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Abstract

The German Commission for the Investigation of Health Hazards of Chemical Compounds in the Work Area
has re-evaluated diazinon [333-41-5] considering all toxicological endpoints. Available publications and un-
published study reports are described in detail. The critical effect of diazinon is inhibition of the acetylcholin-
esterase (AChE) at the cholinergic synapses which is measured as AChE activity in erythrocytes and brain. A
reduction to 70 and 80% of their respective activities prior to exposure is regarded as adverse. The correspond-
ing NOAELSs in subchronic or chronic feeding studies in rats, dogs and monkeys are 0.3, 0.75 and 0.17 mg/kg
body weight and day, which are scaled to concentrations of 0.6, 4.5 and 0.7 mg/m?, respectively. Taking into
account a possible enhancement of the effects over time, the maximum concentration at the workplace (MAK
value) of 0.1 mg/m? for the inhalable fraction is confirmed. The MAK value is also supported by a 3-week
inhalation study in rats with a NOAEC of 0.46 mg/m>.

Since a systemic effect is critical, Peak Limitation Category II is retained. The renal elimination half-life of the
dialkyl phosphate metabolites of diazinon in humans is about 2 hours, so that the corresponding excursion
factor of 2 is confirmed.

The NOAELs for developmental toxicity are 1.9 mg/kg body weight and day for rats and 100 mg/kg body
weight and day for rabbits. As developmental neurotoxicity is induced only at higher doses, the offspring are
less sensitive to the inhibition of AChE than the dams, and the margins between the calculated concentra-
tions without effects and the MAK value are sufficiently large, the classification of diazinon in Pregnancy Risk
Group C is retained.

Diazinon is not considered to be genotoxic, and therefore not regarded as a germ cell mutagen. In studies not
reaching the maximum tolerated dose, diazinon is not carcinogenic in rats and mice. Skin contact is expected
to contribute significantly to systemic toxicity, and diazinon remains designated with an “H”. Limited data in
animals do not show a skin sensitizing potential.
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Diazinon

[333-41-5]
supplement 2015

MAK value (1995) 0.1 mg/m? I (inhalable fraction)

Peak limitation (2002) Category Il, excursion factor 2

Absorption through the skin (1975) H
Sensitization -
Carcinogenicity -
Prenatal toxicity (1985) Pregnancy Risk Group C

Germ cell mutagenicity -

BAT value (1985) reduction of the acetylcholinester-
ase activity in erythrocytes to 70% of
the reference value

To extrapolate an oral dose from an animal experiment to a concentration in work-
place air, since 2010 the Commission has used a species-specific toxicokinetic pro-
cedure (DFG 2010). This procedure is used here to verify whether the MAK value
of 0.1 mg/m?*I and the classification of diazinon in Pregnancy Risk Group C are still
justified.

Diazinon is a thiophosphoric acid ester used as insecticide, acaricide and nemat-
icide (US EPA 2006).

For diazinon, there is documentation from 1975 (documentation “Diazinon”
1998) and supplements from 1992, included in the general chapter on pregnancy
(supplement “Sammelkapitel MAK-Werte und Schwangerschaft” 1992, available in
German only), 1995 (all end points, incorporated in the English translation of the
documentation from 1975: documentation “Diazinon” 1998) and 2002 (regarding
the peak limitation category, supplement “Diazinon” 2002).
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1 Toxic Effects and Mode of Action

The critical effect of diazinon is the inhibition of acetylcholinesterase (AChE) ac-
tivity at the cholinergic synapses. The secondary target organs of diazinon are the
liver, pancreas and kidneys.

In rabbits, diazinon is not irritating to the skin and, at most, slightly irritating to
the eyes.

No clinical findings regarding sensitization or positive patch test results with dia-
zinon are available. The results of animal studies of skin sensitization are not suffi-
cient to derive a skin-sensitizing potential.

In female rats, 3-week inhalation exposure to diazinon (as aerosol) led to the inhi-
bition of AChE activity in the brain to levels of 80% and lower at concentrations of
1.57 mg/m? and above.

At doses of about 5 mg/kg body weight and day and above, the AChE activity in
the brain was reduced to levels of 80% and lower in rats after 99 weeks and in dogs
after 13 and 52 weeks. In a 106-week gavage study in male monkeys, a reduction in
the AChE activity in the erythrocytes to levels of 70% and lower was demonstrated
at 0.5 mg/kg body weight and day and above.

In male CD-1 mice, histological and functional changes in the reproductive or-
gans were observed at doses of 4.1 mg/kg body weight and day and above after
4-week gavage administration.

In humans, an inverse correlation between the diazinon concentration in the um-
bilical plasma and the weight at birth and body size was found in newborn babies. In
pregnant rats, visceral abnormalities occurred in the foetuses at doses of 3.8 mg/kg
body weight and day and above. These are a secondary effect of pronounced mater-
nal toxicity. In a developmental neurotoxicity study in Sprague Dawley rats, delayed
body weight gains, delayed sexual maturity, and impaired motor activity, learning
and memory were found at 24.2 mg/kg body weight and day. At doses of as little
as 2.36 mg/kg body weight and above, a reduction in the AChE activity in erythro-
cytes and the brain occurred in the dams. In pregnant rabbits, diazinon was toxic
to the dams (cholinergic symptoms, mortality) after gavage doses of 30 mg/kg body
weight and day and above. No effects were found in the foetuses, however, up to the
high dose of 100 mg/kg body weight and day.

Diazinon is not mutagenic in bacteria and mammalian cells. A positive result in
the micronucleus test with human fibroblasts and lymphocytes indicates possible
clastogenic potential. This could, however, not be confirmed in vivo. In vitro, diaz-
inon and its metabolite diazoxon reduced sperm DNA integrity. In vivo, however,
neither SCE (sister chromatid exchange) nor dominant lethal mutations were in-
duced in germ cells.

Carcinogenicity studies with F344 rats and B6C3F1 mice at dose levels below the
maximum tolerated dose (MTD) did not produce any evidence of a carcinogenic
potential of diazinon.
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2 Mechanism of Action

Like other phosphoric acid ester insecticides, diazinon causes AChE inhibition after
metabolic oxidation to diazoxon (documentation “Diazinon” 1998). The inhibition
of structure-bound AChE at the cholinergic synapses is the only factor responsible
for the symptoms following intoxication with AChE inhibitors. The acute inhibition
of AChE leads to the accumulation of the transmitter in the tissue (“endogenous
acetylcholine poisoning”). AChE is present not only at the cholinergic synapses in
the CNS or the motor end plates, but also in erythrocytes. The inhibition of AChE
activity in the erythrocytes is a surrogate for inhibition of the peripheral AChE ac-
tivity. Cholinesterases (ChE; pseudocholinesterases), in contrast, form a group of
isoenzymes which are non-specific and are ubiquitous in the organism (Greim and
Lehnert 1995).

The inhibition of the erythrocyte AChE to 70% and less of its activity prior to
exposure is regarded as adverse (WHO 1986). For AChE activity in the brain, inhi-
bition to levels of 80% and below is considered to be adverse, as the inhibition of the
ACKhE activity in the brain must, toxicologically, be regarded more critically, so that
only a lower level of inhibition can be tolerated.

3 Toxicokinetics and Metabolism

3.1 Absorption, distribution, elimination

Within 168 hours after a radioactively labelled oral dose of diazinon (dose not spec-
ified), between 70% and 80% of the radioactivity was recovered in the urine of rats
and between 16% and 24% in the faeces (no other details; ACGIH 2003). Female
beagle dogs absorbed at least 85% of a single oral dose of 4.0 mg [**C]-diazinon/kg
body weight (ATSDR 1996).

The plasma concentrations of diazinon in male Wistar rats were described most
accurately using a two-compartment model after intravenous administration of
10 mg/kg body weight and a one-compartment model after gavage administration
of 80 mg/kg body weight. The elimination half-times of diazinon after intravenous
and oral administration were 4.70 and 2.86 hours, respectively. The oral bioavail-
ability of the intact diazinon was 35.5%; the low oral bioavailability is explained
by a first-pass effect in the liver. The plasma concentration of diazinon was 0.4 to
30 mg/l, of which about 89% was bound to proteins (Wu et al. 1996).

Male Wistar rats were given single gavage doses of diazinon of 23 mg/kg body
weight. Four hours after exposure, the maximum concentration in blood of
80.20 + 1.14 pg/g was reached. In muscle tissue (9.89 + 0.13 pg/g) and in the liver
(3.97 + 0.057 pg/g) the concentrations were at their highest after 8 hours. The ter-
minal half-life in the blood was about 5 days, in muscle tissue and the liver about 15
and 10 days, respectively. A three-compartment model provided the most adequate
description of the plasma concentrations (Garcia-Repetto et al. 1996).
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About 68% of an oral dose of radioactively labelled diazinon of 1 mg/kg body
weight was found in the urine of mice 60 minutes after administration (no other
details; ACGIH 2003).

In rats, the elimination half-time for the heterocyclic part of the molecule was
calculated to be 12 hours, and 7 hours for the phosphate/thiophosphate. The sub-
stance or its metabolites pass through enterohepatic circulation, which is in agree-
ment with the unusually high amount in some cases (up to > 20%) eliminated with
the faeces (IFA 2013).

After single subcutaneous injections of diazinon of 165 umol/kg body weight
(not radioactively labelled), the peak concentration of diazinon in the plasma and
brain of male albino mice was found 15 minutes after administration. The half-life
in each case was 2.5 hours. Within 24 hours, the urine was free of the metabolites
diethyl phosphate and diethyl thiophosphate, the only metabolites determined (de
Blaquiére et al. 2000).

After dermal application (no other details), between 70% and 80% of the dose
was eliminated by the kidneys in rats (WHO 1993). In humans, on the other hand,
absorption through the skin after 24-hour open dermal application of diazinon in
acetone (2 pg/cm?) or in lanolin (1.47 pg/cm?) was merely 2.9% to 3.9%, determined
on the basis of the renal elimination over a period of 7 days. As, by the end of the
exposure, only between 0.4% and 1.4% of the dose could still be detected on the
skin, the authors concluded that the majority of the dose had either been absorbed
by clothing or dissipated by volatilization (Wester et al. 1993). The same authors
carried out additional in vitro studies with human skin. After 0.25 pg diazinon/cm?
(dissolved in acetone), 14.1% of the dose was recovered in the receptor fluid with-
in 24 hours. The calculated amount absorbed was the same (0.035 pg/cm? and 24
hours (equivalent to a flux of 0.0015 pg/cm? and hour)) for both in vitro and in vivo
absorption through human skin.

Five volunteers (4 men and 1 woman aged 30 to 50 years) received single oral dos-
es of diazinon of 11 pg/kg body weight (36 nmol/kg body weight) or occlusive der-
mal doses of 100 mg/person (dissolved in ethanol, concentration 250 g/, 8 hours,
1.25 mg/cm?) on the skin of the forearm (80 cm?). The absorption and elimination
of diazinon were studied by monitoring the concentrations of the diazinon metabo-
lites diethyl phosphate and diethyl thiophosphate in their urine samples. Following
oral and dermal exposure, the maximum urinary diethyl phosphate concentrations
occurred after 2 and 12 hours, respectively. The urinary elimination half-times were
approximately 2 and 9 hours, respectively. About 60% of the oral dose and 1% of
the dermal dose was eliminated as urinary diethyl phosphate metabolites; 90% of
the dermal dose was recovered from the skin surface. In a period of up to 70 hours
after dermal application, about 0.47% of the dose was eliminated with the urine in
the form of metabolites. Taking into account also amounts of diazinon not renally
eliminated (an additional 33% eliminated with the faeces), the authors calculated a
dermal flux of 3.7 nmol/cm? and hour for an 8-hour exposure, which corresponds
to 1.13 pg/cm? and hour (Garfitt et al. 2002).
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A physiologically-based pharmacokinetic/pharmacodynamic model was devel-
oped to describe the toxicokinetics of diazinon, diazoxon and 2-isopropyl-6-meth-
yl-4 (1 H)-pyrimidinone as well as the cholinesterase inhibition in rats and humans
after oral and dermal exposure. The dermal permeability coefficient used for hu-
mans was 1.31 x 10~ cm/h (Poet et al. 2004).

3.2 Metabolism

After absorption in the mammalian organism, diazinon is oxidatively metabolized
to the actual cholinesterase-inhibiting substance diazoxon via the cleavage of sul-
fur (IFA 2013). The activation of diazinon is catalyzed by CYP450 enzymes, as
is detoxification to 2-isopropyl-6-methyl-4 (1 H)-pyrimidinone and diethyl thio-
phosphate. Diazoxon can be detoxified also by hepatic and extrahepatic A-ester-
ases (paraoxonase/arylesterase 1 = PON1 hydrolyze organophosphates, although
they are not inhibited; Poet et al. 2003) and B-esterases (AChE, butyryl cholines-
terase, carboxylesterases, which can be inhibited; Poet et al. 2003) to form 2-iso-
propyl-6-methyl-4 (1 H)-pyrimidinone and diethyl phosphate (see Figure 1; Poet
et al. 2004).

The extent of desulfuration (activation) and dearylation (detoxification) of diazi-
non was investigated in human liver microsomes. Recombinant human cytochrome
P450 isoenzymes were used to determine specific kinetic parameters. The activation
of diazinon was mediated primarily by CYP1A1 (K, = 3.05 uM; V,,,, = 2.35 nmol/
min/nmol P450), CYP2C19 (K, = 7.74 uM; V .., = 4.14 nmol/min/nmol P450) and
CYP2B6 (K, = 14.83 uM; V. = 5.44 nmol/min/nmol P450). The isoenzym main-
ly involved in detoxification was CYP2C19 (K, = 5.04 pM; V .., = 5.58 nmol/min/
nmol P450) (Ellison et al. 2012).

In the liver microsomes of 15 subjects (organ donors, no other details), the activity
for the formation of diazoxon at diazinon concentrations of 50 and 500 pM was be-
tween 11 and 648 or between 164 and 978 pmol/min and mg protein, respectively.
CYP2C19 is the main enzyme involved in the activation of diazinon, while other
enzymes including CYP1A?2 play a more minor role (Kappers et al. 2001).

In an in vitro study with microsomes from the liver and from the enterocytes of
male Sprague Dawley rats, the following results were obtained: for the cytochrome
450-mediated metabolism the K, values for the formation of the oxon and 2-iso-
propyl-6-methyl-4 (1 H)-pyrimidinone were 498 and 92.9 uM in the liver and 235
and 72.4 uM in the enterocytes, respectively. The values for V,,,, for the forma-
tion of the oxon and 2-isopropyl-6-methyl-4 (1 H)-pyrimidinone were 0.357 and
0.03 uM in the liver and 2.79 and 0.5 uM in the enterocytes, respectively. Although
the affinity of PONI1 for diazoxon was comparable in hepatic and enterocytic mi-
crosomes (K,: 268 and 347 puM, respectively), the V,,,, in the liver was about 48
times higher than in the enterocytes. The intestinal metabolism, especially follow-
ing low-dose oral exposure, has a considerable impact on the total metabolism
(Poet et al. 2003).
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Figure 1 Biotransformation of diazinon in humans (from Poet et al. 2004)

4 Effectsin Humans

4.1 Single exposures

In the supplement from 1995 (documentation “Diazinon” 1998) several cases of
poisoning after inhalation or oral exposure to diazinon, with fatal results in some
cases, were reported. Depending on the severity of the AChE inhibition, signs of
parasympathetic stimulation extending to vegetative, motor and central nervous
cholinergic crisis were observed. The first clinically manifest symptoms occur only
after the AChE activity has decreased to a level markedly below 50% (Greim and
Lehnert 1995).

Five volunteers (4 men and 1 woman aged 30 to 50 years and weighing 76 to
90 kg) were given either single oral diazinon doses of 11 pg/kg body weight
(about 0.088 mg/person) or occlusive dermal doses of 100 mg/person (about
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1.25 mg/kg body weight). There was no statistically significant change in the mean
plasma and erythrocyte cholinesterase activities compared with their activities pri-
or to exposure. None of the volunteers reported symptoms or cholinergic effects
(Garfitt et al. 2002).

4.2 Repeated exposure

A case study of 99 individuals who were occupationally exposed to diazinon gran-
ules 8 hours a day for 39 days during an insecticide application program reported
only slight neurological functional deficits (symbol-digit speed and pattern memo-
ry accuracy) as a result of exposure. A no observed adverse effect level NOAEL) of
0.02 mg/kg body weight and day was estimated on the basis of measured diazinon
concentrations in passive dermal badges, hand rinses, and full-shift breathing-zone
air samples. In the opinion of the ATSDR, multiple exposure routes were involved,
so that it was considered difficult to verify the dose calculated by the authors. In
addition, the lack of accurate details for the exposure time and recovery from the
neurological functional deficits was criticized (ACGIH 2003; ATSDR 1996). For
these reasons, this study is not used in the evaluation of diazinon.

Several studies describe the inhibition of cholinesterase activity only under spe-
cific working conditions: pest control employees working on average for 8 hours
a day and exposed to diazinon, chlorpyrifos or dichlorvos concentrations of 6, 7.1
or 31 pg/m? had lower levels of cholinesterase activity in the plasma compared
with the control group. The activity of acetylcholinesterase in the erythrocytes was
unchanged (no other details; ACGIH 2003). As detailed information is lacking, this
statement cannot be used in the evaluation of diazinon.

In 18 male Japanese insecticide sprayers working in indoor areas, 5 of whom used
mainly diazinon, increased urinary 8-hydroxydeoxyguanosine concentrations (8-
OHdG) were determined compared with those in 18 control persons not exposed
to insecticides. The duration of insecticide application was between half a year and
25 years (average: 5.6 + 5.8 years). In the summer there was a positive correlation
between the 8-OHdG concentration and the concentration of urinary organophos-
phate metabolites (dimethyl phosphate and total dialkyl phosphates) (Lee et al.
2007). Because of the low number of volunteers examined and the lack of analytical
data for the concentrations in the air the study is not included in the evaluation of
diazinon.

After moving into a house in Israel (no other details), in which diazinon had been
used, the 4 members of the family (mother, father, two daughters) complained of
the following symptoms: fatigue, sleeping problems, irritability, headaches, vom-
iting and heaviness of the chest. Four months later, the family members had in-
creased concentrations of the diazinon metabolite diethyl phosphate in the urine
(between 0.45 and 1.70 mg/]) and slightly reduced serum cholinesterase activity
(between 78.4% and 93.6% of the normal values). The surface concentration on the
walls was between 16 (living room) and 1.051 pg/m? (kitchen) and the concentra-
tions in the air were 5 (guest room) and 27 pg/m? (entrance to bathroom); also a
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number of clothing items were contaminated (between 0.5 and 0.7 pg/g) (Richter
et al. 1992). The number of investigated persons is too low to draw any conclusions
as to the effect of diazinon at the workplace.

4.3 Local effects on skin and mucous membranes

In patch tests with 294 patients, a 1% diazinon preparation in petrolatum had no
irritating effects after 48 and 72 hours (Lisi et al. 1987).

4.4 Allergenic effects

Patch tests with 1% diazinon in petrolatum with 294 patients from a total collective
of 652 patients (of whom 274 had contact dermatitis particularly on the hands) did
not cause allergic reactions in any of the cases. Of those tested, 125 worked in agri-
culture at the time or had done so previously (Lisi et al. 1987).

In an incompletely documented publication, 202 cases of contact dermatitis pre-
sumably caused by contact with organophosphorous insecticides were reported
in Japan between 1972 and 1979. These included two cases of contact dermatitis
caused by diazinon alone. According to the authors, also other organophosphorous
insecticides in addition to diazinon were responsible for the skin changes in 16 oth-
er cases. There was no detailed description of the skin changes and no description
of how the patch tests were carried out (Matsushita et al. 1985).

In 56 voluntary test persons, induction and challenge treatment were carried out
with technical-grade diazinon (1% emulsified in water with Tween 80) or with a
diazinon formulation diluted with water. The induction treatment consisted of 9
applications at intervals of 2 to 3 days. For this purpose, 0.5 ml of the test substance
was applied occlusively to the forearm of each person for 24 hours. The challenge
treatment took place 14 days after the final induction. Sensitization was found in
6 of the 56 volunteers. In a 2nd and 3rd subsequent test, the volunteers likewise
produced a reaction (US EPA 1999).

4.5 Reproductive and developmental toxicity

In a biological monitoring study in Poland, male agricultural workers exposed to
pesticides (about 30 pesticides, including diazinon, were listed in the question-
naire), were compared with men not exposed living in the same area (49 exposed
and 50 not exposed). In a binary logistic regression analysis, in which the number
of malformations and miscarriages after exposure to pesticides, smoking, alcohol
and age were investigated, only the exposure to pesticides was directly related to
the number of miscarriages (Pastor et al. 2001). As exposure was to a mixture of
substances, no conclusions can be drawn about the toxic potential of diazinon on
reproduction.
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In four American cities, the sperm quality of the partners of 493 pregnant women
was investigated between 1999 and 2001. While the differences in sperm morphol-
ogy and the sperm volumes in men of different cities were low, the sperm concen-
tration and motility in Columbia (Missouri) were significantly reduced compared
with in New York (New York State), Minneapolis (Minnesota) and Los Angeles
(California). Using multivariate models to monitor abstinence time (reported sexu-
al abstinence between 2 and 5 days), age, race, smoking, sexually transmittable dis-
eases and fever, the significance remained the same (all p-values < 0.01). In a nested
case—control study, the metabolites of 8 non-persistent pesticides were measured
in the urine (2-isopropyl-6-methyl-4-pyrimidinol as a metabolite of diazinon) of
25 men of the cohort from Columbia with reduced and with normal sperm param-
eters. In the men with the reduced sperm parameters, the metabolite concentra-
tions of alachlor, atrazine and diazinon were increased compared with the values in
control persons (p-value, Wilcoxon rank test = 0.0004 for diazinon). In men with a
higher metabolite concentration the probability of a reduction in sperm parameters
was higher than in those with lower metabolite concentrations (odds ratio = 16.7
for diazinon) (Swan 2006). As exposure was to a mixture of substances, the study is
not included in this evaluation.

From a total of 571 pregnant women in New York City (Columbia Center for Chil-
dren's Environmental Health, 63% of whom were Afro-American women and 37%
from the Dominican Republic), 85% reported that they had been exposed to in-
secticides in their households during pregnancy. The voluntary participants were
recruited between January 1998 and January 2004. Active smokers and mothers,
whose cotinin concentration in the plasma or in the umbilical blood at birth was
above 15 ng/ml, were excluded from the study. Of the 10 measured insecticides
present, chlorpyrifos, diazinon and propoxur were the most frequent. These three
compounds were found in between 99.7% and 100% of the 48-hour personal air
samples examined during the pregnancy (number of air samples: n = 394) and in
between 39% and 70% of the blood samples from the mothers (n = 326) or the
infants (n = 341) at birth. There was a high level of correlation between the mater-
nal and the neonatal blood concentrations (r = 0.69 for diazinon, p = 0.001). After
consultation between the EPA (Environmental Protection Agency) and the manu-
facturer, the latter started to phase out the sale of insecticides containing diazinon
for use in indoor areas in the USA in January 2001 (completed in December 2002).
From this time onwards, the insecticide concentrations in the air and in umbilical
blood decreased significantly. In addition, the inverse correlation between chlorpy-
rifos and diazinon concentrations in the umbilical plasma and the weight at birth
and body size was no longer detectable (Whyatt et al. 2005). Corresponding results
were also published earlier (Whyatt et al. 2004). No regression analysis was carried
out for diazinon alone.
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4.6 Genotoxicity

Cytogenetic studies in workers in diazinon production were already described in
the supplement of 1995. These were not considered valid, as no information was
provided on the exposure levels and duration, and exposure was to a mixture of
pesticides Kirdly et al. (1979) in documentation “Diazinon” 1998.

In the above-mentioned biological monitoring study with men exposed to pes-
ticides, the number of micronuclei in the lymphocytes and buccal epithelium was
not affected (see Section 4.5; Pastor et al. 2001). As exposure was to a mixture of
substances, the study is not included in this evaluation.

Three studies with occupational exposure to insecticides, including diazinon, are
also described. In workers exposed to insecticides, increased incidences of chro-
mosomal aberrations and sister chromatid exchange in lymphocytes were observed
compared with the levels in populations not exposed. According to the authors, the
workers were exposed to as many as 80 different substances at unknown exposure
levels and for unknown lengths of time (ATSDR 1996). Whether these effects can
be attributed to exposure to diazinon, cannot be substantiated as exposure was to
a mixture of substances.

4.7 Carcinogenicity

In the 1995 supplement, several studies were cited in which a possible carcinogen-
ic effect of diazinon in humans was investigated. These data were not considered
sufficient to evaluate the carcinogenicity of diazinon, as a causal relationship with
diazinon exposure was not regarded as confirmed (documentation “Diazinon”
1998).

In a review, 8 cohort studies and 5 case—control studies were analysed in order to
evaluate the hypothesis that agricultural exposure to pesticides is causally associat-
ed with a risk of prostate cancer. In 2 cohort studies, no relationship between dia-
zinon exposure and prostate cancer was found. Despite sporadic positive findings,
these studies did not show any consistency regarding a causal relationship between
pesticide exposure and prostate cancer (Mink et al. 2008).

In one of several case—control studies, a relationship between insecticide appli-
cation and non-Hodgkin's lymphomas in farmers was suspected, in another study
there was a correlation between insecticide application and multiple myelomas
(ATSDR 1996). In both cases exposure was to a mixture of substances.

In a population-based case-control study in six Canadian provinces, 357 male
persons with soft tissue sarcomas and 1506 male control persons were examined.
The study design consisted of two stages: a self-administered postal questionnaire
(to determine exposure to different herbicides, insecticides and fungicides) and a
telephone interview for those who reported pesticide exposure for 10 hours per
year or more and a 15% random sample of the remainder. Among those with soft
tissue sarcomas, 131 of 357 (37.9%) were non-smokers and among the controls 536
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of 1506 (35.7%). There was a positive correlation between exposure to diazinon and
the risk of soft tissue sarcomas (odds ratio 3.31; 95% confidence interval: 1.78-6.23).
In addition, there was a positive correlation for the occurrence of cancer in first
degree relatives and the risk of soft tissue sarcomas (odds ratio 1.30; 95% confi-
dence interval: 1.00-1.68) (Pahwa et al. 2011). The study participants were exposed
to different herbicides, insecticides and fungicides. On the basis of exposure to a
mixture of substances it is not possible to deduce any carcinogenic effects for the
individual substances.

5 Animal Experiments and in vitro Studies

The unpublished reports listed in the supplement from 1995 (documentation “Dia-
zinon” 1998) that are not available in the original are summarized in an unpublished
report (Ciba-Geigy 1994).

5.1  Acute toxicity
5.1.1 Inhalation

For rats, the LC;, values were more than 2330 mg diazinon/m? following whole-
body exposure to diazinon aerosols for 4 hours (Ciba-Geigy 1994; WHO 1993) and
more than 5440 mg diazinon/m? after nose-only exposure (Ciba-Geigy 1994). Fur-
ther 4-hour LC,, values reported were 3500 mg/m? for rats, 1600 mg/m? for mice
and 55 500 mg/m? for guinea pigs (ACGIH 2003).

5.1.2 Oral administration

In the supplement of 1995, attention was already drawn to the fact that the LD,
values are higher when diazinon is administered at a higher purity of 96% and above
(because of a reduction in the formation of toxic by-products and degradation
products). Oral LDy, values in rats were about 1000 mg diazinon/kg body weight
(Ciba-Geigy 1994; WHO 1993).

Male rats given single gavage doses of diazinon of 0, 100, 200 or 400 mg/kg body
weight were evaluated using a FOB (“functional observational battery”). Hypoac-
tivity and reduced intestinal defecation were observed at doses of 100 mg/kg body
weight and above. In addition, ataxia and tremor occurred at 200 mg/kg body
weight and above. Reduced activity, hypothermia, chewing and lacrimation were
additionally reported at the high dose of 400 mg/kg body weight. The symptoms
were no longer present after 72 hours (no other details; ACGIH 2003).

In another study, in which male and female Sprague Dawley rats (at least 15 animals
per group) were given single gavage doses of diazinon of 0, 2, 132, 264 or 528 mg/kg
body weight, the following effects in the FOB were observed at 132 mg/kg body
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weight and above: ataxia (in the females), abnormal gait (males and females), sup-
pressed maze activity (females) and reduced AChE activity in serum and the ery-
throcytes (males and females). Autonomous, muscular and central nervous effects
increased with the dose. In general, male and female animals were found to have
the same spectrum of effects. No effects were observed at 2 mg/kg body weight (no
other details; ACGIH 2003; ATSDR 1996).

In male Wistar rats, single gavage doses of diazinon of 80 mg/kg body weight re-
duced the AChE activity in the erythrocytes to 64% of the control value and the ChE
activity in the plasma to 87% within 30 minutes (Wu et al. 1996).

5.1.3 Dermal absorption

Dermal LD;, values for rats and rabbits were above 2000 mg diazinon/kg body
weight (Ciba-Geigy 1994; WHO 1993).

Pregnant Sprague Dawley rats were treated once semi-occlusively with diazinon
in acetone in doses of 65 mg/kg body weight (5 animals per time interval; controls:
acetone only). The animals were sacrificed after 1, 2, 4, 12, 24, 48, 72 and 96 hours.
Inhibition of the maternal and foetal AChE activity in the brain was highest (48%
and 83% of the control value, respectively) after 24 hours. The maximum inhibition
of maternal and foetal butyryl cholinesterase (BuChE) activity occurred after 24
hours (76% and 79% of the control value); the activity after 96 hours was 78% and
100%, respectively, of the control value. The inhibition of the BuChE activity in the
liver of the dams reached its highest level after 12 hours (76% of the control value)
and regained 96% of the control value after 96 hours. After 24 hours, diazinon led
to the inhibition of placental AChE and BuChE to about 80% of the control value;
after 96 hours, the activity of both enzymes had regained 90% of the control value
(Abu-Qare and Abou-Donia 2001).

5.1.4 Subcutaneous injection

ES1 knockout mice of the C57BL/6 strain (ES1: carboxylesterase in the plasma)
were given single subcutaneous injections of diazinon of 50 mg/kg body weight in
7% Cremophor EL/10% ethanol/saline solution. Two hours after administration,
the AChE activity in the plasma of wild type mice was inhibited to 12% and in
ES1-/- mice to 6% of the control value; the BuChE activity was inhibited in both
genotypes to 18% of the control value and the ES1 activity in the wild type was
down to 0%. After 2 to 4 hours, all mice were found to have slight symptoms of be-
havioural toxicity, including mucus covering the eyes, palpebral closure, flattened
posture, reduced handling reaction and decreased arousal. These effects were no
longer observable after 24 hours. In all animals, after 48 hours the AChE activity
had returned to the value determined prior to administration, whereas the BuChE
activity was still only 60% of the control value in both genotypes after 11 days
(Duysen et al. 2012).
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5.2 Subacute, subchronic and chronic toxicity

5.2.1 Inhalation

Results from toxicity studies with repeated inhalation exposure are shown in
Table 1.

Table 1  Studies of the effects of diazinon after repeated inhalation exposure

Species, strain, Exposure Findings References
number per group

rat, 3 weeks, > 151 mg/m?: exophthalmos, Ciba-Geigy
RAI 0, 151, 245, 559 mg/m?® diarrhoea, brain AChE |; 1994
93and9Q (nominal), > 245 mg/m>: body weight

6 hours/day, gains |;

5 days/week, 559 mg/m?: salivation, piloerec-

nose-only, tion, tonic-clonic convulsions

aerosol, within 2 hours after exposure,

purity: 97.1%, food consumption |, erythrocyte

4 & and 4 Q of the AChE |;

highest concentra- no mortality, no abnormal

tion group and of the  findings in gross pathological
control group, 25-day and microscopic examinations;

recovery period during the recovery period no
abnormal symptoms and changes
in AChE reversible
rat, 3 weeks, 0.05 mg/m?: Q: brain AChE | ATSDR 1996;
Tif:RAIf, 0, 0.05; 0.46; 1.57; (to 76% of the control value, no  Ciba-Geigy
103 and 10 Q 11.6 mg/m?, concentration dependence); 1994; WHO
6 hours/day, 0.46 mg/m?: @: brain AChE | 1993
5 days/week, (to 83%), 2: NOAEC for brain
nose-only, AChE |;
aerosol generated 1.57 mg/m?: Q: brain AChE | (to
from diazinon diluted 80%) and erythrocyte AChE |
in ethanol, (to 90%);
purity: 88%, 11.6 mg/m?: Q: brain AChE | (to
particle diameter: 63%), 3, @: erythrocyte AChE |
0.7-1.4 pm (to 64% and less);

no unusual findings for body
weights and food consumption,
in haematological examinations,
for organ weights, in gross
pathological and microscopic

examinations
rat, 3 weeks, 0.1 mg/m? :NOAEC for eryth- US EPA 1999,
Sprague Dawley, 0.1, 1, 10, 100 mg/m?  rocyte AChE |; 2006
15 8 and 15Q 6 hours/day, 1 mg/m3: Q: erythrocyte AChE
7 days/week, | (to 55%), brain AChE | (&: to
whole-body, 87%, Q: to 85%);
purity: 87%, no other abnormalities

no other details

AChE: acetyl cholinesterase; ChE: cholinesterase
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In a 3-week inhalation study with male and female rats, the AChE activity in the
brain of the females was reduced in a concentration-dependent manner to 80% and
below after diazinon concentrations of 1.57 mg/m? (as aerosol) and above. No con-
centration dependence was observed at the two low concentrations. In the male
rats, the AChE activity in the brain was unchanged. In both sexes, the AChE activity
in the erythrocytes was reduced to 60% at 11.6 mg/m> Assuming a no adverse effect
level (NAEL) of 80% for the AChE activity in the brain, this value is just reached at
1.57 mg/m?, and the no observed adverse effect concentration (NOAEC) is there-
fore 0.46 mg/m (see Table 1; ATSDR 1996; Ciba-Geigy 1994; WHO 1993). In an-
other 3-week inhalation study with whole-body exposure on 7 days a week, instead
of 5 days a week as in the preceding study, a NOAEC of 0.1 mg/m?® was obtained for
female rats for reduced AChE activity in the erythrocytes to levels of 70% and less of
the control value (lowest observed adverse effect concentration (LOAEC) 1 mg/m®)
(US EPA 1999, 2006). This therefore does not contradict the NOAEC 0.46 mg/m?.

Cholinergic symptoms such as diarrhoea and exophthalmos occurred at diazinon
concentrations of 151 mg/m? and above in another 3-week study with rats exposed
to 0, 151, 245 or 599 mg/m? (Ciba-Geigy 1994).

The studies from the documentation from 1975 are not described again here, as
only one concentration was used (151 or 245 mg/m?) at which AChE inhibition in
the brain was observed. A NOAEC could therefore not be given (documentation
“Diazinon” 1998).

5.2.2 Oral administration

The studies of the toxicity of diazinon after repeated oral administration are shown
in Table 2.

Rats

In a 7-day feeding study in 10 male and 10 female Wistar rats, a reduction in ChE
activity in the plasma was found at the only dose tested of 0.2 mg/kg body weight
and day; the AChE activity in the erythrocytes was unchanged (Davies and Holub
1980 a).

After the administration of diazinon with the drinking water for 21 days, there
were changes in haematological and biochemical parameters in the blood of 7 male
Wistar rats as well as reduced body weights and reduced liver weights at the only
dose tested of 10 mg/kg body weight and day (Messarah et al. 2013).

In a 4-week feeding study in male rats, the AChE activity in the erythrocytes was
reduced at 10 mg/kg body weight and day and above (no other details; Bruce et al.
1955] in documentation “Diazinon” 1998).

In a 30-day feeding study with 10 male and 10 female Wistar rats, the AChE ac-
tivity in the erythrocytes was reduced in male and female animals and in the brain
in female animals at the only tested dose of 2.3 to 2.5 mg/kg body weight and day.
The authors concluded that female rats are more sensitive to diazinon than males
(Davies and Holub 1980 a).
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In two 6-week studies with 10 male and 10 female Sprague Dawley rats, various ef-
fects, such as a reduction in AChE activity in the erythrocytes, were described (US
EPA 1999). However, the documentation is inadequate, and the studies are there-
fore not included in this evaluation.

Gavage administration for 1, 4 or 7 weeks of the only dose tested of 10 mg/kg
body weight and day led in male Wistar rats to increased liver enzyme activities and
histological changes in the liver (Kalender et al. 2005, 2006). A NOAEL cannot be
derived, as only one dose was used.

In several feeding studies in female Wistar rats with different doses and exposure
durations, the NOAEL for a reduction in AChE activity to 70% of the control value
and below in the erythrocytes was 0.375 mg/kg body weight and day after exposure
for 35 or 42 days. The authors emphasized the lower sensitivity of AChE in the
brain compared with AChE in the erythrocytes after administration with the diet.
Determination of the erythrocyte AChE activity after doses of 0, 0.375, 0.75 and
1.13 mg/kg body weight and day revealed an initial increase in enzyme inhibition
over time at all doses, which, however, reached a plateau after about 30 days in each
case (Davies and Holub 1980 b).

In a 13-week range-finding study with 10 male and 10 female F344 rats, body
weights were reduced at 120 mg/kg body weight and day and above. No other ex-
aminations were carried out (NCI 1976). The study cannot therefore be included in
this evaluation.

Administration with the diet for 13 weeks at 15 mg/kg body weight and day and
above reduced the AChE activity in the brain of female rats to 59% of the control
value; the NOAEL was 0.3 mg/kg body weight and day (Ciba-Geigy 1994).

In three studies with rats lasting several weeks, already cited in the documentation
from 1975, reduced AChE activities were found after doses of 1.875 mg/kg body
weight and day and above (Edson and Noakes 1960 in documentation “Diazinon”
1998), 0.3 mg/kg body weight and day (Melis et al. 1959 in documentation “Diazi-
non” 1998) or 50 mg/kg body weight and day (Bruce et al. 1955 in documentation
“Diazinon” 1998).

In a carcinogenicity study with groups of 50 male and 50 female F344 rats, cholin-
ergic symptoms (accelerated breathing, hyperactivity) were observed at 20 mg/kg
body weight and day and above (NCI 1976). AChE activities were not determined.

In another carcinogenicity study with groups of 30 to 40 male and female Sprague
Dawley rats, the AChE activity in the brain was reduced to 80% and below at 5 mg/
kg body weight and day and above in the males and 6 mg/kg body weight and day
in the females. The NOAEL was 0.06 (3) and 0.07 (?) mg/kg body weight and day
(Ciba-Geigy 1994).

A study with rats cited in the 1975 documentation is not described here, as only
the highest dose produced cholinesterase inhibition in the plasma (Hazleton Labo-
ratories 1956 in documentation “Diazinon” 1998), nor is a study in the 1995 supple-
ment described, in which only one dose was administered twice a week (Anthony
et al. 1986 in documentation “Diazinon” 1998).
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Mice

In a 30-day drinking water study in albino mice, effects on various immunological
parameters were determined at the only dose tested of 50 mg/kg body weight and
day (Alluwaimi and Hussein 2007). It is not possible to give a NOAEL. From a 45-
day feeding study in mice with only one dose of about 30 mg/kg body weight and
day, in which effects on the spleen and thymus were found (Handy et al. 2002), a
NOAEL likewise cannot be derived. In addition, effects on these organs were not
reported in any other study.

In a 13-week range-finding study in B6C3F1 mice, there was a reduction in body
weights at 140 mg/kg body weight and day and above (NCI 1976). As no further
investigations were carried out, the study is not included in this evaluation.

In a 103-week carcinogenicity study in B6C3F1 mice, hyperactivity was observed
at 12.5 mg/kg body weight and day and above (see Section 5.7.2; NCI 1976). As
ACHhE activity was not determined, the study is not included in this evaluation.

The carcinogenicity study carried out by Ciba-Geigy (1994) in CD-1 mice is not
included in this evaluation because of the lack of data and contradictions (see Sec-
tion 5.7.2).

Dogs

In a 4-week pilot study with 4 male and 4 female beagle dogs per group, body weight
gains, food consumption and the AChE activity in erythrocytes and the brain were
decreased at dose levels of 14.68 (3) and 15.99 (2) mg/kg body weight and day and
above. The NOAEL was 0.80 (3) and 0.75 () mg/kg body weight and day (US EPA
1999).

In a 12-week study in beagle dogs, the AChE activity in the erythrocytes was de-
creased at 2.0 mg/kg body weight and day (ACGIH 2003; Williams et al. 1959 in
documentation “Diazinon” 1998). However, no details of the number of animals or
the percentage change in AChE activity were given.

In addition, in a 13-week study with groups of 4 male and 4 female beagle dogs, the
ACKhE activity in the erythrocytes was decreased at doses of 5.6 mg/kg body weight
and day and above. The NOAEL was 0.02 mg/kg body weight and day (Ciba-Geigy
1994; US EPA 1999). Because of the large difference between the NOAEL and the
lowest observed adverse effect level (LOAEL), the true NAEL may be higher.

In a 52-week study in male and female beagle dogs, the following effects were
found at 4.7 (3) and 4.5 (?) mg/kg body weight and day and above: reduced body
weight gains and food consumption, and reduced AChE activity in the erythrocytes
(between 66% and 75% of the control value in the &, between 67% and 74% in the Q)
and in the brain (to about 74% in the @ only). The NOAEL was 0.015 (3) and 0.02
(?) mg/kg body weight (Ciba-Geigy 1994; US EPA 1999). Because of the large differ-
ence between the NOAEL and the LOAEL, the true NAEL may be higher.

Two studies in dogs mentioned in the documentation from 1975 are not cited
again here as either cholinesterase activities were not determined (Earl et al. 1971
in documentation “Diazinon” 1998) or the highest dose produced merely cholines-
terase inhibition in the plasma (Hazleton 1956 in documentation “Diazinon” 1998).
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Monkeys

In a 106-week gavage study, groups of 3 male and 3 female Rhesus monkeys were
initially given 0, 0.1, 1.0 or 10 mg/kg body weight and day and then 0, 0.05, 0.5 or
5 mg/kg body weight and day from week 5 onwards as a result of marked AChE
inhibition in the high dose group. At doses of 0.5 mg/kg body weight and day and
above, AChE activity in the erythrocytes was reduced to between 56% and 82% of
the baseline value before exposure in the males and to at least 80% in the females.
The NOAEL for reduced AChE activity in the erythrocytes was 0.05 mg/kg body
weight and day in the males and 0.5 mg/kg body weight and day in the females
(Ciba-Geigy 1994; US EPA 1999).

Conclusions

In rats, administration with the diet of diazinon doses of 15 mg/kg body weight
and day and above for 13 weeks decreased the AChE activity in the brain (to 59% of
the control value) in female rats; the NOAEL was 0.3 mg/kg body weight and day
(Ciba-Geigy 1994). In the 99-week carcinogenicity study, NOAELs of 0.06 (3) and
0.07 (?) mg/kg body weight and day were obtained for this effect. The LOAELs were
considerably higher at 5 mg/kg body weight and day (8) and 6 mg/kg body weight
and day (8) (Ciba-Geigy 1994).

For dogs, LOAELs for reduced AChE activity in the brain of 4.7 (3) and 4.5
(?) mg/kg body weight and day were derived from a 52-week feeding study; the
NOAELs were 0.015 (3) and 0.02 (?) mg/kg body weight (Ciba-Geigy 1994; US
EPA 1999).

Because of the large difference between the NOAELs and LOAELs, the true
NAEL:s for rats and dogs could well be higher.

In male monkeys, a NOAEL of 0.05 mg/kg body weight and day was obtained
from a 106-week gavage study for the reduction of AChE activity in the erythro-
cytes to 70% and less; the LOAEL was 0.5 mg/kg body weight and day (Ciba-Geigy
1994; US EPA 1999).

5.2.3 Dermal application

Groups of 5 male and 5 female albino rabbits were exposed semi-occlusively to
diazinon in doses of 0, 1, 5 or 100 mg/kg body weight and day (purity: 97.1%) for
3 weeks. After doses of 5 mg/kg body weight and day and above, the cholinester-
ase activity in serum, erythrocytes and the brain was decreased. The NOAEL was
1 mg/kg body weight and day (Ciba-Geigy 1994).

5.3 Local effects on skin and mucous membranes
5.3.1 Skin

The skin of 3 male and 3 female New Zealand White rabbits was exposed semi-oc-
clusively for 4 hours to 0.5 ml undiluted diazinon. As the mean irritation scores
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calculated from those obtained after 24, 48 and 72 hours were below the critical
score of 2 laid down by the European Union for irritating effects according to Di-
rective 93/21 (EU 2000) diazinon was not considered to be irritating to the skin
(Ciba-Geigy 1994).

The skin of 6 New Zealand White rabbits was shaved, but not abraded. Then
0.5 ml diazinon (purity: 87.7%) was applied occlusively for 4 hours. A maximum
primary irritation score of 2.8 was calculated (no details of maximum score). The
substance was regarded as slightly irritating (US EPA 1999). According to OECD
Test Guideline 405, the test substance should be applied semi-occlusively.

5.3.2 Eyes

A volume of 0.1 ml undiluted diazinon was introduced into the conjunctival sac
of 3 male and 6 female New Zealand White rabbits. The eyes of 3 females were
rinsed with deionized water 30 seconds later. In these animals, the mean irritation
score was slightly below that of the animals whose eyes had not been rinsed. As
the mean irritation scores calculated from those obtained after 24, 48 and 72 hours
were below the critical score (no other details) laid down by the European Union
for irritating effects according to Directive 93/21, diazinon was not considered to be
irritating to the eyes (Ciba-Geigy 1994).

A volume of 0.1 ml diazinon (purity: 87.7%) was instilled into the eyes of 3 male
and 6 female New Zealand White rabbits. The eyes of 3 animals were rinsed with
deionized water 30 seconds later. Readings were carried out 1, 24, 48 and 72 hours
after instillation. The cornea was not affected. Slight transient conjunctival irrita-
tion was found, and the average irritation scores after 1 hour were 9 for the un-
rinsed and 5.3 for the rinsed eyes (evaluation procedure and the maximum value
not specified). The test substance was regarded as slightly irritating to the eyes (US
EPA 1999).

5.4 Allergenic effects

A maximization test according to Magnusson and Kligman using Hartley guinea
pigs was already described in the supplement from 1995 (documentation “Diaz-
inon” 1998). It was regarded as not evaluable as the purity of the substance was
not specified. Induction was carried out via intradermal injection of a 5% aqueous
preparation of technical-grade diazinon and epicutaneous treatment with a 25%
preparation. After epicutaneous challenge treatment with 0.5% and 0.05% diazinon
preparations, all 10 and 3 of 10 animals had produced reactions after 24 and 48
hours (no further details; Matsushita et al. 1985).

In a maximization test with 10 female and 10 male Dunkin-Hartley guinea pigs,
technical-grade diazinon (purity 96.2%) was used. Intradermal induction was car-
ried out with 10% diazinon in water and the topical induction treatment with 0.6 ml
undiluted diazinon after preceding treatment with 10% sodium dodecyl sulfate. Af-
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ter challenge treatment with 30 pl diazinon, the following reactions occurred: 4 of
9 female animals were found to have slight confluent erythema (grade 1) after 24
hours. After 48 hours, slight erythema was found in 2 of 9 animals, confluent ery-
thema (grade 1) in 4 of 9 animals and moderate, confluent erythema (grade 2) in 1
of 9 animals. Slight erythema occurred in 1 of 9 male guinea pigs after 24 hours and
confluent erythema (grade 1) in 2 of 9 animals. Three of 9 animals were found to
have slight erythema after 48 hours (APVMA 2011). The study did not state wheth-
er a control group was included, and whether any reactions occurred in the animals
of the control group. Therefore, this study with its borderline positive results cannot
be evaluated conclusively.

In a modified Buehler test, 10 male guinea pigs underwent occlusive induction
treatment with 0.5 ml of a 10% preparation of diazinon (purity 87.7%) in ethanol on
days 1, 3 and 6. A 10% solution was used, as the undiluted substance was lethal for
one animal in preliminary tests. After two weeks, challenge treatment was carried out
with the same concentration. No erythema or oedema were found (US EPA 1999).

5.5 Reproductive and developmental toxicity

5.5.1 Fertility

Results from fertility studies and studies with findings in reproductive organs or
sperms after administration of diazinon are shown in Table 3.

In a fertility study with male rats, no details of further ingredients of the com-
mercial insecticide were given (documentation “Diazinon” 1998; Abd El-Aziz et al.
1994). It is therefore not possible to decide whether the effects observed are attrib-
utable to diazinon.

In male Wistar rats, 9 weeks of treatment with 3 mg diazinon/kg body weight and
day by gavage led to effects on the sperms and to histological changes in the ductus
epididymis (Okamura et al. 2009). As only one dose was used, a NOAEL cannot be
given.

In a 2-generation study with Sprague Dawley rats, effects on the F1 generation
(decreased food consumption, reduced body weight gains) and survival of the F1
offspring were observed at doses of 7.5 mg/kg body weight and day and above. The
NOAEL was 0.75 mg/kg body weight and day (Syngenta 1989).

In a 4-generation study with Sprague Dawley rats, only one dose was used (Green
1970), and the documentation was inadequate. For this reason, the study is not
included in this evaluation.

In male CD-1 (ICR) mice, gavage doses of diazinon of 4.1 mg/kg body weight and
day and above for 4 weeks resulted in effects on the sperms, histological chang-
es in the seminiferous tubules and reduced concentrations of gonadotropic hor-
mones. Mating with untreated females led to a reduction in the mean foetal body
weight per litter at this dose and above (EIMazoudy and Attia 2012). A NOAEL of
2.0 mg/kg body weight and day can be derived for effects on the male reproductive
organs and sperms.

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA



1502 MAK Value Documentations

%V 66 :A1nd

“Joam/sKep 9
$91593 A} ‘[1o u10d Ut
ur sanIfeurIouqe [esrSooisiy ou ‘pagueyoun swrads Jo JUIUOD SP1IO[ONU SUTUIPE “Kep
‘1 s91s9) pue ewsed ‘sa1hoonih1s ur Lyanoe JYDY  pue ySom Apoq S/Swr ¢ )0 P01
6002 ) S0 Tereyde a3 ur afexuriys responu pue uoryejondea drwse[dolAd :stukprpido ‘ofeaed TSI\
‘T8 39 ewRY O snjonp ‘1 surrads uaxoiq jo agejusotad ‘4t Aymowr wirads :JySrom Apoq Sy/Swr ¢ ‘S)PaM 6 LA
SjuaIpaIZUI I9Y}aNJ JO S[TeIdp OU
‘8/T yS1om
Apoq 3y/8wr ¢ ‘g/¢ :ySrom £poq Sx/Swr g'T :3MS0dXa JO pus 103e SAEp (09 Sulew
‘8/T :1yS1am Apoq Sy/Swi ¢
8/ :1yS1om £poq 3/ 6T ‘8/9 :sjonuod :AoueuSard :3msodXs Jo puo Je Sunew skep 1¢ :porrad 1940001
11 oyex foueuSoid ;¢ PajEsIUN (IIM SULEW  “UOUIZEIP %(S YIIM (UOTIN[OS
‘(porrad A19A0001 Surmp pagueyoun AJpeonoerd) (anfea [enIUT 3Y) JO %0G  A[I0) SPIdIIOISUT [BIDISWIIOD
‘9569) 1 ewserd ay) Ul U0I)S0)$3) ‘(dmsodxa Jo pus 193Je skep Tg padueyp A[piey ‘Aep pue
os[e) (%0S% ‘%00¢) | sanfeutiouqe wirads (%g6 %8) 1T swaads spour yo uonzod  ySrom Apoq By/Suwr ¢ ‘6T Q
-oxd 1 Ayire3na wirads (906 1 S1em Apoq Sy/Sw ¢ ‘9 ze :ySrom Apoq Sxy/Swi G 1) ‘oFeaed P 8-¢
Y661 T8 319 1 uonenuadU0od Wiads ‘(aamsodxa Jo uonRUIULIA) I9)Je sAep Tg Os[e) 1 pue[s e} ‘(324> s1souagorewr ‘ourqry
21Zy-19 PQY -so1d pue S3[ISaA [BUTLIAS ‘S9359) JO SIYSTom ain[osqe :JySrom Apoq S/ g 1 < -13ds 33a1dwod) skep g9 Jex
dnoi§ 1ad roqumu
“urers
S9DUAIYY sgurpury amsodxg ‘saroadg

uouizelp JO UOI1RIISIUIWPE J9)Je S3IPNIS uoilesausb pue suebio aanonpoudal ul sbuipuy yum saipnis ‘salpnis ANjiis{ € ajqelr

The MAK Collection for Occupational Health and Safety 2017, Vol 2, No 4



iazinon 1503

D

payads jou :Aynd
‘(kep/paay 3 g Jo uon
-dumsuoo a3 pue 3 gpg jo
1yStom £poq e Sutwunsse Aep

UOTIRIAUAS [)F 3} 0} UMOP UOTIRIISTUTWIPR JudlIaApeul pue 1ySam Apoq Sx/Sw 6200

{S[Te19P 1910 OU
“quawrdoorap padke[op
‘1 az1s Apoq :SUOTIRISUAS Iy pue pig o Jo sulidsjo 3ySrom Apoq Sy/Sur 5200

0L6T U931D

OIjer X35 “INOIARYDq Surjew (s[re3ap 19430

ou) suedio Jo uoneurwexa didodsordrur Jo [esrdojoyred sso1d 191Je puNoy $109h9 ou
‘1 sypa1q A1) pue saurudaid Jo aquinu 1

(S[re3ap 1930 ou) spewrue maj e ur swojdwAs [eorur pue Ajiferrows :swep 0

¢ Surxds

-Jo a3 jo [earains ‘1 sured ydrom Apoq ‘1 az1s 1oN1] ¢ dwn) uonesad :1J pue 0
ySrom Apoq By/Sw g 1¢

¢ rearams :1 3 jo Surrdsyo ¢4 uonndwnsuod pooy :9 ‘1 sured ySrom Apoq :13
JySrom Apoq Sy/Sw g/ =

Bunds

686T BIUauAg -JJO 9} U0 51099 pue £3101x0] [e1ajuared 10] TIVON IYStom Apoq SH/Sw 520

mnoqe) paay S¥/3u T ‘0
‘Suryew 03 1o1ad skep 9
‘ Apnys uoneIoUIS-§

%6%6 :A31and

‘(kep/paay 3 Gz jo
uonydumsuod a3 pue 8 0og
J0 1y31om Apoq e Surwunsse
Kep pue jySrom £poq 3y
/8w G L€ ‘G “S/°0 0 IMOqe)
pagy 83/3w 00 ‘00T ‘0T ‘0
‘uonjerauag g

a3 Surpnpour pue [run ULy}
Sunyew 03 Jo11d s>paMm 0T
‘Apmys uonerduag-g

55T

gex

50€
‘as
‘yex

dnoi§ 1ad roqumu

“urers
S90UIdJOY sgurpury amsodxg ‘sa1adg
(penunuod) g ajqeL

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA



Korme( angerdg :(qS Quourioy Surziuren| :HT OUOULIOY SUNR[NWIS-III[[0] ‘HS @SeIaISauIoyd [43a0e :JYDVY

| sassof uonyejuedwinsod pue suorydiosal a1e] pue A[1ed Jo Ioquunu | 19331[/Sasn)
-90J 9AT] JO JOQUUNU :SI[BUID) pajeaniun yim Suryews 1o35e :JySrom Apoq Sy/Sur ¢'g
4 1o111/3yS1om

Apoq [e1905 ueaW :& pajeasyun Yum Sunewr 19)Je (%¥/ ON[eA [01U0D 3} JO %E9)

1 ewserd a3 ur £31a108 YDV “(Surquuax) [eUTWIOPQE “SJUIWIAOW JRNFILIT I0WDI)
remosnur ‘A3reyyay) swoydwiAs o131aur[oyd 1 (%59 ‘%95) HSI PU® (%6 :ISTom
Apoq 3y/3w 78 ‘9%G% :1Stom Apoq S/ 1°%) H'T JO UOTIRIIUIDUOD (s[[o0 wIads

%86 :Aytand

udy01q ‘s[[od wIag Jo uotyejondea drwse[dol4o ‘s[[ed WIS Jo JusuIyoeIap ISPIOSIP “oam/skep /
‘sso[) sa[nqn} snoxajrururds ur safueypd [esrdoolsy | safueyd wirads resrSojoydiow “Ioyem pI[[IISIp ur
“ Ao wrrads 1 s93s9) Ut spryeursads jo pue stwApipide ur eozojewrads a3 Jo ‘Aep pue JyStom
JIaqUINU “} S3OISIA [RUILIDS PUE $9359) JO s1yStom anjosqe 1 pueyd ajeysoad pue st Apoq 3/8w 7'8 ‘T'% ‘T ‘0 feled
c10g By -Ap1pida Jo s)ySiom sane[a1 pue anjosqe ‘4 syysom Apoq Jysrom Apoq Sy/Sw 1y 2 ‘oFeaes 4q ‘(I01) 1-ad
pue Apnozey[g  ‘swrads pue suegio aanonpoidar P uo s3093 10J TIVON IYStom Apoq SHy/Swi ¢ ‘SHIIM § ‘@snowr
dnoi§ 1ad soqumu
“urer)s
S9DUAIJY sgurpury amsodxgy ‘sa1dadg

1504 MAK Value Documentations

(PanuUNUO) € 3|qeL

The MAK Collection for Occupational Health and Safety 2017, Vol 2, No 4



Diazinon 1505

Conclusions

In a 2-generation feeding study with Sprague Dawley rats given concentrations cor-
responding to doses of about 0, 0.75, 7.5 or 37.5 mg/kg body weight and day, effects
on the F1 generation were observed at 7.5 mg/kg body weight and day and above
(reduced food consumption and body weight gains) and on the survival of the off-
spring. The NOAEL was 0.75 mg/kg body weight and day (Syngenta 1989).

For effects on the male reproductive organs and the sperms of mice, an oral
NOAEL of 2 mg/kg body weight and day can be derived. At doses of 4.1 mg/kg
body weight and above, effects on different developmental stages of the sperms,
histological changes in the seminiferous tubules and reduced concentrations of go-
nadotropic hormones were found (EIMazoudy and Attia 2012).

5.5.2 Developmental toxicity
Prenatal administration

An overview of the studies of the toxic effects on prenatal development can be
found in Table 4.

Rats

In CRN rats, effects on the dams (reduced body weight gains) and foetuses (re-
duced esterase activity in the brain) were observed at the low dose of 40 mg/kg body
weight and day and above (ACGIH 2003). A NOAEL for maternal and developmen-
tal toxicity cannot, therefore, be derived.

In a developmental toxicity study with Sprague Dawley rats, maternal toxicity
was found at doses of 3.8 mg/kg body weight and day and above (reduced food
intake and body weight gains, cholinergic symptoms, reduced AChE activity in
the brain). At this dose, the number of visceral anomalies in the foetuses was in-
creased. The authors discussed whether the possible inhibition of cholinesterase
in the foetal brain, even if it occurs only periodically, could be detrimental to the
coordination of foetal development. The NOAEL for maternal and developmental
toxicity was 1.9 mg/kg body weight and day (EIMazoudy et al. 2011). The markedly
lower NOAEL could be the result of a different manufacturing process and other
by-products and degradation products of the diazinon made in Egypt compared
with the diazinon made in the USA (Syngenta 1985). Even at doses of as little as
3.8 mg/kg body weight and day, the body weights of the dams were reduced by
10%, which is normally the value used as a criterion for establishing the highest
dose. In view of the pronounced maternal toxicity, the developmental toxicity is
considered to be secondary. With regard to AChE determination, there are no data

© 2017 WILEY-VCH Verlag GmbH & Co. KGaA
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available for the number of examined dams and foetuses and for the time point of
the examination.

In pregnant Sprague Dawley rats, gavage administration of 100 mg/kg body
weight produced the following effects: maternal toxicity (reduced food intake and
body weight gains), a reduced number of resorptions and live foetuses, an increased
incidence of 14th ribs in the foetuses (9 of 181), and a total of 3 malformations. The
authors regarded the malformations as secondary to the maternal toxicity, as there
was no morphological association between them. The NOAEL for maternal and
developmental toxicity was 20 mg/kg body weight (Syngenta 1985).

In another study of the toxic effects on prenatal development with Sprague Daw-
ley rats, reduced food consumption and body weight gains were observed in the
dams at 100 mg/kg body weight. No effects on the foetuses were observed. The
NOAEL for maternal toxicity was therefore 50 mg/kg body weight, and the NOAEL
for developmental toxicity was 100 mg/kg body weight (Syngenta 1974).

A 2-generation feeding study in Sprague Dawley rats revealed reduced body
weights and numbers of live foetuses at 7.5 mg/kg and day and above (no other
details; compare Section 5.5.1; Syngenta 1989). The NOAEL for foetotoxicity was
3.75 mg/kg body weight and day, at which dose maternal toxicity occurred.

In a study of developmental neurotoxicity with Sprague Dawley rats carried out
according to OECD Test Guideline 426, effects on the dams (decreased AChE activ-
ity in the brain and erythrocytes) and the offspring (decreased AChE activity in the
erythrocytes) were found at doses of 2.36 mg/kg body weight and day and above.
At the high dose of 24.2 mg/kg body weight and day the following effects were ob-
served in the offspring: reduced body weights and delayed body weight gains, de-
layed sexual maturity in male and female animals, impaired motor activity, learning
and memory. The NOAEL for developmental neurotoxicity was 2.36 mg/kg body
weight and day and for maternal toxicity 0.26 mg/kg body weight and day (US EPA
2005). The study was also published in the form of a summary (Neal et al. 2004). It
was preceded by a dose-finding study, in which the erythrocyte AChE activity of the
dams was reduced at 6.56 mg/kg body weight and day and above (US EPA 2005).

Because of the small number of animals and inadequate documentation of the
findings, a study in Wistar rats (Dobbins 1967) cannot be evaluated. As only one
dose was used in a study with Wistar rats (Vatanparast et al. 2013), a NOAEL can-
not be derived. Because of the intraperitoneal administration, the study with Sher-
man rats (Kimbrough and Gaines 1968) is not included in this evaluation, as a direct
effect on the embryos or foetuses cannot be excluded.

Rabbits

From days 5 to 15 of gestation, New Zealand White rabbits were given gavage doses
of diazinon of 0, 7 or 30 mg/kg body weight and day. At the highest dose of 30 mg/kg
body weight, 6 of 8 dams died. Up to this dose, no effects on the foetuses occurred.
The NOAEL for maternal toxicity was 7 mg/kg body weight, and the NOAEL for
developmental toxicity was 30 mg/kg body weight (Robens 1969).
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In another study with the same strain of rabbits, the animals were given gavage
doses of diazinon of 0, 7, 25 or 100 mg/kg body weight and day from days 6 to 18
of gestation. In the dams, the high dose of 100 mg/kg body weight and day led to
cholinergic symptoms and deaths (9 of 22 animals). Up to this dose, no external,
visceral or skeletal malformations or foetotoxic effects were observed. The NOAEL
for maternal toxicity was 25 mg/kg body weight and the NOAEL for developmental
toxicity 100 mg/kg body weight (Ciba-Geigy 1994; US EPA 1999).

Mice

From a study with hybrid mice with a limited study scope (Barnett et al. 1980;
Spyker and Avery 1977), a NOAEL for maternal toxicity and developmental toxicity
cannot be derived.

Other species

In a study with Syrian golden hamsters, the animals were treated on days 6 and 7 or
on days 7 and 8 of gestation (Robens 1969). As the animals were not treated during
the entire phase of organogenesis, the study is not included in this evaluation.

A study in dogs and miniature swine (Earl et al. 1973) is not included in this eval-
uation, as there are no data available for the purity of the test substance, maternal
toxicity or body weights, and the documentation is inadequate.

Postnatal administration

The results of studies of the toxic effects of diazinon on postnatal development are
shown in Table 5.

In several publications, a research group reported the effects of diazinon on
brain development in newborn Sprague Dawley rats that had received subcuta-
neous treatment with diazinon from postnatal days 1 to 4. Up to the high dose
of 2 mg/kg body weight and day, AChE was not inhibited below 70% of the initial
values in any of the investigated brain regions (Slotkin et al. 2006 a, b, 2008 b). In-
hibition to below 70% of the initial values is necessary for symptoms of cholinergic
hyperstimulation to occur (Slotkin et al. 2006 b). At 0.5 mg/kg body weight and
day and above, disturbed neuritic outgrowth (Slotkin et al. 2006 b), neuron loss
and reactive gliosis (Slotkin et al. 2008 b), effects on the serotonin system (Slotkin
et al. 2006 a, 2008 a), and upregulation of the adenylyl cyclase activity in the liver
(Adigun et al. 2010) were observed. At doses of 1 mg/kg body weight and day and
above, the lowest tested dose in this study, there were changes in neurotrophic
factors in the brain (Slotkin et al. 2007). The authors assumed that during develop-
ment diazinon acts on neurotransmitter systems that are not related to its action
as a cholinesterase inhibitor (Slotkin et al. 2008 a). In view of the impairment of the
serotonin system and the important role played by this system in the regulation of
emotions, the same research group investigated the effects on behaviour of neo-
natal exposure to diazinon. Male and female Sprague Dawley rats that had been
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subjected to subcutaneous treatment with diazinon in doses of 0, 0.5 or 2 mg/kg
body weight and day from postnatal days 1 to 4 were found in various tests on post-
natal day 52 to have changed emotional reactivity at both dose levels (Roegge et al.
2008). In a study with the same dosing scheme, the dose of 0.5 mg/kg body weight
also resulted in neurocognitive deficits in adult rats (Timofeeva et al. 2008). At
the only subcutaneous dose tested of 1 mg/kg body weight and day in Wistar rats,
avoidance behaviour was disturbed after the same period of exposure (Vatanparast
et al. 2013). After subcutaneous injection of 0.5 mg/kg body weight and day and
above, a reduced ability to distinguish between new and familiar objects was found
in C3H/HeN mice between postnatal days 8 and 11 (Win-Shwe et al. 2012).

In vitro

In a chicken embryo assay, 200 ug diazinon produced malformations of the limbs
on day 3 of development. The authors suggested that these malformations could
be related to the reduction of pyrimidine nucleotides in the embryo (Filkins 1997).
(Filkins 1997).

Conclusions

Visceral anomalies occurred in rats at doses of 3.8 mg/kg body weight and day and
above, which were interpreted as secondary effects caused by pronounced maternal
toxicity. A NOAEL of 1.9 mg/kg body weight and day for developmental toxici-
ty and maternal toxicity was obtained. The discrepancy between the low NOAEL
and LOAEL for developmental and maternal toxicity of 1.9 mg/kg and 3.8 mg/kg
body weight and day, respectively, in the study of EIMazoudy et al. (2011) and the
NOAEL for developmental toxicity of 20 or 100 mg/kg body weight and day in the
studies of Syngenta (1974, 1985) of the toxic effects on prenatal development in
rats could be the result of a different manufacturing process for diazinon including
other by-products and degradation products.

From the developmental neurotoxicity study with Sprague Dawley rats (US EPA
2005) a NOAEL for developmental neurotoxicity of 2.36 mg/kg body weight and
day was obtained. As initial effects on the offspring, delayed body weight gains, de-
layed sexual maturity, impairment of motor activity as well as in learning and mem-
ory were found at the high dose of 24.2 mg/kg body weight and day. The NOAEL
for maternal toxicity was 0.26 mg/kg body weight and day. In the dams and also in
the offspring, the inhibition of AChE activity in plasma, erythrocytes and the brain
began at 2.36 mg/kg body weight and day. Only at the high dose of 24.2 mg/kg body
weight and day were the effects on AChE activity in the offspring as pronounced as
those in the dams at 2.36 mg/kg body weight and day and above. Effects on motor
activity and learning were first observed at 24.2 mg/kg body weight and day and
above.

In developmental toxicity studies with rabbits, gavage administration of diazinon
caused maternal toxicity (cholinergic symptoms, mortality) at doses of 30 mg/kg
body weight and day and above (Ciba-Geigy 1994; Robens 1969; US EPA 1999).
Up to the high dose of 100 mg/kg body weight and day, no effects on the foetuses
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were found (Ciba-Geigy 1994; US EPA 1999). The NOAEL for maternal toxicity
was 25 mg/kg body weight and day and the NOAEL for developmental toxicity was
100 mg/kg body weight and day in rabbits.

As regards the toxic effects on postnatal development, a dose without effects can-
not be derived. The lowest effective dose level, administered subcutaneously from
postnatal days 1 to 4, which produced effects on brain development in rats (Slotkin
et al. 2006 a, b, 2007, 2008 a, b) and changes in behavioural tests in both adult rats
(Roegge et al. 2008; Timofeeva et al. 2008) and adult mice (Win-Shwe et al. 2012),
is 0.5 mg/kg body weight and day. The results of these studies are not relevant for
assessing the effects of diazinon at the workplace because of the time at which post-
natal treatment was initiated.

5.6 Genotoxicity
5.6.1 Invitro

The results of in vitro genotoxicity studies are shown in Table 6. Most of these stud-
ies were already described in the supplement from 1995 (documentation “Diazi-
non” 1998). More recent studies are Colovié et al. 2010, Salazar-Arredondo et al.
2008, Shirasu et al. 1976, Tisch et al. 2002, 2007 and Wong et al. 1989.

A differential killing test with Bacillus subtilis yielded negative results for diaz-
inon (Shirasu et al. 1976). In several bacterial gene mutation tests, diazinon was
not found to be mutagenic in Salmonella strains TA98, TA100, TA102, TA1535,
TA1536, TA1537 and TA1538, nor in Escherichia coli WP2hcr and WP2uvrA
both with and without the addition of a metabolic activation system (Ciba-Geigy
1994; Moriya et al. 1983; Wong et al. 1989). In a sperm chromatin structure assay,
diazinon led to reduced DNA integrity at 500 uM and above. Diazoxon, a metab-
olite of diazinon, had the same effect at 300 uM and above (Salazar-Arredondo
et al. 2008). In two comet assays, at 0.5 mM and above, the number of DNA strand
breaks was increased in the mucosal cells of the inferior and middle nasal turbi-
nate (Tisch et al. 2002) and, at 0.05 mM and above, in mucosal epithelial cells from
tonsils (Tisch et al. 2007). In both studies, the cells were taken from patients who
had undergone surgery of the nose or tonsils. In the second study, patients with
chronic tonsillitis were involved (Tisch et al. 2007). In the first study, it is also con-
ceivable that the patients had chronic inflammation or allergy in the nasal region
(Tisch et al. 2002). It is unclear what effects inflammation has on the results of
a comet assay in isolated cells. In a UDS test, diazinon did not lead to unsched-
uled DNA repair synthesis up to concentrations of 120 pg/ml (Ciba-Geigy 1994).
In several SCE (sister chromatid exchange) tests, diazinon caused a disturbance
in cell division and delayed the cell cycle (Chen et al. 1981; Kuroda et al. 1992;
Sobti et al. 1982). In human lymphoid cells (Ciba-Geigy 1994; Sobti et al. 1982),
V79 cells (Chen et al. 1981; Kuroda et al. 1992) and CHO (Chinese hamster ova-
ry) cells (Nishio and Uyeki 1981) an increase in sister chromatid exchange was
found, or questionable positive findings were obtained in primary human lym-
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phocytes (Ciba-Geigy 1994) and human lymphoid cells (Sobti et al. 1982). These
results are not included in this evaluation because of the inadequate study meth-
ods (Sobti et al. 1982) or because the results were not reproducible (Ciba-Geigy
1994). Diazoxon, a metabolite of diazinon, produced an increase in SCE at 1 mM
without the addition of a metabolic activation system (Nishio and Uyeki 1981).
Already in the supplement from 1995 (documentation “Diazinon” 1998) the three
chromosomal aberration tests were not considered valid because of the inade-
quate study methods or because the results were not reproducible (Lopez et al.
1986; Lopez and Carrascal 1997; Matsuoka et al. 1979). In a micronucleus test
with human fibroblasts and lymphocytes, diazinon produced an increase in the
number of micronuclei at 2 x 10° mM and above. Cytotoxicity was observed
only at 0.2 mM and above (Colovi¢ et al. 2010). The TK*~ test with diazinon in
L5178Y mouse lymphoma cells yielded negative results both with and without the
addition of a metabolic activation system (Ciba-Geigy 1994). Another TK*'~ test
cannot be evaluated as a result of cytotoxicity, the mutation incidence was not
reproducible and no positive control was used (McGregor et al. 1988).

5.6.2 Invivo

The results of in vivo genotoxicity tests are shown in Table 7. Most of the studies
were already described in the supplement from 1995 (documentation “Diazinon”
1998) so that only those by Cakir and Sarikaya 2005 and Tsitsimpikou et al. 2012
are new.

In the SMART (somatic mutation and recombination test, wing spot test) in Dro-
sophila melanogaster, a positive result was obtained at diazinon concentrations of
1 ul/ml and above. According to the authors, diazinon was found to be very tox-
ic for the larvae of Drosophila melanogaster (no other details; Cakir and Sarikaya
2005). The number of evaluated wings was between 50 and 110 (at 3 pl/ml). The
number of wings counted was barely sufficient; 110 wings must be counted for a
doubling of the spontaneous incidence (0.5 to 0.8 spots per wing) to be identified
with a probability of error of 5%. No details of the toxic effects of diazinon on the
larval stages are available. As diazinon was not found to be mutagenic in a large
number of mutagenicity tests in bacteria and mammalian cells, the positive result
in the SMART does not seem plausible as an indication of mutagenic activity. In
New Zealand White rabbits, diazinon led to an increase in oxidative DNA damage
(AP positions) and increased telomerase activity in the liver and kidneys after the
administration of 2.64 or 5.28 mg/kg body weight for three months and one month
with an eight-month interruption (Tsitsimpikou et al. 2012). As this was a non-stan-
dardized study procedure, and a small number of animals was used, the positive
result is regarded as questionable. The following studies with negative results were
already described in the supplement from 1995 (documentation “Diazinon” 1998).
In three in vivo SCE tests in hamsters (single doses up to 26 mg/kg body weight)
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and mice (single doses up to 175 mg/kg body weight), diazinon did not cause an
increase in the incidence of sister chromatid exchange in bone marrow cells (no
other details; Ciba-Geigy 1994). In hamsters given gavage doses of diazinon of
up to 26 mg/kg body weight for 2 days, the treatment did not lead to an increase
in nuclear anomalies in bone marrow cells (no other details; Ciba-Geigy 1994).
In a micronucleus test with mice carried out according to the OECD Test Guide-
line, single diazinon doses of up to 120 mg/kg body weight did not produce an in-
crease in the incidence of micronuclei (Ciba-Geigy 1994). In the spermatogonia and
spermatocytes of mice, diazinon doses of up to 63 mg/kg body weight, given over 5
days, did not lead to an increase in the incidence of sister chromatid exchange (no
other details; Ciba-Geigy 1994). A dominant lethal test in mice with single gavage
doses of up to 45 mg/kg body weight likewise yielded negative results (no other
details; Ciba-Geigy 1994).

Conclusions

Diazinon was not found to be mutagenic in bacteria and mammalian cells (Ciba-
Geigy 1994; Moriya et al. 1983; Wong et al. 1989). In the supplement of 1995, the
fact was emphasized that the clastogenicity of diazinon has been less well inves-
tigated in vitro than other end points of genotoxicity (documentation “Diazinon”
1998). The positive results in a micronucleus test with human fibroblasts and lym-
phocytes (Colovi¢ et al. 2010) provide evidence of a possible clastogenic potential
of diazinon in vitro. Further valid tests which support or refute these results are not
available. No in vivo confirmation has been found for the assumed clastogenicity
in vitro, however. Thus, the negative result of a micronucleus test in mice (Ciba-
Geigy 1994), which is not available in the original but was carried out according
to OECD Test Guideline 474, supports the fact that diazinon is not clastogenic in
vivo. Both diazinon and its metabolite diazoxon led in vitro to a reduction in DNA
integrity in sperms (Salazar-Arredondo et al. 2008); however, neither sister chro-
matid exchange nor dominant lethal mutations were induced in vivo in germ cells
(Ciba-Geigy 1994).

5.7 Carcinogenicity

5.7.1 Short-term studies

All short-term studies were already described in the supplement from 1995 (doc-
umentation “Diazinon” 1998). In none of the studies is the purity of the substance
specified.

Diazinon caused an increase in the frequency of cell transformations in rat em-
bryo cells infected with the Rauscher leukaemia virus (Traul et al. 1981). An in-
creased number of cell transformations was demonstrated in C3H/10T1/2 cells
only after prolonged cultivation and the replating of confluent cells (Schechtman
et al. 1987). An increased incidence of pulmonary adenomas was found only in
female Strain A mice after diazinon doses of 5 mg/kg body weight (Maronpot et al.
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1986). The administration of diazinon for 6 weeks did not result in an increase in
GST-P-(glutathione S-transferase, placental form)-positive foci in the liver up to
doses of 100 mg/kg body weight and day, nor did single intraperitoneal injections
of 200 mg diethyl nitrosamine/kg body weight (Kato et al. 1995).

5.7.2 Long-term studies

The carcinogenicity studies (see Table 8) with diazinon were already described in
the supplement from 1995 (documentation “Diazinon” 1998).

Table 8 Carcinogenicity studies with diazinon

Author: NCI 1976

Substance: diazinon (purity: 98%)

Species: rat, F344, 50 3 and 50 @ per dose group, 25 3 and 25 Q per control
group

Administration route: ~ with the diet

Dose: 0, 400, 800 mg/kg diet (about 0, 20, 40 mg/kg body weight and day
assuming a body weight of 400 g and a food intake of 20 g)

Duration: 103 weeks, recovery period 1-2 weeks

Toxicity: > 20 mg/kg body weight: 3 and Q: tachypnoea, 3: hyperactivity, ¢:

bloating, vaginal bleeding and discharge;
40 mg/kg body weight: @: hyperactivity, discoloured urine;
body weights not changed, MTD not attained

Dose (mg/kg body weight and day)

0 20 40
Survivors after 3 24/25(96%)  49/50 (98%)  49/50 (98%)
78 weeks: Q 23/25(92%)  44/50 (88%)  44/50 (88%)

------ Dose (mg/kg body weight and day)

0 20 40
Tumours after 3 5/25(20%) 25/50 (50%)*  12/50 (24%)
105 weeks: lymphomas
or leukaemia
Endometrium: stroma @ 2/23 (9%) 8/43 (19%) 11/49 (22%)

polyps

Historical control data of 72 control groups from 6 laboratories: lymphomas or leukaemia 3:
mean value (range): 16.9% (0—-54%); endometrium: stroma polyps @: 14.9% (0-38%) (Tarone
et al. 1981)

*p =0.011 (Fisher's exact test);
MTD: maximum tolerated dose
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Table 8 (continued)

Author: Ciba-Geigy 1994
Substance: diazinon (purity: 87.7%), stabilizer: epoxidized soy oil
Species: rat, Sprague Dawley, 30—40 3 and 30—40 @ per dose group

Administration route:  with the diet

Dose: 0, 0.1, 1.5, 125, 250 mg/kg diet (3: 0, 0.004, 0.06, 5, 10 mg/kg body
weight and day; @: 0, 0.005, 0.07, 6, 12 mg/kg body weight and day);
vehicle control 26.5 mg epoxidized soy oil/kg diet; controls untreat-
ed animals

Duration: 98-99 weeks: 10-20 animals per sex and group;
interim killing after 52 weeks: 8—10 animals per sex and group;
interim killing after 52 weeks exposure and subsequent 4-week
recovery period without exposure: 9-10 animals per sex in control
groups and high dose group

Toxicity: 0.06 (3)/0.07 (?) mg/kg body weight: NOAEL for brain AChE |;
> 0.06 (3)/0.07 (?) mg/kg body weight: serum ChE | (8: to 49.3%
of the control value; @: 70.4%);
> 5(3)/6 (?) mg/kg body weight: erythrocyte AChE | (3: 79.3%;
Q: 74.4%), brain AChE | (3: 76%; 9:71.4%) |;
10 (3)/12 (?) mg/kg body weight: body weight and food intake 1
(palatability 1 due to soy oil);
no substance-related mortality, no unusual gross pathological or
microscopic findings, MTD not attained

No increased incidences of substance-related tumours

Author: NCI 1976
Substance: diazinon (purity: 98%)
Species: mouse, B6C3F1, 50 8 and 50 @ per dose group, 25 & and 25 @ per

control group
Administration route:  with the diet

Dose: 0, 100, 200 mg/kg diet (about 0, 12.5, 25 mg/kg body weight and day
assuming a body weight of 20 g and a food intake of 2.5 g)

Duration: 103 weeks, recovery period 2—3 weeks

Toxicity: > 12.5 mg/kg body weight: 3 and @: hyperactivity;
body weights not changed, MTD not attained

Dose (mg/kg body weight and day)

0 12.5 25
Survivors after 3 21/25(84%) 45/50 (90%) 49/50 (98%)
78 weeks: Q 24/25(96%)  50/50 (100%)  49/50 (98%)
Dose (mg/kg body weight and day)
0 12.5 25
Tumours after 3 4/21 (19%) 20/46 (43%)* 10/48 (21%)

106 weeks: hepatocellu-
lar carcinomas
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Table8 (continued)

Historical control data of 54 control groups from 5 laboratories: hepatocellular carcinomas:
mean value (range): 8: 32.1 (7%—58%) (Tarone et al. 1981)

* p = 0.046 (Fisher's exact test);
MTD: maximum tolerated dose

Author: Ciba-Geigy 1994
Substance: diazinon (purity: 87.7%)
Species: mouse, CD-1, 60 3 and 609 per dose group

Administration route:  with the diet

Dose: 0, 4, 20, 100 mg/kg diet (about 0, 0.5, 2.5, 12.5 mg/kg body weight
and day assuming a body weight of 20 g and a food intake of 2.5 g)

Duration: &: 18 months, Q: 19 months

Toxicity: mortality 1 (survivors in dose groups 0, 0.5, 2.5, 12.5 mg/kg body
weight: 3 after 79 weeks: 32%, 28%, 42%, 22%, Q after 83 weeks: 38%,
23%, 27%, 22%);
no unusual findings for body weights, or in gross pathological and
microscopic examinations

no increase in the incidences of substance-related tumours; according to Ciba-Geigy (1994),
some data were lacking and there were contradictions in the study

Rats

In carcinogenicity studies with rats, with dose levels below the MTD, the incidenc-
es of lymphomas or leukaemia were within the range of historical control animals
(NCI 1976; Tarone et al. 1981) or the tumour incidences were not increased (Ciba-
Geigy 1994).

Mice

A carcinogenicity study with mice was carried out at dose levels below the MTD
(NCI 1976), and another study is not included in the evaluation because of a lack of
data and contradictory results (Ciba-Geigy 1994; documentation “Diazinon” 1998).

Conclusions

No evidence of a carcinogenic potential of diazinon was obtained in carcinogenicity
studies with F344 rats and B6C3F1 mice at dose levels below the MTD.

5.8 Other effects

In Jurkat cells, diazinon concentrations of 125 uM and above reduced the induction
of several cytokines such as interferon y or interleukin 4 without having any effect
on cell viability. In A549 cells, diazinon concentrations of 62.5 uM and above re-
duced the activation of the NF-«B binding sequence (nuclear factor k of activated B
cells) without affecting cell viability (Oostingh et al. 2009).
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In PC12 cells, diazinon concentrations of 30 uM induced tryptophan hydroxylase,
the rate-limiting enzyme for serotonin biosynthesis, and suppressed the expression
of serotonin transporter genes and serotonin receptors (Slotkin and Seidler 2008).
In the same cells and at the same concentration, diazinon also had effects on the
gene expression of subtypes of protein kinase C and its modulators (Slotkin and
Seidler 2009 a), on glutamate receptors and on genes responsible for oxidative stress
responses (Slotkin and Seidler 2009 b), on regulators of the cell cycle and apoptosis
(Slotkin and Seidler 2012 a, b), and on the induction of the gene expression of the
splice variant acetylcholinesterase-S (Jameson et al. 2007). In MCF?7 cells, diazinon
upregulated calreticulin and TGF-B3 (transforming growth factor 3) (Mankame
et al. 2006 a, b) and reduced the DNA excision repair capacity (Mankame et al.
2006 a).

6 Manifesto (MAK value/classification)

The critical effect of diazinon is inhibition of the AChE activity at the cholinergic
synapses.

MAK value. No data for humans suitable for the derivation of a MAK value are
available. In a 3-week inhalation study there was an adverse reduction in AChE ac-
tivity in the brain of female rats after nose-only exposure to 1.57 mg/m?® and above
(as aerosol). The NOAEC was 0.46 mg/m?® (Ciba-Geigy 1994). Inhalation studies
with longer-term exposure are not available.

However, there are several oral studies with long-term exposure.

As in the two long-term feeding studies in rats and dogs (Ciba-Geigy 1994; US
EPA 1999), due to the doses selected, the LOAEL was higher than the NOAEL by
a factor of 83 and 225, respectively, the true NAEL for both these studies could be
markedly higher. For this reason, these studies are not used for the derivation of a
MAK value.

In a 13-week feeding study in rats, the NOAEL for reduced AChE activity in eryth-
rocytes and the brain of the females was 0.3 mg/kg body weight and day (LOAEL
15 mg/kg body weight and day) (Ciba-Geigy 1994). In a 106-week gavage study with
monkeys, a decrease in the AChE activity in erythrocytes to between 56% and 82%
of the control value was found in the males at 0.5 mg/kg body weight. The NOAEL
was 0.05 mg/kg body weight (Ciba-Geigy 1994; US EPA 1999). The BAT value for
the reduction in erythrocyte AChE activity has been established at 70%. It can be
concluded from the study with monkeys that an inhibition of 70% is attained at
one third of the LOAEL. The no adverse effect concentration (NAEC) for monkeys
is therefore estimated to be 0.17 mg/kg body weight. In female beagle dogs, the
NOAEL for the reduced activity of AChE in erythrocytes and the brain was found
to be 0.75 mg/kg body weight and day in a 4-week feeding study (US EPA 1999). As,
in female beagle dogs, the oral absorption of single doses of 4.0 mg/kg [**C]diazinon
was at least 85% (ATSDR 1996), the oral absorption of 85% is assumed for rats, dogs
and monkeys. The following toxicokinetic data are taken into consideration for the
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extrapolation of these NOAELSs of 0.3 (rats), 0.75 (dogs) and 0.17 (NAEC monkeys)
mg/kg body weight and day to a concentration in workplace air: the daily exposure
of the animals in comparison with the 5 days per week exposure at the workplace
(7:5), the corresponding species-specific correction values (1:4, 1:1.4 and 1:2), the
assumed oral absorption of 85%, the body weight (70 kg) and respiratory volume
(10 m?) of the person, and the assumed 100% absorption by inhalation. The concen-
trations in air calculated from this are 0.6, 4.5 and 0.7 mg/m?, respectively. A possi-
ble increase in AChE inhibition over time cannot be excluded, but does not occur
consistently. In the 52-week study with dogs (Ciba-Geigy 1994; US EPA 1999) one
third of the dose used in the 4-week study (US EPA 1999) is necessary to obtain the
same level of inhibition of AChE in the erythrocytes. This does not apply to AChE
inhibition in the brain. In the 99-week study in rats, one third of the dose used in
the 13-week study produced a similar level of AChE inhibition in the erythrocytes
and more pronounced inhibition in the brain of male rats, but not in female rats
(Ciba-Geigy 1994). Studies with three species are available, so that a particular sen-
sitivity in humans is not to be expected. On the basis of the lowest calculated con-
centration in air from the 13-week feeding study with rats (0.6 mg/m?®) and taking
into account the possible enhancement of the effects over time, the MAK value of
0.1 mg/m?I has been confirmed. The MAK value is furthermore also supported by
the 3-week inhalation study in rats in which a NOAEC of 0.46 mg/m? was obtained.

Peak limitation. The critical effect for the derivation of the MAK value is systemic
toxicity, for which reason the classification of diazinon in Peak Limitation Category
II remains valid. The elimination half-time of the dialkyl phosphate metabolites of
diazinon in the urine of humans after single oral diazinon doses of 11 pg/kg body
weight (36 nmol/kg body weight) is about 2 hours (Garfitt et al. 2002), so that the
corresponding excursion factor of 2 has been retained in accordance with the proce-
dures used by the Commission (see documentation “Peak limitation” 2011).

Prenatal toxicity. In the evaluation of the embryotoxicity of diazinon, both prena-
tal toxicity and postnatal neurotoxicity resulting from the inhibition of the cholines-
terase activity must be taken into account.

Prenatal toxicity: In humans, an inverse correlation between the diazinon con-
centration in the umbilical plasma and both the birth weight and body size was
found in newborn babies (Whyatt et al. 2005). In a study of the toxic effects on
prenatal development in rats, visceral anomalies occurred at 3.8 mg/kg body weight
and day and above as the only effect (EIMazoudy et al. 2011), which were inter-
preted by the Commission as secondary to the pronounced maternal toxicity. The
NOAEL for developmental and maternal toxicity is 1.9 mg/kg body weight and day.
The NOAEL and the LOAEL for developmental neurotoxicity in rats are 2.36 and
24.2 mg/kg body weight and day, respectively, while the NOAEL for maternal tox-
icity is 0.26 mg/kg body weight and day (US EPA 2005). In rabbits, the NOAEL for
maternal toxicity (cholinergic symptoms, mortality) is 25 mg/kg body weight and
day (Ciba-Geigy 1994; Robens 1969; US EPA 1999) and the NOAEL for develop-
mental toxicity 100 mg/kg body weight and day, the highest dose tested (Ciba-Geigy
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1994; US EPA 1999). The following toxicokinetic data are taken into consideration
for the extrapolation of the NOAELSs of 1.9 mg/kg body weight and day for rats and
100 mg/kg body weight and day for rabbits to a concentration in the workplace air:
the species-specific correction values (1:4 and 1:2.4) for the rat and the rabbit, the
assumed oral absorption (85%), the body weight (70 kg) and respiratory volume
(10 m®) of the person and the assumed 100% absorption by inhalation. The con-
centrations calculated from this are 2.8 mg diazinon/m? and 248 mg diazinon/m?,
respectively, which are higher than the MAK value of 0.1 mg/m? by factors of 28
and 2480, respectively.

Postnatal AchE inhibition: In the developmental neurotoxicity study, only at the
high dose of 24.2 mg/kg body weight and day were the effects on AChE activity in
the offspring as pronounced as those in the dams at 2.36 mg/kg body weight and
day and above (US EPA 2005). The offspring are therefore less sensitive to AChE
inhibition than the dams. A study in which the AChE-inhibiting effects of 5 organo-
phosphates in the dams and the offspring were compared in 2-generation studies
likewise revealed that AChE inhibition in the newborn pups (< 10%) was signifi-
cantly lower than in the dams (about 50%). The AChE inhibition in the offspring in-
creases with the increasing dietary intake of organophosphates during the lactation
phase, and reaches about 30% at the end of lactation (Astroff et al. 1998).

As the margin between the calculated concentrations without effects and the MAK
value is sufficiently large, developmental neurotoxicity is induced at higher doses
than the effects on prenatal development, and the newborn offspring are less sensi-
tive to the inhibition of acetylcholinesterase than the dams after prenatal adminis-
tration, the classification of diazinon in Pregnancy Risk Group C has been retained.

Carcinogenicity. Diazinon is not mutagenic in bacteria, and confirmation of the
suspected in vitro clastogenicity has not been found in vivo. Carcinogenicity stud-
ies in F344 rats and B6C3F1 mice at doses below the MTD (up to 40 mg/kg body
weight and day in rats; up to 12.5 mg/kg body weight and day in mice) (NCI 1976),
did not produce any evidence of a carcinogenic potential of diazinon. Diazinon is
therefore not classified in one of the categories for carcinogenic substances.

Germ cell mutagenicity. Diazinon is not mutagenic in bacteria. Confirmation of
the suspected in vitro clastogenicity has not been found in vivo. Diazinon and its
metabolite diazoxon reduced the DNA integrity in sperms in vitro; however, nei-
ther SCE nor dominant lethal mutations are induced in germ cells in vivo. On the
basis of the available data, diazinon is considered to be not genotoxic. Therefore,
germ cell mutagenicity is not suspected, and the substance is not classified in one of
the categories for germ cell mutagens.

Absorption through the skin. In vivo experiments with test persons and animal
studies have provided clear evidence of the dermal absorption of diazinon. On the
basis of an experimentally determined flux with volunteers (1.13 pg/cm? and hour;
Garfitt et al. 2002), the absorption of 2.3 mg diazinon is to be expected after the
exposure of both hands and forearms (area 2000 cm?) to an ethanolic solution of
diazinon (concentration 250 g/1) for one hour. On the other hand, after inhalation
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exposure for 8 hours at the level of the MAK value, the absorption of 1 mg is to
be expected. Even if the conditions selected in the above study (ethanolic solution
of the active ingredient, occlusive application) may have favoured absorption of
the active ingredient through the skin, dermal absorption must nevertheless be as-
sumed to make a toxicologically relevant contribution to systemic exposure. Dia-
zinon therefore remains designated with an “H” (for substances which can be ab-
sorbed through the skin).

Sensitization. No clinical findings of sensitization or positive patch test results
are available for diazinon. Although some of the results from experimental studies
indicate a contact sensitization potential, there is no conclusive picture. As, in addi-
tion, the test substance used is not sufficiently characterized and details of possible
impurities are not given in any of these studies, the contact sensitization potential
of diazinon must be called in question. There are no data available for sensitization
of the airways. Diazinon is therefore not designated with “Sh” or “Sa” (for substanc-
es which cause sensitization of the skin or airways).
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