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SUMMARY 

The t o x i c i t y  of  e t h y l e n e b i s d i t h i o c a r b a m a t e  (maneb), a w ide ly  
used  a g r i c u l t u r a l  f u n g i c i d e � 8 7  t o  the  a d u l t  newt ( T r i t u r u s  c r i s t a t u s  
c a r n i f e x )  was e v a ] u a t e d  a f t e r  pe r eu t aneous  exposure .  Haneb was 
l e t h a l  to  a i l  the  an ima l s  a t  t he  50 ppm l e v e l  w i t h i n  f i f t e e n  days .  
Ma]e new~ seem t o b e  l e s s  r e s i s t a n t  to  the  t o x i c a n t  than  f ema le s .  
At c o n c e n t r a t i o n s  as  low as  25 ppm a l l  males  d i e d  w i t h i n  25 days�87 
whereas some of  t he  females  were s t i ] ]  a l i v e  a f t e r  5 months. Mi- 
c r o s c o p i c  examina t ion  showed t h a t  the  sk in  and the  k idney  were 
t he  most s e v e r e l y  a f f e c t e d  o rgans .  I t  has been h y p o t h e s i z e d  t h a t  
an o smoregu]a to ry  b r e a k d o ~ l  and an impai rment  of  cu taneous  r e s p i -  
r a t o r y  exchanges p l a y  a r o l e  i n  t he  dea th  of  t he  a n i m a l s .  Rena] 
f a i l u r e  must a ] s o  be taken  i n t o  accoun t .  However, a d d i t i o n a l  me- 
chanisms can no t  be r u l e d  out a t  p r e s e n t .  

INTRODUCTION 

The me ta l  d e r i v a t i v e s  of  t he  e t h y l e n e b i s d i t h i o c a r b a m a t e s  a r e  
used  e x t e n s i v e l y  as  f u n g i c i d e s  i n  a g r i c u l t u r e .  In  I t a l y  about  41 
m i l l i o n  k i l o s  of  d i t h i o c a r b a m a t e s  were s o l d  f o r  a g r i c u ] t u r a l  use  
i n  1974 ( B o l l e t t i n o  H e n s i l e  d i  S t a t i s t i c a ,  1976~ T h e r e f o r e  the  
p r e s e n c e  of  t h e s e  chemica l s  i n  wa te r  cou r se s  and f l o o d e d  s o i l s  
may be a h a z a r d  t o  t he  h e a l t h  of  a q u a t i c  a n i m a l s .  

The da t a  on the  chemical  and t o x i c o l o g i c a ]  p r o p e r t i e s ,  use  
p a t t e r n s  and r e s i d u e s  of  d i t h i o c a r b a m a t e  f u n g i c i d e s  have been 
rev iewed  by FISHBEIN (1976).  However, l i t t l e  i n f o r m a t i o n  i s  
a v a i l a b l e  concern ing  the  t o x i c i t y  of  t h e s e  compounds i n  a q u a t i c  
v e r t e b r a t e s .  

Data on the  a c u t e  t o x i c i t y  of  manganese e t h y l e n e b i s d i t h i o c a r -  
bamate (maneb) i n  the  a d u l t  newt ( T r i t u r u s  c r i s t a t u s )  were o b t a i n -  
ed as  a p r e l i m i n a r y  to  a r e s e a r c h  program on the  a s s e s s m e n t  of  
t he  c a r c i n o g e n i c  and t e r a t o g e n i c  r i s k  of  t h i s  chemica l  i n  the  same 
s p e c i e s  and a r e  p r e s e n t e d  i n  t h i s  r e p o r t .  
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MATERIALS AND METHODS 

Adul t  newts ( T r i t u r u s  c r i s t a t u s  c a r n i f e x )  were c o l l e c t e d  from 
i r r i g a t i o n  s t reams  nea r  P e r u g i a  and m a i n t a i n e d  i n  running  wate r  
(14-16~ f o r  two months p r i o r  to  e x p e r i m e n t a t i o n .  

Hanganese e t h y l e n e b i s d i t h i o c a r b a m a t e  of t e c h n i c a l  g r a d e ,  wi th  
an a c t i v e  component of  80~~ (maneb 80) was used  (o ) .  The an imals  
were exposed t o  t he  t o x i c a n t  p e r c u t a n e o u s l y .  

The r e s u l t s  of  p r e l i m i n a r y  t r i a l s  i n d i c a t e d  t h a t  maneb 80 was 
l e t h a l  a t a  c o n c e n t r a t i o n  of  100 p a r t s  pe r  m i l l i o n  (ppm) to  a l l  
an ima l s  w i t h i n  26 hours .  T h e r e f o r e  the  f o l l o w i n g  l e v e ] s  of  maneb 
were t e s t e d :  O�87 25, 50, 75, 100 and 125 ppm. 

For  each c o n c e n t r a t i o n  t e s t e d ,  twe lve  newts ( s i x  males  and s i x  
f ema les )  were used .  The an ima i s  were d i s t r i b u t e d  as e q u a l l y  as  
p o s s i b l e  wi th  r e g a r d  to  t h e i r  body s i z e :  in  each group the  median 
l e n g t h  was 7 .4  cm f o r  males  (7 .2  - 7 .5  cm) and 7.8 cm f o r  females  
(7.6 - 8 . 0  cm); t he  median we igh t s  were about  8 g and 12 g,  
r e s p e c t i v e l y .  

Expe r imen t a l  and c o n t r o l  g roups ,  each of  s i x  animals �87  were kep t  
in  g l a s s  bowls c o n t a i n i n g  a p p r o x i m a t e ] $  500 ml of  t a p  wa te r  (18 ~ 
C ~ 2 ) .  Water  ha rdnes s  (300 m g / l i t e r  as CaCO 3 a t  18oc) and pli 
were de t e rmined  on ly  a t  t he  i n i t i a t i o n  of  t he  t e s t .  The pH was 
7 .4 .  Water  and t e s t  s o l u t i o n s  were renewed every  24 hours  ( a t  
fO a . m . ) .  During the  course  of  t he  exper iment  the  new~s were 
no t  fed .  

A r e p l i c a t e  exper iment  was s e t  up t h r e e  months a f t e r  the  
f i r s t � 8 7  t e s t i n g  on]y the  c o n c e n t r a t i o n s  of  100 and 125 ppm. In  
t h i s  second exper imen t  median l e n g t h  was 7.1 cm f o r  t he  males  
(median weight  6 .5  g) and 7 .5  cm f o r  the  f ema le s  (median weight  

8.5 g). 

H o r t a l i t i e s  were r e c o r d e d  every  hour  the  f i r s t  15 hours ,  then  
a t  i n t e r v a l s  of  9 and 15 h r s  th rough  the  second day and a t  d a i l y  
i n t e r v a l s  t h e r e a f t e r  f o r  a t o t a l  p e r i o d  of  r i v e  months. For  each 
c o n c e n t r a t i o n  t e s t e d  the  LTso v a l u e s  ( ] e t h a ]  r ime f o r  5oE of  the  
i n d i v i d u a l s )  wi th  95~ con f idence  l i m i t s  were c a l c u l a t e d  from the  
cumu]a t ive  m o r t a ] i t y  da ta  by the  method of  LITCTWIELD (1949).  

Gross and microscopic pathological examination were made on 
ail animals dying during the course of the experiment and on the 

control anima]s, which were kil]ed at the end of the test(males 
after 25 days and females after 5 months). The tissues examined 
included skin, skeletal muscle, liver, spleen�87 heart, stomach, 

(o) Haneb 80 was kindly supplied by SIPCAM, Milano. 
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i n t e s t i n e ,  p a n c r e a s ,  gonads ,  k i d n e y s ,  eye,  b r a i n  and s p i n a l  cord.  

The t h y r o i d  was examined on]y in  t he  c o n t r o ] s  and i n  t he  fema]es  
exposed to  25 ppm. T i s s u e s  were f i x e d  in  B o u i n ' s  f l u i d  and p a -  
r a f f i n  s e c t i o n s  were s t a i n e d  wi th  Maye r ' s  haema]um and eos in .  

RESULTS AND DISCUSSION 

T o x i c i t ~  S t u d i e s  

The LTso v a l u e s  a f t e r  exposure  of  t he  newts to  d i f f e r e n t  
c o n c e n t r a t i o n s  of  maneb a r e  p r e s e n t e d  in  Table  1 and in  F i g u r e  1. 

Death a f t e r  the  f i r s t  exposure  to  the  t h r e e  h i g h e s t  c o n c e n t r a t -  
i ons  t e s t e d  in  most i n s t a n c e s  o c c u r r e d  w i t h i n  7 to  33 hours .  

In the  f i r s t  exper iment  t h e r e  was no c l e a r  r e l a t i o n s h i p  between 
the  LTSO v a l u e s  and the  c o n c e n t r a t i o n  t e s t e d  above the  ] e v e ]  of  50 
ppm. This  f i n d i n g  may be due to  t he  d i f f e r e n t  i n d i v i d u a ]  s~~scep- 
t i b i l i t y .  In t he  second expe r imen t ,  c a r r i e d  out  a f t e r  t h r e e  months,  
t he  r e s u l t s  were l e s s  d i v e r g e n t  from a d o s e - r e s p o n s e  e f f e c t .  

TABLE 1 

LT50 v a l u e s  f o r  newts (T r i t uml s  c r i s t a t u s )  a f t e r  pe r c u t a ne ous  
exposure  to  maneb 80 

maneb 80 
LTso ( h r s )  (95~ con f idence  ] i m i t s )  

Hale  Fema]e 

125 8 .4  (7 .6  - 9 .2 )  28.5 

125 (o) 8.8 (8 .3  - 9 .3 )  16.0 

IOO 28.0 (16.0  - 49 .0)  19.5 

100 (oo) 11.0 (8 .9  - 13 .5)  16.0 

75 19.o (7 .0  - 51.3)  25.5 

5o 76 .o  (57.6  - 1oo.3)  168.o 

25 255.0 (147.4 - 441.1)  (oo) 

(16.4  - 49 .6)  

(7 .6  - 33.8)  

(9 .5  - 40 .2)  

(9 .2  - 27.7)  

( 1 1 . 6 -  55.8)  

( 8 5 . 7  - 329.3)  

(o) Second exper iment .  
(oo) Some female  newts were s t i l ]  a l i v e  a f t e r  5 months. 
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Female neufs seem te be ]ess susceptible than the ma]es to the 

toxicant. Comparison of the mortality data showed a significant 

sex difference at concentration levels of 125 and 50 ppm. Maneb 

was letha] to a]l the males at the 50 ppm ]evel within rive days 
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Figure I. The toxicity of manganese ethylenebisdithiocarbamate 

(maneb) to thš adult newt. 

M a l e s .  Y = 5 .202X - 1 " 9 9 ,  r = - 0 . 9 6 1  

F e m a l e s .  Y = 5 .493X - 2 " 0 3 ,  r = - 0 . 8 1 9  

R e g r e s s i o n  d o e s  n o t  i n c l u d e  25 ppm, s i n c e  

two � 8  w e r e  s t i ] l  a l i v e  a f t e r  t h r e e  m o n t h s .  
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and to al] the females within fifteen days. At the concentration 

of 25 ppm, all the male newts died within 25 days, whereas in the 

fema]e group the first death occurred only after 58 days. Two 

females were sti]] alive after rive months and were killed. 

The observed sex differences in susceptibi•ity may partly be 

due to the greater body size of the fema]es. In fact, in the first 

experiment a linear relationship was found between mortality and 

]ength of the animals, as ca]culated by regression analysis of the 

who]e sample. Moreover, the susceptibility is sex related because 

a striking sex difference was observed in the anima]s exposed to 

25 ppm. 

No m o r t a l i t y  occur red  in  c o n t r o l  animals  t e s t e d  under i d e n t i c a l  
conditions. 

PathQlo~ica~ E f f e c t s  

Upon g ross  examination the animais exposed to  maneb appeared 
t o b e  s l ~ g h t ] y  edematous. The s e c t i o n s  of  skin  o f t en  r evea led  a 
d ramat ic  i n c r e a s e  in  the serous  s e c r e t o r y  m a t e r i a ]  which accumu]a t -  
ed between the dermis and epidermis and, evenmore f r e q u e n t l y ,  under 
the  s u p e r f i c i a l  horny l a y e r  (Fig. 2).  

H i s t o p a t h o l o g i c a l  examinat ion of  the  kidneys r evea ]ed  v a r i a b l e  
degrees  of  a l t e r a t i o n s  in  most of  the animals exposed to  maneb. 
The e a r l y  s igns  of the maneb ] e s i o n s  were seen a t  the g lomeru]ar  
l e v e l  a f t e r  only  ten  hours .  P ro t e inaceous  m a t e r i a l  was p re sen t  
wi th in  Bowman's space and the  t u b u l a r  lumen: the presence  of  red 
c e ] l s ,  ] eukocy tes  and shed c e l l s  i s  a l s o  i n d i c a t i v e  of  severe  
g lomeru la r  l e s i o n s .  In  p a r t  of  the animals  which died  a f t e r  two 
or more days t u b u l a r  degene ra t ion  and f o c a l  a reas  of  n e c r o s i s ,  with 
p y c n o t i c  n u c l e i  and ka ryo r rhex i s  were observed.  Most of  the pa tho -  
l o g i c  changes were round in  the proximal convo]uted t r a c t  (Fig.  3)o 
However, t h e r e  was no apparen t  r e l a t i o n s h i p  between the s e v e r i t y  
of  the t u b u l a r  changes and the c o n c e n t r a t i o n  of  the  tox ican to  This 
d i s c r epancy  may be due to the e a r l i e r  deaths  of  newts exposed to  
the h ighes t  l e v e l s  of  maneb, when the  l e s i o n s  could not  be seen 
by l i g h t  microscopy.  

Impairment of  kidney f u n c t i o n  has a l s o  been r e p o r t e d  in  dogs 
t r e a t e d  with maneb (CIAYTON, quoted in  "Eva]ua t ion  of  the T o x i c i t y  
of  P e s t i c i d e  Residues in  Food", 1965) and in  r a t s  t r e a t e d  with 
o the r  d i t h ioca rbama te s  (BLAC~gELL S~ffTH et  a l . ,  1953). 

In  the  l i v e r s  of  some newts exposed to  maneb vacuo la r  d e g e n e r a t -  
ion of  the  hepa tocy t e s  was observed.  More f r e q u e n t l y ,  t he re  was a 
s l i g h t  to  marked s inuso id  conges t ion ,  sometimes with a s s o c i a t e d  
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Fig. 2. Skin from newts treated with maneb (100 ppm), H&E. 
(a) Serous secretion (arrow) between epidermis and dermis 
after 24 hrs, x 50. 
(b) Serous secretion with scattered glandular cell nuclei 
under the superficial horny layer after 31 hrs. Note 
emptying of a serous gland (arrow), x 40~ 

Fig.  3. Kidneys from newts t r e a t e d  wi th  maneb, H&E. 
(a) 100 ppm: g l o m e r u l a r  l e s i o n s  a f t e r  24 h r s ,  x 50. 
(b) 50 ppm: focal tubular necrosis after 46 hrs,x 120. 
(c) 25 ppm: tubular cells showing karyorrhexis after 
19 days, x 220. 
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hemorrhage. 

Varying degrees  of  vascu•ar conges t ion  were a l s o  p r e s e n t  in  
o t h e r  organs ,  such as the sp leen ,  lung,  ad ipose  t i s s u e  and b ra in .  

Inflammatory cells were present in the cavity and in the wall 

of the ]ung in sixteen per cent of the animals exposed to 50-125 
ppm. 

Occasionally, other histopathological abnormalities were seen. 
Thrombi with inflammatory invasion were present in some large 
vesse]s and in the heart cavity. Marked hydrocephalous, with 
enlargement of all the ventricles and thinned brain walls, was 

observed in two newts, one exposed fo i00 ppm and dead after 49 
hrs and the other exposed to 25 ppm and dead after 19 days. No 
nervous tissue degenerative changes as reported in sodium diethyl- 
dithiocarbamate-treated rabbits (EDINGTON et al., 1966)were observed. 

Thyroid hyperplasia was round in three female newts dead or kil]ed 

after about rive months. 

I t  i s  notewor thy  t h a t  a l though  a d i f f e r e n c e  in  LTso was observed 
between female and male newts,  the p a t h o ] o g i c a l  p i c t u r e s  were the  
same in  both  sexes.  

From these findings, one can specu]ate that the mechanism of 
the lethal effects of maneb is related to an impairment of the 
osmoregulatory or the respiratory function of the skin or both. 
In turn, the damage to the skin could increase the absorption rate 
of the toxicant. Renal fai]ure must also be taken into account. 
However, additional mechanisms can hot be ruled out at present. 
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