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The insecticide DDT was introduced to world
agriculture and public health after World War 11,
)t was valued for both its toxicity to insects

and jts persistence in the ficld. It is estimated
that over ten million tons have been used during
the last thirty years. Polychlorinated biphenyls
(PCB) were first introduced to the electrical
industry in 1935 as diclectric and insulatin
Buids, Because of their low conductivity, ﬁut
stability, resistance to bacterial degradation,
and solvent properties they soon found their
way into hundreds of commetcial products.
About once million tons have been manufactured
to datc. It was incvitable that the same proper-
ties that make these chemicals so valuabﬁ: in
commerce, agriculture, and health would lead
to their sccumulation znd persistence in the

. enviromment. Also, since the oceans cover

mo:t of the surface of the gloke, it would
hare: been reasonable to predict that large
frac:ions of thesc chemicals would find their
way to the soa. These predictions would have
been of listle concen if both DDT and PCB
weee not members of a cluss of organic
compounds known as chlorinated
hydrocarbons, substances chat are
plyﬁolo‘iullv active in a deleterious way.
They are not lethal, as are the nerve gases,
but they insidiously interfesc with important
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The ser of ehlori y in the
waine pwrirowement has lead 1o eproductive fuilures in
pepularions of sra bards, such av the Anacape Ishand
Seown prlican, (Franklin Gress) .

biach ical 1radi

pr g to a variety of
unnatural symptoms.

Public awareness of the possible effects
of chlorinated hydrocarbons on the
environment was first rouscd by Rachel
Carson in her now famous book Silent Spring.
published in 1962. Although the book
contained many errors, it struck a sensitive
international nerve and catalyzed the formazion
of federal pollution agencics and new areas
of research funding, and heightened public
awareness of the c?:ssical science of ecology.
Still, by 1970 there was no information
available on the presence, if any, of DDT or
PCB in the open sca.

Being uniquely situated at an oceanographic
laboratory with open-sea capabilitics, we began
to study the distribution of chlorinated
hydrocarbons in the sea by making a diverse
collection of fish and crustacea on a cruise
that transected the North Atlancic between
the Cape Verde Islands and Woods Hole during
November and December of 1970. Since thac
time we have made a dozen cruises into the
open Atlantic to collect and analyze organisms.
water, air, and scdiments as a part of the
Environmental Quality Program of the
International Decade of Ocean Exploration
(IDOE), an office of the National Science
Foundation.

When our woik began in 1970, we
proceeded on the following assumptions: We
would find mainly DDT and its derivatives
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- PCH released during the buriing of municipal dumps may
veech coastul waters via atmospheric transport and fallout,
(Maseachusetts Audubon Society)

and little, if any, PCB; we would note
decreasing concentrations of DDT in fish and
i water as we moved seaward; we would
; observe food chain magnification of chlorinated
t hydrocarbons in marine animals; and we would
: detect toxic effects of DDT and PCB.
H Forcunatcly, our approaches werse flexible
; because all four assumptions were wrong.
: ¢ than ten times as much DDT as PCB

' not ¢ llifc Uring our su scsucm WOrk
id eventuatly led to the conclusion that
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JrSnmental Trolcinion Apency (EPA)
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. naturally illuminated se:
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. “sediments, whilé PCI has been
————

measured in

S Y

sediments lying under 5500 meters (18,000
'rcme.cr\./}\long :hmm’:&’c' Unize
States, DDT is more a_bpnd:mt and can be
detecicd in‘sédiments, shellfish, and finfish, gt
—Afeer cxamining a large body of data’vh
the PCB and DDT content of scawater,
plankton, and fish, we faced a second
unexpected conclusion: there was no trend
toward a dccrease in the chlorinated
hydrocarbon content of the water or the
(mktm\ as onc went scaward. This is
lustrated in Figure 1. Looking for an
explanation, we measured the PCB and DOT
content of the air over the Atlantic and the
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FIGURE 1. ICB concentrations (in parts per trillion) in the
surface watcrs of the North Atlantic in 1972,

sediments beneath the water at several sites
from inshore to the open sea. There we did
find a very rapid decrease in concentrations
away from the coast. This is illustrated for the
atmospheric concentrations in Figure 2. The
question we encountered was, if more PCB
and DDT are getting into the coastal ocean
than into the open sea, why aren't
concentrations higher in coasial waters,
plankton, and fish? We now believe that the
greater amounts of solid particles in the ™
caistal waters can adsorb PCB and DT from
the water while falling 1o the séditnentsTTIn ™
fact, we have demonstrated in the Tuborator
that occan pasticles—a mixture of clay, dc:uI
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lankton, algae skeletons, and so on—can
adsorb one million times more PCB than an
cqual quantity of water can dissolve. In the
open ocean, where there is very little
particulate matter, the adsorption process is
slower. Thus, the near-shore ocean, which is
the source of most of our fish, has been
protected from having higher and probably
toxic concentrations of chlorinated
hydrocarbons in the water by virtue of having
|‘|igher load of solid particles. The blue
water of the open occan, because of its low
particle population, would be ineffective in
protecting the coastal zone. Fortunatcly,
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FICURE 2. PCB ronerntrations in simorphers direetly over
ohe westerts Noreh Atlantic in spring 1973,

much Jess PCB or DDT ever reaches the
open ocean. .
Another unexpected result of our data
and that of ﬁh?s :‘;‘vi;_a Tack of ’Fﬂm" for
€ edincepé of food chali magnilication, as
{ po u&?iﬁ"a'smal;\tarmn,}%m:?::gh,
W&T%’Wﬁo—uha some carmivorous fish
with more chlorinated hydrocarbons than
bivorous fish, or large fish with a higher
body burden of DDT than small fish, we also
found the reversc in many cascs. For example,
ankion, although they are at the base of the
wad chain, contain the highest PCB
concentrations of any organisms in the sca
analyzed to date (about 200 micrograms per

VT ey

kilogram). In contrast, barracuda contain
about 10 micrograms per kilogram, and flying
fish, which fcezfon plankton, contain one
hundred times less PCB or DDT than plankton.
Conversely, sharks, which, like barracuda,
feed on anything that moves, contain PCB
and DDT levels almost as high as those in
plankton. In fact, there are now sufficicne
data from many sources in the scientific
literature toffonclude that food chain
magnification of pollutants is not a useful
concept with water-breathing animals.
However, sir-breathing animals such as seals,
sea lions, and sea birds do seem to
concentrate DDPand PCB from their diets
and to build up enonmous quantities in their
fat stores. For example, open-ocean-feeding
sca birds, such as the great skua and the
British storm petrol, can accumulate as
much as 20 parts per million PCB from their
diets. The reasons for the lack of food
chain magnification among gilled organisms
are unknown but probably relate to
differences in body chemistry rather than
trophic level. Di(&renccs in PCB
concentrations in various water- and
air-breathing ahimals are illustrated in

Table 1.

During our cruises we have not observed
any_eﬂcgg  atinibutable (6 DDT 3FrPCh—™

Planktonic distribution and the sizé of fost

Table 1
#CB Concenastions in Various Resevvoiss
of the Atlantic Ocean
Reservoiz Concentrations

(parts pes billion)
Ses mammals 3000
Sea biuds 1200
Mixed plankton 200
Finfish of upper accan 0
Fish of mid-water depin 1]
Bottom-living invertebrates 1
Deepses sediments 1
Scawater 0.001

NOTE: Pata were taken from several soutces and averaged.
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fish catches in the open ocean have not-
auged for as long as Institucion scientists
& femember. There are 1ewer sharks now
han filicen years ago, but this can be
" blamed on the tuna Jong-lining industry. Also,
few haddock are left on Georges Bank, but as
& result of reckless overfishing, Marine
mammals and sea birds do appear to have
been adversely affected by DDT and PCB.
Californin sea lion cows have shown an
increased incidence of delivering premature
ups while concentrating very high body
nveb of DDT and PCB from their
envi t. When a ive wreck of
guillemots occurred in the Irish Sea in
1969, investigators initially concluded that
PCB toxicity probably could not be
blamed. More recem{y. however, after
having collected additional data, they
determined that the dead guillemots had
about twice the PCB concentration of healthy
birds collected in the same area, and that PCB
was the cause of the wreck.

Data collected during observations of 2
colony of terns near Long Island have shown
a cotrelation between dc Formed chicks and
PCB levels. DDT and mercury concentrations
in the terns did not correlate with the
Incidence of deformed young as well as did
PCB lewels. Recent work at the Marine
Blological Laboratory in Woods Hole
demonstrated that sewage applied to a marsh
in various amounts caused aberrant behavior
and death among the fiddler crab population.
The DDT {raction of an extract olP th
sewage produced the same effects. Also,
the various species in a population of marine
[ d with envir | levels of

in a laboratory culture system gradually
shifted to a few dominant specics, although
the total bi ined

In esch case cited above, there is an
apparent causal relationship between the

rved effect and the presence of DDT
and/or PCB. However, there is no absolute
proof because many other chemicals were
also prescuc. Unfortunately, by the time
such proof could be demonstrated, irreversible
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bpT nﬂn are ln"npaud to the ocean via rivers {surface

ranoff) P Routes of pheric P
include eerial drift during application, and wepori:zation from
soil mid plants. (EPA-Dacumerics, Charles O'Rasr)

damage could be done to 2 whole population.
We therefore cannot delay installation of
control programs until the harmful effects of
chéimicals in the sea are demonstrated beyend
ubt,
“The situation may be improving, thanks
mastly to pressure from scientific and citizen
E’oups that arose during the late 1960s. DDT
as been essentially banned in the United
States, except for a few special applications.
The use of PCB has been restricteg in the
United States, Europe, and Japan to products
that minimize the possibility of leakage to
the environment. Since those restrictions
were made, the DDT content of coastal
marine shellfish has decreased to a level where
monitoring by the EPA has been discontinued.
PCB concentrations in North Atlantic seawater
have decreased fortyfold since 1972, and thesc
now appears to be a constant, but lower,
leakage from the cities to the sea. The
sesponse of the marine environment to these
restrictions has been more rapid than we
anticipated, and most welcome. However,
we that persi of any
concentration of a foreign substance is
harmless to the environment.

Although DDT and PCB levels have
decreased to the point where we should be
concerned rather than alanined, research
should continue for the following reasons.’
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in the ycars ahcad, as the world food
shortage intensifics, there will probably be
massive use of persistent agricultural
chemicals because of the favorable cconomics
spraying only ouce a year. f we know
bow these chemicals move in the
environment, where they go, and how long
can use them more wiscly,
id to the cnvi t,
especially the seas. Furthermore, although
and DDT imay be phasced out of use, -
other chemicals will have to replace them.
New chemicals will find ncw uses. Rather
than being armed with perfect hindsight,
we should’ be prepared with intelligent
predictions of possible use patterns and
thereby avoid unnecessary pollution of the
seas. gimlly‘ it has been very difficult to
trace and understand the movement and
cycling of organic carbon compounds in the
oceans. They can come from land or be
synthesized by algae in surface waters.
Bacteria can make organic matter or degrade

it in sucface waters or bottom sediments.
Studics of the mavements and whercabouts
of the chlorinated hydrocarbons DT and
PCB, which originatc on land and are not
made within the sea, can contributc gready
to our knowledge of the cycling of natural
organic matter.

The seas arc like a giant, complicated
organism composed mosily of water, with
some solid materials (dust, fish, whales), all
interacting in ways that determine the
movements of foreign chemicals through the
ocean. We belicve the effects of foreign
chemicals on ocean life arc controlled by
regular chemical, physical, and biological
processes that we are trying to understand.
Only when we understand these processes can
we cffectively protect the ocean from a
prematute senility,

Ceorge R, Hervey is an associate scientist in the Department
of Chemistry, Woods Hele Oceenographic institution,
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