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Op t imum climatic condit ions and very varied ichthic f auna  provide 
bright  prospects  for the development of fish farming in Venezuela, 
where projects are current ly under  way in several regions of the 
country.  In the bas in  of the Lim6n River, Zulia region, tes ts  are being 
carried out  with native species: herbivores: Hypostomus watwata 
/common name: Armadillo; Pisces LoricaHidae], Prochilodus reO'culatus 
/Bocachico; Prochilodontidae), Potamorhina laticeps /Manamana;  
Cuzimatidae], Schizodon cord /Coti; Anostomidae}; omnivores:  
Mylossoma acanthogaster /Phmpano de rio; Characldae), Petenia 
kraussi i  /Viejita; Cichlidae], Pimelodus clanas /Bagre pintado;  
t~'melodidaeJ; carnivores:  Hoplias malabar~cus /Guabina; ErythHnidaeJ. 
Two other species, Colossoma macropomum ~ a c h a m a ;  
Serrasalmidae], Colossoma brachypomus /Caehama, Serrasalmidae], 
have been brought  in from the Venezuelan Llanos (Plains Region): as 
well as a hybrid obtained from Colossoma macropomum x Colossoma 
brachypomus. 

Unfortunately,  there are intense agricultural  and  catt le-farming 
activities in the Lim6n River basin,  involving the use of pesticides, 
organochlorine compounds  (OC) among them. This has  led to the 
con tamina t ion  of the water  in the bas in  and, consequently,  tha t  of the 
ponds  in which the fish are bred. Studies of the physical-chemical  
quali ty of the water  and sediment  in the ponds indicated the presence 
of: ~t-BHC, y-BHC, heptachlor,  13-BHC, aldrin, endosulfan,  DDE, 
dieldrin, TDE, endrin, DDT and methoxychlor  (Urdaneta, 1989). These 
results ,  together with the detection of skeletal abnormali t ies,  liver 
necrosis,  kidney necrosis and benign and mal ignant  tumors  in the fish 
species being farmed (Urdaneta et al, 1987; Urdaneta,  Quifiones, 1989; 
Aguilera, Urdaneta,  1992), have established the need for the present  
contr ibution.  

MATERIALS AND METHODS 

The fish-farming lagoons are located on the nor th-eas t  coast  of the 
Lake Maracaibo Basin, specifically, in the Municipality of P&ez, State of 
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Zulia, Venezuela.  The feedwater  comes from the Lim6n River, which  
rises at  the conf luence of the Guasa re  and Socuy Rivers. The fish 
samples  were caugh t  at  random,  every three  months ,  be tween  
J a n u a r y ,  1991 and July ,  1992, from ponds  chosen  at  r andom from a 
total of six. Ten fish were caught  during each round  of sampling.  Each  
spec imen  was measured ,  weighed and  identified. Each  was then  filleted 
(parietal muscles) ,  wrapped in a l u m i n u m  foil and s tored at  -20~ unti l  
analyzed not  more  t han  48 hours  later. 5-10g of each  sample  was 
weighed out  and  ext rac t ion  and c lean-up applied (BOther, 1990). 
Quali tat ive and quant i ta t ive  analysis  was done with e lec t ron-cap ture  
gas  chromatography ,  using a Varian 3400 gas ch roma tog raph  with an  
e lect ron cap tu re  detec tor  and  a Varian 4270 integrator .  Op t imum 
condi t ions  for analysis  were: Injection volume, lpl;  operat ing 
t empera tu res :  injection block, 220~ detector:  250~ column:  
p rog rammed  at  200~ for 16 min and 210~ for 11 min; carr ier  gas was 
5% a rgon-methane ,  at  a p ressure  of 52psi and  a flow ra te  of 32 
ml /min ;  glass column: 2m long and 1,4" wide, with Chromosorb  Q of 
80-100 me s h  coating, OV-17 at  2% and 1.95% of QF-1; t ime of 
analysis:  28 rnin.; detect ion limit of method:  0.001 ng.g -1. 

All the solvents  used in the analysis  were pest icide grade, with no 
interfering residues.  All g lassware  was washed  with n -hexane  before 
use. A s t anda rd  solut ion of 11 OCs was p repared  (a, 7, 13-BHC, 
heptachlor ,  aldrin, endosulfan,  DDE, endrin,  TDE, DDT and 
methoxychlor) .  In order  to de termine  re ten t ion  times, the  following 
recovery percen tages  were obta ined for each  OC: a-BHC, 97.8%; 
y-BHC, 89.2%; I3-BHC, 92.8%; heptachlor ,  96.5%; aldrin, 98.1%; 
endosu l fan  89.3%; DDE, 87.5%; endrin,  87.6%; TDE, 89.7%; DDT, 
93.7%; methoxychlor ,  98.7%. OC values were analyzed using the 
a r i thmet ic  m e a n  (X).  

RESULTS AND DISCUSSION 

During the sampling period, 210 fish were caught ,  70 from each  pond. 
Most a b u n d a n t  were Co]ossoma (hybrid), 62; Petenia kraussi, 37; 
Pimelodus clarias, 25; Hypostomus watwata, 23; Schizodon cortt, 20 
and  Proehilodus reticulatus, 15. The grea tes t  var ie ty  of spec imens  (13) 
was caugh t  in Pond I, and the smal les t  (5) in Pond IV. Of the four teen  
(14) species caught ,  five (5) are not  farmed in the ponds,  bu t  were 
in t roduced  by the p u m p s  tha t  provide the feedwater  for the lagoons. 
These  were: herbivores:  Astianox sp /Sardina;  Characidae), 
Dasyloric~ria l~lamentosa tl2orroncho, Loricariidae]," omnivores:  
Aequidens pulcher Wiejita, Ciehlidae}, Rharndia quelen /Bagre negro, 
Pimelodidae]," carnivores :  Roeboides sp. /Manamana  dientona,  
Characidae}. 

Tables  1, 2 and 3 p resen t  mean  sizes, weights, and concen t ra t ion  of 
each  OC per  pond, Z-BHC ((x-BHC + ?-BHC + 13-BHC), heptachlor ,  
aldrin, endosul fan ,  endrin,  E-DDT (DDT + TDE + DDE) and 
methoxychlor .  
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In f i sh  f r om Pond  I, methoaxychlor  r e a c h e d  t h e  h i g h e s t  to ta l  m e a n  
a c c u m u l a t i o n ,  0 . 958  u g . g ,  fol lowed by  E-DDT, 0 .3 4 9  ug.g- a n d  
E-BHC, 0 . 3 4 7  ug .g  -1. M e t h o x y c h l o r  c o n c e n t r a t i o n s  w e re  h i g h e s t  in  
Roeboides  sp. (2 .873  ug .g  ] )  a n d  Hoplias rnalabaricus, (2.191 ug.g-1); 
Z-DDT in Roeboides  sp. was  1 .315  ug.g  -1, w i th  DDT p r e d o m i n a t i n g .  
ND w a s  t a k e n  as  zero  for  c a l c u l a t i n g  t h e  a r i t h m e t i c a l  m e a n ,  
r e p r e s e n t e d  by  a ld r in  a t  the  level of  the  fol lowing spec ies :  Sehizodon  
eorU, Proehi lodus  reUeulatus,  Petenia kraussi i ,  Hoplias  rnalabarieus, 
a n d  Roboides  sp.; e n d o s u l f a n  in  t h e  fol lowing spec ies :  Hoplias 
malabaricus ,  Roeboides  sp, Potamorhina  laUeeps a n d  A s U a n a x  sp.; 
a n d  e n d r i n  in Colossoma (hybrid),  Petenia kraussi i ,  Hoplias 
malabaricus ,  Roboides  sp. a n d  Potamorhina  laUceps. 

In t he  f i sh  f r o m  Pond  III, m e t h o x y c h l o r  r e a c h e d  the  h i g h e s t  to ta l  m e a n  
a c c u m u l a t i o n ,  0.659 ug.g  -1, fo l lowed b y  E-BHC, 0 .291  ug .g  -] a n d  
E-DDT, 0 . 2 6 7  ug.g-]; m e t h o x y c h l o r  w as  h i g h e s t  in  Hoplias 
malabarieus ,  (1 .783 ug.g-1), R o e b o i d e s  sp., (1 .489 ug.g-1}; Pimelodus  
clarias, (1 .149 u g . g l ) ,  th i s  w a s  fol lowed by  Z-DDT, in Roeboides  sp., 
0 . 9 7 4  ug .g  -~, wi th  t he  h i g h e s t  c o n t r i b u t i o n  c o m i n g  f rom DDT; Z-BHC in 
Roeboides  sp., 0 .897  ug.g-1; wi th  the  i s o m e r  a - B H C  p r e d o m i n a t i n g ;  
l ikewise,  e n d r i n  ev idenced  the  s m a l l e s t  m e a n  to ta l  c o n c e n t r a t i o n  in  the  
f i sh  f r om P ond  III, 0 . 019  u g . g l ;  ND w as  also the  s m a l l e s t  m e a n  
c o n c e n t r a t i o n  pe r  spec ies ,  in a ldr in:  Colossoma (hybrid),  t t y p o s t o m u s  
watwata; Hoplias nTalabaricus, Roeboides  sp. a n d  Potamorhina  
laUeeps; in e n d o s u l f a n :  HopIias malabaricus ,  Roeboides  sp. a n d  
Potamorhina  IaUceps; t he  s a m e  w a s  obse rv ed  for  e n d r i n  in CoIossorna 
(hybrid),  Pimelodus  elarias, Hoplias malabaricus ,  Roboides  sp., a n d  
Potamorhina  laUceps. 

T h e  r e s u l t s  f rom Pond  IV s h o w e d  t h a t  t he  b e h a v i o r  of  to ta l  m e a n  OC 
a c c u m u l a t i o n  in f i shes  w a s  s imi la r  to t h e  one  ev id en ced  b y  OC in the  
f i shes  of  Pond  III. M e t h o x y c h l o r  s h o w e d  the  h i g h e s t  m e a n  
c o n c e n t r a t i o n  in  M / l o s s o m a  acanthogaster ,  0 . 9 3 5  ug.g- ; CoIossoma 
(hybrid),  0 . 882  ug.g-1; a n d  Petenia lo-aussii, 0 . 5 2 3  ug.~ -l" t h i s  w a s  
fol lowed by  Z-DDT in Colossorna (hybrid),  0 . 2 6 7  ug.g- , w i th  DDE 
p r e d o m i n a t i n g ;  Z-BHC in Mylossorna acanthogasler ,  0 . 2 4 8  ug .g  -1, w i th  
~-t3HC p r e d o m i n a t i n g ;  a n d  e n d o s u l f a n  in Petenia kraussi i ,  0 .2 3 2  
ug.g  -1. The  s m a l l e s t  to ta l  m e a n  c o n c e n t r a t i o n  pe r  spec i e s  w a s  s h o w n  
by  end r in ,  0 .011;  a s  before ,  ND w as  the  s m a l l e s t  to ta l  m e a n  
a c c u m u l a t i o n  pe r  spec ie s  in e n d r i n  for Schizodon  corti a n d  
Colossoma (hybrid).  

In gene ra l ,  m e t h o x y c h l o r ,  Z-DDT t h r o u g h  DDT a n d  its m e t a b o l i t e s  
T DE a n d  DDE a n d  Z-BHC, r e p r e s e n t e d  by  the  i s o m e r s  (z-BHC, ~,-BHC 
a n d  I3-BHC, p r e s e n t e d  t he  h i g h e s t  to ta l  m e a n  c o n c e n t r a t i o n s .  It w as  
also o b s e r v e d  t h a t  t he  h i g h e s t  m e a n  OC c o n c e n t r a t i o n s  were  p r e s e n t e d  
by  the  c a r n ivo re s ,  Roeboides  sp  a n d  Hop]ias ma labar icus  fol lowed by  
o m n i v o r e s ,  Pimelodus  clarias, My lossoma acanthogaster ,  Colossoma 
{hybr id /and  Petenia kraussiL However ,  it s h o u l d  a lso  be  p o i n t e d  o u t  
t h a t  (ND) wa s  no t  d e t e c t e d  in s o m e  fish. T h e  an a ly t i c  m e t h o d  u s e d  did 
n o t  d e t e c t  (ND) t he  p r e s e n c e  of a ldr in ,  e n d o s u l f a n  a n d  e n d r i n  in s o m e  
spec ies ,  c a r n ivo re s ,  o m n i v o r e s  a n d  h e r b i v o r e s  a m o n g  t h e m .  
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In 1987 and 1988, Urdaneta (1989) determined levels of organochlorine 
compounds  in water and sediments  from fish-farming ponds in the 
Municipality of P~ez. A comparison of those results  with those of the 
present  contr ibution shows the identification of the same type of OC. 
As expected, there was greater concentrat ion in the muscu la r  t issue of 
the fishes. It was thus  observed tha t  at  least the same types of OCs 
are still being used in the area, because  they were identified in the 
young fish caught  in the farming lagoons. Such is the case of the 
presence of DDT as DDT and not only as metabolites (DDE; TDE), 
Regulation No. 4 of the Environmental  Act (MARNR, 1977) establishes 
the limits st ipulated in Venezuela for OC concentrat ions in seas, 
es tuar ies  and fresh water dedicated to farming of molluscs and fish. A 
comparison of the concentrat ions found in the lagoons shows tha t  all 
values >ND went over the legal limits since the regulation establishes 
tha t  the presence of OCs should not be detected. 

Not only is it important  to point out that  the levels found confirmed OC 
contaminat ion,  bu t  also tha t  compounds such as Endosulfan and DDT 
cause  internal necrosis in fish (Sinderman, 1979). Likewise, BHC, 
heptachlor,  aldrin, DDT and their metabolites produce tumors  in 
laboratory animals.  (O.P.S. and O.M.S., 1982; IMCO et al., 1989; IMCO 
et al., 1991). It has  also been determined tha t  under  certain 
environmental  conditions, DDT can be transformed into 
polychlorinated biphenyls (O.P.S. and O.M.S., 1982}. These may 
trigger off the fish's cytochrome P450 system, the one responsible for 
activating the carcinogenic sys tem in the presence of certain 
compounds  (Miyauchi, Uematsu, 1987). McCain et al., (1991) also 
found adverse biological side effects in fish after they were exposed to 
OCs in es tuar ian  ecosystems. 

The evidence indicates tha t  there exist potential conditions for 
producing sublethal  effects on the fish being bred in the fish-farming 
lagoons. 
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