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P y r e t h r o i d s  c o n s t i t u t e  a new g e n e r a t i o n  o f  s y n t h e t i c  
molecu les s t r u c t u r a l l y  r e l a t e d  to  n a t u r a l  p y r e t h r i n s ,  
c h a r a c t e r i z e d  by an i n t e n s e  broadspectrum i n s e c t i c i d e  
a c t i v i t y  based on t h e i r  n e u r o t o x i c i t y .  According to  
t h e i r  s u s c e p t i b i l i t y  to  a b i o t i c  f a c t o r s  i t  has been 
proposed t h a t  they be grouped in  two c a t e g o r i e s  a) 
those t h a t  were ap t  to  combat and /o r  to  c o n t r o l  a wide 
range o f  i n s e c t  pests and mi tes  t h a t  a f f e c t  crops and 
l i v e s t o c k  and, b) those t h a t  r e s u l t e d  s u i t a b l e  f o r  
household pests .  Some p y r e t h r o i d s  r e s u l t e d  e q u a l l y  
e f f e c t i v e  w h e n  a p p l i e d  both in  ou t  and i ndoor  
env i ronments  or  in  i n t e g r a t e d  pest management programs; 
t h a t  i s  the case o f  D e l t a m e t h r i n ,  a po ten t  a lpha-cyano  
d ib rom ina ted  and p h o t o s t a b l e  p y r e t h r o i d  (Leahey, 1985). 

In c o n s i d e r i n g  the adverse impact o f  a r t i f i c i a l  
b i o c i d e s  a p p l i e d  to  n a t u r a l  systems by acc iden t  or  
because o f  n a t u r a l  assoc ia ted  f a c t o r s  such as r u n o f f  or  
spray d r i f t ,  i t  i s  recogn ized t h a t  nearby su r face  
and /o r  underground f reshwate r  bodies could be 
cons idered as the f i n a l  r e c e p t o r s  o f  complex m ix tu res  
o f  chemicals made by the i n t a c t  x e n o b i o t i c s  themselves 
and by t h e i r  t r a n s f o r m a t i o n  p roduc ts .  The s i t u a t i o n  i s  
more compl ica ted  when the p i c t u r e  i s  completed w i t h  the 
r e s t  o f  the i n g r e d i e n t s  g e n e r a l l y  p resent  in  the 
commercial f o r m u l a t i o n s  i . e .  s t i c k i n g  agents ,  
e m u l s i f i e r s ,  s y n e r g i s t s ,  s o l v e n t s ,  undec lared 
chemica ls ,  e t c .  which are c o n s t i t u e n t s  o f  f o rmu la ted  
p e s t i c i d e s  making t h e i r  env i ronmen ta l  c h a r a c t e r i s t i c s  
ex t reme ly  v a r i a b l e .  

I t  was the purpose o f  t h i s  r e p o r t  to  de termine  the LC50 
of  pure D e l t a m e t h r i n  s o l u t i o n s  and to  d e s c r i b e  i t s  
e f f e c t s  on Bufo arenarum l a r v a e  a t  d i f f e r e n t  age when 
exposed to  the x e n o b i o t i c s  in  semi s t a t i c  t e s t s .  

Send r e p r i n t  requests  to  Dr. A. S a l i b i & n  a t  the above 
address.  
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MATERIALS AND METHODS. 

Mature female  B. arenarum Hensel cap tu red  in  Buenos 
A i r e s  P r o v i n c e  were used. They were kep t  i n  the 
l a b o r a t o r y  a t  room t e m p e r a t u r e  in  tap  wa te r  f o r  20-25 - 
days p r i o r  the  e x p e r i m e n t s  and fed by f o r c e  once a week 
w i t h  chopped bov ine  meat.  

The m a t e r i a l  used in  t h i s  s tudy was o b t a i n e d  by 
i n d u c i n g  the  o v u l a t i o n  by i n j e c t i o n  i n t o  the  d o r s a l  
l y m p h a t i c  sacs o f  homologous hypophys i s .  The oocy tes  
were f e r t i l i z e d  in  y i t r o ;  as the  embryos reached s tage  
I - 2  b l a s t o m e r s  the j e l l y  s t r i n g s  were t r e a t e d  b r i e f l y  
in  f r e s h l y  made 2 % t h i o g l y c h o l i c  ac id  s o l u t i o n s  in  
H o l t f r e t e r  n e u t r a l i z e d  w i t h  NaOH. Free embryos were 
then washed w i t h  H o l t f r e t e r  and accomodated in  covered 
g l a s s  P e t r i  d i shes  c o n t a i n i n g  the same s o l u t i o n .  

Once the embryon ic  deve lopment  was comp le ted ,  l a r v a e  
were t r a n s f e r r e d  t o  a r t i f i c i a l  pond wa te r  (see b e l o w ) .  
At t h i s  moment an ima ls  began t o  be fed ad l i b i t u m  w i t h  
ba lanced f i s h  food which was a v a i l a b l e  f o r  4-6 hr every  
o t h e r  day.  I n c u b a t i o n  media o f  both embryos and l a r v a e  
were renewed r e g u l a r l y  once o r  t w i c e  a day,  removing 
abnormal a n d / o r  dead a n i m a l s .  

Feeding of  t a d p o l e s  was i n t e r r u p t e d  36-48 hr p r i o r  t o  
the  b e g i n n i n g  and a long  the  e x p e r i m e n t s .  An imals  were 
accomodated in  p o l y s t y r e n e  bowls ;  they were f i l l e d  and 
covered w i t h  g l a s s  p l a t e s  in  o r d e r  to  ge t  a n e g l i g i b l e  
a i r - w a t e r  i n t e r f a c e  and to  m i n i m i z e  e v a p o r a t i o n .  
Accord ing  t o  t h e i r  s i z e  t h e r e  were 5-10 l a r v a e  per 
l i t e r .  

Three s e t s  o f  e x p e r i m e n t s  were conducted 
s i m u l t a n e o u s l y ;  two o f  them served as c o n t r o l s  a) 
an ima ls  in  pond wa te r  w i t h  n e i t h e r  i n s e c t i c i d e  nor i t s  
s o l v e n t  (n,  287) and, b) l a r v a e  w i t h  a b s o l u t e  e t h a n o l  
a t  ~ uL/L (n ,  60 ) .  The t h i r d  s e t  cor responded t o  
e x p e r i m e n t a l  an ima ls  p laced in  d i f f e r e n t  D e l t a m e t h r i n  
s o l u t i o n s .  

Exper imen ts  were per fo rmed on two groups of  an ima l s  o f  
d i f f e r e n t  f u l l y  a q u a t i c  s t a g e s ;  t a d p o l e s  o f  comparable  
body d imens ions  f o r  each group were s e l e c t e d .  The f i r s t  
group cor responded t o  658 l a r v a e  in  s tages  26-27 (12-15 
mm l e n g t h )  i m m e d i a t e l y  a f t e r  the  end o f  the  embryon ic  
deve lopment ,  c h a r a c t e r i z e d  by the b e g i n n i n g  o f  the  h ind 
l i m b  deve lopment ;  the c o n t r o l  o f  t h i s  group was 
c o n s t i t u e d  by 182 t a d p o l e s .  

The second group o f  e x p e r i m e n t s  was per formed on 421 
an ima l s  in  s tages  28-30 (20-25 mm l e n g t h )  when h ind 
l imbs  deve lopment  was comple ted and the f i r s t  f o r e  l imb  
appeared;  the  c o n t r o l  o f  t h i s  group was run on I05 
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a n i m a l s .  The s t a g e  o f  l a r v a e  was d e t e r m i n e d  f o l l o w i n g  
t h e  t a b l e  o f  E c h e v e r r l a  and F i o r i t o  de L6pez ( 1 9 8 1 ) .  

Containers without aeration were placed in a bath with 
running water. The temperature was kept constant at 20 
2 I QC through a Lauda type K2R thermostat. The experi- 
ments were conducted at 14 L/IO D photoperiod regimen. 

Observations were made at 24 hr intervals through 96 hr 
o f  e x p o s u r e .  L e t h a l i t y  was t h e  c o n s i d e r e d  e n d p o i n t .  
E v e r y  24 h r  a) t h e  number o f  dead a n i m a l s  was m o n i -  
t o r e d ,  w h i c h  were  removed f rom t h e  c o n t a i n e r s  and t h e i r  
e x t e r n a l  a s p e c t  r e g i s t e r e d ,  b) t h e  m o r p h o l o g i c a l  and 
b e h a v i o r a l  c h a r a c t e r i s t i c s  o f  t h e  a l i v e  a n i m a l s  were  
r e c o r d e d  and ,  c) a l l  s o l u t i o n s  were  r enewed .  S o l u t i o n s  
were  f r e s h l y  made i m m e d i a t e l y  b e f o r e  t h e  changes .  

The artificial pond water contained (in mM): NaCI, 1.3; 
CaCI z , 0.8; KCI, 0.I and NaC~ H, 0.2 (Alvarado and 
Johnson 1966). All reagents were of analytical grade. 
Most of the Deltamethrin was kindly provided by 
Laboratorios Farquimia, Argentina (batches 3L-1605 and 
4L-2510, 99.6-99.8 %). In a few experiments there were 
used standards provided by the USA Environmental 
Protection Agency (samples E999, F245 and X602, 99 %). 
The stock pyrethroid solution was prepared dissolving 
it in absolute ethanol and adequate dilutions were done 
in artificial pond water in order to reach the 
following concentrations (in ppb): 0.31, 0.62, 1.25, 
2.50, 3.75, 5.00, 7.50, 10.0, 12.5, 15.0 and 20.0. The 
concentration of Deltamethrin causing 50 % mortality 
(LC50) at 48, 72 and 96 hr and the 95 % confidence 
limits were estimated using a probit analysis program 
based on Finney (1971). All regressions were 
significatively lineal ('~=, p <0.05). 

RESULTS AND DISCUSSION. 

No mortality occurred throughout the experimental 96 hr 
period in either control tests or in 0.31 and 0.62 ppb 
Deltamethrin solutions. In no case 50 or higher 
percentage of mortality was registered after the first 
24 hr period. Data shown in Tables i and 2 came from 
calculations made from results obtained with the 
remaining nine insecticide solutions. 

Table I. Median lethal concentrations (LC50) for Bufo 
arenarum larvae (stages 26-27) exposed to 
aqueous solutions of Deltamethrin. 

Hr LC50 95 % c o n f i d e n c e  s l o p e  c o r r e l a t i o n  

48 11.93 9.42 - 16.39 1.69 0.957 
72 7.09 6.28 - 8.10 2.59 0.955 
96 4.37 3.72 - 5.19 1.58 0.956 
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Table  2. Median l e t h a l  c o n c e n t r a t i o n s  (LC50) f o r  Bufo 
arenarum l a r v a e  ( s tages  28-30) exposed t o  
aqueous s o l u t i o n s  o f  D e l t a m e t h r i n .  

Hr LC50 95 % c o n f i d e n c e  s l o p e  c o r r e l a t i o n  

48 1&.84 14.25 - 20.99 2.59 0.974 
72 12.04 I 0 . 5 9  - 13.98 2.90 0.942 
96 4 .50 4 .02 - 5 .00 3.31 0.919 

The e f f e c t s  o f  the  i n s e c t i c i d e  were a lways graded 
p r o p o r t i o n a l l y  a c c o r d i n g  t o  i t s  c o n c e n t r a t i o n  and t o  
i n c u b a t i o n  t ime  be ing t h B i r  behav iou r  a r e l i a b l e  
i n d i c a t o r  o f  n e u r o t o x i c i t y .  A l l  e x p e r i m e n t a l  an ima l s  
showed f o u r  c l e a r  cu t  phases in  t h e i r  responses .  At the 
b e g i n n i n g  o f  the  e x p e r i m e n t s  (phase I )  t o x i c i t y  s i g n s  
were c h a r a c t e r i z e d  by h y p e r a c t i v i t y  symptoms: i n t e n t s  
o f  escape, swimming t o  top  o f  bowls f o r  oxygen, s p i r a l  
w h i l e  swimming f a s t ,  nervous " f l i t t e r s "  when d i s t u r b e d  
and spontaneous a r r h y t h m i c  " f l i t t e r s " .  In phase I I  most 
o f  the  t a d p o l e s  lay on s i d e  o r  back, showing l a t e r a l  
curve in  t a i l  body a x i s  d e f o r m i t i e s ,  l a t e r a l  d e f l e c t i o n  
and l i n k  a t  base o f  t a i l .  In phase I I I  deformed l a r v a e  
remained m o t i o n l e s s  a t  the  bot tom of  the  bow ls ;  death  
(phase IV) was d e f i n e d  as the  l ack  o f  response t o  
mechanica l  s t i m u l i .  

The s e n s i t i v i t y  t o  D e l t a m e t h r i n  was h i g h e r  i n  younger 
t a d p o l e s  be ing the d i f f e r e n c e s  l a r g e r  a f t e r  48-72 hr o f  
exposu re .  However, the  96 hr LC50s were q u i t e  s i m i l a r  
f o r  bo th  groups o f  t a d p o l e s  and f e l l  a t  4 . 4 - 4 . 5  ppb 
which shou ld  be taken as a c l e a r  i n d i c a t i o n  o f  the  
ex t reme t o x i c i t y  o f  the i n s e c t i c i d e  f o r  B. arenarum 
l a r v a e  under  our  e x p e r i m e n t a l  c o n d i t i o n s .  Thus we 
i n f e r r e d  t h a t  the  r e a l  impac t  o f  D e l t a m e t h r i n  may be 
i m p o r t a n t  s i n c e  s u b l e t h a l  e n v i r o n m e n t a l  c o n c e n t r a t i o n s  
reached a f t e r  one s i n g l e  a p p l i c a t i o n  may render  
s u r v i v i n g  l a r v a e  w i t h  d e b i l i t a t i n g  a b n o r m a l i t i e s  
i n c a p a b l e  o f  cop ing the  e n v i r o n m e n t a l  s t r e s s  and more 
v u l n e r a b l e  t o  n a t u r a l  p r e d a t o r s  and a f f e c t i n g ,  
s e c o n d a r i l y ,  o t h e r  t r o p h i c  l e v e l s  o f  the  ecosystem. 
There i s  e x p e r i m e n t a l  ev idence  o f  the  i n s e c t i c i d e  
c o n c e n t r a t i o n  c a p a c i t y  o f  t a d p o l e s  f rom wa te r  ( H a l l  and 
Kolbe 1980).  Th is  f a c t  must be taken i n t o  c o n s i d e r a t i o n  
s i n c e  many s p e c i e s  r e g u l a r l y  prey on amphib ian l a r v a e  
and in  do ing  so they may i n g e s t  c o n s i d e r a b l e  amounts o f  
x e n o b i o t i c s .  

We must ment ion  t h a t  s e v e r a l  p h y s i c a l  f a c t o r s ,  a l s o  
p r e s e n t  i n  n a t u r a l  systems,  would a c t  s i m u l t a n e o u s l y  on 
our  e x p e r i m e n t a l  s o l u t i o n s .  Such i s  the  case o f  
p h o t o l y s i s  t h a t  cou ld  provoke r e d u c t i o n  in  the  a c t u a l  
c o n c e n t r a t i o n  o f  the  i n s e c t i c i d e  thus  a l t e r i n g  the 
c o m p o s i t i o n  o f  the  s o l u t i o n s  in  the d i r e c t i o n  o f  an 
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increasing chemical complexity; it was reported that 
photodegradation of Deltamethrin yields products whose 
mouse i.p. LDSOs were lower that the parent molecule 
(Ruzo et al. 1977). 
The other physical factor that must be considered 
concerns the adsorption of the insecticide on the walls 
of the vessels. Several authors have studied the 

physicochemical aspects of the pyrethroid adsorption- 
desorption processes on different types of materials 
(Hasan et al. 1984; Helmuth et al. 1983; Sharom and 
Solomon 1981 a, b) showing that they rely on various 
factors such as temperature, volume, agitation, surface 
of exposure, etc. We did not find information in regard 
to the adsorption of Deltamethrin on polystyrene; 
however, if it would exist in considerable extent, our 
LCSOs might be considerably lowered, thus emphasizing 
the toxicity of the insecticide. Stratton (1986) has 
shown the importance of solvent-pesticide interaction 
in bioassays. 

We did not forget that ours is an oversimplified closed 
system that yields information circumscribed to acute 
intoxication of the test species by exposure to a 
single neuroactive substance that must be cautiously 
extrapolated to natural open systems. Nevertheless, our 
data suggest that caution is required when Deltamethrin 
is used; its effects might reach at least locally and 
temporally a harmful threshold for some non-target 
components of the freshwater biota. The reported field 
evaluations of the effects of Deltamethrin (Morrill and 
Neal 1990; Muir et al. 1985; Smith and Stratton 1986) 

pointed out that a large number of factors such as 
season, procedure, frequence and doses od application, 

half life, wind speed, etc. mediate the responses. 

We consider tadpoles of B. arenarum as a sensitive 
indicator organism suitable for aquatic bioassays of 
pyrethroids. The system we used a) covers partially the 
requirements established by the FAO (1982) for the 
evaluation of plaguicides, b) it is relatively 
inexpensive, c) it allows to observe a large number of 
animals simultaneously and, d) the end point is easily 

detectable. 

F i n a l l y ,  i t  i s  n o t e w o r t h y  t o  m e n t i o n  t h a t  because  o f  
i t s  o r i g i n  t h e  p o s s i b i l i t y  o f  p r e v i o u s  c o n t a c t  o f  t h e  
a n i m a l s  w i t h  x e n o b i o t i c s  and c o n s e q u e n t l y  a p a r t i a l l y  
masked b e h a v i o u r  c o u l d  be c o n s i d e r e d  n e g l i g i b l e  e x c e p t  
f o r  t h a t  w h i c h  was i n  t h e  p r e v i o u s  h i s t o r y  o f  t h e  egg 
d o n o r  f e m a l e .  

A c k n o w l e d g m e n t s .  T h i s  work  was s u p p o r t e d  by t h e  UNLu 
and by r e s e a r c h  g r a n t s  f rom t h e  CONICET and t h e  C IC-Bs .  
A i r e s .  The a u t h o r  b e l o n g s  t o  t h e  CIC and t o  t h e  UN La 
P l a t a .  P a r t  o f  t h i s  work  was done a t  t h e  I n s t i t u t o  de 
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B i o l o g l a  de la  Reproduct iOn y D e s a r r o l l o  Embr i ona r i o ,  
UN Lomas de Zamora. Data process ing  was c a r r i e d  out  a t  
the D i v i s iOn  Sistemas and the E n g l i s h  v e r s i o n  o f  the 
manuscr ip t  was rev i sed  by the D i v i s iOn  Lenguas 
E x t r a n j e r a s ,  Depto. de Educat iOn, both o f  the UNLu. 
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