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INCLUSON OF CHEMICALSIN THE INTERIM PRIOR INFORMED CONSENT PROCEDURE
- REVIEW OF PROPOSALS FOR SEVERELY HAZARDOUS PESTICIDE FORMULATIONS

GRANOX TBC and SPINOX T

Note by the Secretariat

In September 2001 the Secretariat received proposas from the designated authority in Senegal concerning
two pesticide formulations found to be causing problems under conditions of use in that country. Inline
with Article 6 the proposals were verified as meeting the information requirements of part 1 of Annex IV
and summaries published in PIC Circular X1V (12 December 2001).

These proposas were brought to the attention of the eighth session of the Intergovernmental Negotiating
Committee (INC-8, October 2001 (UNEP/FAO/PIC/INC8/INF9). Delegationsto INC-8 were requested to
review the formulations and to submit to the Secretariat by 15 December 2001 any information they might
have in line with part 2 of Annex IV. A further request for the submission of this information was posted on
the Rotterdam Convention website (www.pic.int).

In aletter dated 25 October 2001 the Secretariat requested designated nationa authorities review the
formulations identified in the proposals and submit any information they might have available in line with
part 2 of Annex IV by 15 December 2001. The following organizations were aso invited provide such
information: Crop Life Internationd, the Pesticides Action Network UK (PAN UK), Pesticides Action
Network Africa (PAN Africa), the Sahaglian Pegticides Committee (CSP), the International Seed Treaters
Asociation (FISASSINSEL), the formulators in Senegal (Senchim AG and SP.I.A.) and the Peanut
Collaborative Research Support Program, a US AID sponsored project in West Africa
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4. Asof 7 January 2002, the Secretariat received replies from 16 designated nationa authoritiesin 14 countries
(Bhutan, China, Colombia, Costa Rica, Czech Republic, Estonia, Finland, Isradl, Democratic Republic of
Koreg, Latvia, Lesotho, New Zedand, Turkey, Zimbabwe), the European Commission and PAN Africa

() In dl cases the designated national authorities indicated thet the pesticide formulations Granox
T.B.C. and Spinox T were not registered in their countries.  Some designated national
authorities provided information on the registration status of the individua active ingredients
including a brief description of the relevant formulations and permitted uses.

(i) PAN Africa provided specific information on the formulations in the form of an article from the
publication Pesticides and Alternatives (No. 12 November 2000). A copy of thisaticleis
annexed to the present note.

5. Only very limited formulation specific information has been provided in response to the above noted
requests of the Secretariat. In the light of this and to facilitate the work of the Committee the Secretariat has
collected basic information on the physical chemical and toxicologica properties of the individua active
ingredients contained in these formulations. In addition aclassification of the hazard posed by these
formulations has been proposed using the gpproaches specified by the WHO in the WHO recommended
classification of pesticides by hazard and guidelines to classification 2000-2002.

6. Annexed to the present note is the formulation specific information submitted by PAN Africa, the proposed
hazard class of the pesticide formulations based on the WHO classification, as well as, the information
collected by the Secretariat on the individua active ingredients benomyl, carbofuran and thiram. The
information on the individua active ingredients includes the most recent toxicological evauation by the
FAO/WHO Joint Meeting on Pesticide Residues (IMPR), the pedticide data sheet and Internationd
Chemicd Safety Card available on the INCHEM database, aswell as, the rdlevant EXTOXNET Pedticide
Information Profile maintained by the United States Environmenta Protection Agency.

7. A copy of the correspondence submitted to the Secretariat in response to the above noted requests for
information has been sent to the chair of the inter-sessiona task group and is available from the Secretariat
on request. A complete st of this correspondence will be available at the third session of the Commiittee in
February 2002.
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ANNEX | — Countries where the designated national authority responded to the
request for information on the formulations Granox T.B.C. and Spinox T

As of 7 January 2002, the designated nationd auithorities in the following countries had replied to the request for

information of 25 October 2001.

Country/Organisation Date received
Bhutan 18 December 2001
Peop€ s Republic of China 19 December 2001
Colombia 26 November 2001 and 11 December 2001
Coga Rica 3 December 2001
Czech Republic 17 December 2001
Estonia 26 November 2001
Finland 6 December 2001
Israel 27 December 2001
RDA Republic of Korea 17 December 2001
Lavia 25 November 2001
Lesotho 18 December 2001
Mexico 20 December 2001
New Zedand 11 December 2001
Turquey 17 December 2001
Zimbabwe 8 December 2001
Europan Union 18 December 2001

A copy of the correspondence and attachments submitted to the Secretariat has been sent to the chair of the
inter-sessona task group on these two formulations and is available from the Secretariat on request. A
complete set of this correspondence will be available at the third session of the Committee in February 2002.
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ANNEX Il — Calculation of the toxicity of a pesticide formulation of: 15%
thiram, 7%benomyl and 10% carbofuran, on the basis of the WHO
recommended classification of pesticides by hazard and Guidelines to
classification 2000-2002

A- Excerpt from p.6 of WHO recommended dassification of pesticides by hazard and Guiddines to
classification 2000-2002:

NOTESON THE USE OF THE TABLESIN CLASSFICATION

()

4, It is not possible to include classification of mixtures of pesticidesin the guiddines very many of these
are marketed with varying concentrations of active congtituents. There are three possible approaches to the
classfication of mixtures —in order of preference:

(@) require the formulator to obtain religble acute ord and dermd toxicity data for rats on the actual mixture as
marketed;

(b) classify the formulation according to the most hazardous constituent of the mixture as if that congtituent was
present in the same concentration as the total concentration of al active condtituents;

(©) apply the formula: G + G + C = 100
Ta Tb Tz Tm

Where C=the % concentrations of constituent A, B, ...Z in the mixture
T=the ord LDs, values of congtituents A, B, ...Z
Tm= the ord LDso value of the mixture.

Theformulacan aso be used for dermal toxicities provided that this informetion is available on the same
species for dl constituents. The use of this formula does not take into account any potentiation or protective
phenomena

B- Application of the three possible goproaches to the classification of mixtures proposed in the WHO
recommended classification of pesticides by hazard and guiddines to classification 2000-2002 to a mixture of
thiram 15 %, carbofuran 10 % and benomyl 7 %.

Vauesfor LDs,are taken from the WHO recommended classification of pesticides by hazard and guidelinesto
classfication. and they are dl ord vaues.

(8 A request for additionda information on the formulations Granox TBC and Spinox T has been addressed to
the producers of these formuletions in Senegal. As of 7 January 2002, no reply has been received.

(b) Carbofuran is given as the most hazardous active ingredient in the mixture: it belongs to a hazard of class | b
(highly hazardous), with aLDso of 8 mg/kg.

The total concentration d all active ingredientsis 15%+10%+ 7%= 32%.

Reault:
A solid formulation made of 32% carbofuran (ora LD 50 8 mg/kg) corresponds to a class I b hazard
(highly hazardous) (see table A p.42 of the WHO recommended classification when the route is ora and
the formulation is solid).
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(c) Application of the formula:

Carbofuran (class Ib),highly hazardous.  LDs, 8 mg/kg

Thiram (class I11), dightly hazardous : L Ds, 560 mg/kg
Benomy! (unlikely to present hazard) : LDs>10 000 mg/kg
Reault:
10 + 5+ 7 = 1.277=100 T=78.28 (ord LDs, in mg/kg)
8 560 10000 Tm
(carbofuran)  (thiram) (benomyl)
The mixture corresponds to:

aclass || hazard (moderately hazardous) when the route isoral and the formulation is solid.
(seetable A p.42 of the WHO recommended classification when the route isoral and the formulation is
olid).

Cdculations are based on the following sections of the WHO recommended classification of pedticides by
hazard and Guidelines to classfication 2000-2002:

- p. 6: Notes on the use of the tables in classfication

- p.9: Entries and abbreviations used in the table

- p. 41: Annex — How to find the hazard class of aformulation

- p42: LDs, vaues and classification of formulations when the route is oral and the formulation solid
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ANNEX Il - Extract of the information specific to the formulations
Granox TBC and Spinox T submitted by PAN Africa.

During August 2000 in the Kolda region in Senegd, severd cases of illness characterised mainly by
dyspnea and oedema of the inferior limbs and of the face was observed. A joint investigetion of the
Searvice Nationd des Grandes endémies and the Ingtitut Pasteur of Dakar showed that signs and
symptoms suggested carbamate poisoning.

Copy of aticlein Pegticides & Alternatives, number 12 — November 2000 attached.
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New Cases of intoxication in Senegal

A myderious and tragic event
is teking place in the Region
of Kolda snce July 2000.
Severd farmers died there and
the exact causes of the
phenomenon ae ill
unknown. Ten victims were
recorded in the department of
Kolda, more precisdy in the
rurd community of Saré Bidii
(8 km from the city of Kolda).
There were ds0 6 victims in
the depatment of Sédhiou
(rurd  communities of Diana

Maary?, and Tankon).
According to medical
authorities, there might be
more  victims, for  rurd
population genedly refer to
traditiond or empiricd

treetments in the firs place
Others pdients presenting the
same sgns were recorded.

Agriculture  is  the  man
activity in the rurd
communities of Saré  Bidiji,
Diana Mday and Tankon.
The pessants dso devote
themsdves to livestock
faming. The man crops ae
groundnuts, millet, rice, maze
and niebé&. In these locdities,
groundnut  plants are tregted
with pesticdes. The
digribution  of  agriculturd
inputs and the phytosanitary
protection of seeds are in the
hands of a privaie company,
the SONAGRAINES. Mog of
the affected Vvillages ae
peopled by a mgority of
Peul3, goat from Sam Toulou,
which is essentidly pegled
by Manjague® but with a
srong presence of Peul. The
populations practice a

traditiond type of agriculture
with a limited use of mechines
andinputs.

The accidents ae firg
characterized by the period of
occurrence, for  they Al
coincided with the seedling of
groundnuts.  Furthermore, Al
the vicims had been in
contact with the treatment
powder, ie a icide
product cdled Granox®, which
is usd for the protection of
groundnut seadlings.
Secondly, dl the victims were
Peul famers, apat from one
who was a Manjague. Mogt of
them were men (14 of the 16
victims) and ther average age
was 30 years. they presented
the same dinicd sgns edema
in the face and inferior
members,  swdling of the
abdomen, cadiac pans and
respiratory difficulties
entaling degth within 3 days
Fndly, the vicims wee dl
vay ative in agriculturd
works and they were in charge
of  phytosanitary  protection
and seedling.

The nature of the clinica signs
and the fact that most of the
affected persons died suggests
a posoning by pedicides as it
was the case in 1996 in the

villages of Boucotte and
Kabrousse (Region of
Ziguinchor). The inves-
investigations thet were

caried out a the period made
it possbe to identfy
Fenitrothion as source of the
intoxiction. In the present
case, government authorities
st a team of epidemiologists
and toxicologigs in  the

8

concerned locdities in  order
to identify the causes of
intoxication. PAN Africa dso
undetook a misson  of
investigation in the region of
Kilda from 11 to 14
September 2000.  This misson
amed a edddlishing a link
between the poisonings and
pedticides.

FIELD INVESTIGATIONS

They consisted in interviews with
survivors and victims  relatives.
The invedigation were carried
out in the villages of Saré Bidii,
Mbadany and Saé Sara in the
depatment of Kolda. The village
of Samé Kanta was chosen due to
its easy accesshility for the
investigations in the department
of Sédhiou. The interviewers aso
tried to collect a maximum of
information on the villages that
they could not vist The
investigations  were  therefore
completed by interviews with
regiond and locd medicd
authorities and mangers of locd
organisms working the
agriculturd sector  (Regiond
Direction for the Protection of
Vegatables and
SONAGRAINES)

RESULTS
The main pegticides that re used
in these villages were provided
by the SONAGRAINES during
the distribution of seeds.

Proxopur ~ or  Firimiphos
methyl (which is no longer
usd) for the dignfection
of cdossd metdlic Sorage
fadlities ("seccos’)  and
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Product Active Substance | Chemical Group | Nature of the product Supplier
Actdlic Pirimiphos-methyl | Organo- Insecticide
(ULV) phosphorus
Baygon Propoxur Carbamate Insecticide
(ULV) SPIA
Sumithion Fenitrothion Organo- Insecticide, Acaricide
4% (DP) phosphorus SPIA
Phostoxin Phosphine Inorganic Insecticide,
(FUM) Compound Rodenticide
Finox T or Thiram15% + Carbamate Fungicide
Granox (DP) Benomyl 7% + Fungicide, Insecticide, | SPIA
Carbofuran 10% | Carbamate Acaricide, Nemdticide

powder for openar sorage
aress a a rate of 500g per
ton of stored product.

Fénitrothion 4% a a
rae of 500gton and

phosohine  for the
protection  of sed

stocks.

According to the
managers of the
SONAGRAINES,
Fenitrothion 1% was
replaced by
Fenitrothion 4% two
years a0  because
parastes have become
resgant to Fenitrothion
1%.

Granox for the
protection of seedlings
a arae of 100 grams
for 100 kg of seeds.

The product that were
provided by the DPV*
for the protection of
subssence crops did
not reech these villages.
According to the
Regiond Inspector of
the Protection of
Vegetables, they were
diverted by ome
Village Struggle

Committees  of  the
“reference villages’,
which are in charge of
rdaying the didribution
in the other villages

ThePhytosanitary
treat ment seeds
The woils ae nomdly
tresied in the presence of
SONAGRAINES agents.
Groundnuts  ae  trested
with the shdl. According to
the peasants, the products
ae vey toxic, for they
have to hold therr nose due
to the dsrong odor of the
product when they open the
dorage  fadiliies.  Granox
15% is didributed to
famers a a rae of 100g
for 100kg of seeds for the
protecion  of  seedlings
agangd granivorous  birds,
fungus and insects That
trestment concerns  husked
seeds. The seeds are treated
in the sower in order to
avoid  oconsumption by
human beangs and animds
or contamination of
utengls.

According to sved
pessants, the products that
were used this year ae

more toxic than those of
last yeer.

Safety and hygiene rules
arenot respected

According to the manager
of the secco of Saé Bidji,
the peasants are trained to
the utilization of Granox
and to hygiene and safety
rudes They <dhould not
manipulate  products  with
bae hands and they ae
dso supposed to  avoid
contact with wounds or
inhdation of the product by
having ther back to the
wind during manipulation,
to aod gmoking during
treetments or eating treated
seeds etc.

However, some pessants
edimated tha they were
not well prepared to the use
of pedicides This s
catanly the reason why
most of them do not respect
safety  indructions.  Only
one of the interviewed
pessants  protected  his
hands y binding them with
a used cloth piece. Peasants
work  without  protective
equipment. The dudies that
were  undeteken in  the
rurd communities of Saré
Bidi and Diana Mdahary



show that pessants have
dangerous  practices  that
might lead to intoxication.
Some of those practices can
be quoted here:

The consumption  of
seeds that were dready

trested with
Fenitrothion 4% ad
Phosphine This

heppened in the village
of Samé Kanté where a
former SONACOS
worker assets that the
chemicd products that
were used there are not
toxiic ad tha he
generdly CONSUMES
dready trested seeds .
The manager of the
SONAGRAINES  secco
in Saé Bidi has a
gmilar  behavior and,
when we asked him to
show us dready trested
seds he brougt a
basket of groundnuts
that were husked by his
wife in order to prepare
a med. Traces of the
product could be seen
on the shdls.

Many persons take ther
food with ther hands
which ae daned with
pesticides. Many
pessants use their hand
in order to mix powder
pegticides with seeds in
the sower. Other ones
ue a dick for that
pupose, but they use
ther hands in order to
release the disk of ther
sower. And yet, they do
not wash their hands
befae eding. Some
pessants dso  crunch

seds when they ae
working and, even if
those seeds have not
been treated the
pessat  hands might
have been in contact
with pedicides. Some
other pessants smoke
while tregting the seeds,
which can cause
intoxication. Even the
manager of the
SONAGRAINES
secco, who is in charge
of traning the peasants,
does not respect
hygiene rules We saw
him manipulaing seeds
for direct consumption
with his hands bedly
Soiled by the
Fenitrathion 4% sample
thaa he was jud
showing us. Pedticides
ae dso used for other
purposes, for instance
in the drugge agang
headlice, according to a
pessant of Samé Kanta.

Pegticides ae
ometimes  kept  within
the  habitaions and
even in places where
food reserves ae
docked. We met two
peasarts who used to
keep pedicides under
ther bed. One of them
presented symptoms  of
intoxication during  our
vist. Another one, who
d hed smilar
symptoms,  kept an
dready-open sachet of
Granox in a shoulder
drgp  into  which he
often plunged his hand,
for it catanly
contained other things

10
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Furthermore, sved
pessants showed
aready-open Granox
sechets and  declared
that they were gtored in
their houses.

The basc hygiene and
safety rules ae thus
ignored by the peasants
who do not dways redize
that their behavior might be
extremedly dangerous. Four
caes can be quoted to
illustrate this assessment.

1 The case of Saré Bidiji
(Region of Kilda). At
the beginning of the
rany se|son, some
children poured Granox
in a hive in order to kill
the bees and colled
honey. One of the
village inhabitants
auffered  from  chest
pans and respiraory
difficulties for severd
days  dfter having
consumed that honey.

2. The case of Samé
Kanta (Depatment of
Sé&dhiou.  The hedth
asSdant of the village
used the tray of a sower
in order to dSop the
ranwater  that was
flowing from his roof.
and yet the sower was
dready daned with
Granox. The assidant
redised a few minutes
later that drops fell
from the tray into his
mouth. He was aware
of the dager and
immediatdy went to
buy milk. He darted
feding chet pans and



respiraory difficulties

a that moment.

. The case of Saré Sara

(Region of Kolda). A
patient tha we met in
thet villagde informed
us that hid daughter one
prepared dready trested

4. seeds  without  being
awae of tha fact
When they took ther
med, her husband and
her presented the same
gymptoms. sweling  of
legs and stomach, chest
pans and respiratory
difficulties

CONCLUSON

The informaion tha we
collected in the villages of
Saré Bidji, Mbadany, Saré
Sara (Department of
Kolda) and Samé Kanta

11
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(Depatment  of  Sédhiou)
sarks off strong
presumptions  aout  the
exigence of a link between
pegticides (Thirame 15% +
Benomyl 7% + Carbofuran
10%, Fenitrothion,
Phosphine and  Propoxur)
and the myderious death
Cases.

Although the governmentd
Commisson did not
determine yet the causes of
these death ingtances, the
usng conditions of
pedicides show  grong
probebilities of
intoxication.

Study caried out by Henry
René Diouf

! This rurd community is
Stuated at 40 km from the
city of Kolda

2A locd variety of beans
3 Locd ethnic group
4idem

5 Thiram 15% + Benomyl
7% + Carbofuran 10%

6 Nationd Direction for the
Protection of Vegetables
7 A locd gtoragefacility
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ANNEX 1V: Trandation of the labe for the foomulations GRANOX T.B.C. and
SPINOX T
(Originds of thelabds, in French, will be available upon demand at the mesting)

GRANOX TB.C.

15.7.10

Thiram 15%
Benomyl 7%
Carbofuran 10%

Fungicide — Insecticide

SHELLED PEANUT SEED TREATMENT

DOSAGE for ¥4 ECTARE:

POISON
Distributed by SONAGRAINES
Campaign 1998-1999

Manufactured by
SENCHIM-AG
BP 21236 DAKAR SENEGAL

NET WEIGHT: 100g

PRECAUTIONS

1- Store out of reach of children and animals.

2- For application, use preferably tools not intended for cooking or for animals.

3 Do not apply this product where there are open wounds or cuts on hands.

4- Do not drink, eat or smoke during application avoid to bresth the dust during the mixing, apply with the
back to the wind.

5 Wash your hands and face carefully after application with water and soap.

6- Wash the tools used.

7- Do not eat the treated seeds.

Desgth hazard, even if the kin is removed

ANTIDOTE:
Atropine sulfate
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SPINOX T

Thiram 15%
Benomyl 7%
Carbofuran 10%

SHELLED PEANUT SEED TREATMENT

DOSAGE

1 bag of 100g for
- 25 kg il peanuts
- 40 kg mouth peanuts

PRECAUTIONS
SINOX is atoxic compound that requires the following precautions:

Store out of reach from children and animds.

If you do not have gloves, wrap your hands in plastic bags prior to mixing. Avoid handling this product
where there are open wounds or cuts on hands.

Do not drink, or smoke or eat during application.

Avoid to breath the dust during the mixing, apply with the back to the wind.

Wash carefully al the tools that have been used for mixing.

Never eat treated seeds even if they have been rinsed or if they are without skin

Net weight

100g. (SEE ICON) SPIA.
LOUGA Hat 65 Avenue Faidherbe
Industrid Zone B.P. 1806-Dakar

B.P.02

13
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ANNEX V — Information collected on the active ingredient
benomyl (CAS N.: 17804-35-2)

5.1- IMPR Review on benomyl — Excerpt from 1995 Report

5.2 Pesticide Data Sheet on benomyl (INCHEM database)

5.3 International Chemical Safety Cards on benomyl

(INCHEM database)

5.4 EXTOXNET Pesticide information Profile on benomyl
(USEPA website)

14
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ANNEX V — Information collected on the active ingredient benomyl

5.1- IMPR Review on benomyl — (Excerpt from 1995 Report)

TOXICOLOGY

Benomyl was evauated toxicologicdly by the Joint Medting in 1973, 1975, 1978 and 1983. In 1983 an
ADI of 0002 mgkg bw was established, after a review of data on the toxicity of carbendazim and
benomyl and incorporeting a highe-thannorma safety factor because of the paucity of data on
individud animas in many dudies The compound was reviewed by the present Medting within the
CCPR periodic review programme, with paticular atention to the recent Environmentd Hedth

Criteria monogragph on benomyl (EHC 148).

Benomyl is readily absorbed by animds after ord exposure and regpidly metabolized. It is
diminated in the faeces and excreted in the urine. Ninety eight per cent of the dose was excreted by 72
h after adminigretion. The tissue digribution showed no bioconcentretion. In rats, the metabolites
cabendazim and mehyl 5-hydroxybenzimidezol2-ylcarbamate (5-hydroxycarbendazim) were found
in the blood and in smal amounts in the testes and liver. The later compound was the main metabolite
in urine. A 50% wettable powder formulation was poorly absorbed via the dermd route by ras. After a
10-h exposure, less than 2% of asingle dose of 0.2 mg was excreted in the urine.

Benomyl has low acute toxicity, with an ord LDsg in ras of >10,000 mg/kg bw. The dinicd
sgns of toxicity dfter high sngle doses were generdly nontspecific. Testicular degeneration, with
necross of gemind epithdium and aspermatogeness, has been observed after Sngle doses in rats
(3100 mgkg bw ordly) and dogs (1.65 mglitre ar by inhdation). Wettable powder formulations
containing benomyl have been shown to be mildy irritating to rabbit skin and eyes and have adso
induced <kin sendtization reections in maximization tets The WHO has dassfied benomyl as
unlikely to present an acute hazard in normd use.

In a 90-day dudy, ras were given digary doses of 0, 100, 500 or 2500 ppm benamyl.
Increased liver weight was seen & 2500 ppm; the NOAEL was 500 ppm (50 mg/kg bw per day). Dogs
were given dietary doses of 0, 100, 500 or 2500 ppm benomyl for three months or two years and
rabbits were trested dermdly, five days per week for three weeks with 0, 50, 250, 500, 1000 or 5000
mg/kg bw per day. Hepatotoxicity was seen in the dogs but not in the rabbits effects on mde
reproductive organs were seen in both rabbits and dogs. The NOAEL was 500 ppm (equd to 13 mgkg
bw per day) in dogs, and 500 mg/kg bw per day in rabbits

In a two-year sudy, benomyl was adminigered in the diet to rats at 0, 100, 500 or 2500 ppm.
Benomyl was nat carcinogenic and showed no compound-reated effects at digtary levels up to and
induding 2500 ppm (equd to 109 mg/kg bw per day). In a two-year feeding study in mice a digtary
levels of O, 500, 1500 or 5000 ppm, benomyl caused liver tumours and a no-effect leve could not be
edablished for hepatocdlular neoplasms. Mde mice had decreased tedticular weights and thymic
arophy at 5000 ppm. The lowes digtary levd was equd to 64 mg/kg bw per day.

In rats trested by gavage for 62 days with 45 mg benomyl/kg bw per day, decressed testicular
and epididyma weight, reduced caudd sperm reserves and decreased spem  production, with
genadized disruption of al stages of spermatogeness were observed. After mating with untreated
femdes, no effect was seen on reproductive behaviour, weight of the semind vesicdes, sperm mohility,
or relaed reproductive hormones. The NOAEL was 15 mg/lkg bw per day. A lowering of mae fertility
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rates has been reported, but this effect was not seen conagtently. A single dose of 100 mg/kg bw or
more adminigtered to rats by gavage had effects 70 days after exposure which included decressed
testicular weight and arophy of the seminiferous tubules. The NOAEL was 50 mg/kg bw per day. In a
recent sdudy of reproductive toxicity, rats received dietary doses of 0, 100, 500, 3000 or 10 000 ppm
benomyl. The NOAEL was 500 ppm (equivdent to 37 mg/kg bw per day), on the bads of effects on
pup survivd and pup growth and on testicular changes. Fertility indices were not affected a digtary
levels up to 10,000 ppm.

In a sudy of devdopmenta toxicity, mice were exposed by gavage to benomyl a doses of 0O,
50, 100 or 200 mgkg bw per day on days 7-17 of gedaion. There was no indicaion of maternd
toxicty, but benomyl wes teratogenic a doses of 100 and 200 mg/kg bw per day and fetotoxic a 50
mg/kg bw per day. The mgor anormdities induded hydrocephdly, dleft paate, and limb defects. In
sudies of teratogenicity, pregnant rats were exposed to benomyl a doses up to and including 125
mg/lkg bw per day on days 716 of gedaion. Benomyl was teratogenic, the maor effects being
microphthalmia and hydrocephaly. The Meeting concluded that the NOAELSs in ras were 30 mgkg
bw per day for teratogenicity and fetotoxicity and 125 mgkg bw per day for maternd toxicity. In
rabbits, benomyl was not teratogenic a doses up to 180 mg/kg bw per day (the highest dose tested),
and no effect was seen on maternd toxicity or fetotoxicity at 90 mg/kg bw per day.

Benomyl has been adequaidy tested for genctoxicity in a range of assays. The Medting
conduded tha benomyl does not directly damage gendic maeid but does cause numerica
chromosomd changes both in vitro and in vivo as a result of its interference with the mitotic spindle
proteins.

In an epidemiologica dudy of workers exposad to benomyl, there was no reduction in fertility,
as indicated by the bith rates, among the study population. Spermatogenesis in the workers was not
examined. Cases of dermd sengtization to benomyl have been reported.

An ADI of 001 mgkg bw was established on the bass of the NOAEL of 13 mg/kg bw per
day in the twoyear sudy in dogs and applying a safety factor of 100. This ADI should be used when
assessing exposure to benomyl itsdf. Since the use of benomyl on crops gives rise to resdues of
carbendazim and since the ADI for carbendazim is lower than that which would be derived from the
data on benomyl, the Medting concluded that the intake of resdues in food should be compared with
the ADI of G-0.03 mg/kg bw for carbendazim.

A toxicologicd monogrgph was prepared, summarizing the deta received since the previous
evaduation and induding summearies from the previous monogrgph and monograph addenda

TOXICOLOGICAL EVALUATION

Levesthat cause no toxic effect

Mouse: <500 ppm, equd to <64 mg/kg bw per day (two-year sudy of toxicity and
carcinogenicity)
50 mg/kg bw per day (study of developmentd toxicity)
<50 mg/kg bw per day (fetotoxicity in a study of teratogenicity)

Rat: 2500 ppm, equd to 109 mg/kg bw per day (two-year study of toxicity and
carcinogenicity)
500 ppm, equivaent to 37 mg/kg bw per day (Sudy of reproductive toxicity)
30 mgkg bw per day (teratogenicity and fetotoxicity in a study of developmenta
toxidity)
125 mg/kg bw per day (maternd toxicity in astudy of developmentd toxicity)
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Rabbit: 180 mg/kg bw per day (sudy of developmentd toxicity)
90 mgkg bw per day (maernd toxicity and fetotoxicity in a sudy of deveopmentd
toxiaty)

Dog. 500 ppm, equd to 13 mg/kg bw per day (one-year study)

Edtimate of acceptable dally intake for humans

0-0.1 mgkg bw (benomyl)
0-0.03 mg/kg bw (carbendazim, with which residues of benomyl in food should be

compared)

Studies that would provide information vauable for the continued evduation of the compound

Further obsarvationsin humans

Toxicologicd criteriafor estimating guidance vaues for dietary and non-dietary exposureto
benomyl

Expoaure Rdevant route, Reaults, remarks
sudy type, species
Short-term (1:7days)  Oral, toxicity, rat LDsp >10 000 mgkg bw
Dermal, toxicity, LDso (50% wettable powder)
rabbit >10 000 mg/kg bw

Dermal, irritation,
r abhit

50% wettable powder - irritating

Ocular, irritation,
rabbit

50% wettable ponder - irritating

Dermal, sendtization,
guineapig

Pogtive in maximization test

Inhalation, toxicity, rat

LCso of 50% wettable powder
>4.01 mg/litreair

Mid-term Oral, 62 days, rat NOAEL =15 mgkg bw per day;

(1-26 weeks) reduced spermatogeness
Oral, devdopmental NOAEL =30 mgkg bw per day;
toxicity, rat fetotoxicity and teratogenicity

Longterm (> one
year)

Didary, two years
toxicity, dog

NOAEL =13 mgkg bw per day;
hepatotoxicity
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5.2- Pesticide Data Sheet on benomyl (INCHEM database)

WHO/FAO DATA SHEET ON PESTICIDESNo. 87
BENOMYL

It must be noted that the issue of a Data Sheet for a particular pesticide does nat imply
endorsement of the pesticide by WHO or FAO for any particular use, or exclude its use for
other purposes not sated. While the information provided is believed to be accurate according
to data available a the time when the sheet was compiled, neither WHO nor FAO are
responsible for any errors or omissions, or any consequences therefrom.

Theissue of thisdocument does Ce document ne congtitue pas une
not condtitute forma publication. [l ne doit faire publication.

It should not be I'objet d'aucun compte rendu ou
reviewed, abstracted or quoted résumé ni d'aucune citation sans
without the agreement of the I'autorisation de I'Organisation
Food and Agriculture des Nations Unies pour
Organization of the United I'’Alimentation et I'Agriculture
Nations or of the World Hedth ou de I'Organisation Mondide de
Organization. la Santé.

CLASSIFICATION:

Primary use: Systemic fungicide

Secondary use: Acaricide, mite ovicide

Chemicd group: Benzimidazole carbameate

1.0 GENERAL INFORMATION

1.1 COMMON NAME: Benomyl (ISO)
1.1.1 I dentity:
IUPAC chemicd name: Methyl 1-[(butylamino)carbonyl]-1H- benzimidezol-
2-ylcarbamate
CAS chemicd name: Carbamic acid, [1(butylamino)carbonyl] - 1H-
benzimidazok 2-yi] -, methyl ester.
CAS registry number: 17804-35-2
RTECS regisry number: DD6475000
Modecular formula: CiaH18N4Os
Rdative molecular mass: 290.3
Structurd formula:

Trade names and synonyms Benlate™ Tersarl’; Fungicide 1991; methyl -
(butylcarbamoy!)-2-benzimidazolecarbameate.

1.2 SYNOPSIS: Benomyl is a systemic, broad spectrum benzimidazole carbamate
fungicide. Acute toxicity islow, and there is no evidence of accumuletion. It isonly
mildly irritant to skin and eyes, but sengtizes skin. Foetotoxic and teratogenic effects
have been obsarved in laboratory animds following gavage adminigtration of high
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doses, but not following dietary exposure. Inhdation and oral exposure reduced
Spermatogenic activity in laboratory animals.

1.3 SELECTED PROPERTIES

1.3.1 Phydcal characteridics: A tancoloured odourless cryddline
solid which decomposes at 140 °C judt after mdting. Technica
benomy! is greater than 98% (w/w) pure.

1.3.2 Solubility: In weter a 25 °C and pH 5 its solubility is3.6 mg/L.
Soluble in severd organic solvents, especialy heptane and chloroform
(40 and 9.4 /100 g solvent a 25 °C respectivey).

1.3.3 Sability: Rgpidly hydrolysed in dilute agueous solutions and in
s0il to butyl isocyanate and the fungicide methyt2-benzimidazole
carbamate (carbendazim). Decomposed by strong acids and dkdis.
Sebleto light.

1.34 Vapour pressure Negligible (lessthen 5 x 10° Pa).

14 AGRICULTURE, HORTICULTURE AND FORESTRY
1.4.1 Common formulations: Wettable powder (50%) and oil disperson
(50%). In combination with other pesticides as a wettable powder (10-50%) or
asadust (6%0).
1.4.2 Pests mainly controlled: Controls awide range of fungal diseases of
fruits, nuts, vegetables, field crops, turf and ornamentals. Powdery mildew,
gople scab and grey mould fungus are well controlled. It is aso effective
agang mites.
1.4.3 Use pattern: Effective as a pre-harvest systemic fungicide, and as a post-
harvest dip or dust trestment for the protection of fruits, seeds and vegetables
in sorage. Compatible in mixtures with non-akaine pegticides.
1.4.4 Unintended effects Toxic to fish and to earthworms.

15 PUBLIC HEALTH PROGRAMMES: No recommended usage.

16 HOUSEHOLD USE:

1.6.1 Common formulations: Wettable powder (50%), wettable
powder (2%) in combination with other pesticides.

1.6.2 Pests mainly controlled: Powdery mildew, botrytis, fusarium
basd rot, black spot and blossom rot.

1.6.3 Use pattern: Asaspray application to ornamentas, domestic

fruit, trees and lawns. Application procedures and re-gpplication
intervas should be made according to manufacturers directions.
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20TOXICOLOGY AND RISKS
21 TOXICOLOGY - MAMMALS

2.1.1 Absorption route Benomyl isreadily absorbed after oral and inhdation
exposure, but much less fdlowing derma exposure.

2.1.2 Mode of action: Benomyl and its main metabolite carbendazim bind to
microtubuli, an essentid structure of dl cdls, thereby interfering with their
functions (cdl divison, intracdlular transports, etc.). Sdective toxicity of
benomyl is thought to be dueto its higher afinity for fungd as compared with
mammdian microtubuli.

213 Exaretion products Benomyl isdmost completely transformed and
excreted in the urine as methly(5-hydroxy- 1H-benzimidazok 2-yl) -carbamate
(5HBC) and to aless extent as carbendazim. 5HBC isthe mgjor metabolitein
milk.

214 Toxicty, Sngledose
Ord LDso Rt (M & F) ,, 10 000 mg/kg b.w. (peanut oil) Ret (M & F) ,, 10 000
mg/kg b.w. (agueous suspension of Benlate® 53%a.i.)

Dermal LDs, Rabbit (M & F) 10 000 mg/kg bw. (50% w.p.)

Inhaation LGy, - 4 hour exposure Rat >4.01 mg/L (50% w.p.) Dog >1.65
mg/L (50% w.p.) Ora adminigtration of benomyl to rats and inhaation
exposure to dogs caused teticular toxicity. Doses were >100 mg/kg and 1.65
mg/L for ord and inhaation exposure repectively.

Primary irritancy: Mild erythema was observed following gpplication of an
agueous suspenson of 25% benomyl to shaved guinea pig skin. Mild
conjunctivd irritation was observed in rabbit eyes following indtillation of 10
mg of adry powder formulaion (5 mg ai.) or 0.1 ml of an oil suspenson (10
mg ai.).

2.15 Toxicity, repeated doses

Oral Gavage sudiesin rats of various age showed that benomyl (,,200
mg/kg/day for 10 days and ,,45 mg/kg/day for about 80 days) caused reduced
perm count and various histopathological lesons of testes and epididymus
indicating disruption of dl stages of spermatogeness.

Inhaation Nose exposure of ratsto benomyl (6 hday for 90 days) caused
degeneration of olfactory epitelium at ,, 50 mg benomyl/m®.

Dermd: Skin exposure of rabhits to 50% benomyl formulation eguivaent to
1000 mg/kg (6 Wday, 5 daysiweek for 3 weeks) caused mild erythemaand
moderate desquamation of the sites of application. Tegticuler toxicity
(degeneration of spermatogenic eements) was observed a microscopic
examination. Benomyl was found to produce sengtization in guinea pigs.
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Cumulaion of compound: No evidence of cumulative resdues was seen in the
tissues of laboratory and domestic animds.

Cumulation of effects: No evidence of cumulative effects was obsarved in rats
following gavage, digtary or inhaation exposure.

2.1.6 Didary sudies

Short termt No signs of toxicity were observed in rats following 90 days
adminigtration of benomyl up to and induding 2500 mg/kg/diet. In a 90-day
study, beagle dogs received 0, 100, 500 and 2500 mg/kg/diet (up to 84 mglkg
b.w./day). Minor changesin dlinica chemigtry and some histopathol ogical
lesons observed, a the high dose leve only, were probably not dueto
benomyl.

Long term Administration of up to and incdluding 2500 mg/kg diet to rats for
two years was without adverse effect on growth, clinica chemigtry,
haematologic or histopathologic parameters. No adverse effects on cinicd
chemidtry parameters or haematologica indices were observed in mae and
femae CD-1 mice recaiving up to 5000 mg/kg/diet for two years. Compound
related changes were found in the absolute and relative liver weights for males
(highest dose) and femaes (up to and including 1500 mg/kg diet). Mae mice
had decreased testes weights and testes degeneration at the highest dose.

2.1.7 Supplementary sudies of toxicity:

Carcinogenicity: Rats were exposed up to 2500 mg/kg benomyl in the diet for
two yearsand no oncogenic effects were detected. Mice were exposed to O,
500, 1500 and 5000 mg/kg/diet for two years. The incidence of hepatocdlular
adenomeas and carcinomas in femae mice was increased in a dose-dependent
manner. In mae mice, the number of hepatoce lular adenomeas and carcinomas
were sgnificantly increased at 500 and 1500 mg/kg but not at 5000 mg/kg
dose. The increased number of lung dveolar carcinomas in mae mice was il
within the range of historica controls.

Teratogenicity. A mouse gavage study (0, 50, 100 and 200 mg/kg per day on
days 7 to 17 of gestation ) showed teratogenic effects e al dose levels.
Abnormdities induded; exencephdy, hydrocephaly, deft pdae,
hydronephrosis, polydactyly, dligodactyly, umbilical hernia, fused ribs, fused
vertebrae and short/kinky tail. Teratogenicity was dso observed in ara gavage
Sudy (0, 3, 10, 30, 62.5 and 125 mg/kg per day on days 7 to 16 of gedtation).
Maformations included, microphthalmia, anophthamia and hydrocephaly.

The NOEL was 30 mg/kg benomyl. In another study in rats the NOEL for
smilar teratogenic effects was found to be 31.2 mg/kg. In ara study aimed at
evauating the effects of low levels of benomyl as the pups aged the compound
was administered by gavage & dose levelsof 0, 15.6, and 31.2 mg/kg per day
from day 7 of gestation to day 15 of |actation). No teratogenicity was found
but testes weight was sgnificantly reduced in maes given 31.2 mglkg. A
further gavage study in rats produced smilar teratogenic effects a 62.4 mgkg
per day onday 7 - 21 of gestation. The incidence of these effects increased
when a semipurified protein- deficient diet was given together with the same
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level of benomyl. Some maformations (primarily hydrocephdy) aso appeared
at the lower dose when the same diet was provided.

Reproductiort No adverse effect was observed in athree generation
reproduction study with ChR-CD rats receiving 2500 mg/kg diet (the
maximum dose adminigtered). Pre-pubertal exposure of Sprague-Dawley rats
to 10 daily gavage doses of 200 mg technica benomyl/kg b.w./day in ail hed

no effect on the time of puberty onset or on the sperm count & thet time.
However, the same regimen caused depression of the totd epididyma and vas
deferens sperm counts at doses of 200 or 400 mg/kg b.w./day in adult rats. At
the 400 mg/kg b.w./day dose the testes welghts were maintained but showed
evidence of hypospermatogenesis. Digtary adminigration of 1, 6.3 or 203
mg/kg (diet) for 70 days had no effect on reproductive behaviour of adult
Wider rats. Decreased g aculate sperm concentration was observed in the high
dose group and testes weights were decreased at dl doses. Both effects were
reversed during a 70 day recovery period. Permanent reductions were observed
in the size of testes and mde accessory glands in 100 day old offgpring of
Widar rat dams recaiving 31.2 mg benomyl/kg b.w./day on gestation day 7
through to day 15 of |actation. Reduced spermatogenic activity has been
reported in rats following acute inhaaion exposure, acute and sub-chronic ord
exposure and dogs following asingle four hour inhalation exposure (section
2.1.4).

Mutagenicity: In adominant letha mutation study adminigtration of upto 203
mg benomyl/kg/diet for 46-53 daysto Widar rats, or 2500 mg/kg/diet for 7
days to ChR-CD ras did not induce mutations. Intrgperitonedl adminisiration
of 2000 mg benomyl/kg b.w. to rats induced mitotic arrest in bone-marrow
cdlswithin four hours of dosing. Serum from these rats collected 30 minutes
after dosing was cytotoxic to mammdian cdl lines in vitro. Oraly
administered doses of 1000 mg/kg b.w. did not affect the bone marrow, and the
serum was only weskly cytotoxic. Benomyl was not mutagenic in Escherichia
coli WP2 her, or Salmonella typhimurium, nor in mitotic gene converson
sudiesin Saccharomyces cerevisiae, but was amitotic spindle poison in
Aspergillus nidulans.

2.2 TOXICOLOGY - MAN

2.2.1 Absorption route No specific information published but animd data
suggest rapid absorption from the gastro- intestinal tract, and by the inhaation
route. Benomyl is probably absorbed only dowly through intact skin.

2.2.2 Dangerous doses
Snde: No published information available

Repeated No published information avalleble

2.2.3 Observations on occupationally exposad workers: No inedvertent
poisoning of agricultura or forestry workers has been documented. Benomyl
caused contact dermatitis and dermd sengitization in some farm workers.
Cross-sengtization between benomyl and other pesticides such as diazinon,
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deconil, saturon and 2-bordeaux has been reported. Blood profiles from
workersinvolved in the manufacture of benomyl were not different from those
of acontrol group of workers. Workers exposed for 1-95 months during
benomyl manufacture were examined for reproduction performance. There was
no reduction in fertility as shown by the birth rates, which were generdly

higher than those of the control populations.

2.24 Observations on exposure of the general population: No published
information available. With good agriculturd practice, exposure of the public
to hazardous quantities of benomyl isunlikely.

2.25 Observations on volunteers: No published information available.

2.2.6 Reported mishaps: None reported.

23 TOXICITY - NON-MAMMALIAN SPECIES

231Figh:
LCs (96 hour): Carp 7.5 mg/L
Fathead minnow 2.2 mg/L
Bluegill 1.3 mg/L
Rainbow trout 0.17 mg/L
Channd catfish 0.031 mg/L
232 Birds:

LGy (5 days) . Mdlard duck > 10 000 mg/kg diet

Bobwhite quail > 10 000 mg/kg diet
Body weight gain, feed consumption and egg production in Leghorn hens were
unaffected by 25 mg benomyl/kg diet (as Benlate® 50% w.p.) for 28 days. No
residues were found in the fat or breast tissue. A low concentration of the
methyl 5-hydroxy-metabolite wasfound in the eggs during exposure, but not 7
days after cessation of exposure.

2.3.3 Beneficial insects
Benomyl isnot toxic to bees.

2.34 Other ecies
LGCs,. Daphnia magna0.64 mg/L

Exposure of earthworms to resdues or suspensions of benomyl may
have a delayed lethd effect. Low concentrations on the foliage may suppress
feeding. Reduced populations of earthworms have been reported in benomyl
treated orchards.

3.0 FOR REGULATORY AUTHORITIES - RECOMMENDATIONS OF COMPOUND
3.1 RECOMMENDED RESTRICTIONS ON AVAILABILITY [For definition of

categories see the 'Introduction to Data Sheets]. All liquid formulations of 50% or less
and dl solid formulaions - Category 5

3.2 TRANSPORT AND STORAGE
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Formulaions in Category 5 Should be stored and trangported in dearly labdled
leekproof containers out of the reach of children, away from food and drink.

3.3HANDLING

Formulaions in Category 5 Handling of large quantities of solid formulations (2 kg
bags or grester) requires use of adust mask and protective clothing (see section 4.1.3 -
4.1.4). For handling smdl quantities and liquid formulaions no fadilities other than

those required for handling of any chemical are required.

34 DISPOSAL AND/OR DECONTAMINATION OF CONTAINERS
Decontamination of containersis probably not practica due to the low water solubility
of benomyl. Containers must be digposed of in an goproved manner. Care must be
taken to avoid contamination of water sources.

35 SELECTION, TRAINING AND MEDICAL SUPERVISION OF WORKERS
Formulations in Category 5 Warning of workers to minimize contact is essentia
paticularly in view of the sengtizing effects of benomyl.

3.6 ADDITIONAL REGULATIONS RECOMMENDED IF DISTRIBUTED BY
AIRCRAFT

All formulations: Benomyl is normaly not disributed by arcraft. If it is, pilots and
|oaders should have specid training in gpplication methods. All workers must weer a
dust mask, overdls and impermesble gloves.

3.7 LABELLING Formulaionsin category 5 - Minimum cautionary Satement. This
formulation contains the fungicide benomyl which is poisonousif swalowed or if the
dust isinhaed. Keegp out of reach of children and pets, and well away from foodstuffs
or animd feeds.

3.8 RESIDUES IN FOOD Maximum leves have been recommended for a variety of
agricultura products and foodstuffs by the FAO/MWHO Joint Mesting on Pesticide
Residues on Food and the Environment. In 1983 the IMPR established an Acceptable
Daily Intake (ADI) of 6:0.02 mg/kg/b.w.

4.0 PREVENTION OF POISONING IN MAN AND EMERGENCY AID
4.1 PRECAUTIONS IN USE

4.1.1 General: Benomyl isabenzimidazole fungicide. Acute toxicity of
benomyl islow, but it has the potentia of causng sengtization.

4.1.2 Manufacture and formulation: TLV 10 mg/n?. Dusts should be
controlled, preferally by mechanica means. Protective equipment for
respiratory tract and skin is necessary.

4.1.3 Mixersand applicators Light respiratory protection should be used

when handling dusty formulations. For dl formulations dean overdlsand

gloves should be used to prevent skin contamingtion. \WWhen opening the
container and when mixing, care should be taken to avoid contact with the eyes
and mouth. Mixing if not mechanicd, should dways be carried out with a
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paddle of gppropriate length. The gpplicator should avoid working in spray
mist and avoid contact with the mouth. Splashes must be washed from the skin
or eyesimmediatey with large volumes of water. Before egting, drinking or
smoking, hands and exposed skin should be washed.

4.1.4 Other associated wor ker s: Persons exposed to benomyl and associated
with its gpplication should wear protective clothing and observe the
precautions described above in 4.1.3. under "Mixers and Applicators'.

4.1.5 Other populationslikely to be affected Subject to 4.2 below, other
persons are not likdly to be exposad to hazardous amounts of benomyl.

42 ENTRY OF PERSONSINTO TREATED AREAS
No excluson from trested areas is indicated.

4.3 DECONTAMINATION OF SPILLAGE AND CONTAINERS Resduesin
containers should be buried in adeep dry pit (>0.5 m) taking careto avoid
contamination of water sources. Spillage of liquid formulations should be contained
and absorbed by absorbent materid. This materid, or spillage of dry formulations,
should be collected and buried in adegpdry pit. Care must be taken to avoid

contamination of weater sources. Residues should be washed from the spillage Ste with
water and detergent.

44 EMERGENCY AID
44.1 Early symptoms of poisoning: No details reported.
4.4.2 Treatment before person is seen by physician, if these symptoms
appear falowing exposure The person should stop work immediatdly,
remove contaminated clothing and wash contaminated skin with sogp and

water and flush with large volumes of clean water. If the eyes are
contaminated they should be flushed with large volumes of dean weter.

5.0 FOR MEDICAL AND LABORATORY PERSONNEL
5.1 MEDICAL DIAGNOSISAND TREATMENT IN CASE OF POISONING

5.1.1 General information: Benomyl is a benzimidazole fungicide of low
acute toxicity. At high doses benomyl has been shown in animalsto be
teratogenic and to cause tedticular changes.

5.1.2 Symptoms and signs: No cases of human poisoning have been recorded.

5.1.3 Laboratory: No testsin humans to measure exposure have been
reported.

5.1.4 Treatment. Symptometic, because no specific antidote isavailable. In
the case of skin contamination the exposed area should be washed with Sogp
and water. If the compound has entered the eyes they should be washed with
copious volumes of isotonic sdineor water.
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5.1.5 Prognosis Unknown.
5.1.6 Referencesto previoudy reported cases. No reports.

52 SURVEILLANCE TESTS. There are no readily available fidd techniquesto
determine the degree of exposure.

53 LABORATORY METHODS

5.3.1 Detection and assay of compound and resdues Assay methods may
not distinguish between benomyl and methyl 2 benzimidazole carbamate,
which forms rapidly when benomyl isin agqueous solution. Douch PGC (1973),
Xenobiotica, 3(6), 367-383. Kirkland JJ, Holt RH, Peese HL (1973), J Agric
Food Chem, 21(3): 368-371. Presdey TA, Longbottom JE (1982), The
determination of benomyl and carbendazim in Municipd and Industrid
Wadgtewater. Method 631. EPA-600/4-82-012. PB82-156068. Teubert W,
Stringham R (1984), J Assoc Off And Chem 67(2) : 303-305.

5.3.2 Other testsin case of poisoning: None.
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3. WHO (1990), Environmental Hedlth Criteria148; Benomyl; Geneva, World Hedth
Organization.

4. WHO (1990), Hedth and Safety Guide 81; Benomyl; Geneva, World Hedlth Organization.
5. FAO/WHO (1985), Evduations 1983 of Pesticide Residuesin Food, FAO Plant Production
and Protection Paper, 61, 832

6. Thomson WT (1984), Agriculturd Chemicas, Book 1V. Fungicides Thomson
Publications, Cdifornia, 93791, USA

7. Irdand CM, Gull K, Guttridge WE, Pogson Cl (1979), Biochem Pharmacol 28 2680-2682.
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5.3- International Chemical Safety Cards on benomyl (INCHEM database)

TYPES
OF ACUTE
HAZAR | HAZARDSSYMPTO PREVENTION FIRST AIDFIRE FIGHTING
D/EXPO MS
SURE
. Powder, dcohol -resi stant foam, water
FIRE Combudtible NO open flames. soray, carbon dioxide
EXPLOS
ION
PREVENT
lEJ)éI;OS DISPERSON OF
DUST!
Abdomind cramps,
IINHALA |dullness, sweting, tﬁhie(haﬂ o Fresh air, rest, and refer for medical
TION  |nauses, vomiting, o attertion.
divetion. profecion.
Remove contaminated clothes, and
SKIN  |Redness. Protective gloves. rinse and then wash skin with water
and soap.
Firg rinse with plenty of weter for
severa minutes (remove contect lenses
EYES Safety gogales if easily possible), then taketo a
doctor.
INGEST |Nauseg, vomiting Rinse mouth, and refer for medical
ION (further see Inhdation). attention.
PACKAGING &
SPILLAGE DISPOSAL STORAGE LABELLING
Do not trangport with
: . food and feedstuffs.
SNr:eD qoﬂlﬁbstane 'tm(;f Separated from strong bases, strong
gj’ acg ners, then removeto e acids, food and feedstuffs, dry.
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_ INHALATIONRIK:
TYS%L STATE, A harmmiful contamination of the i will
WHITE CRY STALLINE POWDER, O“ﬁtg will a‘?“o'r{(‘)’fet% sngblgt/ai(remat ed
WITH CHARACTERISTICODOUR. |1 Capor

CHEMICAL DANGERS

The substance decomposes dowly in EFFECTS OF SHORT-TERM
agueous solution, producing methyl N- EXPOSURE:

(2-benzimidazolyl)carbamete and the The substanceirritates the skin.
ethyl anadlog. The substance Exposure could cause depression of the
decompaoses on heating or by contact centrd nervous system and muscular
IMPORTANT  |with strong acids and strong bases, uncoordingtion.
DATA producing oxides of nitrogen.
EFFECTSOF LONG TERM OR
REPEATED EXPOSURE:
OCCUPATIONAL EXPOSURE Repested or prolonged contact with
ILIMITS (OELYS): kin may cause dermetitis. Repesated or
TLV: 0.84 ppm; 10 mg/m3 (as TWA) prolonged contact may cause skin
(ACGIH 1990-1991). sengtization. Animal tests show that
this substance possibly causes
maformations in human bebies.
|ROUTES OF EXPOSURE:
The substance can be absorbed into the
body by inhdation and by ingestion.
Decomposes below mdting point a (without meting)°C
mégECI?I'II_ES |Rd ati.v.e dgnsity (water = 1): see Notes
Solubility in water: none
\V apour pressure, kPaat 20°C: negigble
ENVIRONME [This substance may be hazardous to the environment; specid atention should
NTAL DATA |pegivento fish.

NOTES

The substance is used as a pesticide. Relative dengty is unknown in literature, abortrine,
Agrocite, Arilate, BBC, BC 6597, Benlat, Benlaie, Benomyl 50W, BNM, D 1991, DuPont 1991,
F1991, Fundasol, Fundazol, Fungicide 1991, Fungicide D-1991, Fungochrom, NS 02, Tersan,

and Uzgn are trade names.

| ADDITIONAL INFORMATION
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5.4- EXTOXNET Pegticide information Profile on benomyl (USEPA website)

EXTOXNET

Extenson Toxicology Networ k

Pesticide | nformation Profiles
A Pedticide Information Project of Cooperative Extension Offices of Corndl University,
Oregon State Universty, the University of 1daho, and the University of Cdiforniaa Davis
and the Indtitute for Environmenta Toxicology, Michigan State Universty. Mgor support

and funding was provided by the USDA/Extension Service/Nationd Agricultural Pesticide
Impact Assessment Program

EXTOXNET primary files maintained and archived at Oregon State University
Revised June 1996

Benomyl

Trade and Other Names: Commercid namesfor products containing benomyl

indude Agrocit, Benex, Benlate, Benosan, Fundazol, Fungidice 1991, and Tersan 1991.

Benomyl is compatible with many other pesticides.

Regulatory Status: Benomyl isa Generd Use Pesticide (GUP). The EPA categorizesit

astoxicity dass|V - practicdly nontoxic. Benomyl-containing products carry the Signd

Word CAUTION.

Chemical Class: benzimidezole

Introduction: Benomyl isasystemic, benzimidazole fungicide thet is sdlectively toxic to

microorganisms and to invertebrates, epecialy earthworms. It is used againgt awide range of

fungd diseases of fidd crops, fruits, nuts, ornamentals, mushrooms, and turf. Formulations

incdlude wettable powder, dry flowable powder, and digpersble granules.

Formulation: Formulaions incude wettable powder, dry flowable powder, and

dispersble granules.

Toxicological Effects:

- Acutetoxicity: Benomyl isof such alow acute toxicity to mammals, it has been

impossible or impractica to administer doses large enough to firmly establish an
LD50. Thusthe LD50 is greater than 10,000 mg/kg in rats and greater than 3400
mg/kg in rabhbits (usng a 50% wettable powder formulation). Because of its high
LD50 thereisalow risk for acute poisoning from this compound [1]. Skin irritation
may occur for workers exposed to benomyl. Skin reactions have dso been seenin rats
and guinea pigs. Most organiams can become sengtized to the compound aswell.
Benomyl is reedily absorbed into the body by inhdling the dugt, but there are no
reports of toxic effects to humans by this route of exposure. Theinhdation LC50in
ratsis greater than 2 mg/L [2].
Chronic toxicity: When rats were fed diets containing about 150 mg/kg/day for 2
years, no toxic effects were observed [3]. Dogs fed benomyl in ther diets for 3 months
had no mgor toxic effects, but did show evidence of dtered liver function & the
highest dose (150 mg/kg). The damage progressed to more severdly impaired liver
function and liver cirrhosis after 2 years[6].
Reproductive effects: A three-generation sudy on rats showed no reproductive or
lactationd differences a a dose of 150 mglkg/day adminigtered in thediet [3]. In
another study in rats, the testes were the most affected Sites & relatively low doses of
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about 15 mg/kg/day. Mde rats had decreased sperm counts, decreased testicular
weight, and lower fertility rates. The animals recovered from these effects 70 days
after feeding with the pesticide had stopped [3]. Reproductive effectsin humans are
unlikely a expected exposure levels,
Teratogenic effects. Very high doses of benomyl can cause birth defects in test
animas[4]. Ratsfed 150 mg/kg/day in the diet for three generations showed no birth
defects. No teratogenicity was observed in another study of rats given 300 mg/kg/day
on days 6 to 15 of gedtation [4]. At higher doses, some birth defects were noted, but
they were accompanied by toxicity to the fetus[4]. In another rat sudy where mothers
were fed 1000 mg/kg/day for 4 months, the offspring showed a decreasein viability
and fertility [1]. These data suggest that benomyl is not likely to cause teratogenic
effects under normal circumstances.
Mutagenic effects: Conflicting negative and positive results have been found in
numerous mutagenicity assays. As aresult, no conclusions about the mutagenicity of
benomyl can be drawn [3].
Carcinogenic effects Tumoarsin the livers of both mae and femae mice were
observed in lifetime studies a doses of benomyl a 40 to 400 mg/kg/day. In a2 year
dietary study when abino rats were fed up to 2500 mg/kg/day of benomyl, there were
no sgnificant adverse effects & any dose leve atributable to benomyl [1]. Based on
these data, it is not possible to determine the carcinogenicity of benomyl [5].
Organ toxicity: Target organs identified in animd studies included the liver and
testes.
Fate in humans and animals. Benomyl's metabolism has been sudied in the mouse,
rat, rabbit, dog, sheep, and cow. Benomy! isrgpidly broken down to carbendazim,
further to other compounds, such as Shydroxy-2-benzimidazole carbamate (5 HBC),
and then diminated. In arat study, benomyl, carbendazim (MBC), and 5HBC were
found inrat blood in the first 6 hours. After 18 hours, only 5HBC was present. The
urine contained about 40 to 70% of the dose, and the feces 20 to 45%. No resdues
were found in muscle or fat. Benomyl and its metabolites do not accumulate in tissues
over long-term exposure periods[2,3]. Carbendazim (MBC) and the parent compound
benomyl have smilar toxicologica properties, but the former is not a skin sengtizer
[2.

Ecological Effects:
Effects on birds In bobwhite quail and mdlard ducks, the 5-day dietary LC50 for
benomyl is greater than 10,000 ppm. In redwing blackbirds, the LD50 vaueis 100
mg/kg, which indicates that benomyl is moderately toxic to this species[4].
Effects on aquatic organisms Benomyl is highly to very highly toxic to fish. The
order of susceptibility to benomyl for various fish species from least susceptible to
most susceptibleis catfish, bluegill, rainbow trout, and goldfish. The LC50 vaues for
the compound in fish are 0.05 mg/L to 14 mg/L in adults, and 0.006 mg/L in cafish
fry [8]. The main breskdown product, carbendazim, had the same order of toxicity as
benomyl. Crayfish have an LC50 grester than 100 mg/L. The esimated
bioconcentration factor (BCF) ranges from 159 in rainbow trout up to 460 in bluegill
sunfish, indicating that benomyl does not tend to Significantly concentratein living
tissue[8,9].
Effects on other organiams A single gpplication of benomyl to turf grass can
ubgtantidly reduce some soil dwdling organisms. The compound isvery lethd to
earthworms at low concentrations over along time period. The 7-day LC50in
earthwormsis 1.7 mg/L and the 14-day LC50 is 0.4 mg/L [6]. Benomyl adso decreases
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the mixing of soil and thatch. The effects last for up to 20 weeks [10]. Benomyl is
relaively nontoxic to bees[2].

Environmental Fate:
Breakdown in soil and groundwater: Benomyl is strongly bound to soil and does
not dissolve in water in flooded rice fidds to any sgnificant extent [2,11]. It ishighly
persstent. When gpplied to turf, it has a hdf-life of 3 to 6 months and, when gpplied
to bare soil the hdf -lifeis 6 to 12 months. Where four successive annud gpplications
were goplied, residues did not accumulate from one year to the next [6].
Breakdown in water: Benomyl completely degrades to carbendazim within severd
hoursin acidic or neutrd water. The hdlf -life of carbendazim is 2 months[1].
Breakdown in vegetation: Since benomyl isasystemic fungicide, it is absorbed by
plants. Onceit isin the plant, it accumulatesin veins and a the leaf margins [6] . The
metabalite carbendazim seems to be the fungicidaly active agent. Benomyl residues
are quite gable, with 48 to 97% remaining as the parent compound 21 to 23 days after
aoplication [6].

Physical Properties:
Appearance Benomyl isatan crysalinesolid compound. It hes little or no odor [1].
Chemical Name: methyl-1-[(butylamino)carbonyl] -H-benzimidazol 2-yl carbameate
[1]
CAS Number: 17804-35-2
Molecular Weight: 290.62
Water Solubility: 2 mg/L [1]
Solubility in Other Solvents chloroform s.; hedane s.; ethanol s.; acetone s. [1]
Mdting Point: Decompaoses without melting above 300 C [1]
Vapor Pressure: Negligible (<1 mPa) & 20 C[1]
Partition Coefficient: Not Available
Adsorption Coefficient: 1900 [1]

Exposure Guidelines:
ADI: 002 mgkg/day [12]
MCL: Not Avalladle
RfD: 0.05 mg/kg/day [13]
PEL: 5mg/m3 (8hour) (respirable fraction) [14]
HA: Not Avaleble

- TLV: Not Avalable

Basic Manufacturer:

DuPont Agriculturdl Products

Walker's Mill, Barley Mill Plaza

P.O. Box 80038

Wilmington, DE 19880-0033
Phone 800-441-7515
Emergency: 800-441-3637
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ANNEX VI — Information collected on the active ingredient
carbofuran (CAS N.: 1563-66-2)
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Report
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ANNEX VI —Information collected on the active ingredient carbofuran

6.1- IMPR Review on carbofuran — Excerpt from 1996 Report

TOXICOLOGY

Carbofuran was evauated for toxicologicd effects by the Joint Meeting in 1976, 1979, 1980,
and 1982. The 1980 Mesting established an ADI of 0-0.01 mg/kg bw, which was confirmed
in 1982. The compound was re-evauated a the present Meeting within the CCPR periodic
review programme.

Carbofuran is rapidly absorbed, metabolized, and diminated, meinly in the urine, after
ord administration to mice and rats. After ord administration of [phenyl-*“C]carbofuran to
rats, 92% of the radiolabd was diminated in the urine and 3% in the faeces. Mot of the
radiolabel was diminated within 24 h after trestment. With the [**C]carbonyl-labelled
compound, 45% was diminated as [ *C]carbon dioxide. The metabolic pathway involves
hydroxylaion, hydrolyss, oxidation and conjugation.

Carbofuran is highly toxic after acute ora adminigtration. The ord LDsp vauesin
various pecies ranged from 3 to 19 mg/kg bw. Carbofuran had no senstizing potentid in
guinea-pigs, and no locd irritation was found in rabbits after repested dermd gpplications
over 7 or 21 days. WHO has dlassified carbofuran as * highly hazardous .

Ina13-week sudy in dogs fed diets providing 0, 10, 70, or 500/250 ppm carbofuran
(dose reduced because of marked toxicity), an NOAEL was not identified because inhibition
of erythrocyte acetylcholinesterase activity and some dlinica Sgns were observed at the
lowest dose. In a subsequent four-week study in dogs, the only dose administered was 5 ppm,
equd to 0.22 mg/kg bw per day, which was the NOAEL for dinicd sgns, mortdlity, body
weight, food consumption, and cholinesterase activity in plasmaand erythrocytes. Ina
one-year sudy in dogs at dietary concentrations of 0, 10, 20, or 500 ppm, the NOAEL was 10
ppm, equd to 0.3 mg/kg bw per day, on the badi's of hisopathological testicular changesin a
snglemde a 20 ppm; smilar changes were obsarved in animds a 500 ppm. There was no
inhibition of erythrocyte or brain acetylcholinesterase a concentrations of 10 or 20 ppm. The
overdl NOAEL in these short-term studiesin dogs was 5 ppm, equa to 0.22 mg/kg bw per

day.

In two-year studies of toxicity and carcinogenicity a dietary concentrations of 0, 20,
125, or 500 ppm in mice and 0, 10, 20, or 100 ppm in rats the NOAEL s were 20 ppm, equd to
2.8 mg/kg bw per day, in mice and 20 ppm, equivaent to 1 mg/kg bw per day, in rats, on the
basis of inhibition of erythrocyte and brain acetylcholinesterase activity. Therewasno
evidence of tumorigenicity.

In athree-generation sudy of reproductive toxicity in rats & dietary concentrations of
0, 20, or 200 ppm, the NOAEL was 20 ppm, equd to 1.6 mg/kg bw per day, on the bas's of
reduced body-weight gain in parenta animas and reduced pup growth and pup survivd a
100 ppm.
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In an early sudy of developmentd toxicity, rats were given carbofuran a doses of O,
0.1, 0.3, or 1 mg/kg bw per day by gavage. An NOAEL could not be identified in this study.
Dose-dependent trandent dlinica sgns (chewing motions) were observed in the dams. Ina
later sudy inrats at ord doses of 0, 0.25, 0.5, or 1.2 mg/kg bw per day the NOAEL for
maternd and fetd toxicity was 1.2 mglkg bw per day, the highest dose tested. In afurther
Sudy of teratogenicity in rats, with dietary adminidration of 0, 20, 60, or 160 ppm
carbofuran, the NOAEL for maternd toxicity was 20 ppm, equd to 1.5 mg/kg bw per day, on
the basis of areduction in body-weight gain & 60 ppm. The NOAEL for pup toxicity, based
on reduced pup weight, was 60 ppm, equa to 4.4 mg/kg bw per day. None of the studies
showed teratogenic potentid.

Thereaults of an early sudy of developmentd toxicity in rabbits a ora doses of O,
0.2, 0.6, or 2mg/kg bw per day showed an NOAEL of 0.6 mg/kg bw per day for materna
toxicity on the basis of dinicd signs, and an NOAEL of 2 mg/kg bw per day for fetotoxicity
and teratogenicity. In a subsequent study in rabbits a doses of 0, 0.12, 0.5, or 2 mg/kg bw per
day, the NOAEL was 0.5 mg/kg bw per day on the badis of dightly reduced body-weight gain
in dams and a dightly increased incidence of skdetd variaionsin pups a 2 mg/kg bw per
day. These dudies provided no evidence of teratogenicity.

In a90-day study of neurotoxicity in rats a dietary concentrations of 0, 50, 500, or
1000 ppm, systemic toxidity (reduction in body-weight gain) was observed at dl doses.
Clinica sgnsof neurotoxicity were observed a 500 and 1000 ppm. No histopathologicd
lesions in the nervous system were observed.

In astudy of developmenta neurotoxicity, carbofuran was administered in the diet to
provide concentretions of 0, 20, 75, or 300 ppm from gestation day 6 through lactation day
10. Reductionsin body-weight gain in dams and pups and in pup surviva and some evidence
of ddayed pup development were found a 75 ppm and higher. The NOAEL was 20 ppm,
equa to 1.7 mg/kg bw per day, on the bad's of reduced body-weight gain in dams and sgns of
fetotoxicity a higher doses.

Carbofuran has been tested for genctoxicity in awide range of testsin vivoand in
vitro. The Meeting concluded thet it is not genotoxic.

An ADI of 0-:0.002 mg/kg bw was dlocated on the basis of the NOAEL for
erythrocyte acetylcholinesterase inhibition of 0.22 mg/kg bw per day in afour-week study in
the mogt sensitive species, the dog, using a 100-fold safety factor. The use of a short-term
study to determine the ADI was judtified because the effect observed was reversble and
acute.

A toxicological monograph was prepared, summarizing the data received since the
previous evauation and induding summeries from the previous monograph.

TOXICOLOGICAL EVALUATION

Levesthat cause no toxic effect
Mouse: 20 ppm, equd to 2.8 mg/kg bw per day (two-year sudy of toxicity and
carcinogenicity)
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Rat: 20 ppm, equivaent to 1 mg/kg bw per day (two-year Sudy of toxicity and
carcinogenicity)

20 ppm, equd to 1.2 mg/kg bw per day (three generation study of reproductive
toxiaty)

1.2 mg/kg bw per day (highest dose tested in a study of developmenta
toxiaty)

20 ppm, equd to 1.5 mg/kg bw per day (study of developmentd toxicity)

20 ppm, equd to 1.7 mg/kg bw per day (sudy of devdlopmentd neuratoxicity)

Rabbit:

0.6 mg/kg bw per day (study of developmenta toxicity)

Daog: 5 ppm, equa to 0.22 mg/kg bw per day (four-week study of toxicity)

Edimate of acceptable dally intake for humans

0-0.002 mgkg bw

Studies that would provide information useful for the continued evauation of the compound

Further obsarvationsin humans.

Toxicological criteriafor setting guidance valuesfor dietary and non-dietary exposure

to carbofuran

EXPOSURE RELEVANT ROUTE, STUDY RESULT, REMARKS
TYPE, SPECIES

Short-term (17 | Ord toxicity, rat LDso = 6:14 mglkg bw

days)
Dermd toxicity, rat LDso >500 mghkg bw
Inhaation toxiaty, rat LCs = 0.088-0.1 mgllitre
Dermd irritation, rabbit Not irritating
Ocular irritation, rabbit Not avaladle
Dermd sengtization, guinea-fig Not sendtizing

Medium-term Repesated ord, 4 weeks, toxicity, dog NOAEL = 0.22 mg/kg bw per

(1-26 weeks) day
Repesated ord, reproductive toxicity, NOAEL = 1.6 mg/kg bw per day,
rat parenta and pup toxicity

Repested oral (gavage),
developmentd toxicity, rat

NOAEL = 1.2 mgkg bw per day
(highest dose tested). No
evidence of teratogenicity

Repested ord (feeding),
developmentd toxicity, rat

NOAEL = 1.5 mg/kg bw per day,
maternd toxicity

Repested ord, developmentd toxicity,
rebbit

NOAEL = 0.6 mg/kg bw per day,
maternal toxicity. No evidence of
teratogenicity
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EXPOSURE RELEVANT ROUTE, STUDY RESULT, REMARKS
TYPE, SPECIES
Repesated ord, developmentd NOAEL = 1.7 mg/kg bw per day
neurotoxicity, rat
Long-term Repesated ord, two years, NOAEL = 2.8 mg/kg bw per day,
(3 oneyear) carcinogenicity, mouse cholinesterase inhibition. No

evidence of carcinogenicity

Repesated ord, two years,
carcinogenicity, rat

NOAEL =1 mg/kg bw per day,
reduced body-weight gain and
cholinesterase inhibition. No
evidence of carcinogenicity.




6.2- Pesticide Data Sheet on carbofuran (INCHEM database)

DATA SHEET ON PESTICIDESNo. 56
CARBOFURAN

CLASSIFHICATION:
Primary use: Insecticide
Secondary use: Nematocide
Chemicd Group: Carbamate
Date issued:

It must be noted thet the issue of a Data Sheet for a particular pesticide does not imply
endorsement of the pegticide by WHO or FAO for any particular use, or exclude its use for
other purposes not stated. While the information provided is believed to be accurate
according to data available a the time when the sheet was compiled, neither WHO nor FAO
are respongble for any errors or omissons, or any consequences therefrom.

Theissue of thisdocument does Ce document ne congtitue pas une

not condtitute forma publication. Il nedoit fairel'objet daucun

It should not be reviewed, abstracted compte rendu ou résumé ni d'aucune citation or
Food and Agriculture Organization or des Nations Unies pour I'Alimentation et

of the United Nations or of the I'Agriculture ou de |’ Organisation Mondide de
World Hedlth Organisationou la Santé

1. GENERAL INFORMATION

1.1 COMMON NAME: Carbofuran (1SO, BS| and ANS!)
1.1.1 I dentity:

IUPAC: 2.3 dihydro 2,2-dimethylbenzofuran-7-yl methylcarbameate
CASNo. 1 23-dihydro2,2-dimethyl-7-benzofuranyl methylcarbameate
CAS Reg. No.: 1563-66-2

Molecular formula: C2H;5NO;3

Molecular weight 221.3

Structurd formula: _Structurd formul g pest56.omp

1.1.2 Synonyms: Bay 70143; Carbofuran; Curaterr™; ENT 27,164; FMC
10242; Furadar; Niagara 10242%; Y dtoxi®.

1.2 SYNOPSIS: Carbofuran is abroad spectrum, non-cumulative carbamate
insecticide; a cholinesterase inhibitor with contact and somach action and highly
toxic to mammals. It isa systemic with no phytotoxic action.

1.3 SELECTED PROPERTIES

1.3.1 Phydcal characterigtics - Carbofuran is a colourless (white) crystaline
wolid. It has amelting point of 150-152°C, adensity (o?%) of 1.180. The
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technica materid contains 98.8% active ingredient. It is non-corrosiveand
nor-flammable.

1.3.2 Solubility - Water 700 mg/l, 25°C 1-methyl-2-pyrralidione 300 gkg,
25°C Dimethylformamide 270 g/lkg, 25°C Dimethylsufoxide 250 gkg, 25°C
Acetone 150 glkg, 25°C Acetonitrile 140 g/kg, 25°C Methylene chloride 120
g/kg, 25°C Cydohexanone 90 g/kg, 25°C Benzene 40 g/kg, 25°C Ethanal 40
o/kg, 25°C Carbafuran is virtudly insoluble in conventiond solvents of
agricultura formulations.

1.3.3 Sahility - It isstable under neutrd or acidic conditions but unstablein
dkdine media

1.3.4 Vapour pressure - 2,66 x 10°kPa (2 x 10° mmHg), 33°C 1.33x 10°
kPa(1x 10 mmHg), 50°C

1.4 AGRICULTURE, HORTICULTURE AND FORESTRY

1.4.1 Common formulations - Howables (100, 120, 300, 350, 480 g ai/l)
granules (20, 30, 50, 100 and 150 g ai/kg).

1.4.2 Pests controlled - Carbofuran is effective againgt awide range of foliar-
feeding and soil pests indluding nematodes, corn rootworm, rice weter weevil,

wireworms, sugar-cane borer, dfafaweevil, dfafa snout beetle, aamyworms,
European corn borer, flea beetle, gphids, thrips, hornworms and others.

1.4.3 Use patter n - Carbofuran may be gpplied to dfdfa, corn, peanuts,
peppers, srawberries, tobacco, bananas, sorghum, potatoes, cottonwood trees,
Sugar-cane, and rice. It may be gpplied to foliage a 0.25-1.0 kg ai/hg ina7
inch band or in seed furrows at planting time at 0.5-4.0 kg/ha; and, asa soil
trestment incorporated into the top 1 inch of soil. On rice, gpply before or
within 21 days after flooding. It is competible with other non-akaine
pesticides and fertilizers.

1.4.4 Unintended effects- Carbofuran is not phytotoxic when used as
directed.

1.5 PUBLIC HEALTH USE - No recommended use.
1.6 HOUSEHOLD USE - No recommended use.
2. TOXICOLOGY AND RISKS
21 TOXICOLOGY - MAMMALS
2.1.1 Absorption - Carbofuran may be aosorbed from the gastrointestingl

tract; mnimdly through the intact skin; and, by inhaation of soray migs or
dusts.
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2.1.2 Mode of action - Carbofuran is areversble, direct inhibitor of
cholinesterases through carbamoylation of the esteratic Ste of the enzyme.
Accumulation of acetylcholine at nerve synapses and myoneurd junctions
causes the toxic effects. The carbamoylated enzyme undergoes spontaneous
and rapid reectivation. Carbofuran and its ester metabolites are active.

2.1.3 Exaretion products - The metabolism and excretion of carbof uran have
been wdl studied in rats, mice and lactating cows. Theper ord doseisrapidly
absorbed, degraded and diminated. In mammals mixed function oxidases are
chiefly respongble for metabolism; 3 hydroxycarbofuran and 3-
ketocarbofuran are the most common carbamate metabolites. 3-Hydroxy-N-
hydroxycarbofuran is aso produced to some extent in dl the test animas
except the mouse. Hydrolysis of the carbamoyl ester bond aso occurs,
producing 3ketocarbofuran phenal followed by carbofuran phenol and 3
hydroxyphenal. These degradation products are primarily excreted as
conjugates of glucuronic acid and sulfate.

In rats, 87% of the radioactivity from carbonyl **C labelled carbofuran (p.o.) is
diminated within 48 hours, 45% as CQ; in expired ar, 38% in urineand 4% in
faeces. When ringlabelled carbofuran isfed to cows and rats, nearly dl of the
¢ isdiminated in urine (92% in 32 hours), noneis exhaled and less than 3%
isfound in faeces. In milk cows, less than 3% is found in milk following per
oral and figula adminigretion.

214 Toxicty, Sngledose

Ord LDy

Rat (M, F) 8.8 mg/kg bw (technica)

Rat (weanling mae) 8.06 mg/kg bw (technical)

Rat (weanling femae) 5.91 mg/kg bw (technical)

Dog +15.38 mg/kg bw (technicd)

Mouse 14.4 mg/kg bw (technica)

Cat 2.53.5 mg/kg bw (technicd) Rabbit 7.5 mg/kg bw (technicd)
Guineapig 9.2 mg/kg bw (technicd)

Dermd LDy
Ret 2 000 mg/kg bw* (technicdl)
Rabhit 2 000 mgkg bw* (technical)

Inhdation LGy

1 hour

Rat (M) 0.091-0.108 mg/l (dust)
Rat (F) 0.080 mg/l (dust)

4 hours

Ra (M, F) 0.120 mg/l (50 W.P)
Ra (M, F) 0.085 mg/l (B0 W.P))
Dog (M) 0.052 mg/l (50 W.P.)
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Guineapig (M, F) 0.053 mg/l (75 W.P. aerosol)
Guineapig (M, F) 0.043 mg/l (75 W.P. dust)

|.P. LDsgy

Rat (M) 82 mg/kg bw (75% W.P.)

Rat (F) 2.8 mg/kg bw (75% W.P)

Manufacturer provided information.

In an acute intubation study using femderats, it was found thet brain
cholinesterase was more sengtive to carbofuran than plasma and erythrocyte
cholinesterase respectively.

2.15 Toxicity, repeated doses

Oral Groups of femde rats were administered carbofuran by gavege a a
dosage leve of 1.0 mg/kg/day for 28 days. Cholinesterase activity was
monitored a 1, 2, 6 and 24 hours after adminigtration on days 14 and 28. Brain
cholinesterase activity was the mogt affected, reaching maxima depression by
sx hours on both testing days, erythrocyte activity was leest affected. The
trestment activity vaues gopeared comparable to control vaues a 24 hours
post treetment. Similar results were observed in a 90-day intubation study with
mae and femae rats recelving dosage leves of 0, 0.1, 0.3, 1.0 and 3.0 mg/kg
bwi/day. In this study, maximum erythrocyte and plasma activity depressions
a the highest dosage levd (3.0 mg/kg bw/day) occurred within one hour of
adminigtration after three weeks of treetment. Normad activity was re
established within 24 hours. No changes were observed at levels of 0.3 mg/kg
bw or below. These studies demondtrated the rapid and transent nature of in
vivo cholinesterase depression by carbofuran.

Dermd: Groups of mae and femae rabbits received dermd gpplications of
carbofuran 50% wettable powder at dosage levels of 0, 0.5, 1.0 and 2.0 mg/kg
bwi/day for 20 successive days. Mortdity gppeared to be dose-related.
Decreased body weights, inflammatory skin lesions and decreased generd
activity were observed in dl trestment groups during the test period. The
lesions disgppeared within five days of cessation of trestment and there were
no treatment-related biochemica or histopathologica changes.

Inhaaion Groups of mice and femae guinea-pigs were exposed to

carbofuran aerosol formulation at a concentration level of 0.01 mg/nf (air) for
four hours a day, five days aweek for three weeks. There were no compound-
relaed changesin mortdity rates, behaviour, haematology, biochemigtry or
histopathology.

Senstizationt No senditization resctions were produced in guinea-pigs
following challenge doses administered two weeks after daily subcutaneous
injections of carbofuran.

Cumuiaion of compound: Carbofuran is not accumulated in body tissue.
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Cumulation of effect Carbofuran did not produce any cumulation of effect in
severd gudies with multiple dosing.

216 Dietary sudies

Short-term: Groups of mae and female rats were offered varying levels of
carbofuran in the diet for 90 days. Initidly, carbofuran was incorporated into
the diet & dosages of 0, 0.1, 0.4, 2.0, 10 and 25 mg/kg diet. Subsequently, the
dietary levels of carbofuran were progressively increased on days 22-35, 36-
49 and 50-90 to yidd find concentrations of 0, 1.6, 6.4, 32, 160 and 1600
mg/kg diet. No mortality occurred during the study period. Intermittent
tremors and episodes of incontinence were observed among femaesrecaiving
the 1600 mg/kg diet. Depressad growth rates were noted et dietary levels of
100 mg/kg and above and perssted to the end of the test period at levels of
160, 400 and 1600 mg/kg diet. However, this finding gopeared to be relaed to
poor diet paatability. Haematologica and urologica vaues were unaffected
and gross and micrascopic pathologicd findings were comparable.
Cholinesterase activity was not monitored. No effects were observed among
the three lowest dosage groups.

A 14-day feeding study was conducted with carbofuran using groups of mae
and femde rabbits. Dietary concentrations of 0, 70, 210 and 700 ppm did not
produce mortaity or untoward behaviourad effects. Body weight reductions
were observed within the group receiving the 700 ppm diet.

Carbofuran was administered at dosages of 0, 0.025, 0.25, 1.25, 25 and 5.0
mg/kg/day by gdatin cgpsule to groups of mae and femae dogs for 93
continuous days. Clinica Sgns of acetylcholine poisoning were observed
within the groups recaiving ether 2.5 or 5.0 mglkg/day. Plasmaand
erythrocyte cholinesterase activities were within norma limits when
monitored four hours before and one hour after daily dosing. At 5.0 mg/kg,
some depression of plasmaand erythrocyte cholinesterase activities were
observed when samples were drawn 15, 30, 45 and 60 minutes following
carbofuran administration on day 72 and &fter extended dosing, again on day
113.

Longterm: In atwo year sudy, groups of male and fema e rats were offered
diets containing 0, 10, 20 or 100 ppm of carbofuran. Maes exposad to 100
ppm exhibited dightly lower group mean body weights. Depressed plasma,
erythrocyte and brain cholinesterase activity vaues were noted for animals
receiving the 100 ppm diet; no effects were observed atthe 10 or 20 ppm
levels. There were no treatment-re ated effects on mortdity, food
consumption, ophthamology, haematology and dinical chemidry parameters,
urindyss and higtopathology. The no- effect level (NOEL) was considered to
be 20 ppm. Groups d mae and fema e mice were exposed to carbofuran at
dietary concentrations of 0, 20, 125 and 500 ppm for two years. Decreased
body weights were noted a the 500 ppm level during weeks 165 for maes
and weeks 1-78 for femaes. However, this effect was not observed at study
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termination. Brain cholinesterase activity was depressed at the 6, 12 and 18
month intervals and at termination for animals exposed to 125 or 500 ppm
carbofuran. No trestment-related effects were reported for mortdity,
heematology and dinicd chemidry parameters, urindysis and histopathology.
The no-effect level (NOEL ) was considered to be 20 ppm.

Carbofuran was administered to groups of male and femae beagle dogs via
dietary indlusion for two years. Initidly, carbofuran was incorporated into the
diet a concentrations of 0, 1, 10, 50 and 100 ppm and aleve to establish the
maximum tolerated dose (100 ppm for days 114 and 200 ppm during days 15-
267). The 50 ppm diet was increased to contain 100 ppm of carbofuran on day
143 whiledl of the other dietary concentrations were fortified on day 268
yidding digtary levels of 0, 2, 20, 100, 200 and 400 ppm through termination.
Mortdity was reported for one femae exposad to the 400 ppm diet; three
maesin the 400 ppm dietary group were sacrificed in extremis after at least
518 days on study. At 100 ppm, occasiona coughing and gagging were
observed; a 200 and 400 ppm, more severe Sgns of cholinergic toxicity were
observed daily. Reduced mean body weights were aso exhibited at the 400
ppm leve. There were no treetment- related effects associated with food
consumption, haematology and dlinica chemigtry parameters (cholinesterase
activity was not monitored), urindysis and hisopathology. The no-€ffect level
(NOEL) was consdered to ke 50 ppm.

2.1.7 Supplementary sudies of toxicity

Carcinogenicity: In the long-term rat and mouse dietary studies described in
section 2.1.6, carbofuran did not demongtrate any carcinogenic or tumorigenic
potentid & dietary levels up to and induding 100 ppm for rats and 500 ppm
for mice. No evidence of carcinogenicity or tumorigenicity was observed in
the dog at digtary leves up to 400 ppm.

Teratogenicity: Carbofuran was administered daily by gavage to groups of
pregnant female rats at dosages of 0 (corn ail only), 0.25, 0.50 and 1.20
mg/kg/day on gestation days 6 through 15. Caesarean sections were performed
on dl femdes on day 20 of presumed gestation. Foetuses were examined for
soft tissue and skeletd abnormadities. Surviva was 100% in al goups. Al
maternd and foetd parameters were comparable among the groups.
Carbofuran was not teratogenic when administered by gavage at a dosage of

1.20 mg/kg/day.

Groups of pregnant female rabbits were administered carbofuran a dosage
levdsof 0, 0.12, 0.50 and 2.0 mg/kg/day by gavage during gestation days 6
through 18. On gedtation day 29, dl surviving dams were subjected to a
Caesarean section and the foetuses were examined for skeleta and soft tissue
abnormdities. At the 2.0 mg/kg/day dosage gr oup, one dam died on gestation
day 11. Depressed mean materna body weight gains were aso reported for
the 2.0 mg/kg/day dosage group. All other materna and foetd parameters
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were comparable among the groups. There was no evidence of teratogenicity

in ths sudy a a dosage of 2.0 mg/kg/day.

A teraiology and posinatd dietary study was conducted with carbofuran in the
rat. Carbofuran was incorporated into the diet a concentrations of 0, 20, 60
and 160 ppm and administered to pregnant female rats only during gestation
days 6 through 19. On getation day 20, approximetely hdf of the damsfrom
each dosage group were submitted to Caesarean section and the foetuses were
examined for skdletd and viscerd abnormadities. The remaining damswere
dlowed to deiver and care for the pups for 21 post-partum days. At the end of
the lactation period (post- partum day 21), the dams and pups were submitted
to necropsy. Mean food consumption was dightly reduced in the 160 ppm
group during the trestment period. Apparert dose-rdated mean maternd body
weight losses occurred in the 60 and 160 ppm groups during the firgt two days
of treatment (gestation days 6 and 7) and during the first 7 days of lactation.

A datidicdly dgnificant (P < 0.05) reduction in mean pup body weight for
the 160 ppm group animals was reported on lactation days 0, 4, 7, 14 and 21.
Examination of the foetuses and pups did not reved any teratogenic response
in this sudy a adietary concentration of 160 ppm.

Mutagenicity: A dominant lethdl test was conducted with groups of mae mice
recelving intraperitoned injections of carbofuran suspended in corn ail a
dosages of 0.25 and 0.50 mg/kg. A vehicle control group received corn ail
only while a postive control group was administered 100 mg/kg of methyl
methane- sulfonate by the same route. Immediately following trestment, each
ma e was housed with three untreated, virgin femades and dlowed to mate.
This procedure was repested weekly with anew group of untreated, virgin
femdesfor atota of Sx consecutive weeks. Mated femaes were sacrificed in
mic-gestation for uterine examination. Carbofuran did not affect mating
ability, frequency of pregnancy, the incidence of resorptions, preimplanteation
losses or the number of embryos per dam. Therefae, carbofuran was not
congdered to be mutagenic.

Carbofuran was evauaed for its mutagenic potentid in a mitotic
recombination assay using Saccharomyces cervisae D3. Weight/ivolume
concentrations of 0.1, 0.5, 1.0 and 5.0% were tested in the presenceand
absence of metabalic activation; 1,2,34-diepoxybutane (pogtive control) and
anegative control were aso tested. Carbofuran was considered to be non-
mutagenic in this assay snceit did not cause an increase in the number of
absolute or relative mitaic recombinants. An Ames assay was conducted with
carbofuran using five tester strains of Sdmondlatyphimurium Two trids
were conducted with Sx concentrations each, ranging between 1 and 1000
pg/plate and 10 to 5000 pg/plate, both in the presence and absence of
metabalic activation. Postive controls (2anthramine and N-methykN'- nitro
N-nitrosoguanidine) and a negative control were aso tested. There was no
increase in the number of revertants per plate for any of the tester drainsin the
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presence or absence of metabolic activation. These results indicate that

carbofuran was not consdered to be mutagenic.

Escherichiacoli WP, was used in areverse mutation assay with carbofuran.
Concentrations ranging between 1 and 1000 pg/plate and 10 to 5000 pgplae
were tested in the presence and absence of metabolic activation in two trids.
Postive controls (2- anthramine, AR2 and N-methyN'-nitrasoguanidine) and
anegative control were aso evauated. Carbofuran did not cause an increase
in the number of revertants in the presence or absence of metabolic activation
and was not considered to be mutagenic.

DNA repair assays were conducted using DNA repair-proficient and repair-
deficient grains of Badillus subtilis (H17 and M45, respectively) and
Escherichiacdli (W3110 and p3478, respectively) to evauate the mutagenic
and genotoxic potentids of carbofuran. Concentrations of 0.01, 0.10, 1.0 and
5.0 mg/disc were used in both bacterid assays. Chloramphenicol was used as
the negative control, while 1-phenyl-33-dimethyltriazine served asthe
positive control. Carbofuran was not considered to be mutagenic or genotoxic
in ether bacterid assay.

Carbofuran was tested to assessiits ability to induce unscheduled DNA
synthesisin cultured humean fibroblast cdls (W1-38). Concentrations of 0.1,

1.0, 10, 100 and 1000 ug carbofuran/ml solvent were evauated in the presence
and absence of metabalic activation. In addition to a negative (solvent)

control, dimethylnitrasamine and 4 nitroguinoline N-oxide were used as
positive contols in the presence and absence of metabalic activation,
respectively. The rate of unscheduled DNA synthesiswas not increased in the
presence or absence of metabolic activation by carbofuran.

Reproductiort Groups of mae and female rats were maintained on diets
containing concentrations of 0, 20 and 100 ppm of carbofuran for three
generations (two litters per generation). Reproductive and generd
toxicologica parameters were monitored. Mean parentd body weights and
food consumption were cangstently lower within the 200 ppm dietary group.
Reduced survivd of Fa, Faand Falitters on lactation day 4 and consstently
lower pup body weightsin al litters occurred within the 100 ppm group.

Dehydration was noted among some of the 100 ppm goup Faand b litters.

Fertility, gestation time, genera behaviour, gppearance and surviva (parents
only) were unaffected. At the completion of each generation, al parental
animas and pups from the b and Fb litters were sacrificed and necropsied.
No compound-related gross or microscopic changes were reported.
Carbofuran did not produce any adverse effects on reproduction. The no-effect
levd (NOEL) in this study was 20 ppm. A one-generation reproduction study

in beagle dogs was conducted with carbofuran at dietary levels of 0, 20 and 50
ppm. Natura mating was adlowed during the second oestrus cycle. Survivd,
behaviour, body weights, food consumption, oestrus cydes, mating
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performance and gestation and lactation parameters were monitored for the
parentd animas. At birth, litter Sze, pup viability, survivd, nurang ability,
generd behaviour and physica appearance were reported for each litter.
Physicd and neurologica examinations were dso conducted on each of the
pups & birth. After one week of age, the pups were examined by X- raysto
evauate skeletd Sructure and genera development. Gross pathologica
examingtions were performed on one male and femae pup per litter.

Carbofuran did not affect reproductive performance. There were ro adverse
effects atributed to carbofuran in the parental animals or progeny. The no-
effect levd (NOEL) in this study was 50 ppm.

Neurotoxicity: Carbofuran was evauated to determine its potentia to induce
delayed neuratoxicity. A group of mature hens was ordly administered 38.9
mg/kg (LDso) of carbofuran and observed for signs of delayed neurotoxicity
for 21 days. A podtive control group received TOCP ordly, a adosage of 50
mg/kg. The dosage and observation period were repegied in the surviving
hirds since neurotoxicity was not observed during theinitia 21-day
observation period. Thelack of neurctoxic effect after the second
adminigration and 21-day observation period indicated thet carbofuran does
not induce delayed neurotoxicity.

2.1.8 Modfication of toxicity —

Equitoxic mixtures of carbofuran and other anticholinesterase agents were
adminigered oraly to maerats to determine if a potentiation effect on acute
toxicity would result. The LDs, vaues were determined for carbofuran and the
other compounds (Systox, Guthion, Trithion, Ethion, Phasphamidon, Dibrom,
Diazinon, EPN, Ddnau, Schradan, methyl parathion, sevin, RE 5353 and
Phosdrin). The theoretical additive LDsp vaue for each mixture was caculated
and compared to the vaue obtaned in vivo. The results of these trids

indicated that the acute ord toxicity of carbofuran was not potentiated when
administered in combination with other anticholinesterase agents.

2.2 TOXICOLOGY - MAN

2.2.1 Absorption route- Carbofuran may be absorbed from the
gagtrointesting tract; through the intact skin; and, by inhaation of spraymist
or dusts.

2.2.2 Dangerous dosss

Snde The acute ord LDs is reported to be gpproximatdy 11 mg/kg bw, the
dermd LDsg to be 10 000 mg/kg. The probable ordl letha doseis reported to
be 550 mg/kg bw.

Repeated Not known; because of rapid metabolism it probably differslittle
from the single dangerous dose.
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2.2.3 Observations on occupationally exposed workers - Typical cases
involving blurred vison, rauisea, excessive perspiration and a sense of
weskness have been reported among formulators and gpplicators. Uneventful
recovery is reported to occur within afew hours even without thergpy but it
was faster when atropine was administered.

2.2.4 Observations on exposur e of the general population - No information
avalable, if recommended agriculturd practices are followed, the generd
population will not be exposad to hazardous amounts of carbofuran.

2.2.5 Observations on volunteers - No information available.

2.2.6 Reported mishaps - In one episode, 142 boys and girls aged 13-16 were
employed to remove tasdes from corn the day after afield had been
erroneoudy sprayed with carbofuran (carbofuran is not recommended for this
purpose). By early afterncon 74 teenegers complained of symptoms of
carbofuran poisoning, 40 of them were treated with aropine, 28 remained in
hospital for afew hours and one patient remained overnight. The onset of
symptoms was rapid but mild, recovery was aso rgpid.

23 TOXICITY TO NON-MAMMALIAN SPECIES

2.3.1 Fish- Carbofuran is very toxic to fish. LCsp (96 hours):
Bluegill 80 pg/l
Y dlow perch 147 pg/l
Brown trout 280 pg/l
Laketrout 164 pg/l
Mogquito fish 300 pg/l
Coho saimon 524 pg/l
Stedhead 600 pg/l

232 Birds - Carbofuran is very toxic to birds and has been used as an avicide,
Ord LDyo: Domestic hen 6.0 mg/kg bw
Bobwhite quail 5.04 mg/kg bw
Ring-neck pheasant 4.15 mg/kg bw
Japanese qual (M) 1.9 mg/kg bw
Japanex= quail (F) 1.7 mg/kg bw
House sparrow 1.3 mg/kg bw
Madllard duck 36 hours old 0.37 mg/kg bw
1 week old 0.63 mg/kg bw
4 weeksold 0.51 mg/kg bw
6 months old 0.42 mg/kg bw
Qudla0.42 mglkg bw
Red-wing blackbird 0.42 mg/kg bw
Dermd LDso:  House sparrow 100 mg/kg bw
Qudla 100 mg/kg bw
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Dietary: The cumulative LDsp (10 days for pheasants) was 960 mg a.i.
(s 10% granular)/kg of diet.

2.3.3 Other species - Carbofuran is highly toxic to avariety of beneficid
invertebrates, the L Dso for honeybeesis 0.16 pg/bee.

3. FOR REGULATORY AUTHORITIES
3.1 RECOMMENDED RESTRICTIONS ON AVAILABILITY

(For definition of categories see the Introduction to Data Sheets)
Liquid formulations of 4% and over, Category 2

Other liquid formulations, Category 3

Salid formulations of 16% and over, Category 2

Other solid formulations, Category 3

3.2 TRANSPORTATION AND STORAGE

All formulations- Should be trangported and stored in labdlled impermesble
containers under lock and key, and secure from access by children and other
unauthorized persons. No food or drink should be stored in the same compartment.

3.3HANDLING

All formulations- Full protective dothing (see paragraph 4.3 in part 4) should be used
by those handling the compound. Adequate washing fadilities should be available a
dl times during the handling and should be close to the Ste of handling. Eating,
drinking and smoking should be prohibited during handling and before washing after
hendling.

34 DISPOSAL AND/OR DECONTAMINATION OF CONTAINERS

All formulaions- Container must either ke burned or crushed and buried below
topsoil. Care must be taken to avoid subsequent contaminetion of water sources.
Decontamination of containersin order to use them for other purpases should not be
permitted.

3.5 SELECTION AND TRAINING AND MEDICAL SUPERVISION OF
WORKERS

All formulations- Pre-employment medical examination of workers necessary.
Workers suffering from active hepatic or rend diseese should be excluded from
contact. Pre-employment and periodic cholinesterase test for workers desirable.
Specid account should be taken of the workers menta ability to comprehend and

follow ingructions. Training of workersin techniquesto avoid contact is essentid.

3.6 ADDITIONAL REGULATIONS RECOMMENDED IF DISTRIBUTED BY
AIRCRAFT

All formulations- Pilots and loaders should have specid training in gpplication
methods and early symptoms of poisoning, and must wear a suitable respirator. Use of
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flagmen not recommended. Hagmen, if used, should wear protective dothing and be
located well away from the dropping zone.

3.7LABELLING

All formulations- "DANGER - POISON" (skull and cross-bonesinggnia).
Carbofuran is a carbamate compound which inhibits cholinesterase enzymes It is
extremely toxic. Contact with the skin, inhdation of dust or pray, or svalowing
should be avoided. Wear protective gloves, clean protective clothing, and a respirator
of the organic-vapour type when handling this materid. Bathe immediately after
work.

Ensure that containers are stored under lock and key. Empty containersmust be
digoosed of in such away asto prevent dl possibility of accidental contact with them.
Keep the materid out of reech of children and well away from foodstuffs, anima feed
and their containers.

In case of contact, immediately remove contaminaied clothing and wash the skin
thoroughly with soap and weter; for eyes, flush with water for 15 minutes. If
poisoning occurs, cal aphysician. Atropine sulfate is a specific antidote and repeated
doses may be necessary. Artificid respiration may be needed.

38 RESIDUESIN FOOD
Maximum resdue levels - Maximum resdue leves have been recommended by the
Joint FAO/WHO Mexting on Pedticides Residues.

4. PREVENTION OF POISONING IN MAN AND EMERGENCY AID
4.1 PRECAUTIONS IN USE

4.1.1 General - Carbofuran is a carbamate pesticide of very high toxicity. Itis
an acute poison, absorbed by inhdaion of dust and spray mist; from the
gadtrointesting tract; and, to alesser extent, through the intact skin. Most
formulations should be handled by trained persomd wearing suiteble
protective clothing.

4.1.2 Manufacture and formulation - TLV - (ACGIH) 2.5 mg/n?.
Formulation should not be attempted without advice from the manufacturer.
Although volatility islow, vapour and dusts should be controlled preferably by
mechanicad means. Protective equipment for the skin and respiratory
protection is necessary.

4.1.3 Mixersand applicator s - When opening the container and when
mixing, protective impermesble boots, clean overdls, gloves and arespirator
should beworn. Beware of possible positive pressure build-up, espedidly with
liquid formulations in meta containers with inverted pour spouts Mixing, if
not mechanica, should aways be carried out with a paddle of appropriate
length. When spraying tal crops or during aerid gpplication, arespirator
should be worn aswell as an impermesble hood, protective dothing, boots and

48



UNEP/FAO/PIC/ICRC.3/17.Addl
gloves. The gpplicator should avoid working in spray mist and avoid contact
with the mouth. Particular care is needed when equipment is being washed
after use. All protective cothing should be washed immediady after use,
incdluding the ingde of the gloves. Splashes must be washed immediately from
the skin or eyes with large quantities of water. Before eating, drinking or
gmoking, hands and other exposad skin should be washed.

4.1.4 Other assodiated wor kers (including flagmen in aerial operations) -
Persons exposed to carbofuran and associated with its applications should
wear protective clothing and observe the precautions described abovein4.1.3
under "Mixers and gpplicators'.

4.1.5 Other populationslikey to be affected - With good agricultura
practice subject to 4.2 below, other populations should not be exposed to
hazardous amounts of carbofuran.

4.2 ENTRY OF PERSONSINTO TREATED AREAS —
Unprotected persons should be kept out of trested areasfor at least one day.

4.3 SAFE DISPOSAL OF CONTAINERSAND SPILLAGE —

Resduesin containers should be emptied in a diluted form into a deep pit taking care
to avoid contamination of ground waters. The empty container may be
decontaminated by rinsing two or three times with water and scrubbing the Sides. An
additiond rinse should be carried out with 5% sodium hydroxide solution which
should remain in the container overnight. Impermesble gauntlets should be worn
during thiswork and a soakage pit should be provided for the rinangs.
Decontaminated containers should not be used for food and drink. Spillage of
carbofuran and its formulations should be removed by washing with 5% sodium
hyadroxide solution and then ringng with large quantities of weter.

4.4 EMERGENCY AID

4.4.1 Early symptoms of poisoning - Early symptoms of poisoning may
include headache, weskness, giddiness and nausea. Laer there may be
perspiration, somach pains, blurred vison, excessve sdivation, durred
gpeech, and musdle twitching, tremor, diarrhoea and vomiting.

4.4.2 Treatment before person is seen by a physcian, if these symptoms
appear falowing exposure- The person should sop work immediatdy,
remove contaminated clothing and wash the affected skin with sogp and water,
if available, and flush the area with large quantities of water. If swalowed,
vomiting should be induced immediately if the person is conscious. In the
event of collgpse, artificid respiration should be given, preferably by
mechanicd means. If mouth-to-mouth resuscitation is used vomit may contain
toxic amounts of carbofuran. If the eyes are contaminated, flush them with
water for at least 15 minutes. If carbofuran isinhaed, remove victim to fresh
ar immediatdy.
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5. FORMEDICAL AND LABORATORY PERSONNEL

5.1 MEDICAL DIAGNOSISAND TREATMENT IN CASES OF POISONING

51.1 General information- Carbofuran is a carbamate insecticide of very
high toxicity. It is asorbed from the gestrointesting tract and by inhaation,
and only to alimited extent through the intact skin. Its mode of action isby
reversble inhibition of acetyl cholinesterase. Erythrocyte cholinesteraseis
more inhibited than plasma cholinesterase. Symptoms of mild poisoning are
short lagting and in case of occupationd over-exposure occur without delay
and at doses well below the fatal dose. Because of its rgpid metabolism and
excretion it does not accumulate in the tissues.

5.1.2 Symptoms and sgns - Symptoms of poisoning include excessive
sweeting, headache, chest tightness, weakness, giddiness, nausea, vomiting,
stomach pains, sdivation, blurred vison, durred speech and musde twitching.
Paraesthesia and mild skin reections have aso been reported. Diagnoss can be
based on arecent history of activities and non-reactive pupils of the eyes.

5.1.3 Laboratory - Because carbofuran is areversible inhibitor of
cholinesterase, measurements of cholinesterase activity should be made by a
method which minimizes the reectivation of inhibited enzyme. Erythrocyte
cholinesterase determination is more informeative than ether plasma or whole
blood cholinesterase, but the enzyme will only be inhibited for a short time

(few hours) after exposure. The presence of metabolites of carbofuranin urine
isdso indicative of exposure.

5.1.4 Treatment - If the pedticide has been ingested, unless the patient is
vomiting, rgpid gagtric lavage should be performed using 5% sodium
bicarbonate, if available. For skin contact, the skin should be washed with
s0gp and water. If the compound has entered the eyes, they should be washed
with isotonic sdine or water. Since the symptoms of poisoning with
carbofuran are of short duration, atropine trestment is usudly not necessary by
the time the patient reaches a place where this antidote is available. Where
there are manifest symptoms 1-2 mg of atropine sulfate (adult dose) may be
given intramuscularly or even intravenoudy and repested as necessary. Care
should be taken to avoid overdosage of aropine, especidly when treating
children. In extreme cases, if the patient is unconscious or isin respiratory
didress, oxygen may be required. Provide petient support as required,
including; suction of secretions, maintenance of airways, intravenous fluids
pro re nata and bladder catheterization. Morphine, aminophylline,
phenothiazines, resarpine, furosemide and ethacryoic acid are condraindicated.
Praidoxime chloride is of doubtful value but if muscle wesknessis severea
dilute solution may be given cautioudy intravenoudy. If convulsons occur
diazepam may be given, the patient must be monitored for respiratory
depresson and hypotensive reections.
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5.1.5 Prognaosis- If the acute toxic effect is survived, the chances of complete

recovery are very good.

5.16 References of previoudy reported cases - Okeefe, M. & Pierse, C.
(1980), Bull. Environs Contam. Toxical.,, 25, 777.

52 SURVEILLANCE TESTS—

Dueto rapid reectivation of inhibited enzymes, determination of blood cholinesterase
levdsisdf little, if any, practica vaue in determining when workers should be
withdrawn to prevent over-exposure. Minor complaints, such as headache and nauses,
generdly cause the worker to stop work and thus prevent further exposure. The
worker then quickly recovers, paticularly if gopropriate decontamination procedures
arefollowed.

53 LABORATORY METHODS

5.3.1 Detection and assay of compound—

Chgpman, R. A. & Robinson, J. R, (1977) J. Chromatogr ., 140, 209. Cooke, R.
F. et d. (1969) J. Agric. Food Chem, 17, 277. Cooke, R. F. (1973) Andl.
Methods Pegtic. Plant Growth Regul., 7, 187.

5.3.2 Other testsin cases of poisoning - Cholinesterase levelsin blood are
unreligble as a routine test to detect poisoning by carbofuran. However,
shortly after absorption inhibition of erythrocyte cholinesterase may be
demondtrated by an gppropriate method. In plasma Ellman, G. et d. (1961)
Biochem. Pharmacol., 7, 88. In whole blood; Heischer, J. et d. (1956) Arch.
Indugt. Hyg., 14, 510; Wilhem, K. et d. (1973) Bull WIid. Hith, Org,, 48 235.
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6.3- International Chemical Safety Cards on carbofuran (INCHEM database)

TYPESOF
HAZARD/ ACUTE FIRST AID/FIRE
EXPOSUR |  HAZARDSSYMPTOMS PREVENTION AGHTING
E
Not combudtible, liquid
formulations containing {In case of firein the
FIRE organic solventsmay be wr'roun'dr!gs al
flamnmable, gives off irritating extinguishing agents
or toxic fumes (or gases) ina alowed.
fire.
Risk of fire and exploson if
EXPLOSO formulations contain
flammable/explosve olvents.
PREVENT
DISPERSION OF
EXPOSUR DUST! STRICT INALL CASES
E HYGIENE! AVOID | oonsuLT A DOCTOR!
EXPOSURE OF '
ADOLESCENTS
IAND CHILDREN!
Dizziness, swesting.Laboured _— .
INHALAT] [ereething, unconsciousness Ventlation (not if Freshair, redt, refer for
" ) powder), locd : '
ON vomiting, pupillary exhaust, or bresthing medica atention, and see
condriction, muscle cramp, ! Notes.
. — protection.
excessve sdivation.
SKIN Protective gloves, Rinse and then wash skin
protective dothing. with water and soap.
Firg rinse with plenty of
water for saverad minutes
EYES Safety spectacles. (remove contact lenses if
eesly possble), then teke
to a doctor.
Giveadurry of activaied
Abdomind cramps, diarrhoes, Do not edt, drink, or charcod inwater to drink,
INGESTIO  |headache, nauses, vomiting, gmoke during work, induce vomiting (ONLY
N weakness (further see wash hands before {IN CONSCIOUS
{Inhaation). edting. PERSONS), red, refer for
medica attention.
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PACKAGI
NG &
FILLAGE DISPOSAL STORAGE L ABELLI
NG
Do not
transport
with food
and
feedstuffs.
Do NOT wash away into sewer, sweep soilled E%?de
substance info cortainers; if eppropriats Provision to contain effluent from S 1/2-
moigten firg to prevent dusting, carefully , o
collect remainder, then remove to safe place fire extinguishing, sqoaratec_l from )30/37-45
(extra persond protection: complete protective fog? md{ezocllstmfs Keepina UN Hazard
dothing induding seif-contained bresthing well-ventlated room. e o
apparatus). UN Packing
Group: |1
Marine
pollutant.
) INHALATION RIK:
Tﬁ%ﬁk@g‘ﬂz' Evaporation & 20°C isnegligible; aharmful
COLOURLESS concentration of arborne particles can, however, be
CRYSTALS reached quickly on spraying or when dispersed,
especidly if powdered.
EFFECTS OF SHORT-TERM EXPOSURE:
?Ee%@ggggrﬁ% The substance may cause effects on the nervous
on hesting producingtol wic systlem , resullting in convulsions, respiratory failure,

IMPORTA
NT DATA

fumesinduding nitrogen
oxides

Cholinesterase inhibitor. Exposure may result in

deeth. The effects may be ddayed. Medicd

obsarvaion isindicated.

OCCUPATIONAL EFFECTS OF LONG-TERM OR REPEATED
EXPOSURELIMITS EXPOSURE:
(OELS): The substance may have effects on theimmune

TLV: ppm; 0.1 mg/m3
(ACGIH 1993-1993).

system. Cholinesterase inhibitor; cumulative effect is

possible: see acute hazards/symptoms.

ROUTESOF EXPOSURE:
The substance can be

absorbed into the body by
inhaation through the kin

and by ingestion.
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[Mdlting poirt: 153-154°C
TYSICA [Relaive dersty (water = 1) 12
PROPERT [Solubility in water, /100 ml & 25°C: 0.07
IES [V gpour pressure, Paat 33°C: 0.0027
Octanol/water partition coefficient aslog Pow: 2.32
I\E/II\IIE\I<II‘IF'2£LI\I T_his ubstance may be hazar_dous to_ the environment; qoeci_ai atention should be
DATA given to water organisms, soil organisms, honey bees and birds

NOTES
Temperature of decomposition unknown in literature, Specific trestment is necessary in case of
poisoning with this substance; the gppropriate means with ingructions must be available, carrier
solvents used in commercid formulations may change physica and toxicologica properties, do
NOT take working clothes home, bay 70143, Curaterr, FMC 10242, Furadan, Niagara 10242,
Rillarfuran and Y dtox are trade names, if the substance is present under the form of a
formulation containing hydrocarbon solvents, vomiting may not be induced.
Trangport Emergency Card: TEC (R)-61G4€
If the pesticide is formulated with an organic solvent, aso comault the ICSC of the solvent used.

ADDITIONAL INFORMATION
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6.4- EXTOXNET Pedticide information Profile on carbofuran (USEPA website)

EXTOXNET
Extension Toxicology Network

Pesticide I nformation Profiles
A Pedticide Information Project d Cooperdive Extenson Offices of Corndl Universty,
Oregon State University, the Univeraty of Idaho, and the University of Cdiforniaa Davis
and the Inditute for Environmenta Toxicology, Michigan State University. Mgor support
and funding was provided by the USDA/Extenson Service/Nationd Agricultural Pesticide
Impact Assessment Program.
EXTOXNET primary files maintained and archived a Oregon State University
Revised June 1996

Carbofuran

Trade and Other Names: Trade namesinclude Furadan, Bay 70143, Carbodan,

Carbosip, Chinofur, Curaterr, D 1221, ENT 27164, Furacarb, Kenafuran, Rillarfuron,
Rampart, Nex, and Y dtox.

Regulatory Status: Following a Specid Review, the EPA initiated aban on dl granular
formulations of carbofuran which becameeffective on September 1, 1994. Before 1991, 80%
of the total usage of carbofuran wasin granular formulaions. The ban was established to
protect birds and is not related to human hedth concerns. Bird kills have occurred when birds
ingested carbofuran granules, which resemble grain seeds and when predatory or scavenging
birds have ingested smd| birds or mammals which had eaten carbofuran pellets. Thereisno
ban on liquid formulaions of carbofuran. Liquid formulations of carbofuran are dassfied as
Redricted Use Pesticides (RUP) because of their acute ord and inhdation toxicity to humans.
Granular formulations are aso dassfied as RUPS, but for a different reason; their toxicity to
birds Liquid formulations bear the Sgnd Word WARNING. Granular formulations beer the
Sgnd Word DANGER. Formulations of carbofuran are in toxicity class| - highly toxic or
toxicity dass|l - moderately toxic.

Chemical Class: carbamae

Introduction: Carbofuran is abroad spectrum carbamate pegticide that killsinseds,
mites, and nematodes on contact or after ingestion. It is used againg soil and foliar pests of
field, fruit, vegetable, and forest crops. Carbofuran isavailablein liquid and granular
formulations, but as stated avove the granule form is banned in the U.S.

Formulation: Cabofuran isavailablein liquid and granular formulations, but as Sated
above, the granular form is banned in the U.S.

Toxicological Effects:

- Acutetoxicity: Carbofuran is highly toxic by inhaation and ingestion and moderatdy
toxic by derma absorption [5]. Aswith other carbamate compounds, carbofuran's
cholinesterase-inhibiting effect is short-term and reversible [5]. Symptoms of
carbofuran poisoning indude: nausea, vomiting, abdomina cramps, sweeting,
diarrhea, excessive divation, weskness, imbaance, blurring of vison, breathing
difficulty, increased blood pressure, and incontinence. Desth may result a high doses
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from respiratory system failure associated with carbofuran exposure [5]. Complete
recovery from an acute poisoning by carbofuran, with no long-term hedth effects is
possible if exposure ceases and the victim has time to regain their normd leve of
cholinesterase and to recover from symptoms [5]. Theord LD50is5to 13 mgkgin
ras, 2 mglkg in mice, and 19 mg/kg in dogs The dermd LDS0 is>1000 mg/kg in
rabbits, [5]. The LC50 (4-hour) for inhdation of carbofuran is 0.043 to 0.053 mg/L in
guineapigs[10Q].

Chronic toxicity: Rats given very high doses (5 mg/kg/day) for two years showed
decreases in weight. Similar tests with mice gave the same results [5]. Prolonged or
repested exposure to carbofuran may cause the same effects as an acute exposure [5].
Reproductive effects: Consuming high doses over long periods of time caused
damage to testes in dogs, but carbofuran did not have any reproductive effects on rats
or mice[5]. Available sudies indicate carbofuran is unlikely to cause reproductive
effectsin humans a expected exposure levels.
Teratogenic effects Studies indicate carbofuran is not teratogenic. No sgnificant
teratogenic effects have been found in offspring of rats given carbofuran (3
mg/kg/day) on days 5 to 19 of gedtation. No effects were found in offspring of mice
given as much as 1 mg/kg/day throughout gestation. In rabbits, up to 1 mg/kg/day on
days 6 to 18 of gestation was not teratogenic [5].
M utagenic effects Weak or no mutagenic effects have been reported in animasand
bacteria. Carbofuran is mogt likely nonmutagenic [5].
Carcinogenic effects: Datafrom anima studies indicate that carbofuran does not
pose arisk of cancer to humans[5)].
Organ toxicity: Carbofuran causes cholinesterase inhibition in both humans and
animals, affecting nervous system function.
Fate in humans and animals. Carbofuran is poorly absorbed through the skin [32].
It is metabolized in the liver and eventudly excreted in the urine. The hdf-life in the
body isfrom 6 to 12 hours. Less than 1% of a dose will be excreted in amother's
milk. It does not accumulate in tissue[5).

Ecological Effects:
Effects on birds Carbofuran is highly toxic to birds. One granule is sufficient to kill
agmdl bird. Bird kills have occurred when birds ingested carbofuran granules, which
resemble grain seedsin Sze and shape, or when predatory or scavenging birds have
ingested smdl birds or mammals that have eaten carbofuran pellets[33]. Red
shouldered hawks have been poisoned after egting prey from carbofurantrested fields
[17]. The LD50is 0.238 mg/kg in fulvous ducks, 0.48 to 0.51 mg/kg in mdlard
ducks, 12 mg/kg in bobwhitequail, and 4.15 mg/kg in phessant [17]. The LD50is 25
to 39 mg/kg in chickens consuming carbofuran as a powder [10]. The LC50 (96-hour)
in Japanese quall is 746 ppm [34].
Effects on aquatic organisms Carbofuran is highly toxic to many fish. The LDS0
(96-hour) is 0.38 mg/L in rainbow trout and 0.24 mg/L in bluegill sunfish [10]. The
compound has alow potentia to accumulate in aguatic organisms. The
bioconcentration factor ranges from 10 in snailsto over 100 in fish [14].
Effects on other organisms CArbofuran istoxic to bees except in the granular
formulation [10].

Environmental Fate:
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Breakdown in soil and groundwater: Carbofuran is soluble in weter and is
moderatdly persgtent in soil. Its haf-lifeis 30 to 120 days. In soil, carbofuran is
degraded by chemica hydrolysis and microbid processes. Hydrolysis occurs more
rapidly in dkdine soils [14]. Carbofuran bregks down in sunlight. Carbofuran hasa
high potentia for groundwater contaminetion [14]. Carbofuran is mobile to very
mobile in sandy loam, sty day, and ity loam soils, moderately mobilein sity day
loam soils; and only dightly mobile in muck soils. Smdl amounts of carbofuran have
been detected (1 to 5 ppb) in water table aguifers beneeth sandy soilsin New York
and Wisconan[14].
Breakdown in water: In water, carbofuran is subject to degradation by chemica
hydrolys's under akdine conditions. Photodegradation and aguatic microbes may
aso contribute to degradation. The hydrolysis hdf-lives of carbofuran in water a 25
C are @0, 8.2, and 1.0 weeks a pH vaues of 6.0, 7.0, and 8.0, respectively.
Carbofuran does not volatilize from water, nor doesit adsorb to sediment or
suspended particles [14].
Breakdown in vegetation: The hdf-life of carbofuran on cropsis about 4 days wien
applied to roots, and longer than 4 days if gpplied to the leaves[8].

Physical Properties:
Appearance Carbofuran is an odorless, white crystaline solid. Heat breskdown can
release toxic fumes. Fires, and the runoff from fire control, may produce irriteting or
poisonous gases. Closed spaces (Storage, etc.) should be aired before entering.
Chemical Name: 2,3-dihydro-2,2-dimethylbenzofuran-7-yl methylcarbamate [10]
CAS Number: 1563-66-2
Molecular Weight: 221.25
Water Solubility: 320 mglL @ 25 C[10]
Solubility in Other Solvents acetone v.s,; acetonitrile v.s;; benzenev.s;
cyclohexonev.s. (5)
Médting Paint: 153-154 C[10]
Vapor Pressure 2.7 mPa @ 33 C[10]
Partition Coefficient: 1.2304-1.4150 [10]
Adsorption Coeffident: 22[13]

Exposure Guidelines:

- ADI: 0.01 mgkg/day [10]

MCL: 0.04 mg/L [19]
RfD: 0.005 mg/kg/day [20]
PEL: Not Avaldble
HA: Not Avalable
TLV: 0.1 mg/m3 (8hour) [31]

Basic Manufacturer:

FMC Corporation

Agriculturd Chemicas Group

1735 Market Street

Philaddphia, PA 19103
Phone 215-299-6661 Emergency: 800-331-3148
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5.5- Extremely Hazardous Substance Chemical Profile on carbofuran (USEPA website)

EPA CHEMICAL PROFILE
Dae October 31, 1985
Revison; November 30, 1987

CHEMICAL IDENTITY -- CARBOFURAN

CAS Registry Number: 1563-66-2

Synonyms. Carbamic Adid, Methyl-, 2,3-Dihydra22-Dimethyl-7-Benzofuranyl

Edter; 2,2-Dimethyt-2,2-Dihydrobenzofuranyt 7 N-Methylcarbamate; 2,3-Dihydro
22-Dimethyl- 7-Benzofuranol-N-Methyl carbamate; 2,3-Dihydroe2.2-
Dimethylbenzofuranyl Methylcarbamate; 2,3-Dihydra2.2- Dimethylbenzofuranyl-7-
N-Methylcarbamate; 7-Benzofuranal, 2,3-Dihydro 2,2-Dimethyl-, Methylcarbamate;
Bay 70143; Chinufur; Curaterr; D 1221; ENT 27,164; FMC 10242; Furadan; Furadan
3G; Furodan; NIA 10242; Niagara 10242; Niegara Nia-10242; OMS 864; Y dtox; 7-
Benzofuranal, 2,3-Dihydro 22-Dimethyl-, Methylcarbameate

Chemicd Formula C12H15NO3
Molecular Weight: 221.28

SECTION | -- REGULATORY INFORMATION

CERCLA (SARA) 1986:

Toxicity Vaue Usad for Ligting Under Section 302: LC50 inhdaion (guinea pig)
0.043 mg/liter/4 hours (*NIOSH/RTECS 1985)

TPQ: 10/10,000 (pounds)

RQ: 10 (pounds) Section 313 Ligted (Yes or No): No

SECTION II -- PHYSICAL/CHEMICAL CHARACTERISTICS

Physcd State: Solid

Bailing Point: Not Found

Specific Gravity (H20=1): 1.18 a 20C (* Farm Chemicas Handbook 1984)
Vapor Pressure (mmHg): 0.00002 a 33C (* Farm Chemicas Handbook 1984)
Mdlting Point: 302307F, 150-153C (*Merck 1983)

Vapor Density (AIR=1): Not Found

Evaporation Rate (Butyl acetate=1): Not Found

Solubility in Weter: 700 ppm at 25C (*Merck 1976)

Appearance and Odor: White crystdline solid (*Merck 1976); odorless (* Farm
Chemicas Handbook 1934)

SECTION 11l -- HEALTH HAZARD DATA

OSHA PEL: Not Found
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ACGIH TLV: TWA 0.1 mg/m3 (*AGGIH 1983)

IDLH: Not Found
Other Limits Recommended: Not Found
Routes of Entry: Inhaation: Yes (*DOT 1984)

in: Yes(*DOT 1984)
Ingestion: Yes (*DOT 1984)

Hedlth Hazards (Acute, Ddayed, and Chronic): This materid is extremey poisonous.
May befad if swalowed, inhded, or aosorbed through skin. Contact may burn skin
or eyes (*DOT 1984). Probable lethd ora dose to humans 5 to 50 mg/kg or 7 dropsto
1 teaspoon for 150 Ib. person (* Gossdin 1976).

Medicd Conditions Generdly Aggravated by Exposure: Not Found
SECTION IV -- FIRE AND EXPLOSION HAZARD DATA

Hash Point (Method Used): Not Found
Hammable Limits LEL: Not Found
UEL: Not Found
Extinguishing Methods: Use dry chemicd, carbon dioxide, water spray, or foam. Dike
fire control water for later digposa, do not scatter the materid (*DOT 1984).
Specid Fire Fighting Procedures: Stay @ maximum distance (*DOT 1984).
Unusud Fire and Exploson Hazards May rdease nitrogen oxides (Sax 1984, p.
1152). Containersmay explodein hegt of fire (*DOT 1984).
NFPA Hammatility Reting: Not Found

SECTION V -- REACTIVITY DATA
Sability: Ungable:
Sable Yes (Under neutrd or acid conditions (* Spencer 1982)
Conditionsto Avoid: Not Found
Incompatibility (Maeridsto Avoid): Alkalies (*Merck 1976)
Hazardous Decomposition or Byproducts: Nitrogen oxides (Sax 1984, p. 1152)

Hazardous Polymerization: May Occur: Not Found May Nat Occur: Not Found
Conditionsto Avoid: Not Found

SECTION VI -- USE
Thismaterid is used as an insecticide on corn, dfdfa, tobacco and other fidd crops (* SRI).
SECTION VII -- PRECAUTIONS FOR SAFE HANDLING AND USE

(Stepsto be Taken in Case Materid is Released or Spilled)

In case of releases or Sills, stay upwind; keep out of low areas. Ventil ate closed
spaces before entering them (*DOT 1984).
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SECTION VIl -- PROTECTIVE EQUIPMENT FOR EMERGENCY STUATIONS

For emergency Stuations, wear a positive pressure, pressure-demand, full facepiece
sdf-contained breething apparatus (SCBA) or pressure- demand supplied ar
respirator with escgpe SCBA and afully-encapsulating, chemical resstant suit. See
the introductory information section a the beginning of the profiles for additiona
informetion.

SECTION X -- EMERGENCY TREATMENT INFORMATION

See Emergency Firgt Aid Treatment Guide
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ANNEX VII — Information collected on the active ingredient
thiram (CAS N.: 137-26-8)

7.1- IMPR Review on thiram — Excerpt from 1992
Report

7.2- Pesticide Data Sheet on thiram (INCHEM database)
7.3 International Chemical Safety Cards on thiram
(INCHEM database)

7.4 EXTOXNET Pedticide information Profile on
thiram (USEPA website)
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ANNEX VII — Information collected on the active ingredient thiram

7.1- IMPR Review on thiram — Excerpt from 1992 Report

TOXICOLOGY

Thiram, adimethyldithiocarbamete fungicide, was evauated by the Joint
Mesting severd times between 1963 and 1987. A temporary ADI of 0-0.005 mg/kg
bw, dlocated in 1974, was extended in 1977 and 1980. The temporary ADI was
withdrawn in 1985 because of the inadeguacy of the totd dita base. The studies
avallable to the 1987 Joint Meeting were not adequate for estimating an ADI. A
complete data base on thiram has been generated since the previous evauation, and
was evauated at the present Meeting.

Following ord adminidration to rets, thiram was well-absorbed (>83%) and
eiminated viathe expired air (41-48%), urine (25-40%), and faeces (2-5%). About
3% was recovered in various organs. The mgority of the dose (84-90%) was dimina
ted within four days after dosing.

The metalolism of thiram was sudied in rats. During the firs five hours after
adminigration a dose dependent formation of carbon disulphide was demondrated in
the expired air. Metabalites detected in urine included polar oxidation products and
conjugates.

The acute ord toxicity of thiramislow in miceand rais. The World Hedth
Organization has classfied thiram as dightly hazardous.

A 13week dietary Sudy inrats at levels of 0, 50, 500 or 1000 ppm resulted in
changes in haemaologica and serum biochemical parameters and gadric irritation a
500 and 2000 ppm. The NOAEL was 50 ppm, equivadent to 2.5 mg/kg bw/day.

Dogs received thiram as a dietary admixture at leves of 0, 75, 250 or 500 ppm
for 13 weeksor & leves of 0, 30, 90 or 250 ppm for 52 weeks. The NOAELswere 75
ppm (equd to 2.2 and 2.3 mg/kg bw/day in maes and femaes respectively, for the 13-
week sudy) and 30 ppm (equd to 0.84 mg/kg bwi/day) in maes and 90 ppm (equd to
2.5 mg/kg bw/day) in femdes in the 52-week study on the basis of changes in body-
weight, increased abosolute and rdlative liver weights and changes in haematological
and serum biochemica parameters. In ancther study, dogs received thiram in gdlatin
capaules at doses of 0, 0.4, 4.0 or 40 mg/kg bw/day 7 daysiweek for 104 weeks.
Nauses, vomiting and sdivation, ophthamological effects, convulsons, changesin
heematologica parameters, and rend changes were obsarved at 4 and 40 mg/kg
bwi/day. On the basis of the described effects, the NOAEL was 0.4 mg/kg bw/day.
Sincethiram was adminigtered in capsulesin this experiment and Sgnificantly less
information was available on the study conditions than in those in the former two
experiments with dietary adminigrations of thiram this NOAEL was not used asthe
basis for theestimation of an ADI.
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In a 97-week oncogenicity study in mice usng dietary concentrations of thiram
of 0, 15, 150 and 300/600 ppm, the effects induded dose dependent decreases of food
consumption and body-weight gain and changesin haematological parameters. Non
neopladtic findings incdluded retind atrophy, changesin the urinary bladder and in the
skin, hyperkeratosis in the non-glandular somach, and increased pigmentation in the
gpleen. Thiram was not carcinogenicin mice. The NOAEL for long-term toxidty in
mae and femae mice was 15 ppm, equa to 3 mg/kg bw/day.

In atwo-year toxicity sudy in rats at dietary concentrations of 0, 3, 30 or 300
ppm aNOAEL of 30 ppm, equd to 1.2 and 1.4 mg/kg bw/day in mades and femdes
respectively, was determined. It was based on lower red blood cell counts,
haemoglobin leveds and haematocrit levels and degenerative changes of the sciatic
nerve accompanied by atrophy of the gastrocnemius muscle a 300 ppm. Thiram was
not carcinogenic in rets.

In asecond two-year long-term/carcinogenicity sudy in ratsat dietary
concentrations of 0, 30, 150 or 300 ppm, dose-dependent lower erythrocyte counts,
haemoglobin levels and haematocrit values were observed. Based on these
haeematologica changesa NOAEL of 30 ppm, equd to 1.5 and 1.8 mg/kg bw/day in
males and females respectively, was determined.

In a2-year carcinogenicity study in rets a dietary concentrations of 0, 500, or
1000 ppm (equd to 39 and 42 mg/kg bw/day in maes and femaes respectively) there
was no evidence of carcinogenicity.  The Meeting concluded that thiram was not
carcinogenicinras.

In atwo-generation reproduction study in rats e dietary concentrations of O,
30, 60 or 180 ppm, no adverse effects on reproduction were observed. The NOAEL
for reproductive effects was >180 ppm (equd to >8.9 and >14 mg/kg bw/day in maes
and femdes, respectively). The NOAEL for systemic toxicity was 30 ppm (equd to
1.5 and 2.3 mg/kg bw/day in maes and femaes respectivey). It was based upon
reduction in body-weights and/or food consumption in both parenta and offspring
animds

An ord teratogenicity sudy was performed in rats a gavage dose levels of 0,
7.5, 15 and 30 mg/kg bw/day. An NOAEL for maternd toxicity was not determined
owing to a dose-dependent decrease in body weight gain and placentd weight at dl
doselevds Teratogenicity was not observed.

In an ord teratogenicity study in rabbits a gavage doses of 0, 1.0, 25 or 5.0
mg/kg bw/day, an NOAEL of 2.5 mg/kg bw/day for maiernd toxicity was based on a
dose-dependent reduction of body-weight gain. Teratogenicity was not observed.

An ord teratogenicity study was carried out in rabbits at gavage dose leves of
0, 1.0, 5.0 or 20 mg/kg bw/day. The NOAEL for maternd toxicity was higher than 10
mg/kg bw/day. Teratogenicity was not observed.

Thiram was mutagenic in the Ames tet but not in mammdian cdls in vitro.
Since thiram was not mutagenic in vivo, the Meeting concluded thet it did not present
agenotoxic hazard for umans.
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The central and peripherd nervous systems have been recognized as apossble
targets for thiram toxicity. Neurotoxicity may be related to the thiram metabolite
carbon disulphide.

An ADI was dlocated, on the bass of the 1-year Sudy in dogs and the 2-year
dudiesinrats, usng a 100-fold safety factor.

An addendum to the previous toxicologica monogrgphs on thiram and the
dithiocarbamates was prepared.

TOXICOLOGICAL EVALUATION

Leve causing no toxicologica effect

Mouse: 15 ppm, equd to 3.0 mg/kg bw/day (97-week study)
Rat: 30 ppm, equd to 1.2 mg/kg bw/day (twoyear study)
30 ppm, equd to 1.5 mg/kg bw/day (two generation
reproduction Sudy)
Rabbit: 2.5 mg/kg bw/day (teratology study, maternal toxicity)
Dog: 30 ppm, equal to 0.84 mg/kg bw/day (one-year study)

Estimate of acceptable daily intake for humans

0-0.01 mg/kg bw.

Studies which will provide information valuable in the continued evaluation of
the compound

1. Clarification of the potential for neurotoxicity of thiram.

2. Observations in humans.
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7.2- Pesticide Data Sheet on thiram (INCHEM database)

DATA SHEETSON PESTICIDESNo. 71

THIRAM

It must be noted that the issue of a Data Sheet for a particular pesticide does not imply
endorsement of the pesticide by WHO or FAO for any particular use, or excdlude its use for
other purposes not sated. While the information provided is believed to be accurate according
to data avalable a the time when the sheet was compiled, neither WHO nor FAO are
responsible for any errors or omissions, or any consequences therefrom.

Theissue of this document does Ce document ne congtitue pas une

not condiitute forma publication. Il ne doit faire l'objet d'aucun

It should not be reviewed, abstracted compte rendu ou résumé ni d'aucune citation or
Food and Agriculture Organization or des Nations Unies pour |'Alimentation et

of the United Nations or of the I'’Agriculture ou de I’ Organisstion Mondide de
World Hedlth Organisationou la Santé

CLASSIFICATION:

Primary use: Fungicide
Secondary use: Repdllent and bacteriocide
Chemica group: Dithiocarbamete

1. GENERAL INFORMATION

1.1 COMMON NAME
Thiram (ISO, BSl; exception USSR (TMTD) and IMAF (thiuram))

1.1.1 I dentity;

I[UPAC: Tetramethylthiuram disulfide

CAS Tetramethylthioperoxydicarbonic diamide
CASReg. No.: 137-26-8

Molecular formula: CH1oN->Sy

Molecular weight 2404

Structurd formula:

1.1.2 Synonyms

Accdorator thiurant’; Aceto TETDR; Arasan®; Cyuram®; ENT 987; Ekagom®;
Fdtitrar; FernacoR; Fernasart; FemideR; Hermalt; Hermat TMTR; HerylR;
Kregasar’'; Mercurant’; Methyl thiuram; Methy! tuads; Nobecutar™;
Nomersar'; NormersarT; Panorant'; Polyram ultra®; Pomarsol”; Pomasof;
Purdin®; Rezifiln; Royd TMTD®; Sadoplor; Spotrete™; SQ1489%; Tersar';
Thillae®; R 686 Thiosar; Thiotex”; Thiramid; Thirame®; ThirasarT;
Thiurad®; Thiuram; Thiuramyl™; Thylate®; Thirampa®; Tiuram; TiuramyI®;
TMTD; Trametart’; Tripomd®; TTDR; Tuads®; Tulisan®; USAF B-30; USAF
EK-2089; USAF P-5; Vandde®R; Vuagt®; Vulcafor®; Vulkacit MTICR.

1.2SYNOPSS
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Thiram isadithiocarbamate; afungicide with good avian and mammalian repd lent
properties, and ametabolic poison of low acute toxicity to mammasand askin
irritant. 1t dso causesacohoal intolerance. It is aso used as a promoter of
vulcanization in the rubber indudtry, an activator in plagtics manufacturing and asa
chemoderilant in plastic film dry wound dressing. It is not phytotoxic when used as
directed.

1.3 SELECTED PROPERTIES

1.3.1 Phydcal characteridics
Thiram is a colourless, odourless crysdline compound which mdts a 155

156°C. It has adensity (@) of 1.29. It isnon- corrosive:

1.3.2 Solubility
Inwater, 30 mg/l a room temperature. It isdightly soluble in ethanol and
diethyl ether and soluble in acetone, chloroform, benzene and carbon disulfide.

1.3.3 Stability

Thiram readily decomposes under acidic and akaine conditions and under
prolonged exposure to air, heat or moiture. It supports combustion if ignited
but is non-explosve. 1.3.4 Vapour pressure Negligible a room temperature.

1.4 AGRICULTURE, HORTICULTURE AND FORESTRY

1.4.1 Common formulations

These include a wettable powder, 30-900 g ai./kg; acolloidd suspenson, 500
o/l; adust seedtreatment, 600 g ai/kg; foliar dusts, 10-700 g ai./kg; granule
preparaions, 22.550 g/kg; and a10 g ai./l paint-on preparation. Itisaso
avalable in combination with phenylmercury dimethyldithiocarbamete,
malachite green, phenylmercury acetate, gamma BHC, thiophanate and zineb a
various concentrations. Mercury-containing formulaions are no longer cleared
for usein many countries.

1.4.2 Pestscontrolled
May be usad as a repdlent againg rabbits, mice, deer, birds, chipmunks, moles
and squirrels and as afungicide in the control of severd plant diseases.

143 Usepattern

Asan animd repdlent it may be gpplied undiluted with a brush to the lower
trunks of trees and ornamentas; diluted as a spray on forest nursery stock and
ornamentas, and diluted as adip for bundles of forest, fruit and ornamentd
planting stock. When used as adip, root contact must be avoided. Hang
bundles to dry topside down. Dry thoroughly before planting. Do not use on
those parts of the plant that are to be used asfood when used as arepellent
agent. Asafungicide, it may be used asadust or adurry for trestment of
seeds of alarge variety of food crops, gpply after the seeds have cured (for
peanuts apply immediatdly after shelling); as afoliar-spray treatmert of gople,
banana and peach trees and on (celery, tomato, Strawberry and turf plants. For
foliar treetment a spreader-gticker additive is recommended and it may be
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applied to bulbs and tubers of severd ornamentd and food plants Thiram is
compatible with common insecticides and fungicides

14.4 Unintended effects
Thiram is not phytotoxic.

15PUBLICHEALTH USE
Thiram is a chemodterilant used in the manufacture of plastic dry-wound dressingsand
vulcanized rubber and plastic medical devices It wasaso usad as an ingredient in

antiseptic sprays, s0aps, €tc.

1.6 HOUSEHOLD USE
Thiram is one of abroad spectrum of fungicides available for home-garden use and as
an animd repdlent.

2. TOXICOLOGY AND RISKS
2.1 TOXICOLOGY - MAMMAL

211 Absorption route
Thiram isrgpidly absorbed from the gagtrointesting tract, through the intact
kin, and by inhdation of spray mist and dug.

212 Modeof action

Thiram and other dithiocarbamates are metabolic poisons. Their acute toxic
effects are largely smilar to those of carbon disulfide, supporting the
condusion that the common metabolite of these compounds is respongible for
their toxicity. This concdusion is supported by the findings that most
dithiocarbameates of very low toxicity are poorly absorbed and that alarge
portion of an ora doseis excreted in the faeces unchanged. The exact mode of
action isunclear; it involves intracd lular action of metabolites of carbon
disulfide, causng micrasome injury and cytochrome P-450injury

accompanied by increased heme-oxygenase activity. A wide variety of factors
induding monoamine-oxidase inhibition, abnormd vitamin Bs and tryptophan
metabolisms, and cdlular deprivation of zinc and copper have been cited as
causes of the subcdlular injuries.

In contrast to carbon disulfide, thiram aso causes thyroid dysfunctionsin
vertebrates. This effect is thought to be aresult of metabolic release of atomic
aulfur inthefdlicular cdls, causng inhibition of tyrosneiodination and
ultimately hormone synthess. A single dose of thiram causes atrangent
dysfunction; repeated doses can cause goitres. Other cdlular enzymes may be
smilaly affected.

Thiram induces an dcohal intolerance Smilar to that of Antabuse (disulfiram)
dther by inhibiting acetaldehyde dehydrogenase or through the formation of a
quaternary compound with the ethanal.

2.1.3 Excretion products
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The metabolism and excretion of thiram has not been extensvely studied,
ingght can be gained from pooled informetion of other dithiocarbamate
sudies, especidly disulfiram. Theinitid degradation probably occursin the
gadtrointesting tract where the parent compound is reduced to
dimethyldithiocarbamic acid which is rgpidly absorbed and further
metabolized by hepatic enzymes. A portion of the acid will be excreted
unchanged as a glucuronide. Further metabolism may aso yied
dimethylamine and carbon disulfide resdues. Only asmadl portion of the
peroral dose has been found as carbon disulfide in the blood of rats (0.003%).
Clearly ahig portion of the parent compound may be metabolized to carbon
disulfide, whereas the smdl portion recovered in the blood represents only thet
portion of the dose nat logt through the pulmonary route nor involved in tissue
reactions.

Dimethyldithiocarbamate may aso be degraded to dimethylthiocarbamete,
aulfate ion and formadehyde following methylation and oxidetion reectionsin
body tissuesin generd. Dimethylthiocarbamic acid is excreted asa
glucuronide.

214 Toxidty, sngledose
Oral LDso:

Rat (M, B 560 mg/kg bw

Ra (M, F) 630 mg/kg bw (as a 20% suspension in propylene glycol)

Mouse 1350 mg/kg bw

Rabbit 210 mg/kg bw

Sheep 225 mg/kg bw
Animdskilled with asingle ord dose showed hyperaemia and focd
ulcerations of the gastrointestind tract; focd necrosis of the liver and the rend
tubules; patchy demyelination and ascending flaccid pardyds. Poisoning is
characterized by ensinopenia, depression, adynamia and convulsions of the
conic type.

Dermd; Single gpplications of 1000-2000 mg/kg bw to rats and 500-1000
mg/kg bw to rabbits did not produce skin irritation or other toxic effects. In
guinea-pigs thiram was found to be a primary skin irritant. See section 2.1.7
"Sengtization'.

[ ntraperitonesl
LDso: Mouse 2.50 mg/kg bw The most susceptible species is probably
the rabbit.

2.15 Toxicity, repeated doss
Oral See sections 2.1.6 (Dietary studies) and 2.1.7 (Carcinogenicity).

Dermd:
Repested dermd gpplication, 50 mg/kg bw, to rabbits did not prove
irritating

Cumulaion of compound:
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Thiram has sSgnificant cumulaion properties. At 0.2:0.005 x LDso the
cumulation coefficient is 2.1 2.85.

2.1.6 Dietary sudies

Short-term: In an 80-day feeding sudy in rats 5.0 mg/kg bw per day in maes
and 6.0 mg/kg bw in femaes were found to be the no-effect levels. Paichy
aopeciawas obsarved in some maes and femdes at dosage levels of 20 mg/kg
bw per day and over. Pardyss and arophy of the hind legs of femaeswas
observed a 67 mg/kg bw per day. In a13-week dietary study made rats were
fed thiram a dosage levels of 30, 58 and 132 mg/kg bw per day. Dose
dependent reductionsin body weight and food consumption were obsarved. At
the highest dose there was an increase in BUN, SGOT and SGPT vaues,
evidence of testicular damage and atypical spermiogenesis were observed; five
of the 20 animds in this dose group died within 13 weeks. At 58 mg/kg bw per
day only BUN increases were observed.

In an 80-week sudy mde rats were found to consume 5, 20 and 52 mg of
thiram/kg bw per day, and femaes 6, 26 or 67 mg/kg bw per day. Dose-
dependent decreases in body weight and food consumption were observed in
males garting & 5 mg/kg bw and in femaes sarting & 26 mg/kg bw.

There were no treatment-related mortaities and moderate to severe clinicd
sgns of toxicity were observed only among the femaes in the highest dosage
group. There were no other adverse effects. In aone-year diet sudy in dogsthe
no-effect leve was found to be 4.0 mg/kg bw per day.

Longterm: In atwo-year dietary study in rats the no-effect level was found to
be approximately 4.9 mg/kg bw per day. At 2500 ppm there: was 100%
mortdity within 17 weeks. Generd weskness, ataxia and occasond pardyss
were observed at 300 and 1000 ppm but there was no treatment-rel ated
moartdity, Thiram caused an increase in squamous epithdid metgplasain the
thyroid and faity infiltration in males. There was areduction in incidences of
gpontaneous nephritisin both sexes.

2.1.7 Supplementary sudies of toxicity

Cacinogenicity: Thiram is dassfied as an equivoca tumorigen with no

known carcinogenic effect. It did not dter the incidence or latent period of
spontaneous rumours aso seen in the control ratsin the severd dietary sudies
described above. Also, no clear carcinogenic effect was demondrated in
severd sudies of mice (C57 BL) given the highest tolerated dosesina 77-
week intubation-dietary sudy, afive-week intubation sudy and after asingle
subcutaneous injection (4.6 mg/kg bw)

N-nitrosodimethylamine, a known carcinogen (in mice, rats, rabbits, hamgers
and guineapigs), was produced from thiram under smulated someach
conditionsin the presence of nitrite. The possibility of this transformation of
carcinogenic potentia occurring in vivo under normd dietary conditionsis
unknown.
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Mutagenicity: Thiram was mutagenicaly active on base subdtitution senstive
S typhimurium grains TA1535 and TA 100, the effect was abolished in the
presence of ret liver microsomes, L-cyseine and glutathion; in TA1535 and
TA98 drains fallowing metabolic activetion only; in mitotic recombingtion
assayswith B. subtilis; and in mice given 100 mg/kg bw p.o. causing an
increase in chromosoma aberrations in bone marrow cdlls. Teratogenicity;
Thiram p.o. was shown to be teratogenic, a high doses causng adult injury, in
rats (400 mg/kg bw on days 615 of gestation); in mice (250 mg/kg bw on days
6-15 of gettation); and in hamgers a 250 mg/kg bw on days 7 or 8 of
gedtation. The pattern of foeta defects was not well defined; many changes are
suspected to result from retardation of growth. In hamsters the combined
effects of thiram and the solvent DM SO were possibly synergidtic. In mice
amultaneous adminidration of L-cysteine and thiram tended to abolish the
teratogenic effect of thiram

Reproductiort Thiram was found to have adverse effects on reproduction and
to be embryatoxic in mice, rats and hamgters at high dosage leves toxic to the
adults. In athree-generdion digtary sudy in rats 100 mglkg bw per day had no
adverse effects an reproduction or foetd development. In asingle generation
Sudy in rats, 50 mg/kg bw per day, from gedtation day 16 to post-partum day
21, caused reduced pup growth and surviva. These effects were prevented
when the pups were transferred to untreated | actating dams. In an inhaation
sudy in rats 3.8 mg/nt of air for 6 hours per day, 5 days per week for 4.5
months, caused reproductive mafunction: prolonged oestrus cycles, decreased
conception rates, decreased fertility and reduced foeta weights. In mice 132
mg/kg bw p.o. per day for 13 weeks caused mde infertility; 96 mg/kg bw for
14 days delayed oestrous cycles. These adverse effects were reversed when
treatment ceased.

Neurotoxicity: Animaskilled by single ord doses of thiram showed petchy
demydination in the centrd nervous system, initidly in the cerebdlum and
medulla Rats fed 300 mg/kg bw per day had clonicotonic convulsons and
showed cdcification in the cerebellum, hypothalamus and medulla oblongata,
In another study eight out of 24 femde rats fed 67 mg/kg bw per day for 80
weeks devel oped savere Sgns of neurotoxicity induding ataxiaand ascending
paradyss, degeneration of axis cylinders and presence of macrophagesin the
bundle of the sciatic nerve were observed

Metabolism Thiram has been shown to be an inhibitor of many enzymes. It
induces accumulation of acetaldehyde in the bloodstream following ethanol or
parddehyde trestment. Ininhibitsthe in vitro converson of dopamineto
noradrendin in cardiac and adrenad medulla preparations. It depresses some
hepatic microsoma demethylation reactions, microsoma cytochrome R450
content and the synthesis of phogpholipids. Thiram has aso been shown to
have moderate inhibiting action on decarboxylases and, in fish, muscle
acetylcholinesterases.

Sengtizationt Thiram was found to be a primary skin irritant with a threshold

limit vaue of 5% in a 24-hour ocduded patch test in guinea-pigs and it was
aso shown to have moderate contact hypersengtivity potency in aguineapig
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meaximization test. 2.1.8 Modification of toxicity In mammals the teratogenic
and embryotoxic effects of thiram are at least partly overcome by smultaneous
trestment with L-cysteine or glutathion. Potentiation of the teratogenic effect
occurs with the solvent DM SO.

2.2 TOXICOLOGY - MAN

22.1 Absorption
Thiram can be absorbed from the gastrointesting tract, through the skin and by

inhdation of dust and fine spray migt.

2.2.2 Dangerous dosss

Thereis no informetion on doses leading to illness

Sge: Thiramhas been given atoxicity reting of 4 (Gossdlin), the probable
ord lethd dosefor humansis 50500 mg/kg bw. Alcohal, regardiess of the
route of absorption of thiram, increases thiram toxicity and is probably the
cause of most systlemic poisonings involving thiram.

Repeated No information is avallable. Snce thiram is cumulative the repested
dangerous doseislikely to be much smdler then the Sngle dose.

2.2.3 Obszrvations on occupationally exposad workers
Numerous studies of indudtrid and agricuttura workers have been published.

There have been very few cases of thiram systemic poisoning leeding to degth
without known acohol involvement. Increased skin sensitivity unrdated to
aoohal use, once thought to be uncommon, is becoming increasingly more
common, espedidly in tropica countries, in association with thiram use.

Inoneindudtrid study of men and women between 20 and 50 years of age,
who had been exposed to TMTD for severd years, ocular manifestations were
common. Theinitid symptoms, lachrymation and photophobia, were

temporary and were followed by chronic conjunctivitisin 14% of those
examined, enlargement of retina blood vessdls (in 34%), reduced visud

acuity, ddayed dark adaptation and reduced corned sengitivity.

In another gudy, in addition to ocular manifestations, tachycardia, thoracic

pain and coughing, epidaxis, dermd lesons, myocardid dystrophy, liver
dysfunction, astenia and goitre have been found. A single case of thyroidd
adenocarcinomain a person exposed to thiram has been reported. Many cases
of poisoning have involved acohal interaction with thiram, especidly in
agricultural workers and formulators. The symptoms of this poisoning include
gadtric pain, nausea, vomiting, hypertension and hyper-irritability, fine

tremors, fever and moderate lymphopenia

2.2.4 Observations on exposur e of the general population

The use of thiram in the manufacture of many rubber and plagtic products (eg.,
shoes) and as afungicidein recreationd aress (e.g., golf courses and bowling
greens) presents congiderable opportunity for exposure of sengtive individuds

to the compound. Thiram is consdered to be a borderline alergen requiring
severd exposures to produce sendtization. For further details see section 4.1.5.
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2.25 Observations of volunteers

Thiram has been used in severd medicind products and sogps. Systemic
poisonings and contact dermatitis have not been commonly seen in these
studies (see section 4.1.5 for more details). Ord doses of 0.51.5 g per person
per day for severa weeks have been tolerated without ill -effect provided
acohol was avoided.

2.2.6 Reported mishaps

Thereis no published information avalable on intentional poisoning involving
thiram. Mogt accidental systemic poisonings due to thiram have dso induded
acohol consumption. In most cases, though the symptoms were severe enough
to warrant hospitdization, the recovery was uneventful and complete in three
to four days. In one incident, afatdity occurred following the mixing of seed
and thiram with a spade. The worker, who was exposed for gpproximately 10
hours, fell ill and though treated in hospital he died four days later

23 TOXICITY TO NON-MAMMALIAN SPECIES

231Fish
No information avalable

232 Birds
Thiram ismoderatdly toxic to most birds; the acute and chronic toxic effects
are dmilar to those found in mammds. It has been shown to be teratogenic and
to interfere in normd reproductive physology and behaviour in domestic fowl.
The effect in the young birds appears to be more severe than in older birds.
Oral LDso:

Madlards 2800 mg/kg bw

Pheasants 673 mg/kg bw

Red wing blackbird 300 mg/kg bw

Domedtic sparrow 100 mg/kg bw

Common grackle 100 mg/kg bw

2.3.3 Other species
No information available.

3. FOR REGULATORY AUTHORITIES - RECOMMENDATIONS ON REGULATION OF
COMPOUND

3.1 RECOMMENDED RESTRICTIONS ON AVAILABILITY
(For definition of categories, see the Introduction to Data Sheets)
All liquid formulations over 28%, Category 3.

All other liquid formulaions, Category 4.

All s0lid formulations over 11%, Caegory 4.

All other solid formulations, Category 5.

32 TRANSPORTATION AND STORAGE

Formulaionsin categories 3 and 4—
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Should be trangported or stored in clearly labdlled rigid and leskproof containers and
away from containers of food and drink. Storage should be under lock and key and
secure from access by unauthorized persons and children.

Formulationsin Category 5 - Should be trangported or storedin dearly labdled
leskproof containers out of reach of children and away from food and drink.

33 HANDLING

Formulations in categories 3 and 4 - Protective clothing (seepart 4) should be
provided for those handling concentrates. Adequate washing facilities should be
available dose a hand. Eating, drinking and smoking should be prohibited during
handling and before washing after handling. Adequate ventilation must be maintained.
Formulations in Category 5- No specid facilities other than those for handling of any
chemica need be required. Adequate ventilation must be maintained.

34 DISPOSAL AND/OR DECONTAMINATION OF CONTAINER

If not decontamineated container must either be burned or crushed and buried below
topsoil. Care must be taken to avoid subseguent contamination of water sources.
Container may be decontaminated (for method see paragraph 4.3 and part 4).
Decontaminated containers should not be used for any other purpose.

3.5 SELECTION, TRAINING AND MEDICAL SUPERVISION OF WORKERS

Formulaions in categories 3 and 4- Pre-employment medica exarrination for
workers desrable. Workers suffering from activ hepatic or rend disease should be
excluded from contact. Pre- employment and periodic cholinesterase tests for workers
desirable. Training of workers in techniques to avoid contact and the need for gtrict
abgtention from acohol use prior to and after thiram use are essentid. Formulationsin
Category 5 - Warning of workers to minimize contact and about the dangers of dcohol
use prior to and after thiram use is essentid.

3.6 ADDITIONAL REGULATIONS RECOMMENDED IF DISTRIBUTED BY
AIRCRAFT

All formulations - Filot and loaders should have specid training in goplication
methods and early symptoms of poisoning. Hagmen, if used, should wear a broad
brimmed hat, afacid mask and coverdls, and be located well away from the dropping
zone.

3.7LABELLING

Formulations in categories 3 and 4 - Minimum cautionary stiatement "WARNING -
POISON" (skull and crossbonesinggnia). Thiram is a dithiocarbamate; ametabolic
poison of dight acute toxicity and hes potentia long-term toxic effects. A primary
irritant, avoid contact with skin and eyes. Inhdation of dust or spray, or swalowing
may be fatd. Wear protective gloves, clean protective clothing, and a particle
respirator (3 micron cgpability) type when handling this materid. Batheimmediatdy
after work. Ensure that containers are closed and stored under lock and key. Empty
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containers must be digposad of in such away asto prevent dl possibility of accidentd
contact with them. Keep the materid out of reach of children and well away from
foodstuffs, anima feed and their containers. Maintain adequate ventilation during use.
In case of contact immediately remove contaminated cothing and wash the skin
thoroughly with sogp and water; for eyes, flush with weter for 15 minutes. If
poisoning occurs, cal aphysician. Avoid dcohol usefor a least 10 days Thereisno
gpecific antidote, trestment must be symptométic.

Formulationsin Category 5 - Minimum cautionary statement - Thisformulation
contains thiram, it is poisonous if swallowed. Kegp the materia out of reach of
children and well away from foodstuffs, anima feed and food containers. Maintain
adequate ventilation during use. Avoid dcohol use prior to and &fter thiram use

38 RESDUESIN FOOD

Maximum resdue levels - Maximum residue levels have been recommended by the
Joint FAO/WHO Meeting on Peticide Residues.

4. PREVENTION OF POISONING IN MAN AND EMERGENCY AID
4.1 PRECAUTIONSIN USE

411 Generd

Thiram is adithiocarbamate of dight acute toxicity and potentid long-term
toxic effects. In addition to its inherent toxicity it induces an acohol

intolerance Smilar to that of Antabuse (disulfiram), arelated dithiocarbameate.
It may be absorbed from the gastrointestingl tract; by inhalation of spray mist
or dugt; and through theintact skin. A primary irritant, avoid contact to skin
and eyes, ills must be washed immediately from the skin and eyes. Adequate
ventilation is essentid.

4.1.2 Manufacture and formulation —

TLV 5mg/m3, ACGIH. Formulation should not be attempted without advice
from the manufacturer. Although voldtility islow vapour and dusts should be
controlled preferably by mechanicd means. Protective equipment for the skin
and sdf -contained respiratory protection is essentia. Adequate ventilation is
also essentid.

413 Mixersand applicators

When opening the container and when mixing, care should be taken to avoid
contact with the mouth and eyes. Maintain adeguate ventilaion during
handling; a sdf-contained breething gpparatus, coverdls and gloves should be
worn. Mixing, if not mechanica, should dways be carried out with a paddle of
gppropriate length. The gpplicator should avoid working in Soray mists and
avoid contact: with the mouth. Splashes must be washed immediately from the
kin or eyeswith large quantities of water. Before edting, drinking or smoking,
hands and other exposed skin should be washed.

4.1.4 Other assodated wor ker s (including flagmen in aerial operations)
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Persons exposed to thiram ard associated with its application should observe
the precautions described in section 4.1.3 under "Mixers and gpplicators'.

4.1.5 Other populationslikey to be affected

With correct application and appropriate warnings of use the generd public
should not be exposed to hazardous amounts of thiram. Warnings of use are
essentid; there are reports of contact poisoning in sensitive persons following
exposure after correct horticultura applications and after continuous use of
vulcanized rubber or plastic products contaminated with thiram during their
manufacture

42 ENTRY OF PERSONSINTO TREATED AREAS
Unprotected persons should be kept out of trested areas until the spray solution isdry.
4.3 DECONTAMINATION OF SPILLAGE AND CONTAINERS

Resduesin containers should be dissolved in a combusdtible solvent (dcohal, benzene,
etc.) and burned in afurnace. The empty containers may be decontaminated by ringng
two or three times with a combustible solvent, the rinse burned. An additiond rinse
should be carried out with 15% cacium hypochlorite solution which should remanin
the container overnight; neutralize and dispose of the rinse in adeep pit or into a sewer
with abundant weter. Impermesble gauntlets should be worn during thiswork and a
soakage pit should be provided for the ringngs. Decontaminated containers should not
be used for any other purpose. Spillage of thiram and its formulations should be
removed by washing with 15% cacium hypochlorite solution and then ringng. with
large quantities of weter. Neutrdize the rinse fluid and drain into a deep pit or sewer
with abundant water.

44 EMERGENCY AID

4.4.1 Early symptoms of poisoning

Early symptoms may include dizziness, confusion, drowsness, lethargy,
ataxia, headaches, or coma; nauses, vomiting, diarrhoea.and gomach pains,
muscle weskness and pardysis (ascending); respiratory parayss, and skin
rash and eyeirritation.

4.4.2 Treatment before person is seen by a physcian, if these symptoms
appear falowing exposure

The person should gop work immediately, remove dl contaminated dothing,
and wash the affected skin or hair with sogp and water. Flush contaminated
eyes with fresh water for 10-15 minutes. If the compound wasingested and if
the victim isdert, induce vomiting if it has not dready occurred. Provide
atificid respiration if required and preferably by mechanica means. Prevent
consumption or other contact with acohol. Contact a doctor immediatdly, give
supportive care and remove the victim to hospital as quickly as possible.

5. FOR MEDICAL AND LABORATORY PERSONNEL

5.1 MEDICAL DIAGNOSISAND TREATMENT IN CASES OF POISONING
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5.1.1 General information

Thiram is a dithiocarbamate pedticide of dight acute toxicity and some
potentid longterm effects (e.g., mutagenicity, teratogenicity and
tumorigenicity). It isused as an indudrid water antifouling agent and in
severa manufacturing processes. It is absorbed from the gastrointesting tract;
by inhaation of dust or Soray mist; and through the intact skin. Thiram induces
aoohal intolerance smilar to that of Antabuse (disulfiram).

5.1.2 Symptoms and Sgns

Symptoms of poisoning indude nauses, vomiting, abdomind pain, diarrhoes,
anorexia and weight loss, headaches, lethargy, dizziness, ataxia, confusion,
drowsiness and coma; suppression of tendon reflexes initid hypatonia
progressing to flaccid pardyds (Landry's syndrome); respiratory pardyss, and
severe dermatitis and eye inflammation.

5.13 Laboratory

Due to rapid metabolism and excretion, detection of thiramin the blood is
generdly not possible. Detection of thiram metabolites and xanthurenic acid in
the urine may confirm absorption but will not necessarily reflect the degree of
poisoning. Skin testing may be useful in identifying sengtization to the
compaund. Trestment should not be deferred pending laboratory results.

51.4 Treatment

Thereis no pecific antidote; provide symptomeatic and supportive trestment.
For contact poisoning remove al contaminated cothing and wash the affected
skin and hair with soap and water; flush contaminated eyes with fresh weter
for 10-15 minutes. If thiram has been ingested, if the patient is dert and if
vomiting has not dreedy occurred, induce vomiting preferably with Syrup of

I pecac. Continue to observe patient for sgns of depression of consciousness
level and/or respiration. If these Signs occur, gadtric intubation, aspiration and
lavage should be performed immediately. Lavage with isotonic sdline or
sodium bicarbonate solution should be followed by activated charcoal by
intubation to limit asorption of any resdud thiram in the gestrointestind

tract. If the irritant properties of thiram have not areedy induced a bowe
movement, give amild cathartic (e.g., magnesum sulfate). Intravenous
adminigration of glucose and ascorbic acid (0.2 g/min up to one gram totd)
may be useful to accelerate the excretion of unreacted, absorbed thiram.
Provide artificid respiration i necessary, preferably by mechanicd means. In
extreme casss, if the patient is unconscious or in respiratory distress, oxygen
should be provided. The patient should avoid fats, oils and lipid solvents which
might enhance absorption and prohibit al forms of ethanol consumption for at
least three weeks.

5.15Prognoss
If the acute toxic effect is survived the chances of complete recovery are very

good.

5.1.6 Referencesto previoudy reported cases
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52 SURVEILLANCE TESTS

There are no reedily available techniques to determine the degree of exposure prior to
the appearance of symptoms

53 LABORATORY METHODS

5.3.1 Detection and assay of compound
CIPAC Handbook (1970) VVal. 1, 672 pp.

Butler, L. C. & Staff, D.C. (1978) J. Agric. Food Chem., 26(11), 295296

Gudafssen, K. H. & Thompson, R. A. (1981) J. Agric. Food Chem., 29(4),
729732

Muzhanovsky, Y. E. et d. (1979) Farm. Zh. (Kiev), (2), 54-57

Smith, R. M. et d. (1981) Andys (London), 106-1254; 129-134

5.3.2 Other tedsin casesof poisoning
Sedokur, L. K. & Lukyanchuck, D. (1976) Xanthurenic aciduria as a specific

test for dithiocarbameate intoxication, Gig. Tr. Prof. Zabal. , 2, 55-56

Kashevich, L. M. (1975) Rheohepatography in the diagnosis of toxicochemica
lesons of theliver in persons deding with TMTD, Gig. Tr. Prof. Zabadl., 6, 16-
19 SeeAlso:
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7.3- International Chemical Safety Cards on thiram (INCHEM database)

TYPES
OF
ACUTE FIRST AID/FIRE
e | HAzaRDSSMPTOMS PREVENTION AGHTING
RE
Combudtible liquid
formulations containing
organic solvents may be Powder, water spray, foam,
FIRE i ammable gives off NO openflames carbon dioxide.
irritating or toxic fumes (or
gases) inafire.
Theeqlosonhezardwill |1 oy nocnooion o
EXPLOSI fdeperd onthesolventused [0 o < 2; '
ON in the formulation or on the ectrical pro mentand
characteristics of the dust. > Eclrica equipment an
lighting.
AVOID ALL
CONTACT! AVOID
oS EXPOSURE OF
(PREGNANT)
WOMEN!
INHALAT |Confudon, cough, dizziness, g(ml 'la'?’groghi Fresh air, rest, and refer for
ION headache, sore throat. N g medica atention.
protection.
Remove contaminated
Protective gloves, clothes, and rinse and then
SKIN - |Redness. protective dothing, Wash skin with water and
soap.
Frg rinse with plenty of
;igi on inacles oreye water for severa minutes
EYES Redness, pain. combingtion with (remove contact lensesiif
: . eesly possble), then teketo
breething protection. - doctor.
INGESTI (further see Inhalation) Do not et drink, or Rinse mouth, and refer for
ON ' smoke during work. medica atention.
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PACKAGIN
SFILLAGE DISPOSAL STORAGE L ABGE&LLI N
G
Do not
transport
with food
and
feedstuffs.
. : Xn symbol
Do NOT wash away into sewer, sweep spilled .

: d Separated from acids, stro . -
substance into containers, carefully collect oxidizers, food awddfs'eedsturf]?s, 56/32(7)12420 23
remainder, then remove to safe place (extra . e
personal protection: sdif-cortained breething Y, kepinaweliventidted 1S 3637
apparatLs) . UN Hazard

Class 6.1
UN Packing
Group: I
: ROUTESOF EXPOSURE:
TPI\D(ES,]AER':IL\EFEATE The substance can be absorbed into the
COLOURLESS CRYSTALS, IbOdV 'if’é’n'”hda'on of its aerosol and by
INHALATION RIK:
PHYSCAL DANGERS Evaporation a 20°Cisnegligible a
Dug exploson possibleif in powder or harmful concentration of arborne
granular form, mixed with air. particles can, however, be reached
quickly by spraying or dispersng.
CHEMICAL DANGERS
[IMPORTANT |The substance decomposes on heeting EFFECTS OF SHORT-TERM
DATA and on burning producing toxic fumes EXPOSURE:
(nitrogen, sulfur oxides). Reacts with The substance irritates the eyes, the kin
gtrong oxidants, acids and oxidizable and the respiratory tract.
meaterids.
EFFECTS OF LONG- TERM OR
REPEATED EXPOSURE:
Im@ggEAL EXPOSLRE Repested or prolonged contact may
TLV: pprr(1 1 msg)/m3 (ACGIH 1991- cause skin sengdtization. The substance
1992') PDK 05 myim3 P (USSR may have effects on the thyroid, liver.
1991)' T Anima tests show thet this substance
' possibly causes toxic effects upon
human reproduction.
PHYSICAL  [Bailing point a 2.6 kPa 129°C
PROPERTIES [Mélting pant: 155-156°C
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|Rdlative density (water = 1): 1.29

Solubility in water: none

\V apour pressure, Paat 20°C: <0.001

|Hash point: 148.9°C (o.c)°C

Octanol/water partition coefficient as log Pow: 1.82
ENVIRONME |This substance may be hazardous to the environment; specid attention should be
NTAL DATA |givento fish and birds.

NOTES

Use of dcohoalic beverages enhances the harmful effect, carrier solvents used in commercia
formulations may change physical and toxicological properties, do NOT take working clothes
home, arasan, Tersan, Fernasan, Pomarsol, Thiosan, Hermd, Fungitex, Vulkadit-Thiuram,
Ekagom-TB, Thiurad, Robac TMTD, Tuex are trade names.

Trangport Emergency Card: TEC (R)-61G47c

ADDITIONAL INFORMATION
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7.4- EXTOXNET Pedticide information Profile on thiram (USEPA website)

EXTOXNET
Extenson Toxicology Network

Pesticide I nformation Profiles
A Pedticide Information Project of Cooperdtive Extenson Offices of Corndl University,
Oregon State University, the University of 1daho, and the Universty of Cdiforniaa Davis
and the Inditute for Environmenta Toxicology, Michigan State Universty. Mgor support
and funding was provided by the USDA/Extension Service/Nationa Agriculturd Pesticide
Impact Assessment Program.
EXTOXNET primary files maintained and archived a Oregon State University
Revised June 1996

Thiram

Trade and Other Names: Common namesindude thiram (U.S,), thiuram (Japan), and
TMTD (former U.SSR.), TMT, and TMTDS. Trade namesinclude AAtack, Arasan, Aules,
Fermide 850, Fernasan, FMC 2070, Hexathir, Mercuram, Micropearls, Nomersan, Pomarsol,
Purdin, Rezifilm, Rhodiasan Express, Spotrete, Tersan, Thiosan, Thiotex, Thiramed,

Thirame, Thiuramin, Thirasan, Tirampa, Tiuramyl, TMTC, TMTD 50 Borches, Trametan,
Tuads, and Tulisan.

Regulatory Status: Thiram is registered as a Generd Use Pegticide (GUP) by the U.S.
Environmenta Protection Agency (EPA). It is classfied astoxicity dass|1l - dightly toxic.
Pedticide products containing thiram bear the Signad Word CAUTION on the product labd.
Chemical Class: dimethyl dithiocarbameate

Introduction: Thiramisadimethyl dithiocarbamate compound used as afungicide to
prevent crop damage in the fidld and to protect harvested crops from deterioration in Storage
or rangport. Thiram is aso used as a seed protectant and to protect fruit, vegetable,
ornamentd, and turf crops from avariety of fungd diseases. In addition, it isused asan
anima repdlent to protect fruit trees and ornamenta's from damage by rabbits, rodents, and
deer. Thiram is available as dug, flowable, wettable powder, water dispersble granules, and
water suspenson formulaions, and in mixtures with other fungicides. Thiram has been used
in the trestment of human scabies, as a sunscreen, and asabactericide applied directly to the
kin or incorporated into sogp.
Formulation: Thiramisavalabde as dug, flowable, wettable powder, weter dispersble
granules, and water sugpenson formulations, and in mixtures with other fungicides.
Toxicological Effects:
Acute toxicity: Thiramisdightly toxic by ingestion and inhdation, but it is
moderately toxic by dermd absorption. Acute expasure in humans may cause
headaches, dizziness, fatigue, nauses, diarrhea, and other gedtrointestind complaints.
In rats and mice, large doses of thiram produced muscle incoordination, hyperactivity
followed by inectivity, loss of muscular tone, labored breething, and convulsons.
Mos animas died within 2 to 7 days [4]. Thiram isirritating to the eyes, skin, and
respiratory tract. It isa skin sengtizer. Symptoms of acute inhaation exposure to
thiram indlude itching, scratchy throat, hoarseness, sneezing, coughing, inflammetion
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of the nose or throat, bronchitis, dizzines, heedache, fatigue, nauses, diarrhea, and
other gadtrointestind complaints. Persons with chronic respiratory or skin diseese are
a increased risk from exposure to thiram [4]. Ingestion of thiram and acohol together
may cause fomach pains, nausea, vomiting, headache, dight fever, and possble
dermatitis. Workers exposed to thiram during gpplication or mixing operationswithin
24 hours of moderate acohol consumption have been hospitalized with symptoms.
The4-hour inhdation LC50 for thiram is gregter than 500 mg/L in rais. Reported ora
LD50 vauesfor thiram are 620 to over 1900 mg/kg in rats; 1500 to 2000 mg/kg in
mice; and 210 mg/kg in rabbits [1,3]. The dermd LD5S0 is grester than 1000 mg/kg in
rabbits[4] and inrats[1,3].

Chronic toxidaty: Symptoms of chronic exposure to thiram in humansinclude
drowsiness, confusion, loss of sex drive, incoordination, durred gpeech, and weekness,
in addition to those due to acute exposure. Repeated or prolonged exposure to thiram
can aso cause dlergic reactions such as dermatitis, watery eyes, senstivity to light,
and conjuntivitis [1]. Except for the occurrence of dlergic reactions, harmful chronic
effects from thiram have been observed in test animas only a very high doses. In one
study, adietary dose of 125 mg/kg/day thiram was fata to dl rats within 17 weeks.
Ord doses of about 49 mg/kg/day to rats for 2 years produced weskness, muscle
incoordination, and pardyss of the hind legs. Rats fed 52 to 67 mg/kg/day for 80
weeks exhibited hair loss, and pardysis and arophy of the hind legs. Symptoms of
musdle incoordination and paraysis from thiram poisoning have been shown to be
asociated with degenerdtion of nervesin the lower lumbar and pelvic regions. Day-
old white leghorn chicks fed 30 and 60 ppm for 6 weeks exhibited bone madformations
[1]. At doses of about 10% of the LD50 for 15 days, thiram reduced blood platelet and
white blood cdll counts, suppressed blood formation, and dowed blood coagulationin
rabbits [1].

Reproductive effects Very high ord doses of goproximately 1200 mg/kg/day thiram
to mice on days 6 to 17 of pregnancy caused resorption of embryos and retarded fetal
deveopment. In another study, doses of 132 mg/kg/day for 13 weeks produced
infertility in mae mice, while doses of 96 mg/kg/day for 14 days delayed the estrous
cycleinfemdes[1]. The feeding of 50 mg/kg/day thiram from day 16 of pregnancy to
21 days after birth caused reduced growth and surviva of the pups. Pupsthat were
transferred to untreated dams at birth remained hedthy, while pups transferred from
untreated to trested dams showed toxic effects[1]. These data suggest that
reproductive effects occur at high doses not likely to be experienced by humans.
Teratogenic effects Cleft paate, wavy ribs, and curved long leg bones were observed
in the offspring of mice that ingested very high thiram doses of 1200 mg/kg/day on
days 6 to 17 of pregnancy. Maternd doses of 125 mg/kg/day thiram were teratogenic
in hamgers, causing incomplete formation of the skull and spine, fusad ribs,
abnormdlities of the legs, heat, great vessals, and kidneys [1]. Developmentd toxicity
was observed in athree-generation study of rats fed 5.0 mg/kg/day [1,4]. These data
suggest that high doses are required to cause teratatogenic effects.

M utagenic effects Thiram has been found to be mutagenic in Some test organisms
but not in others[1]. Thus, the evidenceisinconclusive.

Carcinogenic effects: When administered to mice at the highest dose possible, thiram
was not carcinogenic. Dietary levels as high as 125 mg/kg/day for 2 years did nat
causetumorsin rats [1]. These dataindicate that thiram is not carcinogenic.

Organ toxicity: Studies have shown evidence of damege to the liver by thiramin the
form of decreased liver enzyme activity and increased liver weight [1]. Thiram may
aso cause damage to the nervous system, blood, and kidneys[4].
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Fate in humans and animals: In the body, carbon disulfide isformed from the
breskdown of thiram and does contribute to the toxicity of thiram to the liver [1,3].

Thiram isnot amember of the ethyleng(bis)dithiocarbamate (EBDC) chemicd family,
and thusit should not generate ethylene thiourea (ETU) [1].
Ecological Effects:

. Effectson birds Thiram is practicaly nontoxic to birds The reported dietary LC50
of thiram in Japanese quall is greater that 5000 ppm [36]. Reported dietary LC50
vaues in pheasants and mdlard ducks are 2800 ppm and 673 ppm, respectively [14].
The LD50 for the compound in redtwinged blackbirds is grester than 100 mg/kg [3].
Effects on aquatic organisms. Thiram is highly toxic to fish [4]. The LC50 for the
compound is 0.23 mg/L in bluegill sunfish, 0.13 mg/L in trout, and 4 mg/L in carp
[17]. Thiram is not expected to bioconcentrate in aguatic organisms[19)].

Effects on other organisms Thiram is nontoxic to bees [3].

Environmental Fate:
Breakdown in soil and groundwater: Thiram is of low to moderate persstence. It is
nearly immobilein day soils or in soils high in organic metter. Because it isonly
dightly solublein water (30 mg/L) and has a strong tendency to adsorb to soil
particles, thiram is not expected to contaminate groundwater. The soil hdf-life for
thiram is reported as 15 days [20]. Thiram degrades more rapidly in acidic soilsand in
soils high in organic matter. In ahumus sandy sail, at pH 3.5, thram decomposed
after 4to 5 weeks, while at pH 7.0, thiram decomposed after 14 to 15 weeks. Thiram
perdsed for over 2 months in sandy soils, but disgppeared within 1 week from a
compost soil. The magor metabolites of thiram in the soil are copper
dimethyldithiocarbameate, dithiocarbameate, dimethylamine, and carbon disuifide [19].
In sail, thiram will be degraded by microbid action or by hydrolyss under acidic
conditions. Thiram will not volatilize from wet or dry soil surfaces[19].
Breakdown in water: Inwater, thiramisrgpidly broken down by hydrolyssand
photodegradation, especidly under acidic conditions. Thiram may adsorb to
suspended particles or to sediment [19].
Breakdown in vegetation: No data are currently available.

Physical Properties:
Appearance Thiram isawhite to ydlow crystdline powder with a characteristc
odor [3].
Chemical Name: tetramethylthiuram disuifide [3]
CAS Number: 137-26-8
Molecular Weight: 24044
Water Solubility: 30 mg/lL & 25 C[3]
Solubility in Other Solvents ssin ethanol; s. in acetone and chloroform [3]
Mdting Point: 146 C[3]
Vapor Pressure Negligible a room temperature [3]
Partition Coefficient: Not Avallable

- Adsorption Coeffidient: 670 [11]
Exposure Guidelines:
- ADI: 0.01 mgkg/day [33]

MCL: Na Avalable
RfD: 0.005 mg/kg/day [27]
PEL: 5 mg/m3 (8hour) [28]
HA: Not Availeble




TLV: Not Available
Basic Manufacturer:
ELF Atochem North America, Inc.
2000 Market Street
Philaddphia, PA 191033222
Phone 215-419-7219
Emergency: 800-523-0900
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