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Male and female Charles River rats, approxi- 
mately 5-weeks-old, were fed ethylenethiourea 
(ETU) for 2, 6, or 12 months a t  levels of 0, 5, 25, 
125, 250, or 500 ppm in the diet. Body weight, 
thyroid and other organ weights, thyroidal 1311 
uptake, hematology, and histology were the crite- 
ria studied. Significant decreases in body weight 
and increases in thyroid weight were seen at  the 
125-, 250-, and 500-ppm levels. Uptake of I3lI 

was significantly decreased in male rats after 12 
months at  500 ppm but was increased in females. 
After 12 months, microscopic examination of the 
thyroids revealed the development of nodular hy- 
perplasia a t  dose levels of 125 ppm and higher; 
carcinomas were found a t  dose levels of 250 and 
500 ppm. The development of thyroid carcinomas 
indicates that, under the conditions of this study, 
ETU is a carcinogen. 

Dithiocarbamates have been used as fungicides against 
a variety of pathogenic plant fungi. Smith et al. (1953) re- 
ported thyroid changes in rats fed the ethylenebisdithio- 
carbamate fungicides throughout their life span. These 
compounds are unstable and one of the degradation prod- 
ucts is ethylenethiourea (ETU). A possible degradation 
scheme for metallic derivatives of the ethylenebisdithio- 
carbamates has been suggested and is shown in Figure 1. 
Ludwig and Thorn (1958) speculated that ethylenebisdi- 
thiocarbamic acid readily forms ETU under highly alka- 
line conditions (pH 10.5). I t  is possible that the ETU ob- 
tained under these conditions is formed from ethylenethi- 
uram monosulfide by the loss of a molecule of carbon di- 
sulfide. 

Until recently, the literature had only one reference to a 
toxicological study utilizing ETU. Seifter and Ehrich 
(1948) fed ETU to weanling rats a t  0.1% of the diet (1000 
ppm) for 8 days and noted decreased growth, increased 
thyroid weight, and marked thyroid hyperplasia. 

Innes et al. (1969) revived the interest in ETU when 
they reported that this compound was tumorigenic for the 
liver; thyroids were not examined. Graham and Hansen 
(1972), in a short-term feeding study using male Osborne- 
Mendel rats, reported increases in thyroid weight, de- 
creases in 1311 uptake, and, a t  high doses (500 and 750 
ppm), thyroid hyperplasia. Ulland et al. (1972) reported a 
study in which rats were fed 350 or 175 ppm of ETU in 
their diets for 18 months, followed by a control diet for 6 
months. They concluded that ETU has an action like that 
of a number of other thio compounds which cause thyroid 
carcinomas and indirectly affect the liver. 

This report describes the effects on the thyroid glands 
of male and female Charles River rats after 2, 6, and 12 
months of ETU administration. 

MATERIALS AND METHODS 

Five groups of 68 male and 68 female Charles River 
rats, approximately 5-weeks-old, were started on ETU 
diets. Control groups were fed the basic diet of Purina 
Ground Chow, while the test groups were maintained on 
the commercial diet containing added ETU (Lot No. 4876, 
K & K Laboratories, Plainview, N. Y.) a t  levels of 5, 25, 
125, 250, or 500 ppm. The rats were individually housed 
and food and water were provided ad libitum. Body 
weights and food consumption were recorded every 7 days. 

At the end of the 2-, 6-, and 12-month feeding periods, 
ten males and ten females a t  each ETU level were given, 
intraperitoneally, 0.2 ml of physiologic saline prepared to 
contain approximately 5 pCi of 1311. The rats were fasted 
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for 24 hr. Each animal was then given a barbiturate over- 
dose and the thyroids, heart, liver, kidneys, spleen, brain, 
and testes, in the case of the males, were removed and 
weighed. The radioactivities of individually weighed thy- 
roid pairs were determined with a y well counter. Refer- 
ence standards were made a t  the time of injection and all 
counts were compared with this standard as an average of 
three successive determinations of counts per minute 
(cpm). The uptake was determined after conventional 
corrections were made for radioactive decay. 

After 3 and 11 months, blood samples were collected 
from the tail vein of ten male and ten female rats a t  each 
dietary level and hemoglobin, hematocrit, leukocyte 
counts, and leukocyte differential counts were deter- 
mined. 

After the 6- and 12-month feeding periods, tissues were 
removed from all sacrificed animals and evaluated grossly, 
and the hematoxylin-eosin-stained (H & E )  paraffin sec- 
tions of the formalin-fixed thyroids were then examined 
by light microscopy. 

All data were compiled and tested for significance by 
the two-tailed student t test. 

RESULTS AND DISCUSSION 

Body Weights. Table I shows the effect of ETU on the 
body weights of rats fed the test diets for 2, 6, and 12 
months. The body weights of males fed ETU for 2 months 
were significantly decreased from control values a t  the 
250- ( p  < 0.01) and 500-ppm ( p  < 0.001) levels; males fed 
ETU for 6 months had body weights which were decreased 
significantly at the 25- ( p  < 0.001), 250- ( p  < 0.01), and 
500-ppm ( p  < 0.001) levels. After 12 months, only the 
weights of male rats fed ETU at  500 ppm were significant- 
ly lower than the control value ( p  < 0.001). 

The body weights of female rats fed ETU for 2 months 
were significantly decreased from control values a t  the 
25-, 125-, 250-, and 500-ppm levels (Table I) ,  and after 6 
and 12 months they were significantly decreased a t  the 
125-, 250-, and 500-ppm levels. 

Organ-to-Body Weight Ratios. 2 Months. The effects 
of ETU administration for 2 months on organ-to-body 
weight ratios of rats are shown in Table 11. Liver-to-body 
weight ratios of both males and females, as compared 
with control ratios, were increased significantly a t  the 
125-, 250-, and 500-ppm levels. In males fed 500 ppm, the 
kidneys and testes ratios were significantly increased over 
control values. The greatest effect of ETU was seen in the 
thyroid gland; thyroid ratios of the male rats fed the 250- 
and 500-ppm levels and females fed the 125-, 250-, and 
500-ppm levels were significantly ( p  < 0.001) elevated 
over control values. 

6 Months. Table I11 gives the organ-to-body weight ra- 
tios of rats fed ETU for 6 months. In males, ratios for 
liver, kidneys, and testes were significantly elevated above 
those of the controls a t  the 125-, 250-, and 500-ppm levels, 
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Table I. Mean Body Weights (9) f S E  of Rats Fed ETU in the Diet 

Dietary No. No. No. 
level, of 2 months of 6 months of 12months 
ppm rats of diet rats of diet rats of diet 

Males 

0 68 4 1 9 f 5  56 6 1 7 f 1 0  45 7 0 3 f  13 
5 68 4 2 1 f 4  58 6 1 3 f 8  48 7 1 1 f 1 1  

25 68 411 f 4 57 583 f 8a 47 670 f 12 
125 68 421 f 5  58 601 f 9  46 692 f 12 
250 67 403 f 46 58 579 f 8 6  44 677 f 12 
500 68 327 f 4a 58 509 f 7a 47 604 f 15a 

Females  

0 68 270 f 3  58 371 f 6  47 4 6 6 f  11 
5 68 267 f 3  58 3 6 3 f 7  48 4 6 4 f  11 

25 68 259 f 36 58 357 f 5 46 442 f 10 
125 68 254 f 3 a  58 3 4 2 f 5 a  48 4 2 9 f l l c  
250 68 245 f 3 a  57 331 f 5a 46 408 f g a  
500 68 231 f 3a 58 326 f 5a 46 406 f 8a 

a Significantly different from control value p < 0 001 il Slgnificantly 
different from controi value p < 0 01 ' Significantly different from control 
value p < 0 05 
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Figure 1. Degradat ion s c h e m e  for metal l ic  der ivat ives of the 
ethylenebisdithiocarbamates 

as were thyroid-to-body weight ratios a t  the 250- and 500- 
ppm levels. In females, statistically significant increases 
in liver-to-body weight ratios were seen at  the 250- and 
500-ppm levels and in thyroid ratios a t  the 125-, 250-, and 
500-ppm levels. 

12 Months. The effects of ETU feeding for 12 months on 
organ-to-body weight ratios of rats are shown in Table IV. 
Thyroid-to-body weight ratios of both males and females 
fed the 125-, 250-, and 500-ppm levels were significantly 
increased as compared with control values. In females, 
liver and kidney ratios were elevated significantly over 
control values a t  both the 250- and 500-ppm levels. 

Uptake of Radioactive Iodine. The uptakes of iodine 
(expressed as cpm/mg of tissue) 24 hr postinjection are 

Table II. Mean Organ-to-Body Weight (g/kg) Ratios fSE of Charles River Rats Fed ETU for 2 Months (Ten Rats per Group) 

Dietary 
level, ppm I-iver Kidney Spleen Heart Testes Thyroida 

Males  

0 25.94 f 0.57 6.48 f 0.14 1.73 f 0.09 2.94 f 0.10 8.22 f 0.25 44.7 f 2.3 
5 26.50 f 0.54 6.62 f 0.13 1.52 f 0.07 3.13 f 0.16 7.60 f 0.15 45.4 f 3.5 

40.1 f 1.9 
125 28.50 f 0.4lC 6.72 f 0.20 1.53 f 0.11 2.83 f 0.1 1 7.47 f 0.26 55.9 f 4.9 
250 29.58 f O.3lb 6.66 f 0.16 1.51 f 0.09 2.92 f 0.10 7.79 f 0.22 93.6 f 5.gd 
500 29.53 f 0.76c 7.00 f 0.136 1.62 f 0.17 2.89 f 0.13 10.78 f 0.55d 102.9 f 8.3d 

25 26.73 f 0.55 6.54 f 0.13 1.67 f 0.09 2.85 f 0.09 7.47 f 0.236 

Females  

0 25.40 f 0.49 6.48 f 0.14 1.96 f 0.06 3.10 f 0.09 60.0 f 2.9 
5 24.93 f 0.56 6.37 f 0.13 2.01 f 0.12 2.86 f 0.08 66.8 f 3.5 

25 25.50 f 0.37 6.88 f 0.15 2.00 f 0.08 3.02 f 0.03 66.2 f 3.3 
125 27.60 f 0.07b 6.73 f 0.22 2.11 f 0.10 3.14 f 0.06 78.4 f 3.3d 
250 28.72 f 1 .27b 6.92 f 0.32 2.17 f 0.17 3.12 f 0.13 105.5 f 5.3d 
500 29.34 f 0.76d 6.91 f 0.43b 1.69 f 0.086 2.86 f 0.06 171.3 f 15.5d 

a Thyroid ratios are expressed as mg/kg. b Significantly different from controi, p < 0.05. C Significantly different from control, p < 0.01. Significantly 
different from control, p < 0.001. 

Table 1 1 1 .  Mean Organ-to-Body Weight (g/kg) Ratios f S E  of Charles River Rats Fed ETU for 6 Months (Ten Rats per Group) 

Dietary 
level, ppm Liver Kidney Spleen Heart Testes Thyroida 

Males  

0 23.30 f 0.37 5.66 f 0.10 1.35 f 0.08 2.64 iz 0.06 6.28 f 0.17 51.5 f 3.3 
5 23.61 f 0.63 5.81 f 0.23 1.32 f 0.07 2.65 f 0.11 6.27 f 0.33 45.1 f 2.4 

25 24.82 f 0.13 5.62 f 0.18 1.31 f 0.06 2.61 f 0.09 6.02 f 0.31 44.3 f 2.3 
125 29.89 f 0.966 6.52 f 0.23c 1.43 f 0.08 2.66 f 0.10 6.83 f 0.32d 61.9 f 4.1 
250 29.35 f 0.766 6.12 f 0.18d 1.44 f 0.07 2.75 f 0.06 6.88 f 0.16d 79.9 f 6.1L 
500 30.98 f 1.15b 6.22 f 0.21d 1.31 f 0.09 2.76 f 0.08 7.72 f 0.246 139.5 f 14.9O 

Females 

0 31 .OO i 0.68 6.07 f 0.20 1.83 f 0.23 2.81 f 0.09 
5 32.14 f 1.21 6.15 f 0.19 1.65 f 0.07 3.04 f 0.09 

25 28.68 f 0.8W 5.90 f 0.18 1.59 f 0.07 2.90 f 0.12 
125 31.74 f 1.41 6.11 f 0.11 1.50 f 0.07 3.00 f 0.14 
250 33.75 f 1.09d 6.40 f 0.18 1.60 f 0.1 1 3.11 f 0.12 
500 35.58 f 0.64b 6.40 f 0.27 1.57 f 0.07 3.01 f 0.12 

59.1 f 3.1 
65.9 f 4.4 
59.8 f 3.8 
72.0 f 4.6d 
93.5 f 4.1° 

174.6 f 21 .56 
a Thyroid ratios are expressed as mg/kg. Significantly different from control, p < 0.001, significantly different from controi. p < 0.01. Significantly 

different from control, R < 0.05. 
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Table IV.  Mean Organ Weight-to-Body Weight (g/kg) Ratios f SE of Charles River Rats Fed ETU for 12 Months (Ten Rats per Group) 

2 5  1 2 '  JqFLy 250 500 T sl%k 5 2 5  I25 230 3 - q  0- 

1 P < . 05  .. P < .01 

I . .  P < ,001 
x x  
500 

~ 

~~ 

Dietary 
level. o m  Liver Kidney W e e n  Heart Testes Thy ro I da 

~ ~~ ~~ ~ 

Males 

2.42 f 0.09 5.56 f 0.20 0 26.96 f 1.22 5.52 f 0.27 1.55 f 0.07 
5 25.38 f 0.69 5.24 f 0.15 1.57 f 0.07 2.56 f 0.08 5.99 f 0.21 

25 24.89 f 1.09 5.57 f 0.21 1.65 f 0.05 2.44 f 0.07 5.80 f 0.28 
31.13 f 1.246 5.77 f 0.22 1.50 f 0.10 2.47 f 0.10 5.76 f 0.29 125 

250 27.88 f 1.36 5.73 f 0.31 1.60 f 0.14 2.42 f 0.16 5.76 f 0.18 
500 28.32 f 1.21 5.40 f 0.20 1.22 f 0.09c 2.32 f 0.1 1 6.23 f 0.26 

Females 

0 25.73 f 1.55 5.29 f 0.22 1.60 f 0.09 2.66 f 0.13 
5 22.68 f 0.76b 5.32 f 0.27 1.85 f 0.19 2.65 f 0.13 

25 24.07 f 0.82 5.52 f 0.26 1.37 f 0.06 2.57 f 0.09 
125 26.97 f 1.21 5.53 f 0.25 1.68 f 0.1 1 2.60 f 0.1 1 
25od 29.78 f 1.42* 6.21 f 0.306 1.50 f 0.08 3.08 f 0.156 
500 30.64 f 1.676 6.24 f 0.2a6 1.61 f 0.10 2.77 f 0.07 

a Thyroid ratios are expressed as mg/kg. b Significantly different from control, p < 0.05. C Significantly different from control 
e Significantly different from control, p < 0.001, 

44.3 f 2.0 
43.9 f 3.3 
48.8 f 2.9 
52.9 f 3.5b 
87.7 f 13.2C 

779.0 f 231 .46 

57.3 f 3.5 
56.4 f 3.3 
56.8 f 3.3 
68.6 f 4.1b 
97.7 f 8.W 

271.5 f 85.7b 
p < 0.01, d Nine rats. 
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Figure 3. The uptake of I by the thyroids (expressed as percent change in cpm/mg of tissue) of female rats. 

shown in Figures 2 and 3. The histograms show the per- 
cent change from control values. 

Male rats fed the ETU diet at  the 5- ,  25-, and 125-ppm 
levels for 2 months had statistically significant increases 

in 1311 uptake; the values were 45, 57, and 56% higher, re- 
spectively, than control values (Figure 2). There were no 
significant differences in the uptake at  any level in the 
males that were fed ETU for 6 months; all uptakes except 
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those a t  the 500-ppm level were slightly increased over the 
control value. After 12 months, the uptake was increased 
in male rats fed the 25-, 125-, or 250-ppm diets. At 500 
nom. however. the untake was decreased to a value which 
Gas 67% lowerthan that of the controls. - -. . .. ."I1 nutake in the thyroids of fe- 

6, or 12 months. 
rliffnrnnroa in tho 

Figure 3 represents tne 
male rats fed ETU in theii 
There were no statistically 
uptake a t  any level in fi 
months. However, female ri 
increase in uptake at  the 
creases a t  the 125-, 250-, 
creased values were 40, 23 
than control values. The o 
versed from those seen at  . ~~ ~~~ . ~ . .  

c diets for 2, 
significant _.._l__..__l ._. __._ 

?males which were fed for 2 
ats a t  6 months had an initial 
5-ppm level and gradual de- 
and 500-ppm levels; the de- 
, and 66% lower, respectively, 
ptakes at  12 months were re- 
5 months; they were increased 

a t  the 125-, 250-, and 5UU-ppm levels to values which were 
107, 134, and 107% of the control value, respectively. 

Hematology. No effects were observed on hemoglobins, 
hematocrits, leukocyte counts, and leukocyte differential 
counts of male and female rats fed ETU after 3 and 11 

4 5 
Figure 4. I I IUSI~BI IO~ OT m e  exienr OT rnyroio enlargement. 

n 1, squamous and 
n, ileum, colon, g 

LA,, lllyll ".,, y..l.ll __ ....." cle exhibited no 
changes which were attrihuted to ETU ingestion. Thyroid 
hyperplasia, adenomas, and low-grade carcinomas that 
were found in rats fed ETU for 6 months were attrihuted 

months. 
Histoloeic Examination of H & E-Stained Tissues 

from R a t s F e d  Ethylenethiourea for 6 and 12 Months. 6 
Months. After 6 months, the thyroids from five male and 
five female control animals were compared with those 
from five males and five females fed ETU a t  500 ppm. 
Among the male controls there was slight hyperplasia in 
the thyroid of one rat  and a small keratin cyst or granulo- 
ma with squamous metaplasia in another thyroid. The 
four parathyroids present were essentially normal histo- 
logically. In the female controls, which consisted of the thy- 
roids plus sections of five parathyroids, all tissues were 

to the treatment. 
12 Months. In the examination of tissues from rats fed 

ETU for 12 months, the most striking effects were oh- 
served in the thyroid. A number of morphologic deviations 
were evident a t  all concentrations of ETU; these alter- 
ations are summarized in Table V. 

The vascularity of the thyroid was increased at  all test 
levels in both male and female rats. Nodular hyperplasia 
developed in males a t  125 ppm and carcinomas were evi- 
dent a t  250 ppm. At  the 500-ppm level, carcinomas were 
found in 71% of the male rats. In females, the parafollicu- 
lar capillaries and the papillation of acinar epithelium 
were evident a t  5 ppm and appeared especially F 
at  500 ppm. At the 500-ppm level, carcinomas w 
in42% of the female rats. 

Figure 4 indicates the extent of thyroid enlargement. 
The thyroid on the far right is a typical control. A thyroid 
the size of the one on the far left would he equivalent to a 
6-Ib thyroid in man, In most sections, the trachea and 
esophams could be seen: as the thyroid enlarged, the tra- 
chea 

Fig 
powe 

normal. 
The thyroids of males fed the 500-ppm level were all 

hyperplastic; eight or more adenomatous nodule$ were 
present among the thyroid sections, with no thyroid show- 
ing more than three such nodules. In one thyroid, there 

n " . . . . . . . . . . . . . 1 irominent 
ere found 

were three areas of solid thyroid-derived cells which ea 
he considered carcinoma. The four parathyroid sectior 
present were essentially normal. 

Female rats fed ETU a t  500 ppm also had hyperplast: 
thyroids: two of these had low-grade carcinomas. Anotht 

IS 

two others had adenomatous foci; the parathyroids were 
normal. 

Sections of brain, Harderiau gland, eye with retina and 
iris, extra-orbital lacrimal gland, salivary gland, salivary 
lymph node, heart, lung, liver, kidney, urinary bladder, 

was constricted. 
{ure 5 is a section of a normal thyroid under low 
r (25X), showing the variation in follicular size and 

Table V. Incidence 01 Histologic Changes Within the Thyroids of Ma ,le and Fe male Rats Fed ETU in t h e  Diet for 12 Months 

Hvoeroiasia 

apillal 
,f aCiP 
,itheli - 

ion Diffuse Diffuse and 
mr (micro- Nodular nodular Adeno- 
urn follicular) (adenoma) (adenoma) carcinoma 

DOSe Animals Mean weight. Pi 
IbYPl oer m o l i n n o  Increased o 

vascularity e! 

DOSe Animals Mean weight. Pi 
ieyei. per mg/lOOg Increased 0 
ppm group body weight vascularity e! 

u lales 

0 13 4.6 4 
5 11 4.6 10 

0 
0 

0 
0 
0 
0 
3 

10 

25 11 5.1 10 
125 11 5.5 10 

1 
5 
8 

12 

male 

0 

250 13 9.0 10 
500 13 80.0 10 

Fe' S 

0 9 6.0 1 
5 10 6.0 10 

25 10 5.9 9 
2 
0 

125 11 7.2 10 
250 10 10.0 10 

2 
7 0 

0 500 12 27.1 10 11 
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Figure 
months Figure 11. Acinar formation in the tumor nearest the bronchus 

(125X). 

ET" LEYELE lPPrn, 

12. incidence of thyroid tumors in rats fed ETU for 12  

Figure 12 summarizes the incidence of benign and ma- 
lignant thyroid tumors in rats fed ETU in their diets for 
12 months. The dose levels are plotted on a semilogarithmic 
scale which shows the closer proximity of the three higher 
levels. The broken line indicates that 20 animals were sacri- 
ficed after 1 year on the experiment; the animals indicated 
above this line are those that died during this period and in 
which the tissues were examined. At  the 125-ppm level, 
there was a 14% incidence of benign tumors. This inci- 
dence was doubled a t  the 250-ppm level and the incidence 
of malignant tumors was 13%. At  the 500-ppm level, the 
incidence of benign tumors was 32% and that of malig- 
nant tumors increased to 60%. These values reflect the 
combined data from male and female rats. 

The data show that ETU causes statistically significant 
decreases in body weight and increases in thyroid-to-body 
weight ratios in male and female Charles River rats ex- 
posed to levels of 250 and 500 ppm in their diets. 131I up- 
take, expressed as cpm/mg of tissue, was significantly de- 
creased in male rats fed 500 ppm of ETU in their diet for 
12 months. Females fed the three highest dose levels had 
hypofunctioning thyroids a t  6 months, but a t  12 months 
the uptake was increased. 

Increased vascularity and hyperplasia give some indica- 
tion of an overactive thyroid gland; these effects were seen 
even a t  5 ppm. All thyroids exhibited a series of changes 
which included diffuse microfollicular hyperplasia, diffuse 
and nodular hyperplasia, nodular hyperplasia with papil- 
lary and cystic deviations, and finally the development of 
adenocarcinoma. It  is possible that ETU initially reduces 
thyroid activity after which compensation occurs by an 
increased release of TSH and that this increase in TSH 
stimulated thyroid weight in an attempt to overcome the 
blocking effect of ETU. At  the 500-ppm dose level, the 
pituitary was moderately hyperplastic. Sharp elevations 

in the weight of the thyroid appeared to he more closely 
associated with the development of malignant tumors 
which tended to he large rather than with tumors of a be- 
nign histological pattern (nodular hyperplasia or adeno- 
ma). 

The development of thyroid carcinomas indicates that  
ETU is a carcinogen. 

ACKNOWLEDGMENT 
The authors are indebted to Alberta E. Blair for editori- 

al assistance in the preparation of the manuscript and to 
Donald A. Willigan for the histologic evaluation of the 
12-month rat tissues. We are also indebted to Howard L. 
Richardson for his excellent histologic photography and to 
Tommie Watkins and Randolph Jackson for their techni- 
cal assistance. 
LITERATURE CITED 
Graham, S. L., Hansen, W. H., Bull. Enuiron. Contam. Tol-ieol. 
7 19114771 .,_i j _ l  ._,. 

Innes, J. R. M., Ulland, B. M., Valerio, M. G. ,  Petrueelli, L., 
Hart, E. R., Pallotta, A. J., Bates, R. R., Falk, H. L., G a t ,  J. 
J., Klein, M., Mitchell, I. ,  Peters, J . ,  J.  Not. Cancer Inst. 42, 
i i n i  i i u m  .... ~ 

Ludwig, R. A., Thorn, G. D., Can. J.  Bot. 36 (1958). 
Seifter, J., Ehrich, W. J., J.  Pharmacol. Ezp. Tker. 92, 303 

(1948). 
Smith, R. B., Finnegan, J.  K., Larsan, P. S., Sahyoun, P. F., 

Dreyfuss, M. L., Hagg, H. B., J. Phormacol. Exp. Ther. 109, 
159(1953). 

Ulland, B. M., Weisburger, J. H., Weisburger, E. K., Rice, J. M., 
Cypher, R., J .  Nat. Conwrnst .  49,583 (1972). 

Received for review December 12, 1912. Accepted March 2, 1913. 
Portions of this paper were presented at the Symposium on Ori- 
gin and Fate of Ethylenethiourea Fungicides, 164th National 
Meeting of the American Chemical Society, New York, N. Y., 
August 1972. 

J. Agr. Food Chem., Vol. 21, No. 3, 1973 329 


