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ANNEX B

Thiram

B.5 Toxicology and metabolism

B.5.1
Absorption, distribution, excretion and metabolism (toxicokinetics) (Annex IIA 5.1)
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                     tetramethylthiuram disulfide - t position of 14 C labelling

Rat metabolism of  14 C thiram, single dose study (Gay, 1987, Task force study)

Guidelines : 

Experimental protocol complies with test method B directive 87/302/EEC.

GLP :
Yes (no attest of competent authority).
Material and methods:

5 rats (Charles River, CD random bred, VAF Plus, SPF)/dose/sex received by gavage 1.9 mg/kg or 125 mg/kg bw 14C -thiram (lot n°.850426 ; 100%; specific activity: 640 mCi and lot n°. QB-3357-6 ; 98.5%) in polyethylene glycol-400 solution. The solution containing both labeled and nonlabeled thiram had a specific activity of 1.7 x 10 7 dpm/ml for both doses. One male and one female received solvent only. Urine and feces were collected during 7 days.

The study is accepted.

Disposition and metabolism of thiram in rats after pretreatment with thiram for 14 days. (Nomeir and Markham, 1990, Task force study)

Guidelines : 

Experimental protocol in compliance with test method B directive 87/302/EEC.

GLP :
Yes (no attest of competent authority).

Material and methods:

5 rats (Sprague-Dawley)/dose/sex received by gavage 2 mg/kg unlabeled thiram (for 14 days) followed by a single dose of  14 C -thiram (lot n°.850426 ; > 99%; specific activity: 15.5 mCi/mmol and lot n°. 87F0132 ; 98 %) in polyethylene glycol-400 solution. One male and one female received solvent only. Urine , feces and expired air were collected at 4, 8, 12, 24, 32, 48, 72 and 96 h.

The study is accepted.

 Identification and comparison of urinary metabolite profiles of  14C-thiram in subchronic vs.single oral dose in rats. (Norris, 1991, Task force study)

Material and methods:

Urine samples from rats treated with a single (Rat metabolism of 14 C thiram single dose study , Gay, 1987) or subchronic dose (Disposition and metabolism of thiram in rats after pretreatment with thiram for 14 days. (Nomeir and Markham, 1990) of thiram were profiled by reversed-phase HPLC analysis (column : C-18 ; initial mobil phase is 100% phosphoric acid buffer during 5 min. Increase to 30% acetonitrile during 20 min and increase to 100% acetonitrile over the next 5 min.) in order to identify metabolites.
Acute study : Pooled 0-24 h urine samples from both sexes in each dose group.

Subchronic study: urine samples from 0-4, 4-8, 8-12 and 12-24 h after dosing for both sexes.

The study is accepted.

Elimination and distribution of thiram following nine week sub-chronic administration in rats (multiple dose treatment) (Banijamali et al.,1992, Task force study)

Guidelines : 

Experimental protocol not fully in compliance with test method B directive 87/302/EEC.

GLP : 

Yes (no attest of competent authority).

Material and methods:

2 rats (Crl:CD (SD)BR albino)/sex/group received in diet 0, 50, 500 or 1000 ppm unlabeled thiram

during 9 weeks followed by a single oral dose (10.25 μCi) of 14 C-thiram (lot n°.850426 ;100 %; specific activity : 15.5 mCi/mmol). One male and one female received solvent only. Urine and feces were collected at 0-6, 6-12, 12-24, 24-48, 48-72, 72-96 h. Blood samples were collected at 1, 2, 4, 8, 24, 48, 72 and 96 h.

Tissues were also collected.

Deviation from official protocol: the amount of test substance should be measured until about 95% of the administered dose is excreted or for seven days. Distribution was not studied as a function of time.

The study is accepted.

Metabolism of 14C-thiram in the rat : urine metabolite identification (McManus, 1991, Task force study)

Guidelines : 

Experimental protocol in compliance with test method B directive 87/302/EEC.

GLP :
Yes (no attest of competent authority).

Material and methods:

2 rats (Crl:CD® (SD)BR albino)/sex/group received in diet 0, 50, 500 or 1000 ppm unlabeled thiram

during 9 weeks followed by a single oral dose (10.25 μCi) of 14 C-thiram (lot n°.850426 ;100 %; specific activity : 15.5 mCi/mmol). One male and one female received solvent only.
The combined 0-24 h urine samples collected from male and female rats dosed with 50 ppm were analyzed.

The study is accepted.

Determination of volatile 14C-residues from rats orally administered 14C-thiram (Norris, 1989, Task force study)

Guidelines : 

Experimental protocol not fully in compliance with test method B directive 87/302/EEC.

GLP :
Yes (no attest of competent authority).
Material and methods:

3 male rats (Sprague-Dawley) received a single oral dose (2.1 ,2.2, and 2.5 mg/kg) 14 C-thiram

 (lot n°.109F9207 ; >98 % ; specific activity : 20.7 mCi/mmol) in polyethylene glycol-300 solution. Rats remained in metabolism cages for at least 96 h and volatiles were collected.

Deviation from the official protocol: 1 rat/dose only ; moreover, the doses are of the same order of magnitude. Body weight variation > 20% between animals.

The study is accepted.
Findings : 
Absorption :
There are no animal studies measuring absorption kinetics of thiram. After repeated oral administration of a low dose, however, at least 83 and 87% of the radiolabeled substance was excreted by male and female rats in urine and exhaled air (Table B.5.1-1) which indicates that thiram is well absorbed from the GI tract. No unchanged thiram was detected in urine.

Table B.5.1-1 : Recovery of 14C radioactivity 96 h after 15 daily administrations of 2 mg/kg bw thiram.

	
	Mean dose recovered + SD (%)

	sample
	_
	_

	urine
	33.3 ±  5.1
	35.2 ± 1.1

	feces
	2.6 ± 0.3
	5.3 ± 1.1

	volatiles (KOH trap)
	35.6 ± 3.8
	40.8 ± 2

	volatiles (CS2 traps)
	11.4 ± 4.9
	7.4 ± 1.8

	tissues
	1.8 ± 0.2
	3.3 ± 0.6

	cage wash
	0.6 ± 0.2
	1.0 ± 0.6

	total
	85.4 ± 3
	92.9 ± 1.3


Distribution :
Four to seven days after oral exposure to single or multiple doses, trace levels of thiram-derived radioactivity were detected in all tissues. Total recovery was low (from 1.8 to 4.2%) : the highest percentage of the dose was seen in blood (0.9-1.99 %) , liver (0.4-1.8%), muscle (0.05-0.6%), bone (+ 0.5%) and kidney (0.07- 0.16%). All other tissues, in both sexes, contained less than 0.1% of the dose. (Table B.5.1-2). This would indicate that thiram did not accumulate in the rat upon repeated dose administration.

Table B.5.1-2 : Tissue distribution of radioactive material.

	
	
Recovered tissue radioactivity


(% of administered dose)

	dose - mg/kg bw (frequency)
	1.9 (1 x)
	2 (15 x)
	125 (1x)
	50 ppm (9 week)

	day of sacrifice after treatment
	7
	7
	4
	4
	7
	7
	4
	4

	sex
	_
	_
	_
	_
	_
	_
	_
	_

	bone
	0.55
	0.48
	-
	-
	0.476
	0.42
	-
	-

	blood
	0.975
	1.632
	-
	-
	1.236
	1.99
	0.85
	1.35

	plasma + blood cells
	-
	-
	0.04+0.5
	0.04+1.43
	-
	-
	-
	-

	brain
	0.0075
	0.0076
	0.01
	0.01
	0.01
	0.01
	-
	-

	fat
	0.015
	0.0084
	0.06
	0.08
	0.014
	0.022
	0.04
	0.08

	gonads
	0.01
	0
	0.01
	0.00
	0.01
	0 
	-
	-

	heart
	0.03
	0.045
	0.02
	0.03
	0.016
	0.014
	-
	-

	intestine + content
	0.097
	0.127
	-
	-
	0.072
	0.078
	0.05
	0.09

	kidney
	0.127
	0.165
	0.07
	0.10
	0.048
	0.068
	0.11
	0.13

	liver
	1.862
	1.479
	0.69
	0.94
	0.44
	0.376
	0.97
	0.87

	lung
	0.065
	0.077
	0.03
	0.04
	0.03
	0.038
	0.03
	0.05

	muscle
	0.087
	0.136
	0.39
	0.58
	0.05
	0.11
	0.28
	0.56

	spleen
	0.01
	0.01
	0.01
	0.03
	0.008
	0.018
	0.01
	0.01

	stomach + content
	0.032
	0.065
	-
	-
	0.016
	0.024
	0.03
	0.04

	total
	3.867
	4.23
	1.83
	3.27
	2.42
	3.168
	2.35
	3.15


(data reported with 500 and 1000 ppm are not described in the table because the residual radioactivity is lower in these conditions than after exposure to 50 ppm).

Metabolism :
In general, the metabolism of dialkyldithiocarbamates such as thiram and ziram in mammals is traighforward, diethylthiocarbamic acid being formed as the principal metabolite. Other metabolic products include carbon disulfide, methyldiethyldithiocarbamate, and sulfate.

The metabolic decomposition of ehtylene bisdithiocarbamates such as nabam, maneb and zineb is complex and results in the formation of carbon disulfide, hydrogen sulfide, ethylene diamine,ethylene bisthiuram disulfide, 5,6-dihydro-3H-imidazo(2,1-C)-1,2,4-dithiazole-3-thione, ethylene diisocyanate, ethylene thiourea, ethylene urea and 2-imidazoline
Thiram is extensively metabolized in rats to more polar products. The metabolic pathway involved a reduction of the disulfide bond and subsequent reactions of the thiol moiety to form oxidative and conjugative polar products. No unchanged thiram was detected in the urine (fig. B.5.1-1)

Among the five metabolites identified in the urine, the alanine conjugate of dimethyldithiocarbamate is one of the major metabolites, occurring both after single or repeated, and low or high dose administration.

Quantitative differences occurred for the other metabolites: dithiocarbamate thiosulfenic acid was the second major metabolite after subchronic or high dose, while in the low dose animals, 2-thioxothiazolidine-4-carboxylic acid was the the second major metabolite.

Three additional urinary metabolites, P1, P2 and P3, were not identified. P1 and P2 constitute together less than 5% of the radioactivity present in the urine of subchronically treated rats. P3 constituted 12-21% of the radioactivity present in urine of low dose animals. None of these three were present in the urine of high dose rats. 

Sexual difference occurred in the metabolism after low dose exposure : males had almost twice as much P3 as the females, whereas females had ten times more dithiocarbamate thiosulfenic acid than the males (Table B.5.1-3).

After subchronic exposure, a major portion of the dose (ca.47-48%) was exhaled in air. It is likely that radioactivity collected in the KOH trap was 14CO2 and/or 14CSO (carbamyl sulfide, carbon thioxide), since it has been reported that CSO is soluble in KOH. Radioactivity collected in the viles CS2 traps is likely to be CS2, as it was reported earlier that CS2 is a metabolite of thiram. (Table B.5.1-8 : exhalation).

Table B.5.1-3 : Major urinary metabolites as a function of the dose.

	
	Percent of total radioactivity in urine

	
	Acute study
	Sub-

chronic study
	Sub-

chronic study

	Dose : mg/kg bw
	1.9
	125
	2 (x 15)
	9 week

	Sex
	_
	_
	_
	_
	_
	_
	_+_

	Metabolites :
	
	
	
	
	
	
	

	2-thioxothiazolidine-4-carboxylic acid
	33.6
	30.2
	12.6
	7.8
	2.4
	2.1
	10

	dimethyldithiocarbamate glucuronide
	3.2
	4.2
	5.6
	8.7
	6.6
	6.9
	20

	dimethyldithiocarbamate thiosulfenic acid derivative
	0.9
	9.1
	37.3
	42.4
	44.4
	48.1
	34

	dimethyldithiocarbamate methyl ester
	ND
	ND
	3.4
	2.4
	0.8
	0.8
	6

	dimethyldithiocarbamate alanine
	34.8
	42.1
	33.9
	36.5
	41.8
	38.3
	30

	P1 unknown
	ND
	ND
	ND
	ND
	1.3
	1.8
	?

	P2 unknown
	ND
	ND
	ND
	ND
	2.8
	2.1
	?

	P3 unknown
	20.8
	12.2
	ND
	ND
	ND
	ND
	?


ND = not detected

Excretion : 
The majority of the dose (at least 83.7% for males and 89.6% for females) was eliminated from the body within four days following dosing (Table B.5.1-1).

As far as urinary and faecal excretion are concerned the following data were obtained.

After a single dose, maximal urinary excretion occurred within 4 to 24 h and accounted for 6% and 14 % for a low or high dose respectively. Fecal excretion was low, occurring within 48 and 96 h and representing approximatively 3.7% of the dose. Seven days after exposure, total urinary and faecal excretion ranged from 24 to 34% of the administered dose, mostly present in urine. There were no significant differences in total recovery between dose levels or between sexes. In these experiments, a majority of the drug was unaccounted for (Table B.5.1-4). 

After repeated oral administration of a low dose, urinary excretion became more important, approximatively 33-35%. Faecal excretion was low, only 0.5% of the dose. No significant differences were found between male and female. (Table B.5.1-5). While urinary excretion trends to increase with the dose, faecal excretion decreased. These effects are in agreement with the quantitative differences occurring in the metabolism of thiram suggesting saturation of a metabolic route.

After repeated oral exposure of high doses, urinary excretion was not increased and represents approximatively 15-25% of the dose but was more pronounced for female rats exposed to 500 mg/kg. Maximal excretion was reached in 24 h. Faecal excretion diminished with increasing the dose (Table B.5.1-6).

The total recovery of 14C-thiram equivalents as a percent of the administered dose was higher for female than male rats. For females, an average of 38.2% of the dose was recovered in tissues and excreta, whereas, for males, this was about 26.7% of the dose (Table B.5.1-7).

A particular finding is the important fraction of the dose administered which is exhaled after being metabolised.

Total 14C thiram-derived exhaled radioactivity over 96 h was 47.0 and 48.2% for male and female rats respectively. Exhaled radioactivity was collected in KOH traps (likely as CO2 and CS2), mainly within the first 12 hours, and in viles CS2 traps (likely CS2), mainly excreted within the first 8 hours. The extent and rate of exhalation of 14C thiram-derived radioactivity were similar in male and female rats. These data also indicate that thiram is rapidly metabolized by the rat. After multiple doses, exhalation is slightly lower (Table B.5.1-9).
Table B.5.1-4 : Mean urinary and fecal excretion as a function of time after one low or high dose.
	
	% of administered dose

	
	urine
	feces

	dose

(mg/kg)
	1.9
	125
	1.9
	125

	sex
	_
	_
	_
	_
	_
	_
	_
	_

	time (h)
	
	
	
	
	
	
	
	

	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	5.46
	6.48
	0.95
	1.07
	0.13
	0
	0
	0.188

	8
	3.6
	3
	0.58
	0.95
	0.022
	0
	0
	0

	12
	3.8
	2.7
	2.21
	2.27
	0.19
	0.465
	0.16
	0.168

	24
	2.4
	2.8
	10.8
	8.65
	1.18
	1.01
	0.204
	0.28

	48
	2.2
	1.19
	10.4
	8.12
	1.56
	1.62
	0.77
	0.492

	72
	0.84
	0.79
	2.31
	3.4
	0.54
	0.49
	1.08
	0.244

	96
	0.66
	0.42
	0.86
	1.11
	0.25
	0.482
	0.56
	0.606

	120
	0.48
	0.5
	0.7
	0.62
	0.18
	0.288
	0.39
	0.3

	144
	0.26
	0.47
	0.85
	0.33
	0.114
	0.354
	0.35
	0.238

	168
	0.17
	0.44
	0.59
	0.43
	0.128
	0.242
	0.29
	0.278

	total
	19.87
	18.79
	30.25
	26.95
	4.3
	4.95
	3.8
	2.79


Table B.5.1-5 : Excretion of radioactivity after 15 doses : comparison with excretion after 1 dose.

	
	Mean excreted dose (% of administered dose)

	
	Urine
	Feces

	dose (mg/kg) frequency
	1.9 (1 x)
	2 (15 x)
	1.9 (1 x)
	2 (15 x)

	sex
	_
	_
	_
	_
	_
	_
	_
	_

	time (h)
	
	
	
	
	
	
	
	

	0
	0
	0
	
	
	0
	0
	
	

	4
	5.46
	6.48
	16.3
	16.4
	0.13
	0
	0.1
	0

	8
	3.6
	3
	6.4
	6.4
	0.022
	0
	0
	0

	12
	3.8
	2.7
	4.2
	4.4
	0.19
	0.465
	0
	0.3

	24
	2.4
	2.8
	4.2
	4.4
	1.18
	1.01
	0.3
	0.2

	48
	2.2
	1.19
	0.6
	0.6
	1.56
	1.62
	0
	0.1

	72
	0.84
	0.79
	0.9
	1.4
	0.54
	0.49
	0.9
	1.8

	96
	0.66
	0.42
	0.4
	0.9
	0.25
	0.482
	0.3
	0.8

	120
	0.48
	0.5
	0.3
	0.6
	0.18
	0.288
	0.9
	2.1

	144
	0.26
	0.47
	
	
	0.114
	0.354
	
	

	168
	0.17
	0.44
	
	
	0.128
	0.242
	
	

	total
	19.87
	18.79
	33.3
	35.2
	4.3
	4.95
	2.6
	5.3


Table B.5.1-6 : Excretion of radioactivity measured during 96 h after 9 weeks treatment.
	
	% of administered dose

	
	Urine
	Feces

	ppm in diet
	50
	500
	1000
	50
	500
	1000

	sex
	_
	_
	_
	_
	_
	_
	_
	_
	_
	_
	_
	_

	time (h)
	
	
	
	
	
	
	
	
	
	
	
	

	0-6
	8.09
	17.26
	11.6
	25.69
	12.03
	15.54
	0.00
	0.01
	0.01
	0.00
	0.02
	0.00

	6-12
	0.00
	3.01
	2.14
	7.65
	4.37
	0.79
	0.02
	0.00
	0.01
	0.00
	0.00
	0.00

	12-24
	5.44
	2.06
	2.94
	3.93
	3.45
	4.65
	5.80
	3.82
	2.14
	0.77
	0.93
	0.12

	24-48
	0.73
	0.79
	0.48
	1.01
	0.66
	0.43
	2.31
	2.45
	1.52
	1.3
	1.16
	0.82

	48-72
	0.37
	0.46
	0.18
	0.36
	0.28
	0.32
	0.28
	0.56
	0.27
	0.31
	0.66
	0.46

	72-96
	0.24
	0.3
	0.17
	0.25
	0.17
	0.2
	0.07
	0.18
	0.06
	0.07
	0.22
	0.17

	total
	14.9
	23.88
	17.51
	38.89
	20.96
	21.93
	8.47
	7.00
	3.99
	2.45
	2.99
	1.57


Table B.5.1-7 : Recovery of 14 C-thiram equivalents 96 h after 9-week exposure in the diet.

	
	% of administered dose

	dose 

(ppm in diet)
	50
	500
	1000

	sex
	_
	_
	_
	_
	_
	_

	urine
	14.87
	23.88
	17.51
	38.89
	20.91
	21.93

	feces
	8.47
	7
	3.99
	2.45
	2.99
	1.57

	cage wash
	1.33
	3.54
	1.89
	1.40
	2.34
	6.04

	tissues
	2.35
	3.15
	1.54
	2.68
	1.76
	2.01

	total
	27.01
	37.56
	24.92
	45.42
	28.04
	31.55


Table B.5.1-8 : Exhalation of 14 C thiram-derived radioactivity after 15 daily administrations of 2 mg/kg bw thiram.
	
	Mean dose excreted (% of administered dose)

	
	Radioactivity collected in KOH

(presumably CO2 and/or CSO)
	Radioactivity collected in

Viles CS2 reagent

	sex
	_
	_
	_
	_

	time (h)
	
	
	
	

	4
	17
	20.4
	7.3
	5.2

	8
	11.8
	10.4
	3.8
	1.9

	12
	4.1
	5.1
	0.2
	0.2

	24
	1.6
	3
	0.1
	0.1

	32
	0.3
	0.6
	0.0
	0.0

	48
	0.3
	0.6
	0.0
	0.0

	72
	0.3
	0.5
	0.0
	0.0

	96
	0.2
	0.3
	0.0
	0.0

	total
	35.6
	40.8
	11.4
	7.4


Table B.5.1-9 : Exhaled radioactivity recovered by time after one dose - comparison with exhalation after multiple dose.

	
	Mean dose excreted (% of administered dose)

	dose
	2 mg/kg bw

(data from 2 rats)
	2 mg/kg bw

	frequency
	1 x
	15 x

	time (h)
	
	

	2
	9.08
	

	4
	16.31
	24.3

	6
	9.79
	

	8
	6.13
	15.6

	11
	7.98
	

	14
	3.78
	

	16
	1.01
	

	24
	4.10
	1.7

	28
	1.105
	

	32
	0.605
	0.3

	48
	1.165
	

	52
	0.25
	

	56
	0.095
	

	72
	0.395
	0.3

	76
	0.115
	

	80
	0.085
	

	96
	0.337
	0.2

	total
	62.86
	47


Conclusion :

Thiram, studied at doses between 2 and 200 mg/kg in the rat, is well absorbed from the GI tract. It is eliminated, for most part within 24 hours, mainly via urine (33%) and exhaled air (47%), and does not accumulate in the organism. 96 hours after dosing, the highest tissue levels are found in blood, liver, muscle, bone and kidney, representing about 3% of the dose administered. It is extensively metabolised, ± 85% of the administered dose was detected as metabolites in urine, feces (5%) and expired air. The metabolic pathway involves a reduction of the disulfide bond and subsequent reactions of the thiol moiety to form oxidative and conjugative polar products. No unchanged thiram was detected in the urine.

In general, the metabolism of dialkyldithiocarbamates such as thiram in mammals is straightforward, diethylthiocarbamic acid being formed as the principal metabolite. Other metabolic products include carbon disulfide, methyldiethyldithiocarbamate, and sulfate.

Metabolism of thiram in livestock
Three goats received in their diet 2.45, 3.26 or 23.3 ppm 14 C thiram for 4 days. thiram was extensively and rapidly metabolized in the rumen to dimethyldithiocarbamate (DDC) and then to dimethylamine and carbon disulfide. Carbon disulfide is then converted to carbonyl sulfide in the liver and is then converted to carbonate by carbonic anhydrase. Carbonate enters into fat, protein and carbohydrate metabolism. (fig. B.5.1-2)

This transformation is more simple than that reported in rats ; no conjugates were detected (Norris, 1993a, Task Force study)

After once daily oral administration for 4 consecutive days to laying hens at 0.6 or 6 ppm, thiram was rapidly reduced to DDC. DDC can be either converted to volatiles and on to carbonate, which can be further metabolized, or converted to glucuronide and ornithine conjugates. (fig B.5.1-3) This metabolism is similar to that reported in rats (Norris, 1993b Task Force study)

Metabolism of thiram in plants
Glycosides were found to be the major metabolites in cotton, soybean and wheat seedlings from 14-C thiram treated seeds. This kind of metabolism is comparable with rats except that glycosides are formed instead of glucuronides. Trace amounts of a cysteine conjugate were also detected. Negligible levels of CS2 were obtained

(Nowakowski, 1987 Task Force study) (fig. B.5.1-4).

In sugarbeets, 14 C thiram is degraded to N,N-dimethyldithiocarbamic acid (DDC) which is then conjugated with natural products. A majority of parent chemical is also further degraded to 14 CO2 . 14 CO2 is absorbed by the sugarbeet plant and enters the biosynthetic metabolic cycles, and is subsequently incorporated into a variety of endogenous natural products. (Liu and Robinson, 1994 Task Force study).

The 14 C-residue on the surface of apples and leaves was mainly thiram, which decreased over time. Thiram was not incorporated into the apple after day 0. The low level of CS2-associated residues indicate that very little of the total radioactivity incorporated into the apple showed a dimethyldithiocarbamoyl-like structure. Identification of the metabolites could not be accomplished. (Wyss-Benz, 1994 Task Force study).

Conclusion:

The metabolic pathways in the lactating goat, laying hens and plants were quite similar to that reported in rats, with the exception that conjugation reactions were not observed in goats. In plants, conjugation reactions were involved but different cofactors than those occurring in mammals were used.

Figure B.5.1-1 : Metabolic pathway of thiram in rats
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Figure B.5.1-2 : Metabolic pathway of thiram in goats
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Figure B.5.1-3 : Metabolic pathway of thiram in hens
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Figure B. 5.1-4 : Metabolic pathway of thiram in plants
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B.5.2
Acute toxicity including irritancy and skin sensitization (Annex IIA 5.2)

B.5.2.1
Acute oral toxicity (Annex IIA 5.2.1)
- Rat, oral administration by gavage, 560, 740, 1300, 2400 and 4200 mg/kg bw (Thouin , 1985a, Task force study)
Findings :
Mortality: deaths, including animals sacrificed in extremis were noted up to 1 day after dosing with 560 mg/kg bw (1/5 _) ; two days (1/5 _) after dosing with 740 mg/kg bw ; nine days (3/5 _) after dosing with 2400 mg/kg bw ; ten days (5/5 _ ; 4/5 _) after dosing with 4200 mg/kg bw

Clinical signs : Apathy, reduced locomotive activity, laboured breathing, (half)closed eyes were observed in practically all animals in the beginning of the study and persisted for animals found dead or killed in extremis. Moist eyes, ungroomed appearance, reduced faecal excretion, tremor of the head and emaciation were also observed. 

Body weights: reduced in the first week, returned to normal except for the male high dose group due to a single animal and the female 2400 mg/kg bw group. All animals found dead showed massive body weight loss, except 1 female of the high dose group
Pathology : At 560 and 740 mg/kg bw: stomach haemorraghes often accompanied by mucosal erosion or erosion alone (1 _ of each group). 

At 2400 mg/kg bw : stomach haemorrhages often accompanied by mucosal erosion or erosion alone (2 _); pale kidney and a small spleen (1 _), enlarged left adrenal (1 _).

At 4200 mg/kg bw : stomach haemorrhage was observed in all animals often accompanied by mucosal erosion or erosion alone. Pale speckled liver and testicular atrophy (1 _) . Petechiae in the kidneys and pale liver (2 _).
Conclusions : 

LD50 _ = 3700 mg/kg bw 

LD50 _ = 1800 mg/kg bw

Guidelines:

 Protocol in compliance with method B.1 of Directive 92/69/EEC.

GLP :
Yes (no attest of competent authority).

Material and methods : 

5 Wistar rats/sex received by gavage a single dose of thiram (99.4%; B.n°.S94/06-85) at 560, 740, 1300, 2400 or 4200 mg/kg bw. The test substance was suspended in propylene glycol. 

The study is accepted.

B.5.2.2
Acute percutaneous toxicity (Annex IIA 5.2.2)

- Rabbit, dermal application, 2000 mg/kg bw (Thouin , 1985b, Task force study)

Findings : 
Mortality, body weight, systemic clinical signs, pathology: no substance related findings.

Local signs: slight erythema with areas revealing well-defined and moderate erythema, disappearing by the end of the first week.

Conclusions : 
LD50 > 2000 mg/kg bw.

Guidelines :

Protocol in compliance with method B.3 of Directive 92/69/EEC (limit test) .
GLP : 
Yes (no attest of the competent authority).

Material and Methods : 

5 New Zealand white rabbits / sex were exposed to 2000 mg/kg bw thiram (B.n°.P53/02-85; 98.8% in paste) by semi-occlusive dermal application for 24 h.

The study is accepted.
B.5.2.3
Acute inhalation toxicity (Annex IIA 5.2.3)

- Rat , inhalation, 2.06, 3.36 and 5.04mg/l (Holbert, 1987, Task force study)

Findings : 

Mortality : occurred during exposure: 1/5 _ at 2.06 mg/l, in 1/5_ and 2/5 _ at 3.36 mg/l and 1/5 _+ 5/5 _ at 5.04 mg/l.

Clinical sign : decreased activity, constricted pupils, gasping, lacrimation, nasal discharge, piloerection, polyuria, ptosis and salivation were observed. 

Body weight: decrease at day 7. In surviving animals, at day 14, body weight was normal.

Necropsy : nasal discharge , salivation, lacrimation , polyuria . Lungs mottled red , stomach filled with gas and green-yellow paste.
Conclusions : 

LC50 _ > 5.04 mg/l (424 mg/kg bw)

LC50 _ =3.46 mg/l (290 mg/kg bw)

LC50 combined sexes = 4.42 mg/l (371mg/kg bw)

ADVANCE \u3
ADVANCE \d3Guidelines : 

Protocol in compliance with method B.2 of Directive 92/69/EEC or 84/449/EEC or OECD 403 (1981).ADVANCE \u3
ADVANCE \d3GLP :
Yes (no attest of competent authority).
Material and methods:

5 rats (Harlan Sprague Dawley)/sex /dose were exposed for 4 h to an aerosol generated from the undiluted test material to 2.06, 3.36 and 5.04mg/l of thiram (99.5%; B.n°.376921135, G3380).The mass median aerodynamic diameter was 4.083 and 4.428 mm for the mean gravimetric concentrations of 2.06 and 5.04 mg/l respectively

 (particule size : 95% < 12 mm : the substance was nearly fully inhalable).
The study is accepted.

ADVANCE \u3
ADVANCE \d3
B.5.2.4
 Skin irritation (Annex IIA 5.2.4)

 - Skin irritation , 6 rabbits, semi-occlusive dressing, 0.5g (Weterings , 1985a, Task force study)

Findings:

Systemic clinical signs: no substance related findings.

Local signs: Evaluation of the data, according to the EU methodology, gave the following results :

<Score erythema>ADVANCE \d324+48+72 hADVANCE \u3 = 0.05

      <Score oedema> ADVANCE \d324+48+72 hADVANCE \u3 = 0
Conclusions : 

Thiram is not a skin irritant.
Guidelines : 

Protocol fully in compliance with method B.4 of Directive 92/69/EEC. 

GLP :
The study is GLP certified (no attest of the competent authority).
Material and Methods : 

0.5 g thiram (B.n°P53/02-85 ; 98.8%) in 0.5 ml distilled water was evenly spread onto a patch which was applied to the clipped intact skin of 6 female New Zealand white rabbits for 4 hours under a semi-occlusive dressing.
The study is accepted.

B.5.2.5
 Eye irritation (Annex IIA 5.2.5)

- Eye irritation , rabbit , 30 mg (Mulder , 1985, Task force study)
Findings:

Evaluation of the data, according to the EU methodology (mean of the 6 animals scores at 24, 48 and 72 hours), gave  the following results :

Score cornea opacity = 0


Score iris = 0.22



Score erythema = 2.17

Score chemosis = 2.05

Reversible at day 15.
Conclusions :

Due to the chemosis score, thiram is irritating to eyes. The effect is reversible after 15 days.
Guidelines:

 Protocol in compliance with method B.5 of Directive 92/69/EEC.

GLP : Yes (no attest of the competent authority).

Material and Methods : 

30 mg (equal to 0.1 ml) of thiram (B.n°P53/02-85: 98.8%) was placed into the conjunctival sac of the left eye of each of 6 female New Zealand white rabbits.
The study is accepted.

B.5.2.6
 Skin sensitization (Annex IIA 5.2.6)

- skin sensitization, guinea pig , SAT (Weterings , 1985b, Task force study)

Findings : 

8/20 animals (= 40% response) exhibited positive challenge readings either for day 23 and/or day 24

According to the classification of Kligman, the test material should be considered a moderate sensitizer (grade III).
Conclusions :

Thiram is a skin sensitizer.
Guidelines :

Protocol not fully in compliance with method B.6 of Directive 92/69/EEC or OECD guideline 406(1981).
The Split Adjuvant Test was used to detect the potential of thiram to provoke skin sensitization.The choice of this test was not justified .

GLP : 
Yes (no attest of the competent authority).
Material and Methods : 

0.2 ml of 25% thiram (B.n°.S94/06-85 ; 99.4%) in petrolatum was applied at initiation(day 0) , on day 2, 4 and 7 of the induction phase to the shaven skin of 20 female Albino Dunkin-Hartley guinea pigs. On day 4, 0.1 ml Freund’s complet adjuvant was injected intradermally. On day 21, a challenge dose (0.1 ml in petrolatum) was applied and occluded for 24 h.

Readings were made 24 and 48 hours after removal of the bandage.

Deviation from the official protocol: the concentration used for induction did not produce a skin irritation. No information about the reliability and sensitivity of the experimental technique.

The study is accepted.

Additional information from the open literature :

- Mice, single i.p. administration, 160, 320 or 640 mg/kg bw (Gupta et al.,1993b)
Findings :

Thiram produced a dose and time (0.75, 4 and 168h) dependent increase in the protein content of brain synaptosomes but, at the same doses and time intervals, it decreased the protein content of erythrocyte membranes. Phospholipids decreased in brain synaptosomes at all doses but increased at 640 mg/kg bw in erythrocyte membranes. In brain and erythrocytes 160 mg/kg bw increased the cholesterol content but, with higher doses, the cholesterol content decreased. In synaptosomes, the cholesterol/PL molar ratio was increased with increasing doses, while the reverse pattern was seen in erythrocyte membranes. Lipid peroxidation was found to increase in both tissues at all doses and times.

Conclusion :

It is suggested that the toxicity of thiram is due to a perturbation of the viscosity of the lipid bilayer membranes, modifying the structure and function of neuronal synapses and of erythrocytes.
Material and methods :

Adult LACA mice/dose received a single intraperitoneal injection of thiram (Fluka, 99%) at 160, 320 or 640 mg/kg solubilized in 2% propan-2-ol. Animal were sacrificed 0.75, 4 and 168 h after administration. 

B.5.2.7
Summary of acute toxicity including irritancy and skin sensitization of thiram (Annex IIA 5.2)

On basis of the oral LD50, and the inhalation LC50, thiram has to be classified as harmful. It is not a skin irritant, but an eye irritant and a skin sensitizer. It is suggested that its toxicity is due to a perturbation of the viscosity of the lipid bilayer membranes, modifying the structure and function of neuronal synapses and of erythrocytes.

Table B.5.2.7-1 : Summary of acute toxicity of thiram.

	Type of test
	Species
	Result
	Purity ; batch n°.
	References

	LD50 oral
	rat
	_ : 3700 mg/kg bw

_ : 1800 mg/kg bw 
	99.4%; B.n°.S94/06-85
	Thouin , 1985a

Task force study

	LD50 skin
	rabbit
	> 2000 mg/kg bw.
	98.8%; B.n°.P53/02-85
	Thouin , 1985b

Task force study

	LC50 inh, 4 h aerosol
	rat
	_ : > 5.04 mg/l (424mg/kg bw)

_ : = 3.46 mg/l (250mg/kg bw)

_+_ : = 4.42 mg/l (371mg/kg bw)
	99.5%; B.n°.376921135,

 G3380
	Holbert, 1987

Task force study

	Skin irritation 4 h
	rabbit
	not irritant
	98.8% ; B.n°P53/02-85
	Weterings , 1985a

Task force study

	Eye irritation
	rabbit
	irritation, reversible after 15 d
	98.8% ; B.n°P53/02-85
	Mulder , 1985

Task force study

	Skin sensitization (SAT)
	guinea pig
	sensitizer
	99.4% ; B.n°.S94/06-85
	Weterings ,1985b

Task force study


B.5.3
 Short-term toxicity (Annex IIA 5.3)

B.5.3.1
Oral 28 day toxicity (Annex IIA 5.3.1)

- Mice, oral administration in diet, 4 week, 300, 600 and 1200 ppm (Kehoe, 1989, Task force study)
Findings : 

The MTD was reached.

Table B.5.3.1-1: Effect of thiram in mice- oral 4 week study.

	Endpoints/dose
	0
	300 ppm
	600 ppm
	1200 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	no deaths

	clinical signs
	
	hunched posture, thin, alopecia, squinting eyes
	bloody crust, red or necro

tic tail
	
	thin, alopecia, opaque eye
	hunched posture, thin, lacrimation
	hunched posture, thin, alopecia,

	food consumption
	
	î 14%
	î 39%
	î 16%
	î 45%
	î 32%
	î 48%

	body weight
	
	î 9% 

(wk 3,4)
	
	î 7-9%

(wk 4)
	
	î 13-16%

(wk 3,4)
	

	body weight gain
	
	î (wk 3,4)
	
	î(wk 4)
	
	î (wk 2è4)
	î (wk 3,4)

	hematology
	
	
	
	
	
	
	

	RBC count
	
	î
	
	î
	
	î
	

	Hemoglobin
	
	î
	
	î
	
	î
	

	Hematocrit
	
	î
	
	î
	
	î
	

	platelet count
	
	
	
	
	ì 18%
	
	ì 27%

	clinical chemistry
	
	
	
	
	
	
	

	glucose
	
	
	
	
	
	
	î

	organ weight
	
	
	
	
	
	
	

	brain weight
	
	ì (r)
	
	î (a)
	
	ì (r)
	

	kidney weight
	
	
	
	ì 17.3%(r)
	
	
	

	liver weight
	
	(ns ì 3.5%)
	
	ì 12.7%(r)
	
	ì13.8% (r)
	ì11% (r)


Statistically significant effects (p < 0.05) (Dunnetts t test; Kruskal-Wallis H test; Nemeyi - Kruskal-Wallis test ; Wilcoxon-Mann-Whitney -test). (a) = absolute ; (r) = relative. ì increase ; î decrease; ns: not significant

Lower red blood cell count, hemoglobin and hematocrit, higher platelet count and lower glucose represent treatment related effects. All of these changes were relatively small and none were considered indicative of significant primary pathologic effects. A treatment-related decrease in terminal body weights was observed in all the treated male groups. As a result, there were some increases in organ-to-body weight percentages of the brain, kidneys and livers of some treated animals.

Conclusions :

Deviation from the official protocol: The lowest dose was too high for males . Therefore, a NOAEL cannot be determined for males . 

There is no NOEL for females but, neglecting the small effect on food consumption the NOAEL = 300 ppm = 59-66 mg/kg bw/d.

Guidelines:

Protocol nearly in compliance with method B.7 of Directive 92/69/EEC or Directive 84/449/EEC or OECD 407(1981).

Range-finding study in mice used for the 78 week carcinogenicity study.

GLP :
Yes  (no attest of the competent authority).
Material and Methods : 

10 mice Crl:CD-1®(ICR)BR /sex/dose, received in diet 0, 300, 600 or 1200 ppm thiram (B.n°.70504831,lot 117 ; 99.4%) during 4 weeks. 

Corrected dose : 0, 51-58, 101-115, 177-226 mg/kg bw for males

                           0, 59-66, 111-127, 221-281 mg/kg bw for females.
The study is accepted.

- Dogs, oral administration in diet, 4 week, 0, 125,  500,  2000 / 1500 ppm (Kehoe, 1988a, Task force study)

Findings :

The MTD was reached.

Table B.5.3.1-2 : Effect of thiram in dogs- oral 4 week study.

	Endpoints/dose

	
0
	125 ppm
	500 ppm
	2000/1500 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	
	
	1
	1

	clinical signs:
	
	
	
	
	
	
	ptyalism
	convulsions

	food consumption
	
	
	î

(12%)
	î

(13%)
	î

(29%)
	î

(49%)
	î

(92%)
	î

(78%)

	body weight
	
	
	
	
	î

(14%)
	î

(16%)
	î

(33%)
	î

(39%)

	hematology:
	
	
	
	
	
	
	
	

	RBC count
	
	
	
	
	î
	
	î
	

	Hemoglobin
	
	
	
	
	î
	
	î
	

	Hematocrit
	
	
	
	
	î
	
	î
	

	lymphocyte count
	
	
	
	
	î
	î
	î
	î

	platelet count
	
	
	
	
	ì
	ì
	ì
	ì

	clinical chemistry
	
	
	
	
	
	
	
	

	ALT
	
	
	
	
	
	
	ì
	

	AST
	
	
	
	
	
	
	ì
	

	AP
	
	
	
	
	
	
	ì
	

	bilirubin
	
	
	
	
	ì
	ì
	ì
	ì

	urea nitrogen
	
	
	
	
	ì
	ì
	ì
	ì

	organ weight
	
	
	
	
	
	
	
	

	final body weight
	
	
	
	
	
	
	î
	î

	organ weights

(absolute)
	
	
	
	
	
	
	î
	î

	liver
	
	
	
	
	
	
	cell degeneration,

proliferation,

pigmentation
	


no statistics (2 animals/dose) ; ì increase ; î decrease

Except for food consumption and body weight, changes were generally small. One male, at the highest dose, developed a marked macrocytic anemia and elevated hepatic enzymes. Anemia was probably due to thiram-induced hemolysis, which might have produced an hypoxic injury to the liver. Slightly lower absolute lymphocyte counts and slightly higher platelet counts, increased total bilirubin and urea nitrogen may have been treatment related . It is uncertain whether the liver changes observed in the male at the highest dose are treatment related.

Conclusions:

There is no NOEL. Neglecting the decrease in food consumption, the NOAEL = 125 ppm, or 4 mg/kg bw/d.
Guidelines: 

Protocol not fully in compliance with method B.7 of Directive 92/69/EEC or 84/449/EEC .

Deviation: the method described in B.7 is intended for rodents and not for dogs.This study was done to aid in dose selection for a 13-week toxicity study.

GLP :
Yes (no attest of the competent authority).
Material and Methods : 

2 Beagle dogs/ sex/dose received 0, 125, 500, 2000/1500 ppm thiram (B.n°.HLA 70504831, lot 117; 99.43 %) in diet during 4 weeks.

 Converted dose: 4, 16 and 26-15 mg/kg bw for males,

                            4, 12 and 27-21 mg/kg bw for females.
The study is accepted.

Additional information from open literature:

- Rat, oral administration in diet, 225, 300, 450, 600, 900 and 1200 ppm during 29 days (Lowy et al.,1979)
Findings:

The following findings were observed: a decrease in food intake, whole body weight, and weight of kidneys, testes, seminal vesicles, heart, liver, perirenal fat and epididymal fat, but an increase in the adjusted weights of liver and testes; a decrease in liver RNA and protein labelling, but no change in relative concentrations, RNA/DNA and protein/DNA ratio’s. There was no effect on thyroid and adrenal weights.

A log-probit model, fitted to the data concerning the weights of the epididymal and perirenal fat pads, allowed the estimation of a Least Significant effect Dose (LSD). It predicted an enlargement of the liver at 184 ppm and a no-effect level for the fat pads less than 130 ppm (the LSD at p= 0.05).

Conclusion: 

The NOEL, with a residual risk of 0.01 was estimated as 25 ppm, with an 95% upper limit of confidence of 81 ppm.

Material and methods:

 6 Young Wistar GIF rats (EVIC-CEBA, F 33290 Blanquefort)/dose received in their diet thiram (Rhodiasan micronisé, Rhodiagri, 90%) at 225, 300, 450, 600, 900 or 1200 ppm during 29 days corresponding to 3.75, 4.39, 5.82, 6.91, 9.56 and 10.88 mg/kg bw. Animal received 1 hr before sacrifice an i.p. injection of 50 Ci (4-3H) leucine and of 28.1 Ci (6-14C) orotic acid.

B.5.3.2.1 
Oral 90 day toxicity (rat) (Annex IIA 5.3.2)

- Rat, oral administration in diet, 50, 500 and 1000 ppm, 13 week (Kehoe, 1988b, Task force study)
Findings : 

The MTD was reached.

The relevant findings are shown in Table B5.3.2-1. Macrocytosis (higher MCV) is sometimes an indication of regenerative response, but in this study, it could represent an alteration in normal maturation associated with changes in nutrient availability. The hematological response in females is suggestive of an inflammatory process. The changes in glucose, total protein and albumin were probably associated with decreased food consumption or assimilation and lower body weights. Slightly higher urea nitrogen in the females may have resulted from increased catabolism of muscle for energy. The etiology of higher chloride level in females was not apparent.

Pathology: erosion/ulceration of the nonglandular stomach and diffusely red or mottled mesenteric lymph nodes were observed in rats given 500 or 1000 ppm.

Histopathology: males and females given 1000 ppm had a high incidence of microscopic changes in the mucosa of the nonglandular stomach. These changes were focal areas of the erosion/ulceration, mucosal hyperplasia, or both. Occasionally these were accompanied by submucosal inflammation and oedema. The mesenteric lymph nodes from these animals were frequently congested. The biological significance of this findings is unknown, but the changes could be related to the nutritional state of the animals.The changes observed in the stomach appeared to be related to treatment. 

Table B.5.3.2.1-1 : Thirteen-week oral toxicity study with thiram in rats.

	Endpoints/doses
	Concentrations

	
	0
	50 ppm
	500 ppm
	1000 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	
	no deaths

	clinical signs
	
	
	no substance related effects

	food consumption
	
	
	
	
	î
	î
	î
	î

	body weight
	
	
	
	
	î (19%)
	î(17%)
	î(28%)
	î(23%)

	body weight gain
	
	
	
	
	î(26%)
	î(30%)
	î(38%)
	î(37%)

	ophtalmology
	
	
	no substance related effects

	hematology:
	
	
	
	
	
	
	
	

	mean corpuscular volum
	
	
	
	
	ì
	ì
	ì
	ì

	mean corpuscular hemoglobin
	
	
	
	
	ì
	ì
	ì
	ì

	RBC count
	
	
	
	
	
	î
	
	î

	Hemoglobin
	
	
	
	
	
	î
	
	î

	Hematocrit
	
	
	
	
	
	î
	
	î

	WBC count +corrected WBC
	
	
	î
	
	
	ì
	
	ì

	neutrophil count
	
	
	î
	
	
	
	
	ì

	lymphocyte count
	
	
	
	
	
	
	
	ì

	monocyte count
	
	
	
	
	
	
	
	ì

	clinical chemistry
	
	
	
	
	
	
	
	

	albumin
	
	
	
	
	
	î
	
	î

	total protein
	
	
	
	
	î
	î
	î
	

	total bilirubin
	
	
	
	
	î
	
	
	

	glucose
	
	
	
	
	
	
	
	î

	chloride
	
	
	
	
	
	
	
	ì

	creatinine
	
	
	
	
	
	
	
	î

	urea nitrogen
	
	
	
	
	
	ì
	
	ì

	organ weight
	
	
	
	
	
	
	
	

	kidney (a) or (r)
	
	
	î10% (a)
	
	î 27% (a) î(r)
	î11%(a)
	î30%(a)
	î12% (a) ì23% (r)

	liver (a) or (r)


	
	
	
	nsì4.8% (r)
	ì13% (r)
	ì24% (r)
	î (a)

ì19%(r)
	ì 31%(r)

	testes (relative)
	
	
	
	
	ì
	
	ì
	


Statistically significant increase (ì) or decrease (î) (p < 0.05) (Levene’s test, Parametric Anova, Dunnetts t test or Tukey-Kramer or Student’s T test, Kruskal-Wallis H test; Nemeyi - Kruskal-Wallis test ; Wilcoxon-Mann-Whitney -test; Terpstra-Jonckheere test). (a) = absolute ; (r) = relative ; ns= not significant.

Conclusion:

Target organ : stomach.

 There is no NOEL. Neglecting the effect on males at 50 ppm the NOAEL = 50 ppm, or 3.5-4 mg/kg bw/d .

Guidelines: 

Protocol fully in compliance with method B of Directive 87/302/EEC or OECD 408 (1981).

The study is GLP (no attest of the competent authority).
Material and Methods : 

10 Crl:CD(SD)BR rats/sex/dose, received in the diet 0, 50, 500 and 1000 ppm of thiram (B.n°.70504831, lot n°. 117 ; purity : 99.43%) during 13 weeks. 

Converted doses : 0, 3.5, 38 and 67 mg/kg bw for males

                             0, 4, 38 and 80 mg/kg bw for females.
The study is accepted.

-Additional information from open literature:

- Rat, oral administration by gavage, 5, 10 and 25 mg/kg bw, 30, 60, 90 day (Mishra et al.,1993)

Findings:

Mortality was observed at 5 (5/25), 10(7/25) and 25(8/25) mg/kg bw. Body weight gain was not markedly modified. Testes/body weight ratio was slightly increased. At the highest dose, tested over 90 day, histopathological studies of testes revealed atrophy of seminiferous tubules, necrosed germinal cells and enlarged interstitial spaces. Testicular enzyme activities were measured and mild alterations of alkaline phosphatase, succinate dehydrogenase, acid phosphatase, lactate dehydrogenase, glucose-6-phosphate dehydrogenase were observed. Serum cholesterol content was significantly increased at 5mg/kg bw in the 90 day study.

Conclusion:

It is suggested that the alterations in the testicular enzyme activities, associated with a marked increase in the gonadosomatic index and pathomorphological changes, indicate a thiram-induced testicular dysfunction. It seems, however, that these changes are statistically not significant, the only significant effect being an increase in serum cholesterol observed 90 day after exposure to 5 mg/kg bw.

The NOAEL < 5 mg/kg bw /day

Material and methods

25 male Wistar rats /dose recieved thiram (unknown purity and batch) through oral intubation at 0, 5, 10 or 25 mg/kg bw during 30, 60 or 90 day. 6 Animals were killed at each time.

B.5.3.2.2
Oral 90 day toxicity (dog) (Annex IIA 5.3.2)

- Dogs, oral administration in diet, 75, 250 and 500 ppm, 13 week  (Kehoe, 1988c, Task force study)

Findings : 

The MTD was reached.

B.5.3.2.2-1 : 13-Week oral toxicity study with thiram in dogs.

	Endpoints/dose
	0
	75 ppm
	250 ppm
	500 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	
	no deaths
	
	
	
	
	

	clinical signs:
	
	
	food-like vomitus ; thin (1 female)

	 food consumption
	
	
	
	
	
	î 

during 13 weeks
	î

wk 9, 11, 12, 13
	î

wk 5, 6, 8, 10, 11, 12, 13

	body weight
	
	
	
	
	
	î 9%

wk 6
	î 18%

wk 8, 10, 12, 13
	î 21%

wk 1è13

	ophtalmoscopy
	
	
	no compound related abnormalities

	hematology:
	
	
	
	
	
	
	
	

	mean corpuscular volum
	
	
	ì4.6%
	
	ì7.7%
	ì7.7%
	ì7.7%
	ì9.3%

	mean corpuscular hb
	
	
	
	
	ì8.1%
	ì6.5%
	ì6.1%
	ì8.4%

	mean corpuscular hb conc.
	
	
	
	
	
	
	î2.1%
	

	RBC count
	
	
	î14%
	
	
	î14%
	
	î23%

	hemoglobin
	
	
	
	
	
	
	
	î

	hematocrit
	
	
	
	
	
	
	
	î

	platelet count
	
	
	
	
	ì26%
	
	ì26%
	

	clinical chemistry
	
	
	
	
	
	
	
	

	albumin
	
	
	î17%
	
	î14%
	î21%
	î19%
	î26%

	total protein
	
	
	
	
	
	î16%
	
	î19%

	cholesterol
	
	
	
	
	ì30%
	
	ì60%
	

	Ca++
	
	
	
	
	
	
	
	î

	histopathology of liver
	
	
	
	
	
	
	
	

	inflammatory cells
	
	
	1/4
	1/4
	2/4
	1/4
	2/4
	2/4

	degeneration
	
	
	
	
	
	
	
	


Statistically significant increase (ì) or decrease (î)  (p < 0.05) (Levene’s test, Parametric Anova, Dunnetts t test or Tukey-Kramer or Student’s T test, Kruskal-Wallis H test; Nemeyi - Kruskal-Wallis test ; Wilcoxon-Mann-Whitney -test; Terpstra-Jonckheere test).

The changes in erythrocyte parameters were small and not indicative of pathological important effects. They indicate a mild erythrocytic macrocytosis, probably representing an alteration in the normal maturation process, due to subtle changes in nutrient availability. Mild changes in total protein, albumin and cholesterol might be related to changes in food consumption or assimilation. There was no apparent cause for the slightly higher platelet count in the males, but platelet production may be affected secondarily to changes in erythrocyte production.

Histopathology: multifocal accumulations of chronic inflammatory cells in the liver, hepatocellular degeneration with granulomatous inflammation, bile duct hyperplasia and bile pigmentation. These changes were thought to be caused by low grade bacterial infection, facilitated by the treatment but not to be seen as a toxicological effect.

Conclusions:

Target organ: liver

A NOEL cannot be determined. 

NOAEL = 75 ppm, or 2 mg/kg bw/d for males and 2.1 mg/kg bw/d for females, provided the small changes in hematology and clinical chemistry are not seen as adverse.

Liver is the target organ.

Guidelines 

Protocol not fully in compliance with method B of Directive 87/302/EEC or OECD guideline 407(1981).

GLP :
Yes (no attest of the competent authority).
Material and Methods : 

4 Beagle dogs/ sex/dose received in their diet 0, 75, 250 or 500 ppm thiram (B.n°. HLA 70504831, lot 117; 99.4 %) during 13 weeks. 

Converted doses : 0, 2, 6 or 12 mg/kg bw for males.
                             0, 2.1 to 2.14, 6 .6 to 8.01or 11.75 to 13.42 mg/kg bw for female
Deviation from the official protocol: Hematology was performed at 0, 1 and 3 months According to the directive, this investigation should be performed at the beginning, then either at monthly intervals or midway through the test period and finally at the end of the test period. Adrenals were not weighted. The tested doses were too high .

The study is accepted.

B.5.3.2.3
 Oral 1 year toxicity (dog) (Annex IIA 5.3.2)

-Dog, oral administration in diet, 30, 90 and 250 ppm, 52 week  (Kehoe, 1991a, Task force study)

Findings :

B.5.3.2.3-1: 52-Week dietary chronic toxicity study with thiram in dogs.

	Endpoints/dose
	0
	30ppm
	90 ppm
	250 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	
	
	
	
	1 (wk 25)
	
	1 (wk 26)

	clinical signs 
	
	
	no effect related to the compound

	body weight
	
	
	no effect related to the compound

	food consumption
	
	
	
	
	
	
	
	î (wk 20)

	ophtalmoscopy
	
	
	no abnormalities related to the compound

	hematology 
	
	
	
	
	
	
	
	

	RBC count
	
	
	
	
	
	
	î
	

	clinical chemistry
	
	
	
	
	
	
	
	

	albumin
	
	
	
	
	
	
	î15%
	

	total protein
	
	
	
	
	î11%
	
	î11%
	

	cholesterol
	
	
	
	
	ì46%
	
	ì55%
	ì60%

	organ weight
	
	
	
	
	
	
	
	

	liver absolute w.(%)
	
	
	(ì11)
	
	ì26
	
	ì29
	

	liver relative w.(%)
	
	
	ì17
	
	ì20
	(ì21)
	ì44
	ì28

	brain
	
	
	
	
	
	
	ì (r)
	


Statistically significant increase (ì) or decrease (î)(p < 0.05) (Levene’s test, Parametric Anova, Dunnetts t test or Tukey-Kramer or Student’s T test, Kruskal-Wallis H test; Nemeyi - Kruskal-Wallis test ; Wilcoxon-Mann-Whitney -test; Terpstra-Jonckheere test). () not significantly modified ; (r):relative

Two animals were sacrificed moribund, but their conditions did not appear to be thiram-related.

The test material may also have caused higher MCV and MCH, but the data were inconclusive because of similar differences present before initiation of treatment. No abnormalities were detected in urine.

The changes in liver weights, in conjunction with the altered total protein, albumin, and cholesterol levels, suggest a test material related effect on liver function and size. As the liver plays an important role in the metabolism of this test material, these changes may be considered adaptive responses to the presence of the test material. The pathological findings indicate no adverse effect. There were no test material-related macroscopic lesions noted at necropsy.

Conclusions: 

NOEL= NOAEL = 30 ppm or 0.84 mg/kg bw/d for males. NOAEL =  90 ppm or 2.54 mg/kg bw/d for females. The small change in relative liver weight, although statistically significant, is not seen as an effect but due to a small decrease in body weight at that dose.

Guidelines:
Protocol not fully in compliance with method B of Directive 87/302/EEC or OECD 452 (1981).

GLP : 

Yes (no attest of competent authority)
Material and methods : 

6 Beagle dogs/sex/dose received 0, 30, 90 or 250 ppm thiram (lot 117, 99.4%) in their diet during 52 weeks.

Converted dose: 0.84, 2.61 or 7.35 mg/kg bw/d for males.

                           0.90, 2.54 or 7.23 mg/kg bw/d for females.
Deviation from the official protocol : GGT and ornithine decarboxylase activities were not measured.

The study is accepted.

B.5.3.3.1
 28-day inhalation toxicity (rat) (Annex IIA 5.3.3)

Since the active substance is not volatile (vapour pressure < 10-2 Pa), this study is not required.

B.5.3.3.2 
 90-day inhalation toxicity (rat) (Annex IIA 5.3.3)

Since the active substance is not volatile (vapour pressure < 10-2 Pa), this study is not required.

B.5.3.3.3
21-day percutaneous toxicity (rabbit) (Annex IIA 5.3.3)
- Rabbits, dermal application, 21 days, 100, 300 and 1000 mg/kg (Edwards et al., 1992, Task force study)

Findings:
Table B.5.3.3.3-1 : Twenty-one day percutaneous toxicity study in rabbits with thiram.

	Endpoints


	Concentrations

	
	0
	100 mg/kg
	300 mg/kg
	1000 mg/kg

	
	_
	_
	_
	_
	_
	_
	_
	_

	mortality
	
	
	no mortality

	clinical signs
	
	
	no compound related effects

	food consumption
	
	
	
	
	
	
	
	î (wk 1,2)

	body weight gain
	
	
	
	
	
	
	
	î (wk 1 : 84%; wk 2 : 41%)

	hematology
	
	
	
	
	
	
	
	

	Hemoglobin conc.
	
	
	
	ì
	
	ì
	
	ì

	Mean corpuscular Hb conc.
	
	
	
	
	
	
	
	ì

	clinical chemistry
	
	
	
	
	
	
	
	

	A P
	
	
	
	
	
	
	ì 59%
	ì 18%

	ALT
	
	
	
	
	
	
	
	ì 356%

	AST
	
	
	
	
	
	
	
	ì361%

	Cholesterol
	
	
	
	
	
	
	
	ì88%

	Creatinine
	
	
	
	
	
	
	
	î17%

	Ca++
	
	
	
	
	
	
	î11%
	

	histopathology of skin
	
	
	
	
	
	
	
	

	generalised epidermis acanthosis
	0/5
	0/5
	0/5
	3/5
	4/5
	5/5
	5/5
	5/5

	focal epidermis acanthosis
	0/5
	0/5
	5/5
	2/5
	1/5
	0/5
	0/5
	0/5


Statistically significant increase (ì) or decrease (î)  (p < 0.05) (Bartlett’s test, Kruskal-Wallis analysis of ranks, Student’s T test and Williams test).

The following clinical signs were not considered to be significant: ocular exudate, loss of appetite and changes in feces production. Signs of systemic toxicity, similar to those observed after oral administration to rats and dogs, were seen with the high dose.

Local dermal reactions: slight to well-defined erythema, with or without oedema, was observed at all doses, the intensity and frequency being dose-dependent. They mostly developed between day 7 to day 21. They were accompanied by a residual brown staining from the test substance and/or desquamation of the stratum corneum. Histopathology of the skin: epidermal acanthosis, consistent with the irritant action of the compound. The acanthosis was generalised at 300 mg/kg and focal at 100 mg/kg

Conclusion:

Systemic NOAEL = 300 mg/kg bw/d, the small change in hemoglobin not being considered as adverse.

Local NOAEL < 100 mg/kg bw/d

Guidelines: 

Protocol not fully in compliance with method B.9 of Directive 92/69/EEC or Directive 84/449/EEC or OECD 410 (1981).

GLP : 

Yes (no attest of competent authority)
Material and methods : 

5 New Zealand White rabbits/sex/dose were treated with 0, 100, 300 or 1000 mg/kg by dermal application of thiram (B.n°:V614/0801AC; 99%) moistened with water, during 21 day (males) or 22 day (females) under occlusive patch (6 hours/day).

Deviation from the official protocol : period of 21 days exposure  instead of 28 days as required by dir 84/449; no histopathological examination of all preserved tissues.The study conforms to the OECD guideline 410(1981)

The study is accepted.

B.5.3.3.4
 90-day percutaneous toxicity (rat) (Annex IIA 5.3.3)
Based on the results of the percutaneous 28-day toxicity study in rabbits, thiram has a low percutaneous toxicity profile. Therefore, this study is not required.

B.5.3.4
Summary of short-term toxicity of thiram (Annex IIA 5.3)

Short-term, repeated dose, oral administration of thiram produces changes in the liver, increase in liver weight, blood cholesterol and decrease of plasma proteins, decreases in food consumption and body weight gain, local irritation to the non-glandular stomach, and macrocytic anemia. The NOEL and NOAEL are lower for the dog than for the rat. The lowest NOAEL is 0.84 mg/kg bw/day (1 year dog study).

Short-term, repeated dose, dermal administration of thiram produces liver effects in the rabbit at doses that are higher, 37 times or more (1000 versus 27-15 mg/kg bw/day), than the oral LOAEL for liver toxicity in the dog (28 days, oral). Although direct comparison between two different species and two different ways of administration is not possible, this difference is compatible with a relatively low dermal penetration not very different from the 10% default value. 

In one rat test, published in the open literature, a slight dysfunction of the testes following thiram, 25 mg/kg bw/d over 90 days, is suggested.

Table B.5.3.4-1 : Summary of short-term toxicity of thiram.

	Type of study
	NOAEL

mg/kg bw/d
	LOAEL

mg/kg bw/d
	Critical effects
	Batch n°,

 purity
	References

	21 days, percutaneous, rabbit _ + _
	300 (systemic)

<100 (dermal)
	1000

300
	ì seric enzymes,î bw

generalised or focal acanthosis of epidermis
	V614/0801AC; 99%
	Edwards et al., 1992 Task force study

	28 days, oral, mice


	_ : 59

_ : cannot be determined
	101

51
	ì platelet count

î food consumption

î bw; hematology; food con.; ì brain w.
	HLA 70504831,

lot 117 ; 99.4%
	Kehoe, 1989 Task force study

	28 days, oral, dog

_ + _
	4
	12-16
	bwî; 

î food consumption

clinical pathology; hematology
	HLA 70504831, lot 117; 99.4 %
	Kehoe, 1988a Task force study

	90 days, oral, rat


	  _ : 3.5

_ : 4
	38
	bw î, hematology, clinical chemistry, pathology of 

nonglandular stomach
	70504831, lot n°. 117 ; 99.4%
	Kehoe, 1988b

Task force study

	90 days, oral, dog 


	_ : 2

  _ : 2.1
	6

6.6-8
	î food consumption; hematology and clinical chemistry changes
	HLA 70504831, lot 117; 99.4%
	Kehoe, 1988c Task force study

	1 year, oral, dog 
	_ : 0.84

  _ : 2.54
	2.61

7.23
	ì (a and r) liver weight; ì cholesterol; î total protein
	lot 117, 99.4%
	Kehoe, 1991b Task force study


B.5.4 
Genotoxicity (Annex IIA 5.4)

B.5.4.1
In vitro genotoxicity testing (Annex IIA 5.4.1)

B.5.4.1.1 
Gene mutation test in bacteria.

Salmonella typhimurium : TA 98, TA 100, TA 1535, TA 1538 and TA 1537 with and without S9 (Poth, 1990, Task force study)
Findings:

Thiram, with and without metabolic activation, produced a dose-dependent and significant increase in revertant colony numbers observed in strains TA1535 and TA100 in the two experiments performed.
With and without S9 mix, toxic effects occurred in strains TA98 at 333.3and1000g/plate (exp.I) and in the strains TA1537 and TA1538 at 1000 g/plate (exp.II). With metabolic activation toxic effects occurred in strains TA1537 (exp.I) and TA100 (exp.I and II) at 1000 g/plate. Strains TA1535, TA1537, TA1538 and TA100 showed normal background growth up to 1000 g/plate with S9 mix and up to 100 g/plate in the absence of metabolic activation.

Conclusion : 

Under the experimental conditions reported, thiram, with and without metabolic activation, induced point mutations by base pair changes in the genome of the strains TA1535 and TA100.

Guidelines:
Protocol fully in compliance with method B .14 of directive 92/69/EEC.

GLP : 
Yes (no attest of competent authority)

Material and methods : 

Salmonella strains TA 98, TA 100, TA 1535, TA1538 and TA 1537 were used. The standard plate incorporation assay was performed in duplicate using 1, 10, 33.3, 100, 333.3, 666.6 and 1000 g/plate of (99.7%; B.n° :921001) with S9 mix (Aroclor 1254 induced rat liver S9 conc./plate unknown conc.) using Salmonella strains TA 98, TA 100, TA 1535, TA 1538 and TA 1537 . Without S9 mix (Aroclor 1254 induced rat liver) Salmonella strains TA 100, TA 1535,TA 1538 and TA 1537 were used in the presence of 1, 3.3, 10, 33.3, 66.6 and 100 g/plate thiram . Strain TA 98 was tested with 10, 33.3, 100, 333.3, 666.6 and 1000 g/plate, without S9 mix.Each experimental point was performed in triplicate .

This study was performed in good experimental conditions; the criteria for the determination of a positive response were well defined and appropriate. Positive controls : sodium azide, 4-nitro-o-phenylene-diamine and 2-aminoanthracene, gave the expected response. Solvent used: DMSO.
The study is accepted.
B.5.4.1.2
Gene mutation test in mammalian cells

HPRT in V79 chinese hamster cells : 1, 3.3, 5.6 or 10 g /ml without S9 mix 

10, 18, 33 or 56g/ml in the presence of S9 mix (Debets and Enninga, 1986, Task force study)

Findings : 

A concentration of 10 g/ml,without metabolic activation, reduced cloning efficiency by approximatively 50%. In the presence of S9 mix, cytotoxicity occurred only from 30 g/ ml.

In both experiments, none of the tested doses induced a significant increase in mutant frequency at the HPRT-locus. The addition of S9mix did not influence these results.

Conclusion:

Under the experimental conditions reported, thiram, with and without metabolic activation, did not induce forward mutation in the V79/HPRT mutation test system.

Guidelines:

Protocol not fully in compliance with method B of dir. 87/302/EEC but in compliance with OECD guideline 476(1984).

GLP  : 

Yes (no attest of competent authority)

Material and methods : 

V79 chinese hamster cells (106/ml) were exposed to thiram technical (B.n°.S94/06-85, 100%) at 1, 3.3, 5.6 or 10 g /ml without S9mix and at 10, 18, 33 or 56g/ml in the presence of S9mix for 2 h (S9 mix from Aroclor 1254 pretreated rats, 0.2 ml/ml cell suspension). The experiment was repeated once.

The solvent, DMSO, was used as negative control.

Test conditions were optimal and the metabolic activation system functioned properly; the acceptance and evaluation criteria are well defined and appropriate. 
Positive controls -S9 : ethylmethanesulfonate, positive controls + S9 : dimethylnitrosamine, gave the expected response.

The study is accepted.

B.5.4.1.3
In vitro chromosome aberration assay in mammalian cells. 

CHO cells with/without S9mix  (Putman, 1987a, Task force study)
Findings:

Thiram induced cell cycle delay at all concentrations tested in the nonactivated study; therefore, the harvest time was set at 16 h in order to ensure that all cells evaluated were in first division metaphase. No cell cycle delay was observed in the S9 activated study and the harvest time was left at 10 h. At the time of harvest, the high dose of 0.05g/ml (in the absence of S9 mix) was observed to be slightly toxic upon microscopic examination of the cell monolayer. This dose was not evaluated for chromosome aberrations due to insufficient number of metaphase cells. In the presence of S9 mix, at the time of harvest, dose levels of 0.8, 1.5 and 3 g/ml were observed to be slightly to moderately toxic upon microscopic examination of the cell monolayer. The highest dose was not evaluated for chromosome aberrations due to insufficient number of metaphase cells.

The frequency of cells with aberrations or the mean aberrations per cell in the thiram group was not statistically increased above that of the study control (p>0.05, Fishers exact test or student’s t-test)

The study is performed in good experimental conditions; the acceptance and evaluation criterias are well defined and appropriate. Positive controls are appropriate.

Relative cell growth without S9: 0.03 g/ml: 53%

                                    with S9:      3g/ml: 38%

Conclusion : 

Under the conditions of the study, thiram technical did not induce chromosome aberrations in CHO cells when tested in the presence and absence of metabolic activation system.

Guidelines : 

Protocol not fully in compliance with method B.10 of Directives 92/69/EEC or 84/449/EEC. 

The study is in accordance with the OECD 473 (1983).

GLP : 

Yes (no attest of competent authority)
Material and methods : 

Based on the toxicity study, CHO-K1 cell line were exposed to thiram (lot NR 860410/L 99.82%) at doses levels of 0.003, 0.006, 0.012, 0.023 and 0.05 g /ml in the absence of S9mix and at dose levels of 0.2, 0.4, 0.8, 1.5 and 3 g/ml in the presence of S9mix.

Positive controls -S9 : triethylenemelamine, gave the expected response.

Positive controls +S9 : cyclophosphamide, gave the expected response.

Negative controls : untreated cells and solvent: DMSO

Test conditions were optimal and the metabolic activation system functioned properly; the acceptance and evaluation criteria are well defined and appropriate. 
Deviation from the official protocol: only 2x 50 metaphases were analysed instead of 2 x 100.
The study is accepted.

B.5.4.1.4
In vitro unscheduled DNA synthesis in mammalian cells. 

- Primary culture of rat hepatocytes (Weterings, 1985b, Task force study) 
Findings: 

In both experiments the EC50 value for cytotoxicity (50% decrease in the number of viable cells after exposure, relative to the blank) appeared to be 1μg/ml. Therefore, the compound was tested to a cytotoxic level. In one replicate of cells treated with 10μg/ml, a rather large amount of grains was found over nuclei from cells devoid of cytoplasm. This finding, in the highest concentration tested, is probably irrelevant to the conclusion since it occurred above the EC50 cytotoxicity value. The positive control, DMBA, produced a significant increase in the number of grains per nucleus.
Conclusion : 

THIRAM technical was found to respond negative in the repair assay.

Guidelines:

Protocol in compliance with method B of Directive 87/302/EEC.

GLP :
Yes (no attest of competent authority).
Material and methods :

Freshly isolated rat hepatocytes (male Wistar; Cpb/TNO (SPF) were used in 2 independent experiments.

Approx.105 cells/well were exposed during 18 h to thiram (100%;B.n°. S 94/06-85) solubilised in DMSO at 0, 0.03, 0.1, 0.3, 1.0, 3.0 and 10 μg/ml. 

Cytotoxicity was evaluated with test substance concentrations ranging from 0.05 to 250μg/ml .

DMBA was used as positive control.

UDS was quantificated by autoradiography.

Test conditions were optimal and the metabolic activation system functioned properly; the acceptance and evaluation criteria are well defined and appropriate. 
The study is accepted.

B.5.4.2 
In vivo genotoxicity testing (somatic cells) (Annex IIA 5.4.2)

B.5.4.2.1
In vivo mammalian somatic mutation test.

- Mouse spot test, oral administration, 75 and 750 mg/kg bw (Volkner, 1991, Task force study)

Findings :

A pre-experiment was realised in order to evaluate the toxicity of thiram. After a single oral dose of 750 mg/kg bw, the treated animals expressed toxic reactions; this dose was estimated to be the MTD.

The offspring was examined for recessive coat colour spots, which are presumed to result from somatic mutation.

In the mutation assay the mean litter size was not reduced after treatment with the test article indicating no embryotoxic effects.

Experimental conditions as well as criteria for the determination of test responses are well defined and appropriate. Controls gave the expected response.

Table B.5.4.2.1-1: Evaluation of thiram potential to induce somatic mutations - mouse spot test.

	Endpoints/dose
	Negative control
	Positive control
	75 mg/kg bw
	750 mg/kg bw

	number litters evaluated
	21
	29
	27
	78

	number of F1 at birth
	236
	304
	339
	899

	number of F1 after 3 wk
	215
	281
	267
	809

	% F1 after 3 wk
	91.1
	92.4
	78.8
	90.4

	mean litter size
	10.2
	9.7
	9.9
	10.4

	total number spots
	2
	11
	3
	7

	spots of genetic relevance (gray colour) and their sex distribution
	1_
	5_ + 5_
	2_
	2_ + 3_

	% F1 with spots of genetic relevance after 3 wk
	0.47
	3.56
	0.75
	0.62

	abnormally differentiated spots
	1
	1
	1
	1

	white midventral spots
	0
	0
	0
	1


In the vehicle test group one recessive spot (RS) was observed. After treatment with 75 or 750 mg/kg bw thiram, the frequency of RS was 0.75 and 0.62%, respectively, which are in the range of the historical control data (0.00%- 1.00%). The positive control showed a distinct increase in induced RS frequency.

Conclusion :

Under the experimental conditions reported, the test article did not induce mutations in somatic cells of the mouse.

Guidelines:

Protocol not fully in compliance with method B of Directive 87/302/EEC.

GLP  : 

Yes (no attest of competent authority).
Material and methods:

NMRI females (nonagouti a/a; albino c/c) are mated with DBA/2 males (nonagouti a/a; brown b/b; dilute d/d)

On day 9 of pregnancy, 21, 30, 29 and 79 pregnant females received orally respectively 1 dose of carboxymethylcellulose (negative control), ENU (positive control, 20 mg/kg bw) or 75 or 750 mg/kg bw thiram (98.7%; B.n°.921001) formulated in CMC(1%).

Deviation from the official protocol: consecutively to negative results, statsitical analysis was not performed.

The study is accepted.

B.5.4.2.2
In vivo mammalian bone-marrow micronucleus test.
- Mouse, single i.p., 38, 189 and 377 mg/kg bw (Putman, 1987b, Task force study)
Findings : 

The compound was tested up to a toxic dose level: 377 mg/kg bw was considered as the highest acceptable dose level. At this dose, mortality (15/38 animals), clinical signs and bone marrow toxicity (reduced ratio PCE/Total E) were observed. These effects were also apparent in some animals in the mid-dose group. 

No increase in the number of micronucleated polychromatic erythrocytes was detected at any of the sampling times. 

Experimental conditions as well as the criteria for the determination of test responses are well defined and appropriate. Positive controls gave the expected response.

Conclusion : 

Thiram did not increase the incidence of micronucleated polychromatic erythrocytes in bone marrow .

Guidelines:

Protocol in compliance with method B.12 of Directive 92/69/EEC.

GLP  :

Yes (no attest of competent authority).
Material and methods : 

5 CD-1 (Charles River) mice/sex /dose were treated with a single intraperitoneal administration of thiram (99.8%; B.n°:921001) suspended in CMC (1%) at 0, 38, 189 and 377 mg/kg body weight. Animals were sacrificed at 24, 48 and 72 hr after treatment.

Bone marrow from femur was prepared.

Vehicle control: 1% carboxymethylcellulose.

Positive controls : triethylenemelamine (0.25 mg/kg bw) .

The study is accepted.

B.5.4.3
In vivo studies in germ cells (Annex IIA 5.4.3)

B.5.4.3.1
In vivo chromosome aberration assay in mouse germ-cells.

- Mouse, oral administration of 75, 250 and 750 mg/kg bw (Volkner,1990, Task force study)

Findings: 

Animals receiving 2000 mg/kg bw in the pre-experiment presented toxic symptoms such as reduction of spontaneous activity, eyelid closure and apathy. This dose leads to an insufficient number of scorable metaphases. At 1000 mg/kg bw, spontaneous activity was reduced and 2/8 of the treated animals died. No sufficient number of scorable metaphases was available at this dose. At 750 mg/kg bw, none of the treated animals expressed toxic reactions and none of the animals died and a sufficient number of scorable metaphases was available at 24 h. Determination of the mitotic indices demonstrated that thiram induced cytotoxic effects as compared to negative control. On the basis of these results 750mg/kg bw was estimated to be the maximum tolerated dose. At no preparation interval and with no dose of the test article the chromosome aberration frequency was significantly increased as compared to the negative control value.
Conclusion:

Under the experimental conditions reported, thiram did not induce chromosome aberrations in spermatogonia of the mouse.

Guidelines:

Protocol in compliance with method B of Directive 87/302/EEC.

GLP :

Yes (no attest of competent authority).
Material and methods : 

6 male NMRI (BRL Tierfarm) mice/group received orally 75, 250 or 750 mg/kg bw thiram (99.7%; B.n°:921001) suspended in CMC (1%) . Animals were sacrificed 6 h (750 mg/kg bw), 24 h (75, 250, 750 mg/kg bw) and 48 h (750 mg/kg bw) after treatment and spermatogonial mitoses were collected for chromosome aberration analysis. A pre-experiment was realized in which 8 mice/dose received orally a single dose of 1000 or 2000 mg/kg bw. In a further pre-experiment, 4 animals received a single dose of 750 mg/kg bw thiram.

Vehicle control: 1% carboxymethylcellulose.

Positive controls : Doxorubicin-sulfathydrochloride (7.5 mg/kg bw), gave the expected response.

The study is accepted.

B.5.4.4
Additional information from open literature 

In vitro genotoxicity tests:

1 . Tests for gene mutations in vitro: 

Table B.5.4.4-1 : Tests for gene mutations in vitro.
	Strains experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	Salmonella typhimurium TA1535,TA1537,

TA1538,TA98,

plate incorporation

- S9 mix

TA100: plate incorporation

-/+ S9 mix


	0, 0.5, 1, 5, 10, 25 g/plate
	Gislaved AB,Sweden

purity: recristallized compound
	positive in :

TA1535 at 5,10,25g/plate

TA98 :10 and 25 g/plate

TA100:

- S9 mix at 5 and 25 g/plate

+ S9mix at 25 g/plate

stat.sign.
	Hedenstedt et al., 1979

	TA1535,

TA1538,TA98,

TA100

plate incorporation

+/- S9 mix
	50, 100,150, 200 g/plate


	Organica-Azot; 98%
	TA1535,TA100:

-S9, weak + response.

TA1538,TA98:

+S9: weak + response.


	Zdzienicka et al., 1979

	Comment: No spontaneous reversion rate

	TA1538 (uvrB-)

TA1978 (uvrB+)

DNA-repair test. Measure of differential killing zones +/ -S9mix
	50,100g/plate
	Organica-Azot,

98%
	-S9 mix: appreciable difference in killing zones in the 2 strainsàcovalent binding to DNA
	Zdzienicka et al., 1981a,b

	According to Ames, if a compound is more toxic in TA1538 than in TA1978, it can be due to a covalent reaction with DNA. In presence of S9 mix, thiram is an intercalating agent.

	TA 1535, TA1537,TA1538, TA98,TA100

+ E.coli WP2hcr

plate incorporation

+/- S9 mix
	up to 5000 g/plate
	Kodaira
	-S9:

TA 1535:+/weak

TA1537:-TA1538:- 

TA98:-

TA100:+

E.coli WP2uvra:+

+S9:TA100 +

Limited information
	Moriya et al.,1983

	TA100

plate incorporation

+/- S9 mix
	0,5,25,50 g/plate
	Fluka, recristallized.
	+ response without S9 enhanced in the presence of S9. Dose-related effect
	Rannug and Rannug.

1984

	TA 1535, TA1537,TA1538, TA98,TA100

plate incorporation

+/- S9 mix
	5g/plate
	technical purity
	+response without S9 enhanced in the presence of S9 in all strains.

limited informations
	Rannug,et al.

1984

	TA 1535, TA1537, TA98,TA100

plate incorporation

+/- S9 mix
	8-200 g/plate
	technical grade, unknown origin
	TA98,TA100 :weakly positive+ S9 mix.

limited information
	Crebelli et al.,1985

	TA1535,TA15

37,TA98,TA

100,TA102,TA

1950,TA1975,

E.coli WP2,WP2uvrA

plate incorporation

+/- S9 mix
	60, 120,180,240 mg/plate or 15, 30, 60,120g/plate

 (in DMSO)
	UCB,

Belgium, 99.7%
	TA1535,TA100, E.coli WP2uvrA : weakly positive +/- S9 mix.


	Crebelli et al.,1992

	TA98,TA

100,TA102,TA104,TA1535,TA1538

plate incorporation

+/- S9 mix
	50,100,150,200,250,300g/plate
	UCB,

Belgium, unknown purity
	positive in 

-TA1535+/- S9 mix (weak)

-TA100+/- S9 mix
	Franekic et al,1994

	HPRT in V79 cells

Cells were treated for 4 h+/- S9 mix. Incubation for 7 days
	0, 0.2, 0.0.25, 0.5, 0.8, 1.6g/ml
	technical unknown purity
	negative
	Donner et al;,1983

	HPRT in V79 cells

respreading technique

Cells were treated for 2 h - S9 mix. Incubation for 7 days
	g/ml
	
	positive at 10 g/ml with 

cytotoxic effect (survival<3%)
	Paschin and Bakhitova, 1985

	Comment: a positive effect at such low survival frequency creates a problem for interpretation: highly cytotoxic conc. can provoke positive effects just by secondary reactions.

	Aspergillus nidulans: haploid strain 35 (forward mutation) plate test and liquid test +/- S9 mix
	0,0.5, 1, 2, 4

g/plate
	Organica-Azot,

98%
	induction of point mutations without S9 at all doses
	Zdzienicka et al.,1981a,b


Thiram was tested for its potential to induce gene mutations in Salmonella, E.coli , V79 cells and in Aspergillus nidulans. Positive responses were generally observed with or without S9 suggesting that thiram induced point mutations in pro-and eukaryotic yeast cell systems.

 2. Tests for chromosome damage :

Table B.5.4.4-2 : Tests for chromosome damage.
	Tissue
	Experimental conditions
	Doses
	Product  purity
	Results and comments
	Reference

	
	
	
	
	% chromosome aberration
	rel. mitotic index
	

	CHO cells
	+/- S9mix:

Treatment period:

-S9 mix:24 h.

+S9 mix :

3 h+21h recovery

Scoring of 200 cells
	-S9: 3.48, 7.5 or 16.2 g/ml 

sol.: DMSO

+S9:7.5, 16.2 or 34.8g/ml 

 (DMSO)
	UCB S.A.,

99.7%
	cc

-

sol.

3.4

7.5

16.2

34.8
	-S9

0.5

4

4.5

4

3.5

-
	+S9

3.5

5.0

-

28.5*

25*

30*


	-S9

124

100

68

80

51
	+S9

100

100

-

114

118

44
	Mosesso et al.,

1994

	Conclusion : thiram induced CA in CHO cells in presence of S9

	CHEL cells
	Treatment period : 24 h

Scoring of 200 cells
	0.35,0.75,1.62 g/ml 

 (DMSO)


	UCB S.A., 99.7%
	cc

-

sol.

0.35

0.75

1.62
	-S9

4

2.5

7.5*

10*

22.5*


	
	-S9

125

100

89

79

38
	
	Mosesso et al.,

1994

	Conclusion:thiram induced CA in CHEL cells

*: statistically significant




These findings suggest that thiram requires metabolic activation to become genetically active.

 3. Tests for DNA lesions:

Table B.5.4.4-3 : Sister chromatid exchanges.
	Tissue
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Refe​ren​ce

	human lymphocytes
	- S9mix,

thiram added at 48 h culture time

+ S9mix,

thiram+S9 added at 46 h culture time.

culture end : 72 h

positive controls
	-S9: 0.5 nM- 5M (5M = 1.7 g/ml)

 (DMSO)

+S9: 5nM -0.5 M 

 (DMSO)


	Organika

Azot,

Poland, unknown purity
	cc(nM)

0

0.5

5

50

500

5000
	SCE-S9/

cell

5.6

6.6

8.2

9.3

10

11
	SCE+S9/

cell

7.9

-

9.6

11.3

14.5

-
	Pienkowska and Zielen ska, 1990

	Comment: increase of 1.9 and 1.8 as compared to the solvent. The SCE test is classified as “indicator test” as the mechanism of SCE induction is still unclear. No information on cytotoxicity.

	human lymphocytes
	+/- S9mix: thiram added at 46.5 h culture time.

culture end: 72 h

in triplicate

no + controls
	5, 15, 25 g/ml 

 (DMSO,1% final cc)

 (20M-104M)
	98.6%,
	cc

0

5

15

25


	SCE-S9

7.4;8.2;7.7

7.8;8.0;7.5

7.1;8.4;7.8

7.8;8.7;7.4
	SCE+S9

8.0;8.1;7.9

8.7;9.3;8.3

9.2;9.9;9.4*

11.2;10.5;10.5*

*p<0.01
	Peroc​co et al., 1989

	
	
	
	
	cell viability at 25 -S9 =25%

                           +S9=100%
	

	Comment: The enhancement was at the border line of relevance in this test system.

	CHO cells
	+/- S9mix; treatment period: 60 min

positive control
	0.1-10 M (24,240,1200

2400 g/ l)

(acetone)
	technical grade
	cc(M)

0

0.1

1

5

10
	SCE -S9

9.06

8.35

9.6

tox

tox
	SCE+S9

9.23

9.08

9.57

9.37

9.57
	Don​ner et al., 1983


Interpretation of data of SCE’s in human lymphocytes with and without S9 as positive is difficult as the results from 2 donors in the study of Perocco et al (1989) are contradictory . Negative results were observed in CHO cells using a thiram solution in acetone.

4 . Repairable DNA damage: UDS

 Table B.5.4.4-4 : Repairable DNA damage: UDS.

	Cell type
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	human nonstimulated lymphocytes


	3H-TdR uptake in 4 h culture grown in presence of 10mM hydroxyurea

+/- S9mix
	5, 25, 50 g/ml 

 (DMSO)

(20M-200 M)
	98.6%, unknown origin
	positive at all doses + S9mix; not dose-dependent
	Perocco et al., 1989

	Comment: Liquid scintillation data are often not very reliable. The method has to be regarded with caution.

	human lymphocytes
	4 h culture grown in microtest plates in presence or absence of 5mM hydroxyurea; - S9mix
	1g/ml 

 (DMSO)
	98.6%, unknown origin
	do not seem to induce reparative DNA synthesis
	Rocchi et al.,1980

	Comment: 1 cc tested and very low DNA repair induced; the liquid scintillation method was used. No + control.


 5. Tests for aneuploidy:
Table B.5.4.4-5 : Tests for aneuploidy.
	Cell type
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	Saccharomy-ces cerevisiae:
diploid strain D61.M
	1)16 h inc. at 28°C

2)4 h at 28°C, transfer to ice bath for 16 h.

Final growth at 28°C for 4h
	1)0,2.5,5,7.5,10,12.5,15,20g/ml

2)0,0.05,0.1,0.5,1,3,5,6,7g/ml
	UCB,

Brussels,

unknown purity
	mitotic aneuploidy: very slight increase of

(white colonies) in the cold treatment.

 mitotic recombination: increase

(red colonies)
	Franekic et al.

1994

	Aspergillus nidulans: heterozygous diploid strain
	Thiram incorporated in molten CM;inoculation with conidiospores . Counting of colonies 24 h after, for 4 days from start of incubation.
	0,20,25,30,35 and 40ppm
	ICI general garden Fungicide, unknown purity
	5-50 ppm : delay in colony emergence.

>10ppm :î survival (anormal slow growing somatically unstable morphology)

20-40ppm : î survival up to 13%. 

Number morphologically normal colonies with recessive spore colour: î

High proportion of survivors with abnormal morphologies that varied in size, mycelial pigmentation and conidiation

Thiram interferes with nuclear division cycle
	Upshall and Johnson,

1981


Thiram induced abnormal chromosome segregation in yeast.

 6. Other indicators of genetic damage:
Table B.5.4.4-6 : Other indicators of genetic damage.
	Cell type
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	shallot Allium ascalonicum L. somatic root- tip cells
	cell division and chromosomal morphology were examined: grow in water until roots were 1.5-2 cm and immersed in thiram in DMSO.Root tips were cut after 25 h
	0,1.2,24,48 g/ml

20% DMSO=positive control
	UCB,

Brussels,

unknown 

purity
	Thiram induced effects such as spindle dysfunction, metaphase arrest (0;0.5;0.7;0.9%)

and chromosome aberrations (0;0.02;1;1.9;2.7%).

No effect on mitotic activity.

No statistics.
	Franekic,J., 1994

	SOS induction: E.coli GY027, GY4015
	prophage  induction +/- S9 mix 
	10,100,1000,

10000 ng/assay
	Organica-Azot,

98%
	-S9: negative

 + S9: slight increase

 (55%) in prophage induction
	Zdzienicka et al., 1981a,b

	Repairable DNA damage

E.coli -Pol A
	standard assay 
	disk impregnated with thiram
	unknown purity
	negative
	Rosenkranz and Leifer, 1980

	CHO cells:

frequency of cells with chromatin bridges and multipolar mitoses
	analysis of anaphase-telophase CHO cells incubated with thiram during 6 h
	100g/ml
	commercial formulation, 

La Plata
	negative
	Dulout et al., 1982

	Rec-assay system- Bacillus subtilis
	?
	?
	unknown purity
	positive according to the authors. The limited information makes the results difficult to interprete.
	Kada et al., 1974


Thiram induced aneugenic effects (Allium test : spindle dysfunction, metaphase arrest) and produced cellular DNA damage (rec-assay; slight + in prophage  induction). No DNA-modifying activity was detected in the pol A assay. The analysis of anaphase-telophase cells revealed that neither the frequency of cells with chromatin bridges nor the frequency of multipolar mitoses increased in thiram treated cultures.

In vivo genotoxicity tests:
1. Tests for gene mutations:

Table B.5.4.4-7 : Sex-linked recessive lethal test (gene mutations and small deletions in germ cells). 

	Tissue, Strain
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	 _ Drosophila (w/Y)


	scoring of lethals/X-chromosome
	feeding during 24 h to a solution?
	unknown purity
	Thiram: + response: 71/14590 lethals/X chromosome

Control: 5/5321
	Donner, M.1981

	It is difficult to use this test system for risk assessment with regard to humans

	Drosophila

_ white

_y Basc mal
	scoring of lethals in the F2 generation
	_ exposure of 24 h:0.04, 0.4, 4 mg/ml sucrose
	technical purity
	ì recessive leth. in sperm /spermatids : 1/597

(2/553; control) and in spermatids/ spermatocytes :4/425 (control 0/538)
	Donner et al., 1983


2. Tests for chromosome damage :
Table B.5.4.4-8 : Micronucleus test.
	Tissue,

strain
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	bone marrow BALB/c male mice
	2 single i.p. (3;  5;  6 or 3 mice respectively)

Sacrifice 6 h after 2th injection

control: untreated animals
	0,100, 500,

1000 mg/kg

Solvent?
	commer​cial formula​tion, 

La Plata
	Control : 3.2 ‰

100 mg/kg : 3.1 ‰

500 mg/kg : 8.33 ‰* (near toxic dose)

1000 mg/kg : 11.33 ‰* (toxic dose)


	Dulout et al., 1982

	Comment: insufficient number of animals. The results have to be regarded as preliminary

	mouse bone marrow-B6C3F1
	single i.p.

5_ + 5_

/dose

except at high dose _ :2)

2000PCEs/per mouse scored

control:

DMSO

- Sampling time:

24 and 48 h
24 h for + control
	12.5, 25, 37.5, 50

mg/kg bw

cytotoxic doses: 25

37.5, 50 mg/kg bw

solvent: DMSO
	UCB, Belgium

99.7%
	first exp: No effects at 24 h.

         Mn PCE ‰ at 48 h
	Crebelli et

al., 1992

	
	
	
	
	cc

0:DMSO

12.5

25

50
	_

0.9

1.8

2.2*

3.0*
	_

1.6

1.3

0.9

2.3
	

	
	
	
	
	second exp: no effect at 24 h

confirmation exp at 48 h:
	

	
	
	
	
	0

37.5
	2.6/1.2

9.7/5.5
	1.2

3.1
	

	Comment: statistically significant in the main experiment but the confirmation exp. is negative.

	mouse bone-

marrow-Swiss Webster
	2 i.p.in 48h

(3 mice/ dose)

sampling time: 6 h after exp.
	12.5, 25,

50,100 mg/kg bw in DMSO as solvent

lethal dose= 200 mg/kg bw
	Korean NIH

pure or technical grade
	 ‰ micronuclei at 6 h
	Paik and

Se Young Lee, 1977

	
	
	
	
	cc

control

12.5

25

50

100
	3.08

4.51

5.24

8.17*

12.29*
	

	Comment: no data about cytotoxicity

	bone-marrow 

(CBA x C57BL/6J)F1 mice

male and female
	single i.p

(15 mice)

sampling time:

 24,36,48 h after injection

1000PCEs/per mouse were scored
	100 mg/kg bw in sunflower oil

(25% of the i.p.lethal dose)
	 80%
	24 h :8.5 ‰* maximum effect

36 h : 5 ‰*

48 h : 4.5 ‰*

+ at doses that provide clear evidence of cytotoxicity

control : + 1.2‰ at all sampling times


	Paschin and Bakhitova, 1985

	bone-marrow Chinese hamster male and female
	single i.p 

(3 animals/ dose; 10 controls)

sacrifice at 30h

2000PCEs /per animal scored
	100, 200 or 500 g/kg in olive oil
	technical grade
	negative results with decreased ratio PCE/NCE reflecting cytotoxicity
	Donner et al.,1983

	* Statistically significant


 The results from the micronucleus test (Crebelli et al.,1992) suggest a significant increase of micronucleated PCE in male mice sampled 48 h after treatment with 25, 37.5, 50 mg/kg bw. The interpretation of the data by the authors should be revised according to the given negative control range situation (0.9 ‰-2.6‰ in the males and 1.2- 1.6‰ in the females) and the inclusion of data from only 2 animals (high dose group) in comparison with data from groups of 5 animals in control group. Also the statement that no significant increase was detected in females cannot be justified by the data.

The test realized by Paik and Se Young Lee (1977) gave positive results but suffers from a lot of shortcomings making the significance of the results doubtful: a repeated administration schedule was applied and cytotoxicity is not described. Sex of animals is not mentioned and sampling time realized at 6 h after the last injection is to short (min 12 h) . Moreover, the use of DMSO as vehicle advices some cautions in the interpretation of the results.

The study realized by Paschin and Bakhitova (1985) reports positive effects following i.p. administration of a dose which is 25% of the i.p. LD50 in this strain, as observed by the authors. This dose is probably higher than the recommended MTD . No indications concerning cytotoxicity are given.

Donner et al (1983) reported negative results in Chinese hamsters which are not the recommended animals for this test. The compound decreased the ratio of PCE to NCE, indicating that the chemical was administered at a well selected dose.

3. Other indicators of genetic damage:

Table B.5.4.4-9 : Morphological sperm abnormalities.
	Tissue, strain
	Experimental conditions
	Doses
	Product, purity
	Results and comments
	Reference

	F1 - CFW x C57BL male mice
	single i.p.

15 and 16
	50, 100
	Organica-Azot,
	% abnormal sperm heads
	Zdzienicka et al., 1982

	
	animals/dose examination of sperm 1 wk after exposure: effect on spermatids.

After 5 wk: late spermatogonia or early primary spermatocytes
	mg/kg in corn oil 
	98%
	cc

oil

100

50 

BaP
	1 wk

0.76

0.87

0.90

0.78
	5 wk

0.85

13.91*

2.12

10.93
	

	
	5 i.p.

15 animals

900 sperm analysed/animal
	30 mg/kg

in corn oil
	Organica-Azot, 98%
	30
	0.62
	4.96*
	

	Swiss mice

(LD50: 375-

865mg/kg)
	5 animals/dose

1 dose/d, during

3days + 2 groups of 5 cont.

oral route in 5% acacia gum.

10000 sperms

scored for each treatment
	80, 200,

320 mg/kg

bw
	unknown purity
	sperm head anomalies(mean + sd)

 35 d after exposure




	Prasad et al.,1987

	
	
	
	
	H2O

0

80

200

320
	60.6+3.6

64.2+ 1.9

63.6+4.8*

87.6+3.2*

103.6+4.7*
	

	
	
	
	analysis of spermatocytes 60 d after exposure (frequency in %).
	

	
	
	
	autosomal univalents
	sex univalent
	poly ploidy
	

	
	
	
	H20 : 4

gum : 4

80 : 5.6

200 : 6.4*

320 : 7.2*
	3.3

3.7

4

6.0*

6.6*
	2.6

3.3

7*

8.0*

9.6*
	

	Comment: significant increase in frequency of numerical chrom.aberrations and abnormal sperms. No data on positive controls for demonstrating the sensitivity and validity of the test. The time interval of 60 days might be too long for the detection of spermatogonia/spermatocyte damage.

	Swiss mice
	i.p. single and cumulative.
	500, 1000 mg/kg bw in
	unknown purity
	 cc     

DMSO

500

1000

250 x5



	Abnormality %

1.5

6.26*

12.37*

10.76*
	Hemavathi and

Rahiman, 1993

	
	Sacrifice 1 mth after treatment.

6 animals/dose

solvent control:DMSO

2000 sperm analysed /animal
	DMSO

(single dose)

250 mg/kg bw

(daily for 5 d)
	
	
	
	

	*: statistically significant


Except in the first mentionned study, no positive control data are available. Therefore, the degree of sensitivity of the tests are unknown. The results were not confirmed in a second experiment. No data are given on the toxicity of the administered doses and no data are reported to demonstrate that the doses applied do not reduce fertility.

The sperm head anomaly test is not accepted as test system for the evaluation of genotoxic effects in spermatogenesis; it meaning and mechanism is unclear. With regard to a mutagenic potential of thiram to be investigated the sperm anomaly test is irrelevant.

B.5.4.5
Summary of genotoxicity of thiram (Annex IIA.5.4)

Table B.5.4.5-1 : Summary of genotoxicity of thiram.

	Type of test
	Doses
	Result
	Purity ,batch number
	References

	In vitro genotoxicity tests:
	
	
	
	

	Ames test TA1535, 

TA1537,TA1538, TA98 and TA100+/- S9
	1, 10, 33.3, 100, 333, 666, 1000 g/plate
	positive towards TA1535 and TA100 +/- S9 mix
	99.7%; 

B.n° :921001
	Poth, 1990, Task force study

	V79/HPRT mutation test system
	1, 3.3, 5.6,, 10g/ml - S9

(4.1-41 

10, 18, 33, 56g/ml +S9

(41
	negative
	100%

B.n°.S94/06-85
	Debets and Enninga, 1986, Task force study

	Chromosomes aberrations

in CHO cells +/- S9
	0.003-0.05g/ml -S9

0.2-3 g/ml + S9
	negative
	99.82%

lot NR 860410/L


	Putman, 1987a, Task force study

	UDS in mammalian cells 

(rat hepatocytes)
	0.03-10g/ml
	negative
	100%

B.n°. S 94/06-85
	Weterings, 1985b, Task force study

	In vivo genotoxicity tests:
	
	
	
	

	Mouse spot test, oral administration
	75 or 750 mg/kg bw
	negative
	98.7%; B.n°.921001
	Volkner, 1991, Task force study

	Micronucleus assay 

in mice (CD-1), i.p.adminsitration
	38, 189, 377 mg/kg bw
	negative
	99.8%; B.n°:921001
	Putman, 1987b, Task force study

	Chromosome aberrations in spermatogonia of the mouse, oral administration
	75, 250, 750 mg/kg bw


	negative
	99.7%; B.n°:921001
	Volkner,

1990, Task force study


In the in vitro tests there is an indication of mutagenic properties of thiram with Salmonella typhimurium. The other in vitro tests performed with mammalian cells did not show thiram being active as genotoxic substance. This holds for the chromosome mutation test with CHO cells, the gene mutation test with V79 cells and the genotoxicity UDS test with rat hepatocytes.

The in vivo data obtained so far also do show that thiram was not mutagenic in the micronucleus test on chromosome mutations in bone marrow cells of mice, in the cytogenetic chromosome mutation test with mouse germ cells (spermatogonia) and in the gene mutation test = mouse spot test. The three tests were performed under GLP- and in accordance with the EEC directives.

The positive results in some of the S. typhimyrium strains are regarded as a specific reaction of a prokaryotic organism quite different from that of mammalian cells.

Conclusion:

In vitro tests with prokaryotic and eukaryotic systems and in vivo tests with invertebrates (insect) and mammalian systems with thiram gave heterogeneous and contradictory results with regard to a possible genotoxic potential.

While the studies performed by the Task force according to the internationally recommended test guidelines and under standardized conditions of GLP did not indicate a genotoxic potential of thiram in mammalian test systems in vivo and in vitro, studies of similar quality with S.typhimurium (Ames test) were positive.

Therefore, thiram has to be regarded as a substance with a mutagenic potential in prokaryotic test systems.

The data available from the Task force demonstrated that thiram did not induce chromosome mutations nor DNA damage. Besides somatic mammalian cells in vitro and in vivo, germ cells (spermatogonia) were included in this test battery and the results were negative. The indicator test (UDS) show that thiram had no genotoxic potential for the mammalian cells used in the test systems as described above.

Several publications from open literature indicated a potential of thiram to induce genotoxic/mutagenic events in eukaryotic cell systems in vitro and in vivo. Nearly all these studies were performed with protocols different from those of the presently recommended guidelines. Positive controls were not always included, the results were generally not confirmed in a second experiment and in germ cell studies, it is recommended to administer the test substance only once. A second and a third administration might act on damaged sub-populations of spermatogenesis stages and induce unwanted and uncontrolable effects.

In 1992, the JMPR concluded that thiram was mutagenic in the Ames test but not in mammalian cells in vitro. Since thiram was not genotoxic in vivo, the Meeting concluded that it did not present a genotoxic hazard for humans.

The RMS concludes that thiram is not mutagenic.

B.5.5
Long-term toxicity and carcinogenicity  (Annex IIA 5.5)

B.5.5.1
Long-term (2 years) oral toxicity in the rat (Annex IIA 5.5)

- Rat, oral administration in diet, 30, 150 and 300 ppm, 104 week  (Kehoe, 1991a, Task force study)
Findings :

The main findings are summarized in Table B.5.5.1-1. The MTD was reached.
Table B.5.5.1-1 : Long-term (2 years) oral toxicity in the rat.

	Endpoints/ dose


	0 ppm
	30 ppm
	150 ppm
	300 ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	Adjusted survival*
	21/49
	19/49
	30/50
	21/48
	27/50
	28/50
	32/50
	24/49

	clinical signs:
	
	
	swollen nose (_), soft feces (_ + _), opaque eye (_)

	Food consumption:
	
	
	îwk 6, 10,20,28,40
	îwk 12, 13,20

ì wk 10, 80è88
	î wk 1è28, 36, 44
	îwk 1è9, 11è28, 36, 40, 52, 56,

64, 76
	îwk

1è72,

84
	î wk 1è9, 11è44, 52, 56, 64, 72, 76

ìwk 100

	Body weight
	
	
	
	
	î8%
	
	î19%
	

	Body weight gain
	
	
	
	
	î14%
	
	î17%
	

	Ophthalmos-copy
	
	
	
	
	
	eyelid masses 

(1/ 50)
	eyelid masses

(5/ 50)
	eyelid masses

(3/ 49)

	Hematology
	
	
	
	
	
	
	
	

	RBC count
	
	
	
	
	
	
	
	î22%

	MC hb.
	
	
	
	
	
	
	
	ì8%

	MCV
	
	
	
	
	
	
	
	ì6%

	Clin. chemistry
	
	
	no effects

	Urinalysis
	
	
	no effects

	Organ weight
	
	
	
	
	
	
	
	

	ovary
	
	
	
	
	
	
	
	î31%

	ovary/brain ratio
	
	
	
	
	
	
	
	î29%

	kidney
	
	
	î20%
	
	î22%
	
	î22%
	

	kidney/brain ratio
	
	
	î17%
	
	î20%
	
	î22%
	

	brain/bw ratio
	
	
	
	
	
	
	ì12%
	ì20%

	liver/bw ratio
	
	
	
	nsì3%
	
	nsì9%
	
	ì20%

	Histopathology
	
	
	
	
	
	
	
	

	thyroid C cell hyperplasia
	6/60
	8/60
	11/60
	11/60
	6/60
	19/60
	3/60
	16/60

	pancreas:

steatosis/fatty infiltration
	29/60
	2/60
	35/60
	8/60
	42/60
	25/60
	49/60
	18/60

	mesenteric lymph nodes hemorrhage
	4/60
	5/60
	13/60
	5/60
	11/60
	18/60
	24/60
	19/60

	liver:

extramedullar hemopoiesis
	2/60
	6/60
	4/60
	12/60
	6/60
	11/60
	6/60
	17/60

	bile duct hyperplasia
	20/60
	10/60
	25/60
	11/60
	29/60
	17/60
	29/60
	19/60


Statistically significant increase (ì) or decrease (î) (p < 0.05) (Levene’s test, Parametric Anova, Dunnett t test or Tukey-Kramer or Student’s T test, Nemeyi - Kruskal-Wallis test ; Wilcoxon-Mann-Whitney -test;

*Adjusted survival = survival less any adjustments for deaths unrelated to treatment

Mortality : The cause of death was determined in all 203 unscheduled deaths. Thiram did not appear to affect the incidence or distribution of the causes of death. Neoplasia was the predominant cause of death, being listed 175 times. Pituitary tumours accounted for 117 incidences (67% of all tumours), followed by fibrous histiocytomas (10 incidences) and mammary gland adenocarcinomas (8 incidences). The remaining 40 neoplastic causes of death were variably distributed among 16 different neoplasms. With the exceptions of mammary gland adenocarcinomas (7 _ and 1 _) and leiomyosarcomas (4_), there appeared to be no sex difference in the incidences of these neoplastic causes of death. There were no antemortem observations noted that suggested test material-related neurotoxicity.

Clinical signs: Observations that were possibly thiram-related for males included swollen nose, soft feces, and opaque eye. It could not be determined wether the eyelid masses observed in some animals were test material - related.

Body weight: Administration of thiram was associated with few changes in body or organ weights: ovary weights were reduced, probably related to a decreased number of ovarian cysts in that dose group. Decreased kidney weights in males were associated with a reduced incidence of nephropathy in males at 300 ppm. This kind of pathology spontaneously occurs in Sprague-Dawley rats. 

Macroscopic observations: The incidence of red foci/areas in the liver was apparently higher for males given 300 ppm. Mottled mesenteric lymph nodes were seen more often for males given 150 or 300 ppm . Mottled kidneys were seen more often for males given 30,150 or 300 ppm. The incidence of masses in the peritoneal cavity was apparently increased for males given 30, 150 or 300 ppm. The finding of light foci/areas in the heart was lower for males given 300 ppm. In females given 30, 150, or 300 ppm, the incidence of enlarged adrenals was apparently higher; cystic adrenals were also common for females given 150 or 300 ppm.These adrenal gland findings are commonly seen in rats and are not considered toxicologically significant because 95-100% of control and treated females had some degree of angiectasis. The incidence of cysts in the ovaries was lower for females given 300 ppm. Thickening of the uterine wall was apparently increased for females given 30, 150, or 300 ppm, and uterine masses were increased in females given 150 or 300 ppm.

 Microscopic observations: Extramedullary hemopoiesis in the liver appeared to be increased in males given 150 or 300 ppm and in females given 300 ppm. In the spleens of males and females given thiram, extramedullary hemopoiesis appeared to be increased over control levels, however this increase was not dose-related. The significance of the extramedullary hemopoiesis in treated animals in this study is unclear and occurred also in dogs administered thiram for 52 weeks. It may correlate with the changes in the erythroid parameters seen clinically for females given 150 or 300 ppm. This is a change common seen with increased EMH or with an increased turnover of erythroid elements. Myeloid hyperplasia was increased in the bone marrow in the femur and sternum of females given 300 ppm. These combined changes suggest a test material-induced effect on hemopoiesis; although, its significance and ultimate toxicity in this tissue is unclear. Females given 300 ppm also had an increase in pigmented macrophages in the splenic red pulp. Steatosis/fatty infiltration of the pancreas (which is not an uncommon finding in old CD rats) appeared to be increased for males and females given 150 or 300 ppm. Also in the pancreas, multifocal acinar atrophy was more common for males given 150 or 300 ppm. The possibility of a digestive dysfunction cannot be negated. The incidence of hemorrhages within the mesenteric lymph nodes were increased, the severity of which tended to increase in the higher dose groups and suggest a material-related lesion, but its significance is unclear. Hemorrhage was not a consistent lesion seen in any other tissues.

Carcinogenesis: 

Table B.5.5.1-2 : Summary of tumour statistical analyses in all uncensored animals (unscheduled deaths and terminal sacrifice animals) . Preneoplastic lesions: bile duct hyperplasia (f, 300); thyroid C-cell hyperplasia (f, 150 and 300).

	Tissue, lesion
	0
	30
	150
	300
	Historical controls

  a               b
	Significance

(test used)

	liver : hepatocellular adenoma
	

	_
	2/60
	0/60
	3/60
	6/60
	3.6%
	0.8%
	S(dose effect)/NS(prevalence over time) (2)

	_
	1/60
	1/60
	3/60
	5/60
	1.9%
	0.5%
	S(trend)/NS(group comparisons) (1)

	hepatocellular carcinoma
	

	_
	1/60
	1/60
	1/60
	1/60
	
	
	

	_
	1/60
	1/60
	0/60
	1/60
	
	
	NS(trend)/NS(group comparisons) (1)

	hepatocellular adenoma and carcinoma combined
	

	_
	3/60
	1/60
	4/60
	7/60
	
	
	NS(dose response)/NS(group comparisons (3)

	_
	2/60
	2/60
	3/60
	6/60
	
	
	S(trend)/NS(group comparison) (1)

	bile duct hyperplasia
	

	_
	20/60
	25/60
	29/60
	29/60
	
	
	NS(dose response)/NS(prevalence over time) (2)

	_
	10/60
	11/60
	17/60
	19/60
	
	
	S(trend)/S(group 300 ppm) (1)

	altered hepatocellular foci(eosinophilic)
	

	_
	4/60
	11/60
	7/60
	14/60
	
	
	S(dose effect)/NS(prevalence over time)(2)

	_
	6/60
	3/60
	9/60
	5/60
	
	
	

	Thyroid : follicular cell adenoma
	

	_
	0/60
	2/60
	1/60
	1/60
	
	
	

	_
	0/60
	0/60
	1/60
	0/60
	
	
	NS(trend)/NS(group comparison) (1)

	C-cell adenoma
	

	_
	3/60
	6/60
	5/60
	9/60
	4.7%
	2.9%
	NS(dose effect)/NS(prevalence over time) (2)

	_
	3/60
	2/59
	5/60
	7/60
	5%
	4.1%
	S(trend)/NS(group comparisons) (1)

	C-cell carcinoma
	

	_
	1/60
	0/60
	1/60
	0/60
	
	
	NS(trend)/NS(group comparisons) (1)

	_
	0/60
	1/59
	1/60
	0/60
	
	
	NS(trend)/NS(group comparisons) (1)

	C-cell hyperplasia
	

	_
	6/60
	11/60
	6/60
	3/60
	
	
	NS(dose effect)/NS(prevalence over time) (2)

	_
	8/60
	11/60
	19/60
	16/60
	
	
	S(trend)/S(group 150 ppm) (1)

	mesenteric lymph nodes : hemangioma
	

	_
	0/60
	1/59
	0/60
	3/60
	
	
	S(trend)/NS(group comparisons) (1)


S : significance at p £ 0.05; NS : non significance at p ³ 0.05

1. Cochran Armitage test for trend and / Fisher’s exact method for group comparison.

2. Dinse and Lagakos ‘ prevalence method for dose effect and /tumour prevalence over time.

3. Life Table analysis for dose response and / group comparison.

a: from laboratory; b: from literature in Crl:CD(SD)BR rats.

Bile duct hyperplasia is known to occur during chronic inflammation or toxic conditions of the liver. A fulminant hepatic toxicity was not recognized in this study and liver enzymes analyses were all within normal ranges.

Several other test material-related nonneoplastic and organ weight changes were also identified but were not considered to be significant effects.

Comments:

At first glance, the observations parallel those in the short-term repeated dose experiments, more especially the effect on red blood cell parameters. Macroscopic and microscopic findings are, however, more complex, some of them even appearing in the low dose group, the toxicological significance of which is not clear.

Although the number of benign tumours is not statistically different in control and treated groups, a statistically positive trend exists. There is no increase in malignant tumours. It is suggested that liver function increased because of adaptive metabolic mechanisms, with as a result the development of hyperplasia and adenomas. A positive trend in the induction of C-cell hyperplasia and adenomata is also seen, for which no explanation is given. C-cells, or parafollicular cells, synthesize and secrete the hormone calcitonin in direct response to raised blood calcium levels. These cells are not under a similar control of the hypohyse as are the thyroid hormone secreting cells. Thiram is not metabolised into ETU, well known to interfere with thyroid function.

Conclusions:
There is no NOEL. Neglecting the increase in incidence of mottled kidneys and thickening of the uterine wall, not accompanied at higher doses by more apparent organ toxicity, the NOAEL can be fixed at 30 ppm or 1.5 mg/kg bw/day.

Guidelines : 

Protocol not fully in compliance with method B.30 of Directive 87/302/EEC or OECD 452 (1981).

GLP : 

Yes (no attest of competent authority).
Material and methods :

60 Charles River Crl:CD(SD)BRrats/sex/dose received in the diet thiram (B.n°.117, 97.5%) at 0, 30,150 and 300 ppm during 104 weeks.

Deviations from the official protocol : haematological examination was not performed at 3 months; adrenals were not weighed; absence of a satellite group for the evaluation of pathology other than tumours (20 animals/sex + 10 animals/sex for control) at a dose producing definite signs of toxicity.

Mean daily test substance intake: 0, 1.46, 7.31 and 14.66 mg/kg/d for male

                                                       0, 1.8, 8.86 and 18.57 mg/kg/d for female

The study is accepted.

Additional information from open literature:

- Rat, oral administration in diet, 0, 5, 20 and 52 mg/kg bw/d (males) ; 0, 6, 26 and 67 mg/kg bw/d (females), 80 week (Cheng-Chun,L.et al.,1978)

Findings: 

Table B.5.5.1-3 : Long-term toxicity study in rats.

	Endpoints/dose
	0
	5-6 mg/kg bw/d
	20-26 mg/kg bw/d


	52-67 mg/kg bw/d

	
	_
	_
	_
	_
	_
	_
	_
	_

	Clinical signs:
	
	
	
	
	
	
	
	ataxic syndrom

(7)

	Weight gain
	
	
	î
	
	î
	î
	î
	î

	Organ weight (r)
	
	
	
	
	
	
	
	

	thyroid
	
	
	
	
	
	
	ì
	ì

	testes
	
	
	
	
	
	
	ì
	

	liver
	
	
	
	
	
	
	
	ì

	spleen
	
	
	
	
	
	ì
	
	ì

	kidney
	
	
	
	
	
	
	
	ì

	ovary
	
	
	
	ì
	
	
	
	ì

	brain
	
	
	
	
	
	
	
	ì

	Histopathology
	
	
	
	
	
	
	
	

	thyroid :

squamous metaplasia
	1/17
	0/18
	
	
	
	
	4/16
	3/11

	pancreas: fatty infiltration
	0/17
	0/18
	3/13
	
	11/15
	
	14/16
	1/11

	kidneys nephritis
	17/17
	2/18
	
	
	
	
	6/16
	0/11


The ataxic syndrome consisted of an unusual gait with dragging of the hind feet and tail. The condition of these rats worsened, leading to paralysis posterior to the lumbar region atrophy of the hind legs. Blood chemistry was normal. Relative organ weights were increased at the end of the 80 week.

The significance of the lesions reported in the pancreas and thyroid is not explained. Histopathology of the central and peripheral nervous sytems of nonataxic, ataxic, or paralyzed rats did not reveal any specific lesions.

Table B.5.5.1-4 : Tumour incidence in control and thiram fed rats after 80 weeks.

	Location
	Male
	Female

	Control rats


	48 animals
	48 animals

	subcut. lower neck,jaw
	sarcoma (1)
	

	subcut.right flanck
	fibroma (1)
	

	maxillary salivary gland
	adenocarcinoma (1)
	

	pituitary
	adenoma (5)
	adenoma (8)

	
	adenocarcinoma (1)
	

	spleen
	hemangioma (1)
	

	mammary gland
	
	fibroadenoma (1)

	
	
	adenocarcinoma (2)

	Thiram high dose


	24 animals
	24 animals

	pituitary
	adenoma (1)
	adenoma (2)

	small intestine
	adenocarcinoma (1)
	

	testis
	interstitial cell tumour(1)
	

	brain
	astrocytoma(1)
	

	spleen
	
	malignant lymphoma


The occurrence or the latent period of the spontaneous tumours was not apparently altered in the high-dose thiram rats. 

Material, methods and findings:

24 Wistar rats (CD strain, Charles-River breeding) /sex/dose recieved in their diet thiram (practical grade, Eastman Kodak) at 0, 0.01, 0.04, or 0.1%  (0, 5, 20 and 52 mg/kg bw/d for males and 0, 6, 26 and 67 mg/kg bw/d for females) for 80 weeks. To maintain a relative constant daily intake of the compound, thiram concentration in the diet were increased to 0.015, 0.06 and 0.15% beginning at the 14th week.

B.5.5.2
Carcinogenicity study in the rat (Annex IIA 5.5)

Additional information from open literature:

- Rat, oral administration in diet, 0, 9.7 and 18.3 mg/kg bw/d (males) 20.2 and 42.3 mg/kg bw/d (females), 112 week (Hasegawa et al., 1988)

Findings: 

The rats given the chemical at 0.1% showed reduced body weight gain, especially in females, and biochemical liver dysfunction in males; histopathologically, however, no significant lesions or tumour induction attributable to the treatment were observed in any tissue except for dose-dependent reduction of spontaneous leukemia in both sexes and slightly reduced incidences of pituitary and thyroid adenomas in females. Although it is uncertain whether 0.1% was a MTD or less than it, the results in body weight gain and clinical chemistry on serum indicate the dose is very close to the MTD.

Conclusion: 

Under the conditions of the experiment, thiram at MTD dose for 112 weeks did not induce tumours in F344 rats.

Material, methods and findings:

50 F344 rats/sex/dose recieved in their diet thiram (Sanshin Chemical Co., practical grade) at 0, 0.1 or 0.05%  (0, 9.7 and 18.3 mg/kg bw/d for males and 0, 20.2 and 42.3 mg/kg bw/d for females) for 112 weeks.

- Rat, oral administration in diet, 3, 30, and 300 ppm, 104 week (Maita et al.,1991)

Findings: 

The rats of the high dose group had delayed growth with a slighly decreased food intake; anemia was evident in middle and high dose female rats . Regressive changes of the sciatic nerve accompanied by atrophy of the calf muscle were seen in female rats of the high-dose group but not in male rats and are considered to be changes secondary to the sciatic nerve lesion. These changes, however, did not induce neurological signs. In high dose rats, progression of myocardial lesions of the heart and chronic nephrosis of the kidney were depressed in males and females, respectively. Atrophy and fibrosis of the heart and chronic nephrosis are senile lesions commonly seen in various strains of rats. Female rats of the middle- and high-dose groups had decreased occurrences of mammary fibroadenoma and decreased development of skin masses. A slight increase in thyroid weight was observed in female rats at 3, 30, 300 ppm, but no histopathological evidence was obtained to support weigth changes. Absolute liver and kidney weight were increased in females at the highest tested dose corresponding to greater bodyweight of these animals.

Conclusion: 

Under the conditions of the experment, thiram at MTD dose for 104 weeks did not induce tumours in Wistar rats.
Material and methods :

64 Wistar rats (Jcl: Wistar) /sex/dose recieved in their diet thiram (Ouchinshinko Chemical industrial Co.Ltd, 98.7%) at 0, 3, 30, and 300 ppm  (0, 0.1, 1.2 and 11.6 mg/kg bw/d for males and 0, 0.1, 1.4 and 13.8 mg/kg bw/d for females) for 104 weeks. Eight males and eight females in each group were killed after 13, 26, and 52 weeks.
- Dog, oral administration in diet, 0.4, 4 and 40mg/kg bw, 104 week (Maita et al.,1991)

Findings: The dogs in the 40 mg/kg /day group showed frequent nausea or vomiting, salivation and occasional clonic convulsion. They were subjected to unscheduled necropsy before day 203 of treatment. These effects appeared to have been caused by damage to the autonomic nervous system. The dogs also had ophthalmoscopic changes such as fundal hemorrhage, miosis and desquamation of the retina which were consistent with the retinal lesions shown by histopathology.  Anemia was evident in middle- and high-dose dogs. Liver failure in male and female dogs and kidney damage in female dogs were detected in middle- and high-dose group by blood biochemistry and /or histopathology. All these findings would suggest that the liver is the target organ for dogs.

Conclusion: 

There were no increased incidences of any type of tumours in the present study.

Material and methods : 4 beagle dogs/sex/dose received in their diet 0, 0.4, 4 or 40mg/kg bw thiram (Ouchinshinko Chemical industrial Co.Ltd, 98.7%) for 104 weeks. 

Comments made by the author (Maita et al., 1991) for the rat and dog chronic toxicity studies:

In the present rat study, the high dose was close to the MTD (more than 10% depressed bw in the 300 ppm dose) and in the dog study, in the high dose group, animals died. The low doses in either the rat or the dog study induced no treatment effect.

Neurological disturbances in the dogs were the most conspicuous symptoms, although there were no histopathological abnormalities in the CNS or in the peripheral system and appeared to have been caused by damage to the autonomic nervous sytem, suggesting that the neurological target site was different for beagle dogs and CD rats. Female rats revealed an increased incidence of atrophy and degeneration of the sciatic nerve, although these changes induced no neurological clinical signs in the animals. The results indicate that species and sex differences in metabolism of the compound might play an important role in the induction of neurological disturbances. This toxicity is of a chronic nature.

In the dog study, ocular lesions, were confirmed as retinal changes. Several thiocarbamate compounds have been reported to cause retinal changes in animals with a “tapetum”, such as dog and rabbits, but not in species without this membrane, such as the rat and the monkey. The tapetum has a high content of Zn2+. An active chelation of Zn2+ by theses compounds may be an explanation of the retinal toxicity. Another hypothesis might be a depression of catabolic activity in the tissue such as a depresssion of oxygen consumption, suppression of utilization of pyruvate and a lowered synthesis of oxalate would have taken place in retina as it was observed in liver and kidney of beagle dogs treated with sodium diethyldithiocarbamate.

B.5.5.3
Carcinogenicity study in the mouse (Annex IIA 5.5)

- Mice, oral administration in diet, 15, 150 and 300 ppm (males) ; 0, 15, 300 and 600 ppm (females) , 97/98 weeks (Trutter, 1992, Task force study)
Findings :

Table B.5.5.3-1: Carcinogenicity study in the mouse.

	Endpoints/dose
	0 ppm
	15 ppm
	150 ppm
	300ppm
	300ppm
	600ppm

	
	_
	_
	_
	_
	_
	_
	_
	_

	Adjusted survival*
	60
	60
	50
	57
	64
	58
	58
	54

	Clinical signs:
	
	
	
	
	
	
	ì incidence of skin lesions

	Food consumption:
	
	
	
	
	î (6%)
	î(12%)
	î(10%)
	î(17%)

	Body weight
	
	
	
	
	î(7%)
	î(14%)
	î(15%)
	î(19%)

	Ophthalmoscopy
	
	
	
	
	retinal atrophy

	Hematology:
	
	
	
	
	
	
	
	

	RBC count
	
	
	
	
	
	î
	
	î

	hemoglobin
	
	
	
	
	
	
	
	î

	hematocrit
	
	
	
	
	
	
	
	î

	Mean cell volum.
	
	
	
	
	ì
	
	
	ì

	Mean cell hb
	
	
	
	
	ì
	
	
	

	Mean cell hb conc.
	
	
	
	
	î
	
	î
	

	white blood cells
	
	
	
	
	
	ì
	
	

	platelets
	
	
	
	
	
	ì
	
	ì

	Urine analysis
	
	
	no compound related effects

	Histopathology
	
	
	
	
	
	
	
	

	urinary bladder

(umbrella cells)
	
	
	
	
	intracytoplasmic protein-like droplets

	inner adrenal cortex pigmentation
	
	
	
	
	
	î
	
	î

	pigmentation in spleen
	
	
	
	
	
	ì
	
	ì

	dermal necrosis+

suppurative inflammmation
	
	
	
	
	ì
	ì
	ì
	ì

	nonglandular stomach hyperkeratosis
	
	
	
	
	
	ì
	ì
	ì

	Organ weight
	no compound-related gross tissue changes or organ weights findings


Statistically significant increase (ì) or decrease (î) (p < 0.05) (Levene’s test of homogeneity of variances, Parametric Anova, Dunnett test;

*Adjusted survival = survival less any adjustments for deaths unrelated to treatment

There were no clinical signs of neurotoxicity.

Many control and test animals exhibited skin lesions consistent with bacterial dermatitis, not an uncommon finding in mice. The overall pattern of these findings suggested a compound-related increased incidence of skin lesions in the high dose group. Dermal necrosis and suppurative inflammation were found to be more severe in the mid- and high level males and females than in the control low level mice. The microscopic dermal lesions were morphologically compatible with a focal staphylococcal dermatitis, which is not an uncommon finding in aged mice. The spleen showed an increased pigmentation, indicative of an increased turnover of erythrocytes, possibly indicating an alteration in the red cell membranes that affected the cell’s ability to maintain its fluid and ionic balance. Alternatively, it might be related to an increase in plasma osmotic pressure that caused fluid efflux from the erythrocytes. This findings is considered of little toxicological importance. Increases in nucleated erythrocyte counts and incidence of polychromasia and anisocytosis suggest some degree of regenerative anemia in several control and test-group moribund animals. Evaluation of differential leukocyte counts in moribund mice suggested an inflammatory disease. 

Organ weights:

The increased ovary, ovary/bw and ovary/brain weight was an incidental result of a higher frequency of cystic ovaries (in conjonction with the presence of larger-sized cysts).

Histopathology: 

Retinal atrophy, characterized microscopically by a decrease or absence of the outer nuclear cell layer of the retina, was present in mice of groups 150, 300 and 600ppm. This lesion was not specifically associated with cataracts.

Intracytoplasmic protein-like eosinophilic droplets were found present in the superficial transitional epithelium (umbrella cells) of the urinary bladder. There was no morphological evidence of necrosis or inflammation, and the underlying epithelium of the bladder was not involved. Hyperkeratosis, characterized by a minimal to moderate increase in keratin found in the nonglandular stomach of the 300 ppm females and 600 ppm males and females, suggested a mild irritant effect of the compound on the stomach. There was no concomitant degeneration, necrosis or inflammation. The decreased pigmentation in the inner adrenal cortex is unclear and of little biologic significance.

There was no compound-related increase in neoplasia in any group. Microscopic non neoplastic findings associated with thiram administration were present in the nonglandular stomach, eye, urinary bladder, adrenal gland, spleen, and gross lesions of the skin in group 150, 300 and 600 ppm. Compound-related findings were similar in incidence and severity in the unscheduled deaths and terminal sacrifice animals. 

Conclusion : 

There was no treatment related increased incidence of neoplastic lesions. The NOEL = NOAEL= 15 ppm

or 5.2 mg/kg bw/d for males

   3.1 mg/kg bw/d for females

Guidelines: 

Protocol in compliance with the test method B of Directive 87/302/EEC .

GLP  : 

Yes (no attest of competent authority).

Material and methods : 

50 mice (Charles River Crl:CD-1(ICR)BR) /sex/group received in thiram (lot n°.117, 97.6%) in their diet at 0, 15, 150 or 300 ppm for males and 0, 15, 300 and 600 ppm for females during 97/98 weeks.

Corrected dose : 3, 24, and 50 mg/kg bw/d for males

                           3, 57, and 112 mg/kg bw/d for females
The study is accepted.

B.5.5.4
Mechanism of action and supporting data (Annex IIA 5.5)

No data, however, it might be of interest to have an explanation for the increase in thyroid C-cell hyperplasia.

B.5.5.5
Summary of long- term oral toxicity of thiram (Annex IIA 5.5)

The full reports, describing experimental results obtained up to the MTD dose in mice and rats, reveal changes in haematological parameters similar to those found in short term tests. Supplementary findings are eye lesions, ocular masses in the rat and retinal atrophy in the mouse, multiple macroscopic alterations without clear toxicological significance, reactive haematopoiesis, also extramedularly in the rat. Data from the open literature in rats and dogs showed similar findings, as well as signs of neurotoxicity at doses from 40 mg/kg bw/d on, without neuropathological findings. Target organs were liver and kidneys.

The full reports show a statistically positive trend in the development of benign tumours, although their number is not statistically different between control and treated groups. There is no increase in malignant tumours. There is no tumour induction in the mouse. The studies from the open literature also did not reveal a tumour inducing effects, the squamous thyroid metaplasia observed is not commented upon. It is suggested that liver function increased because of adaptive metabolic mechanisms, with as a result the development of hyperplasia and adenomas. A positive trend in the induction of C-cell hyperplasia and adenomata is also seen, for which no explanation is given. C-cells, or parafollicular cells, synthesize and secrete the hormone calcitonin in direct response to raised blood calcium levels. These cells are not under control of the hypohyse as are the thyroid hormone secreting cells. Thiram is not metabolised into ETU, well known to interfere with thyroid function. 

The lowest NOAEL is 1.5 mg/kg bw/day. The LOAEL is 7.5 mg/kg bw/day. For tumourigenic effect the LOAEL is probably larger than 15 mg/kg bw/day.

Table B.5.5.5-1: Summary of long-term toxicity of thiram.

	Type of study
	NOAEL

mg/kg bw/d
	LOAEL

mg/kg bw/d
	Critical effects
	Batch n°,

 purity
	References

	104 week, oral, rat
	_ +_ : 1.5
	_,_: 7.5


	î bw and bw gain; thyroid C-cell hyperplasia; bile duct hyperplasia
	lot 117, 97.5%
	Kehoe, 1991a

	97/98week, oral, mouse


	toxic effects:

_: 2.5

_: 3.1
	24

57
	decreased bw, anemia, lesions in: eye, nonglandular stomach, urinary bladder
	lot 117, 97.5%
	Trutter, 1992


B.5.6
Reproductive toxicity (Annex IIA 5.6)

B.5.6.1.1
Two generation reproductive toxicity in the rat (Annex IIA5.6.1)

- Rat, oral administration, 30, 60, and 180 ppm (York, 1991, Task force study)

Findings :

Sterile mating across all groups for the F1b litters, not attributable with certainty to any known cause, dictated that a third (F1c) mating be added in order to clarify earlier findings and add significant numbers of animals to achieve adequate second generation breedings.

At the parental level, there were no treatment-related findings concerning mortality, copulation rate, indices of copulation, fertility and gestation, cohabitation-mating interval and mean gestation length. Antemortem findings were comparable with those observed in the control group. An increased incidence of hair loss in a non-dose-related fashion was observed in Fo and F1 females. This effect was not considered as an overt sign of toxicity. Food consumption and body weight decreased in groups 60 and 180 ppm, mainly during gestation.

With regard to the litters, there were no treatment-related findings regarding number of stillborn pups, survival indices and necropsy findings. Mean body weight was lower in the high dose group. There were no increased incidences of dose-related malformations in any treatment group for all offspring.

Pathology:

In F1 parental rats, an increased incidence of tan/yellow foci in the lung in both sexes of high dose-group and 2 females in the mid dose-group were reported. Tan/yellow foci in the lungs were found to be aggregates of alveolar macrophages, perivascular/peribronchial lymphoid cell infiltration and/or interstitial pneumonia.

Conclusion: 

Thiram is not considered as a reproductive toxicant.

Parental NOEL = NOAEL = 30 ppm, or 1.5 mg/kg bw/d for F1a mating. For all subsequent matings the NOEL actually was 60 ppm.

Offspring NOEL = NOAEL = 60 ppm, or 3 mg/kg bw/d

Reproduction and developmental NOEL > 180 ppm, or > 9 mg/kg bw/d

Guidelines: 

Protocol not fully in compliance with test method B.5 of Directive 87/302/EEC but in compliance with OECD 416(1983) guidelines.

 GLP : 

Yes (no attest of competent authority).

Material and methods : 

26 Charles River rats (Crl:CD VAF/plus) /dose/sex received in the diet, thiram (97.84% lot.n° 117) at doses of 0, 30, 60, or 180 ppm, beginning at 63 days of age for 81 days prior to the initial mating (F1a). The F0 parents were mated two times to produce F1a and F1b litters. Conception rates were poor across all groups, including the controls, in the F1b litter, and a third mating was held to produce F1c litter. From the F1c litters, 26 male and 26 female rats were selected to become F1 parents and were treated beginning at 22 days of age for a minimum of 84 days prior to their initial (F2a) mating. The F1 parents were mated twice to produce the F2a and F2b litters.

Measured test article intake F0 _: 1.52, 2.94, and 8.88 mg/kg bw /d

F0 _ : 2.27, 4.61 and 13.89 mg/kg bw/d

F1_: 1.83, 3.82 and 11.37 mg/kg bw/d

F1_:2.39, 5.12 and 16.21 mg/kg bw/d

Deviation from official protocol: food intake during mating period was not measured.

The study is accepted.

Additional information from literature:

- Rat, oral administration in diet, 0, 0.05, 0.10 and 0.25% (m); 0, 0.04 and 0.2% (f); 0, 0.03 and 0.1% (f) (Short et al.,1976)
Findings :
- In male rats, the average boby weight and daily food consumption of rats was depressed. Absence of fat was noted at necropsy (Table B.5.6.1.1-1). There was no impact on fertility up to 0.1%. At 0.25% the male failed to inseminate females. There was evidence of testicular hypoplasia, tubular degeneration, and atypical spermatids in the epididymus of half of these rats.

- In female rats, average body weight and food consumption were also reduced. Rats given 0.04% had a significantly reduced number of implants per dam and pups per dam (Table B.5.6.1.1-1). At 0.2% for 4.5 weeks, 1/ 20 rats was mated (11 implants; 10 embryos) and 5/20 were dead. That dose prolonged the dioestrous phase of the oestrous cycle. The adverse effect of thiram on the oestrous cycle was reversible. An alteration in hormone content may provide an explanation for both the reduced number of mated rats that were pregnant and the number of implants per dam.

-Peri and postnatal effects in rats:

Main findings are given in Table B.5.6.1.1-2. Reduced body weight of dams on the low thiram diet returned to control values by lactation day 21. Body weigths of a control group food restricted rats remained depressed throughout lactation. Thiram did not affect the duration of gestation, which ranged from 21 to 22 days.

At 0.1%, pups showed reduced viability and growth. Food restriction also reduced the lactation index and growth of the pups.

Table B.5.6.1.1-1 : Toxic effects of thiram to parental rats.

	Dose 
	0
	0
	0.05%
	-
	0.1%
	0.04%
	0.25%
	0.2%

	Endpoint/sex
	_
	_
	_
	_
	_
	_
	_
	_

	Duration
	
	
	13 week
	2 week
	13 week
	2 week
	13 week
	2 week

	Mortality
	
	
	
	
	
	
	70%
	

	clinical signs
	
	
	
	
	hair loss, rough coats
	
	

	body weight
	
	
	î12%
	
	î22%
	î6%
	î49%
	î26%

	food consumption
	
	
	î14%
	
	î27%
	î11%
	î44%
	î59%

	number implants/dam
	
	
	
	
	
	î
	
	

	number pups/dam
	
	
	
	
	
	î
	
	


Table B.5.6.1.1-2 : Peri- and postnatal effects in rats.

	Endpoint/dose
	0
	0.03%
	0.1%
	0

(food restricted to)

	effects on dams
	
	
	
	

	food intake (g/rat):
	
	
	
	

	before birth
	28
	18*
	6*
	8

	after birth
	71
	50*
	27*
	30

	body weight on lactation day 0
	304
	274*
	224*
	247

	effects on pups
	
	
	
	

	viability index
	96
	99
	26*
	97

	lactation index
	97
	87
	0*
	68*

	body weight (g) on lactation day:
	
	
	
	

	0
	6
	5.7*
	4.4*
	5.4*

	4
	9.5
	8.7*
	5.3*
	6.6*

	21
	39
	31*
	-
	16*


* significantly different from control

Conclusion : 

Thiram produced infertility in male rats at doses of 132 mg/kg bw and delayed the female estrous cycle at doses of 96 mg/kg. Since these effects on reproduction only occurred at doses that were toxic in the adult, thiram is not seen as a primary toxicant for reproduction. Thiram reduced growth and survival in pups.

Material and methods:

Male Charles River CD rats received Thiram (practical grade) in their diet for at least 13 wk before mating at a dose of 0, 0.05, 0.10 or 0.25% corresponding to an average daily dose of 0, 30, 58 or 132 mg/kg bw.

Female rats were fed a diet that contained 0, 0.04, or 0.2% Thiram for at least 14 days prior mating. The average daily dose was 0, 30 or 96 mg/kg bw.

Groups of 10-20 dams were treated with a diet containing 0.03% (providing dams with doses of 17 mg/kg before birth and 51 mg/kg after birth) or 0.1% thiram  (providing a dose of 26 mg/kg before birth and 115 mg/kg after birth) from gestational day 16 through postpartum day 21. The animals were allowed to deliver normally and the pups were examined at birth and on lactational days 4 and 21.

- Rat, i.p. injection, 6, 12, 25, 50 and 100 mg/kg bw (Stoker et al., 1993)
Methods and findings :

Female Long-Evans hooded rats received thiram (ChemService, West Chester,PA, 98%) as a 5% suspension in methylcellulose by a single i.p. injection .

Experiment 1 : rats were ovariectomized and steroid primed and received thiram (0, 6, 12, 25, 50 or 100mg/kg bw) at 11 h. 

Thiram at 100 and 50 mg/kg completely blocked the LH surge in all rat tested, while 12 and 25 mg/kg bw blocked the surge in 40 and 75 % of the treated animals, respectively. NOEL= 6 mg/kg bw

Experiment 2 : intact females displaying regular four-day cycles were injected with thiram (0, 12, 25, 50 mg/kg bw) at different times (9, 11, 13, 18 h) on the day of vaginal proestrus and examined on the following morning for evidence of ovulation. 

Ovulation was blocked by 25 and 50 mg/kg /bw at 13 h in all rats, but when injected at 11 h only the 50 mg/kg bw dose was effective. No such blockade was found with 50 mg/kg bw injected at 9 and 18 h.

Experiment 3 : intact rats were dosed with thiram at 0, 12, 25, 50 mg/kg bw at 13 h on the day of vaginal proestrus.

Thiram at 50 mg/kg bw blocked the LH surge in all rats, while 25 mg/kg bw blocked the surge in 60% of the females tested. 

NOEL= 12 mg/kg bw

Conclusion:

Thiram is able to block the LH surge and inhibit subsequent ovulation if administered during a sensitive period prior to the initiation of the surge. Such ovulatory blockade could potentially have a profound effect on reproductive function. The effect likely involves a disruption in catecholamine synthesis and requires larger doses as the temporal distance from a time of heightened sensitivity increases.

B.5.6.1.2
Additional studies (Annex IIA 5.6.1)

Although thiram might block ovulation, it did not cause adverse effects on reproduction in the 2-generation reproductive toxicity study in doses that did not produce parental toxicity. Supplementary studies are, therefore, not required.

B.5.6.2.1
Teratogenicity test by the oral route in the rat (Annex IIA 5.6.2)

- Rat, oral administration upon pregnancy, 7.5, 15, 30 mg/kg bw/d (Tesh et al.,1986, Task force study, Tesh et al., 1988a, Task force study)

Findings : 

A preliminary study was performed at 5, 10, 20, 40 and 80 mg/kg bw/day. Based on the results of this study, the highest tested dosage used in the definitive teratology study in the rat should not exceed 40 mg/kg bw/day.

Table B.5.6.2.1-1 : Teratogenicity test in the rat.

	Dose/endpoints
	Overall mean
	Recorded range
	0 mg/kg bw/d
	7.5 mg/kg bw/d
	15 mg/kg bw/d
	30 mg/kg bw/d

	number pregnant females
	
	
	25
	25
	25
	25

	corpora lutea count
	16
	13.9-19
	15
	15.6
	15
	14.8

	implantations
	14.6
	12-16.7
	13.9
	14
	13.6
	13.5

	viable young (total)
	13.7
	11.1-15.3
	13.6
	13.3
	13.2
	12.9

	resorptions (total)
	0.86
	0.25-1.65
	0.3
	0.8
	0.4
	0.6

	implantation loss (%)
	5.9
	1.7-12.7
	2
	5.4
	3.2
	4.2

	foetal weight (g)
	3.31
	3-3.55
	3.24
	3.26
	3.13
	2.89*

	placental weight (g)
	0.5
	0.43-0.57
	0.50
	0.47*
	0.46*
	0.41*

	* Significantly different from control: p < 0.05 (nested analysis of variance and weighted t-test)


Dams :


At the 15 and 30 mg/kg bw/d, females showed a transient dose-related loss of body weight up to day 8 post-conception. Overall weight gain during treatment was significantly lower than in the control group. At 7.5 mg/kg bw/d, a statistically significant reduction of body weight was observed during treatment, but the subsequent rate of weight gain was unaffected. There was a dose-related increase in hair loss during gestation. At necropsy, no treatment related effects were seen.

Litters  : 

Treatment did not affect the number of implantations, resorptions and live youngs, and the extent of pre- and post-implantation losses. 

Foetal and placental weights were significantly reduced at 30 and 15 mg/kg bw/d, but foetal weight reduction at 15 mg/kg bw/d was within the background control range. Placental weight was significantly reduced at 30, 15 and 7.5 mg/kg bw/d, but only in the 30 mg/kg bw/d was the value outside the previously recorded background control range (Table B.5.6.2.1-1).

- abnormalities :

30 mg/kgbw/d  : a higher incidence of space between bodywall and organs and of subcutaneous oedema was reported than in the concurrent control group. However, these values were similar to the mean background control value and the findings were considered to be of no biological significance.

Hernia diaphragmatica was observed in two case at 7.5 and in one case at 30 mg/kg bw/d. In this strain of rat, diaphragmatic hernia was a rare finding, but appears to be increasing in frequency as 4 of 2775 control foetuses

 (0.144%) have been affected in the past 2 years. The occurrence in 3 different treated litters was higher than might be expected, there was, however, no dose-dependency and group mean values were within previously recorded control ranges. The involvement of thiram in the aetiology of this abnormality was considered to be equivocal.

Reduction in the degree of skeletal ossification in the high dose group, most apparent in the supra-occipital bones, sternebrae, ribs, thoracic vertebrae, caudal vertebrae and metacarpals/metatarsals, slightly exceeded previously recorded background ranges. These observations were consistent with the incidence of small foetuses observed at necropsy in this group, and were considered to be indicative of slight developmental delay following treatment with thiram at 30 mg/kg bw/d. In addition, in group 15 and 30 mg/kg bw/d, the incidence of 13th ribs of reduced size exceeded the previously recorded background range. Although this increase was greater in group 15 mg/kg bw/d than in group 30 mg/kg bw/d the possible involvement of thiram in the aetiology of this observation could not be excluded.

Conclusion : 

A NOAEL for maternal toxicity cannot be determined.

NOEL foetal toxicity = 7.5 mg/kg bw/d; NOAEL = 15 mg/kg bw/d, provided the small changes in weight are not taken as adverse.
Range-finding study:
6 _ Charles River CD rats/group were dosed with thiram (B.n° 860410/L; 99.82% min.) by gavage (0, 5, 10, 20, 40 and 80 mg/kg bw/d in 0.5% w/v CMC containing 0.5% w/v Tween 80) from d 6-15 of gestation. Surviving animals were killed on day 20 post mating. 

At 20,40 and 80 mg/kg bw, marked maternal body weight deficit. Treatment at 40 and 80 mg/kg bw/d produced increase in the total number of early and late resorptions and a consequent increase in post-implantation loss and reduction in viable litter size. The slight increase in the number of early resorptions at 10 mg/kg bw /d was considered unlikely to be related to treatment.

it was concluded from this preliminary study that the highest dosage used in a main teratology study in the rat should not exceed 40 mg/kg bw/d.

Main study:

Guidelines: 

Protocol in compliance with the method B. of Directive 87/302/EEC or OECD 414 (1981).

GLP : 

Yes (no attest of competent authority).

Material and methods : 

25 _ Charles River CD rats/group were dosed with thiram (B.n° 860410/L; 99.82% min.) by gavage (0, 7.5, 15, 30 mg/kg bw/d in 0.5% w/v CMC containing 0.5% w/v Tween 80) from d 6-15 of gestation. Surviving animals were killed on day 20 post mating.

The study is accepted.

B.5.6.2.2
Teratogenicity test by the oral route in the rabbit (Annex IIA 5.6.2)

Dose finding study:

- Rabbit, oral administration, dose-range finding study, 5, 10, 20, 40, 80mg/kg bw/d (Tesh et al.,1987, Task force study)
Findings and conclusion:
At 20 mg/kg bw/d maternal body weight decreased, total litter resorption occurred in 2 and post implantation loss

in 1. At 40, food intake decreased and maternal death occurred. The dose of 5 mg/kg bw/d should not be exceeded.

Main study: 

- Rabbit, oral administration by gavage, 1, 2.5 and 5 mg/kg bw/d (Tesh et al.,1988b)

Findings:

No abnormal clinical symptoms were detected. Necropsy findings for the 8 decedents revealed evidence of respiratory or gastro-intestinal tract disorder, or accidental tracheal intubation. An apparent marginal increase in the incidence of small foetuses was observed at necropsy for females in group 1 and 5 mg/kg bw/d,compared with the concurrent controls, but the values were within the laboratory background control range. Following freehand serial sectioning, a slight reduction was seen, in group 5 mg/kg bw/d, in the incidence of foetuses with both incisors erupted, and a corresponding increase in the incidence of foetuses with only the lower incisors erupted.

Table B.5.6.2.2-1 : Teratogenicity study by the oral route in the rabbit.

	Endpoint/dose (mg/kg bw/d)
	0
	1
	2.5
	5

	Dams data:

body weight development
	
	
	
	î

	total number inseminated
	18
	15
	18
	20

	mortality
	1
	1
	2
	4

	not pregnant
	5
	1
	3
	2

	abortion
	1
	0
	0
	1

	number gravid females/group
	13
	14
	15
	18

	total litter loss
	0
	0
	1
	1

	pregnant at term with viable young
	11
	13
	12
	12

	Foetal observations
	
	no toxic effects


Comments:
Dams: 

It seemed unlikely that maternal mortality was due to administration of thiram. 

Foetuses: 

The apparent marginal increase in small foetuses was considered to be unrelated to treatment in view of the absence of dose-effect relationship or any corresponding reduction in group mean foetal weight. With regard to the eruption of the scissors, any treatment related effect was unlikely because of absence of correlation with foetal weight and because of the background control data.

Conclusions:
NOEL maternal toxicity = NOAEL : 2.5 mg/kg bw/d

NOEL embryotoxicity and teratogenicity > 5 mg/kg bw/d

Dose-range finding study:
Material and methods:

15-20 pregnant New Zealand white rabbits/dose received by gavage, an aqueous suspension thiram (99.1% B.n° : 860410/L) at doses of 0, 5, 10, 20, 40, 80mg/kg bw from day 6 to day 19 of gestation. Following a high incidence of mortality and/or total litter loss in the 3 highest dose groups, four additional groups were allocated at the sponsor request at 0, 1, 3, 7.5 mg/kg bw. Controls were dosed with vehicle only (0.5% aqueous CMC containing 0.5% Tween 80). Females were sacrificed on day 29 of gestation.

Main study: 

Guidelines: 

Protocol not fully in compliance with method B of the Directive 87/302/EEC.

GLP : 

Yes (no attest of competent authority).
Material and methods :15-20 pregnant New Zealand white rabbits/dose received by gavage, an aqueous suspension thiram (99.5% B.n° : 860410/L) at doses of 1, 2.5 and 5 mg/kg bw from day 6 at day 19 of gestation. Controls (18 + 14) were dosed with vehicle only (0.5% aqueous CMC containing 0.5% Tween 80). Females were sacrificed on day 29 of gestation.

Deviation from the official protocol: food consumption was not measured during the study.

The study is accepted.
- Rabbit, oral administration by gavage, 1, 5 and 10 mg/kg bw/d (York, 1992)

Findings:

Malformations: No statistically significant or treatment-related differences were observed.

Developmental variations: most variations were observed to occur at low incidences or at rates generally comparable with those of the control group. There was a marked increase in the number of foetuses observed with presacral vertebrae in the high dose group when compared with the control. This number was, however, within the IRDC historical control range.

Table B.5.6.2.2-3 : Teratogenicity test by the oral route in the rabbit.

	Endpoint/dose
	0
	1 mg/kg bw/d
	5 mg/kg bw/d
	10 mg/kg bw/d

	Dams data

clinical signs
	
	no abnormalities detected

	number gravid females
	19
	19
	17
	19

	mortality
	2
	
	
	1

	food consumption
	
	ì (d7-20)
	ì (d7-13)
	

	body weight gain
	
	ì (d7-13)
	ì (d7-13)
	ì (d7-13)

	body weight
	
	no effect
	
	

	gross pathology
	
	no effect
	
	

	uterine examination
	
	no effect
	
	

	Foetal observations
	
	no toxic effects

	presacral vertebrae
	13.7%
	13.5%
	11.5%
	26.8%

	dead foetuses
	2
	2
	
	1


significantly different increase (ì) (p<0.05)

Comments:

Control animals died from pneumonia; the cause of death in the high dose group was considered to be a gavage injury. Body weight gains of does in the treated groups were generally greater than that of does in the control group and correlated with an increase in food consumption. Uterine weights of does in the treated groups were slightly increased when compared with those of does in the control group. Theses increases were not considered as adverse.

Malformations: no statistically significant or treatment-related differences were observed.

Developmental variations: most variations were observed to occur at low incidences or at rates generally comparable with those of the control group.

There was a marked increase in the number of foetuses with presacral vertebrae in the high dose group when compared to the control. The relationship between this finding in the foetuses and treatment of the does is dubious since the number of high-dose foetuses which were observed with this common finding was within the historical control range.

Conclusion :
NOEL maternal toxicity > 10 mg/kg bw/d.

NOEL foetal toxicity and development > 10 mg/kg bw/d

Guidelines: 

Protocol in compliance with method B of the Directive 87/302/EEC.

GLP  : 

Yes (no attest of competent authority).
Material and methods : 20 pregnant New Zealand white rabbits/dose received by gavage, an aqueous suspension thiram (98.26%, lot 117, IRDCn°.10053D) at doses of 1, 5 and 10 mg/kg bw from day 7 at day 19 of gestation. Controls were dosed with vehicle only (0.5% aqueous CMC containing 0.5% Tween 80). Females were sacrificed on day 29 of gestation.

The study is accepted.

B.5.6.2.3
Additional information from the open literature.

- Rat, oral administration by gavage, 40, 90, 136, 164 and 200 mg/kg bw

 Mice, oral administration, 100 and 300 mg/kg bw  (Short et al.,1976)
Findings: 

The main findings in rats are shown in Table 5.6.2.3-1, those in mice in Tables 5.6.2.3-2 .

Table 5.6.2.3-1. Teratogenicity test by the oral route in the rat

	Endpoint/dose
	0 mg/kg bw
	 40 mg/kg bw
	90 mg/kg bw
	136 mg/kg bw
	164 mg/kg bw
	200 mg/kg bw

	total rats dosed
	32
	20
	12
	17
	10
	28

	n° dams dosed 
	28
	18
	9
	8*
	7
	18*

	n° dams alive
	27
	15
	9
	8
	6
	6*

	gestation body weight change(%)
	58
	38*
	32*
	4*
	1*
	1*

	n° implants per dam
	11.9 ± 0.6
	12.5 ± 0.5
	12.7 ± 0.6
	9.3 ± 1.8
	7.8 ± 1.4*
	8.8 ± 1.7*

	n° foetuses per dam
	11.2 ± 0.6
	11.1 ± 0.6
	10.6 ± 0.9
	5.3 ± 1.9*
	0*
	0*

	resorptions (%)
	6 ± 1
	11 ± 3
	16 ± 7
	74 ± 14*
	100*
	100*

	foetal body weight (g)
	3.9 ± 0.1
	3.4 ± 0.1*
	2.6 ± 0.1*
	1.8 ± 0.2*
	-
	-

	* : significantly different from control

	incidence of anomalies (foetuses affected/foetuses inspected)

	domed cranium
	0/267
	
	
	19/21
	
	

	hydrocephalus
	3/146
	
	
	10/10
	
	

	unossified sternebrae
	0/156
	
	
	11/11
	
	

	incompletely ossi.supraoccipital
	0/156
	
	
	7/11
	
	

	centra split
	0/156
	
	
	6/11
	
	

	lobed split
	0/156
	
	
	5/11
	
	


Table 5.6.2.3-2 : Teratogenicity test by the oral route in Swiss-Webster mice.

	Endpoint/dose
	0 mg/kg bw
	 100 mg/kg bw
	300 mg/kg bw

	total mice dosed
	27
	27
	28

	n° dams dosed 
	19
	18
	18

	n° dams alive
	19
	18
	14*

	gestation body weight change(%)
	62
	69
	67

	n° implants per dam
	9.7 ± 0.7
	10.4 ± 0.3
	11.1 ± 0.5

	n° foetuses per dam
	7.7 ± 0.8
	9.1 ± 0.5
	9.9 ± 0.4

	resorptions (%)
	16 ± 4
	12 ± 3
	9 ± 3

	foetal body weight (g)
	1.17
	1.10
	1.15

	* : significantly different from control

	Incidence of anomalies in mice (foetuses affected/foetuses inspected)

	hydronephrosis
	8/69
	-
	12/67

	hydrocephalus
	2/69
	-
	8/67

	collapsed cranium
	10/76
	-
	30/71

	thick atrial wall
	0/69
	-
	2/67

	malaligned sternebrae
	4/76
	-
	10/71

	fibrous material connecting lens and retina
	0/69
	-
	5/67


Comments: 

In the rat, thiram, at doses of 136 mg/kg bw and above, significantly reduced the ability of males to impregnate females. Average body weight gained by treated dams during gestation was decreased. 

In mice, thiram had no significant impact on reproductive parameters in this test, although it showed clear maternal toxicity at the highest dose.

Most anomalies produced are probably due to depresssion of growth, since there was no pattern of well-defined anomalies that would suggest a specific teratogenic effect. This interpretation is supported by the fact that doses that caused overt toxicity in the dams were required to produce anomalies in rat foetuses. Mice appeared relatively resistant.

Conclusion : 

Thiram is judged to be potentially teratogenic but at toxic maternal doses.

Material and methods:

32 Charles River CD rats received thiram (practical grade, Eastman Kodak, lot n°713-IX)) by gavage at 0, 40, 90, 136, 164 or 200 mg/kg bw on days 6-15 of gestation except for the group given 200 mg/kg bw which was treated on gestational day 6 or 7-12. Thiram was prepared as a suspension in 0.5% CMC.

Pregnant rats treated during organogenesis were sacrificed on gestational day 20 .

27 Swiss-Webster mice were treated with 100 or 300 mg/kg bw on days 6-14 of gestation.

Pregnant rats or mice treated during organogenesis were sacrificed on gestational day 20 or 18, respectively.

- Mice, oral administration, 10, 20, and 30 mg/animal (Matthiaschk, 1973)
Findings:
Table B. 5.6.2.3-3 : Teratogenicity test by the oral route in NMRI mice.

	Endpoint/dose
	0
	 ±  333mg/kg

 bw/d
	 ±  666 mg/kg bw/d
	 ±  999 mg/kg bw/d

	corpora lutea
	315
	295
	230
	275

	pre-implantation loss %
	7.6
	13.2*
	17.8*
	14.9*

	number.implanted foetuses
	291
	256
	189
	234

	early resorptions %
	2.1
	5.9
	20.1
	17.5

	late resorptions %
	1.4
	2.3
	5.3
	51.7

	dead foetuses %
	0
	0.8
	0.5
	2.1

	live foetuses  %
	96.6
	91
	74
	28.6

	post-implantation loss %
	3.4
	9
	26
	71.4

	foetus weight (g)
	1.19
	1.06
	1.09
	1.04

	abnormal foetuses % (n)
	2.1(6)
	21.9 (51)*
	70 (98)*
	85 (57)*

	cleft palate (n)
	(6)
	(26)
	(73)
	(49)

	micrognathia (n)
	(0)
	(5)
	(18)
	(18)

	kyphosis (n)
	(0)
	(11)
	(13)
	(11)


(n) : number of foetuses affected. Statistical analysis was not complete and was performed for some aspects. * statistically significant.

Comments:

In this test, thiram induced an increased resorption during the intermediate and late stages of organogenesis, and an almost linear dose related increase in atypical malformations: cleft palate, micrognathia, kyphose, wavy ribs, and distorded, wavy and block-shaped bones of the extremities and their suspension apparatus. The paper does not give any details on maternal toxicity, which might have been quite important at those doses.

Conclusion:

In the absence of data on maternal toxicity it is not possible to ascribe the effects seen as directly related to an intrinsic property of thiram.

Material and methods

 20-30 female NMRI mice/dose received thiram (technical grade, Bayer AG) by gavage at 0, 10, 20, or 30 mg/animal from days 5 to 15 of gestation . Thiram was cristalized in CHCl3/ethanol and suspended in arachis oil.

- Mice, oral administration, 179 - 357 mg/kg bw/d (Roll, 1971)
Findings:

Table B. 5.6.2.3-4 : Teratogenicity test by the oral route in NMRI mice.

	Endpoint/dose
	0
	179 mg/kg bw/d
	357 mg/kg bw/d

	n°females
	18
	17
	17

	live foetuses
	144
	139
	147

	dead foetuses %
	1.4
	4.3
	14.3*

	 n° animals dead at wk 3 -%
	4.2
	5.8
	19

	foetus weight (g)
	1.58
	1.62
	1.46*

	abnormal foetuses  (n)
	2
	10
	138*

	cleft palate (n)
	2
	10
	92*

	micrognathia (n)
	0
	0
	32*

	kyphosis (n)
	0
	0
	14*

	wavy ribs (n)
	0
	4
	138*


(n) : number of foetuses affected. * statistically different from control.

Comments: 
In this test, thiram increased the resorption of embryos, retarded foetal development and produced skeletal malformations (Table B.5.6.2.3-4). The 12 and 13th day of embryonic development proved to be the most susceptible phase. Strain SW was less susceptible with regard to the induction of cleft palate (data not shown). The paper does not give any details on maternal toxicity, which might have been quite toxic at those doses.

Conclusion:

In the absence of data on maternal toxicity it is not possible to ascribe the effects seen as directly related to an intrinsic property of thiram.

Material and methods :

Female NMRI mice received thiram (technical grade, Bayer AG) by gavage 0, 179 or 357mg/kg bw from days 6-17 of gestation. Thiram was cristalized in CHCl3/ethanol and suspended in arachis oil.

- Syrian hamsters oral administration by gavage, 31, 63, 125, 250 and 500 mg/kg bw/d (Robens,1969)
Findings: 

Table B. 5.6.2.3-5 : Teratogenicity test by the oral route in hamster - Thiram in DMSO (10 ml/kg).

	Endpoint
	0
	31 mg/kg bw/d
	63 mg/kg 

bw/d
	125 mg/kg 

bw/d
	250 mg/kg 

bw/d
	500 mg/kg

 bw/d

	day of gestation treated
	7
	8
	7
	8
	7
	8
	7
	8
	7
	8
	7
	8

	n°dams died
	1/14
	0/14
	0/5
	0/5
	0/5
	0/5
	1/4
	0/5
	1/4
	2/5
	3/6
	3/4

	total foetuses
	131
	149
	42
	48
	37
	32
	8
	22
	1
	6
	-
	-

	foetuses/litter
	10.1
	10.6
	8.4
	9.6
	7.4
	6.4
	2.7
	4.4
	0.3
	2
	-
	-

	total n° implants
	158
	165
	48
	51
	40
	49
	27
	54
	32
	37
	38
	15

	foetal mortality (%)
	24
	9.7
	29.2
	5.9
	40
	42.9
	81.5
	59.3
	100
	83.8
	100
	100

	foetal weight
	2.1
	2.2
	2
	2.2
	1.9
	2.3
	1.6
	2
	0.5
	1.7
	-
	-

	terata (%)
	24.4
	18.1
	47.6
	22.9
	59.5
	18.8
	87.5
	0
	0
	100
	-
	-

	n°malformed/

total n°foetuses
	32/

131
	27/

149
	20/42
	11/48
	22/

37
	6/32
	7/8
	0/22
	0/1
	6/6
	-
	-

	exencephaly
	19
	-
	12
	-
	15
	-
	-
	-
	-
	-
	-
	-

	cranial pimple
	9
	-
	2
	-
	5
	-
	4
	-
	-
	1
	-
	-

	fused ribs
	8
	24
	9
	9
	4
	1
	4
	-
	-
	4
	-
	-

	cleft palate
	-
	2
	-
	-
	-
	1
	1
	-
	-
	-
	-
	-

	limb defects
	-
	-
	-
	-
	-
	2
	-
	-
	-
	1
	-
	-

	shortened maxilla
	6
	-
	-
	-
	-
	-
	3
	-
	-
	1
	-
	-


Table B. 5.6.2.3-6 : Teratogenicity test by the oral route in hamster - Thiram in carboxy methyl cellulose (CMC) (10 ml/kg).

	Endpoint
	0
	125 mg/kg bw/d
	250 mg/kg bw/d
	300 mg/kg bw/d
	500 mg/kg bw/d

	day of gestation treated
	7 or

8
	7
	8
	7
	8
	7
	8
	7
	8

	n°dams died
	0/66
	0/7
	0/5
	0/7
	0/4
	0/4
	0/4
	2/5
	-

	total foetuses
	714
	68
	49
	49
	30
	15
	15
	0
	-

	foetuses/litter
	11.3
	9.7
	9.8
	7
	7.5
	3.8
	3.8
	0
	-

	total n° implants
	729
	72
	49
	75
	37
	46
	44
	36
	-

	foetal mortality (%)
	2.7
	5.6
	0
	34.7
	18.9
	67.4
	61.4
	100
	-

	foetal weight
	2.3
	2
	2.2
	2
	1.5
	1.9
	2
	-
	-

	terata (%)
	0.4
	2.9
	2.0
	20.4
	23.3
	33.3
	13.3
	-
	-

	n°malformed/

total n°foetuses
	3/714
	2/68
	1/49
	10/49
	7/30
	5/15
	2/15
	-
	-

	exencephaly
	1
	0
	0
	0
	0
	0
	0
	-
	-

	cranial pimple
	0
	0
	0
	1
	0
	2
	0
	-
	-

	fused ribs
	0
	2
	1
	6
	1
	3
	2
	-
	-

	cleft palate
	0
	0
	0
	0
	0
	0
	1
	-
	-

	short tail
	0
	0
	0
	0
	6
	0
	2
	-
	-

	umbil.hernia
	2
	0
	0
	7
	0
	0
	0
	-
	-

	shortened maxilla
	0
	0
	0
	1
	3
	1
	0
	-
	-


Comments:

Thiram was administered either in DMSO or CMC. CMC is nontoxic but DMSO by itself killed hamsters, maternal mortality of thiram in DMSO should, therefore, be compared with a baseline mortality of 3.6%.

Thiram produced a dose dependent increase in foetal mortality. From the dose of 125 on, the few surviving foetuses were small and viability was poor. These foetuses were found to present heart defects, predominantly of the great vessels. In general, head defects and some fused ribs were observed from treatment on day 7. Increases in fused ribs, short or curved tails, and limb anomalies were found after treatment on day 8.

Conclusion:

In the absence of data on maternal toxicity it is not possible to ascribe the effects seen as directly related to an intrinsic property of thiram.

Material and methods:

Golden Syrian hamsters received thiram (technical grade, Bayer AG) by gavage as a single oral dose of  0, 31, 63, 125, 250 or 500 mg/kg on days 7 or 8 of gestation . Thiram was solubilized in DMSO or CMC.

B.5.6.2.4
Summary of reproductive and development toxicity (Annex IIA 5.6)

The full reports indicate that, although thiram induced body weight decrements and decreased food consumption in the two generation study in rats, there were no treatment-related modifications in reproductive parameters for the Fo parents at the F1a, F1b or F1c matings and for the F1 parents at the F2a or F2b matings. Copulatory and fertility results of the F1b and F1c matings were poor, with a large number of sterile matings. This effect was considered to be unrelated to treatment. At the highest dose, about 10 mg/kg bw/d, mean offspring body weights were consistenly reduced to a significant degree in all litters across both generations. There were no increased incidences of dose-related malformations in any treatment group for all offspring. Data from the open literature indicate that thiram interferes with the LH surge from doses of 12 mg/kg bw/d, delayed oestrus from 96 mg/kg on and produced male infertility from 132 mg/kg on. 

In the full reports, a dose-related loss of body weight was also observed in the rat teratogenicity studies. Nevertheless, treatment did not affect the number of implantations, resorptions and live young, and the extent of pre- and post-implantation losses. At the highest dose, 30 mg/kg bw/d, mean foetal weight was reduced in association with a high incidence of small foetuses and with a slight developmental delay. For all treated groups, a dose-related reduction in mean placental weight was observed but only in the high dose group was the value outside the previous recorded background control range. In the dose groups 15 and 30 mg/kg bw/d, the incidence of reduced size 13th ribs exceeded the background control ranges. This increase was greater in group 15 mg/kg than in group 30 mg/kg, nevertheless a causal relationship with the thiram treatment can not be excluded.

Also in rabbits, thiram induced a significant decrease in body weight at a dose of 5 mg/kg bw/d. A marginal increase in the incidence of small foetuses was observed in group 1 and 5 mg/kg bw/d when compared with the concurrent controls, but not different with the laboratory background control range.

Data from the open literature suggest an embryotoxic potential of thiram in the mouse (from 200 mg/kg bw on) and in the hamster (from 31 mg/kg bw on), but since no data are given concerning the concomitant effects on the dams it can not be concluded that these were teratogenic effects.

Table B.5.6.2.4-1 Summary of reproductive and development toxicity : 
	Study
	NOAEL

mg/kg bw/d 
	LOAEL

mg/kg bw/d
	Critical effects
	Purity (%) batch number
	References

	2 generations,

oral, rat
	systemic tox. parental : 1.5

reproduction + develop : > 9
	3


	îmaternal bw/bw gain and food consumption
	lot 117, 97.84%
	York,1991

Task force study

	terato, oral, rat


	maternal toxicity: <7.5 

foetal toxicity : 15
	7.5

30
	î maternal bw and bw gain during treatment

î foetal weight,

 ì small foetuses
	B.n°.860410/L, 99.82%
	Tesh et al.,1986;

Tesh et al.,1988a Task force study

	terato, oral, rabbit
	maternal toxicity : 2.5

embryotox. terato. >5
	5


	îmaternal b.w.
	B.n°.860410/L, 99.5%
	Tesh et al.,1987

Tesh et al.,1988b Task force study

	terato, oral, rabbit
	maternal toxicity : >10

embryotox. terato. > 10
	-

-
	-

-
	98.26%, lot 117, IRDCn°.10053D
	York,1992 Task force study


B.5.7
 Neurotoxicity (Annex IIA 5.7)

B.5.7.1
Neurotoxicity following acute exposure in rats (Annex IIA 5.7.1)

- Rat, oral single administration by gavage, 5, 150 and 600 mg/kg bw/d (Driscoll and Hurley, 1993a, Task force study)

Findings:

Table B.5.7.1-1 : Neurotoxic effects of thiram, 2.5 h after treatment.
	Functional observational
	0
	5 mg/kg bw/d
	150 mg/kg bw/d
	600 mg/kg bw/d

	Battery findings/dose
	
	_
	_
	_
	_
	_
	_

	palpebral closure
	
	
	
	î
	î
	î
	

	urination
	
	
	
	ì
	ì
	ì
	ì

	lacrimation
	
	
	
	ì
	ì
	
	

	body temperature
	
	
	
	î
	î
	î
	î

	cage posture
	
	
	
	
	ì
	
	ì

	handling reactivity
	
	
	
	
	î
	
	î

	rears
	
	
	
	
	î
	
	î

	approach response
	
	
	
	
	î
	
	î

	startle response
	
	
	
	
	î
	
	î

	pupil size
	
	
	
	
	
	
	î

	muscle tone
	
	
	
	
	î
	
	

	grip strength
	
	
	
	
	ì
	
	ì

	air righting
	
	
	
	
	î
	
	î

	body weight 
	
	no effect


statistically significant increase (ì) or decrease (î) (p<0.05)

The male high dose group showed a depressed body weight on days 1, 7 and 14. Females of the high dose group had reduced body weight at day 7. The male mid-dose group had returned to control values at day 14. The majority of the symptoms described in Table B.5.7.1-1 disappeared at day 7 and 14 after treatment, except for a reduced body temperature. There was no mortality at study termination. There were no treatment related macroscopic or microscopic pathological changes affecting the nervous sytem in any of the high dose animals.

Comment: 
administered at 600 or 150 mg/kg bw, thiram induced overt, albeit transient, clinical signs of neurotoxicity and persistent effects on body weight and/or motor activity.
Conclusion, with regard to neurotoxicity:
NOAEL = 5 mg/kg bw/d

Guidelines:

This study was performed according to the US EPA FIFRA guidelines 818 and is therefore not in compliance with OECD guideline 418 (1984)

This is not a conventional test for delayed neurotoxicity as performed with organophosphorus agents. The dose tested was lower than the LD50 ; neurological tests were performed once a week.

Material and methods: 15 Sprague-Dawley rats/sex/dose received by gavage a single dose thiram (lot n°.G-0245; 98.76%) at 0, 5, 150 and 600 mg/kg bw in corn oil. Animals were sacrificed 16 days following treatment.

GLP: 

Yes (no attest of QAU or competent authority)
Deviation from the OECD guideline: hens must be used and observed during 21 days . The tested dose was lower than the LD50 ; neurological tests were performed only once a week. There is no positive control.

15 Sprague-Dawley rats/sex/dose received by gavage a single dose thiram (lot n°.G-0245; 98.76%) at 0, 5, 150 and 600 mg/kg bw in corn oil. Animals were sacrificed 16 days following treatment.

GLP: 

yes (no attest of QAU or competent authority)
The study is accepted.

B.5.7.2 
Neurotoxicity folowing chronic exposure in rats (Annex IIA 5.7.2)

- Rat, oral administration in diet, 30, 125 and 500 ppm during 90 days (Driscoll and Hurley, 1993b, Task force study)

Findings:
Table B.5.7.2-1 : Overview of significant functional observational battery findings.

	Time exposure
	Week 4
	Week 8
	Week 13

	Group (ppm)
	30
	125
	500
	30
	125
	500
	30
	125
	500

	Males
	
	
	
	
	
	
	
	
	

	ears
	
	
	
	
	
	ì
	
	
	ì

	arousal
	
	
	
	
	
	ì
	
	
	ìa

	body weight
	
	
	î
	
	
	î
	
	
	î

	Females
	
	
	
	
	
	
	
	
	

	rears
	
	
	
	ìb
	ìb
	ìb
	
	
	

	arousal
	
	
	
	ìb
	ìb
	ìb
	
	
	

	forelimb grip strength
	
	îb
	îb
	
	
	
	
	
	

	body weight
	
	î
	î
	
	
	î
	
	î
	î


statistically significant (ì) increased or decreased (î) compared to control group

a : not statistically significant, however, considered to be biologically significant.

b : the biological significance is questionable

Main findings are given in table B.5.7.2-1, besides that no mortality or other treatment-related clinical signs were observed. Absolute brain weight was reduced and relative brain weight was increased at 500 ppm. In females relative brain weight was also increased at 125 ppm, most probably because of the effect on body weight and not as a specific effect on the nervous system. There were no treatment-related effects on motor activity. There were no treatment-related macroscopic or microscopic pathological findings in the nervous system.

Conclusion : 

The NOAEL for neurotoxicity = 125 ppm = 5.9-10.2 mg/kg bw/d

NOAEL systemic toxicity = 30 ppm = 1.5-2.6 mg/kg bw/d

Guidelines:

This study was performed according to the US EPA FIFRA guidelines 82-5 and is therefore not in compliance with OECD guideline 419 (1984)

Material and methods:

15 Sprague-Dawley rats/sex/dose received thiram (lot n°.G-0245; 98.76%) in the diet at 0, 30, 125 and 500 ppm during 90 days.

Converted dose for males : 1.5-2.3, 5.9-10.2, 22.8-40.2 mg/kg bw/d

Converted dose for females : 1.8-2.6, 6.9-10.1, 21.6-43.9 mg/kg bw/d

Deviation from the OECD guideline: hens must be used and not rats.

Neurological tests were performed every 4 week and not once a week. Only some tissues were preserved and examined from 6 rats/sex from the control and the highest dose.

GLP: 

Yes (no attest of QAU or competent authority)
The study is accepted.

Additional information from open literature:

- Rat, oral administration in diet, 5.3-6.1, 20.4-25.5, 52-66.9 mg/kg bw/d, 80 week (Cheng-Chun Lee and Peters, 1976)
Findings:

Neurotoxicity occurred in female rats at the high thiram dose: ataxia or paralysis of the hind legs occurred in 8/24 females of the first experiment and in 4/24 of the second. Morphological examination showed chromatolysis of motor neurones. Growth was retarded. Thiram also caused behavioral changes in apparently normal rats of the high dose group. The walking pattern of the hind legs was altered with decreases in stride width and in the angle between contralateral steps (significant effect at 0.04% and higher). Hyperactivity was observed in non ataxic rats.

Conclusion: 

Neurotoxicity was observed above the level of 0.01%. NOAEL for neurotoxicity: 0.01% (5.3-6.1mg/kg bw) on repeated dosing.

Material and methods:

24 male and female Charles River CD strain rats /dose received thiram (technical grade, Bayer AG) in their diet at 0.01%, 0.04% and 0.1% for 80 weeks. Converted dose for males: 5.3, 20.4, 52 mg/kg bw

                                     for females: 6.1, 25.5, 66.9 mg/kg bw.

In a second experiment, thiram was given to 24 female rats at 0.1% (65.8 mg/kg bw) in the diet during 36 weeks.

B.5.7.3
Summary of neurotoxicity (Annex IIA 5.7)

Upon administration of a high single dose, behavioral toxicity could be observed without concomitant neuropathological findings were observed. Upon repeated dose administration, behavioral and motor toxicity without neuropathological findings was seen at doses that had an impact on food consumption and body weight.

Table B.5.7.3-1 : Neurotoxicity of thiram.

	Type of study
	NOAEL

mg/kg bw/d
	LOAEL

mg/kg bw/d
	Critical effects
	Batch n°,

 purity
	References

	90 days, oral, rat

neurotox.
	_ :5.9

_:6.9
	22.8

21.6
	minimal FOB findings; increased activity
	98.76% ; 

lot G-0245
	Driscoll and Hurley,

1993


B.5.8
Further toxicological studies (Annex IIA 5.8)

B.5.8.1
Toxicity studies on metabolites (Annex IIA 5.8.1)

Metabolites in plant and animals are similar. Therefore, no specific toxicity studies are required.

B.5.8.2
Additional studies (Annex IIA 5.8.2)

Additional information from open literature:

- Alterations in hepatic biochemistry of mice intoxicated with thiram (Gupta and Amma, 1993a)
Material, methods and findings:

6 Adult Swiss Portan mice/dose received 3 consecutive daily intraperitoneal injections of 670 mg/kg or a single intraperitoneal injection of thiram (Fluka, 99%) at 670, 1330 or 2660 mg/kg, solubilized in paraffin oil and propan-2-ol. Hepatic enzymes activities were measured. Total liver cytochrome P-450 and cytochrome b5 were increased 0.75 h after administration of 2660 mg/kg bw (=LD50) and after three doses of 670 mg/kg. Aminopyrine demethylase and glucose-6-phosphatase were increased 0.75 h, 4 and 72 h after administration of the different doses. These activities decreased at 168 h. There was no statistical significant increase of aniline hydroxylase activity.

At high doses, thiram is a microsomal liver enzyme inducer as seen in the activities of cytochrome b5 and P-450.

- Activities of hepatic epoxide hydrolase and glutathione S-transferase in rats (Schreiner and Freundt, 1985)
Material, methods and findings:

Adult female SPF Wistar rats received by gavage 28, 242, 484 or 968 mg/kg bw thiram (Fluka, unknown purity) in methylcellulose. Animals were sacrificed 5 or 18 h after dosing. Hepatic epoxide hydrolase activity was significantly increased at 242 mg/kg bw and higher. A non significant increase of hepatic GST activity was noted.

- Metabolism of thiram to carbon disulfide in the rat and its hepatotoxic implications (Dalvi and Deoras, 1986)
Material, methods and findings:

3 Adult male Sprague-Dawley rats/dose received 1 intraperitoneal injection of 60 mg/kg of thiram (Dupont De Nemours and Co., 99%) in corn oil . Animals were sacrificed at 5 and 24 hr intervals to determine the activities of hepatic microsomal and serum enzymes. CS2 was found as a metabolite, formed by hepatic cytochrome P-450 activity. It seems probable that thiram and its metabolites, in particular dimethyldithiocarbamic acid and CS2, were responsible for the liver injury manifested after 24 hr by a decreased microsomal benzphetamine N-demethylase and cytochrome P-450 activities and by increases of SDH and AST.
- Thiram-induced toxic liver injury in male Sprague-Dawley rats (Dalvi et al., 1984)
Material, methods and findings:

3 Adult male Sprague-Dawley rats/dose received 1 intraperitoneal injection of 120 mg/kg thiram (Dupont De Nemours and Co., 99%) in corn oil . Animals were sacrificed 24 hr after treatment to determine the activities of serum enzymes. A significant increase in serum AST and ALT were observed and a substantial inhibition of serum acetylcholinesterase activity was measured.

Conclusion :
Thiram is hepatotoxic and liver damage is accompanied by a decrease in serum cholinesterase.

- Leucine and methionine transport in the gut of rats intoxicated with thiram (Witkowska et al.,1992)
Material, methods and findings:

4, 5 or 6 male wistar rats /dose received by gavage 26 mg/kg thiram (Fluka) solubilized in soybean oil, 6 times/week for 28 days. Animals were sacrificed after 24 h, 1, 2 and 4 weeks. Active transport of leucine and methionine was measured in the jejunal segment of rat intestine. The study demonstrated that 4 weeks intoxication with the pesticide caused a time-dependent inhibition in the transport of C14-leucine and C14-methionine in the rat jejunum. It can be presumed that inhibition of leucine and methionine influx by thiram might be due to impact of the pesticide on Na+, K+-ATPase activity and also on protein synthesis, leading to a decrease production of transport proteins.

- Induction of preneoplastic glutathione S-transferase placental form positive foci in rats (Ito et al.,1988)
Material, methods and findings:

Male Fischer rats were divided into 3 groups: 

group 1 (18 rats) : single i.p. injection of DEN to initiate hepatocarcinogenesis. After 2 weeks, they received one dose of thiram in the diet at 1000 ppm. At week 3, animals were subjected to partial hepatectomy to maximize any interaction between proliferation and the effect of the compound.

Group 2 (17 rats) : was given DEN and partial hepatectomy without administration of thiram.

Group 3: animals were injected with NaCL instead of DEN and then subjected to administration of thiram and partial hepatectomy. Animals were sacrificed at week 8.

An immunohistochemical examination of GST-P+ foci was performed in the liver and the number and areas of >0.2 mm in diameter were measured.

Mean number of GST-P+ foci in DEN + test compound: 11.52  ±  3.73* ; area (mm2)/cm2  : 1.07 ±  0.44*

Mean number of GST-P+ foci in DEN alone (control) : 9.09  ±  2.05 ; are±a (mm2)/cm2  : 0.77 ±  0.18

*: statistically significant increased compared to control group at p<0.05

Conclusion: 

High dose thiram moderately enhances the development of GST-P positive foci.

B.5.8.3
Summary of toxicity data reported in additional studies (Annex IIA 5.8)

Additional studies from open literature, at rather high doses, above 50 mg/kg in the rat and above 670 mg/kg in the mouse, confirmed a liver enzyme inducing effect, hepatocellular toxicity . It seems probable that thiram and its metabolites, in particular dimethyldithiocarbamic acid and CS2, were responsible for the liver injury . High doses of thiram promoted the development of GST-P positive foci in the liver.

B.5.9
Medical data (Annex IIA 5.9)

B.5.9.1
Report on medical surveillance on manufacturing plant personnel (Annex IIA 5.9.1)

The UCB-Organic Division-plant (Ghent, Belgium) reported that thiram is normally not produced as the only product over a period of time. That is, all personnel are exposed to several products at a time. All products concerned are of the dithiocarbamate group.

Blood samples (RBC, Hb, WBC, sedimentation rate, AST, ALT, GGT, bilirubin, alkaline phosphatases, Fe and Cu) are taken at yearly intervals and tests for lung function are performed every six months (Vital capacity and forced Expiratory Volume in one second).

WBC-analyses regularly reveal a limited rise in neutrophil values which subside during non-exposure periods. None of these tests show other systematic deviations.

Skin irritation is seen rather sporadically in the plant due to sufficient hygienic conditions and use of personal protection clothes.

No other symptom/health effect has been recorded. (Tier II, task force).

Additional information from open literature:

Equipment operators are in a zone affected by thiram for 30% to 90% of their shift time; the concentration exceeds the maximum permissible dose by no more than 10% on a monthly basis; work is done in load categories 1 and 2.

49% of exposed gravidas show late gestosis (toxemia) (the control incidence is 28%, p < 0.05) and a decrease in urinary estriol levels during pregnancy weeks 33 to 37 (p < 0.05). The frequency of these complications was correlated with the length of employment.

Thiram exposed women often (p < 0.05) reported premature births and spontaneous abortions, the frequency of which also correlated with the lenght of employment. (Andreyev and Kvartovkina, 1993)

B.5.9.2
Report on clinical cases and poisoning incidents(Annex IIA 5.9.2)

B.5.9.3
Observations on exposure of the general population and epidemiological studies(Annex IIA 5.9.3)

There are no epidemiological studies available, no major accidents or large exposures of the general population to thiram have been reported up to date (Tier II, Task force).

Additional information from open literature:

36 pesticides were patch tested in 652 subjects. Allergic reactions were seen after exposure to thiuram and were due to the use of gloves fabricated from thiuram containing rubber in 6 of 7 patients (Caraffini and Assalve, 1987).

Thiuram sensitization seems more frequent in women than in men; this is attributed to the use of gloves fabricated from thiuram containing rubber by housewives. Because of interactions with thiurams, most authors believe that disulfiram treatment should be avoided by persons with positive patch test reactions to thiuram impregnated rubber compounds; similarly, patients on disulfiram therapy should avoid unnecessary contact with rubber products containing thiurams (Feinman, 1987).

B.5.9.4
Clinical signs and symptoms of poisoning and details of clinical tests(Annex IIA 5.9.4)

Additional information from open literature:

In their review article Liesivuori and Savolainen (1994) listed several means of dithiocarbamate exposure. Exposure via inhalation in an occupational environment may play a significant role, with dermal exposure and absorption through the skin the most important means of exposure, especially via direct skin contact of dithiocarbamate-containing formulations. Dithiocarbamates are, in general, readily but incompletely absorbed from the gastrointestinal tract.

Acute poisoning:
Dithiocarbamates express low acute toxicity in humans and experimental animals. Therefore, acute poisoning is unlikely unless very large quantities of the material is ingested. Overdoses of dithiocarbamate fungicides may induce convulsions, transient kidney failure and/or affect thyroid function. Accidental ingestion has elicited nausea, emesis, diarrhea, headache, ataxia, confusion and fatigue in humans (Liesivuori and Savolainen,1994)

Chronic poisoning:
- Notwithstanding that dithiocarbamates display a plethora of toxic actions, their long-term toxicity profile in humans is low. Exceptions are the goitrogenic effects and remarkable sensitizing properties of the entire group of compounds (Liesivuori and Savolainen,1994)

- Following inhalation exposure, similar effects are noted as observed following acute exposure; neutral and visual disturbances also reported following long-term exposure.

Following skin contact, dithiocarbamates may elicit dermatitis following heavy exposures. Repeated contact may also induce sensitization reactions in some individuals .

Following ingestion, the signs and symptoms of long-term exposure to dithiocarbamates are non-specific. Experimental animals show fatigue, hair loss, reduced weight gain, and shortened life span. All of these effects were dose-related. At higher dose levels following long-term exposure, neurological signs such as paralysis of the hind legs are common findings. Repeated exposure may lead to hyperplasia of the thyroid (Pestline, 1990).
Thiram and other dithiocarbamates have an inhibitory effect on ethanol hepatic metabolism and following alcohol ingestion, exposed individuals may experience adverse reactions, such as flushing (Pestline, 1990; Liesivuori and Savolainen, 1994).

Dithiocarbamates interact with ethanol, and certain dithiocarbamates, particularly disulfiram, have been used in the treatment of chronic alcoholism.

 A low incidence of adverse effects was noted in 93 patients receiving disulfiram at 600-800 mg twice a week for at least a year (i.e. total dose at least 70 g disulfiram) (Borup et al, 1992)

Biological monitoring of exposure to dithiocarbamates:
There are presently no widely accepted methods for biological monitoring of exposure to dithiocarbamates, mainly due to the lack of knowledge of their pharmacokinetics in humans, and the lack of adequate analytical chemistry methods.

The measurement of urinary carbon disulfide (CS2), which is a metabolite of almost all dithiocarbamates, has been suggested as an index to assess high-level exposures to these compounds. Thiurams are partly excreted as such, so they can be assayed in urine samples by gas and high-pressure liquid chromatography. 

Dimethylcarbamate is one of the metabolic end products for which several analytical methods have been developed. They have, however, not proved useful. Urine samples from exposed workers should be taken in the morning following the cessation of the exposure. Samples should be kept cold,and sent to the laboratory without delay. There are no generally accepted biological exposure indices established for dithiocarbamates (Liesivuori and Savolainen, 1994). 
Workers with severe skin diseases, especially such as eczema or allergic dermatitis, should avoid contact with and exposure to dithiocarbamates, known as common skin sensitizers and irritants. In view of the inhibitory effect of dithiocarbamates on ethanol hepatic metabolism, persons with alcohol problems should be carefully considered before employment at work where they could be exposed to these fungicides. After alcohol ingestion, exposed individuals may experience adverse reactions, such as flushing.

Subjects with disorders of thyroid or kidney function should be carefully evaluated before employment at workplaces where significant exposure to dithiocarbamates is possible (Liesivuori and Savolainen, 1994).

B.5.9.5
First aid measures - Therapeutic regimes (Annex IIA 5.9.5)

Skin contact: 
If the compound has been spilled on the skin, it should be immediatly removed so that dermal exposure can be effectively prevented. All contaminated clothing should be immediately removed, and the skin washed with soap and water without any delay. (Liesivuori and Savolainen, 1994). 

Eye contact: 
If the fungicide has contaminated the eyes, they should be washed with clean water at least for 20-30 min. (Liesivuori and Savolainen, 1994). Occasionally lifting the upper and lower lids until no evidence of the chemical remains is recommended. Seek medical attention.

Ingestion: 
In case of ingestion of significant quantities of the fungicide, if emesis did not already occurred and if the victim is fully alert, and provided that local medical doctrine includes emesis as an emergency treatment, syrup of ipeca may be administered, followed by 1-2 glasses of water (older than 12 years : 30 ml; children under 12 years of age : 15 ml). If consciousness declines or vomiting does not occur within 15 min, empty the stomach by intubation, aspiration, and lavage, using all available means to avoid aspiration of vomitus. Following aspiration of the stomach and washing with isotonic saline or sodium bicarbonate, 30-50 g of activated charcoal in approximately 100 ml of water needs to be instillated through the stomach tube to limit absorption of the remaining toxicant. If the irritation properties of the toxicant fail to produce a bowel movement in 4 hours, sodium or magnesium sulphate must be administered as a cathartic : 0.25 g/kg bw in 30-200 ml of water. Glucose-containing fluids should be administered intravenously to accelerate excretion of the toxicant. Medical attention should be sought immediately.

Inhalation: 
If inhalation occurs, the subject should be removed from the source of exposure. If breathing has stopped, artificial respiration should be performed. The person should be kept warm and at rest. Treatment should be symptomatic and supportive, and medical attention should be sought (Pestline, 1990; Liesivuori and Savolainen, 1994).

Advice on treatment:
No specific antidotes are available against dithiocarbamate poisoning. In severe poisoning, anticonvulsivant drugs such as diazepam can be given intravenously. Hydration of the victim with physiological solution, and cortisone treatment may be useful. In most cases, symptomatic treatment is adequate. Cortisone-containing emulsions may be needed in the treatment of dithiocarbamate-induced skin sensitization. (Liesivuori and Savolainen, 1994).

B.5.9.6.1.
Expected effects and duration of poisoning as a function of the type, level and duration of exposure or ingestion(Annex IIA 5.9.6)

no data.

B.5.9.6.2.
Expected effects and duration of poisoning as a function of varying time periods - between       exposure or ingestion and commencement of treatment (Annex IIA 5.9.6)

no data.

B.5.10
Summary of mammalian toxicology and proposed ADI, AOEL and drinking water limit (Annex IIA 5.10)

Metabolism :

Thiram, studied at doses between 2 and 200 mg/kg bw in the rat, is well absorbed from the GI tract. It is eliminated, for most part within 24 hours, mainly via urine (33%) and exhaled air (47%), and does not accumulate in the organism. 96 Hours after dosing, the highest tissue levels are found in blood, liver, muscle, bone and kidney, representing about 3% of the dose administered. It is extensively metabolised, ± 85% of the administered dose was detected as metabolites in urine, feces (5%) and expired air. The metabolic pathway involves a reduction of the disulfide bond and subsequent reactions of the thiol moiety to form oxidative and conjugative polar products. No unchanged thiram was detected in the urine.

In general, the metabolism of dialkyldithiocarbamates such as thiram in mammals is straightforward, diethylthiocarbamic acid being formed as the principal metabolite. Other metabolic products include carbon disulfide, methyldiethyldithiocarbamate, and sulfate.

The metabolic pathways in the lactating goat, laying hens and plants were quite similar to that reported in rats, with the exception that conjugation reactions were not observed in goats. In plants, conjugation reactions were involved but different cofactors than those occurring in mammals were used.

Acute toxicity :
On basis of the oral LD50, and the inhalation LC50, thiram has to be classified as harmful. It is not a skin irritant, but an eye irritant and a skin sensitizer. It is suggested that its toxicity is due to a perturbation of the viscosity of the lipid bilayer membranes, modifying the structure and function of neuronal synapses and of erythrocytes. Upon administration of a single dose of 150 mg/kg into the rat, behavioral toxicity has been observed without concomitant neuropathological findings. 
Genotoxicity :
The full report indicates that thiram, under the conditions of the different tests, does not exert in vitro gene mutations or does not display clastogenic properties in mammalian cells, and does not produce unscheduled DNA synthesis or micronucleus in vivo in mice. The only positive findings are a positive Ames test, but limited to 2 strains characterized by a genetically sensitive base pair substitutions. The full report also indicates that thiram does not exert clastogenic properties in mouse spermatogonia. 

On the other hand, data from the literature seems to indicate that thiram induces several genotoxic effects in eukaryotic cell systems in vitro and in vivo. However, several deficiencies can be identified in these studies. Our final conclusion, therefore, is that thiram is not a genotoxic agent. In 1992, the JMPR came to a similar conclusion.

Short-term repeated dose toxicity :
Short-term, repeated dose, oral administration of thiram produces changes in the liver, increase in liver weight, blood cholesterol and decrease of plasma proteins, decreases in food consumption and body weight gain, local irritation to the non-glandular stomach, and macrocytic anemia. The NOEL and NOAEL are lower for the dog than for the rat. The lowest NOAEL is 0.84 mg/kg bw/day (1 year dog study). Doses of about 20-40 mg/kg bw/d, above the MTD, having impact on food consumption and body weight, produce behavioral and motoric toxicity in the rat without neuropathological findings.

Short-term, repeated dose, dermal administration of thiram produces liver effects in the rabbit at doses that are higher, 37 times or more (1000 versus 27-15 mg/kg bw/day), than the oral LOAEL for liver toxicity in the dog (28 days, oral). However, direct comparison between two different species and two different ways of administration is rather unsuitable. Therefore, a comparison was made between the LOAEL values from the dermal 21 day rabbit and the rabbit teratogenicity studies, a 200 times difference is found. These differences suggest a low dermal bioavailability. A default value of 1% of dermal absorption was used in the exposure model scenarios. 

Although, more information on the actual dermal absorption and a refined assessment of the operator/worker/bystander exposure are required.

Long-term repeated dose toxicity :
The full reports, describing long-term experimental results obtained up to the MTD dose in mice and rats, reveal changes in haematological parameters similar to those found in short-term tests. Supplementary findings are eye lesions, ocular masses in the rat and retinal atrophy in the mouse, multiple macroscopic alterations without clear toxicological significance, reactive haematopoiesis, also extramedularly in the rat. Data from the open literature in rats and dogs showed similar findings, as well as signs of neurotoxicity at doses from 40 mg/kg bw/d on, without neuropathological findings. Target organs were liver and kidneys.

The full reports show a statistically positive trend in the development of benign tumours, although their number is not statistically different between control and treated groups,. There is no increase in malignant tumours. There is no tumour induction in the mouse. The studies from the open literature also did not reveal a tumour inducing effects, the squamous thyroid metaplasia observed is not commented upon. It is suggested that liver function increased because of adaptive metabolic mechanisms, with as a result the development of hyperplasia and adenomas. A positive trend in the induction of C-cell hyperplasia and adenomata is also seen, for which no explanation is given. C-cells, or parafollicular cells, synthesize and secrete the hormone calcitonin in direct response to raised blood calcium levels. These cells are not under control of the hypohyse as are the thyroid hormone secreting cells. Thiram is not metabolised into ETU, well known to interfere with thyroid function. 

The lowest NOAEL is 1.5 mg/kg bw/day. The LOAEL is 7.5 mg/kg bw/day. For tumourigenic effect the LOAEL is probably larger than 15 mg/kg bw/day.

Additional studies at rather high doses, above 50 mg/kg in the rat and above 670 mg/kg in the mouse, indicated a liver enzyme inducing effect, hepatocellular toxicity and the promotion of the development of GST-P positive foci in the liver.

Reprotoxicity :
The full reports indicate that, although thiram induced body weight decrements and decreased food consumption in the two generation study in rats, there were no treatment-related modifications in reproductive parameters for the Fo parents at the F1a, F1b or F1c matings and for the F1 parents at the F2a or F2b matings. Copulatory and fertility results of the F1b and F1c matings were poor, with a large number of sterile matings. This effect was considered to be unrelated to treatment. At the highest dose, about 10 mg/kg bw/d, mean offspring body weights were consistenly reduced to a significant degree in all litters across both generations. There were no increased incidences of dose-related malformations in any treatment group for all offspring. Data from the open literature indicate that thiram interferes with the LH surge from doses of 12 mg/kg bw/d, delayed oestrus from 96 mg/kg on and produced male infertility from 132 mg/kg on. Also in a repeated dose 90 day toxicity test a slight dysfunction of the testes had been seen following the administration of 25 mg/kg bw/d thiram. These doses are higher than those at which the sterile mating mentioned above was seen.

In the full reports, a dose-related loss of body weight was also observed in the rat teratogenicity studies. Nevertheless, treatment did not affect the number of implantations, resorptions and live young, and the extent of pre- and post-implantation losses. At the highest dose, 30 mg/kg bw/d, mean foetal weight was reduced in association with a high incidence of small foetuses and with a slight developmental delay. For all treated groups, a dose-related reduction in mean placental weight was observed but only in the high dose group was the value outside the previous recorded background control range. In the dose groups 15 and 30 mg/kg bw/d, the incidence of reduced size 13th ribs exceeded the background control ranges. This increase was greater in group 15 mg/kg than in group 30 mg/kg, nevertheless a causal relationship with the thiram treatment can not be excluded.

Also in rabbits, thiram induced a significant decrease in body weight at a dose of 5 mg/kg bw/d. A marginal increase in the incidence of small foetuses was observed in group 1 and 5 mg/kg bw/d when compared with the concurrent controls, but not different with the laboratory background control range.

Data from the open literature suggest an embryotoxic potential of thiram in the mouse (from 200 mg/kg bw on) and in the hamster (from 31 mg/kg bw on), but since no data are given concerning the concomitant effects on the dams it can not be concluded that these were teratogenic effects.

Neurotoxicity :
Upon administration of a high single dose, behavioral toxicity could be observed without concomitant neuropathological findings were observed. Upon repeated dose administration, behavioral and motor toxicity without neuropathological findings was seen at doses that had an impact on food consumption and body weight.

In summary, thiram has to be classified as harmful and a sensitizer. As far as systemic toxicity is concerned, target organs are liver and kidney. At doses higher than the MTD, behavioral and motoric neurotoxicity have been observed. Toxicity for reproduction has been seen at doses quite above toxic doses.

In man, within the actual conditions of production and use, skin and eye irritation and skin sensitization have been observed .

B.5.10.1
Establishment of an Acceptable Daily Intake (ADI)
Human data did not reveal, up to now, any toxic effect following the use of preparations containing thiram. There seems to be no risk for adverse health effects for consumers. There was also no evidence of bioaccumulation.

An ADI can be calculated from a NOAEL of 0.84 and 1.5 mg/kg bw/d (lowest NOAEL), identified in the 12 month chronic feeding study in the dog and 2 year, reproductive toxicity in rats. Because of the completeness and consistency of the toxicological data base a lowest NOAEL of 1 mg/kg bw/day is accepted. Applying an assessment factor of 100 (10 for interspecies variation x 10 for intraspecies variation), the acceptable daily intake becomes:

                            ADI = 0.01 mg/kg bw/d

A same ADI of 0.01 mg/kg bw/d was allocated by the JMPR (1993) on the basis of the observed toxic effects in dogs, considered to be the most sensitive species (For review : Vettorazzi et al., 1995).

B.5.10.2
Establishment of an Acceptable Operator Exposure Level (AOEL)

An AOEL as an internal, systemic dose:
Acceptable exposure level short-term in man, an internal dose (AOEL short-term) :

The AOEL short-term for man is calculated on the basis of an internal NOAEL from a sub-chronic animal experiment, taking into account the apparent degree of absorption, and applying an assessment factor, chosen in function of the critical effect observed in the animal experiments.

It appears from the animal experiment that a subchronic exposure to 3.5 mg/kg bw/day (lowest NOAEL, taken from the 90 day study in rat), 2mg/kg bw/day (lowest NOAEL, 90 day dog study) and 0.84 mg/kg bw/day (1year, dog study) of thiram will not result in any toxic effect. Because of the consistency of the data base, a NOAEL of 2 mg/kg bw/day is acceptable. It further appears from the ADME studies that orally ingested thiram is well absorbed. Therefore, it is not necessary to introduce a correction factor for the absorption. An assessment factor of 100 is proposed for the extrapolation to man.

The acceptable operator exposure level, expressed as an internal, systemic dose becomes:

AOELshort-term = 0.02 mg/kg bw/day

The notifier proposed the 90 day rat study with an assessment factor of 25, giving an AOEL = 0.1 mg/kg bw/day.

An AOEL as a dermal exposure:
A short-term dermal test exists in the rabbit, which would theoretically allow the calculation of a dermal AOEL. However, since the NOAEL for local irritation (< 100 mg/kg) is below the NOAEL for systemic effects (300 mg/kg), the calculation of the latter is rather irrelevant. Moreover, since the NOAEL local is not known, we prefer not to propose a dermal AOEL.

B.5.10.3
Establishment of the drinking water limit

On the basis that exposure through drinking water should not account for more than 10 % of the ADI, assuming an average consumption of 2 l of water per person per day and an average body weight of 70 kg a limit of 0.035 mg/l is proposed.

    

      ADI x bw x P
   0.01 x 70 x 0.1

 
 MAC = ___________ =     _____________ = 0.035mg/l

              C

            2

MAC = maximum allowable concentration

B.5.11
Acute toxicity including irritancy and skin sensitization of the preparations (Annex IIIA 7.1)
VITAVAX 200FF (thiram, 200g/l + Carboxin 200 g/l) used for seed treatment.
B.5.11.1a
Acute oral toxicity (Annex IIIA 7.1.1.1)

- Rat, oral administration, 2, 3.2, and 5 g/kg bw (Allen, 1992a, task force study)

Findings :
Mortality: deaths were noted up to day 3, 5 g/kg bw (3/5 _, 3/5 _) ; 3.2 g/kg bw (1/5 _, 1/5 _).

Clinical signs : At the 3 doses, all animals presented : piloerection, hunched posture, abnormal gait, lethargy, decreased respiratory rate, ptosis and pallor of the extremities.

At the 2 highest doses, animals presented also an increased salivation. 

At the highest dose only: extremities red in color (4/10); prostration (3/10), body tremors(3/10) and clonic convulsions(1/10); red/pink staining of cage tray paper.

Recovery of surviving rats, as judged by external appearance and behaviour, was complete by day 2 (2g/kg) or at intervals from day 3 to 9 (3.2 and 5 g/kg bw).

Macroscopic examination: 

Examination of rats that died during the study revealed congestion of the blood vessels of the stomach, small and/or large intestine (2_ ; 2_), red fluid in the bladder and congested blood vessels in the brain (2_ ; 2_) at 5 g/kg bw. No abnormalities were observed for animals killed on day 15.
Conclusions :

LD50 _ = 4.5 g/kg bw 

LD50 _ = 4.5 g/kg bw

Guidelines:

 Protocol not fully in compliance with method B.1 of Directive 92/69/EEC.

GLP : 

Yes (no attest of competent authority).

Material and methods : 

5 Sprague-Dawley Crl CD(SD) BR VAF plus rats/sex received by gavage a single dose of Vitavax 200 FF (formulated product; lot 004G060) at 2, 3.2, or 5 g/kg bw.

Deviation from the official protocol: various volumes were administered for the different doses.

The study is accepted.

B.5.11.2a 
Acute percutaneous toxicity (Annex IIIA 7.1.2)

- Rat, dermal application, 4 g/kg bw (Allen, 1992b, Task force study)

Findings : 
Mortality: no deaths.

Clinical observations : 
General : no systemic toxicity.

Skin   : staining (pink/purple) prevented assessment of erythema for all rats on day 2; slight or well-defined oedema was recorded for the majority of rats at this time. Severe erythema accompanied by well-defined or moderate oedema was seen for 3 males and 4 females from day 3 or 4 to day 5, with hardening on day 4 and 5. Assessment of erythema and oedema was not possible in these animals from day 2 or 6 to day 8, 11 or 12 due to scab formation. Following the scab peeling off (day 9, 12 or 13) no dermal irritation was seen in these animals for the remainder of the study (scores of zero for erythema and oedema). For the remaining 2 males and 1 female no dermal irritation was seen from day 3 to termination (day 15).

Body weight gain: slightly low bodyweight gains were recorded for 2 males on day 8 and 1 male on day 15; these animals achieved anticipated bodyweight gains at day 15.

Gross pathology : no test substance abnormalities.
Conclusions : 

LD50 > 4 g/kg bw.

Guidelines :

Protocol in compliance with method B.3 of Directive 92/69/EEC (limit test) .
GLP :
Yes (no attest of the competent authority).

Material and Methods : 

5 Sprague-Dawley CRL CD(SD) BR VAF plus rats / sex were exposed to 4 g/kg bw Vitavax 200FF (formulated product; lot 004G060) under occluded dressing for 24 h.

The study is accepted.

B.5.11.3a 
Acute inhalation toxicity to rats (Annex IIIA.7.1.3)

no data, not necessary.

B.5.11.4.a 
Skin irritation (Annex IIIA 7.1.4)

- Rabbit, skin irritation, 0.5 ml (Liggett, 1992a, Task force study)
Findings:

Mortality: no death

Body weight: normal

Clinical signs: there was no dermal response to treatment observed in any rabbit during the observation period.

Dermal observations:

Evaluation of the data, according to the EU methodology, gave the following results:

<Score erythema>ADVANCE \d324+48+72 hADVANCE \u3 = 0

<Score oedema> ADVANCE \d324+48+72 hADVANCE \u3 = 0

Conclusions : 

Vitavax 200FF is not a skin irritant.
Guidelines : 

Protocol fully in compliance with method B.4 of Directive 92/69/EEC. 

GLP :
The study is GLP certified (no attest of the competent authority).
Material and Methods : 

0.5 ml Vitavax 200FF (formulated product; lot 004G060) in 0.5 ml distilled water was applied to the clipped intact skin of 3 males New Zealand white rabbits for 4 hours under a semi-occlusive dressing.
The study is accepted.

B.5.11.5a
Eye irritation (Annex IIIA 7.1.5)

- Rabbit, eye instillation, 0.1 ml (Liggett, 1992b, Task force study)

Findings:

Evaluation of the data, according to the EU methodology, gave the following results:

<Score cornea opacity.>ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0


<Score iris>                   ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0

<Score redness>         ADVANCE \d324+48+72 hADVANCE \u3 = 1.6/1/0.66

<Score chemosis>         ADVANCE \d324+48+72 hADVANCE \u3 = 1/1/0.66

Dulling of the cornea was observed one hour after instillation in all three animals. Loss of corneal epithelial cells was seen in 1 animal and a red/purple staining of the cornea in another. No iridial inflammation was observed.

Reversible after 3 or 4 days.
Conclusions : 

Dulling of cornea and slight to moderate conjunctival irritation; these effects are reversible. Vitavax 200FF is not classified as an eye irritant.
Guidelines:

 Protocol in compliance with method B.5 of Directive 92/69/EEC.

GLP :
Yes (no attest of the competent authority).

Material and Methods : 

0.1 ml Vitavax 200FF (formulated product; lot 004G060) was placed into the conjunctival sac of the left eye of each of 3 New Zealand white rabbits (2 males, 1 female).
The study is accepted.

B.5.11.6a 
Skin sensitization (Annex IIIA 7.1.6)

- Guinea pig, intradermal induction : 0.25%. Percutaneous induction :100 % test substance; challenge : 50%  or 100% test substance (Parcell, 1992, Task force study)

Findings : 

After intradermal injection, necrosis was recorded at sites receiving FCA in test and control animals.

Slight irritation was seen in test animals at sites receiving 0.25% of the test substance in water. No irritation was observed in control animals. After topical application, pink staining on the treatment area prevented assessment of erythema in the test animals. Slight erythema was seen in the controls.

After challenge, there were no dermal reactions seen in any of the test or control animals.

Evaluation of the data, according to the EU methodology, gave :
sensitization rate: 0 % after 48 h

Conclusion : 

Vitavax 200FF is not classified as a sensitizer.

Guidelines: 

Protocol in compliance with method B.6, guinea pig M&K, of Directive 84/449/EEC.

GLP : 

Yes (no attest of competent authority)
Material and methods : 

20 female Guinea-pigs  (Dunkin Hartley) received an intradermal induction of Vitavax 200FF (formulated product; lot 004G060) 0.25%. A topical application induction of 100 % test substance was also done on day 1. To show a challenge reaction, the animals were exposed dermally to 50 %  or 100% test substance, 21 days after the intradermal induction.

A second group with 10 animals served as a control group.
The study is accepted.

B.5.11.7a
Additional studies for combinations of plant protection products (Tests as at points 7.1.1 to 7.1.6) (Annex IIIA 7.1.7)

Not required as Vitavax 200FF is used as a seed treatment and not in combination with other plant protection products.

B.5.12.1a
Dermal absorption, in vivo in the rat (Annex IIIA 7.3)

Dermal administration of thiram produces systemic liver effects in the rabbit at doses as high as 1000 mg/kg . This dosis is 200 times higher than the LOAEL observed in the rabbit teratogenicity study were a decreased body weight was reported at 5 mg/kg bw. These data suggest that dermal bioavailability is low .

A dermal absorption of 1%, as proposed by the notifier, was used in the worker exposure.

Exposure during seed treatment and more particularly during bagging of the seeds and cleaning of the equipment involves an important dermal exposure. 

A study of dermal absorption in vivo is necessary.

B.5.13a 
Toxicological data on non active substances (Annex IIIA 7.4 and point 4 of the introduction)
-

B.5.14a Summary of toxicology of formulation Vitavax 200FF 

Table B.5.14a-1 : Summary of toxicology of formulation Vitavax 200FF

	Type of test
	Result
	Batch n°.
	Reference
	Classification

	LD50 oral rat            _
	4500 mg/kg bw
	004G060
	Allen, 1992a
	-

	                                 _
	4500 mg/kg bw
	
	
	

	LD50 dermal rat
	> 4000 mg/kg bw
	004G060
	Allen, 1992b
	-

	LC50 rat (thiram)
	no data, not necessary 

	Skin irritation rabbit 4 h
	non irritant
	004G060
	Liggett, 1992a
	-

	Eye irritation rabbit
	non irritant
	004G060
	Liggett, 1992b
	-

	Skin sensitization guinea pig M&K 
	not a sensitizer
	004G060
	Parcell,1992
	-


B.5.15a 
Exposure data (Annex IIIA 7.2)
B.5.15.1a 
Estimation of operator exposure (Annex IIIA 7.2.1.1)

The operator exposure to thiram was evaluated respectively for the operations performed during seed treatment and for the operation of sowing.

1 - Seed treatment
The evaluation of the exposure to thiram during treatment of seeds is extrapolated from the results of two studies made in the context of the SEEDTROPEX project.

A first study was carried out in France in 1993 in order to measure simultaneously the potential dermal and inhalation exposure of workers to anthraquinone during a single day’s wheat seed treatment with “Germinate Double” (FS containing 250 g/l anthraquinone and 150 g/l copper oxyquinoleate; application rate - 500 g a.s. anthraquinone/ton seed).

Two different stations and 6 operators employed by these stations were involved in this study.  They wore individual protection (gloves or masks) which they normally wear for this work. ‘ Germinate Double” was supplied in 2001 drums and seed bag sizes were 25 and 50 kg.
A second study was carried out in the U.K. in 1996 in order  to measure concurrently the potential dermal and inhalation exposure of workers to triadimenol during a single day’s seed treatment with “Baytan” (FS containing 185 g/l triadimenol and 22.5 g/l fuberidazole; application rate = 370 g a.s. triadimenol/ton seed).

Four separate seed treatment sites were used, three static and one mobile seed treatment machines.  At 3 sites 3 workers were involved and at one site 4 workers monitored.  Where workers were involved in bagging the seed and loading the chemical, different sampling gloves were used for each of these tasks.  “ Baytan” was supplied in 101 packs at all sites. At one site separate measurements were made for different bag sizes, 50 kg and 0.5 t, when both were used in the same shift.

Potential dermal exposure was measured by means of sampling clothing representing what workers would typically wear under the prevailing conditions. Normal protective equipments were worn by some workers during the trial : gloves, caps, mask.  Cotton sampling gloves (UK studies) and handwashes (French studies) were used to measure the exposure of the hands.
Inhalation exposure was measured by use of personal air sampling pumps and inspirable particle monitors located in the breathing zones of the workers.

The aim of the studies was to assess separately the exposure potential of different work practices (calibration of the equipment, loading chemical, cleaning equipment, bagging seed, forklift driving and clean up of spillages) that took place.  The results are expressed for each of the individual practices.

The following assumptions were made to calculate the exposure to thiram during seed treatment :

- The operations of equipment calibration (max 18 min), preparation of the mixture (max 11 min) and equipment cleaning (max 41 min) are short and are performed once/twice a day. It was therefore more sensible to calculate the contribution of each single operation to the total exposure. Exposure is expressed in mg a.s./kg bw/operation

- Operations of seed bagging and forklift driving lead to an exposure during whole working day. The contribution of these operations to the total exposure was calculated for a period of 8 hours. Exposure is expressed in mg a.s./kg bw/day

- Dermal absorption is considered to be 1%

- Inhalation absorption is 100%

- AOEL = 0.02 mg a.s./kg bw/day

- The mean body weight of the operators examined in the study was used for units conversion. (76.14 kg)

- No conversion of the figures  was performed, in order to take into account the differences in application rate (g a.s./ton seed) and in concentration of the formulation (g a.s./l) in the original study and in the thiram scenario (usual rate of use  of thiram : 1500-4800 g a.s./1000 kg seed). It seemed to the RMS that this conversion should be arbitrary : There is no evidence of a correlation between the application rate and the operator exposure. The differences between the treatment equipments are susceptible to have an important role in the extent of the operator exposure. 

Table B.5.15.1a -1 : Estimation of total systemic exposure of the operator during treatment of seeds - concentrations in mg a.s./kg bw/operation (1) or mg a.s./kg bw/day (2) - Extrapolation to the thiram scenario

	
	Total dermal exposure
	Total inhalation exposure
	Systemic exposure
	% AOEL

	
	
	
	Dermal (1% absorption)
	Inhalation 
	Total systemic exposure
	

	Calibration of equipment (single operation) (1)
	1.22/76.14 =

0.016
	0.048/76.14 = 0.00063
	0.00016
	0.00063
	0.00079
	4% 

	Preparation of the mixture (single operation) (1)
	2.11/76.14 = 0.028
	0.037/76.14 = 0.00049
	0.00028
	0.00049
	0.00077
	3.8%

	Cleaning of the equipment (single operation) (1)
	32.47/76.14 = 0.426
	0.931/76.14 = 0.012
	0.00426
	0.012
	0.0163
	81%

	Bagging of the seeds 

(8 hours working day) (2)
	0.034 X  8 = 0.272
	0.004 X 8 = 0.032
	0.00272
	0.032
	0.0347
	174%

	Forklift driving (8 hours working day) (2)
	0.014
	0.0002
	0.00014
	0.0002
	0.00214
	11%

	Exposure of one worker involved with bagging, machinery maintenance, loading, cleaning down (2)
	0.709
	0.00149
	0.00709
	0.00149
	0.00858
	43%


Conclusion : 
The calculations which were made showed that the operations which lead to an important exposure of the worker are :

- The bagging of the seeds (174% of the AOEL). For this operation the operator sets the bags upright, eliminates leaky bags, sweeps the spilled seeds which fall onto the ground, and supervises the stitching and labelling machines.

- The cleaning of the equipment  (81% of the AOEL). This operation relatively short in time leads to an important contamination of the operator. This operation consists in the cleaning of the machine between two varieties of seeds or two batches. The operator cleans the inside of the machine with compressed air blower through the access traps and sweeps the different levels of the stockade. 

- The exposure of the worker involved with all the normal operations of a seed treatment plant represents 43% of the AOEL.

It must be added that the exposure during  seed treatment is chronic (several days a week; during several years). 

It is therefore necessary that the notifier address the risk resulting from the actual exposure  during seed treatment

Data on actual dermal and inhalation absorption, actual efficiency of the protective equipment, relevance of the extrapolation from the SEEDTROPEX model to the thiram case (difference in application rates, ...) 

2 - Sowing treated seeds
The estimation of the exposure of the operators during seed sowing was made by extrapolation from the results of the following studies realized in the context of the SEEDTROPEX project.

A first study was carried out in the UK in 1993 in order to measure concurrently the potential dermal and inhalation exposure of workers to triadimenol during a single day’s sowing of cereal seed treated with “Baytan” (370 g triadimenol/ton seed).

Potential dermal exposure was measured by means of sampling clothing representing what workers would typically  wear under the prevailing conditions.  Exposure of the hands was measured by the workers wearing cotton sampling gloves.

Inhalation exposure was measured by the use of personal air sampling pumps and inspirable particulate monitors located in the breathing zones of the workers.

The aim of the study was to assess the overall exposure from loading the hopper and sowing the seed.  Dermal exposure of the hand and inhalation exposure attributable to loading and sowing was also monitored by providing separate sampling gloves and air filters for each of these operations.

A second study was carried out in France in 1993 in order to measure simultaneously the potential dermal and inhalation exposure of workers to anthraquinone during a single day’s drilling of wheat seed treated with “Germinate Double” (anthraquinone : 500 g/ton seed).

Potential dermal exposure was measured using sampling clothing representing what workers would typically wear under the prevailing conditions.  Exposure of the hands was measured by the hand wash method.  Inhalation exposure was measured by use of personal air sampling pumps and respirable particle monitors located in the breathing zones of the workers.

The study was designed to evaluate as a single task the different operations involved in seeds drilling with a seeder.  Therefore, all operations including calibration of the equipment, filling the hopper, seed drilling and cleaning of the equipment were included in the study.

Six different farms and the six corresponding farmers were involved in this study, wearing individual protection (gloves or masks) which they normally wear for this work.

In the two field trials in France and in the UK it was reported that the contamination of the hands during the loading of the hopper was the main way exposure. (41 - 59% of the total potential exposure)

The use of gloves during the loading of the hopper could reduce the total exposure to a large extent.  

Table B.5.15.1a -2 : : Dermal and inhalation exposure measured during seed sowing trials

	Location
	Crop

Application rate
	Total potential

Dermal exposure
	Total potential

Inhalation exposure

	
	
	mg a.s./h
	mg a.s./kg bw/day
	mg a.s./h
	mg a.s./kg bw/day

	United Kingdom

13 farmers
	cereals

370 g a.s./ton

seeds
	1.76

hands contamination : 0.73 (5)
	0.136
	0.0277 (1)
	0.002 (2)

	France

6 farmers
	cereals

500 g a.s./ton 

seeds
	2.58

hands contamination :

1.529
	0.222 (3)
	0.025 (4)
	0.00018


(1)
0.166 mg/day ; 6 hours/day ® 0.0277

(2)
0.0277 x 6/77 = 0.002   (6hours/day; bw : 77 kg)

(3)
0.037 mg a.s./kg bw/h ; 6 hours/day ® 0.222

(4)
0.0003 mg a.s./kg bw/h ; 6 hours/day ® 0.00018

(5)
contamination of the hands from loading the hopper : 4.37 mg/day ; 6 hours/day ® 0.73

The following assumptions were made to calculate the exposure to thiram during seed sowing :

-
The results of the study performed in France (500 g a.s./ton seeds) were taken into account for the extrapolation to the different applications rates of thiram.  Extrapolation was done only for the differences in application rates (g a.s./ton seeds).

The results of both studies are very similar and are representative of a wide range of agronomical situations (two countries, several farms, different equipments ...).

-
Three scenarios covering the most important field crops were considered (1500, 2000, 4800 g a.s./ton seeds) (table B.5.15.1a-2).

-
AOEL = 0.02 mg/kg bw/day

-
Penetration through the skin was considered to be 1 %

-
Inhalation absorption = 100 %

Table Table B.5.15.1a -2 : : Exposure to thiram during seed sowing - extrapolation to thiram scenarios

	
	Application rate 

(g a.s./ton seed)
	Dermal  exposure 

(mg a.s./kg bw/day) 

(1% absorption)
	Inhalation exposure 

(mg a.s./kg bw/day) 
	Total
	% of AOEL

	Model
	500 g anthraquinone/ton seed
	0.00222
	0.00018
	
	

	Beans, grass, oat, vetch, wheat (1600)
	1500
	0.0066
	0.00054
	0.00714
	36

	Maize, barley, peas, rye, linseed
	2000
	0.0088
	0.00072
	0.00952
	48

	Oilseed rape (4400), turnip (4400), beets 
	4800
	0.021
	0.00178
	0.023
	115


Conclusions :
The exposure to thiram during seed sowing can be considered as acceptable since :

- The results are <100% of AOEL or just above  

- A conservative assumption (the exposure is proportional to the application rate (kg a.s./ 1000 kg seed)) was considered in the operator exposure calculation. 

- Sowing operation is done for a short period of time each year.

Nevertheless, the use of gloves and mask during the loading of the hopper is recommended to reduce the exposure.

1. M. FINDLAY, G.CHESTER and B.MALLYON : seed treatment products : worker exposure during treatment of seed with “Baytan”, Zeneca Agrochemicals and Agrevo U.K. Ltd., Report n°: RJ1621B, 12 december, 1994

2. M. FINDLAY and G.CHESTER : Seed treatment products: worker exposure during sowing of treated seeds with Baytan, Zeneca Agrochemicals, Report n°: WER001, 3 february 1995

3. A. LEPLAY: worker exposure during treatment of wheat seed with germinate double, Rhône-Poulenc Industrialization, Laboratoire Hygiène Industrielle, Centre Déclines, study n°: 93002 HI, february 1995

4. A.LEPLAY ; worker exposure during drilling of wheat seed treated with germinate double. Rhône-Poulenc Industrialization, Laboratoire Hygiène Industrielle, Centre Déclines, study n°. 93003 HI, march 1995.

B.5.15.2a Measurement of operator exposure (Annex IIIA 7.2.1.2)

Additional information from open literature:

- Potential exposure of commercial seed-treating applicators to the pesticide carboxin-thiram:

8 different commercial seed conditioning operations were tested for dermal and respiratory exposure during commercial cereal seed treating operations using liquid formulations containing thiram and carboxin (Table B.5. 15.2a-1) (Grey et al.,1983).

Table B.5.15.2a-1: Dermal and respiratory exposure to thiram during commercial cereal seed treating operations using liquid formulations.
	Application conditions
	protective equipment
	dermal exposure (mg/h)
	respiratory exposure (mg/h)

	
	
	chest
	arm
	hands
	

	I.small 1 man operation :

cleaning, treating, weighing of grain

Liquid formulation applied with a Panogen trip lever barrel treater at a rate of 3666 kg grain treated/h
	no
	nd
	nd
	3.7 mg/h
	nd

	II.small operation:

cleaning,conditioning, storing of grain. A Panogen trip lever barrel treater,

 2.200 kg barley treated/h
	gloves when cleaning out the barrel
	nd
	nd
	1.34 mg/h
	nt

	III. small elevator: stores grain, sells seed

+cleaning, treating grain.

Applied with a Panogen trip lever barrel treater conditioning about 

 3.200 kg grain treated/h
	gloves 
	nd
	nd
	nd
	nt

	IV. small operation involved with grain storage,cleaning,treating. Applied with a Gustafson S-1000 treater.;  ±  5500 kg of barley conditioned /h
	gloves during transfer from barrel to pump system
	nd
	nd
	nd
	nd

	V. Bagging treated grain:

a Gustafson Mist-o-Matic treater; rate of 100 27 kg bags/h
	did not normally wear a respirator or gloves but did wear a respirator with the exposure pads for purpose of this study
	nd
	nd
	2.24 mg/h
	0.75 mg/h

	VI. Seed cleaning, treating plant (1 year old).

A Gustafson S-1000 treater: rate of 58000 kg/h
	?
	nd
	nd
	nd
	nd

	VII. New cleaning, treating plant. A Gustrafson S-1000 treater: the wheat was treated at a rate of 17000 kg/h
	?
	nd
	nd
	nd
	nd

	VIII. Large cleaning, treating plant. A Gustafson S-1000 treater used to apply formulation of 10% thiram.Two commercial seed cleaning machines were utilised

treatment of 13800 kg of wheat/h. The applicator constantly checked grain with bare hands.
	wear rubber gloves only when changing fungicide barrel
	nd
	nd
	2.52 mg/h
	nd

	ND: Not detectable i.e.below 0.5 mg ; NT: not tested



B.5.15.3a Estimation of bystander exposure (Annex IIIA 7.2.2)

Seed treatment : 
It can be considered that the bystander exposure is in the same order of magnitude or lower than the exposure of the personnel driving forklift. The personnel driving forklift is not directly in contact with the equipment and the treated seeds. The contamination is mainly due to residues in the ambient air of storage areas. The total exposure of this type of personnel represented 11% of the AOEL. 

Seed sowing :
The exposure of bystander is expected to be negligible. Treated seeds are directly sowned into the soil without any drift of the active substance. 

B.5.15.4a Estimation of worker exposure (Annex IIIA 7.2.3.1)

Seed treatment :
The exposure of the personnel driving forklift can be considered as an example of worker exposure. The personnel driving forklift is not directly in contact with the equipment and the treated seeds. The contamination is mainly due to residues in the ambient air of storage areas. The total exposure of this type of personnel represented 11% of the AOEL. 
Seed sowing :
The exposure of the worker is expected to be negligible. Treated seeds are directly sowned into the soil without any drift of the active substance. 
B.5.15.5a Measurement of worker exposure (Annex IIIA 7.2.3.2)
no data.

THIRAM 80 WG (80% w/w water dispersible granule)

Although no studies are available on the 80WG formulation, the 75WG formulation can be considered nearly equivalent with the only difference that 5% of the active substance is replaced with the equivalent amount of an inert formulant.

B.5.11.1.bAcute oral toxicity (Annex IIIA 7.1.1.1)

- Rat, oral administration, 500, 1000, 1500 and 2000 mg/kg bw for the males; 750, 1500, 2250 and 3000 mg/kg bw for the females (Cuthbert and Jackson, 1989)
Findings :
Mortality: deads were noted at day 2 -5 after dosing. At 3 g/kg bw (3/5 _;1/5 _) ; at 2.2 g/kg bw (2/5 _); at 1.5 g/kg bw (4/5 _) ; at 1.5 g/kg bw (1/5 _); at 1 g/kg bw (1/5 _).

Clinical signs : piloerection, hunched posture, soiled coat, reduced activity, subdued and tremors.

Body weight gains : were within the acceptable range.
Macroscopic examination: 

Examination of rats that died during the study revealed GI tract ruptured at pyloric sphincter with spillage of contents causing discoloration of surrounding organs, stomach swollen and small intestine empty.
Conclusions : 

LD50 _ = 4.523 g/kg bw 

LD50 _ = 1.407 g/kg bw

Guidelines:

Protocol fully in compliance with method B.1 of Directive 92/69/EEC.

GLP :
Yes (no attest of competent authority).

Material and methods : 

5 male Sprague-Dawley rats received by gavage a single dose of THIRAM 80 % WG(79.8%; b.n.° 8A 30AA) at 750, 1500, 2250 and 3000 mg/kg bw. 5 female Sprague-Dawley rats received by gavage a single dose of THIRAM 80 % WG(79.8%; b.n.° 8A 30AA) at 500, 1000, 1500 and 2000 mg/kg bw.

The study is accepted.

B.5.11.2.b
Acute percutaneous toxicity (Annex IIIA.7.1.2)

- Rabbit, 2 g/kg bw, occluded dressing (Baldrick, 1992)
Findings : 
Mortality: no dead.

Clinical observations : 

General : no systemic toxicity.

Skin : well defined erythema accompanied by slight, or in  3 cases well defined, oedema was recorded at the sites of application of THIRAM 75WG on day 2. These reactions, becoming patchy in nature for most rabbits, were largely maintained over the next few days. Amelioration of dermal reactions was then apparent and scores of zero erythema and oedema were recorded at intervals from day 6 to day 9. In addition to erythema and oedema, desquamation of the stratum corneum was recorded for 3 males and all females from day 5 or 6 and persisted until day 14 or termination.

Body weight gain : all rabbits achieved satisfactory body weight gains throughout the study.

Gross pathology : no test substance abnormalities.

Conclusions :
LD50 > 2 g/kg bw.

Guidelines :

Protocol in compliance with method B.3 of Directive 92/69/EEC (limit test) .
GLP : 
Yes (no attest of the competent authority).

Material and Methods : 

The study was performed with THIRAM 75 WG and not 80WG !

5 New Zealand White rabbits / sex were exposed to 2 g/kg bw THIRAM 75 WG (77.0%; lot n°.0902AA(V607) under occluded dressing for 24 h.

The study is accepted.

B.5.11.3.b
Acute inhalation toxicity to rats (Annex IIIA 7.1.3)

no data, not necessary.

B.5.11.4.b
Skin irritation (Annex IIIA 7.1.4) 

- Rabbit, dermal application, 0.5 g, semi-occlusive dressing (Liggett,1991a)

Findings:

Mortality: no death

Body weight: normal

Clinical signs: there was no dermal response to treatment observed in any rabbit during the observation period.

Dermal observations:

Evaluation of the data, according to the EU methodology, gave the following results:

<Score erythema>ADVANCE \d324+48+72 hADVANCE \u3 = 0

 <Score oedema> ADVANCE \d324+48+72 hADVANCE \u3 = 0

Conclusions : 

THIRAM 75 WG is not a skin irritant.
Guidelines : 

Protocol fully in compliance with method B.4 of Directive 92/69/EEC. 

GLP : 
The study is GLP certified (no attest of the competent authority).
Material and Methods : 

0.5 g THIRAM 75 WG (77 %; lot n°.0902AA(V607)  in 0.5 ml distilled water was applied to the clipped intact skin of 6 female New Zealand white rabbits for 4 hours under a semi-occlusive dressing.
The study is accepted.

B.5.11.5.b
Eye irritation (Annex IIIA 7.1.5)

- Rabbit, eye irritation, 0.1 ml (Liggett, 1991b)

Findings:

Evaluation of the data, according to the EU methodology, gave the following results:

<Score cornea opacity.>
ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0


<Score iris> 

ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0

<Score erythema> 
ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0

<Score chemosis> 
ADVANCE \d324+48+72 hADVANCE \u3 = 0/0/0

Conclusions : 

THIRAM 75 WG is not an eye irritant.
Guidelines:

 Protocol in compliance with method B.5 of Directive 92/69/EEC.

GLP :
Yes (no attest of the competent authority) .

Material and Methods : 

0.1 ml (45 mg) THIRAM 75 WG (77%; lot n°.0902AA(V607)  was placed into the conjunctival sac of the left eye of each of 3 female New Zealand white rabbits.
The study is accepted.

B.5.11.6.b
Skin sensitization (Annex IIIA 7.1.6)

- Guinea pigs, Split Adjuvant Test (Daamen, 1991)
Findings : 

After induction, 12/20 animals showed slight or well defined erythema (grade 1-2) after the last occluded epidermal induction exposure. Control animals had no reactions to receiving 2 intradermal injections of 0.1ml of FCA on day 5 of the induction period.

After challenge, 16/20 showed a positive skin reaction in response to 5, 10 and/or 25% of the test substance. These reactions were characterized by red spots and scaling. Control animals had no reaction after challenge exposure of the test substance and distilled water.
Conclusions : 

THIRAM 75 WG is a skin sensitizer.
Guidelines :

Protocol not fully in compliance with method B.6 of Directive 92/69/EEC or OECD guideline 406(1981).
The Split Adjuvant Test was used to detect the potential of THIRAM 75 WG to provoke skin sensitization.The choice of this test was not justified .

GLP : 
Yes (no attest of the competent authority) .
Material and Methods : 

0.2 ml of 50% THIRAM 75 WG (B.n°.0902AA(V607) ; 77.3%) in distilled water was applied at initiation (day 0), on day 1, 3 and 8 of the induction phase to the shaven skin of 20 female Himalayan Albino guinea pigs. On day 5, 0.1 ml Freund’s complet adjuvant was injected intradermally. A fresh patch containing 0.2 ml of a 50% suspension was again applied under occlusive dressing. On day 21, a challenge dose ,5, 10 and 25 % was applied and occluded for 24 h.

Readings were made 24 and 48 hours after removal of the bandage.

The study is accepted.

B.5.11.7.b
Additional studies for combinations of plant protection products (Tests as at points 7.1.1 to 7.1.6) (Annex IIIA 7.1.7)

-

B.5.12.1.b
Dermal absorption, in vivo in the rat (Annex IIIA 7.3)

THIRAM 80WG is used as foliar fungicide through atomisers or sprayers to low and high crops. Dermal exposure is high.

In the 21 day rabbit dermal study, systemic liver effects occurred at doses as high as 1000 mg/kg . The NOAEL was 300 mg/kg and no intermediate doses were tested. In the teratogenicity test by the oral route in rabbits, maternal toxic effects occurred at doses as low as 5 mg/kg. These data suggest that dermal bioavailability is low as toxic effects occurred after dermal application of a dose 200 times higher than oral dose.

A dermal absorption of 1%, was used in the operator exposure evaluation.

The RMS considers that a dermal absorption study in vivo is necessary.

B.5.13.b
Toxicological data on non active substances (Annex IIIA 7.4 and point 4 of the introduction)
-

 B.5.14b Summary of toxicology of formulation THIRAM 75 WG  
Table B.5.14b-1 : Summary of toxicology of formulation THIRAM 75 WG 

	Type of test
	Result
	Purity (%)
	Batch n°.
	Reference
	Classification

	(*) LD50 oral rat _
	4.523 g/kg bw 
	79.8%
	n.° 8A 30AA
	Cuthbert and Jackson, 1989
	-

	                           _
	1.407 g/kg bw
	
	
	
	

	LD50 dermal rat
	> 2000 mg/kg
	77.0%
	n°.0902AA(V607)
	Baldrick, 1992
	-

	LC50 rat
	no data, not necessary (WG formulation)

	Skin irritation rabbit 

4 h
	non irritant
	77%
	n°.0902AA(V607)
	Liggett, 1991a
	-

	Eye irritation rabbit
	non irritant
	77%
	n°.0902AA(V607)
	Liggett, 1991b
	-

	Skin sensitization guinea pig (Split Adjuvant Test)
	sensitizer
	77.3%
	.n°.0902AA(V607)
	Daamen, 1991
	Xi, R43


(*) : The acute oral rat study was performed with THIRAM 80 WG

B.5.15.b
Exposure data (Annex IIIA 7.2)

B.5.15.1b
Estimation of operator exposure (Annex IIIA 7.2.1.1)

Thiram is used as foliar spray fungicide on a wide range of orchard trees (pome fruits, stone fruits, almond), on vines, strawberries and on ornamental plants (indoors and outdoors).

Operator exposure calculations were made for representative applications scenarios, according to the UK and German models.

Applications parameters :
Table B.5.15.1-1 : Application parameters for foliar spray formulations containing thiram (e.g. THIRAM 80 WG)

	Equipment type
	Crop
	Maximum application rate (kg a.s./ha)
	water volume (l/ha)
	Highest spray concentration (g a.s./hl)
	Treated area 

(ha/day)

	Tractor mounted air assisted
	Orchard
	2.4 
	600
	400 
	8 (Ger)

30 (UK)

	Tractor mounted air assisted
	Vines
	3.2
	1000
	320
	8 (Ger)

30 (UK)

	Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	3.2
	1000
	320
	20 (Ger)

1 (UK) (*)

	Hand held knapsack, hydraulic nozzles : low level application
	Low level ornamental plants, strawberries
	3.2
	1000
	320
	1

	Hand held, rotary disk atomiser  : high level application
	High level ornamental plants
	3.2
	1000
	320
	1


(*) : the conventional rate for field crop is 50 ha/day in this model; This value was considered as invali for strawberries and ornamental plants

Protective equipment :

Calculations were made for scenarios with and without protective equipment :

- gloves worn during mixing/loading and spraying (UK model)

- gloves worn during mixing/loading, protective clothing during spraying (German model)

Dermal exposure :

In the 21 day rabbit dermal study, systemic liver effects occurred at doses as high as 1000 mg/kg . The NOAEL was 300 mg/kg and no intermediate doses were tested. In the teratogenicity test by the oral route in rabbits, maternal toxic effects occurred at doses as low as 5 mg/kg. These data suggest that dermal bioavailability is low as toxic effects occurred after dermal application of a dose 200 times higher than oral dose.
Therefore a dermal penetration of 1% was used in the operator exposure calculations.

Determination of the tolerable exposure:
An AOEL short-term of 0.02 mg/kg bw/day was used for the calculation (See point B.5.10.2)

The Itol and Dtol of the German model are derived from the same NOAEL and assessment factor which were used in the establishment of the AOEL.

Expected operator exposures :

Table B.5.15.1-2 : Estimated operator exposure (mg/person/day) - UK model

	Application method
	Crop
	Dermal exposure 

(1 % dermal absorption)

 (mg/person/day)
	Inhalation exposure 

(100% inhalation absorption) (mg/person/day)
	Total exposure (mg/person/day)
	Total exposure (mg/kg bw/day)

	
	
	Mix/

load
	Spray
	
	
	

	Without protective equipment

	1 - Tractor mounted air assisted
	Orchard
	14.4
	4.85
	1.2
	20.45
	0.30

	2 - Tractor mounted air assisted
	Vines
	19.2
	3.88
	0.96
	24.04
	0.40

	3 - Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	0.64
	1.33
	0.19
	2.16
	0.036

	4 - Hand held knapsack, hydraulic nozzles : low level application
	Low level ornamental plants, strawberries
	0.64
	3.26
	0.38
	4.29
	0.071

	5 - Hand held, rotary disk atomiser  : high level application
	High level ornamental plants
	0.64
	2.38
	0.19
	3.21
	0.053

	With protective equipment (gloves during mixing/loading and spraying)

	6 - Tractor mounted air assisted
	Orchard
	0.14
	3.41
	1.20
	4.75
	0.079

	7 - Tractor mounted air assisted
	Vines
	0.019
	2.73
	0.96
	3.88
	0.065

	8 - Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	0.0064
	0.21
	0.19
	0.40
	0.0067

	9 - Hand held knapsack, hydraulic nozzles : low level application
	Low level ornamental plants, strawberries
	0.0064
	1.58
	0.38
	1.97
	0.033

	10 - Hand held, rotary disk atomiser  : high level application
	High level ornamental plants
	0.0064
	1.51
	0.19
	1.71
	0.029


Table B.5.15.1-3 : Estimated operator exposure (mg/person/day) - German model

	Application method
	Crop
	Dermal exposure 

(1 % dermal absorption)

 (mg/person/day)
	Inhalation exposure 

(100% inhalation absorption) (mg/person/day)
	Total exposure (mg/person /day)
	Total exposure (mg/kg bw/day)
	

	
	
	Mix/

load
	Spray
	Total
	Mix/

load
	Spray
	Total
	
	
	

	Without protective equipment
	

	11- Tractor mounted air assisted
	Orchard
	38.40
	220.80
	259.20
	0.15
	0.35
	0.50
	259.70
	3.71
	

	12 - Tractor mounted air assisted
	Vines
	51.20
	294.40
	345.60
	0.20
	0.46
	0.67
	346.27
	4.95
	

	13 - Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	128.00
	130.56
	258.56
	0.51
	0.06
	0.58
	259.14
	3.70
	

	14 - Hand held knapsack
	 Ornamental plants, strawberries
	67.20
	129.28
	196.48
	0.06
	0.96
	1.02
	197.50
	2.82
	

	With protective equipment (gloves during mixing/loading, protective equipment during spraying)
	

	15 - Tractor mounted air assisted
	Orchard
	0.38
	45.70
	46.08
	0.15
	0. 35
	0.50
	46.58
	0.67
	

	16 - Tractor mounted air assisted
	Vines
	0.51
	60.93
	61.44
	0.20
	0.46
	0.67
	62.11
	0.89
	

	17 - Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	1.28
	33.28
	34.56
	0.51
	0.06
	0.58
	35.14
	0.50
	

	18 - Hand held knapsack
	Ornamental plants, strawberries
	0.67
	53.28
	53.95
	0.06
	0.96
	1.02
	54.98
	0.79
	


Comparision of estimated and tolerable exposure :

Table B.5.15.1-4 : Exposure as a proportion of AOEL - UK model

	Application method

(1-10)
	Crop
	Total systemic exposure - 60 kg person (mg/kg bw/day)
	% of AOEL

	
	
	no PPE worn
	PPE worn
	no PPE worn
	PPE worn

	Tractor mounted air assisted
	Orchard
	0.30
	0.079
	1794
	417

	Tractor mounted air assisted
	Vines
	0.40
	0.065
	2108
	340

	Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	0.036
	0.0067
	189
	35  

	Hand held knapsack, hydraulic nozzles : low level application
	Low level ornamental plants, strawberries
	0.071
	0.033
	376
	173

	Hand held, rotary disk atomiser  : high level application
	High level ornamental plants
	0.053
	0.029
	281
	150


Table B.5.15.1-5 : Total degree of exposure E - German model

	Application method

(11-18)
	Crop
	Total  exposure - 70 kg person (mg/kg bw/day)
	E

	
	
	no PPE worn
	PPE worn
	no PPE worn
	PPE worn

	Tractor mounted air assisted
	Orchard
	3.71
	0.67
	2.32
	0.72

	Tractor mounted air assisted
	Vines
	4.95
	0.89
	3.10
	0.96

	Vehicle mounted  hydraulic nozzles 
	Strawberries, low level ornamental plants (bulbs,...)
	3.70
	0.50
	2.38
	0.69

	Hand held knapsack
	Ornamental plants, strawberries
	2.82
	0.79
	2.25
	1.18


Conclusions :
Exposure calculations performed according to German and UK models give results rather different in terms of exposure. 

Nevertheless, the following conclusions can be taken :

- The operator exposure exceeds the values (% AOEL, degree of exposure E) in the absence of protective equipment for all the scenarios (orchard, vines, strawberries, ornamental plants)

- When protective equipments are worn the operator exposure can be considered as ‘acceptable’ for most of the scenarios. 

In order to refine this assessment it should be nececessary to get more information on the actual penetration through the skin and on the actual operator exposure .

B.5.15.3b Estimation of bystander exposure (Annex IIIA 7.2.2)

Inhalation exposure is lower than the AOEL, therefore the exposure  for bystanders during foliar spray application is expected to be acceptable.

B.5.15.4b
Estimation of worker exposure (Annex IIIA 7.2.3.1)

Exposure  is expected to be acceptable for workers during orchard crop and vines spraying (2.4 kg a.s./ha and 3.2 kg a.s./ha), hand-held spraying (3.2 kg a.s./ha) and field crop spraying (3.2 kg a.s./ha) when protective equipment is worn.

Special attention should be given to the estimation of the exposure of personnel working in orchard, vineyard and glasshouses. Operations like plucking of fruits and  flowers  could lead to an important exposure.   
B.5.15.5b
Measurement of worker exposure (Annex IIIA 7.2.3.2)

Data from open literature:

Dermal exposure to a series of pesticides have been measured on 18 farms for carnation culture in glass-covered greenhouses in the Netherlands. 

Dermal exposure of 17 workers was measured during cutting in glass-covered greenhouses and that of 6 workers during sorting/bundling. The work was carried out in crops that had been treated with the compound, on the average 35 h earlier. Gloves were worn for an average of 74 min. In this period, the workers cut about 400 m2 of plants. Sortling/bundling of these carnations took on the average 52 min.

Dermal exposure measurements  during cutting, sorting/bundling are presented in Table B.5.15.5b -1. Dermal exposure of workers was measured by means of cotton gloves covering the hand and forearm. Respiratory exposure during harvesting was determined only after dusting and also during the whole period of cutting of treated crops. (Brouwer et al.,1992).

Table B.5.15.5b -1 : Dermal exposure of of hands and forearms to thiram after re-entry.

	Application technique
	Number of workers
	Application rate

(g/1000m2)
	Dermal exposure rate (mg/hr)

	dusting
	17

6
	74  ±  46
	10.4  ± 2.5 (cutting)

 4.6  ± 1.9 (sorting/bundling)


Table B.5.15.5b -2 : Estimation of worker exposure made by the RMS.

	Application technique
	Dermal exposure rate (mg/hr)
	Dermal absorbed dose (mg/ kg bw /d) w/o PPE
	% AOEL w/o PPE

	dusting
	10.4 ±  2.5 (cutting)

 4.6  ±  1.9 (sorting/bundling)
	0.012

0.0052
	59

26


Respiratory exposure after re-entry was measured during cutting of the carnations: geometric mean concentration = 0.04 mg/m3 giving a respiratory absorbed dose of 0.00438 mg/kg bw/d (22% of the AOEL).(daily inhalation :  23 m3/day, weight : 70 kg, 8 hours/day) 

Table B.5.15.5b -2 indicates estimations of dermal exposure for manual activities in crops treated with thiram; the duration of manual activities in a working day were much longer than the duration of application.  Dermal absorbed dose is calculated taking into account the following assumptions : workday = 8 h, weight = 70 kg, dermal absorption = 1 %.

Dermal exposure is acceptable for a 8 hour working day.

ANNEX B

Thiram

Appendix C : Estimation of the operator exposure

	UK Model for the determination of the operator exposure
	
	
	

	1 - Tractor mounted - air assisted - application in orchard at 2.4 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	
	
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (mg/ml or g/l)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Main solvent
	-
	
	
	

	concentration of solvent
	-
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	4
	
	
	

	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	

	Container size (l or kg)
	5
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	

	Application dose (kg formulation/ha)
	3
	
	
	

	Work rate (ha/day)
	30
	
	
	

	Number of operations per day
	18
	
	

	Hand contamination (ml/day or mg/day)
	1.8
	
	
	

	Protective clothing
	no
	
	
	

	Penetration of clothing (%)
	100
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	1.8
	
	
	

	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	

	Application technique
	Tractor mounted ‑ air assisted
	
	
	

	Application volume (l spray/ha)
	600
	
	
	

	Volume of surface contamination ( ml/hour)
	400
	
	
	

	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	

	
	10
	65
	25
	

	Clothing
	
	
	
	

	Penetration (%)
	100
	2
	5
	

	Dermal exposure (ml/hour)
	10
	5.2
	5
	

	Duration of exposure (hours)
	6
	
	
	

	Total dermal exposure to spray (ml/day)
	121.2
	
	
	

	
	
	
	
	

	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	

	
	Mixing/loading
	Application
	
	

	Dermal exposure (ml/day)
	1.8
	121.2
	
	

	Concentration of a.s. (mg/ml)
	800
	4
	
	

	Dermal exposure to a.s. (mg/day)
	1440
	484.8
	
	

	Percent absorbed (%)
	1
	1
	
	

	Absorbed dose (mg/day)
	14.4
	4.848
	
	

	
	
	
	
	

	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.05
	
	
	

	Duration of exposure (hour)
	6
	
	
	

	Concentration of a.s. (mg/ml)
	4
	
	
	

	Inhalational exposure to a.s. (mg/day)
	1.2
	
	
	

	Percent absorbed (%)
	100
	
	
	

	Absorbed dose (mg/day)
	1.2
	
	
	

	
	
	
	
	

	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	

	Absorbed dose (mg/day)
	20.448
	19.248
	1.2
	

	Operator body weight (kg)
	60
	60
	60
	

	Operator exposure (mg/kg bw/day)
	0.3408
	0.3208
	0.02
	

	
	
	
	
	

	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	

	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	

	for a person
	
	
	
	

	(mg/kg bw/day)
	
	
	
	

	
	
	
	
	

	0.3048
	1794
	
	
	

	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	2 - Tractor mounted - air assisted - application in vines at 3.2 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	30
	
	
	
	

	Number of operations per day
	24
	
	
	

	Hand contamination (ml/day or mg/day)
	2.4
	
	
	
	

	Protective clothing
	no
	
	
	
	

	Penetration of clothing (%)
	100
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	2.4
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	Tractor mounted ‑ air assisted

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	400
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	10
	65
	25
	
	

	Clothing
	
	
	
	
	

	Penetration (%)
	100
	2
	5
	
	

	Dermal exposure (ml/hour)
	10
	5.2
	5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	121.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	2.4
	121.2
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	1920
	387.84
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	19.2
	3.8784
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.05
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.96
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.96
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	24.0384
	23.0784
	0.96
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.40064
	0.38464
	0.016
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.40064
	2108
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	3 - Vehicle mounted - hydraulic nozzles - application in strawberries at 3.2 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8
	
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	no
	
	
	
	

	Penetration of clothing (%)
	100
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.08
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	vehicle mounted, hydraulic nozzles

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	10
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	65
	10
	25
	
	

	Clothing
	
	
	
	
	

	Penetration (%)
	100
	5
	15
	
	

	Dermal exposure (ml/hour)
	6.5
	0.05
	0.375
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	41.55
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.08
	41.55
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	64
	132.96
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.64
	1.3296
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.01
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.192
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.192
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	2.1616
	1.9696
	0.192
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.03603
	0.032827
	0.0032
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.036
	189
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	4 - Hand held knapsack, hydraulic nozzles - application in low level ornamental plants or strawberries at 3.2 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8 (1)
	
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	no
	
	
	
	

	Penetration of clothing (%)
	100
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.08
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	hand held knapsack, hydraulic nozzles : low level application

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	50
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	25
	25
	50
	
	

	Clothing
	
	
	
	
	

	Penetration (%)
	100
	20
	18
	
	

	Dermal exposure (ml/hour)
	10
	2.5
	4.5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	102
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.08
	102
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	64
	326.4
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.64
	3.264
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.02
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.384
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.384
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	4.288
	3.904
	0.384
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.07147
	0.065067
	0.0064
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.071
	376
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	5 - Hand held, rotary disk - application in high level ornamental plants at 3.2 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8 (1)
	
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	no
	
	
	
	

	Penetration of clothing (%)
	100
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.08
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	hand held, rotary disk atomiser : high level application

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	50
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	10
	65
	25
	
	

	Clothing
	
	
	
	
	

	Penetration (%)
	100
	15
	20
	
	

	Dermal exposure (ml/hour)
	5
	4.875
	2.5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	74.25
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.08
	74.25
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	64
	237.6
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.64
	2.376
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.01
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.192
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.192
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	3.208
	3.016
	0.192
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.05347
	0.050267
	0.0032
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.053
	281
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure


	
	
	
	

	6 - Tractor mounted - air assisted - application in orchard at 2.4 kg a.s./ha - with gloves during loading/mixing and spraying



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	4
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	3
	
	
	
	

	Work rate (ha/day)
	30
	
	
	
	

	Number of operations per day
	18
	
	
	

	Hand contamination (ml/day or mg/day)
	1.8
	
	
	
	

	Protective clothing
	gloves
	
	
	
	

	Penetration of clothing (%)
	1
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.018
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	Tractor mounted ‑ air assisted

	Application volume (l spray/ha)
	600
	
	
	
	

	Volume of surface contamination ( ml/hour)
	400
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	10
	65
	25
	
	

	Clothing
	gloves
	
	
	
	

	Penetration (%)
	10
	2
	5
	
	

	Dermal exposure (ml/hour)
	4
	5.2
	5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	85.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.018
	85.2
	
	
	

	Concentration of a.s. (mg/ml)
	800
	4
	
	
	

	Dermal exposure to a.s. (mg/day)
	14.4
	340.8
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.144
	3.408
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.05
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	4
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	1.2
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	1.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	4.752
	3.552
	1.2
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.0792
	0.0592
	0.02
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.792
	417
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	7 - Tractor mounted - air assisted - application in vines at 3.2 kg a.s./ha -with gloves during loading/mixing and spraying



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	30
	
	
	
	

	Number of operations per day
	24
	
	
	

	Hand contamination (ml/day or mg/day)
	2.4
	
	
	
	

	Protective clothing
	gloves
	
	
	
	

	Penetration of clothing (%)
	1
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.024
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	Tractor mounted ‑ air assisted

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	400
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	10
	65
	25
	
	

	Clothing
	gloves
	
	
	
	

	Penetration (%)
	10
	2
	5
	
	

	Dermal exposure (ml/hour)
	4
	5.2
	5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	85.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.024
	85.2
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	19.2
	272.64
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.192
	2.7264
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.05
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.96
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.96
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	3.8784
	2.9184
	0.96
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.06464
	0.04864
	0.016
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.065
	340
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	8 - Vehicle mounted - hydraulic nozzles - application in strawberries at 3.2 kg a.s./ha - with gloves during loading /mixing and spraying



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8 (1)
	
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	gloves
	
	
	
	

	Penetration of clothing (%)
	1
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.0008
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	vehicle mounted, hydraulic nozzles

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	10
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	65
	10
	25
	
	

	Clothing
	gloves
	
	
	
	

	Penetration (%)
	10
	5
	15
	
	

	Dermal exposure (ml/hour)
	0.65
	0.05
	0.375
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	6.45
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.0008
	6.45
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	0.64
	20.64
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.0064
	0.2064
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.01
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.192
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.192
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	0.4048
	0.2128
	0.192
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.00675
	0.003547
	0.0032
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.0067
	35
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	9 - Hand held knapsack, hydraulic nozzles - application in low level ornamental plants or strawberries at 3.2 kg a.s./ha - with gloves during loading /mixing and spraying



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8 (1)
	
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	gloves
	
	
	
	

	Penetration of clothing (%)
	1
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.0008
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	hand held knapsack, hydraulic nozzles : low level application

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	50
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	25
	25
	50
	
	

	Clothing
	gloves
	
	
	
	

	Penetration (%)
	10
	20
	18
	
	

	Dermal exposure (ml/hour)
	1.25
	2.5
	4.5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	49.5
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.0008
	49.5
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	0.64
	158.4
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.0064
	1.584
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.02
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.384
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.384
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	1.9744
	1.5904
	0.384
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.03291
	0.026507
	0.0064
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.033
	173
	
	
	
	

	
	
	
	
	
	


	UK Model for the determination of the operator exposure
	
	
	
	

	10 - Hand held, rotary disk - application in high level ornamental plants at 3.2 kg a.s./ha - with gloves during loading /mixing and spraying



	PRODUCT DATA
	
	
	
	
	

	Product
	THIRAM 80WG
	
	
	
	

	Active ingredient
	thiram
	
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	
	

	Formulation type
	WG
	
	
	
	

	Main solvent
	-
	
	
	
	

	concentration of solvent
	-
	
	
	
	

	Concentration of a.s. in the spray (mg/ml)
	3.2
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING MIXING AND LOADING
	
	
	
	
	

	Container size (l or kg)
	5
	
	
	
	

	Hand contamination/operation (ml or mg)
	0.1
	
	
	
	

	Application dose (kg formulation/ha)
	4
	
	
	
	

	Work rate (ha/day)
	1
	
	
	
	

	Number of operations per day
	0.8 (1)
	
	

	Hand contamination (ml/day or mg/day)
	0.08
	
	

	Protective clothing
	gloves
	
	
	
	

	Penetration of clothing (%)
	1
	
	
	
	

	Dermal exposure to formulation (ml/day or mg/day)
	0.0008
	
	
	
	

	
	
	
	
	
	

	EXPOSURE DURING SPRAY APPLICATION
	
	
	
	
	

	Application technique
	hand held, rotary disk atomiser : high level application

	Application volume (l spray/ha)
	1000
	
	
	
	

	Volume of surface contamination ( ml/hour)
	50
	
	
	
	

	
	
	
	
	
	

	Distribution (%)
	Hands
	Trunk
	Legs
	
	

	
	10
	65
	25
	
	

	Clothing
	gloves
	
	
	
	

	Penetration (%)
	10
	15
	20
	
	

	Dermal exposure (ml/hour)
	0.5
	4.875
	2.5
	
	

	Duration of exposure (hours)
	6
	
	
	
	

	Total dermal exposure to spray (ml/day)
	47.25
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	ABSORBED DOSE DUE TO THE MIXING/LOADING AND THE SPRAY APPLICATION

	
	
	
	
	
	

	
	Mixing/loading
	Application
	
	
	

	Dermal exposure (ml/day)
	0.0008
	47.25
	
	
	

	Concentration of a.s. (mg/ml)
	800
	3.2
	
	
	

	Dermal exposure to a.s. (mg/day)
	0.64
	151.2
	
	
	

	Percent absorbed (%)
	1
	1
	
	
	

	Absorbed dose (mg/day)
	0.0064
	1.512
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	INHALATION EXPOSURE DURING SPRAYING

	Inhalation exposure (ml/hour)
	0.01
	
	
	
	

	Duration of exposure (hour)
	6
	
	
	
	

	Concentration of a.s. (mg/ml)
	3.2
	
	
	
	

	Inhalational exposure to a.s. (mg/day)
	0.192
	
	
	
	

	Percent absorbed (%)
	100
	
	
	
	

	Absorbed dose (mg/day)
	0.192
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	PREDICTED EXPOSURE
	Total
	Dermal
	Inhalation
	
	

	Absorbed dose (mg/day)
	1.7104
	1.5184
	0.192
	
	

	Operator body weight (kg)
	60
	60
	60
	
	

	Operator exposure (mg/kg bw/day)
	0.02851
	0.025307
	0.0032
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	EXPOSURE AS A PROPORTION OF AOEL
	
	
	
	
	

	
	
	
	
	
	

	Total systemic exposure
	% of AOEL
	
	
	
	

	for a person
	
	
	
	
	

	(mg/kg bw/day)
	
	
	
	
	

	
	
	
	
	
	

	0.029
	150
	
	
	
	

	
	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	11 - Tractor mounted - air assisted - application in orchard at 2.4 kg a.s./ha - without protective equipment
	

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	2.4
	
	
	

	Area treated per day (ha)
	8
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation
	

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION
	

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.7
	
	
	

	D*A(B) (mg/person*kg a.s.)
	9.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	1.2
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.018
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR
	
	

	No protection
	
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	38.4
	
	
	

	IM
	0.1536
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	13.44
	
	
	

	DA(B)
	184.32
	
	
	

	DA(C)
	23.04
	
	
	

	IA
	0.3456
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.288721805
	
	
	

	DA(H)/Dtol
	0.101052632
	
	
	

	DA(B)/Dtol
	1.385864662
	
	
	

	DA(C)/Dtol
	0.173233083
	
	
	

	IM/Itol
	0.115488722
	
	
	

	IA/Itol
	0.259849624
	
	
	

	
	
	
	
	

	D/Dtol
	1.94887218
	
	
	

	I/Itol
	0.375338346
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	2.32
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	12 - Tractor mounted - air assisted - application in vines at 3.2 kg a.s./ha - without protective equipment



	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	8
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.7
	
	
	

	D*A(B) (mg/person*kg a.s.)
	9.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	1.2
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.018
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR 
	
	

	
	
	
	
	

	No protection


	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	51.2
	
	
	

	IM
	0.2048
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	17.92
	
	
	

	DA(B)
	245.76
	
	
	

	DA(C)
	30.72
	
	
	

	IA
	0.4608
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.384962406
	
	
	

	DA(H)/Dtol
	0.134736842
	
	
	

	DA(B)/Dtol
	1.847819549
	
	
	

	DA(C)/Dtol
	0.230977444
	
	
	

	IM/Itol
	0.153984962
	
	
	

	IA/Itol
	0.346466165
	
	
	

	
	
	
	
	

	D/Dtol
	2.598496241
	
	
	

	I/Itol
	0.500451128
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	3.10
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	13 - Vehicle mounted - hydraulic nozzles - application in strawberries at 3.2 kg a.s./ha - without protective equipment

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	20
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION
	
	
	

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.38
	
	
	

	D*A(B) (mg/person*kg a.s.)
	1.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	0.06
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.001
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR
	
	

	
	
	
	
	

	No protection
	
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	128
	
	
	

	IM
	0.512
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	24.32
	
	
	

	DA(B)
	102.4
	
	
	

	DA(C)
	3.84
	
	
	

	IA
	0.064
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.962406015
	
	
	

	DA(H)/Dtol
	0.182857143
	
	
	

	DA(B)/Dtol
	0.769924812
	
	
	

	DA(C)/Dtol
	0.02887218
	
	
	

	IM/Itol
	0.384962406
	
	
	

	IA/Itol
	0.0481203
	
	
	

	
	
	
	
	

	D/Dtol
	1.94406015
	
	
	

	I/Itol
	0.4330827
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	2.38
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	14  - hand held knapsack - application in ornamental plants and strawberries at 3.2 kg a.s./ha - without protective equipment

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	1
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION
	

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	21
	
	
	

	D*A(H) (mg/person*kg a.s.)
	10.6
	
	
	

	D*A(B) (mg/person*kg a.s.)
	25
	
	
	

	D*A(C) (mg/person*kg a.s.)
	4.8
	
	
	

	I*M (mg/person*kg a.s.)
	0.02
	
	
	

	I*A (mg/person*kg a.s.)
	0.3
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR 
	
	

	
	
	
	
	

	No protection
	
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	67.2
	
	
	

	IM
	0.064
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	33.92
	
	
	

	DA(B)
	80
	
	
	

	DA(C)
	15.36
	
	
	

	IA
	0.96
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.505263158
	
	
	

	DA(H)/Dtol
	0.255037594
	
	
	

	DA(B)/Dtol
	0.601503759
	
	
	

	DA(C)/Dtol
	0.115488722
	
	
	

	IM/Itol
	0.0481203
	
	
	

	IA/Itol
	0.721804511
	
	
	

	
	
	
	
	

	D/Dtol
	1.477293233
	
	
	

	I/Itol
	0.769924812
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	2.25
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	15 - Tractor mounted - air assisted - application in orchard at 2.4 kg a.s./ha - with gloves during mixing/loading and protective clothing during application

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	2.4
	
	
	

	Area treated per day (ha)
	8
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.7
	
	
	

	D*A(B) (mg/person*kg a.s.)
	9.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	1.2
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.018
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR
	
	

	
	
	
	
	

	1 universal protective gloves ‑ mixing (coeff = 0.01)
	0.01
	
	
	

	3 protective clothing ‑ application (coeff = 0‑0.05)
	0.05
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	0.384
	
	
	

	IM
	0.1536
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	13.44
	
	
	

	DA(B)
	9.216
	
	
	

	DA(C)
	23.04
	
	
	

	IA
	0.3456
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.0028872
	
	
	

	DA(H)/Dtol
	0.101052632
	
	
	

	DA(B)/Dtol
	0.06929323
	
	
	

	DA(C)/Dtol
	0.173233083
	
	
	

	IM/Itol
	0.115488722
	
	
	

	IA/Itol
	0.259849624
	
	
	

	
	
	
	
	

	D/Dtol
	0.346466165
	
	
	

	I/Itol
	0.375338346
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	0.72
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	16 - Tractor mounted - air assisted - application in vines at 3.2 kg a.s./ha - with gloves during mixing/loading and protective clothing during application

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	8
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.7
	
	
	

	D*A(B) (mg/person*kg a.s.)
	9.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	1.2
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.018
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR 
	
	

	
	
	
	
	

	universal protective gloves ‑ mixing (coeff = 0.01)
	0.01
	
	
	

	 protective clothing ‑ application (coeff = 0‑0.05)
	0.05
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	0.512
	
	
	

	IM
	0.2048
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	17.92
	
	
	

	DA(B)
	12.288
	
	
	

	DA(C)
	30.72
	
	
	

	IA
	0.4608
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.0038496
	
	
	

	DA(H)/Dtol
	0.134736842
	
	
	

	DA(B)/Dtol
	0.09239098
	
	
	

	DA(C)/Dtol
	0.230977444
	
	
	

	IM/Itol
	0.153984962
	
	
	

	IA/Itol
	0.346466165
	
	
	

	
	
	
	
	

	D/Dtol
	0.461954887
	
	
	

	I/Itol
	0.500451128
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	0.96
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	17 - Vehicle mounted - hydraulic nozzles - application in strawberries at 3.2 kg a.s./ha - with gloves during mixing/loading and protective clothing during application



	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	20
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	2
	
	
	

	D*A(H) (mg/person*kg a.s.)
	0.38
	
	
	

	D*A(B) (mg/person*kg a.s.)
	1.6
	
	
	

	D*A(C) (mg/person*kg a.s.)
	0.06
	
	
	

	I*M (mg/person*kg a.s.)
	0.008
	
	
	

	I*A (mg/person*kg a.s.)
	0.001
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR
	
	

	
	
	
	
	

	1 universal protective gloves ‑ mixing (coeff = 0.01)
	0.01
	
	
	

	3 protective clothing ‑ application (coeff = 0‑0.05)
	0.05
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	1.28
	
	
	

	IM
	0.512
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	24.32
	
	
	

	DA(B)
	5.12
	
	

	DA(C)
	3.84
	
	
	

	IA
	0.064
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.0096241
	
	
	

	DA(H)/Dtol
	0.182857143
	
	
	

	DA(B)/Dtol
	0.03849624
	
	
	

	DA(C)/Dtol
	0.02887218
	
	
	

	IM/Itol
	0.384962406
	
	
	

	IA/Itol
	0.0481203
	
	
	

	
	
	
	
	

	D/Dtol
	0.259849624
	
	
	

	I/Itol
	0.4330827
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	0.69
	
	
	

	
	
	
	
	


	German Model for the determination of the operator exposure.
	
	
	

	
	
	
	
	

	18 - hand held knapsack - application in ornamental plants and strawberries at 3.2 kg a.s./ha - with gloves during mixing/loading and protective clothing during application

	
	
	
	
	

	PRODUCT DATA
	
	
	
	

	Product
	THIRAM 80WG
	

	Active ingredient
	thiram
	
	
	

	Concentration of the product (g/kg)
	800
	
	
	

	Formulation type
	WG
	
	
	

	Application technique
	
	
	
	

	Use rate (kg a.s./ha)
	3.2
	
	
	

	Area treated per day (ha)
	1
	
	
	

	Absorption factor (%)
	1
	
	
	

	
	
	
	
	

	AOEL CALCULATION
	
	
	
	

	
	AOELoral
	AOELskin
	AOELinhalation

	NOAEL (mammal) (mg/kg/d)
	1.9
	1.9
	1.9
	

	Body weight (kg)
	70
	70
	70
	

	Safety factor
	100
	100
	100
	

	AOEL (human) (mg/kg/d)
	0.02
	1.90
	0.02
	

	
	Otol
	Dtol
	Itol
	

	Tolerable exposure (human) (mg/person/d)
	1.33
	133.00
	1.33
	

	
	
	
	
	

	SPECIFIC VALUES OF EXPOSURE FOR THE TYPE OF APPLICATION
	
	
	

	
	
	
	
	

	D*M(H) (mg/person*kg a.s.)
	21
	
	
	

	D*A(H) (mg/person*kg a.s.)
	10.6
	
	
	

	D*A(B) (mg/person*kg a.s.)
	25
	
	
	

	D*A(C) (mg/person*kg a.s.)
	4.8
	
	
	

	I*M (mg/person*kg a.s.)
	0.02
	
	
	

	I*A (mg/person*kg a.s.)
	0.3
	
	
	

	
	
	
	
	

	PROTECTIVE GEAR 
	
	

	
	
	
	
	

	universal protective gloves ‑ mixing (coeff = 0.01)
	0.01
	
	
	

	protective clothing ‑ application (coeff = 0‑0.05)
	0.05
	
	
	

	
	
	
	
	

	ESTIMATION OF OPERATOR EXPOSURE
	
	
	
	

	
	
	
	
	

	Mixing
	
	
	
	

	DM(H)
	0.672
	
	
	

	IM
	0.064
	
	
	

	
	
	
	
	

	Application
	
	
	
	

	DA(H)
	33.92
	
	
	

	DA(B)
	4
	
	
	

	DA(C)
	15.36
	
	
	

	IA
	0.96
	
	
	

	
	
	
	
	

	RISK ASSESSMENT
	
	
	
	

	
	
	
	
	

	DM(H)/Dtol
	0.0050526
	
	
	

	DA(H)/Dtol
	0.255037594
	
	
	

	DA(B)/Dtol
	0.03007519
	
	
	

	DA(C)/Dtol
	0.115488722
	
	
	

	IM/Itol
	0.0481203
	
	
	

	IA/Itol
	0.721804511
	
	
	

	
	
	
	
	

	D/Dtol
	0.405654135
	
	
	

	I/Itol
	0.769924812
	
	
	

	
	
	
	
	

	
	
	
	
	

	Degree of exposure (E)
	1.18
	
	
	

	
	
	
	
	


