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DDT Reduces Photosynthesis by 
Marine Phytoplankton 

Abstract. Concentrations of DDT 
[ 1,1, -trichloro-2, 2-bis(p-chlorophenyl) 
ethane] as low as a few parts per bil- 
lion in water reduced photosynthesis in 
laboratory cultures of four species of 
coastal and oceanic phytoplankton rep- 
resenting four major classes of algae, 
and in a natural phytoplankton com- 
munity from Woods Hole, Massachu- 
setts. Toxicity to diatoms increased as 
cell concentration decreased. This inhi- 
bition may be of ecological importance. 

Recently it has become apparent that 
DDT (1) and its derivatives are among 
the most widely distributed synthetic 
chemicals on Earth. They are found not 
only in soils (2), runoff water (3), air, 
and rainwater (4), but also in most ani- 
mals analyzed from widely diverse parts 
of the world, including Antarctica (5, 
6). Residues of DDT were recently re- 
ported in marine organisms of both the 
Atlantic and Pacific oceans, including 
pelagic birds at the top of wholly ocean- 
ic food chains (7); this and other evi- 
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Marine Phytoplankton 

Abstract. Concentrations of DDT 
[ 1,1, -trichloro-2, 2-bis(p-chlorophenyl) 
ethane] as low as a few parts per bil- 
lion in water reduced photosynthesis in 
laboratory cultures of four species of 
coastal and oceanic phytoplankton rep- 
resenting four major classes of algae, 
and in a natural phytoplankton com- 
munity from Woods Hole, Massachu- 
setts. Toxicity to diatoms increased as 
cell concentration decreased. This inhi- 
bition may be of ecological importance. 

Recently it has become apparent that 
DDT (1) and its derivatives are among 
the most widely distributed synthetic 
chemicals on Earth. They are found not 
only in soils (2), runoff water (3), air, 
and rainwater (4), but also in most ani- 
mals analyzed from widely diverse parts 
of the world, including Antarctica (5, 
6). Residues of DDT were recently re- 
ported in marine organisms of both the 
Atlantic and Pacific oceans, including 
pelagic birds at the top of wholly ocean- 
ic food chains (7); this and other evi- 
dence suggest widespread contamination 
of marine plankton by these chemicals. 
While components of the zooplankton 
have been shown to be highly suscepti- 
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ble to DDT (8, 9), very little is known 
of its effects on phytoplankton. Since a 
substantial part of the world's photo- 
synthesis is performed by phytoplank- 
ton (10), interference with this process 
could be important to the biosphere. 

In order to determine the effects of 
DDT on photosynthesis by marine phy- 
toplankton, species important as food 
organisms, representing four classes 
of phytoplankton, were chosen from 
laboratory cultures maintained at 
Woods Hole Oceanographic Institution 
(WHOI). These included the diatom 
Skeletonema costatum, isolated from 
Long Island Sound (WHOI clone 
"Skel"); the coccolithophore Coccoli- 
thus huxleyi from the Sargasso Sea 
(32010'N,64030'W; "BT-6"); the green 
alga Pyramimonas sp. from the Sar- 

gasso Sea (33011'N,650lS'W; "13-10 
Pyr"); and the neritic dinoflagellate 
Peridinium trochoideum ("Peri"). In 
addition, water from Vineyard Sound 
(Woods Hole) was tested, containing a 
typical neritic phytoplankton commu- 
nity dominated by various diatoms. 

Fluorescent lights (5000 lux) on a 
cycle of 14 hours light and 10 hours 
dark were used at 17?C. The four 
laboratory cultures were grown axeni- 
cally in half-strength medium "f" (11), 
an enriched sea water. In 125-ml erlen- 
meyer flasks, 50-ml portions of me- 
dium were inoculated to yield the ap- 
propriate cell concentrations, and these 
were cultured for 24 hours. This in- 
itial culture period was omitted with 
Pyramimonas and the Vineyard Sound 
water; the latter was filtered through 
50-t, mesh to remove zooplankton and 
was enriched to "f/100." To each 
flask 1 or 2 tzl of pure p,p'-DDT (1) 
in an ethanolic solution was then 
added to yield the desired concen- 
trations of DDT. Control flasks re- 
ceived equal amounts of pure ethanol, 
with no detectable effect on results. 
After culturing for 20 to 24 more hours, 
1-C-bicarbonate (12) was added, and the 
algae were illuminated for 4 to 5 more 
hours. A few controls were run in dark- 
ness. Cultures were then collected on 
0.8-[ Millipore filters, by use of slightly 
reduced pressure, and washed three 
times with filtered sea water; the filtered 
cultures were dried and radiation was 
counted. The radioactivity retained by 
the filtered cells is related to the amount 
of carbon fixed by photosynthesis (13). 
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activity in phytoplankton (14). 
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Fig. 1. Photosynthesis by phytoplankton at 
various concentrations of DDT, measured 
by uptake of 4C (percentages) relative to 
uptake by controls. The following are, 
respectively, calculated cell concentrations 
(per milliliter) at the end of each experi- 
ment, mean counts per minute (cpm) for 
controls, uptake in the dark (percentages) 
relative to uptake by controls, and prob- 
abilities that a negative linear regression is 
random: Skeletonema, 1600, 1390 cpm, 
1.1 percent, P = .052; Coccolithus, 4920, 
1435 cpm, 39.7 percent, P = .00074; Pyra- 
mimonas, 2100, 564 cpm, 22.8 percent, P 
= .032; Peridinium, 240, 533 cpm, 53.4 
percent, P - .059; Vineyard Sound water 
(as obtained), 6200 cpm, 0.6 percent, P 
= .0011. 
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was subtracted from all results. Proba- 
bilities (P) that a negative linear regres- 
sion was random ranged from .0007 to 
.06, with P < .0001 for these five ex- 
periments combined. Data from DDT 
concentrations greater than 100 parts per 
billion (ppb) have been omitted from 
the regression calculations since they 
are not on the linear part of the curve 
and may be subject to anomalies caused 
by the limited solubility (1.2 ppb) of 
DDT in water (15). The fact that DDT 
could be immobilized as a solid when 
the solubility limit was so greatly ex- 
ceeded may explain the slightly in- 
creased uptake of 14C in some instances 
at 200 to 500 ppb of DDT. 

Presumably the effect on phytoplank- 
ton occurs after absorption of DDT by 
the cells, a process to be expected from 
the very low solubility of DDT in 
water and its higher solubility in lipid- 
containing biological material. One 
might therefore expect increased effect 
with decreasing cell concentration, 
caused by an increased amount of DDT 
per cell. Accordingly in one experiment 
the concentration of DDT was held 
constant at various cell concentrations. 
The validity of the hypothesis is shown 
by the results of 10 ppb of DDT (Fig. 
2): photosynthesis by Skeletonema de- 
creased to half that by the controls as 
the cell concentration was reduced by 
two orders of magnitude. 

The fact that these data apparently 
follow sigmoid curves is typical of dose- 
response relations (16) and suggests the 
absence of a threshold concentration of 
DDT below which no effects occur. Ex- 
perimental scatter produced some up- 
take of 14C above 100 percent at low 
concentrations of DDT, however. This 
should not be interpreted as a low-level 
stimulatory effect, a possibility that can- 
not be evaluated from these data. 

It is known that DDT reduces Hill 
reaction activity in barley chloroplasts 
(17). Photosynthesis by two species of 
algae and by a natural phytoplankton 
community was diminished by 1000 ppb 
of DDT (8), but it now appears that 
at least some phytoplankton species are 
sensitive to much lower concentrations. 

Evaluation of the significance of 
these findings to phytoplankton com- 
munities in nature is not simple, al- 
though the near-ubiquity of DDT resi- 
dues implies a potential for widespread 
effects. Representative concentrations of 
DDT residues within natural phyto- 
plankton communities are not generally 
known. 

Water remote from a site of applica- 
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Fig. 2. Photosynthesis in Skeletonema at 
10 ppb of DDT at various cell concen- 
trations; P = .032. 

tion of DDT usually averages less than 
1 ppb (3), but concentrations in water 
may be misleading. Natural waters carry 
DDT in suspension, as well as particu- 
lates to which DDT is adsorbed at 
concentrations 104 to 105 times those 
in the water (6). In my experiments half 
the DDT may be lost by codistillation 
within 24 hours (18), so that DDT con- 
centrations were probably much lower 
than is indicated (Figs. 1 and 2) when 
uptake of 14C was measured. 

Absorption of DDT by the cells 
further reduces the concentration in the 
water. In nature, concentrations in 
water are likely to be more constant, 
the DDT being replaced from persistent 
residues in mud, detritus, runoff water, 
and other sources as it is absorbed by 
cells. Thus a given concentration in 
natural waters would be of greater bio- 
logical importance than the same initial 
concentration in vitro under the condi- 
tions of these experiments. 

Water near a direct application of 
DDT to the environment, however, 
commonly contains concentrations com- 
parable to those employed by me. Treat- 
ment with DDT of a Florida salt marsh 
yielded water containing up to 133 ppb 
for 1 week (19), some California waters 
contained as much as 22 ppb (6), and 14 
to 20 ppb of DDT was added directly to 
Clear Lake, California (20). Under such 
circumstances, and especially where cell 
concentrations are low, photosynthesis 
and growth by phytoplankton (21) are 
probably reduced, so that the base of 
the food chain is diminished and higher 
organisms are affected. 

Selective toxic stress by DDT on cer- 
tain algae may alter the species compo- 
sition of a natural phytoplankton com- 
munity (21). This floral imbalance could 
favor species normally suppressed by 
others, producing population explosions 
and dominance of the community by 
one or a few species. This process would 
aggravate the problems of eutrophica- 
tion caused by over-fertilization from 

sewage, agricultural runoff, and other 
artificial sources; it may partially ex- 
plain the appearance of algal blooms 
during recent years within certain closed 
bodies of water. Such effects are insidi- 
ous and their cause may be obscure, yet 
they may be ecologically more impor- 
tant than the obvious, direct mortality 
of larger organisms that is so often re- 
ported. 

CHARLES F. WURSTER, JR. 

Department of Biological Sciences, 
State University of New York, 
Stony Brook 11790 
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