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Certain chlorinated hydrocarbon pesticides, such as 
d ie ldr in ,  are known for the i r  low biodegradabil i ty and high 
accumulation in l iv ing organisms. This accumulation has been 
shown to occur along various food chains including those in 
the marine environment (ROBINSON et a l . ,  1967). Marine phyto- 
plankton as primary producers occupy the f i r s t  level of build-up 
in these pelagic food chains; therefore, i t  becomes important to 
study the interaction between algae and die ldr in.  MENZEL et al. 
(1970) reported that photosynthesis of certain marine phytoplank- 
ton was affected by dieldr in to varying degrees. Concentrations 
of dieldr in as high as I000 ppb showed no effect on photosyn- 
thesis in certain species, whereas other species were sensitive 
to dieldr in concentrations above 1 ppb. An increase in the con- 
centration above I00 ppb, the so lub i l i t y  l im i t  for d ie ldr in in 
water (EDWARDS, 1966), caused an increased inhib i t ion of 14C- 
uptake. In a study dealing with the absorption of d ie ldr in by 
Chlorella pyrenoidosa, WHEELER (1970) observed that 42% of the 
i n i t i a l l y  applied d ie ldr in ,  which represented maximum uptake, 
was absorbed by the cells within 6 to 24 hours. With time, 
dieldr in became progressively more d i f f i c u l t  to extract, indi-  
cating movement, perhaps into subcellular organelles. 

The dieldr in accumulated by the algae may undergo trans- 
formation by the organism. I t  is possible that the pesticide 
metabolites may be more persistent and almost as toxic as or 
more toxic than the parent compound. Metabolites of d ie ldr in ,  
photodieldrin and metabolites G and F, were reported by BATTERTON 
et al. (1971) to be as toxic as dieldr in to cel ls of Anacystis 
nidulans. The purpose of this study was to investigate the 
accumulation and metabolism of dieldr in by species representing 
d i f ferent  taxonomic divisions of marine phytoplankton. 

MATERIALS AND METHODS 

The six species representing four algal divisions used 
in this study were Skeletonema costatum, Cyclotella nana 
(Bacil lariophyta) ; Amphidinium ~ (Pyrrophyta) ; O-]isthodiscus 

Bulletin of Environmental Contamination & Toxicology, 
Vol. 9, No, 2, �9 1973 by Springer-Verlag New York Inc. 

116 



luteus, (Xanthophyta); Isochrysis galbana (Chrysophyta); and 
~Fe--t-raselmis chu i i ,  (Euglenophytal'. They were obtained from the 
Universi ty of Rhode Island, Narragansett Marine Laboratory. The 
algae were grown axenical ly in Gui l lard and Ryther's medium ' f '  
(GUILLARD and RYTHER, 1962) with the modif icat ion that  g lycy l -  
glycine (5mM) was added as a buffer  (MCLACLAN, 1964), and the pH 
was adjusted to 7.5. The cultures were grown on a reciprocat ing 
shaker under control led environmental conditions (14 hours of 
l i g h t  per day at 500 foot-candles and a temperature of 23~ • I ~  

A stock solut ion of 14C-dieldrin (speci f ic  a c t i v i t y  
168 ~c/mg) in acetone was added to the cell suspension to give 
an acetone concentration not exceeding 0.4%. For the uptake 
experiments, the cultures were agitated on a New Brunswick 
rotary shaker at approximately 300 rpm to keep the cel ls in 
suspension. The flasks were stoppered during the experiment 
to minimize c o d i s t i l l a t i o n  losses of d ie ld r in .  Af ter  exposure 
to d ie ld r in ,  the cel ls were concentrated by centr i fuging the 
cultures at 17,300 x g for  ten minutes. The cel ls were then 
transferred to clean tubes and re-centr i fuged as before. The 
washed cel ls were suspended in s c i n t i l l a t i o n  f l u i d  and counted 
for  14C in a nuclear Chicago l i qu id  s c i n t i l l a t i o n  counter. 
Tubes containing medium plus d ie ld r in  but no cel ls were subjected 
to the same washing procedure as the cel ls and the counts from 
the blank tubes were subtracted from the counts present in the 
cel ls .  The amount of  rad ioac t i v i t y  remaining in the medium was 
determined by counting l-ml al iquots of d ie ld r in  solut ion in 
s c i n t i l l a t i o n  f l u i d  containing Tri ton X (Packard Instrument 
Company, Downers Grove, l l l i n o i s ) .  

To study the metabolism of 14C-dieldrin by the algae, the 
cel ls were incubated with 14C-dieldrin for  two weeks. At the end 
of th is period, the cel ls were separated from the medium by cen- 
t r i f uga t ion  and extracted with acetone. The extracts were ana- 
lyzed by both gas- l iqu id chromatography and th in - layer  chromato- 
graphy. For TLC analysis,  the extracts were concentrated by 
evaporation under a stream of nitrogen and spotted on s i l i c a  
gel-coated glass plates. The plates were developed 15 cm with 
a solvent mixture consist ing of d iethyl  ether and n-hexane 
(9:1) (MATSUMURA and BOUSH, 1967). The plates were scanned 
for rad ioac t i v i t y  on a Nuclear Chicago Actigraph. Samples for  
GLC analysis were dried over sodium su l fa te ,  and the acetone 
was removed by evaporation. They were made up to appropriate 
volumes with petroleum ether and then analyzed on a Microtek 
Model MT-220 gas chromatograph equipped with a 63Ni electron 
capture detector. Operating temperatures for  the various 
components were as fol lows: i n l e t  225~ oven 186~ detector 
283%. The chromatographic column, an 800 cm x 4 mm ( i . d . )  
glass U-tube, was packed with an equal weight mixture of  1.5% 
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or-17 and 1.95% QF-I on 80 - lO0 mesh size Supelcoport (Supelco, 
Inc., Bellefonte, Pennsylvania). The carrier gas was nitrogen 
with a flow rate of 50 ml/min. 

RESULTS AND DISCUSSION 

Preliminary studies were done to study the kinetics of 
dieldrin uptake by various algae. Figure l shows the uptake 
of 14C-dieldrin by Cyclotella (0.06 mg/ml, dry weight) from 
a solution containing l ppb dieldrin. Maximum uptake of the 
dieldrin occurred within the f i r s t  hour of i ts addition to 
the culture, and no signif icant changes in the level of absorbed 
dieldrin were observed after this time. A similar time course 
for dieldrin absorption was noticed in the other species. In 
subsequent studies, dieldrin uptake was measured after two hours 
of incubation to permit i ts maximum absorption by the cells. 
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Figure I. Time course for uptake of dieldrin by Cyclotella nana 
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Some of the factors that may affect the accumulation of 
dieldrin by algae were studied. When cells of Tetraselmis and 
Amph!dinium were incubated with various concentrations of diel- 
drin, the uptake of dieldrin increased l inearly with an increase 
in dieldrin concentration up to lO00 ppb (Figure 2). With an 
increasing concentration of dieldr in,  the l inear uptake contin- 
ued above i ts maximum solubi l i ty  l imi t  in water, lO0 ppb 
(EDWARDS, 1966), which indicated, as suggested by MENZEL et a l . ,  
(1970) that the algae were incorporating dieldrin as small 
particles or that saturation of dieldrin was maintained while 
the algae concentrated the dieldrin from solution. 
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When d ie ldr in  uptake was measured at cell densit ies rang- 
ing from 0.I to 1.3 mg/lO ml (dry weight) using a constant 
i n i t i a l  d ie ldr in  concentration of 1.7 ppb, i t  was observed that 
the uptake of d ie ldr in  by the algae increased with an increase 
in the amount of cel ls  in the medium ~Figure 3~, The re la t ion-  
ship was found to be l inear  in the cultures of Amphidiniu__m, 
but non-l inear in Skeletonema, Tetraselmis, Cyclote l la,  
Is__ochrysis, and Olisthodiscus. 
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The various species dif fered s ign i f i cant ly  in the i r  ab i l i t y  
to remove dieldr in from the medium. When the algae were incu- 
bated each at a cell density of 0.2 mg/lO ml (dry weight) with 
1.7 ppb of d ie ldr in ,  the percentage of the i n i t i a l  amount of 
the pesticide removed by the algae two hours af ter  treatment 
was: Skeletonema 42.0%, Tetraselmis 16.0%, I sochrysis 15.5%, 
Olisthodiscus 13.0%, Cyclotel la 13.0%, and AmDhidinium 2.3%. 
An attempt was made to determine i f  the d i f ferent ia l  uptake of 
d ie ldr in by the di f ferent  species could be explained by d i f fe r -  
ences in the number of cells per uni t  mass of cel ls .  Table 1 
shows that there was no correlation between dieldr in accumula- 
tion and the number of cells per unit  mass. 

Our findings showed that various species of algae accumu- 
lated dieldr in to levels many times higher than the original 
concentration in the medium (Table I ) .  However, the degree of 
concentration of d ie ldr in by these algae was considerably less 
than that observed with DDT (RICE and SIKKA, 1972). Differences 
in the water so lub i l i t y  of the two pesticides and the differences 
in the i r  a f f i n i t i es  for ce l lu lar  l ip ids may explain the dif feren- 
t ia l  accumulation of DDT and die ldr in by the algae. Because of 
the greater water so lub i l i t y  of d ie ldr in than of DDT, the former 
would be expected to have a lesser a f f i n i t y  for cel l -water 
interfaces, thereby result ing in a lower uptake by the cel ls .  

TLC analysis of the cell extracts and culture media two 
weeks af ter  incubation with 14C-dieldrin indicated the pres- 
ence of one 14C-compound having an Rf of 0.37. This compound 
co-chromatographed with authentic d ie ldr in ,  suggesting that 
al l  the radioact iv i ty  in the cells and media was present in 
the form of unchanged die ldr in.  Gas-liquid chromatographic 
analysis of the cell extracts and media confirmed the results 
of the TLC analysis. 
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