Lund, 19%81)

Mechanism of action. : :
A, Block Vit K epoxide reductase which converts Vit
K metabolite back to active cofactor.
Superwarfarins more effective because of higher
liquid solubility, better liver concentration,
binding to epoxide reductase less reversible.

B.

Specific agents.

A, 4 - hydroxycoumarin derivatives.
1. brodifacoum
2. difenacoum
3. bromadiclone
B. indandione derivatives
1. chlorophacinone
2. diphacinone
3. pindone
4, valone

Human toxicity

A, Case reports of sever prolonged anticoagulation
in suicidal patients with chronic ingestion.
(Barlow, 1982: Chong, 1986; Lipton, 1984: Jones,
1984; Murdoch, 1983)

B. One case report of a single massive ingestion
(200 g) in an adult resulting in severe
coagulapathy for 2 months.

C. Reports of single.acute ingestions in children
indicate anticoagulation in 7%. _

1. 8/110 cases in children reported to the
Rocky Mountain Poison Center August 86 -
April 87 had PT ratioc > 1.2 (Smolinske,
1987).

2. 48 hour PT was more likelv to be abnormal
than the 24 hour PT.

3. Unfortunately, abnormal PT did not
correlate with amount ingested by history
or dye coloration in child's mouth.

Treatment

A. Prevention

B. Detection

C. Supportive

D. Reversal - vit Ki, FFP, whole blood.
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PARAQUAT INTOXICATION

Kent R. Olson, MD, FACEP
Medical Directocr
SF Bay Area Regional Poison Control Center

INTRODUCTION
1. 1,1-dimethyl—-4,4-bipyridyldiylium ion

2. Quick-acting herbicidal action:
* contact action on leaves
* systemic effects

3. Rapidly inactivated in soil

4. Formulated as aquecus soclution:
* 0.2% (domestic uses) up to 21% (agricultural use)

MECHANISM OF TOXICITY

1. Corrosive effects:

* strong cation in agueous seluticn (mainly seen with more
concentrated solutions 10-20%)

2. Cellular toxicity: ) o
* generation of superoxide radicals results in lipid
peroxidation and cellular necrosis, depletion of NADPH

PHARMACORINETICS

1. Relatively pcorly absorbed from GI tract & skin:
* only 5-10% of an oral deocse is absorbed
* food in stomach drastically limits absorption
* may be absorbed across abraded but not intact skin

2. Widely distributed to tissues:
* volume of distribution 2.8 L/kg
* selective accumulation in lung (type II pneumccytes)
over several hours; prolonged with renal failure

3. Eliminated unchanged by kidney:
* 80% eliminated within 24 hours
* paraguat-induced renal failure delays elimination

TOXIC DOSE

1. Animal oral LDS0 varies from 22-262 mg/kg

2. Human toxicity:
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* < 5 mg/kg probable mild . _
* > 30 mg/kg probable lethal (1 gulp of 20% solution)
CLINICAL MANIFESTATIONS

1. Caustic effects: ) o
* mainly with more concentrated solutions 10-20%

* skin/eyes: erythema, ulceraticn .
* oral, esophageal and gastric ulceration
* vomiting, abdominal pain, diarrhea
2. Multisystem toxicity:
* myocarditis, cardiogenic shock
* renal tubular necrosis
* hepatic failure
*

with dose > 30 mg/kg, death may cccur in'l—2 days

3. Delayed pulmonary toxicity:
* usually seen with doses betwgen 5-30 mg(kg
* chronic progressive irreversible fibrosis
* usually fatal after 1-2 weeks.

DIAGNOSIS ]

1. Blood paraguat levels (available free-of-charge 24
hours/day from ICI Americas, Inc 1-800-327-8633)
associated with likelihood of death:

* 2 mg/L at 2 hrs
* 0.9 mg/L at 6 hours
* 0.1 mg/L at 24 hours

GENERAL TREATMENT

l. Controversial: ) .
* NO specific antidote or therapeutic regimen has been

proven to work
2. Antidotes:

* steroids, n-acetylcysteine, vitanin £, ascorbic acid,
other antioxidants, have been trisd in animals without
Success

3. Low oxygen environment: .
* no evidence it's effective, but maintenance of p02 at or

around 60 mm recommended by most, since hyperoxia may
enhance oxidation

GUT DECONTAMINATION

1. Best outcome related to prevention of GI absorption:
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presence of food in stomach associated with survival
rapid administration of binding agent such as activated
charcoal, fuller's earth, bentonite

unclear if added emetics are effective - may be harmful
unproven usefulness of whole gut irrigation

ENHANCED ELIMINATICN

1. Forced diuresis: )

* no evidence of added benefit over normal urine flow

2. Hemodialysls & hemoperfusion:

* case repcrts of survival despite lethal levels

* remains controversial

* if performed, charcoal HP should be started early and
continued daily for several hours each day

REFERENCES
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1%82; 19:461-474.

2. Gaudreault P et al: Efficacy of activated charcocal and
magnesium citrate in the treatment of oral paraquat
intoxicatien. Ann Emerg Med 1985; 14:123-125.

3. Hampson ECGM & Pond SM: Failure of hemoperfusion and
hemodialysis to prevent death in paraquat polsonlng O a
retrospective review of 42 patients. Med Toxicol 1983;
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4. Okonex S et al: Two surviveors of severe paraquat

intoxication by "centinuous hemoperfusion". Klin
Wochenschr 1979; 57:957-959.
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