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I. OIL AND MARINE LIFE: LABORATORY STUDIES 

BATTELLE, PACIFIC NORTHWEST LABORATORIES 

Principal Investigator: 

B. E. Vaughan 
Battelle, Pacific Northwest Laboratories 
Sequim, Washington 

The case of DDT concentration in the natural food 
chain led the American Petroleum Institute to focus on 
whether oil taken up internally, or ingested, by marine 
life might be retained permanently, concentrated, or 
passed to food chains, possibly posing a health haz
ard to human beings. This concern led to the first 
research project entered into by the Institute's Com
mittee on Fate and Effects of Oil in the Environment. 

The Institute engaged Battelle, Pacific Northwest 
Laboratories, a private research organization, to de
velop tests suitable for examining the potential threat 
of spilled oils to marine life. Battelle's work was fruitful. 
It developed improved bioassay procedures appli
cable, for example, to larval vs. adult stages and to 
flow-through vs. static exposures to oil. It developed 
more specific hydrocarbon analytical measurements. 
And it directed attention to the importance of the way 
oil fractions may be distributed in the water column. 

Battelle scientists found, contrary to a widely held 
theory at the time, that a filter feeder, the Pacific oyster, 
quickly purged itself of the oil that it had taken up. This 
observation was based on examination of petroleum 
fractions in muscle, gonad, and whole oyster. They 
also found that the lethal effect of oil on various marine 
organisms depended on both the concentration of oil 
in the water column and the length of an organism's 
exposure to oil. Toxicity effects varied significantly 
among types of oil and types of organisms. In follow-on 
studies involving exposure to hydrocarbons, Battelle 
scientists showed that finfish also purged themselves 
when returned to oil-free seawater. 

As a result of Battelle's work, a substantial body of 
data indicates that ingested oil is not accumulated and 
passed to higher organisms through the food chain. 

The two-year study involved marine animal embryonic 
and larval life stages of Pacific oysters and Dungeness 
crab, two unicellular algae, various eggs and larval 
forms, and 11 selected fish. The selection of these 
animals was based on their potentially high sensitivity 
to oil, their economic importance, or their significance 
in the food web system. 

The study used a No.2 fuel oil and two crude oils, a 
South Louisiana and a Kuwait. A high aromatic No.2 
fuel oil was chosen because its expected relatively 
high toxicity would represent a "worst case." The three 
oils chosen for this and subsequent studies are typical 
of oils transported and used in large quantities in the 
United States. 

These oils, along with a Bunker C oil, were later 
established as API Reference Test Oils for biological 
stUdies. They have been made available to the scien
tific community through a repository established at 
Texas A&M University. Wide use of the same oils by 
researchers, of course, affords a basis for comparison 
of results of biological studies among various labora
tories. 

The Battelle scientists concluded: 
• In laboratory tests, this No.2 fuel oil is more toxic 

than is the South Louisiana or Kuwait crude oil. 
• A short exposure and low concentration of oil in 

the water are two factors that mitigate the conse
quences of oil exposure on marine life. There are other 
mitigating factors, for example, dilution, evaporation, 
and biodegradation. 

• Depuration, the ridding of these hydrocarbons 
from an organism's tissues, is rapid after the test or
ganism enters clean water. 



CENTER FOR MARINE RESOURCES, TEXAS A&M UNIVERSITY 

Principal Investigator: 

J. W. Anderson 
Biology Department 
Texas A&M University 
College Station, Texas 

Even before Battelle-Northwest had completed its 
research on the effects of oil on marine organisms, the 
Institute contracted with Texas A&M University to re
peat and verify some of Battelle 's laboratory studies 
and to conduct new laboratory studies. The Institute 
also asked Texas A&M to design a series of studies to 
investigate oil under natural , as opposed to laboratory 
conditions. 

The researchers used a Venezuelan Bunker C oil in 
addition to the same three oils that Battelle used . They 
examined the effects of these oils on a wide range of 
marine animals, seeking answers to such questions 
as: How toxic is each of the different kinds of oils? 
When marine animals absorb the pollutants, in which 
tissues do the pollutants accumulate? And how do 
various pollutant levels in the water and in the animal 
ti ssues affect the animals? 

The Texas group first determined the effects of the 
four API Standard Reference Oils on six kinds of fish , 
shellfish, and plants. As indicated by earlier research , 
the refined oils carried by many tankers are more toxic 
than are crude oils. The study also identified specific 
refined oil components that apparently pose the great
est threat to marine life. 

Detailed studies sought to find out how fast the 
animals absorb oil components from the water, how 
much oil the animals accumulate, and how fast they 
can release it when the pollution is gone from the water 
habitat. One series of studies showed that oysters , 
clams, brown shrimp, and grass shrimp in oil
contaminated water accumulated toxic naphthalenes 
more than other petroleum compounds. When placed 
in clean water, however, all of the animals released the 
pollutants over periods ranging from a few days to two 
months. 

In a study of clams, the scientists concentrated on 
benzo(a)pyrene, an active carcinogen found in minute 
amounts in oil and known in chemical shorthand as 
BAP. Little was known about the accumulation or re
lease of BAP and similar compounds. The scientists 
collected clams from Trinity Bay, Texas, and exposed 
them to BAP-contaminated water for 24 hours. When 
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returned to clean water, the clams released 70 percent 
of the absorbed BAP within 10 days and the rest within 
30 to 58 days. 

As the scientists noted , petroleum is not the main 
source of BAP and similar compounds. These enter 
the air through processes such as forest fires, refuse 
burning , and coke production. Some of this airborne 
material , via rain , reaches rivers, lakes, and oceans. 
Some of the compounds may be synthesized by 
microorganisms , algae, and other marine plants. (See 
the summary of research in "PNA's in the Environ
ment," below.) 

The studies carried out at Texas A&M University also 
provided valuable information on how marine animals 
absorb and release pollutants. Brown shrimp, for 
example, rapidly accumulated naphthalenes in the 
digestive gland , while the shrimp's abdominal muscle 
contained the lowest concentration. The digestive 
gland required about 10 days to release the naph
thalenes, while the edible muscle was cleansed after 
only one hour. 

In summary, these laboratory studies support sev
eral hypotheses that are consistent with results of other 
independent studies: 

• Exposed marine animals accumulate oil, but rap
idly release it. 

• When the marine animals have released the oil , 
they return to normal behavioral and physiological pat
terns. 

• The growth rate of oysters and brown shrimp ex
posed to oil was not significantly different from the 
growth rate of animals in the control group not ex
posed to oil. 

• The rapid release of oil by these small marine 
animals suggests that the amount of oil in marine 
animals does not increase up through the food chain. 
Larger animals at the top of the Sargasso Sea food 
chain were found to contain no higher levels of petro
leum compounds than did the smaller animals lower in 
the food chain. Additionally, certain marine animals 
can metabolize petroleum compounds. 

WESTINGHOUSE OCEAN 
RESEARCH LABORATORY 

Principal Investigator: 

J. M. Forns 
Ocean Research Laboratory 
Westinghouse Electric Corporation 
Vineyard Haven, Massachusetts 

Another study, conducted by Westinghouse's 
Ocean Research Laboratory, assessed the effects of 
oil on the larvae of the Maine lobster, one of the most 
important commercial shellfish. The American Petro
leum Institute chose to initiate this approach because 
lobsters, from the egg through four larval stages, are 
part of the near-surface dwelling planktonic commun
ity that could be especially vulnerable either to an oil 
spill or to chronic oil leakage. 

The Westinghouse researchers, in cooperation with 
the Commonwealth of Massachusetts, used the facili
ties at the Massachusetts State Lobster Hatchery to 
study the effects of South Louisiana crude oil on four 
larval stages of the lobster. The tests were conducted 
with naturally hatched animals in individual test 
chambers as well as in mass culture systems . The 
researchers introduced varying concentrations of oil 
into the water that flowed through the tanks . They 
varied the temperature of the water and the length of 
time the animals were exposed. 

The animals were monitored six times a day for feed
ing behavioral characteristics, mobility, molting suc
cess, growth, and development times to reach the 
fourth larval stage. Researchers studied both the lar
vae and the chemical makeup of the hydrocarbons in 
the sea water. They found that the larvae exposed to 
1.0 part per million (ppm) of crude oil in seawater had 
approximately 50 percent lower survival than did con
trol larvae or those exposed to only 0.1 ppm crude oil 
in seawater. 

Animals exposed to 0.1 ppm crude oil were active 
feeders , their movement was consistent, and they 
were aggressive. Larvae exposed to 1.0 ppm crude oil 
were depressed feeders " their motions were minimal , 
and they were generally lethargic . 

The time it took for the animals to develop was also 
directly related to the concentration of oil in the water. 
For almost all of the tests, the control larvae and the 
larvae exposed to 0.1 ppm oil reached the second 
stage of development within three days. They reached 
the third stage within six days. And they molted to the 
fourth stage within 12 days after hatching. Develop
ment times for the larvae exposed to 1.0 ppm crude oil 
were more than three days to molt to the second stage, 
seven days to reach the third stage, and at least 15 
days to reach the fourth larval stage. The frequency of 

First-stage lobster larvae, normal (pale blue) and oiled (reddish). 

mortalities for both the control and the oil-exposed 
larvae was highest when the larvae molted to the sec
ond larval stage. 

The most obvious effect on developing larval 
lobsters was the color the animals displayed after ex
posure to crude oil, especially those exposed to the 
1.0 ppm crude oil. They turned from their normal, al
most transparent pale blue color to varying shades of 
red, depending on the amount of oil exposure. Larvae 
which became completely reddened rarely survived 
the fourth stage. The almost transparent character of 
the typical larvae may serve to camouflage them from 
predators in the near-surface environment. The Bu
reau of Land Management of the U.S. Department of 
the Interior is continuing this work in a study of what 
happens to the "red" survivors. 

Normal lobster in holding tank. 



II. OIL AND MARINE LIFE: FIELD STUDIES 

EFFECTS OF OIL SPILLS 

Texas Field Studies 

Principal Investigators: 

J. W. Anderson 
J. M. Neff 
Center for Marine Resources 
Texas A&M University 
College Station, Texas 

In order to see whether laboratory results would 
apply under "real " conditions, Texas A&M University 
scientists repeated some of the tests described above 
in an experimental outdoor pond . In the pond , shrimp, 
clams, and oysters absorbed and released naph
thalenes in much the same way that they did in the 
laboratory. More shrimp, however, died at lower pollu
tion levels than predicted by laboratory data. Shrimp 
apparently behave differently in natural habitat, at 
night swimming up into the surface oil slick and thus 
coming into contact with a greater concentration of oil. 

Other field studies were conducted in Trinity Bay, 
which is typical of many Gulf Coast bays and estu
aries . It contains several oil fields and is important for 
recreational and commercial fishing . Indeed, sport 
fishermen and commercial shrimpers and crabbers 
often pursue their activities near the oil-well heads. 

The scientists were especially interested in the rates 
that clams under and near an oil platform absorb and 
release the oil. Much is already known about clams. 
They can accumulate oil pollutants even where pollu
tion levels are low. They play an important role in the 
Gulf Coast ecosystem. And they are found worldwide. 

The results of this field study were consistent with 
those of the earlier laboratory experiments. When ex
posed to low-level pollution for 100 days, the clams 
absorbed naphthalenes in much the same way that 
they did under high-level pollution conditions for one 
day in the laboratory. Similarly, when transferred to 
clean water, the Trinity Bay clams released the naph
thalenes within 30 to 58 days. 

The evidence in this and other low-level pollution 
studies suggests that clams and other animals do not 
accumulate lethal levels of the pollutants. But addi
tional study will be needed to learn the exact effects of 
chronic low-level pollution. 

The Texas A&M group also studied the area around 
an oil-gathering platform in shallow water, six to eight 
feet deep. (In deep water, where most new offshore 
production occurs , the effects shown here are not ob
served.) At the platform, brine brought up with the 
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produced crude oil is separated and returned to the 
bay. One 21 -month study-completed in December 
1975- examined the platform 's effects on the variety 
and amount of marine animals on the bay bottom. 

In general, both the variety and numbers of or
ganisms increased with distance from the platform. 
Within 50 feet of the platform, a minute fraction of the 
total area surveyed, there was almost no bottom 
marine life. At 500 feet, the bottom life was less than 
normally would be expected. But at 1500 feet, the 
platform had no effect on bottom life. 

Phytoplankton 

Principal Investigators: 

E. Mills 
S.M. Ray 
Texas A&M University 
College Station, Texas 

J.A. Strand 
Battelle, Pacific Northwest 

Laboratories 
Sequim, Washington 

The basis of the food chain for marine animals is 
phytoplankton , the floating plant life in a body of water. 
Should petroleum harm the reproductive capacity of 
phytoplankton, it was theorized, repercussions might 
be felt by members higher in the food chain , thus af
fecting species consumed by humans. 

When they exposed phytoplankton to water-soluble 
fractions of test oils, however, scientists at Texas A&M 
University found that the growth rate of the phytoplank
ton decreased . When the exposure to oil ended , the 
phytoplankton resumed a normal growth rate within a 
few days. The researchers concluded that once a spill 
is over, the surviving phytoplankton repopulate an 
area rapidly. They also found that phytoplankton re
cruited from nearby areas unaffected by the spill 
would disperse and rapidly re-establish a normal phy
toplankton population. 

In another American Petroleum Institute study at 
Battelle-Northwest, scientists found that oil at concen
trations of less than one part per million actually stimu
lated the growth of phytoplankton . This finding is simi
lar to the results of other observations in Alaska , 
France, Canada, and elsewhere. Even so, these re
sults are speculative and require further confirmation 

Marshland 

Principal Investigators: 

M. E. Bender 
R. H. Bieri 
R.J. Huggett 
H. L. Kator 
Virginia Institute of Marine Science 
Gloucester Point, Virginia 

Public concern about drilling and producing in the 
Atlantic offshore regions and the possible effects of oil 
spills on the shoreline led to a study to measure the 
potential impact of an oil spill on the ecology of a fertile 
marshland. The study, conducted by the Virginia In
stitute of Marine Science, was designed to evaluate 
the effects of an oil spill in a marshland area not with 
laboratory experiments , but with a simulation of an oil 
spill in an actual marsh. 

The Institute was able to get permission to conduct 
the spills at a Navy facility because the experiment 
was designed in such a way that the surrounding 
estuarine area would not be affected . The researchers 
selected a marsh-tidal stream system just off the York 
River in Virginia. There , they built retaining walls by 
imbedding corrugated composition board into the soil 
to form "pens," each measuring approximately 50 by 
100 feet. The walls closed the pens off on three sides. 
The fourth side contained an opening below the water 
surface, allowing the tidal flow in and out of the test 
areas, but preventing surface oil from escaping. 

In September 1975, the scientists released three 
barrels of fresh South Louisiana crude oil into each of 
two of the test area pens. They released three barrels 
of artificially weathered South Louisiana crude oil into 
two other pens. A fifth area was left free of oil to serve 
as a control. 

Scientists are shown deploying clams in the test pen for the 
York River marshland study. 

The scientists evaluated the effects of crude oil on 
microbe populations to see whether the oil interfered 
with normal life processes in the marsh. Within several 
days, the oil-digesting bacteria had grown 20 to 40 
times their normal numbers. These higher numbers 
lasted throughout a full year of observation . Other 
studies after accidental oil spills have shown similar 
increases in bacteria in beach sands. 

Bacterial decomposition of such substances as 
chitin (part of the hard outer covering of crustaceans 
and insects) and marsh grasses is very important in 
maintaining a healthy ecological balance in biological
ly productive marshlands. The scientists detected no 
harmful effects on the microbes that normally decom
pose such important substances in the marsh. Non-oil 
digesting bacteria, fungi, and yeasts were present in 
their usual numbers. 

Another significant observation of the study con
cerned the long-term effects of the fresh oil and the 
artificially weathered oil. Initially, the areas doused with 
artificially weathered oil showed greater incidence of 
fish toxicity. But the long-term effects of both oils on the 
biological communities that were monitored were al
most identical. 

During the sampling of various species over a three
year period , the Virginia group has found variations in 
the numbers of particular species. Factors in addition 
to the presence of oil appear to be operative. Severe 
winter weather, for example, appears to be a highly 
significant factor. 

To date, scientists have found no simple answer to 
the question "How long does it take for a marsh to 
recover?" They have monitored a large number of 
species. In terms of variety and number of species and 
productivity as an ecosystem, the marsh has almost 
recovered . But a few species in the benthic , or bottom
dwelling, community are not yet so abundant as their 
counterparts in the control area. The project continues. 

One of the test pens immediately after the controlled introduc
tion of oil. 



A "Worst Case" Situation 

Principal Investigator: 

A. D. Michael 
Marine Biological Laboratory 
Woods Hole, Massachusetts 

In terms of the severity of environmental effects , one 
of the worst oil spills in the U.S. occurred at West 
Falmouth, Massachusetts, in September 1969. The 
spill was relatively small , some 4,000 barrels. But it 
was a high-aromatic No.2 fuel oil. This and other con
ditions combined to create severe effects. The oil was 
spilled near the entrance to West Falmouth harbor. 
Heavy surf pounded most of the oil ashore a few miles 
north of West Falmouth, affecting the Wild Harbor River 
and marsh, a boat basin, and the beach adjacent to 
the river mouth. 

Recognizing the importance of learning more about 
the long-term effects of an oil spill in such a "worst 
case" situation, the American Petroleum Institute con
tracted for a study with the Marine Biological Labora
tory at Woods Hole, Massachusetts. The Woods Hole 
researchers took samples of the sediment at monthly 
inte.rvals at each of eight stations. Some of the fuel oil 
spilled in September 1969 was still detectable in the 
sediment of the offshore stations, all three marsh sta-

tions, and the boat basin station as late as April 1973. 
The number of species found at the sampling stat ions 
varied. Basically, more species were counted at the 
offshore stations than at the marsh stations. And more 
were counted at the marsh stations than at the boat 
basin. 

The first results showed that the affected marsh sta
tion had significantly fewer individuals than did the 
control marsh station. But there was a noticeable in
crease in the animal populations during the course of 
the research at the affected station. By 1974 the differ
ences were not significant. At the boat basin station 
the number of marine individuals was very low, and no 
trends were evident. And at the offshore stations there 
was considerable variance in the number of indi
viduals , but none of the figures showed significant 
trends. One result in the study of the diversity of the 
species at the stations was a significant improvement 
in one of the offshore stations from 1973 to 1974. 

The scientists also noted that the rate of recovery of 
most of the organisms that live in the areas tested had 
leveled off by the time the study was started , but that 
some recovery continued during the course of the re
search. In spite of the conditions which created severe 
effects from this spill, the area continued to recover 
and, with the exception of a few small areas, animal 
populations reached the levels of the control stations. 

A view of the estuarine area , one of three areas affected by the West Falmouth oil spill . 
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Marine Birds 

Principal Investigator: 

W. N. Holmes 
University of California 
Santa Barbara, California 

Underwater animals are not the only forms of life that 
are affected by oil in water. Sea birds, for example, can 
become covered with oil. Their ability to fly may be 
impaired, and in attempting to preen their plumage 
they may ingest oil. 

A great deal of research has been done to improve 
techniques for removing oil from birds' plumage. 
Scientists from the University of California at Santa 
Barbara set out to investigate the effects of ingested oil 
on marine birds. The intent of their project was to ex
plore the physiological and pathological effects of dif
ferent hydrocarbons present in oil so that a meaningful 
program of therapy for contaminated birds could be 
developed. 

They worked on the theory that one of the possible 
systemic effects of ingesting crude oil may have some
thing to do with impairment of the internal salt-and
water balance that marine birds must maintain . Their 
theory proved correct. They concluded that oil af
fected the bird's salt gland and interfered with its abil
ity to separate fresh water from seawater. And, as 
hoped, much that was learned became the basis for 
treatment of oil-contaminated birds. 

Other stress factors- for example, the restraint and 
handling of wild species , the inhalation of noxious 
fumes from solvents used to clean the birds , and the 
loss of natural properties of the cleansed feathers
must also be considered in treating oiled waterfowl. 
Knowledge of these and other factors has increased 
the successful rehabilitation of oiled birds. 

A manual on cleaning and rehabilitating oiled water
fowl is available from the American Petroleum Inst itute. 

Above left: A scientist uses an electron microscope to 
examine the effect of ingested oil on the gut tissue of a duck. 

Above right: Cleaning the oiled plumage of a Western Grebe. 

Oil-in-Water Research: A Study Strategy 

Workshop at Gurney's Inn, Montauk, L.I., New York 
Sponsored by: American Petroleum Institute 

Bureau of Land Management 
National Oceanic and Atmospheric 

Administration 

API co-sponsored a workshop with the National 
Oceanic and Atmospheric Administration and the Bu
reau of Land Management. The workshop was de
signed to provide marine scientists with a study strat
egy to determine the environmental effects of an oil 
spill. The workshop gathered current knowledge from 
experienced oil spill researchers and led to a publica
tion which represents their consensus. 

The conference covered such topics as : 
• Managing information, including data hand ling 

and exchange, statistics , and sample tests ; 
• Chemical methods of analysis, centering on the 

identification and quantification of various petroleum 
fractions; 

• Methods for collecting , preserving , and analyzing 
samples of oil and water; and 

• Methods for analyzing oil in sediments and in 
tissues . 

The workshop also developed the first comprehen
sive reference work on how scientists should perform 
studies on the environmental effects of spilled oil. It is 
"Oil Spill Studies: Strategies and Techniques," avail 
able as Publication No. 4286 from the American Petro
leum Institute. 
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EFFECTS OF CHRONIC EXPOSURE 

Chronic Exposure to Natural 
Petroleum Seeps 

Principal Investigator: 

D. Straughan 
Allan Hancock Foundation 
University of Southern California 
Los Angeles, California 

In some parts of the world , oil seeps out of the 
ground naturally. Sir Francis Drake, for example, 
caulked his ships with natural tar when he sailed 
around the world in the 16th Century. This natural pe
troleum "pollution" has co-existed with a viable eco
system for eons. Off the California coast, near Coal Oil 
Point in the Santa Barbara Channel, is an area with a 
natural oil seep. Estimates of the total seepage there 
range from 50 to 100 barrels per day. This condition 
provides scientists with a unique opportunity to study 
the long-term effects of chronic exposure of marine 
organisms to petroleum. 

The American Petroleum Institute contracted with 
the Allan Hancock Foundation at the University of 
Southern California to compare organisms from Coal 
Oil Point with organisms not chronically exposed to 
natural oil seepage. This study encompassed most 
segments of the environment, most invertebrate 
groups, and most habitat types. 

The study, which took two years to complete, con
cluded that , for most species examined , chronic expo
sure to oil from natural seeps does not affect the health 
of local marine animals in any significant way. The 
conclusion is based on the following findings: 

• In the subtidal soft bottom, there was no change 
in faunal populations in the oil spill area that could be 

A natural submarine seep near Coal Oil Point in the Santa 
Barbara Channel. The hilt of the diver'S knife in the fore
ground indicates the size of the escaping petroleum globule 
just beyond. 

directly attributed to the presence of petroleum hydro
carbons in the sediment. 

• At Coal Oil Point, no adverse effects of chronic 
exposure to petroleum were demonstrated in studies 
on reproduction and size in the mussel. 

• No adverse effects were found in the population 
and reproduction of abalones and sea urchins. Some 
young sea urchin larvae indicated an increase in toler
ance to the low concentrations of the dissolved com
ponents of Santa Barbara crude oil. Low numbers of 
abalone were attributed to overfishing. 

• No malformations were observed in the several 
thousand animals that were examined both externally 
and by dissection. 

• The distribution of petroleum hydrocarbons at 
Coal Oil Point was patchy in both the sediments and 
the organisms. The mussel , for example, was the only 
species with petroleum hydrocarbons in all samples 
that were taken. In some cases , animals contained 
hydrocarbons, but others of the same species did not. 
For instance, only some abalone contained petroleum 
hydrocarbons. 

• Hydrocarbons occurred in some tissues and not 
in others. No hydrocarbons were recorded in the mus
cle ti ssue, the part that is eaten, of either abalones or 
Pacific Coast lobsters, but were found in the reproduc
tive and digestive systems of both. The muscle portion 
of sea urchins and mussels, on the other hand, did 
contain petroleum hydrocarbons. 

• The rate of brooding in stalked barnacles covered 
by oil decreased, but the rate in two species of seden
tary barnacles remained unchanged by chronic 
natural exposure to oil. 

Another study conducted by the same investigator 
addressed the effects of an oil well blowout that oc
curred in the Santa Barbara Channel in January 1969. 
This study, not funded by the American Petroleum In
stitute , is interesting in that its objective was to deter
mine the immediate effects of oil pollution , as well as 
any possible longer-term hazards. The study con
cluded: 

• It was often difficult to isolate the effects of oil 
pollution from other phenomena. 

• Damage to flora and fauna in the Santa Barbara 
Channel was much less than predicted 

• The area was recovering well. 
A follow-up study at Coal Oil Point has been com

pleted . It concentrated on one organism, the mussel , 
its community structure, and its relationships with other 
animals in its ecosystem, such as algae and worms. 
The researchers , who conducted a careful data collec
tion, have concluded that the data do not show a clear 
distinction between the mussel community structure in 
oiled areas and in areas free of oil. 

() 

The Hilda-Hazel Project 

Principal Investigator: 

J. Isaacs 
Institute of Marine Resources 
Scripps Institution of Oceanography 
University of California 
La Jolla, California 

In another study involving chronic exposure to pe
troleum, this time resulting from human activities, 
scientists from the Southern California Coastal Water 
Research Project under the direction of the Scripps 
Institution of Oceanography conducted a series of 
field surveys to document the diversity, health , and 
abundance of marine life around the 25-year-old oil 
producing platforms Hilda and Hazel in the Santa Bar
bara Channel. At the two platforms, which stand about 
one and a half miles apart, with a control area between 
them, scientist-divers equipped with television and 
35mm cameras documented the abundance and 
diversity of fishes and invertebrates. 

On the platform structures themselves, the divers 
found heavy growth up to four feet thick- attached 
mussels, anemones, corals, starfish, and other inverte
brates. Under the platforms, on the cutting piles , or 
tailings resulting from the original drilling of the wells , 
similar heavy growth occurred . 

Great numbers of fish swam under the platforms-
20,000 to 30,000 of some 45 species. This was 20 to 
50 times more fish than were found in the control area, 
which also has a soft mud bottom, but has no platform. 
Some 290 species of mammals, birds , fish , and inver
tebrates were seen on or under the platforms or were 
found in samples of sediments. 

Levels of metal and petroleum hydrocarbons in the 
platform fish and invertebrates showed no increase 
over a group of control animals, except for vanadium 
in the rockfish . No adverse effects on the fauna were 
observed . The high abundance of fish and the pres
ence of huge mussels are clear indications that the 
presence of platforms does not inhibit marine life and 
indeed provides additional habitat not otherwise to be 
found in the area. 

Above right: A school of rockfish , which are commonly found 
in abundance in waters around offshore platforms. 

Right: A heavy encrustation of barnacles and mussels on 
one of the submerged legs supporting an offshore produc
tion platform. The diameter of the steel leg , 18 inches, is 
doubled by the encrustation. 



Two scientists, their equipment on the rocks behind them , observe the tidal pools along Devonshire Bay, an area typical of much 
of Bermuda's shoreline. 

Bermuda Shoreline 

Principal Investigators: 

C. D. Gebelein 
N. G. Maynard 
A. Zsolnay 
Bermuda Biological Station for Research 
St. George's West, Bermuda 

Pelagic tar, or tarballs formed on the open sea, are 
found over the surface of most of the world's oceans 
roughly in proportion to existing tanker traffic. In order 
to study the effects of these tarballs on intertidal plants 
and animals, the American Petroleum Institute se
lected Bermuda as the site. The islands of Bermuda, 
located in the Sargasso Sea, act as a passive "net " 
that collects floating matter from a twenty-mile wide 
area of ocean. Chemical analyses of the floating resi
dues indicate that weathered oil is derived primarily 
from tanker washings and bilge discharges, practices 
that are diminishing with the increasing application of 
new technology. 

The Bermuda Biological Station for Research al
ready possessed some baseline data on the islands' 
flora and fauna which facilitated a study on the effects 
of oil pollution on marine animals. The amount of tar 
balls washing up on Bermuda's beaches has in
creased in the past ten years , and a chronic level of 
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hydrocarbon pollution now exists on the shores. It 
should be noted that the shores are virtually free of 
other pollutants that would complicate a study of this 
type. 

Bermuda Station researchers found that tar does not 
adhere to vertical shores. But on sloping shores, tar 
coverage can be high because the tar lumps are 
thrown up on the rocks where the heat from the sun 
melts them before waves wash them back to sea. Most 
of the permanently attached tar is deposited above the 
normal high tide level in the splash zone. No significant 
amount of tar was observed on the rocks or plants and 
animals below the splash zone in the intertidal area, 
where the majority of the flora and fauna are located. 
The potential effect of the permanently attached tar on 
sea life is thus limited. 

In the high splash zone where there is the greatest 
accumulation of tar, there was little direct correlation 
between tar coverage and the size of the populations 
of the two high intertidal snails that were studied. An 
exception was that at one heavily tarred sampling site, 
one of the snail populations was observed to have a 
reduced population. This appeared to be space com
petition induced by the tarring , rather than a direct 
toxic effect. 

In the intertidal zone itself-the area between the 
high and low tide marks-population levels remained 
normal. At almost every location studied, there ap
peared to be no correlation between the amount of tar 

present and the population levels of any intertidal 
animals. 

Size frequency studies showed that one species of 
barnacle and two species of snail , on average, were 
smaller at the stations with the highest tar coverage. 
The reason for this phenomenon is not fully under
stood , but may be associated with the increased 
chance that these animals have of being smothered by 
large tar particles. In the low splash zone, there was no 
correlation between tar coverage and population size 
of either of two major species which live and graze in 
the area. 

Tidal pools in the intertidal zone are the ecosystem 
with the highest abundances of animals. They are also 
natural catchment basins for small floating particulate 
hydrocarbons or tar balls. The browsing hermit crabs, 
snails, and limpets were uncontaminated So were 
several bottom browsers . These animals , the scientists 
speculated , either selectively avoid the tar particles or 
do not assimilate the tar even if it is ingested. 

The filter-feeding mussels in the pools contained 
significant levels of hydrocarbon materials , suggest
ing that the concentrated hydrocarbons in the pools 
are present in sufficient quantities to be ingested with 
the food particles. In two of the three sets of tidal pools 
that were tested , samples of algae were found to have 
relatively large quantities of hydrocarbons. 

Reproductive potential is a sensitive indicator of the 
effects of pollution on the environment. The scientists 
found no correlation between the reproductive poten
tial of any organism and the amount of tar coverage on 
the shore. All of the animals studied reproduced nor
mally in response to seasonal patterns. The scientists 
regarded this normal reproduction by every species 
on the shore as significant. 

Right: Collecting and counting marine animals at a vertical 
station on the Bermudan shore. 

Below: Taking field measurements of small invertebrates that 
live in Bermudan tidal pools . 



EFFECTS OF OIL AND DRILLING MUDS ON CORAL REEFS 

Principal Investigators 

T. J. Bright 
J. M. Neff 
Texas A&M University 
College Station, Texas 

Drilling muds are formulated in such a way as to 
serve a number of functions. They lubricate and cool 
the drill bit , lift cuttings from the hole, control well pres
sures , control wall properties of th e borehole to pre
vent caving in, permit the taking of sat isfactory electric 
measurements downhole, and minimize corrosion in 
the string of drill pipe. Some quantities of used drilling 
muds enter the marine environment during offshore 
operations. It should be noted that in a very short time, 
at a distance of 100 meters, these muds are diluted at 
least a thousandfold . 

As the amount of drilling for offshore oil increases, 
questions arise about the potential impact of drilling 
muds on the marine environment. More than 500 trade
named mud products are used currently. But these 
represent only about 45 compounds, and only about a 
dozen are used to drill the typical well. 

Using time-delay underwater photography of coral 
that had been contaminated with whole, undiluted drill
ing mud, Texas A&M scientists observed corals en
gaging in a pulsing action which shed the drilling mud. 
They were , however, unable to observe the same ac
tion in the laboratory. Here, tests showed that in con
centrated doses, some undiluted drilling muds are 
toxic to corals and affect their ability to cleanse them
selves. 

In another laboratory experiment, corals were main
tained in natural sea water in large glass aquaria . 
South Louisiana crude oil was layered on the surface 
of the water, but the coral colonies were not allowed 
to come in direct contact with the floating oil. Later, 
the corals were placed in aquaria containing coral 
reef butterfly fish. These fi sh characteristically feed 
on the mucus which corals produce to protect them
selves from environmental hazard s and which may 
be a means of hydrocarbon release by contaminated 
corals. 

Butterfly fish were chosen for the study to determine 
whether any toxic substance on coral reefs would get 
into the mucus, be consumed by th e fish , and get into 
the food web. The fish were allowed to eat the mucus 
that had been produced by oil contaminated corals for 
several hours . Subsequent analysis showed small 
amounts of naphthalenes in several organs of the fish . 
No information was obtained about the persistence of 
hydrocarbons in the tissues of oil-contaminated fish. 
As noted in the summaries elsewhere in this report , 
however, other species of fi sh very rapidly metabolize 
and cleanse themselves of hydrocarbons. 

The ability of reef corals to tolerate grazing and pre
dation and to compete for space is dependent in large 
part on their growth rate . It follows that depressed 
coral growth rates due to oil pollution could have a 
long-term deleterious effect on the whole coral reef 
community. Preliminary investigations have been un
dertaken to determine the effect of that fraction of fuel 
oil whi ch is soluble in water on the rate of skeletal 
calcium deposition by one species of branching coral. 

Pillar coral (Oendrogyra cylindrus), a rare and distinctive 
species found in Caribbean waters. 

One of the many platforms producing crude oil and natural gas from America 's offshore lands. 

THE EFFECT OF DRILLING MUDS ON MARINE ANIMALS 

Principal Investigator: 

J. M. Neff 
Texas A&M University 
College Station, Texas 

As noted above, some quantities of used drilling 
muds enter the marine environment during offshore 
operations. To find out what happens both to organ
isms on the ocean floor and to those in the surrounding 
waters when drilling mud enters their environment, the 
American Petroleum Institute funded a study by Texas 
A&M University. 

The researchers studied muds that had been used 
for drilling at great depths because the high tempera
tures encountered in such drilling can alter the phy
sical and chemical composition of the muds. Animals 
of various species taken from different parts of the Gulf 
of Mexico were placed in aquaria and exposed to 
these used drilling muds for periods ranging from four 
to 60 days. The deaths of the animals at different con
centrations of the drilling mud in seawater were 
logged. 

For tests with suspended sediment , different quan
tities of drilling mud were added to a series of cylin
drical all-glass aquaria containing seawater. Such test 
organisms as fi sh, shrimp, oysters, and clams were 
exposed to the suspended muds for a minimum of 96 
hours . Mortalities were noted, and at the end of the 
exposure period survivors were examined for possible 
tissue damage. 

In other tests involving the exposure tanks, the mud 
was present as layers of different thicknesses on top of 
natural sediments. Marine crustaceans and mollusks 
accumulated some chromium, but there is a possibility 
that the chromium is associated with mud in the diges
tive tract or on body surfaces. In any case, the organ
isms lose the chromium when placed in fresh sea
water. 

Other conditions of the chromium, mUd , overlying 
water, and tissues of mud-exposed animals are still to 
be determined . The project is scheduled for comple
tion in 1979, at which time final conclusions will be 
reported . A similar study on the effects of used drilling 
muds on marine animals in cold water is now in prog
ress at Bowdoin College in Maine. 
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III. THE FATE OF OIL 

CREATING A COMPUTER MODEL 

Principal Investigator 

R. l. Kolpack 
N. B. Plutchak 
Environmental Geology Program 
University of Southern California 
Los Angeles, California 

The first project at Battelle-Northwest dealt with the 
effects of oil in a marine environment, or what happens 
to marine organisms affected by oil in the sea. The fate 
of oil, or what happens to the oil itself once it is spi lled 
into the ocean, was the subject of another set of stud
ies conducted in the early stages of the American Pe
troleum Institute's fate and effects research program. 

University of Southern California researchers de
signed their project to follow a typical oil spill in the 
marine environment. They began by surveying existing 
oil spill literature, reviewing more than 10,000 data 
sources. They evaluated 550 studies to determine 
"mass balance" relationships and to identify gaps in 
existing knowledge. 

As their work proceeded , the investigators saw the 
need for a more exact method of expressing the infor-

mation they had gathered. They proposed the creation 
of a mathematical model of an oil spill that could be 
expressed in computer language. It would then be 
poss ible to express simultaneously not only the va
rious stages that a spill might go through , but also the 
numerous factors that affect those stages. 

Knowledge in this form is important for three reas
ons. First , such a model helps in defining research 
needs. Second, it aids in predicting whether, and how 
much of, a given oil spill will reach the coast or an 
environmentally sensitive area. And third , the state and 
concentration of the oil at a given time and place can 
be ascertained, thus assisting in predicting the effects 
that the oil might have on marine life. 

The University of Southern California researchers 
created a highly sophisticated three-dimensional mod
el designed to consider not only the physical move
ment of an oil spill , but also changes in oil concentra
tion and composition over a period of time, taking into 
account such environmental, chemical , and physical 
factors as temperature, sea state, oil dispersion, bio
degradation, evaporation, and solution. The model is 
an advanced tool that should prove of value to others 
working in this field . The principal investigator plans 
publication of complete details on the model. 

CONTROLLED OIL SLICKS ON THE OCEAN 

Principal Investigators: 

E. E.Johanson 
J. C.Johnson 
JBF Scientific Corporation 
Wilmington, Massachusetts 

Most open water oil spill research has been done by 
researchers hurriedly assembling and traveling to spill 
sites to monitor the physical, chemical, and biological 
effects. Consequently, there is relatively little informa
tion on the behavior of a spill during its first hours. 

To remedy this deficiency, the American Petroleum 
Institute commissioned JBF Scientific Corporation to 
produce and monitor small, controlled crude oil slicks 
on the open ocean. JBF scientists made four spills, 
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each consisting of approximately 440 gallons of crude 
oil. They released light and heavy crude oils in both 
calm and rough seas. 

The scientists made each spill from a research ves
sel and tracked it by vessel and aircraft for up to two 
days. Of special interest was the chemical behavior of 
various fractions in the oils, especially low molecular 
weight, soluble hydrocarbons that have a relatively 
high toxicity. They performed detailed chemical analy
ses on samples of the oil and on the waters at five and 
ten feet below the oil. They identified specific hydro
carbon fractions and their concentrations, toward re
lating such data to the potential biological effects such 
fractions might have in water. 

Chemical analyses of the water under the oil slicks 
showed that , in all cases , low molecular weight hydro
carbons were not detectable in the water samples 
taken more than 20 minutes after the spills. Further 
examination showed that oils undergo a rapid weath
ering process in the early hours after a spill , losing in 
the process certain hydrocarbon fract ions by dissolu
tion and evaporation. 

Studies of the hydrocarbons in the water samples 
showed that concentrations increased in the waters 
under the slicks soon after the spi ll s occurred , but 
decreased rapidly. Concentrations returned to back
ground levels in about four hours. The fact that con
centrations of hydrocarbons in the water column drop 
rapidly indicates that toxic concentrations are not 
maintained very long under oil slicks and therefore that 
the impacts on marine life present under slicks should 
not be substantial. 

FLOW DIAGRAM - FATE OF OIL 
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Schematic of major factors affecting oil in the marine environ
ment. 

USING DISPERSANTS ON OIL SPILLS 

Principal Investigators: 

J. C.Johnson 
R. Neal 
JBF Scientific Corporation 
Wilmington, Massachusetts 

G. C. Grant 
H. l. Kator 
P. l. Zubkoff 
Virginia Institute 

of Marine Science 
Gloucester Point, 
Virginia 

D. T. Boyles 
British Petroleum 

Research Center 
Middlesex, England 

Knowledge of the physical and chemical behavior of 
crude oil slicks under natural conditions is now being 
used as the basis for a study of oil sp ill dispersants. 
Researchers are determining how effective chemical 
dispersants are in accelerating the processes that 
break up and dissipate oil in open water. The results of 
these tests will be used to: 

• Compare hydrocarbon levels in the water result
ing from oils that have and have not been dispersed. 

• Establish the effectiveness of various types of 
chemical dispersants. 

• Evaluate techniques for applying dispersants 
from aircraft and surface vessels. 

• Determine the physical and chemical behavior of 
ocean oil spills that have been chemically dispersed. 

• Determine whether significant adverse biological 
effects result from the use of chemical dispersants. 

Such information will provide an on-scene coord ina
tor with the information he needs to decide whether to 
use dispersants on an oil spill and, if so, how to use 
them effectively. It will help fill in the gaps in knowledge 
that presently make it difficult for administrative agen
cies to review and evaluate dispersant regulations. 
Finally, additional information shou ld make it easier for 
dispersant and equipment manufacturers to improve 
their products and their application methods. 

In November 1978, a study of the fate and biological 
effects of chemically dispersed oil was undertaken un
der the sponsorship of the American Petroleum Insti
tute . Four spills of 440 gallons of crude oil were made 
approximately 30 miles off the coast of New Jersey. 
Each spill was treated with a dispersant applied by 
helicopter. The water column was sampled throughout 
the spill area and at various depths, the samples being 
studied both for oil content and effect on marine or
ganisms. 

The entire testing operation was monitored by va
rious government agencies. In airplanes fitted with so
phisticated imaging equipment, agency personnel 
overflew the site to record the spread and trajectory of 
the spills before and after application of the disper
sant. The data obtained by the various investigators 
are now being analyzed and correlated. Conclusions 
will be published upon completion of this work, and 
additional work is planned for the near future . 

15 



IV. HEALTH ASPECTS OF OIL SPILLS 

PNA'S IN THE ENVIRONMENT 

Principal Investigators: 

R. A. Brown 
R. J. Pancirov 
Exxon Research and Engineering Company 
Linden, New Jersey 

Since some PNA's, or polynuclear aromatic hydro
carbons, are carcinogenic, the American Petroleum 
Institute commissioned this study of the current knowl
edge about PNA's in the marine environment. The Ex
xon investigators reviewed the capability of scientists 
to measure the presence of carcinogenic PNA's in 
petroleum and in marine animals, at concentrations as 
low as one or two parts per billion. They showed how 
advanced analytical techniques apply to the actual 
measurement and compilation of concentrations of 
PNA's. This information is useful in determining what 
petroleum products contain PNA's in what quantities 
and in tracing their presence, if any, in the food chain. 

The new methods of chemical analysis used in this 
study assist in investigating the carcinogenicity of 
PNA's and in determining the origin of PNA's through 
chemical "fingerprints." Through other research, it has 
become clear that the vast majority of PNA's, and es
pecially carcinogenic PNA's, originate from com
bustion. They are widely present in the environment, 
including soils and marine sediments, and have evi
dently been present since geologic times . 

BAP, or benzo(a)pyrene, is one of the carcinogenic 
PNA's present in the earth's environment. It is esti-
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mated that approximately 1,350 tons of BAP enter the 
environment in the United States as a result of man's 
activities each year. Of this amount, 600 tons originate 
from refuse burning , 500 tons from heat and power 
generation, 200 tons from the production of coke, 20 
tons from the operation of motor vehicles , and 20-30 
tons from crude oil, including both man 's input and 
natural oil seeps into oceans. 

The investigators also looked into the question of 
whether the PNA's found in food products are a resu lt 
of the natural combustion process or whether they re
sult from contamination. Their studies suggested that 
the particular types of PNA's found in flounder, oysters, 
and clams derive from combustion sources- for ex
ample, forest fires- rather than from petroleum. 

PNA's present in the environment can undergo 
chemical changes. They are especially sensitive to 
photochemical degradation by sunlight. PNA's are al
so susceptible to biological degradation by bacteria. 

Different types of PNA's vary in their acute toxici ty. 
Naphthalenes, for example, appear to be toxic to cer
tain marine animals, whereas BAP was found not to be 
lethal at the highest concentrations tested . 

Marine organisms ingesting PNA's do not retain 
them, but purge themselves when placed in clean 
water. Some sea animals, such as mussels, depurate 
hydrocarbons unchanged. Others, such as fi sh, meta
bolize them. Similar results have been obtained in 
shrimp, clams, and oysters. 

A review of this work is contained in American Petro
leum Institute Publication No. 4297 . 

Shown is an example of the highly sophisticated type of 
equipment used to measure and identify PNA's at a concen
trations as low as one or two parts per billion. 

The bleeding technique for diagnOSis of abnormal cell growth enables scientists to keep clams 
alive and, thus, follow the course of the disease. 

ABNORMAL CELL GROWTHS IN SOFT-SHELL CLAMS 

Principal Investigators: 

C. W. Brown 
R. S. Brown 
S. B. Saila 
University of Rhode Island 
Kingston, Rhode Island 

A 1971 oil spill into Long Cove in Searsport, Maine, 
prompted New England researchers to look into the 
possible effects the oil might have on the clams in the 
area. Their study uncovered the fact that some of the 
clams in the area evidenced tumorous cell growth pat
terns. Since one implication was that the oil might have 
been responsible for these abnormalities, the Ameri
can Petroleum Institute felt compelled to look into the 
question. 

Because of its biostatistical and histopathological 
capabilities , the University of Rhode Island was cho
sen to undertake a wide-ranging study of abnormal 
growths in clams. The scientists picked 14 sites, rang
ing from Canada south to the Chesapeake Bay. The 
study involved examining samples of clams for a large 
number of disease conditions and gathering environ
mental data from the sample sites. Some sites have 
been examined at different times of the year to permit 
assessment of seasonal effects. 

In field experiments, healthy and diseased clams 
have been transplanted in an effort to assess the ef
fects of the environment on disease and growth. In 
addition, a laboratory study is now in progress to de
termine whether the disease can be tran smitted under 
controlled conditions. 

The study includes microscopic examination of clam 
tissue and an effort to correlate the disease with envi
ronmental contaminants by careful chemical and ana
lytical studies. In the course of this research, one very 
useful technique was used . It involved sampling the 
blood of a clam while keeping the clam alive, thereby 
allowing scientists to follow the course of the disease. 

Using this technique in a series of laboratory studies 
involving specially designed flow-through equipment, 
the Rhode Island group demonstrated (1) that the dis
ease is not caused by oil and (2) that it can be commu
nicated from one clam to another, even in the absence 
of pollutants. 

This is probably the first scientific demonstration of 
a communicable disease in shellfish. It should be 
noted that the disease may be aggravated by stress 
arising from such causes as heat , metals, or oi l. In 
statistically designed field studies, it has also been 
found that the disease is prevalent in areas unpolluted 
by oil. Further laboratory and field studies are in prog
ress . 
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CONCLUSION 

The American Petroleum Institute believes that the 
fate and effects research summarized in this report, Oil 
and the Sea, is an important contribution to man's un
derstanding of what really happens when petroleum 
and petroleum products get into the marine environ
ment. Part of that contribution to what is a growing 
body of knowledge consists of the development of 
methodologies that previously did not exist, of new 
tools for probing difficult and complex questions of 
tremendous interest to modern, industrialized society. 
And part consists of finding answers-and the begin
nings of answers-to some of those difficult questions. 

Development of the methodologies began in the lab
oratories of Battelle-Northwest and continued at such 
other independent research organizations as Battelle
Columbus and Texas A&M University. The methodolo
gies make possible the accurate analysis and mea
surement of oil in water and sediments and in the tis
sues of marine animals. Closely related to these tools 
are the Reference Test Oils for biological studies made 
available by the Institute in the repository at Texas 
A&M University. These reference oils provide a com
mon basis for comparing the results of biological stud
ies, no matter where they are conducted. Also related 
is the procedural work of the workshop co-sponsored 
by the Institute, Bureau of Land Management, and 
National Oceanic and Atmospheric Administration at 
Montauk, Long Island. The seminar provided scientists 
everywhere with the first comprehensive reference 
work on preferred ways to conduct research on the 
effects of oil spills in the marine environment. 

As to the substantive findings of the individual re
search projects sponsored by the Institute-along with 
research conducted by others in the same area-it is 
now possible to conclude that the greatest damage to 
the environment occurs when (1) spilled oil reaches a 
confined shallow body of water, such as a small bay; 
(2) the oil is a refined oil, such as home heating oil or 
diesel fuel; and (3) a storm or heavy surf pounds the oil 
into the bottom sediments. Spills involving all three of 
these conditions simultaneously do occur, as was the 
case at West Falmouth in 1969, but they are rare. 
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Areas subjected to severe spills of this kind appar
ently take several years to recover. Just how long can
not be determined at this time. But areas subjected to 
less severe spills appear to recover rapidly, as demon
strated by the experience following the Santa Barbara 
spill in 1969 and the San Francisco Bay spill in 1971. 
Spills occurring well offshore or on the open sea cause 
the least significant damage to marine life, whether the 
oil is a crude oil or a refined product. And chronic, 
lOW-level exposure to oil appears to have no significant 
impact. The University of Southern California research
ers noted that in the presence of the natural crude oil 
seepage at Coal Oil Point, the stalked barnacle 
showed impaired reproduction potential. But both ex
ternal examination and dissection of all other resident 
marine animals examined showed no change in the 
total biomass of the area and no abnormal growth in 
individual organisms. 

Of equal importance is another conclusion to be 
drawn from the Institute's research-namely, that 
marine organisms generally purge themselves of in
gested oil and do not pass contamination up the food 
chain for Ultimate consumption by human beings. 

As is the case with any branch of science, answer
ing existing questions about the fate and effects of oil 
in the marine environment more often than not raises 
additional questions. For example, crude and refined 
oils are toxic, but in what quantities and over what 
exposure times? How can chemical dispersants best 
be used to combat oil spills? And what happens when 
oil reaches ocean sediments, both to the oil itself and 
to sediment organisms? 

These questions and others remain and must be 
answered. As noted at the outset of Oil and the Sea, it 
is the job of the petroleum industry to help meet this 
country's current and future energy needs by finding 
and producing oil where it occurs, refining it, and 
transporting it to where it is needed-and to do so as 
effiCiently and as safely as possible. The American 
Petroleum Institute's research in this and other envi
ronmental areas therefore will continue. 
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