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1.0 GENERAL INFORMATION
1.1 COMMON WAME: Ziram (ISO, BST and JMAF;
T.1.1 Tdentity:

TUPAC: Zinc dimethyldithiocarbamate

CLASSIFICATION:
Primary Use: Fungicide
Secondary Use: Animal repellent

Chemical Group: Dithiccarbamate

exception West Germany)

CAS: (T=4)-bis (dimethyldithiocarbamate) zine

CAEZ Reg. No.: 137-30-4

Molecular formula: CE)I-I1 2N2542n

Molecular weight: 305.8

Structural formula:
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The issue of this docurnent does not constitute formal
publication. 1t should not be reviewed, abstracted or
guoted without the agreement of the Food and Agricul-
fure Organization of the United Nations or of the World
Heatth Organization.

Ce dacument ne constitue pas une publication. 1l ne doit
faire I'objet d'ausun compte rendu ou résumé ni d’aucune
aitation sans |'autorisation de "Organisation des Nations
Unies pour I'Alimentation et {'Agriculture ou de t'QOrga-
nisation Mondiale de la Santé.
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1.1.2 Synunyms - AaprotentR; Aavolex®; Aaszira®; Accelerator LR; Aceto ZDEDR; Aceto ZDMDR;
Kicobi_EMR; Carbazinc®; Corona Corozate®; CorozateR; CumanR; CymateR; Brupins 9OR;
Eptac 1R; ENT 988; Fuleasin (Fuklasin)R; FunpostopR; Hermat ZDMR; HexazirR; Karham
WhiteR; Methaﬁané; MethazateR; Methylzimate; Methylziaeb; Methylziram; Mexene
(ﬁPﬁZEHE%R; Miblam (capilbam)R; MolurameR; MycronilR; NCI-C50442; Pomarsol Z forteR;
Prodaram®; RhodiacldR; Soxinmal (Soxinol) PZR; Tricarbamix Z; TriscabolR; TaimatR;
Tairam; USAF P=%; Vanclide MZ-96R; Vulcacure®; vVulkacite (Vulkacit}LR; Welastaub; %
75R; Zarlate: 20 (%Z-C) spray®; Zerlatel; ZimateR; ZinemateR; Zinkearbamate®:
Zirame; Ziramvish; ZirasanR; ZirbeckR; Zlrax; ZirideR; ZirthaneR; Zitox®,

1.2 SYNQOPSIS: Ziram is a dithiocarbamate fumglicide with some Inscct repellent propertles.
Tt is a metabolie polson of low acute toxicity to mammals: (it may cause skin
irritation. Tt is liated in WHO Hazard Class III. Ziram Is toxlic to zinc sengfitive
plants. It has also heen used extensively in the rubber industry as a promoter of
vulcanizatlion.

1.3 SELECTED FROPERTIES

1.3.1 Physical characteristics - Ziram Is a colourless odourless powder which melts at 250°C,
the technlcal product melts at 240-2440C. Tt is corrosive te copper and 1ron.

1.3.2 Solubility ~ In water, 65 mg/l at 25%C; it is slightly soluble in ethanol and diethyl

cther, modcrately soluble in acetone, and soluble in dilute alkalil, chloroform and
carbon disulphide.

1.3.3 Stability - Ziram ls stable under normal conditions hut decompases in acld media. Tt
does not accumulate in soil.

1e3.4 Vapour pressure - Negligible at room temperature.

l+d AGRICULTURE, HORTICULTURE AND FORESTRY

1.4.1 Common formulations — These include a wettable powder, 300-960 g a.i./kg; a repellent
paste; 370 g a.i./kg with sticker; dusts, 335-75 g a.d./kg; and a flowable
formulacion, 479 g a.1./1.

1.4.2 Pests controlled ~ It may he used as a repellent against Japanese beatles and cucumber
beatles and as a fungicide in the control of several plant diseases. Aquatic snails may
also he controlled effectively.

1-4.3 Use patteen - 2iram is used on almonds, apples, apricots, bananas, heans, heets,
hluebarries, hroccoli, hrussel sprouts, cabbage, caneberries, cauliflower, carrots,
cantaloupes, celetry, cherries, collards, cranbarries, cucumbers, melons, nectarines,
oniens, peaches, pears, pecans, peppers, pumpkins, radishes, squash, spinach,
strawberries, tomatoes, turnips, watermelons and ornamentals. Ir may be applied at
3-16 kg/ha up to the day of harvest on some ¢rops. It is compatible with common
fungleides and pesticldes except those comtalning copper or mercury. If plants are
difficult te wet, a sticker may be added to the formulation.

l1.4.4 Unintended effects — Ziram {2 non=-phytotoxic except to zinc sensitive crops such as
tobacen and cucurblits at high applicatlon rates. It is not known to be repellent to
beneflicial insects.

1.5 PUBLIC HEALTH PROGRAMMES - There are no recommended uses.
L.6 HOUSEHOLD USE - There are no recommended uses.

2.0 TOXKILICOLOGY AND RTISKS

2.1 TOXICQLOCY =~ MAMMALS

2.1.1 Absorption route — Ziram 1is slowly absorbed from the gastrointestinal tract; through
the intact skin; and by inhalation of spray mist and dusts.
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Mode of action — Ziram and other dithiocarbamates ave metabolic peoisons. Thelr acute

toxic effects are similar to those of carbon disulfide which has led to the suggestion
that this metabolite, common to all dithiocarbamates, is the cause of their effects.
This is supported by the obgservation that most dithiccarbamates of very low acute
toxicity are excreted unmetabolized in the feces following oral dosing. The exact mode
of action is unknown. However, microsomal injury and cytochrome P-450 injury
accompanied by incressed heme—oxygenase activity is a common eccurrence with these
compounds.  Monpamine oxidase {nhibition, abnormal Vitamin Bg and tryptophane metabolism
and cellular loss of zine and copper have been implicared in studies of the blochemical
effect. Ziram is not a potent initlator of thyrold dysfunction among dithiocarbamates
and the effects have not been shown to be dose dependent. The metabolically penerated
sulfur inhibits some Intracellular enzyme systems.

Excretion products — Although the metabolism and exeretion of ziram has not been

extensively studied, insight can be gained from pooled Information from other
dithiocarbamate studies. Initial degradation probably occurs in the gastrointestinal
tract where the pacent compound is reduced to the carbamic acld residue which is rapldly
absorbed and metabolized by hepatic enzymes. A portion of the acld may be ewxcreted,
unchanged, as a glucuronide. Further metabolism of the acid releases C52 and
dimethylamine. A high proportion of the parent compound may be metabolized to carbon
disulfide and the small portion recoverad in bleod or In expired air represents only
that portion of the dose not involved in tissue reactions. Dimethyldithiocarbamate may
also be degraded to dimethylthiocatrbamate, sulfate and formaldehyde following
methylation and oxidation reactions in body tissues In general. Dimethylthiocarbamic
acid is excreted as a glucuronide.

Toxicity, sinzle dose -

Dermal LDs5at No information.

Oral LDgp;

Rat {F} 1400 ng/kg b.w.
Mouse 480 mg/kg b.w.
Rabhit 400 mg/kg b.w.

I.P. LD3gt

Rat (M,F) 23 mp/lg b.w.

Mouse 73 mg/kg b.w.
L.V. LDgy:

Mouse 18 mp/kg b.w-

Toxielty, repeated dose = No mortality or growth rerardation In weanling rats followed
oral daily doses of 100 mp/kg db.w. for one month. Normal thyroid rissues were found in
rats Ingesting diets containing 0.25% of ziram for one month.

Dietary studles =

fhort term: Rats survived dietary levels of 5000 and 2500 mg/kg diet for a month but
growth was retarded and there was slight anaemia. Growth rerardation =t 500 mg/kg diet
was slight.

Convulslons occurred in dogs fed ziram at a rate of 23 mg/kg b.w./day and some died
after five to nine months. Sympteomatology, haematology, urinzlysis, organ waights and
histology were normal in dogs fed 5.0 or 0.5 mg/kg b.w./day for one year.
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Ziram administered in the diet of female rats at 2.9 mg/kg b.w. for nine months resulted
in decreased antibody formarion, phagocytic activity and cemplement activity. Lymphatic
hlastogenlc centres In spleen were also reduced.

Long term: Rabks ware fed ziram 0, 25, 250 or 2500 mg/kg of dlet for two years. Rats
fed 2500 mg/kg suffuered retarded growth and rats fed 250 mg/kg developed atrophic
tastey,

2.1.7 Carcinogenleity: The limited data avallable does not permit adequate assessment of the
carcinogenic potential of =ziram. TIn the feeding study above, 1l tumours were found in
Lreated rats, three malignant tumours of pltultary and two thyroid adencmas at highest
dose, seven tumours were found in controls.

In rats, liver and subcutaneous tumours were induced by twice weekly gavage
administration at 70 mg/kg b.w. for 22 months, and to a lesser extent following a
subcutanenus implant of 15 mg/kg b.w. observed over two memths, A lew survival rate was
a complicating factor in these studies. In a two year dietary study, 600 mg/kg diet
induced an increase in thyroid C=cell carcinoma in male rats mly, It is possible that
a maximum tolerated dose was not achieved in the dietary atudy.

Tn a study on mice, oral administratfion of ziram frem seven days to 78 weeks of age
flirst by gavage (4.6 mg/kg baw.) then at 15 mg/kg of diet frem weaning age, induced no
inerease in Cumeurs.  Similarly no oncogenle potential was observed in mlce over a six
month period following daily oral administracion of 75 mg/kg b.w. for 20 weeks, nor
during 78 weeks of observation following a single subcutaneous Injection of
approximately 46 mg/kg b.w, at weaniny. Furthermore, an increased incidence of
alveolar/bronchiolar adenomas was obsevved only in female mice fed 1200 mg/kg diet.
This study was cempiicated by an intergurrant Sendal virus infeetiom.

Ziram ¢an react with niteite under mildly acid conditions to form
Nenitrosalimethylamine, which is ¢arcinegenic in several animal species.

Mutagenicity:

Ziram was mutagenically active in base-substitutien semsitive S, typhimuriam straing

TA 1535, TA LOU0, TA 1534 and TA 1530 but not TA 1537, TA 1538, TA 98, C46, TA 1531 and
TA 1532. No increase in the number of recessive lethals in Dropsophila melanogastay
(929 chromosomes) was obtained with ziram. No significant increase in gene conversion
nccurred in §.  cerevisiac although metabolic activation systems were nol usad. An
increased number of chramosame aberrations in metaphases of bone marrow cells were found
in mlce treated with 100 mg/ke b.w. orally. Appreximately six times higher frequency of
chromesome and chrematid aberrations were observed in metaphases of culture perlpheral

lymphocytes from workers handling ziram.

Reproduction: Some female rats receiving ziram at 50 mg/kg bh.w./day for two months or
more became sterile; seme foetuses that wepe conmeelved were resorbed and some that were
horn had abnormal talls, Male fertility was not affected.

Teratogenieity: See sectlon abmove.

Irritation and sensitization: Ziram was found to be a primary skin irritant with a
threshold limit value of l0% concentration in 2 24 hour oceluded patch test in guinea
pigs and, it was also shown to have mild to mederate contact hypersensitivity potency in
# gulnea plg maximization test.

Neurnggg}cigx: No information available.

Metabnlism: Ziram has been shewn to be an inhibiter of many enzymes. It 1s inhibitory
to the nxidation of succinate, alpha~ketnrglutarate, glutamate and isoclitrate as well as
on oxidative phosphorylation by isolated liver mitochondrfa. Tt also inhibits aldehyde
dehydrogenase and dopamine-oxidase. Tt induces the accumulationm of acetaldehyde In the
blood stream (ollowing ethanol treatment,

2.1.8 Modification of texicity — No available information.
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2.2 TOXICOLOGY - MAN

2.2.1 Absorption - Ziram is poorly absorbed from the gastrolntestinal traect or through the
intact skin. It may be absorbed from the resplratory tract.

2-2.2 Dangerous doses — There is no information regarding doses leading to illness- The
probable oral lethal dose for humans fs 50 to 500 mg/kg b.w.

Repeated: No avallable information.

2.2.3 Observations on occupationally exposed workers — Several collective farm workers who
used & 70% formulatien of ziram to treat seed experienced irritation of the skin, nose,
throat and eves, gastritis, and a slight reduction in haemoglobin.

Less severe Irritation of the skin and upper respiratory tract was encountered in =
factory where the alr concentration of ziram was Q.77-3.7 mg/mB-

Pogssible inhibition of cholinesterase and changes 1a the bloelectric activity of the
muscles during voluntary motion were reported in workers. Abnormal chromosomes or
chromatids were reported in 5.9% of cultured lymphocytes of workers with three to five
years exposure to ziram-

Observations on exposure of the general population - No avallable information.

Observations on volunteers — No available information.

Reported mishaps — The ingestion of 0.5 1 of ziram solution of unknown concentration was
fatal within a2 few hours., Findings Included focal necresls of the mucosa ¢f the small
{ntestine, congestion and micrescopic edema of many organs, haemmorhages, fecal
ateleqgtases, acute emphysema and desquamsation of alwveolar and brouchial epithellum.

2.3 TOXICITY TO NON-MAMMALIAN SPECIES
2,3,1 Figh = Npo information avallable.
2.3.2 Birds — LD5p Wild Bird 100 mg/kg b.w.

Ziram has beeqn shown to have an adverse effect on body welght, to retard testicolar
development, and to Induce degeneration in seminiferous epithelium of mature fowl.

2.3.3 Other specles = No information avallable.
3.0 FOR REGULATORY AUTHORITIES — RECOMMENDATIONS ON REGULATION OFF COMPOUND
3.1  RECOMMENDED RESTRICTIONS ON AVATILABILITY

{For definition of categories, see the Introdugtion to Data Sheets)

All Iiquid formulations over 70%, eategory 3

All other liquid formulations, category 4

All solid formulations over 28%, category &

All gther gollid formulatilons, category 5

TRANSPORTATION AND STORAGE -

Formulations In gategories 3 and 4: Should be transported or stored in clearly labelled
rigid and leakproof containers and away from containers of food and drink. Storage
should be under lock and key and secure feom access by unauthorized pearsons and
children.
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Formulations in category 53: Should be transported or stored in clearly labelled,
leakproof contalners out of reach of children away frem food and drink.

HANDLING —

Formulations in categories 3 and 4: Protective clothing (see part 4) sheould be
provided For those handling concentrates. Adequate washing facilities should be
available close at hand. Eating, drinking and smoking should be prohibited during
handling and before washing after handling. Adequate ventilatien must be maintained.

Fermulations in category 5: No special facilities other than these for handling of any
chemical need be required. Adequate ventilation must be maintained.

DISPOSAL AND/OR DECONTAMINATION OF CONTAINER ~ Lf not degcentaminated, container must
cither be burped or crushed and buried below topsoll, Care must be taken to aveld
subscquent contamination of water sources. Container may he decontaminated (for method
sas paragraph 4.3). Decontaminated comtainers sheuld not be used for food, feed or
drinking water.

SELECTION, TRAINING AND MEDICAL SUPERVISION OF WORKERS -

Formulations in categorles 3 and 4: Pre-employment medical examination for warkers 1s
desirable.  Workers suffering from actfve bepatic, remal or skin disease should be
excluded frem contaget, Tralning of workers in techniques to avold contact and the need
For strcict abstention fram alechel use prior to and after ziram use Is essentfal.

Formulations in categories 5: Warning of workers to minimize contact and about the
dangers of alcohol use prior to and after ziram use is essential.

ADDITIONAL. REGULATTIONS RECOMMENDEDR IF DISTRIBUTED BY AIRCRAFT -

ALL fermulations: Pilots and loaders should have special training in application
methods.  Flagmen if used, should wear a broad brimmed hat, a facial mask and coveralls,
and be located well away from the deopplop zone.

LARFRLLING =

Formulations in categories 3 and 4, Minimum cautionary statement:

"WARNING — POISON"
(skull and ¢ross bones insignia)

Ziram 1s a dithiocarbamate; a metabolic pelsem of slight acute toxicity and possible
long term Ltomlc effects. It is a primary skin irritant: avolid contact with skin and
eyes.  Inhalation of dust or spray, or swallewing the compound may be dangerous. Wear
protective gloves and clean protective clothing when handling this material. Bathe
immediately after work. FEosure that containers are closed and stored under logk and
key, FHEmpty containers must be disposed of in such a way as to prevent all possibility
of sceldental centact with them, Keep the material out of reach of children and well
away from foodstuffs, animal feed and their containers. Maintain adequate ventilation
during use, In case of contact, immediately remove contaminated cleothing and wash the
skin thoroughly with scap and water; for eyes, flush with water for 15 minutes. [f
polsonfng occurs, call a physiclan, Avold alecohol use for at least 10 days after
cxposure, Thare is no specific antidote, treatment must he systematie,

Formulationa in category 5 - Minimum cautionary statement = This formulation contailnsg
ziram, it is pelsomous Lf swallowed. Keep the material out of reach of children and
well away from food stuffs, animal feed and food containers. Maintaln adequate
ventilation during use, Aveld alechol uvse prior o and after zirvam uge.
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RESIRUES IN FOOD ~

Maximum residue levels: Maximum residue levels have been recommended by the Joint

FAQ/WHO Meeting on Pesticide Residues.
PREVENTION OF POISONING IN MAN AND EMERGENCY ALD

PRECAUTIONS IN USE

General - Ziram 1s a dithlocarbamate of slight acute toxilcity and possible long term
toxic effects. In addition to its inhereut toxicity it induces an alcohel Intolerance
gimllar to that of Antabusa(disulfiram), a related dithiocarbamate. Tt 1s slowly
absorbed by the oral and dermal routes and by inhalation of spray mist or dust. A
primary irritant, avold contact to skin and eyes, spills must be washed immediately
from the skin and eyeg. Adequate ventilation 1s esgsential.

Manufacture and formulation — Formulation should not be attempted without advice from

the manufacture of the technical produet. Although volatiliey is low, vapour and dusts
should be conttrolled preferably by mechanical means. Protective equipment for the skin
and resplratory protectlon are essential; adequate ventilation is also essential.

Mixers and applicators = When opening the container and when mixing, care should be

taken to avoid contact with the mouth and eves. Malntain adequate ventilatlon during
handling; coveralls and gloves should be worn. Mixiog 1f not mechanical, should
always be carried out with a paddle of appropriate length. The applicatoy should avold
working in spray mists and avoid contact with meouth. Splashes must be washed
twmediately from the skin or eyes with large quantities of water. Before eating,
drinking or smoking, hands and other exposed skin should be washed.

Other assoclated workers (including flapgmen in aerilal operatioms) -

Persons exposed to ziram and associated with its application should observe the
precautions described In 4.1.3 under "Mixers and applicators”.

Other populations likely to be affected = With correct application and appropriate
warnings of use the general public is unlikely to be exposed to hazardous amounts of
zlram. Warnings of use are essential; there are reports of contact skln ifrritation in
sensitised persons following exposure after correct hortleultural applicatlions and
after continuous use of vulecanized rubber or plastic products contaminated with ziram
during thelr manufacture.

ENTRY OF PERSONS INTO TREATED AREAS - Unprotected persgons should be kept out of treated
areas until the spray sclution is dry.

DECONTAMINATION OF SPILLAGE AND CONTAINERS - Realduwes in contalners should he dissolved
in a combustible szolvent (alcohol, henzene, etec.) and burned in a furnace. The empty
containers may be decontaminated by rinmsing two or three times with a combustible
solvent, the rinse burned. An additional rinse should be carried out with the L5%
caleium hypochlearite solution which should remain in a conteiner overnight, and he
poured into a deep plt with abundant water. Impermeable gauntlets should be worn
during this wotk and a scakage pit should be provided for the rinsinge. Decontaminated
containers should only be used for matking road works, etc. Spillage of ziram and its
formulations should be removed by washing with 152 calcium hypochlorite seolution and
then rinsing with large quantities of water. Drain ianteo a deep pit or sewer with
abundant water.
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FMERGENCY AID

Barly symptoma of polsonlng - Early symptoms may include dizziness, confusion,
drowsiness, 1Ethargy, ataxla, headaches, or coma; nausea, vomiting, diarrhoea and
stomach pains; muscle weakness and ascending paralysis; vrespiratory paralysis. Skin
rash and eye {rritatlion may occcur as a result of direct contact.

Treatment before person is seen by a physician, if these symptoms appear following
cxposure = The person should stop work immediately, remove all contaminated clothing,
wash the affected skin with soap and water. ¥lush contaminated eyes with fresh water
for 1015 minutes. If the compound was Ingested and the vietim is alert, induce
vomiting LF 1t has not already occurred. Provide artificial resplration if required,
preferably by mechanical means. Prevent consumption or other ¢ontact with alcohel.
Contact a doctor immedlately, give supportive care and remove the patlent to hospltal as
go0on A3 possible.

FOR MEDICAL ANTD LABORATORY PFRREONNEL
MEDICAL DIAGNOSIS AND TREATMENT IN CASES OF POISONING

General Information - Ziram is a dithlocarbamate pesticide of slight acute toxielty and
possible long term toxicity. Tt is used as a protective fungicide on fruit and
vegetahle crops and ln several manufacturing processes. It is absorbed from the
gastrointestinal tract; by irhalation of dust or spray mist, and through the {ntact
skin. Ziram induces alcchol intolerance, similar te that of Antabuse (dfsulfiram).

Symptoms and algns = 3ymptoms of polsoning include nausea, vomiting, abdominal pailn,
diarrhoea, anorexia and weight loss; headaches, lethargy, dizziness, ataxia, confusian,
drowsiness and coma; suppression of tenden reflexes: inftial hypotonia progressing to
fFlaccid paralysis (Landry's syndrome); respiratory paralysis. Severe dermatitis and
eye Inflammation can occur after lecal contamination.

Laboratory = Due to rapid metabolism and excretion, detectlion of ziram in hlood is
generally not possible. Detection of ziram metabolites In urine may confirm absorptiaon
but will not necessarily reflect the degree of poisoning. 8Skin testing may he useful in
[dentifying sensitization to ziram. Treatment should not be deferred pending laboratory
regulta.

Treatment — There 1is no specifie antidote; provide symptomatic and supportive
treatmeat. For centact paisoning, remove all contaminated clothing and wash the
affected skin and hair with soap and water; flush contaminated eyes with fresh water
for 10-15 minutes. If ziram has been ingested, 1f the patient is alert and 1f vomiting
has not already occurred, induce vomlting, preferably with Syrup of ipecse. Continue to
obzerve patient for aipns of depression, conscilousness level and/or reasplratlon. If
these stgne occur, gastric Iintubatien, aspiration and lavage should be performed
immediately. Lavage with fsoteonic saline or sodium bicarhonate solution should he
followed by activated charcoal by intubation to limit absorption of any residual ziram
in the gastrointestinal tract. TIf the irritant propertles of ziram have not already
induced a bowel movement, give a mild cathartic (e.g. magnesium sulfate). TIntravenous
administratlion of zlucose and ascorbic acid (0.2 g/min up to one gram total) may he
useful to accrlerate the excretion of unreacted absorbed ziram. Provide artificial
resplration {f necessary, preferably by mechanical means. Tn extreme cases, {f the
patient iz unconscilous or In respiratory distress, oxygen should be provided. Tha
patient should aveid fats, olls and Iipld solvents which might enhance absarption and
prohibit all forms of ethanol consumption For at least threec weeks.

Prognosis — Tf the acute toxic affect fa survived, the chances of complete recovery are

vory gooda
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5-1+6 References of previously reported cases -

Buklan, A. I. (1974), Sud-med. Ekspert, ll:Sl

Chernov, 0. V. (19638), Glg. Tr. Prof. Zsbol., 12;35—37

Martsen, L. V. and Pilinskaya, M. A. (1971), Gig. Sanit., 36:107-108

5.2 SURVETILLANCE TESTS - There are no readily avallabhle technigues to determine the degree
of exposure prior to the appearance of symptoms.

5.3 LABORATORY METHODS

5-3.1 Detection and assay of compound -

CIPAC Bandbeook (19703 Vel. 1; 716

Lowen, W. K. and Pease, H. L. (19643, Anal. Methods Pestic.,
Plant Growth Regul. Food Addir., 3:69

McLeod, H. A- and MeCully, K. A., (1969), J. Ags. Off. Analyt. Chem., 1226=1240

Supin, G. 5. et al. (19%73), Khim. 8Sel Ehoz., i£:840-842

Van Hoof, E. and Heyndrickx, A. (1973), Ghent. Rijks=Univ.
Fag. Landbl. Med., 38:911-916




