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This paper describes the uptake and excretion of fen i t ro th ion  
by soft-shel led clams (Mya arenaria),  mussels (My™ edul is) and 
freshwater clams (Anodonta cataractae). Fenitrothion has a 
r e l a t i v e l y  low uptake and a re l a t i ve l y  high excretion rate 
constant and, consequently, a low accumulation coef f ic ien t  in 
these species. The data indicate no danger of she l l f ish  
contamination from a normal appl icat ion of fen i t ro th ion .  

The fate of organophosphate pesticides in aquatic biota has 
received l i t t l e  a t tent ion.  Results of some laboratory studies are 
summarized in Table I .  Only for two cases (BENDER 1969, TAKIMOTO 
and MIYAMOTO 1976) was i t  possible to calculate the uptake and 
excret ion rate constants according to the "one compartment model" 
of BRANSON et al. (1975), for comparison with the values given in 
t h i s  paper. 

As can be seen from Table 1, the accumulation coef f ic ients  
are r e l a t i ve l y  low, and the excretion rate constants are high, 
corresponding to ha l f - l i ves  of 0.3-8 days ( t l / 2  = In2/K2). 

These laboratory observations are supported by f i e ld  studies. 
From the data of LUDWIG et al.  (1968), the maximum accumulation 
coe f f i c ien t  of chlorpyr i fos in oysters is about 77 and only traces 
of the compound are detectable af ter  2 days. Data of KINGSBURY 
(1978) show a decrease of the accumulation coef f i c ien t  of 
fen i t ro th ion  in t rout  from 400 at 12 h af ter  appl icat ion to 84 at 
72 h, when fen i t ro th ion  was applied to a small lake. 

Accumulation coef f ic ients  calculated from f i e ld  data have to 
be considered with caution, since a steady-state might not have 
been established (NEELY and BLAU 1977) but, in such a case, the 
coef f ic ien ts  would be over- rather than underestimated. 

In addit ion to organophosphorus pesticides l i s ted  in Table 1, 
ethion and diazinon were detected in f ish from areas with a high 
agr icu l tura l  usage of these compounds (MILES and HARRIS 1978). 
Foschlor (STUDNICKA 1970), t r i ch lo r fon  and DDVP (TELEUGALIEV and 
NURZHANOV 1973) were found in f ish exposed in the laboratory. 
Residues of parathion, methyl parathion, ca™ and 
ethion were occasionally detected in juveni le f ish from estuaries 
in the United States (BUTLER and SCHUTZMANN 1978). 
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Table 1. Uptake (K1) and excret ion (K2) rate constants and accum- 
u la t ion  coe f f i c ien ts  (KI/K2) of organophosphate pes t i -  
cides in aquatic fauna. 

Pest ic ide Species K1 a K2 a K1/K2 Reference 

Malathion carp 1.07 0.08 b 13 BENDER 1969 

Methyl parathion " 6 c 
lC CHIGAREVA 1973 

Parathion 325 YU and SANBORN 1975 
70 d 
32 d HARSTED 1976 

Fen i t ro th ion  motsugo 170 KANAZAWA 1975 
rainbow 88 0.4 220 TAKIMOTO and MIYAMOTO 

t rou t  1976 

Dfazinon motsugo 246 KANAZAWA 1975 
68 e " 1978 

9 f " 1978 

Chlorpyr i fos  rainbow 468 NEELY and BLAU 1977 
t rou t  

Dimethoate 26 METELEV et a l .  1977 

Trichlorometaphosg 4 " 

M e t h y l n i t r o p h o s  h 29 " 

ain day-I  
bcalculated from uptake data. Excretion data in the same paper 

give K2 = 1.26 
C l ip ids  and muscle, resp. 
d l i v e r ,  kidney and muscle, resp. 
e f ish 
f inver tebra tes  
go-ethyl O-methyl O- (2 ,4 ,5 - t r i ch lo ropheny l )  phosphorothioate 
h fen i t r o th ion  in mixture with the O-(5-methy l -2-n i t rophenyl )  

isomer 
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The reviewed data as well as resu l ts  presented in th i s  
paper support the recent conclusion that  "organophosphates do not 
accumulate to any appreciable extent in any of the organisms 
present in the aquatic environment" (GREENHALGH 1978). 

METHODS 

Exposure and excret ion experiments 

Clams and mussels with valve lengths of about 6.5 and 5.0 cm, 
respec t i ve ly ,  were exposed in sea water at 15~ to f en i t r o th i on  at 
average concentrat ions of 0.00018, 0.00043, and 0.013 mg/L in 
f low-through systems for  14 days. The animals were then 
t ransfer red to another tank with clean f lowing water for  28 days. 
Freshwater clams, valve length of about 7.0 cm, were exposed in 
fresh water at 12~ to f en i t r o th i on  at 0.00083 mg/L. To fo l low 
f e n i t r o t h i o n  uptake, 3-5 animals were sampled at O, I or 2, 4, 7, 
and 14 days. Af ter  t rans fe r  to clean water they were sampled at 
I ,  4, 7, 21 and 28 days. 

Fen i t ro th ion ,  provided by Forest Protect ion L td . ,  
Freder ic ton,  N.B., placed in an 800-mL gas wash bo t t le  was 
v o l a t i l i z e d  by bubbling compressed a i r .  The a i r  was conducted 
in to  a 20-L f i b reg las  tank contain ing sea water and 45 clams and 
60 mussels or fresh water and 45 freshwater clams. Water f low to 
the tank was maintained at 0.5 L/min and f e n i t r o t h i o n  
concentrat ion in the water was adjusted by regu la t ing the amount 
of a i r  bubbling through f e n i t r o t h i o n .  Fol lowing the exposure, 
water f low was maintained at 3 L/min. 

During the exposure period, water samples (100 mL) were taken 
at 1-3 day i n t e r va l s .  Fen i t ro th ion  was extracted by the method of 
PETERSON and ZITKO (1974). Extracts were dried by passing through 
I0 g anhydrous sodium su l fa te ,  evaporated and brought to f i na l  
volume in pest ic ide-grade acetone. Gas chromatographic analyses 
of  f e n i t r o t h i o n  were carr ied out on a Varian Model 3700 gas 

63 l chromatograph equipped with an Aerograph N" pulsed e lec t ron-  
capture detector .  The column was packed with 4% SE-30 on 
Chromsorb W and instrument temperatures were 170 ~ , 156 ~ and 300~ 
fo r  i n j e c t o r ,  column and detector ,  respec t ive ly .  

Analysis of b ivalves 

The clams or mussels were thawed, shucked and the excess 
water was drained o f f .  The specimens were then ground with 6 
times t h e i r  weight of anhydrous sodium su l fa te  and 5-10 g of 
Ottawa sand in a mortar un t i l  homogeneous. The homogenate was 
t ransfer red to a glass ex t rac t ion  thimble and extracted for I h 
wi th ethyl acetate in a Soxhlet.  The ex t rac t  was dried with 
sodium su l fa te  and reduced to 2-3 mL volume on a ro ta to ry  evapo- 
ra to r .  Cyclohexane ( I0 mL) was added and the volume was again 
reduced to 2-3 mL. The ex t rac t  was then t ransfer red to a cen t r i -  
fuge tube and methylene ch lor ide was added so that the ex t rac t  
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was 50:50 in methylene chlor ide-cyclohexane. The ex t rac t  was 
t rans fer red  to a 2.5 x 32-35 cm Bio-Beads SX-3 (BioRad 
Laborator ies) column, swollen overnight in a 50:50 mixture of 
methylene ch lor ide  and cyclohexane. The cent r i fuge tube was 
washed with 5 mL of t h i s  solvent .  The column was percolated with 
the solvent mixture,  co l l ec t i ng  the f i r s t  80 mL of  e f f luen t  as 
f r ac t i on  A, and the subsequent 110 mL as f rac t ion  B. These 
f rac t ions  contain l i p i d s  and f e n i t r o t h i o n ,  respect ive ly .  

The amount of l i p i d  in the ex t rac t  was determined by 
evaporat ing solvent from f rac t ion  A on a ro ta to ry  evaporator and 
weighing the residue. Fract ion B was evaporated to 2-3 mL on a 
ro ta to ry  evaporator, t ransfer red to a 15-mL cent r i fuge tube, 
evaporated under a stream of ni trogen to 0.5 mL, and an a l iquot  
was analyzed by gas chromatography. 

A Perkin-Elmer 990 gas chromatograph with a Melpar flame 
photometric detector was used for the analyses. The detector was 
modified by the method of BURGETT and GREEN (1974) to prevent 
solvent f lame-out. Two columns were used interchangeably for  
sample analysis and conf i rmat ion.  A 3% 0V-I01 column was operated 
at 180~ and a 11% OV-17/QF-I was operated at 200~ Other 
chromatographic condi t ions were: i n jec to r  point 200~ detector 
manifold 250%, and gas f low rates for  the c a r r i e r ,  hydrogen, a i r  
and oxygen were 60-65, 200, 50 and 25 mL/min, respect ive ly .  

The average recovery of f en i t r o t h i on  from spiked samples was 
94%. 

Fen i t ro th ion  was confirmed in some samples by gas 
chromatography/mass spectrometry. 

RESULTS AND DISCUSSION 

The concentrat ion of f en i t r o t h i on  in water durin9 the 
exposure phase of the experiments remained reasonably constant,  
wi th a r e l a t i v e  standard deviat ion of about 20% at 0.0133 mg/L and 
35% at 0.00018 mg/L. Between 7 and 14 days of the experiment at 
0.00043 mg/L, the dosing system malfunctioned. This was not 
detected by water analyses, but samples of clams and mussels, 
taken a f te r  14 days of exposure, contained very high 
concentrat ions of f en i t r o t h i on  (699 and 93.5 ~g/g, respec t i ve ly ) .  

The concentrat ion of f en i t r o t h i on  in ind iv idua l  bivalves 
var ied considerably during the exposure and clearance phases of 
the experiments (Fig.  I ) .  These var ia t ions  may be due par t l y  to 
ana ly t i ca l  e r ro rs ,  but the major cause is l i k e l y  due to b io log ica l  
fac to rs .  

The uptake and excret ion rate constants (K1 and K2, Table 2) 
ind ica te  a r e l a t i v e l y  slow uptake and a high excret ion rate,  
respec t i ve ly .  As a r esu l t ,  the accumulation coe f f i c ien ts  (KI/K2) 
are r e ] a t i v e l y  low. 
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Fig. 1. Uptake and excret ion of f en i t r o t h i on  by clams, 
Ind iv idua l  analyses (o) and means (e) are ind icated.  
The equation of the f i t t e d  curve is C F = 0.30 
(1-exp( -O.46t ) ) ,  where C F = concentrat ion 
of f en i t r o t h i on  in clams, ug/g;  t = time (days). 
Concentration of f en i t r o th i on  in water, C W = 0.0133 
mg/L, uptake rate constant,  KI = 10.34. 

Table 2. Uptake (K1) and excret ion (K2) rate constants and accumu- 
l a t i o n  coe f f i c ien ts  of f e n i t r o t h i o n  in b iva lves.  

Concentration 
Species (mg/L) K1 K2 K1/K2 

Cl ara 
(Mya arenar ia)  0.013 10 0.46 22 

0.00043 19 0.55 35 
0.00018 12 0.62 19 

Mussel 
(Myt i lus edu l is )  0.013 47 0.60 78 

0.00018 52 0.40 130 

Freshwater clam 
(Anodonta cataractae) 0.00083 3 0.35 9 
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This resul t  is not unexpected. The accumulation coef f ic ient  
of fen i t ro th ion  in rainbow trout  (Salmo ga i rdner i ) ,  calculated 
according to CHIOU et al. (1977) is 240, which agrees well with 
the experimental data of TAKIMOTO and MIYAMOTO (1976). 

Because of the low accumulation coef f ic ients  in bivalves, 
concentrations of fen i t ro th ion  in water of about 0.01 mg/L or less 
are not l i k e l y  to resul t  in a s ign i f i can t  contamination, On the 
other hand, an accidental sp i l l  of fen i t ro th ion  may cause 
considerable contamination. 

Fenitrothion was excreted from clams, by accident highly 
contaminated in the laboratory, with a rate constant K2 = 1.39, 
but the excretion from mussels was biphasic with excretion rate 
constants K2 = 1.39 and K2 = 0. I0, respect ively.  These data 
indicate that ,  even at high levels of contamination, fen i t ro th ion 
is excreted re l a t i ve l y  rapid ly.  

Following a sp i l l  in the f i e l d ,  pools of fen i t ro th ion in 
sediments may maintain high concentrations of fen i t ro th ion  in a 
body of water for some time. As a resu l t ,  the contamination of 
aquatic fauna would be longer last ing than indicated by the 
described experiments, but cer ta in ly  would not be as persistent as 
contamination by some organochlorine compounds. 
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