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Long-term sublethal effects resul t ing from chronic exposure of 
organisms to low levels of toxicants probably have the single most 
important impact on estuarine l i f e  (BUTLER 1966). I t  has been shown 
that numerous commercially available pesticides markedly af fect  b i -  
valve shell growth in exposures of less than 1.0 ppm (BUTLER 1961). 
PARRISH et al .  (1973) found shell growth inh ib i ted in oysters (C. 
v i rg in ica )  exposed to 12.5 ppm d ie ldr in  for 96 hours. These anTm-als 
concentrated the pest icide from 2,000X to 5,000X the nominal concen- 
t ra t ion  in test  water. Numerous invest igators have concerned them- 
selves with the a b i l i t y  of estuarine organisms to take up, store and 
depurate themselves of pesticides (LINCER et a l . ,  in press), but 
re la t i ve l y  few attempts have been made to determine what histopatho- 
logical effects these environmental insul ts  have on estuarine organ- 
isms. llowever, where histo logical  studies have been undertaken, they 
have often shown pesticide-induced t issue damage. For instance, 
LOWE et al .  (1971) found that C. v i rg in ica  exposed to 1 ppb DDT, 
toxaphene, and parathion (in c~b ina t ion )  exhibi ted t issue damage. 
Histological change has also been shovm in estuarine f ishes.  PARRISH 
and co-workers (1973) observed t issue a l terat ions in spot, Leiostomus 
xanthurus af ter  a 4-day exposure to 1 ppb d ie ldr in  in water. ELLER 
~1971) also found t issue damage in cutthroat t rout  (Salmo c l a r k i i )  
a f ter  in termi t tent  exposure to endrin. In view of t ~ d ~  
use and occurrence of d i e l d r i n ,  i t  was deemed desirable to look at 
i t s  histopathological e f fect  on the American oyster (C. v i rg in i ca ) .  

MATERIALS AND METHODS 

Oysters were collected from the seawall of a resident ia l  com- 
munity on the eastern shore of Sarasota Bay, Sarasota, Florida. The 
shells were carefu l ly  cleaned and the animals measured and weighed. 
The test  animals were from 21.3 to 57.9 mm in height (mean = 36.6 mm). 
The oyster weights (out of water) were calculated as the average wet 
weight of  the oysters in each batch of 12 ind iv idua ls ,  and were found 
t obe  from 7.82 to I I .01 gm (mean = 8.95 gm). Test animals were 
acclimated for 2 weeks pr ior  to experimentation in the test  tanks 
using running sea water and aeration. Animals were not fed during 
the experimental period, since the seawater was only p a r t i a l l y  f i l -  
tered, providing plankton and other par t icu late matter. 
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Exposure to dieldrin was carried out in a static system, where 
each of the eight 78-1iter tanks was drained, f i l led and recontami- 
nated every 48 hours. Aeration was continuous. Two aquaria were 
used for each of three concentrations of dieldrin plus two control 
tanks. Technical dieldrin* (87% active ingredient) was serially 
diluted in pesticide grade acetone such that l ml acetone resulted 
in O.l, O.Ol or O.OOl ppm for each of the test aquaria. The solu- 
tions were made up in and stored in acid-washed vials, which after 
being emptied were washed twice with 2 ml aliquots of pesticide 
grade acetone, thus delivering a total of 5 ml acetone to each tank 
( i .e . ,  64 ppm acetone in each tank). Control tanks received the 
same amount of solvent only and were subjected to the same schedule 
of water changes. The eight groups (each in i t i a l l y  containing 
twelve oysters) were exposed to the pesticide for 43 days. Each 
was sampled 4 times (after 8, 14, 30 and 43 days) for histological 
studies and residue analysis. Although some in i t ia l  mortalities 
were observed, none could be directly attributable to dieldrin. 

Four water quality parameters were monitored during the experi- 
mental period: dissolved oxygen, temperature, pH, and salinity 
(Table l ). 

TABLE 1 

Characteristics of water used in experiment 

Temp. D.O. Salinity 
(~ (% Sat.) pH (O/oo) 

Mean Range Mean Range Mean Range Mean Range 

24.16 22.26- 94.94 87.69- 7.9 7.8- 35.6 35.53- 
26.48 99.91 7.95 35.65 

On the sampling day, 2 or 3 oysters were collected from each 
tank. An estimated 15 percent of the tissue from the animal (cross- 
section through the digestive diverticulum) was removed and fixed in 
either 70% ethanol or I0% formalin in seawater for at least 72 
hours before going through an ethanol dehydration series. Sections 
were embedded in paraffin and sectioned at lO ~m. Five general his- 
tological and histochemical stains were used. Hematoxylin and Eosin, 
and a sl ightly modified Masson Trichrome were used for general his- 
tological studies. Three histochemical stains were uti l ized to per- 
mit study of potential changes in intra- and intercellula~ elements: 
(1) the periodic acid-Schiff (PAS) reaction (MCMANUS 1946); (2) the 
Toluidine Blue method for metachromasia (KRAMER and WINDRUM 1954), 
and; (3) Tainzer-Unna's Orcein stain for elastic fibers as given by 
EDWARDS (1950). As controls for the PAS reaction, additional sections 

*Manufactured by Shell Development Company (Div. of Shell Oil Co., 
Modesto, Cal.) 
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subjected to a I% malt diastase solution in POa buffer for one hour 
at 37~ were subsequently exposed to the react~on (HUMASON 1972). 

Slides were observed in bright f ie ld  K~hler illumination on a 
Zeiss Photomicroscope I with achromatic objectives. Each slide was 
i n i t i a l l y  scanned at 25-40X to ascertain presence, location and gross 
appearance of the various tissues. Selected portions of the tissues 
were then examined at lOOX magnification to determine incidence and 
distr ibution of leucocytes and to scan for abnormal or damaged t i s -  
sue. Individual organs were then checked at 400-500X with emphasis 
on changes in the tissues and cells. On occasion, higher magnifica- 
tions (lO00-1600X) were used to observe evidence of phagocytic ac- 
t i v i t y  of the leucocytes. 

Tylocephalum sp. metacestodes were found to be infecting most 
of the oysters examined (RIFKIN and CHENG 1968). Since the distr ibu- 
tion of these parasites was uniform between controls and experimentals, 
and they were already in various stages of encystment and resorption, 
i t  was fe l t  that the presence of these parasites would not affect the 
outcome of the experiment. 

The remaining tissue was frozen for subsequent pesticide resi- 
due analysis. The analytical procedure used for pesticide residue 
analysis was a modification by W.A.R.F. (Wisconsin Alumni Research 
Foundation - personal con~nunication, D.L. HUGHES) of an earl ier 
one and has been described in detail elsewhere (LINCER 1975). Sam- 
ples were oven dried for at least 48 hours at 40-45~ Dried sam- 
ples were ground with coarse anhydrous NapSO 4, placed into Soxhlet 
thimbles and extracted for 8 hours with a- l :3 mixture of ethyl ether 
and petroleum ether. The extracts were concentrated to 50 ml and 
a 5 ml (lO percent) portion placed in tared beakers, evaporated to 
dryness at 40-45oc for 2 hours, and total fat calculated. The 
clean-up procedure followed is that outlined in the "Pesticide 
Analytical Manual" which employs f l o r i s i l  columns to provide pesti- 
cide separation and remove interfering substances and some fats 
(U.S.D.H.E.W. Ig71). 

A Varian Aerograph Model 2100 chromatograph equipped with two 
Ni 63 electron capture detectors was used for pesticide quantifica- 
tion. The gas chromatographic columns and nitrogen flow rates used 
for quantifying the dieldrin are l isted in Table 2. Injector, col- 
umn and detector oven temperatures were 225, 200 and 290oC, respec- 
t ively.  Two columns were used simultaneously and quantification was 
based on peak height, since the dieldrin eluted early with a symmet- 
r ical peak. The residue micrograms in each sample were calculated 
for both columns and the lower of the two figures routinely chosen 
as the basis for expressing parts per mil l ion (ppm). This procedure 
resulted in a disparity between columns ranging from 0 to 16 per- 
cent, with a calculated mean of 5.8 percent. Although a recovery 
study was not carried out for this experiment, recovery of similar 
organochlorines, using the above procedure, exceeded 88 percent 
(LINCER 1975). No corrections were made for recovery. 
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TABLE 2 

Column N2.Flow Rate 
(ml/min} 

1.5% OV-17 + 2.95% QF 1 
Chrom W 80/100 

4% SE 30 + 6% OV 210 
Chrom W 80/100 

3% SE 30 
Varaport 30 100/120 

I% XE 60 
Varom 30 100/120 

60 

60 

65 

65 

RESULTS AND DISCUSSION 

Dieldr in Uptake 

Figure 1 shows the uptake of d ie ld r in  by the various dosage 
groups of oysters. The i n i t i a l  rapid uptake of d ie ld r in  by the 
oysters ( in the 0. I and 0.01 ppm d ie ld r in  groups) is comparable to 
that described by MASON and ROWE (1976). I t  is of in terest  to note 
that the rate of uptake for the 0.I ppm group is approximately one 
order of magnitude greater than that of the .01 ppm group. The 
phenomenon did not repeat i t s e l f  in the lower concentrations, and 
the only explanation that can be offered is that because of the 
small sample size, the residues were too near the l im i t s  of detect- 
a b i l i t y .  The control groups were analyzed for pest icide residues 
twice during the course of the experiment. The f i r s t  was af ter  8 
days and the second was at the conclusion of the experiment. The 
i n i t i a l  control sample was found to contain 3.8 ppm d ie ld r in  (based 
on oven dry or OD weight of  sample). In the second sample (at the 
end of the experiment) d ie ld r in  was not detectable. I t  is also 
interest ing to note that the 0. I ppm group appears to have reached 
a plateau at approximately 536 ppm whereas the residues in the 0.01 
ppm group appear to s t i l l  be ascending at day 43. 

After 43 days of d ie ld r in  exposure, oysters concentrated the 
pesticide approximately 5 x 103 times regardless of the actual am- 
bient concentration (Table 3). An in terest ing trend regarding the 
re lat ionship between accumulation of d ie ld r in  and the percent l i p i d  
was also noted (Table 3): the higher the d ie ld r in  residue, the high- 
er the mean percent l i p i d .  The dif ferences in percent l i p i d  bet- 
ween the sample groups i s ,  however, not s t a t i s t i c a l l y  s ign i f i can t .  
No explanation can be offered for  th is  phenomenon at th is  time. 
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Figure I .  Dieldrin uptake over time by oysters exposed to 
three different dieldrin levels. 
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TABLE 3 

Maximum d i e l d r i n  residues, l i p i d  leve ls  and concentrat ion factors 

Group Mean L ip id Residue* Maximum 
Percent at 43 D a y s  Concentration 

(s .d . )  Factor** 
(x103) 

. I  ppm 3.21% (0.72) 537 ppm 5.4 

.01 ppm 2.96 (1.05) 55.0 5.5 

.001 ppm 1.83 (1.05) 5.13 5.1 

Control 2.64 ( I .42)  N.D.*** - 

* ppm based on oven dry weight. 
** Ratio of ppm OD weight in oyster to nominal ppm in water. 
***  L imi t  of d e t e c t a b i l i t y  is  0.41 ppb. 

Histopathology 

A comparison of f ib rous and c e l l u l a r  components of oyster t i s -  
sues exposed to 0. I ppm, 0.01 ppm and 0.001 ppm of d i e l d r i n  wi th 
contro ls  demonstrated no s i g n i f i c a n t  observable morphological d i f -  
ferences employing general h i s to log ica l  and histochemical s ta ins .  
Organ systems of C. v i r g i n i ca  observed included the stomach, the 
d iges t ive  d i v e r t i c u l u m , g i l l s  and mantle (Plates I - 4 ) .  Although 
LOWE et a l .  (1971) found the gonads and germinal epi thel ium to be 
affected by a mixture of DDT, toxaphene and parathion, our samples 
did not contain a s u f f i c i e n t  number of these t issue cross-sect ions 
to draw any conclusions as to the e f fec t  of d i e l d r i n  on them. 

The cha rac te r i s t i c  inflammatory response, which would include 
abnormal leucocyt ic  i n f i l t r a t i o n ,  was also not observed. I t  should 
be pointed out that  i t  is  d i f f i c u l t  to compare the ef fec ts  of  one 
pest ic ide against another and indeed the cumulative adverse ef fects 
of a number of pest ic ides may produce an e f fec t  e n t i r e l y  d i f f e r e n t  
than that  observed when tox ic  compounds are used separately.  

There were no discernable d i f ferences in the a f f i n i t y  of  i n t r a -  
and i n t e r c e l l u l a r  components based on the histochemical s ta ins.  
The PAS react ion,  with and wi thout  the diastase con t ro l ,  shoWed no 
discernable d i f ference between the cont ro ls  and the experimental 
group and the s ta in ing wi th  Orcein and Tolu id ine Blue also demon- 
strated no d i f ference p r io r  to and a f t e r  exposure to d i e l d r i n .  
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PLATE I. Section through lower stomach/upper crystalline style 
sac. Exposed 0.1 ppm for 30 days. Masson Trichrome 
12.5X. 

PLATE 2. Section of mantle. Exposed 0.01 ppm for 43 days. 
Masson Trichrome 63X. 

PLATE 3. Stomach ciliated columnar epithelial cells. Exposed 
0.1 ppm for 43 days. H&E 200X. 

PLATE 4. Digestive tubules exhibiting epithelial cells. Exposed 
0.001 ppm for 30 days (a n'umber of controls showed 
similar condition). F~sson Trichrome 80X. 
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CONCLUSION AND SUMMARY 

The resul ts  reported herein strongly suggest that r e l a t i ve l y  
short-term exposures of low levels of d ie ld r in  do not cause histo- 
pathological damage to C. v i rg in ica .  I t  was found that C.v i rg in ica ,  
a f ter  a 43-day exposure to 3 levels of d ie ld r i n ,  concentrated approx- 
imately 5 x 103 times (based on OD weight of t issue) the level of 
contaminant found in the water, regardless of i t s  nominal concen- 
t ra t ion .  The percent l i p i d  was found to vary d i r ec t l y  with the 
concentration of pest icide in the water. 

I t  is the opinion of the authors that before any de f in i te  con- 
clusions about the long-term effects of d ie ld r in  on C. v i rg in ica  
can be reached, longer exposures to sublethal concentrations should 
be undertaken. I t  is also recommended that t issues in the repro- 
ductive organs be studied to determine i f  these exh ib i t  any histo- 
pathological ef fects.  
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