TETRACHLORVINPHOS

Exposure Data

Identification of the agent

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 22248-79-9 [also
22350-76-1 for the analogous (E)- isomer; and
961-11-5 for the mixed (Z)- + (E)- isomers]
Chem. Abstr. Serv. Name: Phosphoric acid,
(1Z)-2-chloro-1-(2,4,5-trichlorophenyl)
ethenyl dimethyl ester

Preferred[UPAC Name: (1Z)-2-chloro-1-(2,4,5-
trichlorophenyl)ethenyl dimethyl phosphate
Synonyms: CVMP; stirofos; stirophos; TCVP;
tetrachlorvinfos, vinfos

Trade Names: Tetrachlorvinphos products
are sold worldwide under several trade
names, including Appex, Dust M, Gardcide,
Gardona, Rabon, Rabon Oral Larvicide
(ROL), and Rabond Ravap (IARC, 1983;
ChemIDplus, 2015).

1.1.2 Structural and molecular formulae, and

relative molecular mass

Cl Cl
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(1Z)-2-chloro-1-(2,4,5-trichlorophenyl)
ethenyl dimethyl phosphate (CAS No,
22248-79-9)
/
Cl 0

-/
O—P—0O

I
\

ClCl

Cl

(1E)-2-chloro-1-(2,4,5-trichlorophenyl)
ethenyl dimethyl ester phosphoric acid (CAS
No., 22350-76-1)

Molecular formula: C ;H,Cl,O,P
Relative molecular mass: 365.96

Additional chemical structure information is
available in the PubChem Compound data-
base (NCBI, 2015).
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1.1.3 Chemical and physical properties of the
pure substance

Description: Off-white, tan to brown crystal-
line solid with a mild chemical odour (EPA,
1995a; NCBI, 2015)

Solubility: Very slightly soluble at 11 mg/L in
water at 20 °C, soluble at < 200 g/kg at 20 °C
in acetone, < 150 g/kg at 20 °C in xylene,
400 g/kg in chloroform and dichloromethane
(IARC, 1983)

Volatility: ~ Vapour pressure (Z-isomer),
4.2 x 10-* mm Hg (20 °C) (IARC, 1983), not
expected to volatilize from dry soil surfaces
Stability: Stable below 100 °C; slowly hydro-
lysed by water, neutral, and acid environ-
ments, and more quickly in an alkaline
environment (IARC, 1983; NCBI, 2015)
Octanol/water partition coefficient (P): log P,
3.53 (Hansch et al., 1995)

Henry’s law: 1.8 x 10~ atm m? mol-! at 25 °C
(NIH, 2015), not expected to volatilize from
water

Conversion  factor: ~ Assuming normal
temperature (25 °C) and pressure (101 kPa),
1 mg/m? = 15.0 ppm.

1.1.4 Technical products and impurities

The technical product typically contains
98% Z-stereoisomer and 2% E-stereoisomer
(Worthing, 1979).

1.2 Production and use

1.2.1 Production

(a)  Manufacturing processes

Tetrachlorvinphos, a phenyl organophos-
phate insecticide, was introduced and first used
commercially in 1966 in the USA (EPA, 2006).
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Tetrachlorvinphosis produced by thereaction
of trimethyl phosphate with 2,2,2',4',5-penta-
chloroacetophenone (IARC, 1983; Tomlin, 2000).

Tetrachlorvinphos is formulated as wettable
powder (active ingredient, a.i., 50%), dust (a.i.,
1-3%), granular (a.i., typically 0.2-7.8%), and
emulsifiable concentrate (a.i., 3-24%), impreg-
nated material (a.i., 13-14.5%, as pet collars and
cattle ear tags), ready-to-use liquid (a.i., 1-2%, as
spray-on/wipe-on/backrub materials for pets,
horses,and cattle),and pressurizedliquid (a.i., 1%,
as flea and tick spray for cats). Tetrachlorvinphos
is also available in pelleted/tableted form and as
mineral blocks for livestock (EPA, 2006). It is
sometimes formulated in conjunction with the
insect growth regulator S-methoprene (EPA,
2006).

(b)  Production volume

In 1978, the total world production volume of
tetrachlorvinphos was reported to be 450 tonnes
(IARC, 1983). As 0f 2002, approximately 400 tonnes
of tetrachlorvinphos active ingredient were
used annually in the USA, of which about 200
tonnes were used for poultry (EPA, 2002a).
Tetrachlorvinphos was not listed among the top
25agricultural pesticides (by mass of a.i. per year)
in the USA between 1987 and 1997 (EPA, 1999);
however, 47 unique tetrachlorvinphos products
were reported to be available in the USA from
12 primary registrant companies (NPIRS, 2015).

No production, import, or use quantities
were available for countries other than the USA.
Tetrachlorvinphos was not listed on the 2007 list
of high production chemicals published by the
Organisation for Economic Co-operation and
Development (OECD), suggesting that tetra-
chlorvinphos was not produced or imported at
levels greater than 1000 tonnes per year in any
member country or region, although products
containing tetrachlorvinphos were reportedly
available for sale to consumers in several coun-
tries (OECD, 2009).
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1.2.2 Uses

Tetrachlorvinphos is a selective insecticide
and miticide with contact and stomach action
(NIH, 2015). It can be used against ectoparasites
on poultry, against flies in dairies and livestock
barns, as a larvicide in livestock, and to control
fleas on pets (EPA, 2002a). It has also been used
on crops, where it is effective against various
pests of fruits, vegetables, cereals, and cash
crops, including fruit flies and moths in cotton,
maize, rice, tobacco, vegetables, and fruit (NIH
2015). Target pests also include fleas, ticks, lice,
flies (adults and larvae), chiggers, mites, spiders,
wasps, and cattle grubs. In addition, tetrachlor-
vinphos has been used on agricultural premises,
agricultural equipment, and recreational areas
(NTP, 1978).

(a) Agriculture

Tetrachlorvinphos can be applied dermally
to livestock to control flies and mites; it can be
used as an oral larvicide in cattle, pigs, goats, and
horses; in cattle ear tags and as a feed additive
to control flies; in poultry dust boxes to control
poultry mites; and as paint on and sprays in
poultry houses (EPA, 2002a).

(b)  Residential use

Tetrachlorvinphos is used in pet flea and
tick collars, shampoos, and as a dust or powder,
aerosol, and pump spray for direct treatment
of pets and in pet sleeping areas. In the USA,
tetrachlorvinphos is used in an estimated 10% of
households with dogs or cats (EPA, 2002a).

(c)  Public health

Tetrachlorvinphos has been used as a spray to
control nuisance and public health pests in and
around refuse sites, recreational areas, and for
outdoor use as sprays for fleas, ticks, and mites,
around kennels, yards, camping grounds, parks,
foot paths, and roadways (EPA, 2002a).

(d) Regulation

No maximum residue limit (MRL) for
tetrachlorvinphos was listed in the Codex
Alimentarius (Codex Alimentarius, 2015).

Tetrachlorvinphos was revoked for use in
the European Union as of 2003 under Directive
91/414/EEC (European Commission, 1991). It
was used in some member states for slightly
different periods, e.g. France, 1972-1998; and the
Netherlands, 1973-1999 (CTGB, 2015; Ministere
de I’Agriculture et de la Forét, 2015).

Use of tetrachlorvinphos remains allowable
for pets, livestock and poultry in the USA, but
no tetrachlorvinphos products were currently
registered for use on any plant commodity in
the USA, as crop uses were voluntarily cancelled
in 1987 (EPA, 2006). In 2006, the United States
Environmental Protection Agency (EPA) modi-
fied the allowable use of tetrachlorvinphos to
reducerisks (EPA, 2006). The EPA has established
maximum tolerances for tetrachlorvinphos in
eggs, milk, and other animal products (NIH,
2015).

Tetrachlorvinphos is reportedly registered
for use in Canada, South Africa, and Australia,
as well as in the USA (Paranjape et al., 2015).

No occupational exposure limits for tetra-
chlorvinphos were available to the Working
Group.

1.3 Measurement and analysis

Tetrachlorvinphos can be measured in air,
water, soil, dust, fruits and vegetables, and urine
and faeces (Table 1.1). The metabolites found in
urine include 2,4,5-trichlorophenylethanediol
glucuronide and dimethylphosphate, a nonspe-
cific metabolite of several organophosphate
pesticides (Beynon et al., 1973; Bravo etal., 2004).

Tetrachlorvinphos is not persistent in the
environment. It is broken down in air within 24
hours, and in soil over a few weeks (NIH, 2015).
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Table 1.1 Methods of analysis for tetrachlorvinphos

Sample matrix Assay procedure Limit of detection Reference

Air GC/ECD 10 ug/m? OSHA (2015)

Aqueous GC/FPD or GC/NPD NR EPA (2007)

Water GC/MS 11 ng/L Beceiro-Gonzilez et al. (2007)
Solids (soils, sediments, =~ GC/FPD or GC/NPD NR EPA (2007)

sludges)

Dust GC/MS-EI-MID 50 ng/g Quirés-Alcald et al. (2011)
Fruits and vegetables GC/MS 70 ug/kg Fillion et al. (2000

Urine Isotope dilution GC-MS/MS

0.6 pg/L (dimethyl phosphate)

Bravo et al. (2004

ECD, electron-capture detection; EI, electron impact; FPD, flame-photometric detector; GC, gas chromatography; MID, multiple ion detection
mode; MS, mass spectrometry; NPD, nitrogen-phosphorous detector; NR, not reported

1.4 Occurrence and exposure

1.4.1 Exposure
(a)

Occupational exposure

Workers including farmers, ranchers and
pesticide applicators may be exposed to tetra-
chlorvinphos during mixing, loading, applica-
tion and entering treated areas (EPA, 2006). No
data on occupational exposure levels were avail-
able to the Working Group.

®)

Community exposure

Adults and children in the general popul-
ation can be exposed to tetrachlorvinphos when
treating pets, or through dermal contact with
pets treated with pet collars, powders, or aerosol
sprays (EPA, 2006). Several studies have shown
transferable residues from fur of pets treated
with veterinary products containing tetrachlor-
vinphos (Davis et al., 2008; Rotkin-Ellman &
Solomon, 2009). In one study, five dogs and five
cats wearing flea collars containing tetrachlor-
vinphos were followed for 14 days. After 3 days
with the flea collar, average residue levels were
57.98 ug/wipe in dogs and 43.40 pg/wipe in
cats). After 14 days, the average residues were
5.67 ug/wipe in dogs and 8.19 pg/wipe in cats
(Rotkin-Ellman & Solomon, 2009).

In a second study, the transfer of tetrachlor-
vinphos to humans from dogs treated with flea
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collars was estimated for a sample of 55 dogs.
Researchers used cotton gloves to pet the dogs:
the average amounts of tetrachlorvinphos trans-
ferred from the fur of the neck and the back to
gloves were 22 400 + 2900 and 80 * 20 pg/glove,
respectively, at 5 days after the collar applica-
tion. The amounts transferred declined notably
with time after application. T-shirts worn by
children living with the treated dogs 7-11 days
after treatment contained tetrachlorvinphos at
1.8 £ 0.8 ug/g shirt. 2,4,5-Trichloromandelic acid,
a biomarker of exposure to tetrachlorvinphos,
was detected in the urine of adults and children
exposed to treated dogs (range, 1.4-582 ng/mL
in adults and 2.1-1558 ng/mL in children) (Davis
et al., 2008).

Other pathways are dietary exposure due to
the use of tetrachlorvinphos on livestock and
crops, and inhalation after outdoor application;
exposure through drinking-water is expected to
be minimal due to the localized nature of most
applications (EPA, 2006). Very little information
on environmental exposure to tetrachlorvinphos
was available to the Working Group.

In Venezuela, tetrachlorvinphos was detected
in 19% of red peppers and 25% oflettuces sampled
(Quintero et al., 2008).

In 2006 in the USA, dust samples for 13 urban
homesin Oakland, California,and 15 farmworker
homes in Salinas, an agricultural community in
California were collected. Detection frequencies
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oftetrachlorvinphoswere4%in Oakland and 10%
in Salinas. The concentration ranged from less
than the limit of detection (LOD) to 15.8 ng/g in
Oakland and from < LOD to 271 ng/g in Salinas
(Quirds-Alcala et al., 2011).

1.4.2 Exposure assessment and biological
markers

(@)  Exposure assessment

Exposure assessment methods in epidemio-
logical studies on tetrachlorvinphos and cancer
are discussed in Section 1.4.2 and Section 2.1.2
of the Monograph on Malathion, in the present
volume.

(b)  Biological markers

Urinary dimethyl phosphate reflects recent
exposure to organophosphate insecticides. (EPA,

2.1 Summary of frequently cited
epidemiological studies

A general discussion of the epidemiological
studies on agents considered in Volume 112 of
the IJARC Monographs is presented in Section 2.2
of the Monograph on Malathion in the present
volume. The scope of the available epidemio-
logical studies is discussed in Section 2.1 of the
Monograph on Malathion, and includes a consid-
eration of chance, bias and confounding, and
exposure assessment.

2.2 Cohort studies

There were no cohort studies available that
provided a specific assessment of exposure to
tetrachlorvinphos.

Settimi et al. (1999) reported results from

2006), but interpretation of such data is always
difficult because the results cannot be attributed
to any specific organophosphate.

Cholinesterase inhibition is often used as a
marker of exposure to organophosphate insecti-
cides; however, no changes in plasma or erythro-
cyte cholinesterase activity were observed during
4 weeks in a study in five subjects treated with a
tetrachlorvinphos-based formulation (Rider &
Puletti, 1969).

2. Cancer in Humans

Tetrachlorvinphos was previously evaluated
by the Working Group as Group 3, not classifi-
able as to its carcinogenicity to humans, based
on limited evidence in experimental animals
(IARC, 1983, 1987). No data in humans were
available at that time.

a cohort of workers in a cigarette factory in
Bologna, Italy, where tobacco was treated
with tetrachlorvinphos, y-hexane, and methyl
bromide. The cohort of 1733 (972 women and 761
men) included workers who had been employed
for at least 6 months in cigarette manufac-
turing and related jobs between 1 January 1962
and 1 January 1990. The cohort was traced for
vital status until 1 July 1996 using municipal
offices, finding 1250 living (715 women, 535
men), 467 deceased (247 women, 220 men),
and 16 (10 women, 6 men) lost to follow-up
(0.9%). Standardized mortality ratios (SMRs)
were calculated using sex-specific mortality
rates for the population of the Emilia Romagna
region, adjusted for age and calendar period.
Standardized mortality ratios for total mortality
and total cancer ranged from 0.8 to 1.1. Mortality
for cancer of the stomach was significantly lower
among men (SMR, 0.5; 95% CI, 0.2-1.0; P < 0.05).
Mortality for non-Hodgkin lymphoma (NHL)
was significantly elevated among women (SMR,
2.7, 95% CI, 1-5.6; P > 0.05), especially among
those employed for > 15 years (SMR, 8.3; 95%
CI, 2.3-21.4). No deaths from NHL occurred
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among men. Mortality from cancer of the brain
was elevated among men (SMR, 2.0; 95% CI,
0.5-5.0; 3 deaths) and women (SMR, 1.7; 95%
CI, 0.5-4.3; 3 deaths). [This study was limited by
the lack of specific information about individual
exposure to tetrachlorvinphos, and by the small
numbers of specific cancers. Lack of information
on personal use of tobacco was not considered to
be a significant limitation because the observed
rate of cancer of the lung and respiratory disease
was about that expected.]

There were other studies of workers in the
cigarette/tobacco industry, but no use of tetra-
chlorvinphos was reported.

2.3 Case-control studies on lympho-
haematopoietic cancers

See Table 2.1

Brown et al. (1990) evaluated the relationship
between tetrachlorvinphos and leukaemia for
a case—control study of white men in the USA
(Iowa and Minnesota) (see the Monograph on
Malathion, Section 2.2.2, for a detailed descrip-
tion of this study). The odds ratio for leukaemia
among farmers reporting use of tetrachlor-
vinphos was 2.9 (95% CI, 0.8-10.6; 5 exposed
cases and 5 exposed controls), compared with
non-farmers, adjusted for age, state, tobacco use,
family history of lymphopoietic cancer, high-
risk occupations, and high-risk exposures [This
study overlapped with Waddell et al., 2001 and
De Roos et al., 2003. The strengths of this study
were that it was population-based and enrolled
incident cases, and there was detailed expo-
sure assessment of exposure to pesticides from
farmers who could provide such information. A
limitation was that it was not possible to evaluate
by level of exposure given the small number of
exposed cases.]

Waddell et al. (2001) pooled data from three
population-based case—control studies of NHL
(748 cases, 2236 controls) among men in the
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midwestern USA (Hoar et al., 1986; Zahm et al.,
1990; Cantor et al., 1992) to evaluate several
pesticides, including tetrachlorvinphos (see the
Monograph on Malathion, Section 2.2.2, for a
detailed description of this study). Comparing
farmers using tetrachlorvinphos to non-farmers
yielded an odds ratio of 1.8 (95% CI, 0.7-4.7; 9
exposed cases and 17 exposed controls) after
adjusting for age, state, and respondent type.
Adjustment for other potential confounders did
not affect the odds ratios. The odds ratio for tetra-
chlorvinphos was not adjusted for reported use
of other pesticides. [The strengths of this study
were that it was population-based and enrolled
incident cases, and there was detailed exposure
assessment of pesticides from farmers who could
provide such information. A limitation was that
it was not possible to evaluate by level of expo-
sure given the small number of exposed cases.]

DeRoosetal. (2003) re-analysed data from the
pooled studies of NHL in four midwestern states
(Iowa, Kansas, Minnesota, and Nebraska) in the
USA using logistic regression and hierarchical
regression to distinguish between individual
pesticides and scenarios of farmers’ exposure
to multiple pesticides (see the Monograph on
Malathion, Section 2.2.2, for a detailed descrip-
tion of this study). This analysis included 650
cases of NHL and 1933 controls. Based on three
exposed cases and 11 exposed controls, the odds
ratio for tetrachlorvinphos (adjusted for age, state
and other pesticides) was 0.4 (95% CI, 0.1-1.8)
for logistic regression, and 0.8 (95% CI, 0.3-1.9)
for hierarchical regression. [The results from De
Roos et al. (2003) may have differed from anal-
yses by Waddell et al. (2001): there were fewer
cases (650 versus 748) and controls (19 033 versus
2236) in these analyses because of exclusion of
individuals with missing information on other
pesticides included in the hierarchical model,
and because the hierarchical model adjusted for
effects of other pesticides.]
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3. Cancer in Experimental Animals

Studies of carcinogenicity previously assessed
by and leading to the previous evaluation of
limited evidence in experimental animals for the
carcinogenicity of tetrachlorvinphos are also
included in the present monograph (IARC, 1983,
1987).

3.1 Mouse

See Table 3.1

Oral administration

In a study by the National Cancer Institute
(NCI), groups of 50 male and 50 female B6C3F,
mice (age, 35 days) were given diets containing
tetrachlorvinphos (purity, 98%) at a dose of 8000
or 16 000 ppm ad libitum 7 days per week for 80
weeks, and then held for an additional 12 weeks
(N'TP, 1978). Groups of 10 male and 10 female
mice held untreated for 90-92 weeks served as
matched untreated controls. Since the numbers
of mice in the matched-control groups were
small, pooled-control groups were also used for
statistical comparisons. Matched controls from
the study on tetrachlorvinphos were combined
with matched controls from long-term studies
performed on malathion, toxaphene, endrin, and
lindane that were conducted at the same time
in the same laboratory. The pooled untreated
controls for tetrachlorvinphos consisted of a
total of 50 male and 50 female mice. For this
bioassay, mice receiving tetrachlorvinphos were
maintained in a room housing mice treated
with dieldrin or malathion, together with
their respective matched controls. There was a
dose-related decrease in mean body weights in
treated male and female mice compared with
the matched controls throughout the exposure
period. Survival in all dose groups was similar
to that of controls.

There was a significant positive trend in
the incidence of hepatocellular carcinoma in
treated males compared with either matched or
pooled controls: matched controls, 0/9; pooled
controls, 5/49 (10%); lower dose, 36/50 (72%);
higher dose, 40/50 (80%); P < 0.001. Pairwise
comparison of lower- and higher-dose groups of
males with matched- or pooled-control groups
showed significant increases in the incidences
of hepatocellular carcinoma in the treated
groups in every case. The incidence of hepato-
cellular adenoma and hepatocellular adenoma
or carcinoma (combined) was also increased
in treated males. In treated females, the inci-
dence of hepatocellular carcinoma by itself was
not significantly increased. However, the inci-
dence of liver neoplastic nodules [hepatocellular
adenoma] alone — pooled controls, 1/48 (2%);
lower dose, 14/49 (29%), P < 0.001; higher dose,
9/47 (19%), P = 0.007) — and the incidence of liver
neoplastic nodules [hepatocellular adenoma] or
hepatocellular carcinoma (combined) - pooled
controls, 3/48 (6%); lower dose, 19/49 (39%),
P < 0.001; higher dose, 11/47 (23%), P = 0.019 -
showed significant dose-related positive trends,
and also significantly increased incidences in the
groups at the lower and higher dose compared
with pooled controls. The incidence of liver
neoplastic nodules [hepatocellular adenoma] or
hepatocellular carcinoma (combined) in females
was also significantly increased in the group at
the lower dose (19/49, P = 0.020) compared with
matched controls (0/9). There were no significant
increases in tumour incidence at any other site in
treated mice (N'TP, 1978). [The Working Group
noted the small number of matched controls, and
the exposure in a room where other chemicals
were also being studied.]

Parker et al. (1985) treated groups of 80 male
and 80 female B6C3F, mice (age, 7-8 weeks)
with diets containing tetrachlorvinphos (purity,
98%) at a dose of 0, 17.5, 64, 320, 1600, 8000, or
16 000 ppm (in these groups, the test chemical
was reported by the authors to be representative
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of “current production of technical tetrachlorv-
inphos”), and 16 000 ppm (the test chemical in
this group was the same as in the NCI bioassay
reported above; N'TP, 1978). A group of 160 male
and 160 female mice served as a double control.
In each group, 10 treated and 20 control mice of
each sex were killed and examined at 6, 12, and
18 months. Survival of males and females in the
groups receiving the two highest doses was signif-
icantly greater than in the control group, while
survival in all other dose groups was comparable
to that of controls. Statistical evaluation of data
on body weight revealed significantly lower mean
values for all treatment groups compared with the
control group at week 50. Exposure to tetrachlor-
vinphos caused a significant increase (P < 0.05)
in the incidence of hepatocellular carcinoma -
31 out of 46 (67%) versus 24 out of 99 (24%) in
controls — and hepatocellular adenoma or carci-
noma (combined) - 35 out of 46 (76%) versus 26
out of 99 (26%) in controls) in males receiving
the NCI study material at 16 000 ppm. In female
mice exposed to the NCI study material at 16 000
ppm there was a significant increase (P < 0.05)
in the incidence of hepatocellular carcinoma - 5
out of 47 (11%) versus 0 out of 99 in controls—
and in the incidence of hepatocellular adenoma
or carcinoma (combined)- 6 out of 47 (13%)
versus 0 out of 99 in controls. Additionally, in the
females exposed to “current production” tech-
nical tetrachlorvinphos at 8000 ppm - 7 out of
49 (14%) versus 0/99 in controls - or 16 000 ppm
— 7 out of 50 (14%) versus 0 out of 99. Also, in
both high-dose groups of male mice, there was a
significant increase (P < 0.05) in the incidence of
renal tubule carcinoma of the kidney —“current
production” technical tetrachlorvinphos, 9 out
of 50 (18%); and NCI study material, 10 out of
46 (22%) versus 0 out of 99 in controls — and the
incidence of renal tubule adenoma or carcinoma
(combined) of the kidney —“current production”
technical tetrachlorvinphos, 11 out of 50 (22%);
and NCI study material, 12 out of 46 (26%) versus
1 out of 99 (1%) in controls.

426

Parkeretal. (1985) also reported an additional
pathology review conducted by a “consultant”
pathologist. The only statistically significant
finding reported by the consultant pathologist
was an increase in the incidences of renal tubule
adenoma and renal tubule adenoma or carci-
noma (combined) of the kidney in both high-
dose groups of males fed tetrachlorvinphos at
16 000 ppm; renal tubule adenoma or carcinoma
(combined): “current production” technical
tetrachlorvinphos, 11 out of 50 (22%); and NCI
study material, 12 out of 46 (26%) versus 0/99
in controls. The study pathologist considered
the majority of renal tumours to be carcinomas,
whereas the consultant pathologist diagnosed
most of these tumours as adenomas.

The EPA (1988) evaluated the study described
above (Parker et al., 1985). This evaluation reported
results on only one sample of tetrachlorvinphos
(“current production” technical tetrachlor-
vinphos). The tumour incidences reported in
the EPA (1988) evaluation differed with those
reported by Parker et al. (1985), because the EPA
used the number of tumour-bearing animals per
number of animals at risk, excluding animals
that died before appearance of first tumour,
as the criteria for tumour incidence. Using
this criterion, the EPA found that exposure to
tetrachlorvinphos caused a significant increase
(P < 0.05) in the incidence of hepatocellular
adenoma or carcinoma (combined): 25 out of 59
(42%) in male mice at 16 000 ppm versus 28 out of
113 (25%) in controls. In female mice, there was
a significant increase (P < 0.05) in the incidence
of hepatocellular carcinoma in groups at 8000
ppm (5 out of 66 (8%) versus 1 out of 119 (1%) in
controls) and 16 000 ppm (5 out of 68 (8%) versus
1 out of 119 (1%) in controls), and a significant
increase (P < 0.01) in the incidence of hepato-
cellular adenoma or carcinoma (combined) in
the groups at 8000 ppm (7 out of 66 (11%) versus 1
out of 119 (1%) in controls) and 16 000 ppm (8 out
of 68 (12%) versus 1 out of 119 (1%) in controls).
Also, in male mice at the highest dose there was
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a significant increase (P < 0.01) in the incidences
of renal tubule carcinoma of the kidney (9 out of
46 (20%) versus 0 out of 71 in controls) and renal
tubule adenoma or carcinoma (combined) (13 out
of 69 (19%) versus 0 out of 113 in controls). All the
above significant increases in tumour incidence
by pairwise comparison were associated with a
significant positive trend in the incidence of the
related tumour.

[The Working Group noted that while the
tumour incidences reported by EPA (1988)
and Parker et al. (1985) differed because of the
different criteria used, the two reported signifi-
cance mainly at the same tumour sites.]

3.2 Rat
See Table 3.2

Oral administration

In a study by the NCI, groups of 50 male and
50 female Osborne-Mendel rats (age, 35 days)
were given feed containing tetrachlorvinphos
(purity, 98%) at a time-weighted average dose of
4250 ppm (8000 ppm for 5 weeks, then lowered
to 4000 ppm for 75 weeks), or 8500 ppm (16 000
ppm for 5 weeks, then lowered to 8000 ppm
for 75 weeks) ad libitum 7 days per week for 80
weeks, and then held untreated for an additional
31 weeks (N'TP, 1978). Initial doses were lowered
by 50% at 5 weeks on study because toxicity
was observed that indicated excessive mortality
might occur before the end of the study. Groups
of 10 male and 10 female rats held untreated for
111 weeks served as matched untreated controls.
Since the numbers of rats in the matched-control
groups were small, pooled-control groups were
also used for statistical comparisons. Matched
controls from the study on tetrachlorvinphos
were combined with matched controls from
long-term studies on malathion, toxaphene,
endrin, and lindane that were conducted at the
same time in the same laboratory. The pooled

controls for statistical tests consisted of 55 males
and 55 females. There was a dose-related decrease
in mean body weights in treated male and
female rats compared with the matched controls
throughout the exposure period. Survival of
males at the higher dose was only 48% at the end
of the study. Survival of males and females in all
other dosed groups was similar to or higher than
that of controls (NTP, 1978).

In female rats at the higher dose, there was a
significant increase in the incidence of thyroid
C-cell adenoma (7 out of 46 versus 1 out of 46
in pooled controls; P = 0.027,) and in the inci-
dence of cortical adenoma of the adrenal gland
(5 out of 50 versus 0 out of 50 in pooled controls;
P = 0.022). There was also a significant positive
trend (P < 0.02) in the incidence of both types
of neoplasm. Haemangioma of the spleen was
also reported at a significantly higher incidence
in males at the lower dose compared with the
corresponding pooled controls (4 out of 48 (8%)
versus 0 out of 47; P = 0.049) [the Working Group
considered that these tumours may not have
been associated with treatment, since there were
only four tumours in the group at the lower dose,
none at the higher dose, and the statistical test
result for a positive dose-related trend was not
significant]. There were no significant increases
in tumour incidence at any other site in treated
rats (N'TP, 1978). [The Working Group noted
the small number of matched controls, the early
toxicity causing halving of doses at week 5 of the
study, and that the rats were dosed for only 80
weeks and held for 31 weeks before termination.]

The EPA (1988) provided information on
a long-term study in which groups of Porton
Wistar rats [age not reported] were given
diets containing tetrachlorvinphos [purity
not reported] at a dose of 0 (60 males and 60
females; controls), 5 (40 males and 40 females),
25 (40 males and 40 females), 125 (40 males and
40 females), or 2000 (20 males and 20 females)
ppm, ad libitum, 7 days per week for 2 years.
In groups of treated male and female rats, final
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body weights were significantly lower than those
of the controls. There were no compound-related
lesions reported. [The Working Group noted the
small number of rats at the highest dose.]

The EPA (1995b) also provided information
on a long-term study in which groups of 50 male
and 50 female Sprague-Dawley rats [age not
reported] were given diets containing tetrachlor-
vinphos [purity not reported] at a dose of 0, 100,
1000, or 2000 ppm ad libitum 7 days per week
for 2 years. [No information on survival or body
weight was provided.] In male rats, there was a
significant positive trend (P = 0.018) in the inci-
dence of adrenal pheochromocytoma (benign
or malignant, combined). The incidences were:
controls, 4 out of 49; lowest dose, 2 out of 49;
intermediate dose, 6 out of 49; highest dose, 9 out
of 50. In male rats at the highest dose, there was
also a non-significant increase in the incidence
of thyroid C-cell adenoma (13 out of 45 (29%)
versus 8 out of 47 (17%) in controls).

4, Mechanistic and Other
Relevant Data

4.1 Toxicokinetic data

4.1.1 Absorption

(a)  Humans

Very little literature on absorption of tetra-
chlorvinphoswasavailable to the Working Group.
No studies on oral absorption in humans were
identified by the Working Group. Because of the
lipophilicity of tetrachlorvinphos, it is expected
that oral or dermal absorption occurs via passive
diffusion. One study showed that tetrachlor-
vinphos used in dog flea collars could be trans-
ferred to the pet owner’s clothing (Davis et al.
2008). Urinary concentrations of 2,4,5-trichlo-
romandelic acid (a tetrachlorvinphos metabolite)
excreted by the dog owners were significantly
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higher on days immediately after placement of
the flea collar on dogs than before treatment.
[This result, although it summarizes excretion
data, suggested that dermal absorption of tetra-
chlorvinphos might occur in humans.]

(b)  Experimental systems

A study in rats (Porton strain) given a
single oral dose of [“C]-tetrachlorvinphos
(16.5-22 mg/kg bw; radiolabelled at both vinyl
carbon atoms) indicated efficient absorption
from the gastrointestinal tract; 78% of the
administered dose was eliminated in the urine
within 4 days (Akintonwa & Hutson, 1967).
In dogs given [“C]-tetrachlorvinphos orally
(0.24-0.47 mg/kg bw), 92% of the radiolabel was
excreted in the urine and faeces within 4 days
(Akintonwa & Hutson, 1967), again indicating
effective absorption of tetrachlorvinphos.

In dairy cows given diet containing
[“C]-tetrachlorvinphos at a concentration of 50
ppm for five consecutive days resulted in absorp-
tion and subsequent rapid metabolism of tetra-
chlorvinphos to several polar metabolites, as
assessed by thin-layer chromatography (Akhtar
& Foster, 1980b). Nearly all the metabolites, and
only trace amounts of parent compound, were
excreted in the urine (Akhtar & Foster, 1980Db).

Following dermal application to male CD rats
of radiolabelled tetrachlorvinphos (0.1 mg/cm?
for 10 hours), 9.57% of the administered dose
was recovered in the skin, urine, faeces, and
carcass, while 84% was recovered unabsorbed
(EPA, 2000).

4.1.2 Distribution

(a) Humans

No data on the distribution of tetrachlor-
vinphos in human tissue were available to the
Working Group.
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(b)  Experimental systems

Administration of tetrachlorvinphos to dairy
cows resulted in its delivery to the liver and
kidney (Akhtar & Foster, 1980b). In addition,
studies of toxicokinetics in rodents indicated
that tetrachlorvinphos was available systemi-
cally after oral dosing. After 4 days, 0.5% of the
radiolabel was present in the skin and hair of rats
(Akintonwa & Hutson, 1967).

4.1.3 Metabolism and modulation of
metabolic enzymes

(a) Metabolism

(i) Overview

Tetrachlorvinphos is somewhat unique
among organophosphate pesticides in that it
does not require a bioactivation step in vivo
to elicit its toxicological effects (see Fig. 4.1).
Tetrachlorvinphos, a phosphoric acid triester, is
essentially a “preformed” oxon that can directly
inhibit serine hydrolases, such as acetylcholin-
esterase and other B-esterases. Cytochrome P450
(CYP)-catalysed demethylation and esterase-cat-
alysed hydrolysis are both important routes of
tetrachlorvinphos detoxification (Fig. 4.1). It was
reported that horse plasma butyrylcholinesterase
activity was significantly inhibited by tetrachlor-
vinphos, indicating that esterases can interact
with tetrachlorvinphos (Karanth etal., 2008). For
example, a single oral dose of tetrachlorvinphos
(500 mg/kg) significantly inhibited liver carbox-
ylesterase activity in rats (Moroi & Kuga, 1982).
[The Working Group could not identify any
evidence that paraoxonase 1 (PON-1) hydrolysed
tetrachlorvinphos, but again, based on struc-
tural precedent, and the fact that 2,4,5-trichlor-
phenacyl chloride and downstream metabolites
are formed in vitro and in vivo (Akhtar & Foster,
1980a, b), it seems reasonable and likely that
PON-1 will hydrolyse tetrachlorvinphos.]

(il Humans

No data on metabolism in humans were
available to the Working Group.

(iii)  Experimental systems

Dogs were shown to metabolize tetrachlor-
vinphos more rapidly than rats; this was attrib-
uted to the higher activities of CYP [isoform
not specified] and glutathione transferases
that metabolize tetrachlorvinphos in dog liver
compared with rat liver (Crawford et al., 1976).
Addition of glutathione to the soluble fraction
of liver from mouse, rat, rabbit, and pig caused
the demethylation of tetrachlorvinphos, thus
forming desmethyl tetrachlorvinphos (Fig. 4.1;
Hutson et al., 1972). Glutathione acts as the
acceptor of the transferred methyl group yielding
S-methyl glutathione. In addition, demethyl-
ation of tetrachlorvinphos can also be cata-
lysed by the hepatic microsomal fraction in an
NADPH-dependent reaction, thus implicating
CYP (Fig. 4.1; Crawford et al., 1976).

In lactating cows, oral administration of
food containing [“C]-tetrachlorvinphos at a
concentration of 50 ppm for five consecutive
days resulted in rapid metabolism to several
polar metabolites, as assessed by thin-layer chro-
matography (Akhtar & Foster, 1980b). Extensive
demethylation of tetrachlorvinphos was also
noted in this study. Similar biotransformation
pathways of tetrachlorvinphos were observed
using the soluble fraction of goose and turkey
liver homogenates (Akhtar & Foster, 1980a).

Hydrolytic degradation of tetrachlorvinphos
and desmethyl tetrachlorvinphos are also likely
importantroutesof degradation (Akhtar & Foster,
1980b). The resulting metabolites are mono- and
di-alkyl phosphates and 2,4,5-trichlorophenacyl
chloride (Fig. 4.1). 2,4,5-Trichlorophenacyl chlo-
ride can be further metabolized to 2,4,5-trichlo-
roacetophenone via the spontaneous formation
of §-(2,4-dichlorophenacyl) glutathione, which is
converted to the ketone by an enzyme-catalysed
glutathione-dependent reaction. In dairy cows, it
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Fig. 4.1 Biotransformation of tetrachlorvinphos

Tetrachlorvinphos
CI CI
o ﬁ OCH
o CES-OH ~I_OCH;
o ol och, T ces” K
\ OCH;
CYP OCH,
cl Cl GST Cl +
o
o_ll_OH Cl I
c \P\/ PON-1
OCH, ) 0 OH
I HO\IPI/OCH3 CI
\OCH DAP
Desmethyl tetrachlorvinphos 3 CI
}PE)N-I
CI CI
(6} ﬂ o
H H
\P\/ OH Cl Cl
MAP  oCH, Cl - -
| O
CI ¢
CI

Cytochrome P450 (CYP)-catalysed reactions produce desmethyl tetrachlorvinphos. On the basis of structural similarity with other oxons, it

is likely that PON-1 catalyses the hydrolysis of tetrachlorvinphos and that carboxylesterases will react directly with tetrachlorvinphos. GST,
glutathione transferase. CES-OH represents carboxylesterase; the OH functionality represents the catalytic (nucleophilic) serine residue in the
active site that reacts with the electrophilic phosphoric acid triester. Metabolites in brackets have not been isolated, but are likely intermediates
in the formation of 2,4,5-trichlorophenacyl chloride. MAP, monoalkyl phosphate; DAP, dialkyl phosphate.

Compiled by the Working Group

was suggested that 2,4,5-trichloroacetophenone
could be converted to 1-(2,4,5-trichlorophenyl)
ethanol by a keto reductase activity (Akhtar
& Foster, 1980b). Alternatively, 2,4,5-trichlor-
phenacylchloridecanbeconvertedto2,4,5-trichlo-
romandelic acid, as shown in (Akhtar & Foster,
1980b). These metabolites are readily excreted in
the urine as glucuronide conjugates.

®)

Modulation of metabolic enzymes

Tetrachlorvinphos did not inhibit CYP19
aromatase activity in human placental micro-
somes in vitro (Vinggaard et al., 2000). In hepat-
ocytes harvested from human liver biopsies, and
in rat primary hepatocytes, tetrachlorvinphos
induced CYP1Al, as measured by 7-ethoxy-
resorufin-O-deethylase (EROD) activity
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(Delescluse et al., 1998). No similar activity was
seen in a human carcinoma cell line (HepG2) or
an immortalized human keratinocyte cell line
(HaCaT).

In rats, two hepatic monooxygenase
enzyme activities were induced in a dose-re-
lated manner after oral administration of
tetrachlorvinphos (60 and 250 mg/kg) for
10 days (Moroi et al., 1976). The increases
were observed in aminopyrine demethylase
o-ethyl ~ O-p-nitrophenylphenylphosphonothioate
detoxification.
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4.1.4 Excretion

(a)  Humans

No data on excretion of tetrachlorvinphos in
humans were available to the Working Group.

(b)  Experimental systems

In rats (Porton strain) given a single oral
dose of [“C]-tetrachlorvinphos (16.5-22 mg/kg
bw; radiolabelled at both vinyl carbon atoms),
on average 78% of the administered dose was
excreted in the urine, 16.5% in the faeces, and
0.5% in expired gases over 4 days (Akintonwa
& Hutson, 1967). A significant fraction
of the faecal radiolabel was identified as
[“C]-tetrachlorvinphos, indicating incomplete
absorption. Similarly, in dairy cows given diets
containing [“C]-tetrachlorvinphos (5 or 50 ppm),
~76-82% of the administered dose was also elim-
inated in the urine, as metabolites (Gutenmann
et al., 1971; Akhtar & Foster, 1980b). Only trace
amounts of parent compound were detectable
(Akhtar & Foster, 1980b). After hydrolysis of
glucuronide and sulfate conjugates in the urine,
the metabolites identified were (percentage of
administered dose indicated): desmethyl tetra-
chlorvinphos (13.2%), 1-(2,4,5-trichlorophenyl)
ethanol (34.8%), (2,4,5-trichlorophenyl)ethane-
1,2-diol (28.1%), and 2,4,5-trichloromandelic
acid (6.1%) (Gutenmann et al., 1971; Akhtar &
Foster, 1980Db).

4.2 Mechanisms of carcinogenesis

This section summarizes evidence for the key
characteristics of carcinogens (IARC, 2014) for
which there were adequate data for evaluation,
concerning whether tetrachlorvinphos is geno-
toxic, modulates receptor-mediated events, and
alters cell proliferation, cell death or nutrient

supply.

4.2.1 Genetic and related effects

Table 4.1, Table 4.2, Table 4.3, and Table 4.4
summarize the results of studies carried out in
human cells in vitro, in experimental animals
in vivo, in non-human mammalian cells in
vitro, and in non-mammalian systems in vitro,
respectively.

(a) Humans

See Table 4.1

No data in exposed humans were available to
the Working Group.

A significant increase in the frequency of
chromosomal aberrations was observed in
human cultured lymphocytes exposed to tetra-
chlorvinphos in the absence of metabolic activa-
tion (Kurinnyi & Pilinskaia, 1977).

(b)  Experimental systems

See Table 4.2, Table 4.3, Table 4.4

In one study, tetrachlorvinphos significantly
increased the frequency of micronucleus forma-
tion in the bone marrow of Swiss mice after
repeated doses administered intraperitoneally
(100 mg/kg bw) or orally (3000 ppm, in the diet)
(Amer & Fahmy, 1983). In the same study, no
increase in the frequency of micronucleus forma-
tion was seen after dermal exposure (1350 mg/kg
bw, twice per week, for 2 weeks).

In primary cultures of mouse spleen cells,
tetrachlorvinphos significantly increased the
frequency of chromosomal aberrations and
sister-chromatid exchanges in the absence of
metabolic activation (Amer & Aly, 1992). In
Chinese hamster ovary cells, tetrachlorvinphos
induced chromosomal aberrations in the absence
but not in the presence of metabolic activation
with S9 (EPA, 2002b).

In bacterial studies, tetrachlorvinphos did
not induce primary DNA damage in Escherichia
coli PQ37 (Ruiz & Marzin, 1997), or mutations
in Salmonella typhimurium (Dean, 1972; Bartsch
et al., 1980; Brooks et al., 1982; Moriya et al.,
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Table 4.1 Genetic and related effects of tetrachlorvinphos in humans cells in vitro

Tissue, cell ~ End-point Test Results? Concentration Comments Reference
line (LEC or HIC)

Without With

metabolic  metabolic

activation  activation
Cultured Chromosomal Chromosomal  + NT 2 pg/mL P<0.05 Kurinnyi &
lymphocytes damage aberrations Pilinskaia

1977)

@+, positive

HIC, highest ineffective concentration; LEC, lowest effective concentration; NT, not tested

Table 4.2 Genetic and related effects of tetrachlorvinphos in non-human mammails in vivo

Species, Tissue End-point Test Results® Doses Route, Comments Reference
strain (LED or HID)  duration,
dosing regimen
Mouse, Bone Chromosomal Micronucleus . S0 e 100 Intraperitoneal, Amer &
Swiss marrow damage formation " (LED) mg/kg 1-4x Lahmy
bw (1983)
Mouse, Bone Chromosomal Micronucleus 3000 (LED) Amer &
Swiss marrow damage formation * and 6000 ppm,  Oral, <10 wk Lahmy
in diet (1983)
. Amer &
Mouse,  Bone Chromosomal Micronucleus Dermal, 2x per ~ Only one
. . =) 1350 mg/kg bw Fahmy
Swiss marrow damage formation wk, for 2 wk dose tested 1983

@+, positive; —, negative; (+) or (-), positive or negative in a study of limited quality
bw, body weight; HID, highest ineffective dose; LED, lowest effective dose (units as reported); N'T, not tested; vs, versus; wk, week

Table 4.3 Genetic and related effects of tetrachlorvinphos in non-human mammalian cells

in vitro
Species,  Tissue, cell End-point Test Results Concentration Reference
strain line (LEC or HIC)
Without With
metabolic metabolic
activation activation
Mouse,  Spleencell ~Chromosomal Chromosomal e NT 0.50 ug/mL Amer & Aly
Swiss primary damage aberrations 1992
cultures
Mouse,  Spleencell ~Chromosomal Sister-chromatid + NT 0.50 pg/mL Amer & Aly
Swiss primary damage exchange (1992
cultures
Chinese  Ovary Chromosomal  Chromosomal NT + 75.1 ug/mL EPA (2002b
hamster damage aberrations
Chinese  Ovary Chromosomal  Chromosomal - NT 59.9 pug/mL EPA (2002b)
hamster damage aberrations

* 4+, positive; -, negative; (+) or (), positive or negative in a study of limited quality

HIC, highest ineffective concentration; LEC, lowest effective concentration, NT, not tested
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Table 4.4 Genetic and related effects of tetrachlorvinphos in non-mammalian systems in vitro

Phylogenetic Test system End-point Test Results? Concentration Reference
class (species, strain) (LEC or HIC)
Without With
metabolic metabolic
activation activation
Prokaryote Escherichia coli  DNA damage SOS - - NR Ruiz &
(bacteria) PQ37 chromotest Marzin
(1997)
Salmonella Mutation Reverse - = 500 pg/plate Ruiz &
typhimurium mutation Marzin
TA98, TA100, 1997)
TA102, TA1535,
and TA1537
Salmonella Mutation Reverse - - 2000 pg/plate Brooks
typhimurium mutation etal. (1982)
TA98, TA100,
TA1535, and
TA1538
Salmonella Mutation Reverse - - 5000 pg/plate Moriya
typhimurium mutation etal. (1983)
TA98, TA100,
TA1535, TA1537,
and TA1538
Salmonella Mutation Reverse - - 3 pmol/plate Bartsch
typhimurium mutation et al. (1980)
TA98, TA100
Escherichia coli ~ Mutation Reverse - = 5000 pg/plate Moriya
WP2 her mutation etal. (1983)
Escherichia coli ~ Mutation Reverse - - 2000 pg/plate Brooks
WP2 and WP2 mutation etal. (1982)
uvrA
Escherichia coli ~ Mutation Reverse - NT Tested dose, NR;  Dean
WP2 mutation semiquantitative  (1972)
paper disc
method
Lower Saccharomyces ~ Mutation Gene - NT 400 pg/mL Brooks
eukaryote cerevisiae D4 conversion etal. (1982)
(yeast)
Plant systems  Vicia faba Chromosomal Chromosomal + NT Saturated and Amer &
damage aberrations 0.5-saturated Mikhael
solutions (1983)
of TCVP
tested;LEC,
0.5 saturated
solution

* 4+, positive; -, negative; (+) or (<), positive or negative in a study of limited quality
HIC, highest ineffective concentration; LEC, lowest effective concentration, NR, not reported; NT, not tested; TCVP, tetrachlorvinphos
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1983; Ruiz & Marzin, 1997) or E. coli (Brooks
et al., 1982; Moriya et al., 1983). Moreover, tetra-
chlorvinphos failed to cause gene conversion in
yeast Saccharomyces cerevisiae D4 (Brooks et al.
1982). On the other hand, tetrachlorvinphos did
increase the frequency of chromosomal aberra-
tion in root-tip meristems of Vicia faba (Amer &
Mikhael, 1983).

4.2.2 Receptor-mediated mechanisms

(a)  Neurotoxicity-pathway receptors

Tetrachlorvinphos is a reactive oxon. It can
covalently modity the catalytic serine residue
of several B-esterases and inhibit their cata-
lytic activity, including the canonical target
acetylcholinesterase (Akintonwa & Hutson,
1967; Moroi et al., 1976), resulting in the acute
neurotoxicity elicited in insects and mamma-
lian species (Ogawa et al., 1990; see Section 4.5).
Acetylcholinesterase is responsible for termi-
nating the signalling action of the neurotrans-
mitter acetylcholine in the central and peripheral
nervous systems. The inhibition of acetylchol-
inesterase results in acetylcholine overload and
the overstimulation of nicotinic and muscarinic
acetylcholine receptors. The relevance of these
effects of tetrachlorvinphos to mechanisms of
carcinogenesis is unknown.

(b)  Humans

No data from exposed humans were available
to the Working Group.

In an in-vitro assay for competitive binding,
tetrachlorvinphos did not displace 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (40nM) from thehuman
aryl hydrocarbon receptor (AhR) when admin-
istered at a ~2000-fold molar excess (Delescluse
et al., 1998).

In human androgen and estrogen receptor
reporter-gene assays in the Chinese hamster
ovary cell line (CHO-K1), tetrachlorvinphos was
not an antagonist or agonist of human androgen
receptor, nor an antagonist or agonist of estrogen
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receptors o and B (Kojima et al., 2004, 2010). In
the same studies, tetrachlorvinphos was found to

be an agonist for human pregnane X receptor in
transfected CHO-K1 cells.

(c)  Experimental systems
(i) Invivo

The effect of tetrachlorvinphos on thyroid
function was studied in two experiments in
animals. In the first study, thyroid uptake of
iodine was significantly reduced 2, 6, and 24
hours after exposure to tetrachlorvinphos (a
single intraperitoneal dose at 500 mg/kg) in male
albinorats (Bojadziev & Manolov, 1975). No effect
was seen on triiodothyronine (T3) or thyroxine
(T4). A second study examined T3 or T4 in 10
horses of various breeds and ages (Berger et al.,
2008). Six horses received a dietary supplement
containing tetrachlorvinphos for 30 days and
four horses served as controls. Tetrachlorvinphos
significantly decreased serum cholinesterase
activity (to < 50%) during and for 13 days after
exposure, and induced behavioural changes.
Thyroid hormone levels were highly variable
and no significant changes were observed; the
authors noted that, “detection of possible effects
of thyroid hormones associated with tetrachlor-
vinphos exposure may require a larger number
of horses and/or a longer treatment period.”

Technical-grade tetrachlorvinphos substan-
tially reduced oocyte maturation in freshwater
catfish native to southern India (Haider &
Upadhyaya, 1986). A subsequent study of in-vitro
exposures reported significant inhibition of
luteinizing hormone-induced germinal vesicle
breakdown in isolated fish oocytes at all three
concentrations used (1, 10, and 100 ppb) (Haider
& Upadhyaya, 1986).

Other effects of tetrachlorvinphos on the
thyroid, testis, ovary, and adrenal glands of
rodents are discussed in Sections 4.2.3 and 4.5.
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(i) Invitro

Tetrachlorvinphos was not an agonist for the
AhR in mouse hepatoma Hepalclc7 cells stably
transfected with a reporter plasmid containing
copies of dioxin-responsive element (Takeuchi
etal.,2008; Kojimaetal.,2010). Tetrachlorvinphos
was also not an agonist for mouse peroxisome
proliferator-activated receptors a or y in reporter-
gene assays in CV-1 monkey Kkidney cells
(Takeuchi et al., 2006; Kojima et al., 2010).

4.2.3 Cell proliferation and death

(a) Humans

No data were available to the Working Group.

(b)  Experimental systems

Lesions indicative of altered cell proliferation
and death were observed in studies of carcino-
genicity in mice and rats (N'TP, 1978; Parker etal.,
1985). Other adverse effects reported in studies
of carcinogenicity in rodents are discussed in
Section 4.5.

In a study of carcinogenicity in B6C3F, mice,
necropsy at study week 26 revealed hyperplasia
of the renal inner cortical tubular epithelium
in males and females fed diets containing tetra-
chlorvinphos at 8000 or 16 000 ppm (NTP,
1978; see Section 3.1). At 78 weeks, intraluminal
necrotic debris was present at high doses in both
sexes, and in males the parietal epithelium of the
Bowman’s capsule was devoid of cuboid cells.

In the mouse liver at 26 weeks, lesions (e.g.
hepatocyte enlargement) but not hyperplasia,
were reported in groups at 8000 and 16 000 ppm.
At a necropsy at week 53, “scattered necrotic
hepatocytes” and bile duct hyperplasia were
reported for these groups (NTP, 1978). Liver-
weight increases were reported in 28-day and
13-week studies in rats (Ogawa et al., 1990; EPA,
2002c).

In female mice, corpora lutea were not
observed in the ovaries at any necropsy of mice

in the group at the highest dose (Parker et al.
1985). In male mice, hyperchromatic degenerate
cells were observed in the seminiferous tubules
after week 26 in the groups at 8000 and 16 000
ppm. The size and secretory activity of seminal
vesicles was decreased in males at the highest
dose. In males and females, adrenal hypertrophy
was observed in the group at 16 000 ppm.

In a separate study of ovarian follicles
explanted from C57Bl/6] female mice after
treatment of the colony with tetrachlorvinphos
for skin parasites, Nayudu et al. (1994) reported
premature termination of follicular growth
and release of oocytes with immature nuclei
and without cumulus cells. The duration and
pattern of in-vitro growth was markedly altered
in follicles isolated from exposed mice. In folli-
cles isolated from the offspring (age, 21 days) of
exposed parents (C57BI/6] females and CBA/]
males), in-vitro growth was improved, but did
not follow the linear growth pattern seen in folli-
cles of unexposed mice.

In a study of carcinogenicity, parafollicular
cell (C-cell) and follicular cell hyperplasia was
observed in male and female rats (N'TP, 1978).
The C-cell hyperplasia was described as mostly
unilateral, and microscopically as having a fairly
uniform and diffuse increase of C-cells scattered
between the thyroid follicles. The follicular cell
hyperplasia was sometimes bilateral, appearing
as nodular alterations on the surface of the
thyroid. Microscopically they were described as
variable, “multifocal and cystic or having inward
papillary projections of variable thickness,” lined
by regular appearing follicular cells.

4.2.4 Other mechanisms

In six horses exposed to tetrachlorvinphos
for 30 days (see also Section 4.2.2), there was
no effect on the expression of cytokines (inter-
feron-y, INF-y) and interleukin (IL-12p40), or
cyclooxygenase-2 in concanavalin A-stimulated
peripheral blood mononuclear cells (Berger et al.,
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2008). However, when assessed in non-stimulated
cells of treated animals, INF-y was decreased
(=-20-fold transcription compared with refer-
ence value) non-significantly towards the end
of treatment and even more so (=70-fold) after
treatment (P = 0.064) (Berger et al., 2008).

4.3 Data relevant to comparisons
across agents and end-points

4.3.1 General description of the database

The analysis of the in-vitro bioactivity of the
agents reviewed in JARC Monographs Volume
112 (i.e. malathion, parathion, diazinon, and
tetrachlorvinphos) was informed by data from
high-throughput screening assays generated by
the Toxicity Testing in the 21st Century (Tox21)
and Toxicity Forecaster (ToxCast™) research
programmes of the government of the USA
(Kavlock et al., 2012; Tice et al., 2013). At its
meeting in 2014, the Advisory Group to the JARC
Monographs programme encouraged inclusion
of analysis of high-throughput and high-content
data (including from curated government data-
bases) (Straif et al., 2014).

Diazinon, malathion, and parathion, as well
as the oxon metabolites, malaoxon and diazoxon,
are among the approximately 1000 chemi-
cals tested across the full ToxCast/Tox21 assay
battery as of 3 March 2015. This assay battery
includes 342 assays, for which data on 821 assay
end-points are publicly available on the web
site of the ToxCast research programme (EPA,
2015a). Z-Tetrachlorvinphos (CAS No. 22248-
79-9; a structural isomer of tetrachlorvinphos)
and the oxon metabolite of parathion, paraoxon,
are among an additional 800 chemicals tested
as part of an endocrine profiling effort using a
subset of these assays. Glyphosate was not tested
in the ToxCast/Tox21 assays.

Detailed information about the chemicals,
assays and associated data analysis procedures is
also publicly available (EPA, 2015b). It should be
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noted that the metabolic capacity of the cell-based
assays is variable, and generally limited. [The
Working Group noted that the limited activity of
the oxon metabolites in in-vitro systems may be
attributed to the high reactivity and short half-
life of these compounds, hindering interpreta-
tion of the results of in-vitro assays.]

4.3.2 Aligning in-vitro assays to 10 “key
characteristics” of known human
carcinogens

To explore the bioactivity profiles of the
agents being evaluated in IARC Monographs
Volume 112 with respect to their potential impact
on mechanisms of carcinogenesis, the Working
Group first mapped the 821 available assay
end-points in the ToxCast/Tox21 database to the
key characteristics of known human carcinogens
(IARC, 2014). Independent assignments were
made by the Working Group members and JARC
Monographs staft for each assay type to the one or
more “key characteristics.” The assignment was
based on the biological target being probed by
each assay. The consensus assignments comprise
263 assay end-points that mapped to 7 of the 10
“key characteristics” as shown below.

1. Is electrophilic or can undergo metabolic
activation (31 end-points): that were mapped
to this characteristic measure cytochrome
p450 (CYP) inhibition (29 end-points) and
aromatase inhibition (2 end-points). All 29
assays for CYP inhibition are cell-free. These
assay end-points are not direct measures of
electrophilicity or metabolic activation.

2. Is genotoxic (9 end-points): the only assay
end-points that mapped to this characteristic
measure TP53 activity. [The Working Group
noted that while these assays are not direct
measures of genotoxicity, they are an indi-
cator of DNA damage.]
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. Modulates

. Alters DNA repair or causes genomic insta-
bility (0 end-points): no assay end-points were
mapped to this characteristic.

. Induces epigenetic alterations (11 end-points):
assay end-points mapped to this character-
istic measure targets associated with DNA
binding (4 end-points) and histone modifica-
tion (7 end-points) (e.g. histone deacetylase,
HDAC).

. Induces oxidative stress (18 end-points):
a diverse collection of assay end-points
measure oxidative stress via cell imaging,
and markers of oxidative stress (e.g. nuclear
factor erythroid 2-related factor, NRF2). The
18 assay end-points that were mapped to this
characteristic are in subcategories relating
to metalloproteinase activity (5), oxidative
stress (7), and oxidative-stress markers (6).

. Induces chronic inflammation (45 end-points):
the assay end-points that were mapped to this
characteristic include inflammatory markers
and are in subcategories of cell adhesion (14),
cytokines (e.g. interleukin 8, IL8) (29), and
nuclear factor kappa-light-chain-enhancer of
activated B-cells (NF-kB) activity (2).

Is immunosuppressive (0 end-points): no assay
end-points were mapped to this characteristic.

receptor-mediated effects (81
end-points): a large and diverse collection
of cell-free and cell-based nuclear and other
receptor assays was mapped to this charac-
teristic. The 81 assay end-points that were
mapped to this characteristic are in subcat-
egories of AhR (2), androgen receptor (11),
estrogen receptor (18), farnesoid X receptor
(FXR) (7), others (18), peroxisome prolifera-
tor-activated receptor (PPAR) (12), pregnane
X receptor-vitamin D receptor (PXR-VDR)
(7), and retinoic acid receptor (RAR) (6).

Causes immortalization (0 end-points):
no assay end-points were mapped to this
characteristic.

10. Alters cell proliferation, cell death, or nutrient
supply (68 end-points): a collection of assay
end-points was mapped to this characteristic
in subcategories of cell cycle (16), cytotox-
icity (41), mitochondrial toxicity (7), and cell
proliferation (4).

Assay end-points were matched to a “key
characteristic” to provide additional insights
into the bioactivity profile of each chemical
under evaluation with respect to their potential
to interact with, or have an effect on, targets that
may be associated with carcinogenesis. In addi-
tion, for each chemical, the results of the in-vitro
assays that represent each “key characteristic”
can be compared with the results for a larger
compendium of substances with similar in-vitro
data, so that particular chemical can be aligned
with other chemicals with similar toxicological
effects.

The Working Group then determined whether
a chemical was “active” or “inactive” for each
of the selected assay end-points. The decisions
of the Working Group were based on raw data
on the concentration-response relationship in
the ToxCast database, using methods published
previously (Sipes et al., 2013) and available online
(EPA, 2015b). In the analysis by the Working
Group, each “active” was given a value of 1, and
each “inactive” was given a value of 0.

Next, to integrate the data across individual
assay end-points into the cumulative score for
each “key characteristic,” the toxicological prior-
itization index (ToxPi) approach (Reifetal., 2010)
and associated software (Reif et al., 2013) were
used. In the analyses of the Working Group, the
ToxPi score provides a measure of the potential
for a chemical to be associated with a “key char-
acteristic” relative to 178 other chemicals that
have been previously evaluated by the IARC
Monographs and that had been screened by
ToxCast. Assay end-point data were available in
ToxCastfor these 178 chemicals,and not for other
chemicals previously evaluated by the IARC
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Monographs. ToxPi is a dimensionless index
score that integrates multiple different assay
results and displays them visually. The overall
score for a chemical takes into account the score
for all other chemicals in the analysis. Different
data are translated into ToxPi scores to derive
slice-wise scores for all compounds as detailed
below, and in the publications describing the
approach and the associated software package
(Reif et al., 2013). Within the individual slice,
the values are normalized from 0 to 1 based on
the range of responses across all chemicals that
were included in the analysis by the Working
Group.

The list of ToxCast/Tox21 assay end-points
included in the analysis by the Working Group,
description of the target and/or model system
for each end-point (e.g. cell type, species, detec-
tion technology, etc.), their mapping to 7 of
the 10 “key characteristics” of known human
carcinogens, and the decision as to whether each
chemical was “active” or “inactive” are available
as supplemental material in the present volume
(see Annex 1). The output files generated for
each “key characteristic” are also provided in
the supplemental material, and can be opened
using ToxPi software that is freely available for
download without a licence (Reif et al., 2013).

4.3.3 Specific effects across 7 of the 10 “key
characteristics” based on in-vitro
screening data

The relative effects of tetrachlorvinphos were
compared with those of 178 chemicals selected
from the more than 800 chemicals previously
evaluated by the JARC Monographs and also
screened by the ToxCast/Tox21 programmes,
and with those of the other three compounds
evaluated in the present volume of the IARC
Monographs (Volume 112) and with three of
their metabolites (see Fig. 4.2). Of these 178
chemicals previously evaluated by the IARC
Monographs and screened in the ToxCast/Tox21
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programmes, 8 are classified in Group 1 (carcino-
genic to humans), 16 are in Group 2A (prob-
ably carcinogenic to humans), 58 are in Group
2B (possibly carcinogenic to humans), 95 are in
Group 3 (not classifiable as to its carcinogenicity
to humans), and 1 is in Group 4 (probably not
carcinogenic to humans). The results are presented
as a rank order of all compounds in the analysis
arranged in the order of their relative effect. The
relative position of Z-tetrachlorvinphos in the
ranked list is also shown on the y axis. The inset
in the scatter plot shows the components of the
ToxPi chart as subcategories that comprise assay
end-points in each characteristic, as well as their
respective colour-coding. On the right-hand
side, the two highest-ranked chemicals in each
analysis are shown to represent the maximum
ToxPi scores (with the scores in parentheses).
Because Z-tetrachlorvinphos was not tested
against many of the assay end-points for most
characteristics discussed below, the ToxPi
chart of Z-tetrachlorvinphos is shown only for
the “modulates receptor-mediated effects” key
characteristic.

Characteristic (1). Is electrophilic or can
undergo metabolic activation: Z-tetrachlor-
vinphos was tested only for the two assay
end-points relating to aromatase inhibition,
demonstrating activity for a one cell-based
end-point, but not for an end-point in a cell-
freeinhibition assay. Z-tetrachlorvinphos was
not tested for any of the other 29 end-points
in cell-free CYP-inhibition assays.

Characteristic (2) Is genotoxic: Z-tetrachlor-
vinphos was tested for 6 of the 9 assay
end-points related to TP53 activity, showing
activity for 2 end-points. In comparison,
the most active chemical in the data set,
chlorobenzilate, showed activity for 7 out
of the 9 assay end-points for which it was
tested. One of the active assay end-points,
from a multiplexed transcription factor
assay platform, has been demonstrated to be


http://monographs.iarc.fr/ENG/Monographs/vol112/112-Annex1.pdf
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Fig. 4.2 ToxPi ranking for Z-tetrachlorvinphos using ToxCast assay end-points mapped to
receptor-mediated effects
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On the left-hand side, the relative rank of Z-tetrachlorvinphos is shown (y-axis) with respect to its toxicological prioritization index (ToxPi)
score (x-axis). The rank is relative to all other chemicals evaluated by the JARC Monographs that have also been tested in Toxicity ForeCaster
(ToxCast™) assays (including other chemicals in the present volume and 178 chemicals previously evaluated by IARC). The inset in the scatter
plot shows subcategories of the ToxPi chart, as well as their respective colour coding. On the right-hand side, the ToxPi charts of the two highest-
ranked chemicals (in this case, clomiphene citrate and kepone) and the target chemical (Z-tetrachlorvinphos) are shown with their respective

ToxPi score in parentheses.

Compiled by the Working Group

confounded by oxidative stress (Martin et al.
2010).

Characteristic (4) Induces epigenetic altera-
tions: Z-tetrachlorvinphos was active for all
4 of the DNA-binding assay end-points, but
was not tested for any of the 7 cell-free enzy-
matic assay end-points assigned to the trans-
formation assay grouping. [The Working
Group noted that the positive response in the
multiplexed transcription factor profiling
assay platform was most likely due to the
activation of oxidative stress.]

Characteristic (5) Induces oxidative stress:
Z-tetrachlorvinphos was tested for all 6
assay end-points related to oxidative stress
markers and exhibited intermediate activity,
being active for 3 out of 6 assay end-points.

Comparison with the most active chemicals,
carbaryl and tannic acid, is limited due to the
incomplete testing of Z-tetrachlorvinphos.
Z-tetrachlorvinphos did activate NREF2,
metal-response element and antioxidant-re-
sponse element transcription.

Characteristic (6) Induces chronic inflamma-
tion: Z-tetrachlorvinphos was active for one
out of two NF-kB assay end-points for which
only 7 of the 185 chemicals in the analysis
were active. Z-tetrachlorvinphos was not
tested in the panel of 43 assay end-points
that comprise the cytokine and cell-adhesion
molecule assay groupings.

Characteristic (8) Modulates receptor-medi-
ated effects: Z-tetrachlorvinphos was tested
for 81 of the assay end-points mapped to this
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characteristicc. When compared with other
chemicalsevaluated by the IJARC Monographs,
Z-tetrachlorvinphos demonstrated appreci-
ablecapacitytointeractwithnuclearand other
receptors similar to the two highest-ranking
chemicals (clomiphene citrate and kepone).
Z-tetrachlorvinphos showed consistent PXR
activation and activity in assay end-points
representative of antagonists of PPAR and
other nuclear receptors. Z-tetrachlorvinphos
activated 2 of the 18 estrogen-receptor assay
end-points, both cell-based transcriptional
assays. Of the 11 androgen receptor assay
end-points, Z-tetrachlorvinphos was active
in both assays run in an antagonist mode and
in 1 out of 2 protein complementation assay
end-points that test for agonist and antago-
nist activity (Fig. 4.2).

Characteristic (10) Alters cell proliferation, cell
death, or nutrient supply: Z-tetrachlorvinphos
was tested for 27 out of the 68 assay
end-points.  Z-tetrachlorvinphos showed
moderate impact on the assay end-points
in this group when compared with the two
highest-ranking chemicals, clomiphene citrate
and ziram. Z-tetrachlorvinphos was active in
the only assay for mitochondrial toxicity in
which it was tested.

Overall, Z-tetrachlorvinphos was active
for 36 of the 137 assay end-points for which it
was tested. The results of ToxPi analysis of the
ToxCast/Tox21 data for Z-tetrachlorvinphos
supported findings in other model systems, as
described in Section 4.2. These include aromatase
inhibition, multiple nuclear receptor activities,
oxidative stress, and some cytotoxic effects.

4.4 Susceptibility

No relevant studies of susceptibility to tetra-
chlorvinphos in humans or rodents were avail-
able to the Working Group.
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4.5 Other adverse effects
4.5.1 Human

Few data on toxicity in humans were avail-
able to the Working Group.

4.5.2 Experimental systems

Regulatory submissions and published
studies in rodents and dogs provide evidence
for adverse effects including in the cholinergic
system, liver, kidney, adrenals, and thyroid.

Effects on cholinesterase activity have been
observed in different species, including rodents
(Ogawa et al., 1990; EPA, 2002d), dogs (EPA,
1994) and horses (Berger et al., 2008). In a 28-day
study in Slc:Wistar rats, serum and erythrocyte
cholinesterase was inhibited in a dose-dependent
manner from a dose of 10 mg/kg bw per day
administered by intragastric gavage (Ogawaetal.,
1990). Similarly, dose-dependent inhibition of
plasma cholinesterase activity was observed after
single oral doses of tetrachlorvinphos in rats,
beginning at 8 mg/kg in males (19% inhibition)
and at 20 mg/kg in females (35.5% inhibition),
while inhibition of brain cholinesterase activity
occurred at higher doses (EPA, 2002d). In a
study of six exposed horses (Berger et al., 2008),
tetrachlorvinphos significantly decreased serum
cholinesterase activity (to < 50%) during and for
13 days after exposure, and induced behavioural
changes.

Liver granuloma was observed in male and
female B6C3F, mice at both dietary doses in a
study of carcinogenicity (1200 and 2400 mg/kg
per day) (N'TP, 1978). Liver granuloma was also
observedinastudyofcarcinogenicityin Osborne-
Mendel rats, in females (at 212.5 and 425 mg/kg
per day) and in males at the highest dose (N'TP,
1978). Histological changes in the liver were seen
in a 2-year study in male and female Sprague-
Dawley rats given tetrachlorvinphos at a dose
of 43 mg/kg per day (EPA, 1995¢). In Slc:Wistar
rats, liver weights increased and there was
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accompanying vacuolization and necrosis at the
highest dose (10, 100, and 1000 mg/kg per day) in
a28-daystudy (Ogawaetal., 1990). Centrolobular
hepatocellular hypertrophy was seen in female
Sprague Dawley rats, and in males at the inter-
mediate dose, in a 13-week dietary study with
tetrachlorvinphos (0, 100, 2000, or 5000 ppm; 0,
6.7, 142 or 375 mg/kg per day in males; 0, 10, 197
or 467 mg/kg per day in females) (EPA, 2002¢).
Liver weights increased, while body weights and
body weight gains were reduced in males and
females at the two highest doses.

Increased incidence and severity of bilat-
eral basophilic tubules of the kidneys were
also reported in male Sprague Dawley rats fed
diets containing tetrachlorvinphos at 2000 or
5000 ppm in the 13-week study. In females,
adrenal gland weights increased, as did fat depos-
ition in the adrenal cortex. In the 28-day study
in rats given tetrachlorvinphos by oral gavage,
adrenal gland and kidney weight increases were
observed at the highest dose, with accompanying
pathology (Ogawa et al., 1990).

Effects on the thyroid gland reported in the
study of carcinogenicity in Osborne-Mendel rats
included C-cell and follicular cell hypertrophy in
males and females at both doses (N'TP, 1978). In
the 28-day study in rats, thyroid gland weights
were increased at 1000 mg/kg per day (Ogawa
etal., 1990). In the 13-week study in rats, thyroid
follicular cell hypertrophy was seen in males and
females fed diets containing tetrachlorvinphos at
2000 or 5000 ppm (EPA, 2002c).

Decreased body weights were observed in
rats and mice at both doses in studies of carcino-
genicity, and there was increased mortality
in male rats at the highest dose (NTP, 1978).
In a study of developmental neurotoxicity in
rats treated with tetrachlorvinphos (10, 50, or
200 mg/kg per day), pup weight decreased at the
highest dose (EPA, 2005). Decreased thickness of
the striatum, corpus callosum, and hippocampus
were observed in males and females at the highest

dose, and decreased thickness of the cerebellum
was observed in males at the highest dose.

5. Summary of data reported

5.1 Exposure data

Tetrachlorvinphos is an organophosphate
insecticide withanticholinesteraseactivity, which
was first used commercially in 1966. It is effective
against a wide range of flies, moths, fleas, ticks,
and other insects; it can be sprayed on surfaces or
applied to animals dermally, orally, or on treated
collars and ear tags. Tetrachlorvinphos is banned
for all uses in the European Union, and is not
permitted on crops in the USA. It is still used
in flea collars for dogs and cats in the USA, and
this is one of the main sources of exposure for
the general population. No data were available
on occupational exposure to tetrachlorvinphos.

5.2 Human carcinogenicity data

Very few studies were available on the
carcinogenicity of tetrachlorvinphos in humans.
Excesses in the incidence of cancer of the brain
among men and women, and of non-Hodgkin
lymphoma (NHL) among women were reported
in a cohort study of workers in a cigarette
factory where tobacco was treated with tetra-
chlorvinphos; however, numbers were small,
and individual exposure to the pesticide was
not characterized. Analyses of data pooled from
three case—control studies found an excess of
NHL, but the excess was attenuated in further
analyses that adjusted for exposure from other
pesticides. An excess incidence of leukaemia (not
otherwise specified) reported in a case—control
study was based on only five exposed cases.
Although excesses of cancer of the brain, NHL,
and leukaemia (not otherwise specified) were
observed, there were few studies for each cancer
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site, small numbers, and lack of information on
exposure specifically to tetrachlorvinphos, and
therefore these data were considered inadequate
to make an evaluation regarding carcinogenicity.

5.3 Animal carcinogenicity data

Tetrachlorvinphos was tested for carcino-
genicity in male and female mice in two feeding
studies, and in male and female rats in three
feeding studies.

In the first study in mice, tetrachlorvinphos
significantly increased the incidence of hepato-
cellular adenoma, hepatocellular carcinoma, and
hepatocellularadenomaorcarcinoma(combined)
in treated males; there was also a significant
positive trend in the incidence of hepatocellular
carcinoma and hepatocellular adenoma or carci-
noma (combined). In treated females, there was
a significant increase in the incidence of hepato-
cellular adenoma and hepatocellular adenoma or
carcinoma (combined).

In the second study in mice, tetrachlor-
vinphos significantly increased the incidence of
hepatocellular carcinoma, and of hepatocellular
adenoma or carcinoma (combined) in treated
males and females. There was also a significant
increase in the incidence of renal tubule carci-
noma, and of renal tubule adenoma or carcinoma
(combined), in treated males.

In one study in rats, tetrachlorvinphos caused
a significant increase in the incidence of thyroid
C-cell adenoma and adrenal cortical adenoma
in females at the highest dose (with a significant
positive trend for both types of tumours), and
of haemangioma of the spleen in males at the
lowest dose. In another study in rats, there was
a significant positive trend in the incidence of
adrenal pheochromocytoma (benign or malig-
nant, combined) in treated males. There were
no significant increases in the incidence of any
tumours in the third study in rats.
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5.4 Mechanistic and other relevant
data

Tetrachlorvinphos is efficiently absorbed in
rats, dogs, and cattle after oral administration;
however, other routes have not been explored.
In humans, one study suggested that tetra-
chlorvinphos can be absorbed through dermal
exposure. Wide systemic distribution into
parenchymal tissues and in blood was demon-
strated in studies of tetrachlorvinphos in cattle
and rats. Tetrachlorvinphos itself is a reactive
oxon moiety that is able to react with proteins,
with greatest affinity for esterases. No data on
metabolism in humans were available. Data
were available for rats and dogs and showed rela-
tively complete metabolism of tetrachlorvinphos
through cytochrome P450, demethylation, and
hydrolytic degradation. Urine is the primary
route of elimination for tetrachlorvinphos,
as established from studies in rats and cattle.
Primary excreted metabolites are desmethyl tetra-
chlorvinphos, 1-(2,4,5-trichlorophenyl)ethanol,
1-(2,4,5-trichlorophenyl)ethane-1,2-diol,and2,4,5-
trichloromandelic acid.

With respect to the key characteristics of
human carcinogens, adequate data were avail-
able to evaluate whether tetrachlorvinphos is
genotoxic, modulates receptor-mediated events,
and alters cell proliferation, cell death or nutrient
supply.

The evidence is moderate that tetrachlor-
vinphos is genotoxic. The overall database is
sparse but consistent. The evidence includes
chromosomal damage in one in-vivo study in
mice treated by intraperitoneal and oral, but not
dermal, routes of exposure, two in-vitro studies
in rodents, and one in-vitro study in human
lymphocytes. Studies of gene mutation in bacteria
gave clearly negative results in the presence or
absence of metabolic activation.

The evidence is weak that tetrachlorvinphos
modulates receptor-mediated effects. A well-
established mechanism for the neurotoxic effects



Tetrachlorvinphos

of tetrachlorvinphos is inhibitory binding to
acetylcholinesterase. The relevance of these
effects to carcinogenesis is not clear. In animals
in vivo, no effect was seen on thyroid hormones,
although tetrachlorvinphos reduced iodine
uptake in rats. In vitro, tetrachlorvinphos was
not an agonist of the aryl hydrocarbon receptor,
or mouse peroxisome proliferator activated
receptors a and gamma. In human cells in vitro,
tetrachlorvinphos interacted with multiple
nuclear and other receptors, with mixed effects.

The evidence is moderate that tetrachlor-
vinphos alters cell proliferation in the mouse
kidney and biliary tract, and rat thyroid gland,
as demonstrated by hyperplasia.

No data were available to the Working Group
concerning susceptibility to cancer after expo-
sure to tetrachlorvinphos.

Overall, the mechanistic data are unin-
formative for carcinogenicity related to
tetrachlorvinphos.

6. Evaluation

6.1 Cancer in humans

There is inadequate evidence in humans for
the carcinogenicity of tetrachlorvinphos.

6.2 Cancer in experimental animals

There is sufficient evidence in experi-
mental animals for the carcinogenicity of
tetrachlorvinphos.

6.3 Overall evaluation

Tetrachlorvinphos is possibly carcinogenic to
humans (Group 2B).

References

Akhtar MH, Foster TS (1980a). Fate of tetrachlorvinphos
and its isomer in soluble fraction (105000g) from goose
and turkey liver homogenates. J Agric Food Chem,
28(4):693-7. doi:10.1021/jf60230a008 PMID:7462486

Akhtar MH, Foster TS (1980b). Metabolism and excretion
of tetrachlorvinphos in dairy cows. ] Agric Food Chem,
28(4):698-704. d0i:10.1021/jf60230a009 PMID:7462487

Akintonwa DAA, Hutson DH (1967). Metabolism of
2-chloro-1-(2,4,5-trichlorophenyl)  vinyl dimethyl
phosphate in the dog and rat. | Agric Food Chem,
15(4):632-7. doi:10.1021/jf601522034

Amer SM, Aly FA (1992). Cytogenetic effects of pesticides.
IV. Cytogenetic effects of the insecticides Gardona and
Dursban. Mutat Res, 279(3):165-70. d0i:10.1016/0165-
1218(92)90063-6 PMID:1377331

Amer SM, Fahmy MA (1983). Cytogenetic effects of
pesticides. II. Induction of micronuclei in mouse
bone marrow by the insecticide gardona. Mutat Res,
117(3-4):329-36. doi:10.1016/0165-1218(83)90132-5
PMID:6855789

Amer SM, Mikhael E (1983). Cytological effects of the
insecticide tetrachlorvinphos. Toxicol Lett, 18(3):231-4.
doi:10.1016/0378-4274(83)90098-X PMID:6665795

Bartsch H, Malaveille C, Camus AM, Martel-Planche G,
Brun G, Hautefeuille A, et al. (1980). Validation and
comparative studies on 180 chemicals with S. typh-
imurium strains and V79 Chinese hamster cells in
the presence of various metabolizing systems. Mutat
Res, 76(1):1-50. doi:10.1016/0165-1110(80)90002-0
PMID:6993936

Beceiro-Gonzalez E, Concha-Grana E, Guimaraes A,
Gongalves C, Muniategui-Lorenzo S, Alpendurada MF
(2007). Optimisation and validation of a solid-phase
microextraction method for simultaneous determi-
nation of different types of pesticides in water by gas
chromatography-mass spectrometry. | Chromatogr
A, 1141(2):165-73. doi:10.1016/j.chroma.2006.12.042
PMID:17204271

Berger ], Valdez S, Puschner B, Leutenegger CM,
Gardner IA, Madigan JE (2008). Effects of oral tetra-
chlorvinphos fly control (Equitrol) administration in
horses: physiological and behavioural findings. Vet Res
Commun, 32(1):75-92. doi:10.1007/s11259-007-9004-z
PMID:17522960

Beynon KI, Hutson DH, Wright AN (1973). The
metabolism and degradation of vinyl phosphate insec-
ticides. Residue Rev, 47:55-142. do0i:10.1007/978-1-
4615-8488-9 2 PMID:4585120

Bojadziev SB, Manolov KG (1975). On the mechanism of
some organophosphorus compounds influence on the
functional state of the rat thyroid. Agressologie, 16 Spec
No C:67-72. PMID:1232837

445


http://dx.doi.org/10.1021/jf60230a008
http://www.ncbi.nlm.nih.gov/pubmed/7462486
http://dx.doi.org/10.1021/jf60230a009
http://www.ncbi.nlm.nih.gov/pubmed/7462487
http://dx.doi.org/10.1021/jf60152a034
http://dx.doi.org/10.1016/0165-1218(92)90063-6
http://dx.doi.org/10.1016/0165-1218(92)90063-6
http://www.ncbi.nlm.nih.gov/pubmed/1377331
http://dx.doi.org/10.1016/0165-1218(83)90132-5
http://www.ncbi.nlm.nih.gov/pubmed/6855789
http://dx.doi.org/10.1016/0378-4274(83)90098-X
http://www.ncbi.nlm.nih.gov/pubmed/6665795
http://dx.doi.org/10.1016/0165-1110(80)90002-0
http://www.ncbi.nlm.nih.gov/pubmed/6993936
http://dx.doi.org/10.1016/j.chroma.2006.12.042
http://www.ncbi.nlm.nih.gov/pubmed/17204271
http://dx.doi.org/10.1007/s11259-007-9004-z
http://www.ncbi.nlm.nih.gov/pubmed/17522960
http://dx.doi.org/10.1007/978-1-4615-8488-9_2
http://dx.doi.org/10.1007/978-1-4615-8488-9_2
http://www.ncbi.nlm.nih.gov/pubmed/4585120
http://www.ncbi.nlm.nih.gov/pubmed/1232837

IARC MONOGRAPHS - 112

Bravo R, Caltabiano LM, Weerasekera G, Whitehead RD,
Fernandez C, Needham LL, et al. (2004). Measurement
of dialkyl phosphate metabolites of organophosphorus
pesticides in human urine using lyophilization with
gas chromatography-tandem mass spectrometry and
isotope dilution quantification. ] Expo Anal Environ
Epidemiol, 14(3):249-59. doi:10.1038/sj.jea.7500322
PMID:15141154

Brooks TM, Dean BJ, Hutson DH, Potter D (1982).
Microbial mutation studies with tetrachlorvinphos
(Gardona). Mutat Res, 105(4):211-21. d0i:10.1016/0165-
7992(82)90033-1 PMID:6752704

Brown LM, Blair A, Gibson R, Everett GD, Cantor KP,
Schuman LM, et al. (1990). Pesticide exposures and
other agricultural risk factors for leukemia among men
in Iowa and Minnesota. Cancer Res, 50(20):6585-91.
PMID:2208120

Cantor KP, Blair A, Everett G, Gibson R, Burmeister LF,
Brown LM, et al. (1992). Pesticides and other agricul-
tural risk factors for non-Hodgkin’s lymphoma among
men in Iowa and Minnesota. Cancer Res, 52(9):2447-
55. PMID:1568215

ChemIDplus  (2015).  Tetrachlorvinphos. = ToxNet
Toxicology Data Network. Bethesda (MD): United
States National Library of Medicine. Available from:
http://chem.sis.nlm.nih.gov/chemidplus/name/
tetrachlorvinfos, accessed 8 January 2016.

Codex Alimentarius (2015). Tetrachlorvinphos. In:
Pesticide database. Codex Alimentarius, International
Food Standards. Available from: http:/www.
codexalimentarius.org/standards/pestres/search/en/,

Dean BJ (1972). The mutagenic effects of organophos-
phorus pesticides on micro-organisms. Arch Toxikol,
30(1):67-74. d0i:10.1007/BF00605275 PMID:4566919

Delescluse C, Ledirac N, de Sousa G, Pralavorio M, Lesca
P, Rahmani R (1998). Cytotoxic effects and induction of
cytochromes P450 1A1/2 by insecticides, in hepatic or
epidermal cells: binding capability to the Ah receptor.
Toxicol Lett, 96-97(1-2):33-9. doi:10.1016/S0378-
4274(98)00047-2 PMID:9820645

EPA (1988). Peer review of Gardona. Memorandum.
Washington (DC): United States Environmental
Protection Agency, Office of Pesticides and Toxic
Substances.

EPA (1994). Peer review of Tompkins CE, 1991. One-year
oral (capsule) toxicity study in dogs with Rabon.
MRID 42679401. Washington (DC): United States
Environmental Protection Agency, Office of Pesticides
and Toxic Substances. Available from https://archive.
epa.gov/pesticides/chemicalsearch/chemical/foia/web/
pdf/083701/083701-028.pdf, accessed September 2015.

EPA (1995a). Reregistration eligibility decisions (R.E.D)
FACTS. Tetrachlorvinphos. Database. EPA 738-R-95-
036. Washington (DC): United States Environmental
Protection Agency. Available from: https://archive.epa.
gov/pesticides/reregistration/web/pdf/0321red.pdf,
accessed 22 November 2016.

EPA (1995b). Carcinogenicity peer review of Gardona
(2nd). 083701-030. Washington (DC): United States
Environmental Protection Agency, Office of Pesticides
and Toxic Substances. Available from: http:/www3.
epa.gov/pesticides/chem search/cleared reviews/

accessed 11 January 2016.

Crawford MJ, Hutson DH, King PA (1976). Metabolic
demethylation of the insecticide dimethylvinphos in
rats, in dogs, and in vitro. Xenobiotica, 6(12):745-62.
d0i:10.3109/00498257609151391 PMID:1007319

CTGB (2015). Tetrachlorvinphos. Ede, Netherlands:
College voor de toelating van gewasbeschermingsmid-
delen en biociden [Board for the Authorisation of Plant
Protection Products and Biocides]. Available from:
http://www.ctgb.nl/toelatingen/download-toegelaten-

csr PC-083701 6-Mar-95 030.pdf or http://archive.
epa.gov/pesticides/chemicalsearch/chemical/foia/web/
pdf/083701/083701-030.pdf, accessed 22 November
2016.

EPA (1995c). Peer review of Mulhern M et al., 1993;
Sprague-Dawley rat carcinogenicity study. MRID
429809-01. Washington (DC): United States
Environmental Protection Agency, Office of Pesticides
and Toxic Substances. Available from: http://archive.
epa.gov/pesticides/chemicalsearch/chemical/foia/web/

en-vervallen-middelen, accessed 5 March 2015.

Davis MK, Boone JS, Moran JE, Tyler JW, Chambers JE
(2008). Assessing intermittent pesticide exposure from
flea control collars containing the organophosphorus
insecticide tetrachlorvinphos. | Expo Sci Environ
Epidemiol, 18(6):564-70. doi:10.1038/sj.jes.7500647
PMID:18167506

De Roos AJ, Zahm SH, Cantor KP, Weisenburger DD,
Holmes FF, Burmeister LF, et al. (2003). Integrative
assessment of multiple pesticides as risk factors
for non-Hodgkin’s lymphoma among men. Occup
Environ Med, 60(9):E11. doi:10.1136/0em.60.9.el1
PMID:12937207

446

pdf/083701/083701-030.pdf.

EPA (1999). Pesticides industry sales and usage 1996 and
1997 market estimates. 733-R-99-001. Washington
(DC): United States Environmental Protection Agency,
Biological and Economic Analysis Division. Available
from: https://nepis.epa.gov/.

EPA (2000). Peer review of a dermal absorption study
in rats (MRID 42111501). Washington (DC): United
States Environmental Protection Agency. Available
from:  http://www.epa.gov/pesticides/chem search/
cleared reviews/csr PC-083701 7-Mar-02 a.pdf,
accessed September 2015.

EPA (2002a). Interim tolerance reassessment eligibility
decision and reregistration eligibility decision addenda
for tetrachlorvinphos (Case No. 0321). Washington



http://dx.doi.org/10.1038/sj.jea.7500322
http://www.ncbi.nlm.nih.gov/pubmed/15141154
http://dx.doi.org/10.1016/0165-7992(82)90033-1
http://dx.doi.org/10.1016/0165-7992(82)90033-1
http://www.ncbi.nlm.nih.gov/pubmed/6752704
http://www.ncbi.nlm.nih.gov/pubmed/2208120
http://www.ncbi.nlm.nih.gov/pubmed/1568215
http://chem.sis.nlm.nih.gov/chemidplus/name/tetrachlorvinfos
http://chem.sis.nlm.nih.gov/chemidplus/name/tetrachlorvinfos
http://www.codexalimentarius.org/standards/pestres/search/en/
http://www.codexalimentarius.org/standards/pestres/search/en/
http://dx.doi.org/10.3109/00498257609151391
http://www.ncbi.nlm.nih.gov/pubmed/1007319
http://www.ctgb.nl/toelatingen/download-toegelaten-en-vervallen-middelen
http://www.ctgb.nl/toelatingen/download-toegelaten-en-vervallen-middelen
http://dx.doi.org/10.1038/sj.jes.7500647
http://www.ncbi.nlm.nih.gov/pubmed/18167506
http://dx.doi.org/10.1136/oem.60.9.e11
http://www.ncbi.nlm.nih.gov/pubmed/12937207
http://dx.doi.org/10.1007/BF00605275
http://www.ncbi.nlm.nih.gov/pubmed/4566919
http://dx.doi.org/10.1016/S0378-4274(98)00047-2
http://dx.doi.org/10.1016/S0378-4274(98)00047-2
http://www.ncbi.nlm.nih.gov/pubmed/9820645
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-028.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-028.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-028.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/0321red.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/0321red.pdf
http://www3.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-083701_6-Mar-95_030.pdf
http://www3.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-083701_6-Mar-95_030.pdf
http://www3.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-083701_6-Mar-95_030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
http://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-030.pdf
https://nepis.epa.gov/
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-083701_7-Mar-02_a.pdf
http://www.epa.gov/pesticides/chem_search/cleared_reviews/csr_PC-083701_7-Mar-02_a.pdf

Tetrachlorvinphos

(DC): United States Environmental Protection Agency,
Office of Prevention, Pesticides, and Toxic Substances.
Available from: https://archive.epa.gov/pesticides/
reregistration/web/pdf/tcvp tred.pdf, accessed 22
November 2016.

EPA (2002b). Peer review of chromosomal aberration
study, MRID 41312901. Washington (DC): United
States Environmental Protection Agency. Available
from: https://archive.epa.gov/pesticides/reregistration/
web/pdf/tcvp tred.pdf, accessed 22 November 2016.

EPA (2002c). Peer review of subchronic feeding study in
rats, MRID 43371201. Washington (DC): United States
Environmental Protection Agency. Available from:
https://archive.epa.gov/pesticides/reregistration/web/
pdf/tcvp_tred.pdf, accessed 22 November 2016.

EPA (2002d). Peer review of a 21-day oral toxicity study in
rats, MRID 45570601. Washington (DC): United States
Environmental Protection Agency. Available from:
https://archive.epa.gov/pesticides/chemicalsearch/
chemical/foia/web/pdf/083701/083701-2002-03-07a.
pdf, accessed 22 November 2016.

EPA (2005). Oral (gavage) developmental neurotox-
icity study of tetrachlorvinphos in Crl:CD ® (SD)IGS
BR VAF/Plus * rats. Author, Barnet JE. Laboratory
Project ID: CR-DDS Argus Protocol Number:
1608-003, MRID 46660601. Peer reviewed by EPA.
Washington (DC): United States Environmental
Protection Agency. Available from: https://archive.
epa.gov/pesticides/chemicalsearch/chemical/foia/
web/pdf/083701/083701-2002-03-07a.pdf, accessed 22
November 2016.

EPA (2006). Reregistration eligibility decision for tetra-
chlorvinphos (TCVP). Washington (DC): United
States Environmental Protection Agency. Available
from: https://archive.epa.gov/pesticides/reregistration/
web/pdf/tcvp red.pdf, accessed 22 November 2016.

EPA  (2007). Method 8141B: organophosphorus
compounds by gas chromatography (revision 2). Test
methods for evaluating solid waste, physical/chemical
methods. SW-846. Final update IV. Washington (DC):
Office of Resource Conservation and Recovery, United
States Environmental Protection Agency.

EPA (2015a). Interactive Chemical Safety for Sustainability
(iCSS) Dashboard. Available from: http://actor.epa.
gov/dashboard/, accessed September 2015.

EPA (2015b). Toxicity Forecaster (ToxCastTM) Data.
Washington (DC): United States Environmental
Protection Agency. Available from: http://www.epa.
gov/chemical-research/toxicity-forecaster-toxcasttm-
data, accessed 26 November 2015. Online database.

European Commission (1991). Council Directive of 15 July
1991 concerning the placing of plant protection prod-
ucts on the market (91/414/EEC). Official Journal of
the European Communities, No. L230/1-32. Available
from: http://eur-lex.europa.eu/legal-content/ EN/TXT/

PDF/?2uri=CELEX:319911.0414&from=EN, accessed 18
February 2016.

Fillion], Sauvé F, SelwynJ (2000). Multiresidue method for
the determination of residues of 251 pesticides in fruits
and vegetables by gas chromatography/mass spectrom-
etry and liquid chromatography with fluorescence
detection. ] AOAC Int, 83(3):698-713. PMID:10868594

Gutenmann WH, Lisk DJ, St John LE Jr (1971). Metabolic
studies with Gardona insecticide in the dairy cow.
J Agric Food Chem, 19(6):1259-60. doi:10.1021/
jf60178a037 PMID:5132658

Haider S, Upadhyaya N (1986). Effect of commercial
formulation of four organophosphorus insecticides
on the LH-induced germinal vesicle breakdown in
the oocytes of a freshwater teleost, Mystus vittatus
(Bloch)-apreliminaryinvitro study. Ecotoxicol Environ
Saf, 12(2):161-5. doi:10.1016/0147-6513(86)90053-9
PMID:3792268

Hansch C, Leo A, Hoekman D (1995). Exploring QSAR
- hydrophobic, electronic, and steric constants.
Washington (DC): American Chemical Society; p. 68.

Hoar SK, Blair A, Holmes FF, Boysen CD, Robel R]J,
Hoover R, et al. (1986). Agricultural herbicide use
and risk of lymphoma and soft-tissue sarcoma. JAMA,
256(9):1141-7. do0i:10.1001/jama.1986.03380090081023
PMID:3801091

HutsonDH, Pickering BA, Donninger C(1972). Phosphoric
acid triester glutathione alkyltransferase. A mechanism
for the detoxification of dimethyl phosphate triesters.
Biochem J, 127(1):285-93. PMID:5073748

IARC (1983). Tetrachlorvinphos. In: Miscellaneous
pesticides. IARC Monogr Eval Carcinog Risk Chem
Hum, 30:197-206. Available from: http://monographs.
iarc.fr/ENG/Monographs/voll-42/mono30.pdf
PMID:6578175

IARC (1987). Overall evaluations of carcinogenicity: an
updating of IJARC Monographs volumes 1 to 42. IARC
Monogr Eval Carcinog Risks Hum Suppl, 7:1-440.
Available  from:  http://monographs.iarc.fr/ENG/
Monographs/suppl7/index.php PMID:3482203

IARC (2014). Table 1. Key characteristics of carcin-
ogens. In: Section 4. Mechanistic and other data.
Instructions for authors. Lyon, France: International
Agency for Research on Cancer. Available from:
http://monographs.iarc.fr/ENG/Preamble/previous/
Instructions to Authors S4.pdf.

Karanth S, Holbrook T, MacAllister C, Pope CN (2008).
Selective inhibition of butyrylcholinesterase in vivo
in horses by the feed-through larvacide Equitrol.
Regul Toxicol Pharmacol, 50(2):200-5. doi:10.1016/j.
yrtph.2007.11.006 PMID:18166255

Kavlock R, Chandler K, Houck K, Hunter S, Judson
R, Kleinstreuer N, et al. (2012). Update on EPA’s
ToxCast program: providing high throughput decision
support tools for chemical risk management. Chem

447


https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_tred.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/chemicalsearch/chemical/foia/web/pdf/083701/083701-2002-03-07a.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_red.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/tcvp_red.pdf
http://actor.epa.gov/dashboard/
http://actor.epa.gov/dashboard/
http://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-
http://www.epa.gov/chemical-research/toxicity-forecaster-toxcasttm-
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31991L0414&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:31991L0414&from=EN
http://www.ncbi.nlm.nih.gov/pubmed/10868594
http://dx.doi.org/10.1021/jf60178a037
http://dx.doi.org/10.1021/jf60178a037
http://www.ncbi.nlm.nih.gov/pubmed/5132658
http://dx.doi.org/10.1016/0147-6513(86)90053-9
http://www.ncbi.nlm.nih.gov/pubmed/3792268
http://dx.doi.org/10.1001/jama.1986.03380090081023
http://www.ncbi.nlm.nih.gov/pubmed/3801091
http://www.ncbi.nlm.nih.gov/pubmed/5073748
http://monographs.iarc.fr/ENG/Monographs/vol1-42/mono30.pdf
http://monographs.iarc.fr/ENG/Monographs/vol1-42/mono30.pdf
http://www.ncbi.nlm.nih.gov/pubmed/6578175
http://monographs.iarc.fr/ENG/Monographs/suppl7/index.php
http://monographs.iarc.fr/ENG/Monographs/suppl7/index.php
http://www.ncbi.nlm.nih.gov/pubmed/3482203
http://monographs.iarc.fr/ENG/Preamble/previous/Instructions_to_Authors_S4.pdf
http://monographs.iarc.fr/ENG/Preamble/previous/Instructions_to_Authors_S4.pdf
http://dx.doi.org/10.1016/j.yrtph.2007.11.006
http://dx.doi.org/10.1016/j.yrtph.2007.11.006
http://www.ncbi.nlm.nih.gov/pubmed/18166255

IARC MONOGRAPHS - 112

Res Toxicol, 25(7):1287-302. doi:10.1021/tx3000939
PMID:22519603

Kojima H, Katsura E, Takeuchi S, Niiyama K, Kobayashi
K (2004). Screening for estrogen and androgen receptor
activities in 200 pesticides by in vitro reporter gene
assays using Chinese hamster ovary cells. Environ
Health Perspect, 112(5):524-31. doi:10.1289/ehp.6649
PMID:15064155

Kojima H, Takeuchi S, Nagai T (2010). Endocrine-
disrupting potential of pesticides via nuclear receptors
and aryl hydrocarbon receptor ] Health Sci, 56(4):374—-
86. doi:10.1248/jhs.56.374

Kurinnyi AJ, Pilinskaia MA (1977). [Cytogenetic activity
of the pesticides phthalophos, chlorophos and gardona
in a culture of human lymphocytes.] Genetika,
13(2):337-9. PMID:892431

Martin MT, Dix DJ, Judson RS, Kavlock RJ, Reif DM,
Richard AM, et al. (2010). Impact of environmental
chemicals on key transcription regulators and correl-
ation to toxicity end points within EPA’s ToxCast
program. Chem Res Toxicol, 23(3):578-90. doi:10.1021/
tx900325¢ PMID:20143881

Ministere de I’Agriculture et de la Forét (2015).
Tetrachlorvinphos. Available from: http://e-phy.
agriculture.gouv.fr, accessed 5 March 2015.

Moriya M, Ohta T, Watanabe K, Miyazawa T, Kato K,
ShirasuY (1983). Further mutagenicity studies on pesti-
cides in bacterial reversion assay systems. Mutat Res,
116(3-4):185-216.  d0i:10.1016/0165-1218(83)90059-9
PMID:6339892

Moroi K, Kuga T (1982). Dual effects of tetrachlorvinphos
on procaine toxicity and procainesterase activity
in rats. Jpn J Pharmacol, 32(1):109-20. doi:10.1254/
jip.32.109 PMID:7087253

Moroi K, Ushiyama S, Satoh T, Kuga T (1976). Enzyme
induction by repeated adminstration of tetrachlor-
vinphos in rats. Toxicol Appl Pharmacol, 37(2):377-86.
doi:10.1016/0041-008X(76)90101-0 PMID:982459

Nayudu PL, Kiesel PS, Nowshari MA, Hodges JK
(1994). Abnormal in vitro development of ovarian
follicles explanted from mice exposed to tetrachlor-
vinphos. Reprod Toxicol, 8(3):261-8. doi:10.1016/0890-
6238(94)90010-8 PMID:8075515

NCBI (2015). Tetrachlovinphos. PubChem Compound
Database. Compound summary for CID 5284462.
Bethesda (MD): National Center for Biotechnology
Information, United States National Library of
Medicine. Available from: http://pubchem.ncbi.
nlm.nih.gov/summary/summary.cgi?cid=5284462,
accessed 5 March 2015.

NIH (2015). Tetrachlovinphos. Hazardous Substances
Data Bank. Bethesda (MD): United States National
Library of Medicine, National Institutes of Health.

Available from: http:/toxnet.nlm.nih.gov/newtoxnet/
hsdb.htm, accessed 11 January 2016.

448

NPIRS (2015). National Pesticide Information Retrieval
System, West Lafayette (IN): Purdue University Center
for Environmental and Regulatory Information
Systems. Available from: http://npirspublic.ceris.
purdue.edu/ppis/, accessed 29 January 2015.

NTP (1978). Bioassay of tetrachlorvinphos for possible
carcinogenicity. Natl Cancer Inst Carcinog Tech
Rep Ser, 33:1-110. Available from: http://ntp.niehs.
nih.gov/results/pubs/longterm/reports/longterm/
abstracts99/tr033/index.html, accessed 31 January
2015. PMID:12844174

OECD (2009). The 2007 OECD list of high production
volume chemicals. Series on testing and assess-
ment No. 112. OECD Environment, Health and
Safety Publications. ENV/IM/MONO(2009)40.
Paris: Organisation for Economic Co-operation and
Development.

Ogawa Y, Suzuki S, Takada K, Sai K, Kamata E, Umemura
T, etal. (1990). [Twenty-eight-day repeated dose toxicity
test for tetrachlorvinphos in Wistar rat.] Eisei Shikenjo
Hokoku, 108(108):45-51. [Japanese] PMID:1364360

OSHA (2015). Rabon. Chemical sampling information.
Washington (DC): United States Department of Labor,
Occupational Health and Safety Administration.
Available from: https://www.osha.gov/dts/
chemicalsampling/data/CH_265460.html,  accessed
January 2016.

ParanjapeK, Gowariker V,Krishnamurthy VN, Gowariker
S (2015). The pesticide encyclopedia. Wallingford:
CABI International.

Parker CM, Van Gelder GA, Chai EY, Gellatly JBM,
Serota DG, Voelker RW, et al. (1985). Oncogenic eval-
uation of tetrachlorvinphos in the B6C3F1 mouse.
Fundam Appl Toxicol, 5(5):840-54. doi:10.1016/0272-
0590(85)90167-8 PMID:4065460

Quintero A, Caselles M]J, Ettiene G, de Colmenares
NG, Ramirez T, Medina D (2008). Monitoring of
organophosphorus pesticide residues in vegetables of
agricultural area in Venezuela. Bull Environ Contam
Toxicol, 81(4):393-6. doi:10.1007/s00128-008-9511-9
PMID:18766290

Quirds-Alcald L, Bradman A, Nishioka M, Harnly ME,
Hubbard A, McKone TE, et al. (2011). Pesticides in
house dust from urban and farmworker households
in California: an observational measurement study.
Environ Health, 10(1):19. doi:10.1186/1476-069X-10-19
PMID:21410986

Reif DM, Martin MT, Tan SW, Houck KA, Judson RS,
Richard AM, et al. (2010). Endocrine profiling and
prioritization of environmental chemicals using
ToxCast data. Environ Health Perspect, 118(12):1714-
20. doi:10.1289/ehp.1002180 PMID:20826373

Reif DM, Sypa M, Lock EF, Wright FA, Wilson A, Cathey
T, et al. (2013). ToxPi GUI: an interactive visualization
tool for transparent integration of data from diverse



http://dx.doi.org/10.1021/tx3000939
http://www.ncbi.nlm.nih.gov/pubmed/22519603
http://dx.doi.org/10.1289/ehp.6649
http://www.ncbi.nlm.nih.gov/pubmed/15064155
http://dx.doi.org/10.1248/jhs.56.374
http://www.ncbi.nlm.nih.gov/pubmed/892431
http://dx.doi.org/10.1021/tx900325g
http://dx.doi.org/10.1021/tx900325g
http://www.ncbi.nlm.nih.gov/pubmed/20143881
http://e-phy.agriculture.gouv.fr
http://e-phy.agriculture.gouv.fr
http://dx.doi.org/10.1016/0165-1218(83)90059-9
http://www.ncbi.nlm.nih.gov/pubmed/6339892
http://dx.doi.org/10.1254/jjp.32.109
http://dx.doi.org/10.1254/jjp.32.109
http://www.ncbi.nlm.nih.gov/pubmed/7087253
http://dx.doi.org/10.1016/0041-008X(76)90101-0
http://www.ncbi.nlm.nih.gov/pubmed/982459
http://dx.doi.org/10.1016/0890-6238(94)90010-8
http://dx.doi.org/10.1016/0890-6238(94)90010-8
http://www.ncbi.nlm.nih.gov/pubmed/8075515
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5284462
http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=5284462
http://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm
http://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm
http://npirspublic.ceris.purdue.edu/ppis/
http://npirspublic.ceris.purdue.edu/ppis/
http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/abstracts99/tr033/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/abstracts99/tr033/index.html
http://ntp.niehs.nih.gov/results/pubs/longterm/reports/longterm/abstracts99/tr033/index.html
http://www.ncbi.nlm.nih.gov/pubmed/12844174
http://www.ncbi.nlm.nih.gov/pubmed/1364360
https://www.osha.gov/dts/chemicalsampling/data/CH_265460.html
https://www.osha.gov/dts/chemicalsampling/data/CH_265460.html
http://dx.doi.org/10.1016/0272-0590(85)90167-8
http://dx.doi.org/10.1016/0272-0590(85)90167-8
http://www.ncbi.nlm.nih.gov/pubmed/4065460
http://dx.doi.org/10.1007/s00128-008-9511-9
http://www.ncbi.nlm.nih.gov/pubmed/18766290
http://dx.doi.org/10.1186/1476-069X-10-19
http://www.ncbi.nlm.nih.gov/pubmed/21410986
http://dx.doi.org/10.1289/ehp.1002180
http://www.ncbi.nlm.nih.gov/pubmed/20826373

Tetrachlorvinphos

sources of evidence. Bioinformatics, 29(3):402-3.
d0i:10.1093/bioinformatics/bts686 PMID:23202747

Rider JA, Puletti EJ (1969). Studies on the anticho-
linesterase effects of Gardona, methyl parathion, and
gunthion in human subjects. (Abstract No. 1245) Fed
Proc, 28:479

Rotkin-Ellman M, Solomon G (2009). Poison on pets
II: Toxic chemicals in flea and tick collars. New York
(NY): Natural Resources Defense Council. NRDC
Issue Paper April 2009. Available from: http:/www.
nrdc.org/health/poisonsonpets/files/poisonsonpets.
pdf, accessed 18 February 2015.

Ruiz MJ, Marzin D (1997). Genotoxicity of six pesti-
cides by Salmonella mutagenicity test and SOS
chromotest. Mutat Res, 390(3):245-55. doi:10.1016/

Waddell BL, Zahm SH, Baris D, Weisenburger DD,
Holmes F, Burmeister LF, et al. (2001). Agricultural
use of organophosphate pesticides and the risk of
non-Hodgkin’s lymphoma among male farmers
(United States). Cancer Causes Control, 12(6):509-17.
doi:10.1023/A:1011293208949 PMID:11519759

Worthing CR, editor (1979). The Pesticide Manual.
A World Compendium. 6th ed. Croydon, United
Kingdom: British Crop Protection Council; p. 504.

Zahm SH, Weisenburger DD, Babbitt PA, Saal RC, Vaught
JB, Cantor KP, et al. (1990). A case-control study of
non-Hodgkin’slymphomaandtheherbicide2,4-dichlo-
rophenoxyacetic acid (2,4-D) in eastern Nebraska.
Epidemiology, 1(5):349-56.  d0i:10.1097/00001648-
199009000-00004 PMID:2078610

S1383-5718(97)00021-1 PMID:9186574

Settimi L, Costellati L, Naldi M, Bersani G, Olanda S,
Maiozzi P (1999). Mortality among workersinan Italian
cigarette factory. Occup Med (Lond), 49(6):361-4.
d0i:10.1093/occmed/49.6.361 PMID:10628042

Sipes NS, Martin MT, Kothiya P, Reif DM, Judson RS,
Richard AM, et al. (2013). Profiling 976 ToxCast chem-
icals across 331 enzymatic and receptor signaling
assays. Chem Res Toxicol, 26(6):878-95. doi:10.1021/
tx400021f PMID:23611293

Straif KS, Loomis D, Guyton KZ, Grosse Y, Lauby-
Secretan B, El Ghissassi F, et al. (2014). Future priorities
for the IARC Monographs. Lancet Oncol, 15(7):683-4.
doi:10.1016/S1470-2045(14)70168-8

Takeuchi S, Iida M, Yabushita H, Matsuda T, Kojima
H (2008). In vitro screening for aryl hydrocarbon
receptor agonistic activity in 200 pesticides using a
highly sensitive reporter cell line, DR-EcoScreen cells,
and in vivo mouse liver cytochrome P450-1A induc-
tion by propanil, diuron and linuron. Chemosphere,
74(1):155-65.  do0i:10.1016/j.chemosphere.2008.08.015
PMID:18835618

Takeuchi S, Matsuda T, Kobayashi S, Takahashi T,
Kojima H (2006). In vitro screening of 200 pesticides
for agonistic activity via mouse peroxisome prolifera-
tor-activated receptor (PPAR)alpha and PPARgamma
and quantitative analysis of in vivo induction pathway.
Toxicol Appl Pharmacol, 217(3):235-44. doi:10.1016/j.
taap.2006.08.011 PMID:17084873

TiceRR,AustinCP,KavlockR],BucherJR(2013).Improving
the human hazard characterization of chemicals: a
Tox21 update. Environ Health Perspect, 121(7):756-65.
doi:10.1289/ehp.1205784 PMID:23603828

Tomlin CDS, editor (2000). The pesticide manual: A
world compendium. 12th ed. Farnham: British Crop
Protection Council.

Vinggaard AM, Hnida C, Breinholt V, Larsen JC (2000).
Screening of selected pesticides for inhibition of
CYP19 aromatase activity in vitro. Toxicol In Vitro,
14(3):227-34. doi:10.1016/S0887-2333(00)00018-7
PMID:10806373

449


http://dx.doi.org/10.1093/bioinformatics/bts686
http://www.ncbi.nlm.nih.gov/pubmed/23202747
http://www.nrdc.org/health/poisonsonpets/files/poisonsonpets.pdf
http://www.nrdc.org/health/poisonsonpets/files/poisonsonpets.pdf
http://www.nrdc.org/health/poisonsonpets/files/poisonsonpets.pdf
http://dx.doi.org/10.1016/S1383-5718(97)00021-1
http://dx.doi.org/10.1016/S1383-5718(97)00021-1
http://www.ncbi.nlm.nih.gov/pubmed/9186574
http://dx.doi.org/10.1093/occmed/49.6.361
http://www.ncbi.nlm.nih.gov/pubmed/10628042
http://dx.doi.org/10.1021/tx400021f
http://dx.doi.org/10.1021/tx400021f
http://www.ncbi.nlm.nih.gov/pubmed/23611293
http://dx.doi.org/10.1016/S1470-2045(14)70168-8
http://dx.doi.org/10.1016/j.chemosphere.2008.08.015
http://www.ncbi.nlm.nih.gov/pubmed/18835618
http://dx.doi.org/10.1016/j.taap.2006.08.011
http://dx.doi.org/10.1016/j.taap.2006.08.011
http://www.ncbi.nlm.nih.gov/pubmed/17084873
http://dx.doi.org/10.1289/ehp.1205784
http://www.ncbi.nlm.nih.gov/pubmed/23603828
http://dx.doi.org/10.1016/S0887-2333(00)00018-7
http://www.ncbi.nlm.nih.gov/pubmed/10806373
http://dx.doi.org/10.1023/A:1011293208949
http://www.ncbi.nlm.nih.gov/pubmed/11519759
http://dx.doi.org/10.1097/00001648-199009000-00004
http://dx.doi.org/10.1097/00001648-199009000-00004
http://www.ncbi.nlm.nih.gov/pubmed/2078610

	Reference 87
	Reference 86
	Reference 85
	Reference 84
	Reference 83
	Reference 82
	Reference 81
	Reference 80
	Reference 79
	Reference 78
	Reference 77
	Reference 76
	Reference 75
	Reference 74
	Reference 73
	Reference 72
	Reference 71
	Reference 70
	Reference 69
	Reference 68
	Reference 67
	Reference 66
	Reference 65
	Reference 64
	Reference 63
	Reference 62
	Reference 61
	Reference 60
	Reference 59
	Reference 58
	Reference 57
	Reference 56
	Reference 55
	Reference 54
	Reference 53
	Reference 52
	Reference 51
	Reference 50
	Reference 49
	Reference 48
	Reference 47
	Reference 46
	Reference 45
	Reference 44
	Reference 43
	Reference 42
	Reference 41
	Reference 40
	Reference 39
	Reference 38
	Reference 37
	Reference 36
	Reference 35
	Reference 34
	Reference 33
	Reference 32
	Reference 31
	Reference 30
	Reference 29
	Reference 28
	Reference 27
	Reference 26
	Reference 25
	Reference 24
	Reference 23
	Reference 22
	Reference 21
	Reference 20
	Reference 19
	Reference 18
	Reference 17
	Reference 16
	Reference 15
	Reference 14
	Reference 13
	Reference 12
	Reference 11
	Reference 10
	Reference 9
	Reference 8
	Reference 7
	Reference 6
	Reference 5
	Reference 4
	Reference 3
	Reference 2
	Reference 1
	Table 001.001
	Table 002.001
	Table 003.001
	Table 003.002
	Figure 004.001
	Table 004.001
	Table 004.002
	Table 004.003
	Table 004.004
	Figure 004.002

