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Aminocarb (4-(dimethylamino)-3-methylphenyl methylcarbamate), 
nonylphenol and pest ic ide d i luent  585 (585 o i l )  comprise the 
aminocarb formulat ion used recent ly  in forest  spray operations for 
the control  of spruce budworm in New Brunswick, Canada. 

In studies of the l e t h a l i t y  of aminocarb and nonylphenol, ZITKO 
et a l .  (1979) found that nonylphenol was more tox ic  than aminocarb 
to j uven i le  A t l an t i c  salmon and that the two compounds were of equa l  
t o x i c i t y  to the shrimp Crangon sept emspinosa. 

The few studies on the accumulation and excret ion of carbamate 
pest ic ides by aquatic species (KORN 1973, SANGHA 1971, ROBINSON & 
FISHER 1978) ind icate  that f i sh  and aquatic inver tebrates do not 
concentrate these compounds to a great degree. No information was 
found on the bioaccumulation of alkylphenols or 585 o i l  by aquatic 
organisms. However, the fate of petroleum hydrocarbons in aquatic 
species (NEFF et a l .  1976, LEE et al .  1977, STEGEMAN & TEAL 1973) 
may be related to accumulation of 585 o i l .  

Bioaccumulation studies with bivalves are of pa r t i cu la r  
importance because of the high potent ia l  for  accumulation afforded 
by suspension-feeding organisms and because some bivalves are eaten 
by man. This paper describes the uptake and excret ion of aminocarb, 
nonylphenol, and 585 o i l  by mussels (Myt i lus  edu l i s ) .  

METHODS 

Mussels with valve lengths of about 5.0 cm were exposed in 
s t a t i c  tests at 15~ to aminocarb at average concentrat ions of 0.352 
and 0.403 mg/L of  sea water for  4 d. At the s ta r t  of each tes t ,  
four  mussels/L of sea water were placed in test  vessels. The 
animals were t ransfer red to clean f lowing water to measure 
excret ion.  S i m i l a r i l y ,  mussels were exposed to aminocarb formu- 
l a t i o n  at nominal concentrat ions of 0.2 and 2.5 mg of formulat ion/L.  
Mussels were sampled at I ,  2 and 4 d during the exposure period and 
at I and 2 or 8 d during the excret ion period. Some samples were 
taken in rep l i ca te .  Each sample, cons is t ing  of t issue from four 
mussels, was analyzed immediately a f te r  sampling. 

Mussels were exposed to 0.4 mg/L of 585 o i l  for  2.5 d in a 
f low-through system. The 585 o i l  (2 g) dissolved in spectrograde 
hexane (20 mL) was mixed with glass beads (400 g, 4 mm diameter). 
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The hexane was allowed to evaporate and the beads were placed in a 
2.5-cm O.D. glass column. Sea water was siphoned through the column 
at 5 mL/min in to  a IO-L vessel containing the test  mussels. Unadul- 
terated sea water was dripped at a s im i la r  rate into a vessel 
contain ing control  mussels. Mussels were sampled at 0.5, I ,  2 and 
2.5 d during the exposure period. Af ter  they were t ransfer red to 
clean f lowing water, the mussels were sampled at 0.5, I and 2 d. 

Aminocarb from lO0-mL samples was extracted into 30 mL of  
pest ic ide-grade dichloromethane. Spectrograde hexane (30 mL) was 
used to ex t rac t  nonylphenol from a lO0-mL water sample and I0 mL of  
spectrograde hexane was used to ext ract  585 o i l  from a 25-mL sample. 
Extracts were evaporated to 5 mL fo r  aminocarb, I mL fo r  nonylphenol 
and 3 mL fo r  585 o i l .  Aminocarb was determined by gas chromato- 
graphy using a N-P detector.  The 0.6 m x 2 mm I.D. column was 
packed with 3% OV-17 on Chromsorb W-HP, and flows for  ni trogen 
c a r r i e r  gas, hydrogen and a i r  were 25, 3 and 100 mL/min, 
respec t ive ly .  The in jec to r  and column temperatures were 200 and 
160~ respec t ive ly .  Nonylphenol was analyzed using a flame- 
ion iza t ion  detector.  The 2 m x 2 mm I.D. column was packed with 3% 
OV-IOI on Chromosorb W-HP and flows for  nitrogen ca r r i e r ,  hydrogen 
and a i r  were 40, 50 and I00 mL/min, respect ive ly .  The in jec to r ,  
column and detector manifold temperatures were 200, 180 and 250~ 
respec t ive ly .  The 585 o i l  extracts were analyzed by f luorometry.  
Fluorescence was excited at 300 nm and the emission spectrum was 
recorded between 310 and 410 nm. Sample spectra were quant i f ied  by 
comparison with the f luorescence emissions of 585 o i l  standards at 
330 nm. 

Ext ract ion e f f i c i enc ies  were determined by ex t rac t ing  f o r t i f i e d  
seawater samples. Analysis resu l ts  were adjusted to account for the 
unextracted mater ia l .  Average concentrat ions of aminocarb and 
nonylphenol in water during each test  were calculated by the method 
of ZlTKO et al .  (1977). 

The mussels were analyzed for  aminocarb and nonylphenol by 
combining the t issues of four mussels, homogenizing with sodium 
su l fa te  and Ottawa sand, and ex t rac t ing  in a Soxhlet apparatus for  I 
h with ethyl acetate as solvent.  Each ex t rac t  was reduced in volume 
and cleaned up by gel permeation column chromatography (GPC). 
"Bio-beads SX-2" were used in the cleanup column (2.5-cm diameter 
wi th a resin height of 28-30 cm). The column was eluted with 50:50 
dichloromethane-cyclohexane and the port ion col lected for  analysis 
was 80-140 mL of the eluent.  Quant i ta t ion of aminocarb and 
nonylphenol was performed by gas chromatography using systems and 
condi t ions described above for  the water sample analyses. 

The mussels were analyzed for 585 o i l  by homogenizing the soft  
t issues of two mussels with sodium su l fa te  and ex t rac t ing  wi th 
spectrograde hexane for  I h in a Soxhlet apparatus. Extracts were 
cleaned up by column chromatography as described by ZITKO (1975) 
except that  only I0 mL of the second f rac t ion  of eluent was 
co l lec ted and analyzed d i r e c t l y .  The samples were analyzed by 
f luorometry using the same instrument and condi t ions described for 
analysis of water ext racts .  
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The composition of 585 oi l  was determined by gas chromato- 
graphic analysis of 585 oi l  standards dissolved in carbon 
disulphide. Chromatograms were characterized by comparison with a 
standard of alkanes (C 8 to C20), naphthalene, 2-ethyl-naphthalene 
and 2-methylnaphthalene. Instrument condit ions were the same as 
previously described for the analysis of nonylphenol, except that 
the column temperature was programmed from 90-200~ at 8~ 

Concentration factors were calculated as the concentration of 
the compound in the mussel on a wet weight basis divided by the 
average concentration of the compound in sea water. Aminocarb and 
nonylphenol concentrations decreased with exposure time. The 
accumulation and excretion rate constants for these compounds were 
estimated according to the methods described by ZITKO (in press). 
For 585 oi l  data, in which there was no decrease in exposure 
concentration with time, rate constants were calculated using the 
computer program of BLAU & AGIN (1978) for one-compartment uptake 
models. 

RESULTS AND DISCUSSION 

The e f f ic ienc ies  of the extract ions for aminocarb, nonylphenol 
and 585 oi l  from sea water averaged 93, 79 and 72%, respect ively.  
The concentration of aminocarb in water declined by an average of 
40% during 4 d, with most of the decline occurring during the f i r s t  
2 d. Nonylphenol concentrations decreased s l i gh t l y  (25%) over the 4 
d and 585 o i l  concentrations remained re la t i ve l y  constant over 
2.5 d. 

Aminocarb in the mussels reached a maximum concentration at 
2 d, declined s l i gh t l y  by 4 d (Table I ) ,  and was not detected after 
I d post-exposure. Maximum concentration factors from the four 
tests ranged from 1.0 to 1.9. The pattern of aminocarb uptake by 
mussels from exposure to the formulation closely resembled that from 
exposure to aminocarb alone. 

Data reported by KORN (1973) indicates that 14C labelled 
carbaryl reaches an equi l ibr ium concentration factor of 0.04 in 
channel cat f ish  ( Ic ta lurus punctata) a f ter  about 8 d exposure. 
L i t t l e  excretion of carbaryl residues was noted during 28 d 
post-exposure. 

SANGHA (1971) reported concentration factors of 4 to 210 for 
mosquito f ish (Gambusia), snail (Physa) and Daphnia exposed to each 
of s ix  carbamate insect ic ides.  Snails had the lowest concentration 
factors. The three species metabolized the residues to conjugated 
compounds and hydroxylation products. A freshwater bivalve 
( E l l i p t i o )  metabolized about hal f  of an injected dose of carbofuran 
wi th in  a 48-h period (ROBINSON & FISHER 1978). 

Nonylphenol in the mussels reached a maximum concentration at 
2 d and decreased by 4 d (Table 2). Not al l  the nonylphenol had 
disappeared by I d excretion. Maximum concentration factors were 
12 and 13. 
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TABLE 1 

Aminocarb concentration in mussels (Myti lus edul is)  exposed to 
aminocarb in sea water at 15~ for  4 d and t ransferred to clean 

water. Concentration factors in brackets. 

Average 
aminocarb 

concentration 
(mg/L) 

Aminocarb concentration in mussels (~g/g wet weight) 
l -d  2-d 4-d 1-d 

uptake uptake uptake exc ret i on 

0.025 a 0.022(0.9) 0.035(1.4) 0.022(0.9) ND c 
0.026(I .0)  

0.275 a 0.38(1.4) 0.43(1.6) 0.17(0.6) ND 

0.352 b 0.42(1.2) 0.65(1.9) 0.50(1.4) ND 
0.24(0.8) 
0.22(0.6) 

0.402 b 0.25(0.6) 0.38( I .0)  0.39( I .0)  ND 
0.28(0.7) 

aAminocarb formulation added to test  vessels. 
bAminocarb added to test  vessels. 
CNot detected, <0.007 ~g/g. 

TABLE 2 

Nonylphenol concentration in mussels (Myti lus edul is)  exposed to 
aminocarb formulation in sea water atl-T5e'C-~or---~-d'-and trans- 

ferred to clean water. Concentration factors in brackets. 

Average 
nonylphenol Nonylphenol concentration in mussels (~g/g wet weight) 

concentration l -d  2-d 4-d 1-d 8-d 
(mg/L) uptake uptake uptake excretion excretion 

0.1 0.90(9.0) 1.3(13) 

1.13 9.9(11) 6.9(7.9) 
10.4(12) 7.4(8.5) 

O. 79 (7.9) NA a NA 
0.79(7.9) 

1.2(1.4) 1.4 ND b 

aNot analyzed. 
bNot detected, <0.3 ~g/g. 
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The 585 oi l  used in the spray formulation consists pr imar i ly  of 
low molecular weight alkanes (C 9 to C14) and naphthalenes. 

Analysis of control mussels in the 585 oi l  test  indicated that 
i n i t i a l  background fluorescence of mussels was equivalent to 
approximately 200 ~g/g of 585 o i l .  The fluorescence of control 
mussels increased throughout the tes t ,  presumably as a resul t  of 
contamination from the laboratory seawater supply. The 
concentrations of 585 oi l  in mussels, af ter  subtraction of 
background fluorescence, reached a maximum after  2 d exposure and 
decreased to baseline levels af ter  1 d excretion (Table 3). The 
maximum concentration factor was 330. 

TABLE 3 

585 oi l  concentration in mussels (Myt i lus edul is) exposed to 585 oi l  
in sea water at 15~ for 2.5 d and transferred to clean water. 

Concentration factors in brackets. 

Average 
585 oi l  

concentration 
(mg/L) 

585 oi l  concentration in mussels (ug/g weight) 
I /2-d 1-d 2-d 2 I /2-d i /2-d l-d 
uptake uptake uptake uptake excretion excretion 

0. 396 1.6 130 58 62 ND a 1.9 
(4.0) (330) (150) (160) (7.3) 

ND 32 66 NA b NA ND 
(80) (170) 

aNot detected, <1.0 ~g/g. 
bNot analyzed. 

NEFF et al. (1976) exposed the marine clam Rangia cuneata to 
several naphthalenes for 24 h and reported concentration factors 
ranging from 2.3 for naphthalene to 27 for trimethylnaphthalene. In 
clean water, the clams excreted between 50 and 79% of the compounds 
wi th in  24 h~ Myti lus edulis accumulated 14C labelled petroleum 
hydrocarbons in amounts equivalent to concentration factors of 970 
for  heptadecane (24 h exposure) and 220 for naphthalene (4 h 
exposure) (LEE et al. 1972). At 24 h post-exposure, these mussels 
excreted 80% of the heptadecane and 50% of the naphthalene. 
STEGEMAN & TEAL (1973) found that oysters, Crassostrea v i rg in i ca ,  
accumulated total  petroleum hydrocarbons equivalent to a 
concentration factor of 420 during 2 d exposure. 

The calculated rate constants for uptake (K1) and excretion 
(K2) for aminocarb, nonylphenol and 585 oi l  (Table 4) indicate 
re l a t i ve l y  low uptake rates and high excretion rates. As a resul t ,  
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TABLE 4 

Uptake (K1) and excretion (K2) rate constants, accumulation 
coef f ic ients  (K1/K2) and times to maximum concentration (uptake) 

and �89 clearance (excretion) of aminocarb, nonylphenol and 585 oi l  
in mussels (Myti lus edul is) .  

Time max. Time 
Average exposure K1 K2 conc. �89 clearance 

Compound conc. (mg/L) (day-l) KI/K2 (d) (d) 

Aminocarb 0.025 7.6 2.0 3.8 2.0 0.4 

0.275 
0.352 6.8 1.4 4.9 1.8 0.6 
O. 402 

Nonyl phenol O. I00 23 2.3 I0 0.4 0.3 I .  130 

585 oi l  0.396 360 2.3 160 1.4 0.3 

the accumulation coef f ic ients  (K1/K2) are low, being about 4 for 
aminocarb, i0 for  nonylphenol and 150 for 585 o i l .  High rates of 
excretion of aminocarb are to be expected in l i gh t  of the reported 
rapid metabolism of carbamate pesticides by other aquatic 
invertebrates (SANGHA 1971, ROBINSON & FISHER 1978). The rate 
constants and accumulation coef f ic ien t  reported for 585 oi l  are 
representative of the fluorescent aromatic components of the o i l .  
Other components of the 585 oi l  may be accumulated and excreted at 
faster  or slower rates. The data reported here for 585 oi l  are 
s imi lar  to uptake and excretion data reported for Myti l~s exposed to 
naphthalene (LEE et al. 1972). 

The accumulation coef f ic ients  for aminocarb and for  nonylphenol 
(Table 4) in mussels are considerably lower than the coef f ic ients  
for  fen i t ro th ion  of 19-35 in Mya arenaria and 78-130 in Myti lus 
edul is (McLEESE et al. 1979). 

Because of the low accumulation coef f ic ients  i t  is concluded 
that aminocarb and nonylphenol concentrations in water of less than 
0.01 mg/L are not l i ke l y  to resul t  in s ign i f i can t  contamination of 
bivalves. The 585 oi l  disappears rapidly from sea water, with an 
estimated h a l f - l i f e  of about 60 min (unpublished data). Therefore, 
even though the oi l  comprises about 30% by weight of the formu- 
la t ion and about 80% by weight of the spray solut ion,  s ign i f i can t  
accumulation of the di luent by bivalves appears unl ike ly .  The 
rapid loss of f luorescent compounds from mussels l im i ts  the 
usefulness of fluorescence analysis as an indicator  of the presence 
of spray const i tuents.  
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