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THIRAM

Thiram (bis-(dimethylthiocarbamyl)-disulfide; Tetramethyl-thiuram disulfide)
is a crystalline substance, white or creme-coloured, with an unpleasant odour.
Molecula formula: [((‘,}-45)2 NCS]ZS2

Structural formula:

CH, CH,
SN-C-5-5-C- N<

CH, CH;
Molecular weight: 240.44
Synonyms: Aapicol, aathiram, aroson, Quinigex, pomersan, pomasol, tersan,
thiuram, tulisan, tugan, tuads, tetrathion A, thiradin, fernason [1, 4].
Melting point: 140-145°C[2]55-156°C[4]
Density: 1.29-1.33 g/cm3{2,5)
Thiram is a flammable substance and its air-dust mixtures are dangerously
explosive. The lower limit of explosiveness is 20.2 g/ m3. The self-inflammation
temperature of weighted dust is 580°C[2].
Thiram is well soluble in chloroform and acetone, poorly soluble in alcohol and
ether; insoluble in water [4]. Solubility in rubber: 0.125%[5).
The tetramethylthiuram disulfide content (TMTD) is not less 95-98%. The
content of iron and its compounds is under 0.008%(2].

PRODUCTION

Thiram is manufactured by continuous mixing of cyanochloride and aque-
ous solution of sodium dimethyldithiocarbamate at pH 7.9. To manufacture
the base product with 90% of output the dithiocarbamate are oxidized with a
mixture of nitrogen oxides (oxide and dioxide). A method of thiram manufac-
ture by electrolytic oxidation of sodium dimethyldithiocarbamate in alkaline
solution according to the scheme has been developed:

HJC\
H C/N—q—s -Na -2NaNO,+ 2H,S0, —
3 S

1-2 : 3




M,C CH
SN-C=5-5-C-N{_  +2Na_SO, +2N0+2H,0
4 NCH 42o% 2

HyC 5
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In the Soviet Union thiram is manufactured as dust, containing 50 per cent of
TMTD and 50 per cent of the filler [1], as well as in the form of an aqueous sus-
pension (0.5-5%).[71.

USE

Thiram is widely used in the rubber and cable-manufacturing industries
as an ultra-accelerator and vulcanizing agent [S]. In agriculture it is used for dry
and semidry disinfection of seeds of cereals (wheat, rye, barley, oat), grain-le-
guminous crops (corn, millet, buckwheat, pea, soybean), root and tuber crops
and vegetables (sugar and fodder beet, carrot, cabbage, cucumbers, onion,
gourd family) as well as cereal grasses, alfalfa, lupine, etc. The seeds are treated
with thiram 2-3 months before sowing directly on farms as well as on calibra-
ting plants and ginneries using standard treatment machinery and special stati-
onary systems [4.6].

In potato tuber dusting with powerlike thiram the consumption is 6 kg/ton,
suspension consumption is 30 1/ton (or 1.0 — 1.5 kg of thiram per 1 ton of
tubers) [7].

The rate of 80 per cent thiram consumption for seed treatment is 1.5 —2.0
kg/t for winter wheat, 3—4 kg/t tor pea, 2.5—2.0 kg/t for clover, 6—¥% kg/t for
sugar beet, 4—3 kg/t for flax, 10 kg/t for lintered cotton and within 30 kg/t
for delintered cotton. For vegetable crops the rate of seed treatment is 3—8
kg/ti, for drug and flower plants it is 2—3 kg/t. Thiram is most frequently
used in combination with insecticides (fenthiuram and fenthiuram-molibde-
num preparations and fungicide additives [4]. For seed treatment thiram is
also used in combination with copper trichlorophenolate and the -isomer
of hexachlorocyclohexane and heptachlor [6).

CONCENTRATIONS

Thiram was detected in apples: 0.045-5.140 mg/kg in intact fruits,
0.048—-0.142 mg/kg after peeling. After a month of apple storage in the refri-
gerator at —5 — —10°C thiram level reduced by 16-17% (reaching 0.024 —
1.84 mg/kg) [8]. With regard to rubber materials, the rate of thiram and other
dithiocarbamates (total) passage into distilled water, unboiled and boiled milk
is0.45 — 1.93 mgfl, 0.74 — 1.14 mg/l and 1.03 — 3.70 mg/l respectively [9].

The level of thiram and other dithiocarbamates detected in water and
model media, simulating food products, after contacts with rubber goods was
0.2 —0.8 mg/l, and in some cases — 2.0 mg/l. Dithiocarbamates were deter-
mincd by Clark’s group method in terms of carbon bisulfide [10].
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In extracts from stomach pumps about 10 mg/l of thiram were detec-
ted [11]. Thiram was determined by a specific method based on thin sorbent
layer chromatography and total dithiocarbamate migration using the colori-
metric technique [9].

ENVIRONMENTAL FATE TESTS

Thiram is stable in storage. It is resistant to acids and oxidizers, as well
as to other environmental factors (UV-irradiation, aeration). The half-life
. period in water and in neutral medium is 46.7 days and 9.4 hours in acid me-
dium (pH 3.5). Some 5.2% of original thiram persist in neutral water medium
still on the 200th day.

Thiram is resistant to high temperatures. Some 40% of the compound per-
sist after boiling in water (pH 5) for 30 min in a vessel with a reflux conden-
ser. In alkaline medium (pH 7), 60 — 30% of thiram persist after 2—4 hour boi-
ling. Following the vegetating crops treatment thiram persists on plants within
7—-10 weeks (41,

During thiram hydrolysis in plants and in water ethylene thiourea, tetra-
methyl thiourea, dimethylamine salt of dimethyl dithiocarbamic acid, carbon
disulfide and elementary sulphur are formed [6].

The rate of thiram disintegration varies with different crops and parts
within one crop [12]. Thus, the half-life on leaves and apples is 19.6 and 12.3
days respectively [4]

Almost 70% of thiram are transformed into zinc dimethyldithiocarbamate,
Zimate [10].

BIOCONCENTRATION, MAMMALIAN METABOLITES
AND CLEARANCE TIME

It was shown in the experiments on white male rats using single thiram
intragastrical administration of LD5g and in a chronic 10-month experiment
with thiram used in 1/10 and 1/800 LDs5( doses that the period of thiram
semiwithdrawal from blood was 5.6 days, from the liver — 5.5 days{13].

After two hours of intragastrical administration thiram is detected in
blood and in all organs and tissues. The maximum accumulation of the com-
pound in blood and tissues is observed on the 4th day. The highest thiram
levels were found in the adrenal glands (346.3 4 28.3 mcg/g), whereas the
levels were lower in the thymus gland (179 + 45.5 mcg/g), spleen (73.8 + 14.4
mcg/g), blood (48.2 + 1.2 mcg/g), lungs (30.0 mcg/g) and urine (16.3 mcg/ml).
In muscles and brain tissues the level of thiram accumulation is the lowest.
TMTD residues are found in the rats’ parenchimatous organs after three weeks
of its single administration into stomach. During long (8 months) thiram intake
by rats in doses of 4, 2, 1 and 0.5 mg/kg it was fQund almost in all organs and
tissues, the levels being the highest in adrenal glands, thyroid gland, lungs and
feces. The lowest thiram level was in the muscles [6]. No linear relationship
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between thiram concentration in tissues and the intragastrical dose of the com-
pound revealed [14].

Thiram is discharged from the organism with urine and feces. After two
days of thiram intragastrical administration in LDsg doses amine-salt of dime-
thyl dithiocarbamic acid (DDCA) was found in animal blood, liver and spleen
and in the lungs carbon bisulfide and amine salt of DDCA were detected. On
the sixth day of thiram administration tetramethyl thiourea was found in the
liver [6]

The level of the expired carbon bisulfide depends on the thiram dose
administered. Carbon bisulfide is discharged within four days reaching its ma-
ximum on the second day [15].

In the organisms of the warm-blooded animals, thiram is reduced by glu-
tathione to dithiocarbamate, while the latter is oxidized to tetramethylthiu-
ram disulfide or transformed into a corresponding metallic complex [6].

MAMMALIAN TOXICITY ARRAY

At gastrointestinal administration the toxicity of thiram is low. Thus,
LDsg for rabbits is 210 mg/kg {41, LDsgp for white rats (mg/kg) according
to various authors, is: 740 111; 400 [4, 12]; 534 [17]; 940 [18]. For white mice
LDsq of thiram (mg/kg) administered similarly is: 2950 [1];1150 {16];1250(20].

The absolute thiram lethal dose for 15—20 g white male mice at intra-
gastrical administration is 4000 mg/kg, the minimum lethal dose is 125 mg/kg
[19]. The lethal thiram dose for man, when delivered into the stomach, is
nearly 50 mg/kg[4] ’

The acute peroral poisoning of animals with thiram is characterized by
slow development of the clinical picture: the second day is marked by rumpled
fur, hurried breathings, then ataxia, tremor, dyspnea, abdominal distention
and less of weight. Death is preceeded by convulsions. The rats die on the 3 —
6th day. Single intragastrical thiram administration in a dose of 400 mg/kg
caused a decrease in eosinophils by 63% in the blood of rats.

The thiram dose of 500—100 mg/kg caused a decrease in eosinophils in
the blood of cats by 87%(1].

Acute poisoning of cats with thiram (in doses of 35-140 mg/kg) was cha-
racterized by disordered respiration rhythm, rate and amplitude, as well as
bradycardia[61

After 3 hours of maximum tolerance thiram dose administration the expe-
rimental animals (rats, rabbits, cats) revealed an increased activity of the alka-
line phosphatase in leukocytes {21]. After a single intragastrical thiram admi-
nistration to rats and cats in doses of 400 and 600 mg/kg, 500 and 1000 mg/kg
respectively an increase in transaminase activity was observed [22].

Thiram in doses of 300 and 400 mg/kg caused a slight increase in transami-
nase activity (by 22 and 34% respectively) at single intragastrical administra-
tion to white rats weighting 150--200 g, while in doses of 100 and 200 mg/kg
it did not affect the activity of the above enzyme{23].

Single thiram administration to 170—250 g male and female rats doses of



370 mg/kg (1/2 LDsg) did not change the activity of asparate aminotransferase
and cholinesterase, the level of total protein in blood serum. There was only
a tendency toward an increase in -globulin protein fraction in blood. Welt-
man’s reaction did not change essentially, the thymol test was negative. Thiram
inhibits the detoxicating liver function when used in high doses: the rats had
an essentially longer sleep after hexenal load [24]. One hour after acute poi-
soning with thiram (in a dose of 1/5 of LDs5@) male and female rats showed
an increase in SH-group number by 25/30% in blood, kidneys and spleen{25],
as well as a decrease in total glycogen and polysaccharide in the liver [26].

After 18 hours of single thiram intragastrical administration to rats in

.maximum tolerance doses the processes of oxidative phosphorylation were

disturbed. There was an increase in activity of cytochrome-C-oxidase, pyruvate
dehydrogenase and a-ketoglutarate oxidase [27], while catalase activity did
not change [28]. Maximum decrease in cytochrome-C-oxidase activity in acute
experiments on male and female rats was recorded in the liver (94%) and brain
(by 83%), while it was lower in the heart, kidneys and spleen [28].

At single thiram intragastrical administration in dose of 400 mg/kg to male
and female rats caused a decrease in thyroid gland function (in terms of J131
absorption) with simultaneous activation of the adrenal cortex [29].

After 6 hours of intragastrical administration, thiram used in a 1/3 of
LDsq caused a decrease in the chyme, in lipase, protease and amylase activity
by 71,46 and 52 per cent respectively [18] .

The pathomorphological studies have shown that acute thiram poisoning
is associated with disturbances in hemodynamics of the brain, parenchymatous
organs and gastrointestinal tract. Apart from that, it is marked by pronounced
dystrophic changes in the liver, kidneys, heart and zone fasciculata of the
adrenal gland cortical substance, focal necrosis of the stomach mucous mem-
brane. In 3--4 weeks after single delivery of toxic thiram doses (50-200
mg/kg) into the organism no morphological changes are found [6]

A single inhalation of thiram dust in concentrations of 300 -900 mg,’m3
caused an irritation of mucous membranes of the upper respiratory tracts and
eyes in cats part of the animals died. The dissection revealed plethora of the
internal organs and punctate hemorrhages in the lungs [1]. Twenty four hours
after single inhalation effect of thiram dust in concentrations of 816 and 317
mg/m3 the cats showed an abruptly increased transaminase activity in blood
serum [22].

Single mhalatlon treatment of white rats with thiram in concentrations
of 130--200 mg/m within one hour resulted in disorders of higher nervous
activity in animals and a decrease in the rate of extensor chronaxie [20].

The threshold of acute thiram effect on rats is 75 mg/kg at intragastrical
administration, 112 mg/m3 at inhalation [30].

The toxicity and trends of thiram effect do not change dependmg on the
administration mode [30].

Thiram resorption through the skin is poorly pronounced Single appli-
cation of thiram to rabbit skin in a dose of 1000-2000 mg/kg does not pro-
duce any toxic or irritative effect. Daily thiram application to the skin in &
dose of 50 mg/kg resulted in abrupt hyperemia, skin ulceration, loss of weight
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in rabbits on the eighth day. Part of the animals died on the 21st — 23rd day
of the experiment [41

TMTD is characterized by a pronounced cumulative effect. The cumula-
tion coefficient at intragastrical administration in Jdoses of 1/10 and 1/20
LDsg was 2.1 and 1.85 mg/kg respectively [12].

Chronic intoxication developed in animals (rats and rabbits) at inhalation
thiram effect in concentrations of 150 and 50 mg/m3 one hour daily within
four months, as well as in rabbits at daily intragastrical thiram administration
in a dose of 20 mg/kg within 3.5 months (19, 20].

Prolong (during 18 months) daily thiram delivery into gastrointestinal
tract in doses of 4, 2, 1 and 0.5 mg/kg did not affect the life expectancy of
rats, but the animals revealed a number of changed functional indices, inclu-
ding the pathomorphological changes in the stomach, liver, adrenal glands,
spleen and lungs [6]. Thiram doses of 1.0 and 0.1 mg/kg at prolong daily intake
by rats resulted in changes of the SH-group level in the blood serum [33].

According to some authors the daily intragastrical uptake of 1 mg/kg of
thiram by white rats during six month has been considered reliable on the evi-
dence of the majority of tests[31, 32].

With regard to the indicators of the general toxic effect the values 0.5

mg/kg and 0.1 mg/kg are considered as a threashold of chronic thiram effect
at intragastrical administration to rats [13, 31, 32].
0.05 mg/kg value proved to be an inactive thiram dose according to the changes
of SH-group level in blood serum of white rats at chronic 6-month treatment
[35]. The same value is estimated as inactive for rats on the basis of other
indices[31].

0.04 mg/kg value was received as an inactive dose in a chronic 6-month
experiment on rats with intragastrical thiram administration [32].

Thiram has a polytropic mode of action. At chronic intoxication, the
animals revealed significant changes in peripheric blood (changed levels of
hemoglobin, erythrocytes, leukocytes and eosinophils), the liver, nervous
system [19, 20, 31, adrenal glands{31].

Chronic thiram intoxication was associated with a decrease in a protein
level in parenchimatous organs, particularly in kidneys and cardiac muscle.
Pathomorphological changes have been registered in the stomach, pancreas,
liver, adrenal glands, spleen and lungs [6].

Industrial thiram, at multiple intragastrical administration to dogs in doses
of 10—20 mg/kg, lowers bile secretion and the level of bile acids in bile are
renewed {34], :

Long (4-6 months) thiram administration in relatively small quantities
(1/20 and 1/50 LDsq) inhibits the exocrine pancreas activity. Thiram affects
directly the acinar cells of the gland and causes changes in the mechanism of
its humoral regulation [18].

After long (2—4 months) thiram intragastrical admipistration in doses of
1/20 LDsg, significant shifts in erythrograms and an increase in the activity
of alkaline leukocyte phosphatase were recorded in rats, rabbits and cats.

The 4-month intragastrical thiram administration to male rats in a dose
of 1/50 LDsg (14.8 mg/kg) resulted in decreased activity of endogenous tissue
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respiration of the liver by 63%, of the brain by 47%, a decrease in the activity
of liver cytochrome oxidase by 63%, succindehydrase by 48%, and a decline
in the total activity of the cytochrome system by 45%. A drop in the activity
of liver and brain glycolysis was observed. Accumulation of pyruvic and lactic
acids in blood was recorded [35].

Thiram administered daily to male and female Wistar rats in a dose of
1/30 LDsg for 15-80 days caused an increase in ceruloplasmin activity and
copper level in the brain and liver [36], as well as a decrease in pyridoxine and
nicotinic acid utilization and development of hypovitaminosis symptoms[37].

in workers, using and applying thiram, high concentrations of the product
{50-200 mg/m3) resulted in the development of chronic conjunctivitis, suba-
trophic changes in mucous membranes of the eyes and respiratory tracts, caus-
ed an increase in liver dimensions and asthenia of toxic etiology [38].

The examination of large groups of workers within the 20 to 50 age bra-
cket, handling thiram at seed treatment stations, seed-testing laboratories, and
plants manufacturing 80% thiram dust, after a year or more of work showed
por alcohol endurance, hyperemia of the face and upper part of the body,
tachycardia, fever sensation, sweating, headache, nausea, sometimes vomiting
(39, 40, 41, 42]. In most cases, thiram concentrations in the zone of the
workers’ respiration were within0.17—3.3 mg/m3 reaching 16.9 mg/m3 only
in the finished products store. After over three years of work the workers
handling thiram revealed changes in the cardiovascular system of myocardial
dystrophy type, changes in the hepatobiliary system, gastro-intestinal patho-
logy, changes in the thyroid gland (hyperplasia, diffusive enlargement, etc.).
In people handling thiram for over five years, hematological shifts were record-
ed (hypochronic anemia, a tendency toward leukopenia, changes in monocy-
togram). Vegetovascular dystonia and astheno-vegetative syndrome are regis-
tered usually in onethird of the examined workers [39, 41, 42]. Two stages
are distinguished in the development of chronic thiram intoxication: 1 — the
stage of initial manifestations and 2 — the stage of pronounced intoxication
manifestations [43].

The preclinical forms of liver lesions in workers in the age of 1840,
engaged in thiram production for 1-10 years, were detected by determining
serous cholinesterase, alkaline phosphatase, ceruloplasmin, urokinase, histidase
and urobilin [44], a shift in protein blood composition (a decrease in the albu-
min level and an increase in the globulin number due to alpha-1-globulin and
gamma-globulins, a decrease in the albumin-globulin coefficient) [45], as well
as disorders of intrahepatic blood-content [46].

In low concentrations (0.17—0.20 mg/m3), thiram combined with seed
dust, noise and vibration has the same unfavourable effect on the workers
as thiram in concentrations exceeding the MPC of the working zone[47].

Thiram in concentrations 1.5—5 times higher than the MAC, in combina-
tion with other chemical substances, caused a significant drop, in arterial pres-
sure in the operators of rubber accelarator industry, with the lowest levels
registered in women [48]. .

When TMTD was found on the clothes and exposed parts of face and
hand skin of the workers (medium TMTD concentration in the wash off was
0.3 mg/cm?) no skin irritation was detected [49].
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SPECIAL TOXICITY STUDIES

Carcinogenicity. The blastomogenic thiram activity was studied on C57
Bl strain mice and not thoroughbred white mice. Thiram was administered
to the animals intragastrically once a week (six times) as suspension in a starch
paste in a duse of 300 mg/kg. In 2—6 weeks after the end of administration
the mice revealed atypical large ceus with hyper or hypochronic nuclei in the
lungs. After 3 months 4% of animals had adenomas with tubular structure,
and by 6 months the adenomas had a papillary structure. RNA level in bron-
chial epithelium and atypical cells was increasing. At long (9 months) thiram
administration with food in a dose of 2 mg/kg there were no mature tumours
in black mice of C57BI strain but pretumour changes were detected in the
lungs[2].

Mutagenicity. The antimitotic thiram effect in doses from 1000 to 0.001
mg/kg was shown in experiments on the cultures of human embryonal fibro-
blasts, transferred cells of human amnion and the Detroit strains of cells. The
cytotoxic effect was distinctly revealed after 48 — 96 hours. The cells were
damaged in the interface or preprophase and telophase [50].

In experiments on white not thoroughbred male mice the intragastrical
(with milk) or intraperitoneal (with isotonic NaCl solution) thiram administra-
tion in doses of 100 and 1000 mg/kg resulted in an increase in chromosome
aberration level in bone marrow. Chromosome disorders were of chromatid
rupture type. The highest number of cells with aberrations after intraperitoneal
thiram administration in a dose of 100 mg/kg the number of aberrant meta-
phases was 2.5 times higher than after a similar thiram dose administered into
the stomach [51].

Dose dependence of thiram mutagenous effect is observed. At thiram
administration to mice in doses of 20, 100 and 1000 mg/kg the number of cells
with chromosome disorders after 24 hours was 1.14%, 3.9% and 7.83% respec-
tively [12].

Intragastrical administration of thiram with water in concentrations of 20
and 0.8 mg/l within six months did not cause any cytogenetic effect in white
male rats [521.

Neurotoxicity/behaviour. The white rats, subjected to inhalation etfects
of thiram dust in a concentration of 350400 mg/m3 two hours daily within
15 days, were marked by significant functional changes in the nervous syst.em
(longer chronaxie, changes in rheobase) [19]. Thiram dust in a concentration
of 100 mg/m3 at single inhalation effect did not cause any symptoms of mtg-
xication in cats but reduced the conditioned reflexes according to the narcotic
phase type with power relations retained. At thiram inhalation in a concentra-
tion of 500 mg/m3 the cats lost the reflexes to buzzer and light. In 20—25
days after the onset of the thiram inhalation effect with a concentratxc?g of
12 mg/m3 the cats revealed phase changes of the conditioned‘ref!ex actnylty:
the periods of pronounced disturbances gave way to nonr}a}matlon penod;.
There was a parallelism in changes of the higher nervous activity and the eosin
reaction [53). )

Potentiation. Thiram and narcotic effects were marked by synergism con-
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ditioned by blocking of the tissue respiration enzymes[27].

Thiram mixed with copper trichlorophenolate at 2:1 ratio at 4 month
halation effect four hours daily caused more distinct changes in the thyroid
glands of rats and rabbits than 1nd1v1dual mixture components. Low concentra-
tions of the mixture (1.17 m§/m ) caused hyperfunction and higher concentra-
tior]ls (5.4-11.3-31.9 mg/m>) ~hypofunction of the thyroid gland in animals
(541.

In experiments on white male rats and white mice it was shown that in
high doses (300 mg/kg) thiram slows down corazole detoxication and ampli-
fies its toxicity, while in low doses (1/50 LDsg) the effect is attenuated or not
revealed whatsoever. Thiram prolongs the duration of hexanol sleep[55].

At simultanecus thiram delivery to rat organisms with water and alr in the
acute experiment with doses of 1/2 Limac (37 mg/kg + 48 mg/m3) and 6-
month chronic expenment in doses at MAC levels for each of the two media
(0.8 mg/l + 0.90 mg/m ) the toxic effect was summed up. It was found by
means of the dispersion analysis that the summarized thiram effect was predo-
minantly affected by the inhalation factor [30].

Reproduction. The 4.5 month chronic experiment on male rats with inha-
lation_thiram effects in concentrations of 3.8 + 0.028 and 045 + 0.058
mg/m3 revealed changes in estrous cycle duration and some of its phases (pro-
longation of the diestrus phase). An increase in relative weight of ovaries and
histological changes in them were recorded (revival of follicle formation, ovoge-
nesis inhibition growth of folicular atresia). The experiments on intantile fe-
male mice showed that thiram inhibited the activity of hypophysis gonado-
tropic function [56, 57].

In inhalation treatment of whlte not thoroughbred female rats with thiram
- in a concentration of 1 mg/m within four months the estrous cycle was dis-
turbed basically due to the longer interestrus period. Female gonads are charac-
terized by activation of follticular atresia.

Similar experiments on male rats showed a decrease in spermatogeny
index, cell degeneration of spermatogenic epithelium, appearance of giant mul-
tinucleate cells {58].

Intragastrical thiram administration to male rats in concentrations of 20
and 0.8 mg/l (1.0 and 0.04 mg/kg respectively) with water within six months
did not reveal any gonadotropic effect[52].

The threshold thiram dose in terms of gonadotoxic and embryotoxic
effects on the warm-blooded animals (reduced fecundlty, disturbed postnatal
development) was 0.1 mg/kg [10].

The analysis of embryonic material collected from rats subjected to thiram
dust effects in concentrations of 3.8 and 0.45 m,g/m3 within 4.5 months show-
ed an increase in total embryonic mortality, decrease in fetal weight and fetal
number per one female [59].

It should be pointed out that although the chronic and acute intoxication
with thiram results in genital function disturbances it is observed at thiram ad-
ministration to animals in doses 30 and 300 mg/kg at single administration or
0.5 — 1.0 — 5.0 — 25.0 mg/kg during 6 months to cause distinct structural and
functional changes in the maternal organism. Hence, the changes in the genital
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function are ot a general toxic type rather than specific [60].

In the analysis of the physical condition of 267 newborns of mothers
engaged in technical rubber production (TRP) subject to the effects of diffe-
rent chemical agents (thiram, captax, altax) it was estimated that the total
number of newborn girls was significantly higher than the number of newborn
boys. The ratio was 121:100[62].

Sensitization. Sensitization was not detected in a group of guinea pigs after
6-fold intragastrical thiram administration at 2-day interval in a dose of 0.75
mg.

At subcutaneous administration in a similar dose thiram causes an anaphy-
lactic reaction in guinea pigs after intravenous administration of the resolving
thiram dose of 6.75 mg (in 2.5 ml of saline). The reaction was associated with
generation of humoral antihaptene antibodies contributing to its realization.
Thiram administered to the organism through the respiratory tracts (intratra-
cheal administration) in a dose of 0.75 mg in 0.5 ml of saline may cause sensi-
tization that may manifest itself as an asthmatic syndroms [62].

The sensitizing properties of thiram were proved in experiments on male
and female albino-rabbits at 4-fold (every other day) intracutaneous admini-
stration of 0.5% suspension or 15-fold daily skin application of 2% suspension
of the substance. The allergic skin lesion was most strongly pronounced in ani-
mal sensitization with thiram and Freund’s adjuvant. The humoral antihaptene
antibodies contribute to dermatitis development [63].

Male and female guinea pigs were sensitized by single subcutaneous thiram
administration in doses of 30 - 0.75 — 0.0075 — 0.000075 mg ( in 0.3 ml of
saline).

The allergic reactions were most pronounced in animals sensitized by
single doses of 0.75 mg of the allergen, less pronounced at a dose of 0.0075
e, Antitissue autoantibodies were not found in guinea pigs sensitized with
thudar in a dose of 0.000075 mg. An increase in the sensitizing thiram doses
up to the toxic ones 30 mg inhibits the allergic reaction caused by this sub-
stance [64]. A case of systemic allergosis manifested in bronchial asthma and
urticaria, resulting from contacts with thiram, was described in a worker, 56
years of age [651.

SAMPLING/PREPARATION/ANALYSIS

Thiram is determined by a group colorimetric technique or by chromato-
graphy is a thin sorbent layer.

The colorimetric technique is based on the interaction reaction between
thiram, hydroquinone and copper acetate with copper dialkyl dithiocarba-
mate formatlon of yellow-brown colour. The determmatxon sensitivity is
0.01 mg/ 6 mi[2, 66].

The other colorimetric technique is based on the ability of dithiocarbamic
acid to decompose under the effect of mineral acids with discharge of carbon
disulfide that is transferred into intensively coloured copper diethyl dithio-
carbamate; colour intensity of the latter is used to judge about dithiocarba-

12



mate level in the test solution {15].

Thiram is determined also by chromatography in a thin sorbent layer.
The method is based on the substance extraction from the test solution by an
organic solvent with subsequent chromatography in a thin silica gel layer [67].

TREATMENT OF POISONING

For people subjected to thiram effects it is recommended to include
ascorbic acid or galascorbin and practise parenteral administration of vita-
min Bg, cocarboxylase, oral administration of glutamic acid. In leukopenia
cases it is recommended to use pentoxyl, hemostimulin to stimulate eryth-
rocyte hemopoiesis, folic acid, iron compound. Symptomatic therapy is used
on indications, i. e. antispastic, sedative and bile-expelling agents, oxygen
therapy. The above treatment complex proved to be effective in practice [39].

In cases of thiram poisoning it is recommended to use copper compounds
for therapeutic purposes, apart from vitamin Bg and zinc salts [36].

Estimation of thiram and amino salt of dimethyl! dithiocarbamic acid in
blood and urine is recommended in cases of suspected poisoning as a diagnos-
tic test.

RECOMMENDATIONS/LEGAL MECHANISMS

Equipment tightness in all stages of the technological process of thiram
dust production, moistening of thiram powder prior to loading it into the
equipment are recommended {411, Measures of personal safety are to be strict-
ly taken at thiram handling [4].

Annual preventive medical check-ups of workers dealing with thiram are
carried out by a group of doctors consisting of a therapeutist, neurologist,
gynecologits, otolaryngologist and, on indications, an endocrinologist [41].

In the Soviet Union the following standards of thiram concentration in
different zones are established:

MAC of thiram is 0.5 mg/m3 in the air of the work zone (aerosol, danger
class 2).

The MAC in the atmospheric air of human settlements is 0.01 mg,’m?’
(maximum single intake) and 0.006 mg/m3 (average daily intake).

The MAC in the water reservoirs used as a source of drinking water as well
as for various economic and recreational purposes — is 1 mg/1 (the limit sanita-
ry-toxicological value).

No thiram is allowed in water reservoirs where fish is caught. No residual
quantities in food products are permissible.

Thiram is allowed to be used only for seed disinfection. The treatment of
vegetating food crops (tobacco, etc.) is forbidden {41.

For dithiocarbamates (thiuram, cymate) the total permissible migration
level from rubbers is 0.05 mg/1 [10]. )
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