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WORK STATEMENT F£& &

I, TITLE: The Physiological Effects of Acute and Chronic Exposure
to Hydrocarbons and
of Petroleum on the Near-shore Fishes of the Bering Sea.

II.PRINCIPAL INVESTIGATOR

Arthur L., DeVries, Ph. D.

Asslstant Research Physiologilst
Physioclogical Research Laboratory
Seripps Institution of Oceanography
University of California, San Diego
P.0. Box 1529

La Jolla, California, 952037

Phone: (714) 452-2010
III. GEOGRAPHIC AREA AND INCLUSIVE DATES

Bering Sea (Area: shallow waters near the shore around
St., Lawrence Isld., Nome and Nunivak Isld.)

Dates: June 1, 1975 September 30, 1976.
The area will be visited for only a month
during the summer and winter to collect
fish specimens.

Iv., COST SUMMARY

FY 1975--$8,980. FY 1976--$38,691.
V. PROPOSED RESEARCH

A. Background and Objectives--We plan to investigate how certain
hydrocarbons and heavy metals will affect the physioclogy and survival
of the near-shore fish fauna of the Bering Sea. Two or three species,
Myoxoceprhalus verrucosus, M. scorpius and Eleginus gracilis will be
studlied. These [ishes are year around residents of the Bering sea and
have been chosen for study because of their importance in the food
chain of the area. These species are fed upon by many of the birds
and mammals of the area and are also eaten by the eskimos living in
the small villages of this area. It 1s important to study these
specles because being food fishcs they could be a pathway by which
toxic hydrocarbons are introduced into humans. It is well known that
petroleum hydrocarbons are conserved as they pass through the various
trophic levels of food chalns (1).

State of knowledge of effects of hydrocarbons on cold-water fishese-
In general there 1s not a great deal known about the effects of hydro-
carbons cn the physiology of flshes in
temperate regions even where intensive fisheries research has been
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carrled out for several decades. Virtually nothing is known about
the effects of hydrocarbons on polar fishes and it is ‘only recently
that the physiology of these cold-water specles has begun to be studied(2)

Studles of temperate flshes indicate that when possible fishes
will avold petroleum spills (3). Sedentary organisms cannot avoid
spllls and thus become contaminated and in turn pass the pollutants
on to fishes which feed upon them. A number of studies have been
done where fishes have been exposed to various petroleum hydrocarbon
fractions and the results indicate that the low bolling hydrocarbons
such as the aromatic and water soluble petroleum hydrocarbon acids
are the most toxlc. For example hydrocarbon acids such as hexhydro-
benzoic acid and napthenic acid which occur in some crude oils in
concentrations as high as 4.5% kill the minnow, Phoxinus phoxinus
in a few hours at concentrations of 92-118 ppm (I). Chronic exposurc
to a cohcentration of only 5 ppm will eventually result in death.
Benzene 1s toxic to fish at concentrations between 10-40 ppm., Toluene
and zylene are less toxic with concentrations of 50-60 ppm be T&thal (U)

The toxiecity of longer chain hydrocarbons to fishes 1s considerably
less. Residual fuel oil and diesel fuel produce LC5 5 at 2417 ang
167 ppm respectively in 48 hours (4) Values around 9900 ppm have
been reported for kerosene using sunfish (5).

Long term effects of sub-lethal concentrations of these petroleum
hydrocarbons have not been established (6). It is clear that they
will be difficult to detect because they may result in decreased
growthpﬁnmwr initiation which may have obscure causes.

Some of the short chain hydrocarbons are known to produce a
reversible narcotic effect and it is thought that it is because of”
thelr solubility in the lipid phase of the plasma membrane (7). It 1is
known that certain polar fishes have higher lipid contents in their
tissues (8) and thus it is possible that hydrocarbons may be more
readily dissolved in their cell membranes.

It is expected that by September 30, 1976 that we will have
data which will indicate whether or not the Bering Sea.fishes show
similar tolerances to the hydrocarbons described above. We will also
have data to show to what extent these pollutants disrupt the
physiological processes of these fishes such as their seasonal oxygen
consumption levels and ability to acclimate to freezing conditions.

B. Methods--Little information about the fishes described above
exlists. Only a few studies have been done which were concerned only
with their taxonomy. Thus, studies of their physiology and responses
to pellutants will be a new area of research.

We plan to examine specimens of the sculpin, M. verrucosus, M. scorpius
and the cod E. gracills during the summer when the waters are relatively
warm and during the winter when they are ice covered. Filrst we

plan to_determine .the doses of water soluble hyvdrocarhan fractions such as the
napthalenes which will produce death in 48 hours. This
will be done in both summer and winter fishes. As relatively large
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numbers of specimens are needed for such acute toxicity studies, it is proposed
to arrange to do this part of the study at the NMFS laboratory at Auke Bay,
Alaska. We will also inquire about laboratory space and aguarium space at the
Arctic Institute of Biology Laboratory at Point Barrow Alaska. The behavioral
and physiological responses to these high level exposures will be noted.

It appears that we will be able to collaborate with Dr. Stan Rice at the National
Marine Fisheries Laboratory at Auke Bay. We plan to catch about 75-100 small
saffron cod and ship them to this laboratory where they will be exposed to the
water soluble fraction of Prudhoe Bay crude 0il. This water soluble fraction
is rich in napthalenes which are known to be extremely toxic to organisms. The
concentration of napthalenes in the water both before and after the death of
the fish will be determined by extracting the water with hexane and measuring
the absorbance of 221 mu on a spectrophofometer. This is the technique which
Dr. Rice has used for his studies of toxicity and will be used here because of
the need for standarization. We will also determine whether the napthalenes
are entering the circulatory system by extracting the blood serum and assaying
for napthalenes.

Once the short term lethal doses have been determined we will initiate some
long term studies where doses will be sublethal. We plan to return shipped
saffron cod and sculpin to our laboratory at Scripps where they will be
subjected to Tow concerntrations of pure napthalenes. With these fishes we
will determine the effects on the whole organism oxygen consumption, tissue
oxygen consumption and the effect on their ability to acclimate to freezing
seawater of the winter season. Their ability to acclimate will be used as
a model system for determining the effect of this pollutant because of its
importance for survival. These fishes elaborate glycoproteins and proteins
in the Tiver which are secreted into the body fluids and protect them from
freezing. Since these antifreeze proteins and glycoproteins are elaborated in
the liver, accumulation and detoxification of napthalenes in the liver may
damage this protein synthetic system and lead to death from freezing in the
winter.

To monitor the effect on the synthesis of the antifreeze glycoproteins and
proteins, periodic blood samples will be taken and extracted with hexane and

the level of napthalene determined to find out whether it is getting into the
circulatory system and liver. Dr. Rice will measure the concentration of serum
napthalene at Auke Bay. Freezing and melting points of the blood serum will be
determined and used as an indicator of the appearance of the antifreeze compounds
in the blood of polar fishes. It is also possible that the napthalenes may

affect the function of the antifreeze in the blood, thus the effect of napthalenes
on the "antifreeze" activity of the antifreeze glycoproteins and proteins will

be determined. '

The oxygen consumption measurements will be done in a closed system using a
clark oxygen electrode and the tissue oxygen consumption will be determined with
a Gilson Respirometer on muscle, gili, and liver tissue slices according to

the method of Lin et al.(3). These measurements should give us some ideaof the
extent to which these pollutants are affecting the gross physiology of these
fishes.

If Tong term exposure to napthalenes inhibits the synthesis of antifreeze proteins

then we plan to examine the morphology of the liver since we suspect they are
synthesized there. Thus, we will examine the ultrastructure of the Tiver cells
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to determine whether they have undergone significant changes.
VI. INFORMATION PRODUCTS

Upon completion of this work we should have some data on the tolerances

of a few Bering Sea fishes to some of the more toxic components of petroleum
hydrocarbons. Probably only a few of the more obvious effects will be known
from the experiments involving exposure to low concentrations of these
pollutants. We will also have baseline measurements for whole organism

and tissue oxygen consumption.

VIT. DATA OR SAMPLE EXCHANGE INTERFACES

As explained under methods, we will be cooperating with Dr. Stan Rice of
NMFS-Auke Bay. In order for this study to be as meaningful as possible,
we should know what the aromatic and hydrocarbon acid content of the
Alaskan Crude 0il is. We would like to have this information by July

of 1975 or as soon after that as possible., Data on the heavy metal
content of this crude 0il would aiso be helpful. This information should
become available through literature surveys by NWFC/NMFS.

VIIT. SAMPLE ARCHIVAL REQUIREMENTS

During this study we will have collected a number of fishes which may be
of use to other programs involved in this survey. We will provide extra
specimens if the need arises. Also I think it would be worthwhile for
someone to carry out base 1ine measurements on the heavy metal content

of these specimens. We will be willing to set aside some of the specimens
for this purpose.

IX.. SCHEDULE

We propose to begin the acute toxicity experiments this summer (August -
September) providing we can make arrangements to catch the fishes and
arrangements at an Alaskan Taboratory for space. If ship time is made
available this summer of next summer and the ship has Taboratory space

some of these acute experiments could be done aboard ship. Perhaps

arrangements could be made with the programs involving sampling of the

fish populations of the Bering Sea. If this sort of arrangement could

be worked out it would greatly simplify some of the transportation requirements.

During this summer both sculpin and cod will be shipped to the Scripps
laboratory where respiratory metabolism and chronic toxicity experiments
will be initiated on the summer fishes. These experiments will be done
July, August and September.

Examination of the physiology and chronic toxicity studies of the winter
fishes will be done during March of 1976. These fishes will be collected
through the ice and transported to the NMFS Laboratory at Auke Bay for the
acute toxicity experiments. For the base line and chronic exposure studies
they will be shipped to the Scripps Laboratory.

X. EQUIPMENT REQUIREMENTS

One piece of laboratory equipment is required for this study -- a Gilson
Respirometer for measuring oxygen consumption of the various tissues. This
item will be needed early in the summer of 1975.
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XI. LOGISTIC REQUIREMENTS

During the winter we are able to collect the fishes through the ice with little
problem. Transporting them to a laboratory will present some problem especially
with Targe numbers of fish. Arrangements have been made to work at the NMFS
laboratory at Auke Bay for the short term toxicity study.

To facilitate collection of the summer fishes we would like to request ship

time which we anticipate will be provided by NOAA. Five days are required during
each summer period (sometime between July and Auqust) for trawling fish with

a small otter trawl. A small oceanographic winch and wire will be required for
towing the trawl. Holding tanks for the fishes will also be required.

XI1. COST

(See attached budget sheets)
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Uu.s. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

KATICHAL MARINE FISHERIES SERYVICE, NWFC
MARINE MAMIAL DIVISION

NAVAL SUPPORT ASTIVITY, BLRG. 192

SEATTLE, WA 95015
(Research Unit #71)

WORK STATEMENT

C~2 «- Determine the acute and chronic effects of crude oil, its component
fractions, and other petroleum-associated chemicals on physiological and
behavioral mechanisms of selected arctic and subarctic organisms,

C~3 -~ Determine the effects of crude oil on the thermoregulatory and other
functions of marine birds and mammals,

A-2 -- Determine the seasonal density distribution, critical habitats, migratory
routes, and breeding locales for marine mammals, Identify critical species,
particularly in regard to possible effects of oil and gas development,

I RESEARCH UNIT 71 Physiological Impact of Oil
on Pinnipeds

II PRINCIPAL INVESTIGATORS Roger L, Gentry and
W, Bruce McAlister, NMFS, Scattle

III ST, GEORGE ISLAND, BERING SEA 1 May 1975 to 30 September 1976

IV COST SUMMARY -0- FY 1975 - through 30 June 1975
$75,000 FY 1976 -~ 1 July 1975 - 30 Sept, 1976

V PROPOSED RESEARCH
A, Background and Objectives

1, Primary Tasks in this project: C-2 and C-3,
e R, P P—

]

2, Secondary Tasks in this project: A-2,
el ——

3, Present state of knowledge: Two papers have been written about
the effects of oil pollution on phocid seals (Brownell and LeBoeuf,
1971; Smith and Geraci, 1974), and Kenyon (1971) has reviewed past
incidents of oil pellution involving sea otters and fur seals, These
papers do not form an adequate basis for predicting the impact of
oil spills on individuals or, by extrapolation, on pinniped populations,
especially on fur hearers,
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4,

2.

Information required: We anticipate that oil will have an impact on
pinnipeds through (1) increasing their maintenance costs through
increased heat loss in air and in water as a result of pelage
contamination, The magnitude of this increase depends on whether
the affected animal uses fur as a thermoregulatory mechanism and
therefore will vary among species or even between neonates and
adults of the same species, KExternal oil may also (2) impair their
diving and feeding abilities, Kenyon (1974) noted that malnutrition
was common in contaminated fur seals, Any such impariment would
accentuate increased maintenance costs in (1), Finally we would
anticipate (3) direct metabolic effects of ingested oil. In this
rescarch we propose to obtain data relating to subjects (1) and (2)
above for the northern fur seal (Callorhinus ursinus). Studies on

the metabolic fate of ingested o0il may be included in future studies,
and preliminary evaluation may be attempted by cooperatirig
investigation if funds and circumstances allow, Specifically we will
obtain data on the following topics which relate to subjects (1) and
(2) above, The details of each item appear under "Sampling Scheme, "

1., Susceptibility of fur seals to fouling by o0il on land and in water,

2, Heat loss to air from animals with oil on the fur compared
to animals without oil on fur,

a, measure heart and respiration rates as indicators of
metabolic rate

b, mecasure heat conductance of pelts to quantify the insulative
properties of fur

3. Heat loss during immersion of oiled vs non-oiled animals,
a, measure differences in thermal neutral zone

b, measure energetics of immersion by standard O}
analysis and attempt direct calorimetry

4, Effects of oil on feeding behavior(of lactating fermales only),
a, number and depth of dives made during a feeding excursion
b, duration of trips to sea and duration of stays on land

5. Heat loss of washed fur seals,

a, measure heat loss to air and water of seals washed free
of oil with detergents,
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6. Mectabolic fate of ingested oil - preliminary studies only in
Y 75.

The results of this research will apply to other marine mammals
that use fur for thermoregulation such as southern fur seals

(all species), the young of ice breeding seals, and the sea otter,
The applicability of results to adult hair bearing marine mammals
(such as sea lions and all phocids) is uncertain,

5. Meeting requirecments by 1976: By October 1976, 85% of items 1
through 5 above will be accomplished for one species only, the
northern fur scal Callorhinus ursinus, Research on other species
will be proposed after evaluation of fur seal results, and upon
recelpt of a permit under the MMPA,

6. Related Research: No similar research is presently being carried
out to our knowledge, Mr., C. Ohata is conducting thermoregulatory
and metabolic studies on fur seals in captivity at the University of
Alaska, Fairbanks, Ilis study uscs different methods and has
different goals, but contacts will be made with him to discuss current
problems, Dr, Ronald has studied effects of oil on harp seals at
Guelph University, Drs. T. Smith and J, Geraci are conducting
resecarch on effects of ingested oil on phocid scals in Canada, An
increase of present funding may be requested in the event that Smith
and Geraci are willing to extend their research to fur seals,

B, Methods

1, Utilization of previous data: Some methods and materials developed
in past research are applicable to the present effort; little past data
is of help, Methods are:

a, Thermal Conductance, Data obtained by McEwan et al (1974)
on muskrats will be reviewed and used if applicable, No con-
ductance studies have been done on fur seals to date, but methods
to be used will resemble those of Kooyman et al (1974) on penguin
pelts and live birds,

b, Diving. Kooyman (1968) developed hardware and techniques for
measuring diving in Weddell seals, These instruments will be
modified for use on fur seals,

¢. Thermoregulation, Much rescarch has been done on thermo-
regulation in phocids (McGinnis, 1968) using biotelemetry,
Instruments similar to his are available commercially and will be
modified to telemeter heart and respiratory rates on fur seals,
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Feeding cycles, Gentry (1974) developed methods for marking
and observing fur seals., The data he obtained on feeding cycles
of normal (non-oiled) fur seals will be used as a control for
comparison with feeding cycles observed in oiled females,

Sampling scheme,

a.

Susceptibility of seals to fouling by oil -- up to six female fur seals
will be placed in a water tank containing small, measured amounts
of oil, and another six will be placed in a dry cage with an oiled
floor, The extent of oil-covered fur resulting from timed
exposure will be measured in both groups as will any tendency to
spread the oil during grooming, Care will be taken not to expose
any- of the wild fur seal population to oil pollution.

Heat loss in air -- The twelve oiled animals above, plus twelve
non-oiled females, along with six oiled and six non-oiled pups,
will constitute the experimental and control groups on the breeding
sites, Metabolic rates will be taken prior to release of some
experimental and control animals, and a correlation between ths
rate and heart and respiratory rates will be sought, If heart and
respiratory rates can be used as an index of metabolic rates then
a telemetry pack will be made to monitor these rates in both
groups.when they are released to the breeding grounds, Differences
in these index rates between the two groups under similar
environmental conditions will reveal the extent of heat loss to air
resulting from oil on the pelage., As a further test, the thermal
conductance of two fur seal pelts will be measured to define the

insulative properties of fur, using the technique of Kooyman
et al (1974),

Heat loss during immersion -- the thermal neutral zone and the
energetics of immersion will be measured on at least six of the
experimentals and six controls if possible. Metabolic rates will
be measured in a test chamber using a paramagnetic oxygen
analyzer (Kooyman et al 1974) to measure O; content of expired
air when the animals are partly immersed in waters of several
different (2°-20°C) temperatures, Calorimetry as a means of
measuring heat loss to water (and thereby derive metabolic rate)
will be evaluated during these studies.

Feeding cycles -- Movements to sca and back of the experimental

and control fermales will show the effects of oil pollution on fecding
and diving behavior, After being marked (and subjected to oil if
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an cxperimental), equipped with dive recorders and released,
seals will be observed on the breeding sites during all daylight
hours for the remainder of the breeding scason, Females return
to land about every eight days to suckle their young, The duration
of alternate stays at sea and visits to land will be compared in the
two groups. Females in both groups will be recaptured during
returns to land, dive recorders will be collected and replaced,
and data on the number duration and depth of dives made during
the feeding excursion will be obtained from the recovered dive
recorders, Based on past data, we do not anticipate that
repeated handling will alter the duration of the feeding cycle,

e, Heat loss of washed fur seals -~ At the termination of observations
all oiled seals will be recaptured, washed free of oil using several
different compounds, and held until their pelage, behavior, and
heart and respiratory rates appcar normal, During this period
metabolic rates will be measured to compare with oiled and non-
oiled animals, All captives will be fed frozen herring and squid,
supplemented with vitamins using methods developed in 1974,

None of the experimental or control animals will be intentionally
killed, Any oiled animals showing responses that jeopardize its
survival, or the survival of its young, will be immediately washed
and removed from the experiment,

VI INFORMATION PRODUCTS

A, Physiological data, We have no existing format for coding or storing the
physioclogical data, Some of it, such as heart and respiratory rates and
various temperatures, can be put in digital form relatively easily, But
the diving recorders produce a continuous curve that can be described
by a series of coordinate readings only after considerable hand manip-
ulation, The proposed budget does not provide for reduction of these
data to computer form, Summary copies of processed physiological data
will be included in the quarterly reports,

VII DATA OR SAMPLE EXCHANGE INTERFACES

A, No input from other investigators will be necessary for the performance
of the proposed research, The hardware and methods needed in this
study have been developed by personnel in the project, or by the proposed
contract physiclogist, and require only modifications for the present
application, The only capabilities we lack involve biotelemetry instru-
ments which are available commercially,

B. Time Frame for Interface DNA,
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C, Products required by other researchers: None to our knowledge,

VIII SAMPLE ARCHIVAL REQUIREMENTS., DNA

IX SCHEDULE

A, May-August 1975 (St, George Island)
1. Modification of existing depth recorders to produce fur seal recorder

prototype,

2. Further quantification of female feeding cycles in the field,

B, September 1975 (St, George Island)
1. Experiment with methods of attaching depth recorders to seals at
St., George Island.

2, Make initial tests of the depth recorder on released females,

3. Obtain raw pelts for conductance studies to be done in laboratory
of contract physiologist,

4, Transport four yearling animals to same laboratory,

C, October, 1975 to June, 1976 (in laboratory of contract physiologist),
1. Construction of 24 depth recorders and harnesses

2, Construction of telemetry packs (monitoring heart and respiratory
rates) and testing on captive seals,

3, Construction of chamber for experiments on pelt conductance,
4, Construction. of wet environment chamber for metabolic rates).

5. Preliminary experiments on energetics of immersed fur seals,

D. June-August 1976 (5t, George Island)
1, Capture animals, create experimental & control groups, release

and conduct all studies listed under V, B,2 above,

E. August-October 1976 (St, George Island)
1. Recapture and wash all experimental animals, measure metabolic

rates,

2, Data analysis and preparation of final report.
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Interfaces, The main interface to be made within project is to couple
the behavioral observations with physiology. DBRehavioral staff and the
physiologist will work together closely at St, George Island, and will

share the same observation blind. No interfaces between this and other
projects are anticipated,

X EQUIPMENT REQUIREMENTS

A, Dive recorders. See ""Schedule' under IX above.

B.

Heat Flow Transducers, Conductance of pelts is to be measured in the
laboratory of the contract physiologist, A Beckman-Whitely T 200-3
transducer used to make these measurements is available through

Dr, H., T, Hammel, Scripps Institution of Oceanography.

Biotelemetry equipment. To be purchased commercially and shipped
to St. George Island via M, V., Pribilof in March 1976,

Environmental bath - this chamber with bubble top and air flow and
air collection aparatus is to be constructed and shipped to S5t, George
Island aboard the M.V, Pribilof in March 1976, Dr., H.T. Hammel,
Scripps, will act as advisor on construction of this chamber,

XI LOGISTIC REQUIREMENTS

A,

No vessels or aircraft other than those normally employed in trans-
portation of personnel and material to St, George Island will be required,

Lodging, NMFS maintains several houses on St. George Island for
the use of research personnel,

Special facilities, The unused skin processing plant on St, George Island
has been modified as a holding area for captive fur scals. It contains
five water pools and a 25 x 70 ft, outdoor caged enclosure, This facility,
with some modification, will be adequate for the experimental portion

described in this research plan, Modifications are to begin in May 1975,

Laboratory of the Physiologist, It is anticipated that Dr, G. L. Kooyman
will contract for the physiological research., His laboratory, Physiological
Resecarch Laboratory at Scripps, is acknowledged to be the best in the
nation for keeping captive marine mammals, and for measurements such
as those proposed. This project must transport four live yearling fur
seals to San Diego in the event the contract is let to Dr. Kooyman,
Kooyman and Gentry have conducted measurements similar to these
proposed,both together and separately,in the past,
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. Harawaad Bsiiens b
WORK STATEMENT (Research Unit #72/331/334) 4105 Montlake Bouia !
Seaitle, Washinglan - S5t
Work Statcement to Burcau of Land Management/Envircennental
Rescarch Luboratories [for Alaska Outer Continental Shelf 0il
Nevelopment Impact Study

Task:

C-2--NDetermine the acute and chronic effects of crude cil,
its component fractions, and other petroleum-associatced chemicals
en physiological and behavioral mechanisms of selected arctic
and subarctic organisms.

C-4--Conduct laboratory and field studies to detcruine
recovery rates of selected organisms and ecosystens {rou
perturbations resulting from either contamination or other
disturbances associatcd with petrolcun develepment,

I. RESEARCH UNIT 72A--Acute and Chroniec Toxicity-cuphausids,
mysids, sandlances, and cther organisms.
RESEARCH UNIT 72B~-Uptake and Depuration-sublethal
netabolic response of various Alaskan
organisms,

RESLCARCIT UNIT 331--Sublethal TLifects=-early ey development
in crabs.

RESEARCH UNIT 334--Sublethal Dffects--salmon {ry respiration.
II. PRINCIPAL INVESTICATORS--Stauley D. Rice and John bV, Karinen,
National Marine lisheries Service, Auke
Bay Laboratory, Auke tay, Alaska
(NWFC-5eattle).

III. AREA--Non-specilic (physiological effects).

IV. COST SUMMARY--27.8KFY 1975-through Junc 30, 1975
200, 0K FY 1976-July 1, 1975-Scptember 30, 1976
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V' PROPOSED RESEARCH:
A, Background and Objectives

This proposal is addressed to the general question: 'What are
the effects of hydrocarbons and associated contaminants on arctic and sub-
arctic biota?' It will involve physiology and biocassay tests of applied
research on species indigenous to the three study areas (Gulf of Alaska,
Bering and Beaufort Seas) described in the BIM Draft Study Plan.

Studies will be of two types; (1) measurements of acute and chronic toxicity
of crude o0il to selected arctic and subarctic organisms, (see Task C-2) and
(2) measurement of hydrocarbon uptake, depuration, and metabolism by
various tissues and species for the purpose of quantitating recovery ability
by organisms (See Task C-4).

Although considerable o0il toxicity data and some sublethal effects data are
available for some Alaskan commercial species, the present information base
is insufficient to evaluate oil impacts on the ecosystem of Alaska. Little
is known about the toxicity of oil to noncommercial Alaskan species, or

the effect of extreme low temperatures on oil toxicity. Essentially nothing
is known about the quantitative ability of arctic and subarctic organisms to
avoid, metabolize, eliminate, or recover from hydrocarbon exposure.

The amounts and kinds of information needed to meet the task objectives
depends upon the similarity or dissimilarity of responses of the various
species to oil exposure. Uniform responses by genera or family will
minimize information requirements for evaluating the environmental impacts
of 0il exposure.

The amount of information on o0il toxicity needed to evaluate the differences
and complexities of species responses is umknown at this time. Information .
needs for predictive capabilities can only be evaluated after a series of
bioassays and sublethal effects observation have been completed on several
species at various temperatures.

We propose to generate the following toxicity data:

1. Determine oil toxicity to previously untested organisms (Euphausids,
Mysids, sandlances, and others).

2. Determine oil toxicity to above organisms and previously tested
organisms at several developmental stages where practical.

3. Determine oil toxicity to above organisms at various temperatures
(-1° to 10° C.).

4. Determine chronic oil toxicity to eggs of shrimp, crab and herring.

To evaluate sublethal effects and recovery potential of various organisms,
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we propose to generate the following sublethal effects measurements,

1. Determine hydrocarbon uptake and depuration on several previously
untested species (herring epgs, crab eggs, Fuphausids, Mysids, etc.)

2. Determine hydrocarbon uptake and depuration of several species
at various temperaturcs.

3. Determine the doses of oil that cause sustained changes in
metabolic rates of pink salmon fry, crabs, scallops, and other
invertebrate species.

4, Determine the effect of 0il on metabolic rates of various tissues
of crab, salmon, and scallops after in vitro and in vivo oil
exposures.

5. Determine the doses of oil that will inhibit scallop growth and
rodify behavior.

6. Determine the dose of 0il and conditions that causes autotomy in
molted crabs.

7. Determine histopathological changes in varlous target tissues
(gut, gills, chemoscnsory organs, liver, etc.) of pink salmon fry
and some invertebrates when exposed to lethal and sublethal oil doses.

8. Determine the effects of short term oil exposure on early development
of crab eggs.
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It is our intention to complete all the above exmeriments outlined
above by September 30, 1976. By September 1976, enough data should
be generated to evaluate the need for tests with additional species or
variables,

Studies by Anderson et al. of Texas A.M with C(ulf of Mexico species
and temperatures are similar to ours in scone and methods. Quantitative
and qualitative similarities and differences will be continuallv compared
with their data.

Studies by Malins et al. (NMFS/NWFC) will be coordinated with ours to
prevent unnecessary overlan. Coordination is anticipated in netabolism,.
detoxification rates and mechanisms, and histolopathological changes.
Studies in similar areas are expected to cormlement each other and provide
insight into adaptive abilities of various species. Analytical methods for
monitoring oil concentration'will be evaluated and coordinated between the
laboratories. A committee for coordinating research activities with
Dr. Malins group has been formed.

Studies by Caldwell, at Oregon State University parallel and
supplement our crab.studies. Cooperation will be sought to coordinate
research efforts and monitoring of exposure levels.

Considerable coordination of research efforts are anticipated with
Intertidal Baseline studies at Auke Bay conducted by Merrell, Zimmerman,
and Myren; and with Feder of the University of Alaska. Bioassays with
predominant intertidal species will be done.

B. Methods

1. 01l exposures will be to the water soluble fraction of Cook Inlet
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and Pruchoe Bay crude oils. Slow mixine will be at low termmeratures for
20 hrs. and patterned after Anderson's et al. techniaues.

2. 0il concentrations in water will he monitored by I.R. spectro-
photometry (Gruenfeld, 1973) and by U.V. (Anderson, et al. 1973).

3. 0il concentrations in tissues will be rmonitored by G.C. (contracted
to Warner of Battelle, Columbus) and hy U.V. snectrophotometry (Neff and
Anderson) .

4, Acute biocassays will be 4-day standard tests and analyzed statis-
tically by probit analysis.

5. Dosing, handling, etc. are methods develored at Auke Bay for
individual species.

6. Metabolism measurements of salmon fry will be by the method of
Spoor et al. (1971) for quantitating onercular moverents in free swinming
fish.

7. Metabolism of tissue slices will be quantitated in a Gilson
respirometer. Oxygen consumption of invertebrates will be measured by
quantitating inflow and outflow water by an oxyvgen electrode.

8. Effects of oil on crab autotomy will be refined experiments

patterned after Karinen and Rice (1973).

VI. IMFORMATION PRODUCTS
All data will be available in a summary form by September 30, 1976.

Information will be published in scientific journals as wnits of data accurulate.
Some of these products will be in manuscrint form by Sentember 30, 1976.

Content 1s described in the following list of expected publications.

1. Commarison of acute toxicity data by srecies and life stages.

012



2. Comparison of oil concentrations that are acutely and chronically
toxic to small shrimp and eggs of shrimm, crab, and herring.

3. The effect of temperature on oil toxicity.

4. Comparison of hydrocarbon uptake and depuration rates by species.

5. Comparison of hydrocarbon uptake and depuration rates by temperature.

6. Comparison of the effect of 0il on metabolism of several species
and tissues.

7. Comparison of oil concentrations that are acutely toxic to
scallops with those concentrations that affect metabeolism, growth, and
behavior.

8. Autotomy responses in molted crabs after sublethal oil exposures

and at varying time periods following the molt.



VIT, DATA OK SAIPLE LXCHANGE IRTERTACDES

N/A
VITI. SAMPLE ARCHIVAL REQUIRLEMENTS

The 0ASIS system for updating cur iaformation require-
ments on specific subjects related to effccts of hydrocarbons
will be necded as vallpus subtasks are begun,
IX,  SCHEDULING O EXPERIMEMTS

l. Acutec toxicity tests--untested specles and life stagcs
start--September 15, 1975--end Septenmber 15, 1976. Specific
dates depend on animal availability,

2, Acute toxicity--diffcrent tewmperatures, Salwon -fry-=
August 1975, Scallops-september 1975, Shrimp-Gctober 1975,
and 2 other specics-1976.

3. Chronic toxicity to shrimp, shrimp eggs, crab cugs,
and herring eggs. Preliminary--spring and summer 1975,
Final--spring 1976,

4. Uptake and depuration deterninations for untested
specles start September 15, 1975, end September 15, 1970,
NDepends on animal avollability--U.V, analysis will be completed
within 30 days after exposure and data from contracted G.C.
analysis will be expected 60 days after sauples sent,

5. Uptake and depuration determination at various
temperatures., Salmon fry--August 1975, Scallops--Septenber

1975, Shrimp--Qctober 1975, and 2 other species--1970.
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6. Determine effect of oil on metabolism,

Salmon fry - start June 1975 end September 1, 1975

Crabs - Fall 1975
Other Species - 1976

7. Determine effect of oil on tissue metabolism.
Summer 1976
8. Determine effect of o0il on scallop growth and behavior.
Summer 1975 and 1976
9. Determine effect of 0il on crab autotomy response.
Feburary 1, 1976 to May 15, 1976
10, Samples for histopathology using routine histology, enzyme
histochemistry, microscopy, and scanning electron microscopy
will be taken from selected exposures and tissues during routine
0il exposures in acute and chronic tests. Samples will be
analyzed inhouse and/or in cooperation with similar studies at
the NWFC under Donald Malins.
X EQUIPMENT REQUIREMENTS.
N/A
XI LOGISTIC REQUIREMENTS.
Laboratory facilities will be needed at the Auke Bay Fisheries
Laboratory from July 1, 1975, to September 30, 1976. Collection of
test organisms will require occasional use of the Murre II and

samll boats of the laboratory. Collection of animals will be made in
cooperation with other units of the laboratory whenever possible.
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iv.

May 13, 1975
(Research Unit #73) dAHWQLAMﬁug;F#ﬂQSS.mw

VWORK STATHLLET B

[N

TTTLE: Research Unit 73. Sublethal efiects as reflected by
morphological, chemical, physiological, and behavioral indices.
PRINCIPAL INVESTIGATORS: Drs. Donald C. Maling, Harold O. Hodgins,
and IMr. Douglas D. Websr, Hational liarine PFisheries Service, Korthwest
Pisheries Center, 2725 liontlake Boulevard ¥aci, Scabttle, Washington
98112, (206)442-7137 and (206)442-T740.

GEOGRAFIIC AREA AWD INCLUSIVE DATES: DBeaufort Sea, Beoring Sea, and
Gulf of Alasgka. April 1, 1975 to September 30, 1976.

COST SUMMARY
Y 1975 TY 1976

throzeh June 30, 1975 July 1, 1975 - Sept. 30, 1976

-0- 150.0K

FROPOSED RESEARCH:
A, ITackground and ovnjectives

Fesearch Unit 73 addresses iteelf to Task IDlement €2 "Detcrmine

V——

the acute and chronic effectn of crude oil, its component fractions,

and otlher petrolewn-aszociated chemleals on physiological and

bezhavioral machanisis of ‘selected archic and subarctic organismg.”
From the combined literature avoiloble and our observations,

it is dncreagingly apparent that warine organisms exposed fo

petrolewn hydrocarbons and trace metals undexrgo considerable

stress. Iisvologicelly, therc is evidence for dogencration of

scnsory reccoptors (1), depletion of surface ruecus colls and

iver ¢ : ole! 23 o nelanivation and disruption
livexr glycogen rescrve 2), and nelanization and d upt
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of respiratory cpitheliuwm folloved by necerodls and cventual
sluffing of necrotic tissues (3,4). Dehaviorally, sublethal
levels of petroleun hydrocerbons interfere with settling and
attechment of juvenile invertebrates (5), cause debachment of
invertebrate adults (6), and modify oxr inhibit rcsponses
necessgry for food-gathering, migration, cnd reproduction of

a variety of species (7,8). Febrolewn components also cause
teratogenic effects in developing larvae (9), norphological
anomalies in adults (10), and o reduction in fecding rates along
with concomitant growth lag (11).

lany of the above physiological disruptions are typical of
goneralized siress conditions (e.g., following exposure to
pathogens or thermal variation); however, for trace metals and
petrochemicals there is an added complication resulting from
blological accurulation which way amplify the contaminant effect,
even though the environmental level is negligible. In tuna,

Tor exauple, Llead is found only in small amounts (<1 ppb) 1in
miscle and other iissues, bub accumulates in the epidermis to
as much as 2 ppu (12).

The objectives of studies proposed by Research Unit 73 are
to identify and evaluate the following with respect to chronic
exposure to petrolewn hydrocarbonz and itrace metals?

(1) Structural and ultrastructural changes in internal tissues,

epithelial tissues, and their secrcitions.

(2) Perturbations in chemosensory systenms of fish and

shellfish and related behavioral modifications.
2
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(3) Life history stages of cruntacen and molluzcs most

gsensitive to uptake and disvuption of normal physiological

TeSPONSes.,

(4) Uptake and resultant alterations in chemical and

physicochemical properties of mucus.

The products of this unit wvhich can be expected by September
30, 1976 are the following:

(1) Effccts of total water soluble oil components, and

selected aromatic hydrocarbon fractions on (a) structure

and ultrastructure of flatfish and salmonid skin and gill

cpithelium, and crustiacean chemoreceptors; (b) sperm and

egg viability, hatching lime, metomorphosis, settling

success, and uptake in selected larval and adult invertcbrates;

(¢) chemogsensory-related behavior modification in crustacea,

and neurophysiological changes in olfactory responses of

selnonids,

(2) Bifects from ingestion of whole crude oil and sclected

fractions thercof on: (a) structurce and ultrastructure of

internal tigsues of salmonids; (b) feeding rate, growth,

and uptake in selectoed juvenile and adult inveriebrates.

(3) EBffects from surface coating of fresh and weathered vhole

crude oil on: (a) spemm end cgg viability, hatching time, and

metanoxrphogis of selected invertebrates; (b) structural and

ultrastructuwral changes of cpithelial tigsues of sclected

molluscs and crustacca.
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(4) Bffects of trace metals (e.g., Jead, cadmium, and

vanadiun): (a) uplake 2nd accumulation of metals into

body and gill mucus of salmon and flatfish;‘(b) changzes in

chemlcal and physiocochemical propertics of mucus;

(¢) structural, ultrastructural, and histochemical changes

of skin and gill epithelium; and (@) chemosensory impairment

in crustacea and salmonids.

Studies proposed in Rescarch Unit 73 are planned to be carried
out at IWPC, Seattle. Other remcorch units concerned with sublethal
physiological effecis of chronic exposure on fishes are located
at the IWI'C Auke Bay ILaboratory, Juneau. A commitlce has been
formed within the NWI'C to coomdinate activities of the Seattle
and Juneawu laboratorica., The members of this coordinating
comnittee will maintein contact with other research units (e.g.,
R.U. 183, Corvallis, Orpgon) to insure that related research is
complementary and not duplicative.

B. lethods
Under Task C, full viilization will be made of available existing
and related publicationg, veports, and teclmiques. To facilitate
these efforis, one of the principal investigoitors for Research
Unit 73 ig also the principal investizator for Rescarch Unit 75,
Contaminant Bffects - Literature Review.

In respeet to animal specics, cuphasis will be on physiological
principles as demonstrated by situdies on representative marine
gpecies from a broad range of faxonomic groups. ALl organismg
congidered for investigation arve indigenous to the subarctic
bilota, and are locally available:

4

¥
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Thylum Choodaota
Clasz Ousteichihyes
Order Salmoniformcy
genus Oncorhymchus
Order Pleuronectifornes
genus Iarophreys
Mylug Arthiopoda
Class Crustocea
Order Decapoda
genmas Cancer
genus Pandalus
Phylum follusca
Class Laueilibraznchiata
Order Tilibranchiata
genus liyiilun
Order Fulamellibranchiata
genus Ostrea
A multidisciplinary approach is proposed in this rescarch
unit; thus, methods of data analysis will be variable and dependent
on the discipline involved, Initial stages of this research
through Sceptember 30, 1976, will be laboratory-oriented with
methods of exvosure to varying concentrations of pollutants
and to environnental variables (e.g., tonmperature (20 to 1000),
dissolved oxygen, pnotoperiecd, salinity, and pH) parallel in
all comporative experiments. Concentrations of hydrocarbong in
water sampies will be determined via techniques such as liquid
and gas chromatography, and photofluorometry. Basically, the

methodology to be employed is as follows:
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(1) Analysis of svructural, ultrasbtructural, ond histochemical
changes will be conducted with light microzcopy, and trensmizsion
and scanning eleectron microscopy. Target orgoans have been
identified and methods of tissue fixatbtion have bzen perfected
for specics of salmonids, flatfish (pleuroncctids), ond
crustaccan sensory recentors in previous preliminary experiments
carried out by NFES.

(2) In assessing behavioral modifications of crustacea after
exposure to hydrocarbons and trace metals, bioleogically
meaningful stiwuli (i.e., tourine and sex pheromones) will bo
cnployed to test for overl sensory responses. FPoassible changes
in olfactory responses of salion will be cvaluated using
electropnysiolosical techniques.

(3) Sensitivity evaluations of life history storen of crustaceoa
and molluscs to contaminents will employ behavioral, histo-
chemical, and histological methods to detect developmental
anomalics. Radioachive tracers vill be used in deternining
uptake, tilszsue localization, and concentiration of contaminants
in larval and adult invertoebrates.

(4) galmon and flatfish will be cuposed to troce metals wnder
flov-through bloassay couditionz. The degree of uplake by

muacus will be measured with rvediocoelive traccrs ot different
intervals of time consistent with clironic cxposure. Alterations
in tﬁe cnemical and physical structure of mucus will be

6
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evaluslcd by electron spin resonnince spectroscopy, other
special techniquen, and rheometry. Hislological and histo-
chenical evaluotions will be conduvcted to 1dentify and

cvaluate possible incidences of cellular alterations or aberalions.

<
-

IRORMATION PRODUCTS:
Specific inforration cupected to be derived from this wnit by
September 30, 1976, was presented in Secbion V-A. T1 is anticipated
that the results will substantially coutribute to new lmowledge
important to an area vhere 1ittle information currently estizts. The
result will also provide a dota bage to devermine the most productive
route for futuvre reseazrch on vhysilological elfects of the irpact of
OC5 cetivity on marine species.
VII. DA O SAILE ICHANGE THPERFACLE
Yersomnel of Unit 73 will share expertise and cquipment og feasible
to supplenent recuilrementis of other Research Unita. Ve vill also
atvtenpt to obtain and analyze for owe studies somples of organisms
used by other investigetors in their defined and controlled cxvoriments,
This will be done where cither they have nurpluses o vhene analyses
of the some szaples by tﬁo rescarch groups are compaitible with Loth
ootaining uselul data. In this woy moximun informuation will be
obteined from diverse experimenty,
VIITI, S:A0RLE ANCHIVAL RUQUIRBIAEIITS ;
Data will be submitted as published manuscripts
IXN. SCEDULE:

llov applicable
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LOUTELDN RENUTIRNILTTS -
lajor laboratory eguipment requirenents aro
during IY 1979 and are given in Seotion XIX
LOGISTICS REQUIRIETENTS

ot applicable

slated for purchase

(cosm).



o .

o

10.

RIFEREICHS

Laltoche, G., G. R. Gardner, R. Bizler, B. H. Loekin, . P, Yevich,

and G. B. “arcogian. 1974, Analynis of towic responses in marine
poikilotherms. Jn Bionssay Techniques and Environmental Chemistry,

G k. Glags, Ed., 199-216. Ann Arbor Sci. Publ,, Inc.

Hewkez, J. (Oregon Reglonal Primate Research Center, Deaverton, Oregon,
Personal Communmcablon).

Lightner, D. V. and D, Himmo, 197%. Ilistological eifect of acute

and chronic cxpopure to cedniuvn in the pink shrimp., Abstract presented
at 1ot Vorkshop on Fathology and Toxicoleyy of Penaiid Shrinp,
Galvesion, Texas,

Volf, . G, and J. A. Strand. 197%. Determination of acuie and
chronic effccts of treated ballast water on selected oquatic biaota
froa Port Valdez, Alaska. DBattelle - Facific Northuest, Labs. Res,
Cont 2121300934, 37 p.

Fisler, R. 1975. Toxic, sublethal, and latent effects of potroleun
in Red Sea macrofounz. Proce. 1975 Conf. on Peevention and Control of
0il Pollution, San DranCL co, Calif., 555-H40.

Dicks, B. 1975, Some effcets of Xuuait cride 0il on the limpet,
Falellda vulrata, Fovirvon. Pollub. 5: 219-229,

Atemq, J.y 8. Jacobson, and J. Todd. 1973. 'The imporiance of chemical

gipnals in stimulating behovior of rarvine orgonisme: effecctuy of altered

ciavironnental chemistry on animal cosmwnication. In Bioassay Techniques
and Environmwentoal Chemistwzy, G. W. Glass, ., 177-197. Amm Arbor Sci.

ubl., Inc.

Teliehashi, o T, and J. 8. Kittridge., 1975. Sublethal effects of
voter soluble component of oil: Chemical cowrwnication in the marine
cnvironment.  In Phe liierobial Dorgecdation of 041 Pollutants, fihearn
and Iivexrs, Ldu., Lovigiaona State U. Dub. SULSG.T5.01: 259-264.

Voelke, C. T, 1947. HMHeouurement of veter quality with the Pacific
oyster eubryo bloascay. Vatler Gual. Criteris, ASTH SWP 416, Am. Soc.
Pesting Tats: 112-120.

Gardnce, G. R., P. P. Yevich, and P. . Rogerson. 1975, TMorphological
anomalics in odalt oyster, scullop, and Atlantic silversides cxponed

to wasic moloy oil., Proc. 1975 Conf. on Frevenvion and Control of
0il Pollution, San I'rancisco, Califl.: 473-477.

10

047



11.

Ilice, 5. D., D. A. Moles, aud J. V. Shoxt. 2975, The clffect of

<
Frudhoe oy crude oll on suevival and growth of enps, aleving, and
fry of pink galmon, Oncorhynchug rorbusche.

Chow, 7. J. and C. C. Eatterson. 1974.

Occurreace of lead in tuna.
Nature 251: 159-161.

11

(AP



II.

IIIL,

Iv.

Vo
RTINS
e

(Research Unit #74)

WORIL STATELLNT

TITLE: Research Unit 74, Tdeatification of major processes in
biotransformations of petroleum hydrocarbons and trace metals
PRINCLIPAL INVESTIGATORS: Drs, Donald C, Malins, Williawm L,
Reichert, and William T, Roubal, National MMarine TFishevies
Service, Northwest Fisheries Ceunter, 2725 Monilake Boulevard
East, Scattle, Washington 98112 ((200)442-7737)

GECGRAPHIC AREA AND INCLUSIVE DATES: Gulf of Alaska, Bering 3ea,
and Beaufort Sea, April 1, 1975 to September 30, 1970

COST SUMMARY

Y 1975 FY 1976
throurh June 30,,1975 Julv 1, 1975-Sept. 30, 1976
“0- 61,000

PROPOSED RESEARCH

A, Background and Objectives
tesearch Unit 74 addyesses itsclf to Task Element C2
"Determine the acute and chvonic eficcts of crude oil, its
component fractions, and otlier petvolecun-associated chemicals
on physiological and behavioral nochanisms of selected
arctic and subarctic oxganisms,' The hydrocarbons and
trace metals occur to a significant degree as co~soluble
conponents with petroleun oils in the marine environment,
For clarity, we will treat the contaminants separately in

discussinz background and objectives,
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Hydrocarbong: A recent veview published by the Ford
Foundation (2) included the following cormments: '"Therce
are reasons to believe that the cffects of spilled oil in
polar regions might be serious and long lasting, including:
(1) cold tenmperatures do not parmil rapid evaporation of
aromatics in oil, thus allowing more of these toxiec hydro-
carbouns to enter solution in sea water even though the
solubility of these cowpounds is lower at low temperatures;
(2) the rate of bacterial degradation and other processes of
weathering arc comparatively slower at very cold tewmperatures;
and (3) the mavine biota of polar regions ae gencrallyv long-
lived, have low reproductive potentials and do not have wide
ranging dispersal stages,"

Most of the data on accumnlation of hydroszarbons is
from short pewiods of cxzposure and relatively high levels,
Further, wmuch of the information has been related to yhole
animals, an approach which sidesteps the pessible accumulation
of hydrocarbons in specific tissues and the Likelihood of
detrimental effeccts occurring at such loci (1~12). The
vhole~organism data are of slight value in relating possible
accunulations to physiolegical damage under environmental
conditions, 1I[ tissues associated with high accumulations
and physlological impaivment ave delinecated for mafinc
animals from avctic waters, such tissues would have high

riority for sampling and analysis during monitoving
P i (8 O IEY
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operations, The results ol this approcch would have
considerable value over monitoiring carried oul in the
zbsence of such velevant information,

Consistent with the principles stated above, ithe
objectives of the proposed reseavch are to determine

. I

accumulations of hydrocarbons aud identify potential cifects

from chronic exposures to oil on axctic and subarctic biota,
The reseavrch during the contract period will: (a) Determine
the degree to which different compounds accumulate in biota
from continuous exposure to nonlethal doses; (b) Datermine

-

effects of enviroamental conditions, such as temper

&
-
o
i
o

and exposure levels, on accunulation of potreleum hydrocarbons;

(c) Identily vhether gpecific sites cunist in fish uhere

accumulations result in damas

e to novmal physiology;

(d) Determine the metobolic stability (biological hali-lille

of selected avomatic hydrocarbons in the test organisncs.

Trace Helbals: A wide spectrum of data cenists

sugzesting that marine organisms are susceptible to

(%D}
detrinenical physiolosical chonses wvhen exposed Lo trace
metals (1-8) which accuwmulate in tisgsue sites, such as the

kidney, liver, and gills, Lead, codwium, and vanadiun have

]
]
T

=)

been chosen for investigation because: () They ax
to hava tonic efflects on wmawvine ovganisns under condliious
of chronic exposure; (L) Ioviromwental levels would be

expected to increase substantially frow drilling operazinng;

L
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and (¢) Accunulations and physjological effects at the
lover temperatures characteristic for arctic conditions
have not been delincated,

Objectives for the initial studies axe: (a) MHeasure
the uptake and accuwaulation of lead, cadmiui, and vanadium
in salwon and flatfish employing both radioactive eod non-
radioactive trace metals: (L) Delineate the relative
distributions of the trace metzals in key tissues (e.g.,
liver, kidney, and gills) in salmon and flatfish; identify
interactions wilth cellular components via techniques, such
as autoradiogvaphy.

The above objectives will be completed and veports will
be vritten duving the 15-month contract period (see VI.
Inforwation Products).

The worlk under this Research Unit will be closely
coordinated with R,U, 73 and the Rescarch Units at the Avke
Bay Fisleries Laboratory, 4 IWIC connittee has been
appointed to ensure that the Research Units studying the

fects of petroleum hydrocavbouns and heavy metals ave

o
L

[o]

complementary, Individual investigators will also coovdinate

e

their worl with otber laoboratorices investigatin
of petrvoleum hydrocarbons and heavy metals, suen as those
funded by EPA and API, iechenisms heve been initiated, for

example, to naintain contacts with ilarthwest laboratovies

having related projects, such ag Battelle Forthwest, Vashington

(s

State Depavtuent of Ecelogy, and the University ol Washington,

4
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D. llethods:
Vork deseribed on both peitroleuws hydrocarbons and trace
metals will be an extension of ongoing work within the
Envivonmental Conservation Division. Techniques used will
be based on published works and on data avising from

ongoing programs within the Division,

Petroleun llydrocarbons: Salmon, flatfish, znd spotted

shrimp and larvae will be exposed (2 to 10°C) to petrolecum

oil, fractions thereoi, and standard avomatic reference

compounds under eithexr static, flow-through, ox suitable
vater-exchange systems, Concentrations of hydrocarbons in
tissues and water samples will be determined via techniques,

such as head-space analysis fow volatile compounds, liguid
chrouatography (13), photofluovomciry, thin-layer chromatography,
and gas chromatozraphy,

The degree of accunulation of radioactively lzabaled

14, X .
C-naphthzlene) and petroleum oil

hydrocarbons (e.fg.,
fractions wvill be evaluczted in the tos
accunulation of hydrocarbons at key tissue sites will be
assessed, tomether with an cvaluation of the nature of

metabolic products and incidences of damage as reflected at

the cellular and subcellular Jevel, The vork will be carricd
out in close cooperation with complementory activitics

conducted at the Auke Bay Fishorics Lrboratory and will be

nodificd as indicated by tie proposcd literature weview
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(Resewceh Unit 75).  Tioe vork closely intermeshes with the

investigations at MWTC titled "Sublethal cffects as
reflected by worphological, chemical, physiological, and

behavioral indeces" (Research Unit 73), which will be
carried out concurrently uith the prescent activitices.

Tirace Metals: Salwon and flatfish will be e:posed to

various coucentrations of 1ea§; cadmiun, and vanadium under
typical chronic bioassay (flow-througzh) conditjons, Using
both radioactive and non-radioactive trace metals under
simulated arctic temperature conditions (2 to 10°C),

(a) measurements will be obtained of the uptake and
accunulation in key tissuc sites (e.g., liver, kidney, and
¢ills), (b) didentification of interactions of these wetals
at the celluler level will be evaluated using autoradio~
sraphy and other suitable technigues, and (¢) possible
alterations at the cellular and subecellular level will be
delineated, The findings vill be prescnted in report fornm

a2t the end of the contract period and ultimately submitted

[N

for publication and/or oral presentation at scientific

meelbinys, This vwork will be carried out in close cooperation

with the studice on wetal intevactlons with epithelial mucus
1

(Rescarch Uait 73) and will be consisteat with data avising

1

from the litevature revicewr (Qescarch Unit 75).
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VI, INVORATICN PRODUCTS

The data and inforwation fron this work uill be subnitied
in scheduled progress repevts #ad publications will be subnitted
Lo appropriate journals,

The work will provide important preliminary data on the
uptake, accumulation, and biotransformation of both petroleunm
hydrocarbons end trace metals in speeific key tissue sites of
sclected species found in the arctic and subarctic reyions,
tloreover, the results will contribute to a data base uhere
virtually no detailed information presently exists., The data
will show whether hydrocarbons and trace metals zre deposited and
accurwlated in key sites, such es kidney, liver, brain, and fat
deposits. The chemical natuve of altered hydrocarbons, notably
aromatics, will be determined, The proposed vork will lead to 2
rational basis for savpling of organisms and Zov establishing a
basis for the selection of tissue sites for monitoring uptake by

organisms during and after oil operations.

VII throush XI.

To achieve optimal inforpation, persouncl of Resecarcli Unit 74
will maintain coniact with personnel on related programs, not only
on Alaskan projeocts but also on other projects and prozras ow the
biological cifccis oi petrolecm oil, Interface with the physio-
logical effeets project at Auke Bay will be both informal betsieen

individual wesearchers end more formal throursh the MNTC coordinction

counndtice,
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WORK STATEMENT

I. TITLiZ: Rescarch Unit 75, Asscssment of aovailable literature
oin effects of oil pollution on biota in arctic and subarctic
ratexrs,

IT. PRINCIPAL INVESTIGATOR: Dr. Donald C, Malins, Director,
Environmental Conservation Division, MNational HMaxine Fisheries
Service, Northwest Fisheries Center, 2725 Montlake Doulevard
East, Scattle, Washington 93112 ((206)442-7737),

ILX. DATES: July 1, 1975 to Scptewber 30, 1976
IV, COsT: 3$32,3 K
V. OBJECTIVES AND HETHODS
A, Objectives
Review the available literature as described in Task
Element Cl: (a) On toxicity of crude oils aud crude oil
components (including heavy metals), and (b) On the
composition and toxicity of formation waters, various
drilling muds, and their components, Compare these
toxicitice on the basis of species, life stage, tenperalure
at exposure, water source, oil source, geographic source of
organisns, and presence of hecavy metals,

B. tlethods
Existing information and literature delineating effects on
marine biota from crude oils and their conponents or fiom
activitics related to offshore drilling will be compiled

and evaluated, particularly in relation to operations and
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VI,

pollution in arctic or subarctic waters. The bibliographies
will be compiled from existing revicws, ac well as computerized
bibliographies from OASIS and additional hand literature
scarches by stafi, The individual literature refexcnces
will be evaluated, particularly in relation to the application
of results to arctic conditions and to offshore drilling
opevations, Publighed data on toxicitics and pathological
manifestations will be comparcd on the basis of specics,
life stage, temperature, water source, oil source, geographic
source of organisms, and presence of heavy metals,
INFORMATION PRODUCTS:
A report and probably a publication evaluating current
knowledge and delineating aveas of ignorance on Lhe elfects of
0il pollution and offshore drilling on the biota and ccological
systems in arctic and subarctic waters will be prepared,
Personnel: Sclected staff members oif NWFC with no chargze

for salarics
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June 30, 1975

ALASKA MARINE ENVIRONMENTAL ASSESSMENT PROGRAM
WORK STATEMENT (Research Unit #123) / "

I. Title: Acute Toxicity - Pacific Herring Roe in the Gulf of Alaska
ITI. Principal Investigator: Dr., Ronald L. Smith
University of Alaska
Fairbanks, Alaska
(907) 479-7542
8S#: 546-56-3254
III. Geographic Area and Inclusive Dates:
Gulf of Alaska - July 1, 1975 - September 30, 1976

IV: Cost Summary:

FY 1975 FY 1976
through June 30, 1975 July 1, 1975 - Sept 30, 1976
$62,005

V. Proposed Research:
A. Background and objectives

This proposai addresses itself to Task C-2.

———

A significant literature has developed on the biology of herring and
their spawning. The effects of various environmental parameters

on larval development and hatching success have been dealt with by a
number of authors including McMynn and Hoar, 1953; Blaxter and
Hempel, 1966; Taylor, 1971; Jones, 1972. Other information relative
to herring life history can be found in papers by Tayler, 1964,
Holliday and Jones, 1965; Stevenson and Qutramm, 1953; Svetividov,
1949 and others, I have not yet been able to explore the literature
for pertinent references on pollutant effects on herring roe. In-
formation about herring spawning, inecluding times and locations in
Gulf of Alaska waters, has been gathered over the past 15 years by

personnel of the Alaska Department of Fish and Game (Pirtle, pers. comm,).

The information required to meet the objectives of Task C- 2 1is, of
course, much more extensive than will be provided by this project

alone. We are hoping: to use hatching success as a measure of the
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effect of various exposure times to oil pollutants on the
physiological and developmental processes of a single species

of fish, These data should be easily attainable, Additionally,
we plan to express the effects of these pollutants on the
normalcy of larvae and on pollutant uptake by developing embryos.
Since spawning will occur some time in April or May, 1976,
analysis of data cannot possibly begin before that time. It
should be possible, however, to complete analyses by September,
1976. Report preparation should be completed by the September 30
deadline.

In looking over the other proposals submitted, it appears that
similar work on toxicity effects in herring roe will be conducted
by Stanley D. Rice and John Karinen, NMFS, Seattle, as part of their
studies on other marine organisms. Also, hydrocarbon uptake and
depuration will be studied by Rice and Karinen, NMFS, Juneau,
employing herring eggs among other organisms, The details of
experimental variables we will utilize are dependent on the
results of current studies by Rice.

Methods

Sampling of herring roe will take place as soon as possible after
spawning. Egg-laden algal fronds or eelgrass blades will be
collected, placed in containers with gauze soaked in seawater.
These containers will be transported to Seward or Auke Bay by

the most rapid means possible.

These egg-covered fronds will be transferred to a series

of 15 aerated aquaria, three to serve as controls (no oil contaminants)
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and 12 to serve as experimental material. We plan to expose roe

to water equilibrated with Prudhoe Bay crude oil. The exposure
times will include 24 hours, 48 hours, one week, and continuous.
Each tank will contain several dozen eggs, enough, hopefully, to
insure statistical validity. Mortality and abnormality results

will be compared statistically. At hatching time individual larvae
will be examined for morphological abnormalities, and wet weight.
The larvae (and unhatched eggs) will be frozen and retained for
chemical analysis in Fairbanks., Chemical analysis will include

the following procedures (see attached flow sheet), Volatile
nonpolar hydrocarbons will be evaluated by gas chromatography and
mass spectroscopy. Concentration of contaminants will be accomplished
by the head space sampling technique of Hertz et al, (1974). These
volatile components are particularly interesting due to their
relatively high solubilities in water and to their noted toxicity
in biological systems., After analysis for volatiles, samples will
be homogenized, freeze dried, extracted and analyzed for "total
hydrocarbon burden" using the TLC technique of Hunter et al. (1974),
Information from this technique is both qualitative and semiquanitative
allowing evaluation of 1) ug total alkane, 2) ug total aromatics and
3) ug total hydrocarbon content with an average relative error of
17-20%. We have selected this method since other workers will also
be doing detailed analysis of hydrocarbon uptake and depuration
(Research Unit 72 B), We will be intercalibrating analytical

methodology with the research units of Rice (72 a and b).

.
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Vi,

VII.

VIII.

Iv.

Information Products

The product which will result from this research will be a report of
the effects of four exposure regimes on the hatching success and the
rate of morphological abnormalities in developing herring. Also, a
section on uptake of the above-mentioned 0il components will be included.
Data or Sample Exchange Interfaces

This study will interface with research units 72 A and 72 B. I don't
know who will require the results of our work. However, the work of
this and the other "effects" studies will be useful in more clearly
delineating the potential immediate and long-term impacts on the
littoral biota (Task A-2la). Additionally, subsamples will be shared
with appropriate groups for intercalibration on hydrocarbon analysis,
We will require input (including bibliographic) from data sources

such as OASIS and Environmental Data Services.

Sample Archival Requirements

Although not required, it might be appropriate to preserve samples

of larval herring in case other investigators wish to examine them

for effects other than those being examined in this study. Discussions
with Research Unit 73 personnel suggest the possibility of sample
splitting for electron microscopic investigations. This may require
temporary archival of material or simply sample exchange.

Schedule

An exact schedule of research progress is impossible to give in advance
of the work. Herring spawning 1s dependent not only on season generally,
but on temperature as well. There is as much as fiye weeks variation
in spawning times recorded from Prince William Sound alone. We

assume that spawning will occur in late April or early May. Egg
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XI.

development proceeds rapidly after spawning occurs. Collection of
eggs will, hopefully, be carried out in a cooperative effort by
personnel at the NMFS Auke Bay Laboratory and shipped by air to
Seward., Alternatively, collections may necessitate a research vessel
capable of traveling to herring spawning locations, deploying shore
parties to collect the eggs and returning the eggs to the Seward
laboratory within a day of collecting,

Equipment Requirements

This project will require 30 aquaria of about 4 1 capacity, each
supplied with an aerator. The TLC equipment and gas chromatograph
mentioned above will be available at the Fairbanks campus through
another OCS project being conducted by the associate investigator,
John Pearson.

Logistics Requirements

As mentioned in IX above, a vessel may be required for collections

of herring roe. If necessary, this vessel should be capable of operations
in the shallow water environs of Prince William Sound. It should be
capable of launching shore parties to collect the herring eggs in
very shallow water. Also, the eggs, once collected, will need to be
returned to Seward very quickly so that larval development does not
proceed too far before the experiments begin. I would thus like to
hold out the possibility of a vessel from NOAA since I do not know

if the University of Alaska can provide such a vessel and since, even
if it could, I would have to spend part of my $62,005 project momney

to buy ship time. The project cannot support this additional expense.
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EXPERIMENTAL

Exposure Durations

(Ohr.-controls; 24 hr, 48 hr, 1 week, continuous)
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—) Hatching success, abnormalities etc.
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hromatography

Hydrocarbon
fraction

Densitometry
ug alkanes
ug aromatics
ug total aromatics

Total; 40 analytical samples
160 data segments

I .
Lgaponitication——

saponified
substances

analysis for hydrocarbon components.

storage Ior

future analysi

]




WORK STATEMENT 0
(Research Unit #183) x"’wﬂ,,w””

Acute and Chronic Toxicity of Seawater Extracts of Alaskan Crude
0il to Zoeae of the Dungeness Crab, Cancer magister, Dana.

TITLE

PRINCIPAL INVESTIGATOR

Richard S. Caldwell, Assistant Professor of Fisheries
Oregon State University Marine Science Center,
Newport, Oregon 97365, (503) 867-3011

GEOGRAPHIC AREA AND INCLUSIVE DATES

Gulf of Alaska
July 1, 1975 - September 30, 1976

COST SUMMARY

FY 1975 FY 1976 Total
7/1/75 - 6/30/75 7/1/76 - 9/30/76 Cost
$31,261.00 $ 7,426.00 $38,687.00

PROPOSED RESEARCH
A, Background and Objectives

The Dungeness crab fishery represents and important resource
to the State of Alaska, accounting in recent years for irom 10
to 40 % of the total harvest of this species from the Pacific
coast of North America (Pacific Marine Fisheries Commission, 1374).
Taking 1970 and 1971 as representative years, 9.7 ana 3.7 million
pounds were the respective annual landings of this crab at Alaskan
ports (National Marine Fisheries Service, 1970 & 1971). These
catches were valued at 1.4 and 0.6 million dollars, respectively.
Since the value of this fishery is roughly the same for ecach of
British Columbia, Washington, Oregon and California, areas where
Alaskan crude oil may be shipped to refineries, the importance of
studying the potential effects of Alaskan oil on this species is

evident.
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Studies of the biological effects of oil pollution in marine
waters has intensified in recent years as a result of the publicity
created by large oil spills such as that associated with the Torrey
Canyon shipwreck. Recent reviews have summarized much of the
pertinent data (Nelson-$mith, 1970; 1973). The seawater soluble
components of oils have generally been considered to be the most
toxic to marine organisms Dunning and Major, 1974; Struhsaker et
al., 1974, Although the developmental stages of organisms are usually
more sensitive to toxicants than adults, relatively little work has
yet been done on these forms. Kuhnhold (1970), Struhsaker et al.
(1974) and others have studied the effects of oil and water soluble
components of oil on developmental stages of fish, but studies on
larval stages of invertebrate species are few. Wells (1972) re-
ported that emulsions of crude oil were lethal to lobster larvae.
Larval stages of crabs and shrimp are affected by 1-100 ppb of
various oil products (Mironov, 1969). Katz (1973) reported that

larvae of the crab Neopanope texana showed reduced survival when

exposed to seawater that had been polluted with 10 hl/]iter of
Venezuelan crude oil. Only larvae exposed during the earliest
developmental stages were affected, however. We are unaware of any
studies that have attempted to document sublethal effects of oil on
crustacean larvae even though such sublethal effects have been re=-
ported for other toxicants (DeCoursey and Vernberg, 1972; Vernberg
et al., 1973).

We propose in this study to evaluate the lethal and sublethal
effects of seawater extractable components of Alaskan crude oil on

the zoeal stages of the Dungeness crab, Cancer magister Dana.
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This study will be addressed exclusively to Task C-2 of the Alaskan
0CS study (Determine the acute and chronic effects of crude o0il, its
component fractions, and other petroleum-associated chemicals on physiological
and behavioral mechanisms of selected arctic and subarctic organisms).

The specific objectives are:

1. To determine the concentrations of the total seawater
soluble extract of Alaskan crude oil which causes mortalities
in the first zoeal stage of the crab in 96 hr acute exposures.

2. To determine the concentration of the total seawater
soluble extract of Alaskan crude oil which affects
hatching success of eggs and prezoeal development.

3. To determine in continuous exposure tests, the concentration
of the total seawater soluble extract of Alaskan crude
0il and possible 1 or 2 specific components (e.g. naphtalene
methylnaphthalene, benzene) which impairs the normal
development of crab larvae from the 1st zoeal stagde to at
Teast the 5th (last) zoeal stage and, if possible, through
the megalops to 1st postlarval crab. Some chronic experiments
may employ toxicant exposures during only limited segments
of the developmental sequence in order to identify the most
sensitive stages.

4. To attempt to characterize in such variously exposed larval
crabs such sublethal effects as impaired tolerance of unnatural
salinities or temperatures or impaired behavior (e.qg. sWimming
abnormalities, abnormalities of photo- or geotrophic responses,
etc.).

We believe that the objectives 1isted above can be accomplished
within the proposed project period ending September 30, 1976. During the
initial months of the project we will devote our efforts to developing
and perfrecting our analytical methodologies and adapting existing
culture facilities for use in flowing water bioassays with seawater
extracts of oil. The bulk of the actual experimental work with



crab-larvae will commence in mid-December, 1975 and continue through
June, 1976; the period of the year when Dungeness crab larvae are
available. We expect to be able to complete objectives 1 and 2 by
the end of January, 1976. Objective 3 will be accomplished during
the period January 1976 to May, 1976. We will attempt to accomplish
objective 4 during the period March, 1976 to June, 1976. During the
périod July, 1976 through September, 1976 we will devote our efforts
to data analysis and the preparation of the project final report.
Related work is planned by personnel of the NMFS, Northwest
Fisheries Center, Seattle, Washington. We understand that their work
with Dungeness crab Jarvae will emphasize analysis of ultrastructural
effects of Alaskan crude 0il. Their project will also entail study
of other larval forms such as those of mussels, oysters, shrimp, etc.
We intend to keep in close contact with that group to insure that our
projects are complementary rather than duplication. We have discussed
the possibility of collaboration in providing them with oil extract
treated crab larvae for ultrastructural examination. The Timited work
planned with crab larvae at the Auke Bay NMFS Tlaboratory will only include
acute toxicity in 1st stage zoeae and will emphasize comparison with
other species. We are unaware of other related work planned or
presently being conducted on Dungeness crab larvae.

B. Methods
Initially, we will determine the 96 hr acute toxicity of the total
seawater soluble components of the 0il against the first zoeal
stage of the crab, These tests will be done using standard
bioassay methods under static exposure conditins as previously
used in our laboratory {Armstrong et al., 1975; Buchanan et al.
1970, Caldwell et al., 1975). First stage crab zoeae will be
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cbtained in the laboratory from spawning female crabs collected in
the nearby ocean. Examination of the effects of seawater extracts
of oil on hatching success of eggs and prezoeal development will
also be conducted by methods previousiy used in our laboratory
(Armstrong et al., 1975; Buchanan et al., 1970: Caldwell et al.,
1975). Unhatched eggs will be carefully removed from ovigerous
female crabs in which hatching has just begun and the eggs will be
placed in beakers containing various concentrations of seawater
extracts of oil. After a 24 hr period, the success of hatching and
prezoeal development will be compared with control treatments. We
have found in studies with pesticides that the short duration
prezoeal stage is one of the most sensitive of the crab larval
stages.

Following the determination of acutely toxic levels of the oil
extracts in seawater, we will conduct chronic toxicity experiments
covering the entire zoeal period of development of the crab. These
tests will be conducted using the flowing water culture methods
previously developed in this laboratory (Buchanan et al., 1975;
Caldwell et al., 1975). Using this method, we have successfully
reared Dungeness crab larvae for up to 50 days with survivals of
85 % or better. By this time the zoeae at about 12°C are molting
into the 5th or last zoeal stage. We expect to be able to improve
these results through further improvements in technique. Ve will
modify our earlier procedures appropriately to allow for isolation
of individual 5th instar zoeae and expect in this way to be able to
successfully rear larvae through the megalops stage to lst postlarval

.¢rabs.

Uob



Seawater extracts of Alaskan crude oil will be prepared daily
by gentle stirring of large volumes of secawater to which 1-10 % by
weight of Alaskan crude oil has been added (Anderson et al., 197h;
Katz, 1973). Appropriate dilutions of the seawater extract for use
in the chronic experiments will be obtained either by metering the
stock extract into uncontaminated seawater (Buchanan et al., 1975)

or by use of a standard diluter system; probably the latter. (Mount & Brungs,
1967+ Mount & Warner, 1967). After initially determinina the 96 hr
acute toxic level of the seawater extract to crab zoeae, a series
of four to six dilutions will be selected for use in the chronic
bioassay tests.

The principle criteria of toxic effect to be used in the
rearing tests will be survival through the entire series of zoeal
developmental stages as compared to control groups. In addition,
we will attempt to characterize certain sublethal responses to the
toxic materials. One of these will be to evaluate possible inhibitory
effects of the oil extracts on zoeal molting and, if possible, meta-
morphosis to the megalopa and 1st crab stages. Katz (1973) found

that exposure of the larvae of Neopanope texana to water soluble

fractions of Venezuelan crude oil may enterfere with molting at

least during the early zoeal stages. Similar responses have been
shown with other species of crab larvae exposed to pesticides
(Buchanan et al., 1970; Epifanio, 1971) and to suboptional salinities
(Costlow et al., 1966). Other sublethal effects to be examined, if
feasible, may include size of the resulting megalopae of 1st instar
crabs, tolerance of the developed organisms to such stressful
environmental conditions as high temperature or unnatural salinities,

and swimming behavior and photo- and geotropic respcnses. e expect
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to collaborate with NMFS Northwest Fisheries Center, Seattle, to
examine possible ultrastructural anomalies.

During the acute and chronic exposure periods, water from the
culture containers will be routinely analyzed for total toxicant
concentrations by appropriate quantitative procedures. We plan
to use a UV method for our routine quantitative analyses (Stan
Rice, Auke Bay Fisheries Lab). We will also obtain detailed
qualititative and quantitative characterization of seawater extracts
in a few instances to thoroughly characterize the changes in toxicant
solution during passage through the bioassay system and between
daily periods of renewal of the stock extract.

Since this laboratory has not had prior experience in the
detailed characterization of seawater extracts of 0il, we will not
attempt these analyses ourselves. Therefore, we have included a
budget category for purchasing the detailed laboratory analyses of
these selected samples.
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INFORMATION PRODUCTS

The results of the proposed study will provide the following
specific information: (1) the level of seawater extract of Alaskan
crude oil which will be detrimental to the survival of Dungeness
crabs through the zoeal developmental stages and (2) the level of
extract which does not appear to influence these crab stages. The
latter will be judged as lack of effects on survival, melting, and
other sublethal criteria such as size attained at the megalopa or
1st instar crab stages, tolerance to environmental stresses of
temperature and salinity, or behavioral modifications. The proposed
research will not identify the specific components of oil which
affected developing zoeae but based on these results future research
could be aimed at this specific question.
DATA OR SAMPLE EXCHANGE INTERFACES

Wle anticipate no data or sample neceds from other investigators.
However, detailed analytical data available from other projects re-
lating to the components of Alaskan crude oil which dissolve in sea-
water would be of possible interest to us in evaluating our results
or in the event that we were able to conduct limited toxicity experi-
ments with selected components of the oil.

We do not know to what extent our results will be of immediate
use to other projeéts with the possible exception of the physiological
effects project of the Northwest Fisheries Center in Seattle. We will

maintain regular contact with that group.
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Vi,

Xt.

X1,

SAMPLE ARCHIVAL REQUIREMENTS
None
SCHEDULE

A detailed schedule of our work is given in a preceding section.
We will need an initial sample of Alaskan crude oil by September,
1975. Our final project report will be submitted by September 30,
1976.
EQUIPHMENT REQUIREMENTS
None
LOGISTICS REQUIREMENTS

The only logistics requirements of this research would be the
provision of samples of Alaskan crude oil to this laboratory.
Initial shipments would be required by September, 1975.
COsT

See attached budget pages.
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June 30, 1975

WUKK STATEMENT
(Research Unit #305)

I. Title: Sublethal Effects - Effects on Seagrass Photosynthesis
II. Principal Investigator: John G. Pearson

Institute of Marine Science

University of Alaska

Fairbanks, Alaska 99701
SS#:  534-38-4946

III. Geographic Area and Inclusive Dates:
Bering Sea -~ July 1, 1975-September 30, 1976

IV. Cost Summary:

FY 1975 FY 1976
through June 30, 1975 July 1 1975-Sept 30, 1976
877,677

V. Proposed Research:
A. Background and objectives
1. Background

.Seagrass meadows are highly productive ecosystems. The primary
production of these systems is to a great extent due to the productivity of the
seagrasses although benthic algae, epiphytes and planktonic algae are certainly con-
tributors. Studies show that the productivity of Zostera marina L. in Izembek
Lagoon averages 4.8 g C/m2 on an areal basis. The total production during the
growing season is estimated at 812 g C/mz, (McRoy 1974).

The primary thrust of this study will be directed to evaluating
the effect of selected petroleum contamipants on photosynthetic uptake of carbon
by eelgrass, Zostera marina L. Two of the petroleum components (toluene and
napthalene) were selected on the basis of their solubilities and noted toxic effects
on such physiological functions as osmo-regulation and respiration. (See for
example, Morrow, 1974; Kauss et al., 1973). The third component (dodecane) was

selected as a representative non-aromatic hydrocarbon; it is expected to be relatively

inert in the physiological aspects of this study.
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The literature is devoild of studies related to the effects of
chronic exposure to petroleum contamination on Zostera sp. However Baker (1970)
and 1971) has noted deleterious and growth stimulating effects of petroleum on
vascular plants in salt water marshes,
The total iwmpact of chroonic exposure to petroleum contamination can
not be answered by this study alone. However, some questions can be raised which,
if answered by this study, will aid in evaluating potential effects. These
questions are:
a. Do seagrasses represent a significant sink for the contaminants? This is
expected from the evidence of eelgrass deusity im Izembek Lagoon and the
non-polar nature of leaf cuticle structure.
b. What are the rates of incorporation of the more physiologically active hydro-
carbons and what are the enviroomental factors affecting the kinetics of uptake?
Focusing on seagrass with repect to uptake will provide information on the sig-
nificance of eelgrass as a sink and provide a data base for process modeling. To
the extent that changes in envirommental variables have concommitant effects om
physiological states, and 1f the uptake of contaminants is an active process,
alternations in the physical environment should alter uptake rates.
C. What are the primary plant surface absorption sites?
d. Are the contaminants degraded by eelgrass? HMost plants are capable of
axtensive oxidative coanversions. However, if the absorption of the contaminants
is limited to cuticular wax then conversions may not occur.
e, With repect to eelgrass, what are the effects of the contaminants on the
kinetics of carbon uptake in productivity?
f. Are the effects of contaminants reversible?
Pirectly then, this study will supply information outlined by
tasks B-8, C-2, and C~4. Indirectly, information gained will feed into task A-33.

2. specific Tasks

a. An evaluation of existing levels (if any) of toluene, naptholene,
and dodecane in eelgrass, Zosterda maring L. from Izembek Lagoon.

b. An evaluation of uptake rates by ellgrass of the selected
contaminants on the basis of: (1) photoperiod; (2) light intensity; (3) salinity;
(4) temperature.

e An evaluation of the effect of the contaminants on the kinetics

of . photosynthetic carbon uptake in the limiting kinetic situations defined in '
the literacture (McRoy, 1974) and by the experiments listed above (that is, at
the upper limits of contaminant incorporatiomn).
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d. Formulate and apply an approach to evaluating the conversions
of contaminants.

e. Determine the primary absorption tissue(s) of the contaminants.

The proposed research overlaps with Research Units 43 and 275 in as much as
examination for existing levels of the contaminants will be carried out and will
directly require the involvement of a member of Unit 43 (according to thelr
proposal). It would be informative to have examinations of alterations in eel-
grass surfaces and tissues in a fashion outlined by Research Unit 713,
The specific tasks outlined here should be completed and a final
report avaliable by 30 September 1975.
B, Methods
Throughout the course of study, available literature will be monitored

for advances in techniques and studies related to the one described here, @nd will
require periodic assistance of bibliogranhic resources of OASIS. Additional
information will be required on a need basis from EDS and climate agencies.
1. Sampling '

Zostera marina L. will be collected from lzembek Lagoon on an
experimental need basis. Whole plant samples will be acquired by the coring
device of McRoy (1973) and returned to Fairbanks, vhere they can be maintained
in sea water aquaria.

All sampling trips will include sub~samples for evaluation
of existing levels of the contaminants utilized in this study. For this consid--
eration, plants will be washed free of sediment and epiphytes in gea water when
collected, frozen in clean glass containers as outlined by Straughan (1974) and’
Hertz et al, (1974) and returned to Fairbanks for analysis.

2. Experimental
Specific task 2a. Whole plant evaluation for existing levels of the specific
contaminants will be carried out by a modified version of the head space
atripping technique outlined by Hertz et al. (1974). A modification is
necessary for sample injection into available GC/MS system. This procedure
will provide information on the levels and nature of low molecular weight
components of eelgrass and since samples will be acquired throughout the
year, variations on a seasonal basis will be determined as incidental to the
prime thrust of the project. It is possible that maturally produced molecular
species will gwamp those of interest (i.e. toulene, dodecane, and napthalene);
if this is the case, ion monitoring will be utilized to quantitatively evaluate
levels of the contaminants.
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All analyses will be carried out on a replicate basis and will include
calibration with plant tissues splked with known amounta of the contaminanta.
Results will be reported on a wright (contaminant) to dry weight plant basis.
The dry weight plant will be determined after homogenation-stripping.

Specific task 2b-general: All rate studies will be carried out im statie
chambers in sea water saturated with the particular contaminants under study.
(140)-labeled contaminants will be administered in all rate studies. Each
chamber will be connected to a small sea water reservoir with a 1t.(:—dopuad
contaminants layered om the surface to insure a constant concentration of

the contaminants.

Except for those experiments in which a particular variable is under
investigation, light intensities will be at one-half vmax (referring to
Milhadis-Newton experssion for saturation kinetics) for carbon uptake
as identified by McRoy (1974), at 10°C, and at normal sea water salinity
(352). For each variable, initial experiments will be carried out to
evaluate appropriate temporal ranges.

Uptake will be evaluated on the amount of label recovered by utilizing
the head space technique of Hertz et al. (1974) and cross calibrated with gas
chromotography. The material absorbed on Tenax will be either (a) extracted
with scintillation solutions or (b) stripped as for GC preparation into
scintillation solution.and then couﬁted. The remaining plant homogenate will
be dried and weighed. The rate of uptake will be in terms of the dry weight
obtained at this stage. Combustion of the residue, trapping of resultant CO

in acintillation solution and subsequent counting will give a measure of 140

2

incorporation by the plant. The sum of the activity by the head space sample
and sample undergoing combustion will then give the total uptake of contaminant.
Of course replicates will be determined for each sample time. In addition
controls, and plant. samples spiked with known amounts of material will be
analyzed for each experimental run.

The dual approach to analysis is necessary in view of possible chemical
alteration of the contaminants by plants., Thia crosa calibration will also
-allov for identification of the time dependence of contaminant conversions.
2b(1l) photoperiod: Seagrass samples will obtained from Izembek Lagoon in
July/August for long-day studies and again in winter for short day studies.

Light conditions in equaria will be held at constant intensity and with periods
‘in phase with Izembek Lagoon.
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2b(2) Light intensity: Uptake rates will be evaluated at one-half vmax’ at

vmax' and at inhibition intensities (with respect to carbon uptake) as found

by McRoy (1974).

2b(3) Salinity: Variable salinities as found in Izembek Lagoon (29Z to 32Z)

will be generated by the appropriate dilutions of normal sea water.

2b(4) Temperature: Temperature will be varied over the ranges noted in Izembek
Lagoon (~1°C to 30°C).

Specific task 2c. Rates of lAC - HCOB" will be determined at the light intensities
identified by McRoy (1974) that correspond to one-half Vmax' vmax’ and at inhibition
of carbon uptake. For these experiments non-labeled contaminants will be utilized
and will be evaluated by gas chromatography. Carbon incorporation over a four

hour period will be evaluated by the techniques employed by McRoy (1974). That

is drying, combustion, trapping of CO2 in scintillation solution and counting.
Additional experiments will be carried out on plants exposed to contaminants. The
duration of exposure will be determined by information derived from specific task
2b. Recovery in clean gea water will be examined after 24 hours, 48 hours, and

1 wveek following transfer to clean water. In addition, synergistic effects of the
contaminents will be evaluated along with a sea water equilibrated with Prudhoe Bay
crude oil.

VI, INFORMATION PRODUCTS
All rate data will be presented in tabular and graphical form with
appropriate statistical indices noted. When appropriate and where possible.
variables will be related by the appropriate mathematical models. Each portion
of this study, when completed, will be reported to the appropriate agency within 120 days.
VIi. DATA OR SAMPLE EXCHANGE INTERFACES
At this time, the only apparent possibility of exchange would be with
those involved in histological studies (Research Unit 73).

VIII. SAMPLE ARCHIVAL REQUIREMENTS

Plant homogenateé spiked wicth contaminants will be maintained frozen
throughout study and loanger, At this time, this research unit is attempting
to enter the spiked samples into our inter-calibration pool.
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IX. SCHEDULE
The experimental aspect of this project makes it difficult to project
al) dates with certainty. 1In part, the dates will depend on acquisition of
instrumentation. Preliminary schedule as follows (assuming major instrument

components available).

July 10, 1975 Sample Acquisition Izembek (will need member of
research unit 43),

August 15, 1975 Sample Acquisition Izembek

October 15, 1975 Long-day uptake, studies completed. Carbon-uptake
studies on going. FPossible regults from autoradiography.

January 10, 1976 Specimen Acquisition - Izembek

March 1, 1976 Short-day uptake completed.

Abril 1, 1976 Temperature and salinity studies completed.

May 30, 1976 Light intensity studies completed

July 15, 1976 Degradation - In corporation studies completed.

August 15, 1976 Carbon uptake studies completed.

September 30, 1976 Final Report Iasued.

Again, these dates are estimates., The first sampling acquisition should be
considered firm. Additional acquisitions to those listed will certainly be

necessary.

X, EQUIPMENT REQUIREMENTS

None, other than those noted in section XII of this draft,.
XI. LOGISTICS REQUIREMENTS

No specfal logistics necessary., All expeditions to Cold Bay -~ Izembek
Lagoon will be facilitated by the University of Alaska.
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