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DEPARTMENT OF FISH AND GAMF
OFFICEOF THECOMMISSIONER j subportbuilding - juheau sssbi

January 31, 1978

The Honorable Alvin Osterback
Chairman, House Resources Committee
Alaska State Legislature

Pouch V

Juneau, Alaska 99811

Dear Mr. Osterback:

The Board of Fisheries wishes to reaffirm its position with regard to House Bill No. 118,
relating to the maximum length of salmon seine vessels, and House Bill No. 119, re—
lating to drum seining.

The enactment of both of these bills into law is recommended by the Board of
Fisheries. This should not be construed, however, as being an endorsement
by the Board that the current restriction regarding the maximum size of salmon
seine vessels and the prohibition against the use of drum seines should be
eliminated. Rather, itis the position of the Board that the size of salmon seine
vessels and the use of drum seines are regulatory problems which should be
resolved by the Board of Fisheries by means of appropriate action under the
Administrative Procedure Act rather than by the Legislature by means of in—
flexible laws.

Should the Legislature follow the recommendation of the Board with regard to
these bills, it is the intent of the Board to initially take action to maintain status
guo with regard to these problems. A public hearing (or public hearings, as
appropriate) will be scheduled by the Board for full consideration by the public
after which the Board will adopt regulations consistent with the general welfare
of the fishermen and the resource.

Sincerely,

L.

Nick Szabo, Chairman (/
Alaska Board of Fisheries
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§ 16.05.831 Fish and Game 8 16.05.850

Editor 3 note. — The repealed section
derived from 827, art |, ch. 94, SLA 1959

Sec. 16.05.S31. Waste of salmon, (a) It is unlawful for a person to
waste salmon intentionally, knowingly, or with reckless disregard for
the consequences. In this section, "waste" means the failure to utilize
the majority of the carcass, excluding viscera and sex parts, of salmon
which are to be

(D) sold to a commercial buyer or processor;

(@ utilized for consumption by humans or domesticated animals; or

(3 utilized for scientific, educational, or display purposes.

(b) The commissioner may authorize other uses of salmon upon
request if he finds that to do so -would be consistent with maximum and
wise use of the resource.

(© A person who violates this section or a regulation adopted under
itis punishable by a fine of not more than 810,000, or by imprisonment
for not more than sue months, or by both. In addition, a person who
violates this section is subject to a civil action by the state for the cost
of replacing the salmon wasted. (8 3ch 89 SLA 1975; § 3ch 99 SLA 1975)

Editor’s note. — This secti. r is set. out Section 1, chs. 89 and 99. SLA 1975,
as itappears in ch. 99, SL\ 197. Chapters  provides, in subsection (b): "It is the intent
K)and 99, SLA 1975, are virtually identical  of sec. 3 of this Act to control the waste of
except thatch. 99 contains a § 5, providing salmon resources."
for an effective date of the act

Sec. 16.05.835. Maximum length of salmon seine vessels. No salmon
seine vessel may be longer than 50 feet, official Coast Guard register
length, and 58 feet overall length except vessels that have fished for
salmon with seines in waters of the state before January 1, 1962, as

afoot, official Coast Guard register length vessels. (8 1ch 252 SLA
1910)

See. 16.05.840. Fishway required. If the commissioner considers it
necessary, every dam or other obstruction built by any person across
*stream frequented by salmon or other fish shall be provided by that
person with a durable and efficient fishway and a device for efficient
passage for downstream migrants. The fishway or device or both shall
Pemaintained in a practical and effective manner in the place, form and
capacity the commissioner approves, for which plans and specifications
*hal be approved by the department upon application to it. The fishway
or ‘kvjee shall be kept open, unobstructed, and supplied with a sufficient

‘-antity of water to admit freelv the passage of fish through it. (8 30
irl 1ch 94 SLA 1959)

,005.850. Hatchery required. If a fishway over a dam or
-\irlllOn *s considered impracticable by the commissioner because of
I ie cnvner °f fhe dam or obstruction, in order to compensate for

s resulting from the darn or obstruction shall, at his option: (1)

cocD
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23305 PETERSBURG ALASKA 75 03-29 245P PST
PMS REPRESENTATIVE ERFfEST HAUGEN
JUNEAU AK
WE URGENTLY REQUEST REPEAL OF ALASKA LIMIT LAW FOR SEINE
BOATS IN STATE OF ALASKA. THIS LAW IS OBSaETE IN VIEW OF
LIMITED ENTRY LAW NOW IN EFFECT. GEAR RESTRICTIONS NOW 1IN
EFFECT WILL CONTRa FISHING EFFORT ON SALMON A ND WE NEED
BIGGER AN) BETTER VESSELS IN ORDER TO UTILIZE STOCKS OF
FISH, OTHER THAN SALMON, TO MEET WITH GUIDELINES SET UP BY
NORTH PACIFIC COUNCIL UN)ER THE 200 MILE JURISDICTION.

CI-RIS CHRISTENSEN, SECRETARY, PETERSBURG FISHERMENS UNION

CC REPRESENTATIVE ERNEST HAUGEN.



DEPARTMENT OF FISH AN!> GA ME
OFFICEOF THE COMMISSIONER subportbuilding - juneau sssbi

March 31, 1977

Representative Alvin Osterback
Chairman, House Resources Committee
Alaska State Legislature

Pouch V, State Capitol

Juneau, Alaska 99811

Dear Mr. Osterback:

The Board of Fisheries has reviewed House Bill No. 118, relating to the
maximum length of salmon seine vessels, and House Bill No. 119, relating
to drum seining and has adopted the following position with regard to
these bills.

The enactment of both of these bills into law is recommended by the Board

of Fisheries. This should not be construed, however, as being an endorsement
by the Board that the current restriction regarding the maximum size of

salmon seine vessels and the prohibition against the use of drum seines

should be eliminated. Rather, it is the position of the Board that the

size of salmon seine vessels and the use of drum seines are regulatory
problems which should be resolved by the Board of Fisheries by means of
apnropriate action under the Administrative Procedure Act rather than by

the Legislature by means of inflexible laws.

Should the Legislature follow the recommendation of the Board with regard
to these bills, it is the intent of the Board to initially take action to
maintain status quo with regard to these problems. A public hearing (or
public hearings, as appropriate) will be scheduled by the Board for full
consideration by the public after which the Board will adopt regulations
consistent with the general welfare of the fishermen and the resource.

Sincerely,
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THE LEGISLATURE OF THE STATE OF ALASKA
TENTH LEGISLATURE

FISCAL NOTE

REQUEST

Bill/Resolution No. HB 118

Title  An act relating to the maximum length of salmon seine. vessels-------------
Requested bv  Osterback Pate2-14-77

FISCAL DETAIL

Agency Affected Fish and Game
Program Category Affected NRMEC
Budget Request Unit(s) Affected Commercial Fish

EXPENDITURES  (Thousands of Dollars)

FY 77 FY 78 FY 79 FY 80 FY 81 FY 82

PERSONAL SERVICES 0
TRAVEL 0
CONTRACTUAL 0
COMMODITIES 0

0...
LAND & STRUCTURES . 0.
GRANTS. CLAIMS. EIC. , 0 1
TOTAL

0 0 0 0 0 0

FUNDING  (Thousands of Dollars)

GENERAL FUND 0

FEDERAL FUNDS n

OTHER (Specify) 0
POSITIONS

FULL TIME 0

PART TIME

TEMPORARY . .JO.

ANALYSIS (See Fiscal Note Preparation Instructions, Section IlI)

No fiscal impact

IV. DATE 2-22-77 .PREPARED BY
AGENCY  “*FIsK ana”ame
Original: Legislative Finance PHONE 465-42 UK

CC:

Budget and Management

Primu Qnnncnr ~Firct | PoiQlntnr Nfc)ni(*ri)



Headquarters: Box 939, Cordova, Alaska

Representative Alvin Osterback
Alaska State Legislature

Pouch V
Juneau,

Alaska 99801

Dear Alvin,

Bill--#4+8
vessels™

It

in

Regarding House
of salmon seine
relating to purse seining".
members we were able to poll
favor retention of both the

salmon seiners and the non-legal

length

While some might
there 1is no need to maintain
of the Alaskan salmon seine
the legal types of gear and
are able to generate more than
harvest far more salmon than

50 ft.

say that with

a status
fleet,
equipment,
enough
nature

February 18, 19

maximum
act

of
area

"An Act relating to the
and House Bill #119,"An
appears that the majority
the Prince William Sound
keel 1limit for Alaskan
status of drum seining for Alaska.
the advent of
quo regarding the
we disagree. At present,
Alaskan salmon seiners
effort and efficiency to
has been able to produce.

limited entry
efficiency
with

Limited entry has not restricted the amount of participation
in any of the salmon seining fisheries to the degree that more
efficient methods of harvest are necessary.

The majority of Alaskan owned and operated salmon seining
vessels are probably too small to efficiently handle drum seining
equipment, thus enactment of these bills would create hardship
situations regarding 1increased competitiveness and the necessity

to procure larger boats by many Alaskan fishermen.

We cannot see at this time, any direct benefit from enact—
ment of these bills to the majority of the Alaskan salmon seiners
or the salmon fisheries of the State.

Your careful consideration and evaluation of this matter
is respectfully requested. Thank you.

Sincerely,

Bob Blake

Chai

bb/mh

rman



UN ASSIGNED.

DEPARTMENT SPONSOR (PRINCIPAL) BILL NO.

Fish and Game Eliasori HB 119
DEPARTMENT POSITION

Oppose

DIVISION DIRECTOR DATE COMMISSIONER DATE

GOVERNOR™S OFFICE USE

1 POSITIONNOTED X POSITION 1 POSITION.DISAPPROVED
BY: DATE:
SUMMARY

(D RELATED BILLS (SIMILAR OR CONFLICTING)

(@ a ORGANIZATIONAL SUPPORT FOR BILL (@ b. ORGANIZATIONAL OPPOSITION TO BILL

(3 PROGRAM EFFECTS OF BILL The use of drums or reels in the operation of purse seines will
increase the fishing power and efficiency of vessels so equipped. The extent of the increased
fishing power is not accurately known, estimates range from slight up to 100%. Efficiency
may also result from smaller crews required to operate the gear. Two potentially serious
adverse effects would be (1) management problems in controlling the fish catching ability

of a fleet equipped with drums unless the vessel numbers were reduced through the limited
entry program; and (2) competitive unfairness between drum seine vessels and those with
conventional power blocks. |Ifsome vessels changed to drums, all would have to in an effort
to remain competitive. Such change would be expensive. Presently, we have enough fishing

ATIRSCAUMPACT: 1 NONE , 1 FISCAL ANALYSIS ATTACHED
() AMENDMENTS PROPOSED:

(6) COMMENTS:

On balance, we presently feel that the problems and risks of legalizing drums and reels for
purse seine vessels outweigh the benefits. Nevertheless, this is a decision fhat the fishermen
themselves should have a part in making, which will undoubtedly happen through the
legislative process.






Cost Estimates for Application Assistance
To Individuals Made Eligible to Apply for Entry Permits
Under the Alaska Supreme Court Decision in

ISAKSON vs RICKEY

Prepared at the request of the House Resources
Committee for its use in considering HB 121

Submitted by the Commercial Fisheries Entry Commission

February 17, 1977



CTP n C73 JAYS. HAMMOND, GOVERNOR

COMMERCIAL FISHERIES ENTRY COMMISSION

POUCHKSB - JUNEAU 93U1

February 17, 1977

The Honorable Alvin Ost.erback
Chairman

House Resources Committee
Room 118 Capital Bldg.

Juneau, Alaska 99811

Dear Representative Osterback:

Following your Committee®"s request on February 11, 1977,
the Commercial Fisheries Entry Commission has prepared a toval
cost estimate Tfor providing statewide application assistance to
individuals made eligible to apply for entry permits under the
Alaska Supreme Court decision in Isakson vs Rickey. Please note
that much of the accompanying material is based on verbal cost
estimates prepared over a short period of time by organizations
willing to participate in this program.

The following points should also be considered:

1) Contract negotiation expenses of $630 are based on prompt
action to get the assistance program moving as soon as possible.
It is probable that all contracts could be negotiated by telephone
and mail but this would require significantly more time.

2) The $4,000 cost estimate for advertising includes news—
paper publication of a list of eligible applicants who have not
applied, radio announcements if public service time is not available

or inadequate, and other "outreach™ that may be necessary. News —
paper ads printing the names of potential applicants for the AYI<
salmon fisheries in 1976 cost over $800 per publication. The actual

cost for advertising will be contingent to a high degree on the
applicant response as the application deadline approaches.

3) The actual cost for the Commission®s employment of a
temporary worker to process applications and monitor contract
performance will fluctuate as a function of the number of appli—
cations received.

4) Commission cost estimates for training representatives and
providing direct assistance to the people of Cook Inlet and Prince
William Sound have attempted to allow for the contingencies of bad
weather, travel delays and unusually extended assistance sessions.



The Honorable Alvin Osterback -2- February 17, 1977

The Commission is ready to develop and present any other
information which the Committee may require.

Sincerely,

L

Allan Adasiak
Commissioner



$ 630 - Commission expenses to negotiate contracts

$26,698 - Contractual agreement for application assistance:
Southeastern - $2,740
Yakutat - $ 208
Kodiak - $2,000
Peninsula - $6,000
Bristol Bay - $9,750
Yukon-Kuskokwim - $6,000
$ 900 - Commission expenses to conduct training sessions.
$ 2,000 - Commission expenses to provide application assistance:
Prince William Sound - $ 500
Cook Inlet - $1,500
$ 4,000 - Commission expenses to advertise application period.
$ 500 - Commission expenses fTor long distance telephone calls.
$ 300 - Commission expenses for computer time to monitor
assistance programs.
$ 3,000 - Commission expense for hiring one temporary employee

to process applications and clerical monitoring of
assistance program.

$38,028 - TOTAL



CONTRACT NEGOTIATIONS

Schedule
Travel Per Dienm
Day 1 - Fly Juneau to Anchorage $79.14
Fly Anchorage to Dillinghanm $62.39
(overnight Dillingham) $49
Day 2 - Fly Dillingham to Anchorage $62.39
Fly Anchorage to Bethel $70.87
(overnight Bethel) ; $51
Day 3 - Fly Bethel to Anchorage $70.87
(overnight Anchorage) $50
Day 4 - Fly Anchorage to Juneau $79.14
(arrive 1:15 pm) $25
$424.90 + $175
= $599.80

ground transportation + 30.00

$629.80



CONTRACT EXPENSE ESTIMATES

Southeastern - SEACAP
P.0O. Box 449
Juneau, Alaska 99802
Mr. Bill Marsh - 586-1990

AlIl villages and towns except the Juneau
vicinity. Estimated cost is $2740.

Yakutat Cornelia Howard 784-3356 (home)
P.0. Box 196 784-3257 (office)
Yakutat, Alaska 99689

52 people @ $4 each = $208.

Kodiak Kodiak Area Community Development Corp.
P.0. Box 571
Kodiak, Alaska 99615 486-3296
Wayne Marshall - he will cover the entire

island for a maximum of $2,000.

Peninsula Aleut League
833 Gambeli 278-3567
Anchorage, Alaska 99501
Mrs. Mary Skaflestad

Maximum estimate is $6,000.

Bristol Bay Bristol Bay Native Association
Dillingham, Alaska 99576
Mr. Ted Angasan 842-5257

1 person @ $2,500 + 3 people for 25 days
@ $30/day = $2250, + travel - $5,000 = $9750.

Yukon Kuskokwim Mrs. Betty Hickling
Office of the Governor
Bethel, Alaska ! 99559
543-2286(office), 543-2184(home)

Estimated maximum for traveling to each village
and hiring an assistant is $6,000.



TRAINING SESSIONS

Schedule
Travel
Day 1 Fly Juneau to Anchorage $79.14
Fly Anchorage to Dillinghanm $62.39
(overnight Dillingham)
Day 2 (overnight Dillingham)
Day 3 Fly Dillingham to Anchorage $62.39
(overnight Anchorage)
Day 4 Fly Anchorage to Bethel $70.87
(overnight Bethel)
Day 5 (overnight Bethel)
Day 6 Fly Bethel to Anchorage $70.87
Fly Anchorage to Kodiak $45.44
(overnight Kodiak)
Day 7 Fly Kodiak to Anchorage $45.44
FIy Anchorage to Juneau $79.14
(arrive 8:50 pm)
$515.68
= $844.68
ground transportation + 50.00

$894.68

Per Diem

$49

$49

$50

$51

$51

$54

$25

$329



Cook

Day

Day

Day

Day

Day

Day

Day

Day

Day

Ground transportation

DIRECT ASSISTANCE BY COMMISSION

Inlet
ACTIVITY

1 -Fly Juneau to Anchorage
(overnight Anchorage)

2- (overnight Anchorage)

3 -Drive Anc-Eagle River-Chugiak-
Palmer-Wasilla-Willow-Anchorage
(160 miles)(overnight Anchorage)

4 -Drive Anchorage-Girdwood-
Moose Pass-Seward
(129 miles)(overnight Seward)

5 -Drive Seward-Soldotna-Kasilof-
Kenai
(110 miles)(overnight Kenail)
6 -Drive Kenai-Ninilchik-Anchor
Point-Clam Gulch-Cohoe-Homer
(100 miles)(overnight Homer)

7- (overnight Homer)

8 -Drive Homer to Anchorage
(240 miles)(overnight Anchorage)

9 -Fly Anchorage to Juneau
(arrive 1:15 pm)

miscellaneous cabfares

subtotal

maximum estimate $1,500.00

TRAVEL

$79.

$72

$63

$57.

$54.

$97

$79.

$30.

$532

$973.

14

.60

.09

10

00

.40

14

00

AT

47

PER DIEM

$50

$50

$50

$54

$54

$54

$54

$50

$25

$441

costs are computed on the basis of $23

per day plus 21£ per mile plus 10<? per mile for gasoline.



DIRECT ASSISTANCE BY COMMISSION

Prince William Sound

Day

Day

Day

Day

ACTIVITY TRAVEL
- Fly Juneau to Cordova $60.60
(overnight Cordova)
- (overnight Cordova)
- Fly Cordova to Valdez $41.00
(overnight Valdez)
- Fly Valdez to Cordova $41.00
Fly Cordova to Juneau $60.60
miscellaneous cabfares $25.00
$228.00
subtotal $402.20
maximum estimate $500.00
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BRISTOL BAY NATIVE ASSOCIATION

P. 0. UOX 179
DILLINGHAM. ALASKA 99376

PHONE (907) 0'2-3322

January 14, 1977 ;
o
U

Kels Anderson Jr 0 ] J"
Pouch V <
Juneau, .--Alaska 99811

Deé$ ReDresencatﬁve—ﬁﬁﬁérson}-—

BBNA to use six (6)
salaries to perform
3.1.Q0,.000 for travel
ESranctdiBNA. assigned limited éntry assistance to their
regular tasks as Field Representatives. U=i
Legal ac%ion resulted in a new group of potential:applicants,
ANrafer*v-in~uTP” but”.equally dispersed geographically as the™-"
initial group. “Therefore, ta*rfeed for, similar assistance is Required
during the short--period, January 19 to Larch 15, that will be allowed

by the Commission for\this new group™-to "submit their,.applications.

Vj \

BBNA. is willing tofﬁassist again except"that" this year 3 CETA
program does not have paid CETA Liaison"as-a part of the FY 77 program.
Recruitment of new.group of 6 Liaison workers, enrollment,
certification, and addition®to""payroll v.ould take too. long, considering
..also time to negotiate a contract, conduct a.training session, etc.
Mounting a new program usually requires two months for our small staff
with present workload of starting up a delayed CETA program already
planned. ...

M 1
We_propose to use 7 existing: CETA vlllace administrators in
Manokofcak, .Togiak, Aiaknaglk, New Stuy*il"okJ Pedro”"Bay"atrd" Chignik

villages.

Two more field representatives could he quickly recruited,
enrolled, trained, paid salaries under our C2TA \fork Experience
funds and assigned to cover villages missed because village councils
could not afford the released time of their vilhige administrators
and because of the heavy scheduling of travel necessary due to 1 .a
short application period.



PepresentalLive Kels Anderson Jr.
January 14, 1977
Page 2

A former CETA Liaison, Jeff _Moxie, now paid under an CETA ojT
contract to Legal Services lias volunteered to supervise and coordinate

Costs:

Estimated travel (29 villages) from last years
budget reducing the number of trips to Dillingo

to 12 round trips:. $4310.00

Estimated Per Diem $20.00 @ day x 30 working

days x 9 v;orkers 5400.00
TOTAL $9710.00

In-kind wages fi benefits, $927 > 1 1/2 mos. x 9 $12,515.00

Very riruly Your,

BRISTOL BAY NATIVE ASSOCIATION

Freeman A. Roberts
Acting Executive Director

FAE/Ldr

cc: Jeff Comfort, Alaska Legal Services
Office Files



LAW OFFICES OF

ALASKA LEGAL SERVICES CORPORATION

p. 0. tiox mi
DILLINGHAM, ALASKA 90576
Telephone 0-i2-3€"-£>3

January 14, 3.977

Commissioners

Commercial Fisheries Entry Commission
Pouch KB oo,

uuneau, Alaska ,99811
Dear Commissioners:

I have reviewed the new application form and instruction
booklet to be used for entry permit applications under the
Isakson decision. V/hile the new forms are somewhat less
complicated and shorter., it is my opinion that the application
forms are still too sophisticated and complex for the rural
village people to complete without assistance.

As you know, it was the complex nature of the original
applications which brought about the Gosuk eh al v. Hickey

action. While I am not suggesting a "similar action™"ntfchTs
tine, | do believe that some outreach into the bush 1is
absolutely necessary. " te

-

As a .result of the Gosuk settlement agreement, the
Bristol Bay Native Association (BUNA) contracted with the
Commission to provide outreach to the 29 villages in the
Bristol Bay area. Had no such contract agreement existed,
a great many rural fishermen would have been precluded from
receiving entry permits, especially in light of the Commission®s
strong adherence to closing dates for applications, "Te
major reason would have been that the people simply did not
know how to fill out the forms.

Even despite the BP<?JA bush assistance, this office still -
hcLS cipproximately 25 to 30 cases where eligible applicants
failed to cipply during the original application period. These
people are forever barred from receiving free entry permits
unless they receive some type of legislative or judicial
relief. I foresee a far.greater number of eligible fishermen
in this same situation under the present application period
if no bush outreach operations are performed.

Accordingly, | request that contract monies again be made
available. The Bristol Bay Native Association upon request



. way

Commissioners } c e D

gommzermal Fisheries Entry Commission
age

January 14/ 1977

will submit an appropriate proposal.

Along the same lines, | would like to state my objections
to the apparent policy of having all first tine 1973 or
1974 gear license holders apply during the new application
period, even those applicants who timely filed applications
during the original application period but were rejected
because of A.S. 16.43.260(a), subsequently declared uncon—
stitutional by Isakson. The Commission already has complete
files on these individuals and need only check their records
or request proof of 1973 or 1974 gear license holding from
these individuals. Ivhy do these applicants need to assume
the burden of completing the entire application again?

To summarize, | respectfully request a waiver of the
submission of applications for those fishermen who applied
during the original application period yet were denied
because of A.S. 16.43.260(a)- Further, 1 request an outreach
program be initiated as soon as possible to assist the village
people of the Bristol Bay Region with their applications.

.Thank you and I await your considered reply.

Sincerely yours,

ALASKA LEGAL SERVICES CORP.

Geoff Comfort
Legal Assistant

GC:ilk
cc: Chancy Croft

Weis,Anderson, Jr., Dillingham, Ak.

Matthew Jumin, Kodiak, Alaska
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A REVIEW OF COMPARATIVE OIL TOXICITY A|>I('D COMPARATIVE ANIMAL SENSITIVITY
\'%

® .1 ~ - -

Stanley D. Rice, Jeffrey W. Short, and John F. Karinen
W)o.
Northwest and Alaska Fisheries Center Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P.0O. Box 155, Auke Bay, AK 99821

INTRODUCTION

Laboratory bioassays have been used to describe or quantitate the ability of crude and
refined oils to kill marine life. The principal objective of earlier studies was to esti—
mate oil concentrations that were definitely lethal to marine animals, and in some cases
there have been attempts to predict environmental effects on the basis of these studies.

More recently, two objectives of laboratory toxicity testing have emerged. First, acute
toxicity studies have been used to determine and compare the toxicities of different crude
and refined oils to marine life, and the toxicities of individual components of oils. In

these studies, the quantity of oil or oil component necessary to kill 50% ~>fF the standard
rest species exposed under a constant set of conditions (median lethal concentration, [IXI50)
is equated to the toxicity of the oil or oil component. Secondly, acute toxicity data have
been used to determine and compare the sensitivities of different species or the different
life stages of a given species. The goal here has been to identify species or life stages
that are especially sensitive or vulnerable to oil. Here the LC50 has been used as an
index of species sensitivity.
bl ¢ 15Vl * « «

There has been a wide variety of results from these studies, and some apparent contra—
dictions, mainly because of the absence of standard exposure and analytical methods but
also because of difficulties involving quantitation of the oil used and its instability in

the test waters. The amount of oil used to prepare a test solution is invariably much more
than the amount of oil that enters into the test water and the composition of oil in the
test water is invariably different from the composition of the parent oil. The composition

and amount of oil that enters the water column is a function of many factors, such as
mixing energy and duration, temperature, and salinity. Once in the water, oil components
are subject to evaporation and microbial oxidation, which can appreciably alter the compo--
sition and concentration of oil constituents with time, even at low temperatures. Analyti—
cal methods for measuring the amount of oil iIn the test water have only recently been
widely available, and all of these methods ax j less than ideal.

' i ’ w.j'. - We -, * AV

.The scope of this review is limited to studies dealing with the ability of crude and
refined oils to kill marine animals. Emphasis is given to themore recent quantitative
-Trudies that were not available to earlier reviewers (Evans and Rice 1973; Moore and Dryer
1574; National Academy of Science 1975). This review covers (1) the behavior of oil in
,-atsr; (2) the methodology problems associated with bioassays; (3) the comparative toxicity
r.f oil-water mixtures, oils, and components of oils; and (4) the comparative sensitivity of
different life stages and species.

.. ft* St *» |
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BEHAVIOR OF OIL IN WATER

Bioassays involving err.j or refined oils are fundamentally differsru from bicassavs
evolving other substances (such as heavy metals) 1in one major respeco. Oil bioassays
attempt to evaluate the effects of a mixture of many different toxic compounds together
eather than a single pure compound. There is a wide spectrum of physical ar.® biological
roperties associated with these various compounds which affects the rate and amount of
hese compounds transported into water. Once iIn the water, the persistence of sore of ora
oxic compounds in oil is influenced by a variety of processes such as riocegradaoi.cn.,
e"aporation, etc.

A basic knowledge of physical processes that affect both the transport of oil irrco ar.
..ueous phase and the persistence of oil transported is essential to evaluate results of
Jioassay tests. In this section, we discuss some of the factors that transport oil iInto and
>ufc cf the water column. All of these processes occur simultaneously, and the relative



importance of these processes varies from one compound or class of compound to another.

Because of the complexities involved, simple bioassay methods do not work well for investi—
gating toxic effects of oil.

Factors that Affect the Quantity of Oil Transported into Water

Oils can become associated with an aqueous phase in a variety of different ways, such as
emulsion, dispersion, or accommodation (Peake and Hodgson 1966) or some of the constituent
compounds of an oil may dissolve, forming atrue solution. The solubility of oil comDounds
in water varies considerably with theclass of compound and is an important factor that
determines the toxicity of oil-water solutions. Some hetero compounds such as pyridine are
completely miscible with water. Benzene is the most soluble aromatic hydrocarbon at about
1,800 ppm in water. The solubility of other aromatic hydrocarbons decreases with increasing
degree of alkyl substitution and number of aromatic rings. Aliphatic hydrocarbons are among
the least soluble hydroca jons, with solubility decreasing sharply with increasing carbon
number (McAuliffe 1966, " 69) .

JC The amount of the soluble fraction of oil that enters the water phase is mainly deter—

mined by mixing energy, mixing duration, and the viscosity of the oil. Turbulence (or
mixing energy) was found to have a pronounced effect on the amount of both particulate and
sub-particulate oil going into the water phase (Gordon et al 1973). In similar studies at

our laboratory we have been unable to detect concentrations of 10 ppb in water 1 cm beneath
a slick that is gently layered on thewater surface (Taylor and Karinen, This symposium).
Gentle mixing of oil in seawater for 20 hr will generate water-soluble fractions with oil
concentrations in seawater from about 1 to 10 ppm (Anderson et al 1974, Rice et al 1976a).
Violent mixing can produce oil concentrations iIn seawater in the hundreds of parts per
million, with much of the oil present as dispersed droplets.

The amount of time that oil and water are mixed iIs as important as mixing energy in
determining the quantity of oil that enters the water phase. Using gentle mixing, the
amount of oil that enters the water phase steadily increases for over 30 hr (Gordon et al
1973, Anderson et al 1974, Percy and Mullin 1975, Rice et al 1976a).

The viscosity of the oil also affects the amount of oil that enters the water phase,
because more mixing energy is required to mix thick, viscous crude oil. We have observed
that the relatively viscous Prudhoe Bay crude oil yields WSF"s that are about half the
concentration of those from Cock J"nlet crude oil when mixed under identical conditions (Rice
et al 1976a).

%

There are several other less well-studied factors that affect the amount of oil entering
the water phase. There is evidence that polar hydrocarbon derivatives are generated from
oil by photo-oxidation (Lysyj and Russell 1974)_. These polar hydrocarbons tend to dissolve
into solution from an oil slick, which raises the total concentration of oil-derived hydro—
carbons with time. In addition, pH (Kauss et al 1973) and salinity (Rice et al 1975) affect
the amount of oil entering the water phase.

Changes in temperature influence the transport of oil into water because changes in
temperature change the viscosity of the oil, the solubility of oil components, ar.d the
stability of emulsified or suspended oil. The viscosicy of oil increases as temperature
decreases, thus at low temperatures more mixing energy cr tire is required tc rmsport oil
into the aqueous phase. As temperature decreases, rhe sclzhili—- c¢f the non-volatile oil
components decreases, but the solubility of the volatile ccrpcrsr.-rs increases. Finally,
emulsions and suspensions are more stable at lower temperatures. These conflicting effects
make it difficult to predict the overall effect of temperature on the amount of oil trans—
ported into the aqueous phase.

Factors Affecting the Composition of Oil in Water

The composition of oil transported into the aqueous phase is also strongly deper.denn cn
compound solubilities, mixing energy, mixing duration, and oil viscosity. The composition
of oil iIn water may or may not be similar to the composition of the parent oil, depending on
how the oil is associated with the water. When oil is mixed violently with water, many
dispersed droplets having a composition similar to that of the parent oil are formed. When
oil is mixed slowly, the bulk of the hydrocarbons transported into water is composed of the
more soluble hydrocarbons, unlike the composition of the parent oil. For example, Bean et
al (1974) found water-soluble fractions to have compositions quite unlike the parent oil."
They found increases in IR absorption at 3,000 to 3,100 cm-* for WSF"s, 1indicating signhifi—
cant increases in the relative concentration of aromatic hydrocarbons in the WSF.



The AEF is the ratio of the concentration of aromatic compounds to n-paraffins in the oil-
water mixture, divided by the ratio of the concentration of aromatic compounds to the n-
paraffins in the parent oil. <A dispersion from a turbulent mix will result in an AEF of 1-
3, indicating that the composition of oil in water is about the same as the parent oil. In
contrast, the AEF will be higher in oil-water solutions prepared with less turbulence.
Aromatic enrichment factors of 10-125 and similar magnitude have been reported for WSF"s
prepared with slow, gentle mixing of Kuwait, Prudhoe Bay, and Cook Inlet crude oils
(Andersen et al 1974, Short et al 1975, Rice et al 1976a).

In addition to solubiliuy, mixing energy, mixing duration, and oil viscosity, there are
undoubtedly other factors that affect the compositon of oil in water. For example, the
solubility of many compounds is influenced by pH (Kauss et al 1973), salinity, and tempera—
ture. Removal of selected hydrocarbons from solution by biodegradation, evaporation,
photochemical oxidation, etc. will change the compositon of oil In water.

The fact that the amount and composition of oil that is transported into distilled water
or seawater is strongly dependent on the method used to prepare the oil-water mixture,
emphasizes the need for analytically determining the amount of oil actually transported into
the aqueous phase. There have been many studies of static bioassays that report only the
volume of oil used to prepare the oil-water test mixture. The concentrations of oil that
the test species were actually exposed to in these studies are almost completely unrelated
to the amount of oil used to prepare the test solutions, so that these studies are of
limited value.

Factors Affecting the Persistence of Oil iIn Water

After the oil has been transported into the water, several factors cause hydrocarbons to
be lost, resulting in changes in both concentration and composition of the oil solution or
dispersion. Cheatham et al (In prep.) demonstrated that the losses of total aromatics from
WSF*s of crude oil were significant, and that the rate of loss was less at low temperatures

(Fig. 1). =
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Fig. 1. Concentration of total aromatic hydrocarbons from water-soluble fractions of Cook
Inlet crude oil measured by gas chromatography at 24-hr intervals. Solutions were non—
aerated, and held at either 5=, 8<, or 12= C (from Cheatham et al In press).



Both paraffinic and aromatic hydrocarbons are susceptible to microbial oxidation,
although several studies (Kator et al 1971) have indicated that paraffins are oxidized by
microbes more easily than aromatic hydrocarbons. Further, dinuclear aromatic hydrocarbons
are lost from solutions primarily by biodegradation, while mononuclear aromatics are lost

primarily by evaporation; both processes occur at faster rates at higher temperatures
(Cheatham et al In prep.).

Chemical, and photo-oxidation can also change the concentration and composition of oil in
water. Aromatic hydrocarbons in particular are susceptible to photo-oxidation. Finally,
significant quantities of oil can be separated from the water when dispersed droplets
coalesce into larger droplets and form a layer of oil at the surface.

METHODOLOGY PROBLEMS ASSOCIATED WITH BIOASSAYS

Since oil-water solutions are so complex and difficult to work v/ith, researchers have had
to develop various modifications of standard bioassay methods. The following discusses the
general problems encountered in oil toxicity testing, and specific problems associated with
comparisons of oil toxicity.

Preparation of Oil-water Mixtures

Different investigators have used a wide range of methods to prepare oil-water mixtures.
For example, mixing methods range from virtually no mixing (layering oil on top of water) to
very turbulent mixing for prolonged periods. As noted previously, the mixing turbulence and
duration strongly affects the amount and composition of oil entering the water phase. Direct

comparisons between results of different investigators cannot be made when different mixing
met!jds have been used.

Individual investigators have tended to justify their choice of mixing methods on the

basis of analogy to probable environmental situations. This strikes us as a fundamentally
faulty approach. Several different mixing regimes may occur in the environment, so that it
is impractical to try to simulate all of them. Acute bioassays cannot, provide more than a

hazy i1dea of what is likely to occur in the environment, nor were they intended to do so.

Methods of Exposing Animals to Oil

There are numerous practical problems in oil toxicity tests that have led to a variety of
specific exposure techniques. For example, sometimes the test animals are passed directly
through a surface film of oil into the oil-water mixture, and sometimes the animals are
added to oil-water dispersions or WSF"s. Some investigators have aerated the oil-water
mixtures, which will affect results since aeration accelerates the evaporation of the toxic
light aromatics. Many different designs of exposure containers have been used because the
requirements of various animals differ. For example, most intertidal animals have to be
mcrapped in the exposure container to prevent them from crawling out (controls included).

Death versus Moribunditv

Since animals have a variety of structures and activity®™ levels, dead and moribund animals
may be difficult to distinguish from live animals. Usually, ale lark of visible ruruion is
used to define death, but with same slow-moving animals, daeum may r.zu be distinguishable
until seme necrosis occurs, and this requires extending the time c~ the observation period.
Some animals depress their metabolism and respiratory activities v ion stressed, and will
appear dead, but can recover when placed in clean water. On the other hand, delayed mortal —
ity (deaths occurring after the exposure period has terminated), may occur in seme aperies,
such as molluscs (Swedmark 1973).

Delayed mortality leads to the problem of identifying moribund animals in contrast to
dead anir.aj.s- Moribund animals are severely affected and destined to die, usually within a
few days. Moribund animals will die a pnysiological death and are not to be confused with
affected animals that can live but would be "ecologically dead"™ because of increased vulner—
ability to predation or environmental stresses. If moribund animals are counted as alive at
the end of the exposure (e.g. 96 hr) , the cat related median lethal concentrations will be
high, implying a level of tolerance that is erroneous. Crustacean larvae have been
observed to be particularly slow in dying, and will exist in a moribund state for up to
several days before the larvae become necrotic (Brodersen et al In press).

t >



Each species that is tested must be observed carefully and with attention to its biology.
Although there can be no universal guidelines for observing all animals in toxicity tests,

post-exposure observations should be made to determine if affected animals are moribund or
if they will recover.

Effects of Temperature on Oil Toxicity Tests

Temperature can affect the results of oil toxicity tests in a complex manner. Percy and
Mullin (1975) found that the amphipod Onisimus affinis was consistently more sensitive to
oil when exposed at 8 =Cc than at 0=C, but that oil-water solutions prepared at 0<=C were
consistently more toxic than solutions prepared at 22<=C. Korn et al (In prep.) attempted
bioassays at different temperatures with pink Balmon fry and shrimp exposed to crude oil
WSF*"s, naphthalene, and toluene a i found opposing results. Survival of pink salmon fry was
decreased when exposed at low temperatures, whereas shrimp survival was decreased when
exposed at higher temperatures. Temperature can affect toxicity measurements in two basic
ways: (1) by affecting oil toxicity, and () by affecting animal sensitivity. Oil toxicity
is increased at lower temperatures, since toxic aromatics persist longer at lower tempera—
tures (Percy and Mullin 1975, Cheatham et al In prep.). Animal sensitivities will be
affected by changes in temperature since rates of hydrocarbon uptake, metabolism, and excre—
tion will be altered. Because the effects of temperature on oil toxicity and animal
sensitivity may oppose each other, it is conceivable that the order of potency of different
oils could vary with temperature. Indeed, Ottway (1971) found that the relative toxicities
of 10 different crude oils changed in a complicated way between 4<=C and 26<C.

Chemical Analysis

Until the 1970"s, comparison of results between experimenters has been especially diffi—
cult because most experimenters have not measured the concentrations of oil present in their
test solutions. In these cases, results have usually been reported as the volume of oil
used to prepare the test solution. Reporting oil concentrations as the "volume added" will
underestimate the toxicity of oil, because most of the oil exists as a separate phase above
the water phase. As previously discussed, the amount of oil that actually enters the water
phase depends strongly on "the method of mixing, and the volume of oil used to prepare the
test solution is an inadequate measure of the exmount of oil actually in the test solution.

Several chemical methods have recently been used to determine the concentration of oil in
the water phase. Infrared spectrophotometry (Anderson et al 1974, Bean et al 1974, Rice et
al 1975, 1976a, 1976b), ultraviolet spectrophotometry (Brenniman et al 1976, Rice et al
1976a, Caldwell et al This symposium), fluorescence spectroscopy (Gordon et al 1973, Percy
and Mullin 1975, Wells and Sprague 1976), and gas chromatography (Bean et al 1974, Benville
and Korn In press, Cheatham et al In prep., Korn et al In prep.) have been used as analyti—
cal methods. These analytical methods all have the advantage of providing a measure of the
amount of oil actually in the test water, as opposed to the amount of oil used to prepare
the test water. Each of these analytical methods also has different practical advantages.

The infrared (IR) method of Gruenfeld (1973) is relatively simple, but is much more
sensitive to paraffinic hydrocarbons than, to aromatics. In addition, standards for this
method are necessarily arbitrary because the composition of oil in the water phase is not
the same as the parent oil. Although the IR method quantitates paraffins that presumably
are not toxic, their concentrations are usually proportional to concentrations of toxic
compounds.

Ultraviolet (UV) spectrophotometry and fiuorescer.ca ayamoresorry are especially sensitive
methods for detecting aromatic hydrocarbons, which are presumed ro be the most toxic
fraction of crude and fuel oils. However, the UV and fluorescence methods are completely
insensitive to paraffinic hydrocarbons, and measure different aromatics with differer.u
sensitivities, making standards somewhat arbitrary.

Analysis by gas chromatography (GC) or high pressure liquid chrrmarcgrapry “HrlT) 1is mcr:
complicated than the UV and fluorescence methods, but it also provides more detailed restltu
Both GC and HPLC separate individual compounds from mixtures, can measure paraffins and
aromatics with nearly equal sensitivity, and have standards that are not arbitrary.

However, because most individual compounds are separated by these methods, the amount of
data produced by a single analysis can be formidable. Analyses by GC and HPLC are rela—
tively expensive since fewer samples can be analyzed per day.

Gas liquid chromatography (GLC) and high pressure liquid chromatography (HPLC) are
probably the most appropriate analytical methods for oil toxicity investigations. Eoth GLC
ar.d HPLC are able to separate and measure the concentrations of individual aromatic hydro—
carbons present in oil-water mixtures. As discussed later, there is general agreement that



aromatic hydrocarbons are responsible for most (if not all) of the toxicity of oil-water
mixtures. Thus, using GLC or HPLC, one can attempt to correlate changes in the toxicity of
oil-water mixtures with changes in chemical (i.e. aromatic) composition in order to assess
the relative toxicity of each of the aromatics present (Bean et al 1974).

All of the previously described methods involve extraction of oil components into a low

polarity solvent, such as hexar.e or methylene chloride. Since a low polarity solvent may
not efficiently extract polar components of oil in the WSF, polar compounds may not be
measured effectively. These polar compounds may form a significant proportion of oil-

derived material iIn the water phase, especially if the water has been in contact with oil in
the presence of light for a prolonged period (Lysyj and Russell 1974). Detailed measurement
of these polar compounds is a formidable analytical problem, and the contribution made by
these polar derivatives to toxicity has not been evaluated.

Statistical Analysis

Statistical analysis of bioassay data is .required for meaningful comparisons between
tests. Unfortunately, only a few investigators have determined 95% fiducial intervals so
that statistically significant differences could be determined.

Probit analysis (Finney 1976) is the most appropriate statistical method for analyzing
bioassay data because (1) it provides an accurate determination of the concentration of oil
necessary to kill 50% of the test animals (LC50, LD50, or TLm), (2 it provides a measure of
how much the toxicity of oi) increases with iIncreasing oil concentration, and @) 95%
fiducial intervals for LC50"s can be calculated.

Other methods for calculating LC50"s have been used which do not require as much data as
the probit method, but the certainty of the calculated LC50 is reduced. The most commonly
used of these methods is that of Doudoroff et al (1951) where the percent mortality Iis
plotted against the log of the oil concentration, and a line is fitted to the plot. The
antilog of the oil concentration corresponding to 50% mortality is the estimate of the LC50.
This method will work even when exposure to oil concentrations results in only zero and
complete mortality. However, the accuracy of the method in such cases can be very poor, and
there 1s no way to estimate confidence in the LC50. In addition, an underlying assumption
of Duodoroff®s method is that percent mortality is a linear function of the log of the oil
concentration. A detailed plot of percent mortality versus the log of the oil concentration
will usually yield a sigmoid curve, if enough observations are made at oil concentrations
resulting in less than 1009% mortality but more than zero mortality in the test animals.

A comparatively simple method that does not have the drawbacks of Doudoroff et al"s
(1951) method is that of Spearman and Karber (Finney 1976). This method requires only that
oil concentrations resulting in zero and 1009 mortality in the test animals be known,
although it also makes efficient use of data where some concentrations have some survivors.
Confidence intervals can be calculated for LC50"s determined by this method, and the appli—
cability of the method is not affected by assumptions regarding the tolerance distribution
of test animals.

Neither probit analysis nor the method of Spearman and Karber determine variability in
toxicity test results from any source other than the rasa organisms. Specifically, we have
found that variation in the toxicity of water-soluble fractions or dispersions of a given
crude or refined oil mixed under identical condiuirrs si rr.ifirr.rl* exceeds the variation
expected from the test organisms. Therefore, in order re rbraiz snsrustically reliable data
when other sources of variation are involved, such as different WSF preparations, a bioassay
should be conducted on each WSF preparation and the LCSO"s analyzed using Student 3 t-test.
This procedure would then include all sources of variation.

Specific Methedo leer/ Recruirarar.ts Associated with msmrarir.r
Oil Toxicities or Animal Sensitrvirits

least three specific methodology requirements must be met when comparing the toxici—
ties of different oils or comparing the sensitivities of different species.

First, a reference toxicant is needed when comparing oil toxicities. Different investi—
gators have compared oil toxicities, but the validity of comparing results without a
reference toxicant is questionable when the tests are not conducted simultaneously with the
same population of test animals under identical conditions. Use of a reference toxicant
will permit valid comparisons by verifying that different sub-populations of animals are
equivalent in sensitivity, or that minor modifications of procedures between different
researchers are insignificant.



The toxicant DSS (dodecyl sodium sulfate), suggested as a standard reference toxicant by
LaRoche et al (1970), has been used in some tests; however, it is evidently not a satis—
factory standard for use over a wide range of temperatures. Rice et al (1976a) were unable
to generate reliable data on DSS toxicity to some shrimp because a precipitate involving DSS
forms readily above 30 ppm at 30 </oo salinity and temperatures less than 15=C. They
concluded that DSS is a poor reference toxicant.

Although the bioassay method is appropriate for comparisons of toxicity, few investiga—
tors have used the same test species, exposure conditions, or appropriate reference
toxicant- It is therefore impossible to directly compare results between investigators.
However, conclusions made by each investigator are usually valid, and one can compare
conclusions formed by different investigators.

The second requirement when comparing oil toxicities is a standard test species.
Comparisons of toxicity differences between several oils require that the sub-populations of
animals used in the tests be of equal sensitivity. This is presumably assured when the same
test species is used, althouah "reference toxicant” tests will verify that the sensitivities
of the sub-populations have not been affected by other factors, such as sex, health, etc.
Several investigators have used more than one species, and found the relative toxicities of
different oils (or different methods of mixing a given oil) are generally not significantly
affected by the choice of test species. Anderson et al (1974) tested four different oils
each mixed with water iIn two different ways (WSF 3 and dispersions), and determined the
toxicity of each oil-water mixture to six different marine animal species. Within each
mixing method, the order of toxicity was not significantly different for the six animals.
Rice et al (1976a) conducted a similar study andfound that the Cc50"s of the eight species
studied were generally within the same order of magnitude regardless of the kindof oil or
mixing method used. Percy and Mullin (1975) found that the order of potency of four differ—
ent crude oils was different for each of the three marine invertebrates they tested.
However, they did not determine the concentrations of oil in the doses they used to
determine the toxicity of these oils, so that these results may be due to variation in
potency between preparations of their test solutions. Wien different investigators use
different species to compare oil toxicities, the relative toxicities of different oils can
be compared, but absolute values from one study cannot be compared to values from another
study unless the same species is used. For the purpose of comparing toxicities of different
oils, the use of a standard test species is most desirable.

Third, accurate comparisons of sensitivities of different species require that oil

concentrations remain stable during the exposure. However, 1in static tests the oil concen—
trations usually decline with time, since aeration, biodegradation, temperature, and other
factors affect the persistence of petroleum hydrocarbons in seawater. Nevertheless, most

toxicity studies to date have used static exposures rather than flowthrough exposures
because static exposures are relatively easy andinexpensive, and the technology* for flow—
through bioassays with oil has been complicated, costly, and slow to develop.

There are two reasons why declining oil concentrations during static exposure cause
difficulties in comparing the sensitivities of different species. First, the effective
exposure period is short, possibly only a few hours, depending jn the rate the oil concen—
tration declines. Consequently, estimates of toxic oil concentrations are likely to be
high. Since the rate of decline is likely to vary between tests, the effective period of
exposure is also likely to vary between static tests. Second, some species accumulate the
toxicants at faster rates than others, and are likely cc be the species.that will die faster
than others. Animals that slowly approach equilibrium with rc:rir solutions may r.ot be as
tolerant as they seem because lethal concentrations nay d-nlar.s no svblethal concentrations
before the animals have achieved equilibrium. Sensitivities of fast- and slow-dying species
can be compared if they are tested long enough in Fflowthrough exposures where the toxicant
concentrations are held constant during exposure. The value of flowthrough tests depends on
constant exposure to stable concentrations, which must be verified by chemical analyses.

COMPARATIVE TOXICITY 0? 011-7.7,TER MIXTURES, OILS, AID COMPONENTS CF CUE

Historically, bioassays were developed to determine the biological potency of substances
such as drugs and insecticides. For these purposes, the bioassay method requires that a
standard set of exposure conditions be maintained and that standard test species be used
whose sensitivity does not change between tests. If the standard species sensitivity does
change between tests, then reference bioassays may be conducted with a standard reference
toxicant to identify and correct for this change in sensitivity. IT the above requirements
are met, then the bioassay method will yield valid comparisons of toxicity. The bioassay
method is thus appropriate for determining relative toxicity differences.



Toxicity Differences Between Water-soluble Fractions of Oil
and Oil-water Dispersions

The toxicity of oil-water mixtures depends in part upon the way the oi_ is associated
with the water. Experiments comparing the tox™ .ity of water-soluble fractions and disper-
sicns of oil suggest that the toxicity of an oil is due to the soluble compounds contained
in that oil, and not due to compounds in dispersed droplets. The chemical composition of
the droplets is probably very similar to that of the parent oil, except that the droplets
probably contain slightly lower concentrations of soluble compounds because of losses of
these compounds due to equilibration with the water. ITf oil dispersions are less than or |
equally as toxic as WSF 3 (which contain far fewer dispersed droplets of oil), the toxicity
must be due to the soluble fractions of oil.

Em=m -

Oil dispersions are slightly less toxic than WSF % of a given oil when oil concentration:
are analyzed by IR. Rice et al (1976a) tested five species with dispersions and WSF*"s of b
two crude oils and found that toxicities of dispersions were always less than, but within a;
order of magnitude of, the toxicities for corresponding WSF 3. Anderson et al (1974) did L
not analytically determine oil concentrations in the doses they used to determine the
toxicity of dispersions. However, they did provide data relating the amount of oil used to
prepare a dispersion tothe amount of oil found in a typical dispersion (as determined by (
IR) . After calculating the amount of oil found in toxic dispersions, we estimate that the j
toxicity differences between the dispersions and WSF*s studied by Anderson et al ranged fron
nil to about an order of magnitude, with the dispersions being consistently less toxic.

Dispersions and WSF"s seem to be equally toxic when oil concentrations are measured by
uv. Rice et al (,1976a)compared toxicities of dispersions and WSF"s of two crude oils to
each of 0 test species. They found significant differences in only 4 of 12 cases whenoil i
concentrations were determined by UV. In 3 of these 4 cases, the dispersions were slightly
more toxic than the corresponding WSF. The lack of significant differences in toxicity
suggests that the toxicity of oils is due to the water-soluble compounds.

\

In conclusion, all these results suggest that oil toxicity is due to chemical toxicity ai

soluble aromatics, rather than physical toxicity of dispersed droplets.

~1
Toxicity Differences Between Different Oils
l:

Toxicities vary between oils, which is to be expected because the concentration and

composition of individual hydrocarbons within the oil vary. The refined oils are generally
considered to be more toxic than crude oils, since smaller volumes of refined oils are
needed to kill 50% of the test animals in a given length of time. The increased toxicity of

refined oils, as measured on a volume added basis, 1is primarily caused by two factors.
Refined oils often have higher concentrations of aromatic hydrocarbons, and refined oils are
usually less viscous than crude oils thus requiring less mixing energy for toxic concentra—
tions to be mixed into the water.

We believe that direct toxicity comparisons between different oils is a simplistic i
approach, because so many factors other than composition differences between oils can affect
the observed results. We now know that the toxicity of a given oil is influenced by mixing
method, temperature, salinity, etc.

We believe that any oil, whether crude or refined, is be=u considered as a source of
toxic compounds. Based on a knowledge of the toxiciuy cf ~* uie compounds contained in an
oil ar.d the concentration of these compounds, one should be able to predict the toxicity of
any oil-water mixture. (This may not be so formidable a task, since the solubility of ncsu
toxic compounds in oil is so low that they probably do not make significant ccrurituuisrs -~
toxicity.) With this approach, the toxicity cf an oil would be evaluated in nsmr of (@
the concentrations of toxic compounds in contained, and () the physical chnramerisnics of
the oil (such as viscosity) that would prcrore the transfer cf these tonic compounds into
solution when a standard oil-water preparation method is used.

Comparative Toxicitv of Different Oil Components

Although there is general agreement that aromatic hydrocarbons are responsible for the
toxic effects of crude oils and refined products, the relative importance of various

aromatic hydrocarbons to toxicity is not clearly defined. Therefore, there has been an
increasing interest in determining the degree of contribution of individual aromatics to
the toxicity of oil-water solutions. 0.

There have been several studies on the toxicity of individual hydrocarbons (summarized in
Table 1). Studies by Neff et al (1976), Benville and Korn (In press) , and Caldwell ct al



(This symposium) compare the toxicities of mono- and di-aromatic compounds to four marine
species. Even though the species tested are quite different, and include tests with larvae,
the following three results are quite consistent: mono-aromatics are the least toxic, acute
toxicity increases with increasing molecular size until the 4- and 5-ring compounds are
reached, and alkylation of the aromatic nucleus seems to increase the toxicity of the parent
coapcurjd. Thus, in both the benzene and naphthalene series, toxicity increases with increas—
ing degrees of alleylation. The toxicities reported for m-, o-, and p-xylene for shrimp,
bass, and crab larvae suggest that the position of alkyl substitution on the aromatic

ring may influence toxicity (Benville and Korn In press, Caldwell et u.l This symposium).

The most toxic hydrocarbon evaluated by Neff et al (1976) was l-methylphenanthrene. Consi—
dering the toxicity of the compounds they studied and the concentrations of these compounds
in toxic WSF"s, Neff et al (1976) concluded that much of the toxicity of most crude and
refined oils was due to the mono- and dinuclear aromatics.

TABLE 1

Comparative toxicity of different aromatic hydrocarbons, expressed in 96-hr LC50"s
with concentrations in ppm. Asterisk (*) indicates that toxic concentrations were
above solubility limits.

96-hr LC50 % in ppm
AROMATIC H.C.

POLYCHAETE SHRIMP CRAB LARVAE SHRIMP BASS*® GOLDFISH

Benzene 27 108 20 5.8-10.9
Toluene 9.5 28 4.3 7.3 22.8
Ethyl benzene 13 0.5 4.3
Tri-methyl benzene 5. 5.1 12.5
Xylene 7. 16.9
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Naphthalene 3.8
Methyl naphthalene
Di-methyl naphthalene
Tri-methyl naphthalene
Phenanthrene

Methyl phenanthrene
Fluorene

Fluoranthrene

Chrysene

Senzo (a)pryene
1,2,5,6-Dibenzanthracene
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~"Xeff et al (1976). Neanthes arenaceodentata

J«eff et al (1976) . Palaemonetes pugio

~Caldwell et al (This symposium). Cancer magister, Stage 1 larvae
J-Benville and Korn (In press). Crago franciscorum

~Benville and Korn (In press). Korone saxatilis

Ersmimar. et al (1975). Carassius auratus

The solubility of individual aromatic hydrocarbcns decreases with increasing methyl
substitution and number of rings, and this is reflected in most WSF % (Caldwell et al This
symposium). The concentrations of mono-aromatics, such as benzene, are usually greater in
WSF*s than naphthalene and other larger aromatics. Since the toxicity of aromatic hydro—
carbons increases as the concentrations in the WSF decrease, it is difficult to identify
which specific ccm.pounds are most responsible for the toxicity cf W5F"s. The toxicity cc
oil-water solutions is probably due to contributions from bezh the more soluble, less texne
nor.o-r.uclear aromatics and the less soluble, more toxic dinuclear arcmatics. The relative
i-pcrmnce cf the two classes will likely depend or. several factors, such as their relative
concentrations in the parent oil, temperature, mixing characteristics, etc.

Since the solubilities of the larger nolynuclear aromatic hydrocarbons are so low, these

compounds probably contribute little to the acute toxicity of oil-water solutions. Neff et
al (1976) found several polynuclear aromatics that were not acutely toxic in four days at
the maximum possible concentrations (solutions were 100% saturated) . However, these
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compounds may contribute to long-term damage if they accumulate to significant concentra-
ions in the tissues after lengthy exposures.

Several investigators have given evidence suggesting that mono- and dinuclear aromatic
hydrocarbons account for much of the toxicity of oil-water solutions, and there have been
correlations of adverse effects with tissue concentrations of aromatic hydrocarbons.
However, it is premature to conclude that the aromatic hydrocarbons are solely responsible
for the acute toxicity of cil-water solutions. The presence and toxicity of polar hydro—
carbon derivatives or polar oxidation products of oil hydrocarbons have generally been
ignoreu, because they are more difficult to identify and measure.

COMPARATIVE SENSITIVITY OF DIFFERENT LIFE STAGES AND SPECIES

When assessing the potential impact of spilled oil, it is crucial to know if some species
or life stages are more sensitive than others to oil toxicity. As previously discussed,
comparisons of animal sensitivities to oil are most valid when tested with flowthrough

exposures during which the oil concentrations remain constant. Unfortunately, most studies
have used static exposures, in which the oil concentrations decline with time, and slow-
dying animals may appear more tolerant than they actually are to four-day exposures. In

spite of these limitations with static exposures, we attempt to compare sensitivities of

different life stages and species to oil.
. L0, |
i 1 ", 1

Comparing Sensitivities of Different Life Stages

Survival of a species is dependent on the survival of each developmental stage. In
general, eggs are assumed to be more tolerant than other life stages to oil exposures
because of the protection given by the surrounding chorion. In contrast, larvae have been
assumed to be more sensitive to oil pollution, probably because of their high mortality in
response to natural environmental stresses. In an earlier review, Moore and Dwyer (1974)
concluded that larvae are approximately an order of magnitude more sensitive than adults to
oil toxicity. Although their conclusions are consistent with general assumptions of larval
sensitivity, support for their conclusions is based on literature where oil concentrations
had to be "normalized™ for comparative purposes.

Comparisons of results from early studies on the sensitivity of eggs to oil are severely
limited since exposure concentrations are reported in quantities of oil added. The sensi—
tivities of fish eggqs and larvae of Black Sea turbot (Mironov 1967), herring eggs incubated
under an oil”~film (Kuhnhold 1970), and cod eggs incubated in the water-soluble fraction of
crude oil (Kuhnhold 1974) have been reported. In addition to mortality, effects on develop—
mental rates and developmental abnormalities which would presumably cause death at a later
stage have been observed. In more recent quantitative studies, Struhsaker et al (1974)
found herring eggs to be more tolerant than larvae. Similarly, Rice et al (1975) found
salmon eggs to be quite resistant to the crude oil WSF, and that sensitivity increased after
hatching until yolk absorption was complete.

Some investigators have also attempted to document the sensitivity of larvae of various
species to oil but the concentrations are given as '"volume added"™ and comparisons are
arbitrary. Crude oil concentrations as low as 1,000 ppm are reported to retard development
of Crassostrea larvae (Renzoni 1975). Concentrations of 100 ppm of oil are fatal to larvae
of lobster Wells 1972), shrimp, and crab (Mironov Lr££. In addition, 1C pen cm less
produced a delayed mortality and resulted in marked sisr.ges in cclcr end behavior in lobster
larvae (Wells 1972). Chia (1973) exposed 14 species (G phyla) cf pelagic larvae to 0.5%
diesel oil and found that larger larvae generally lived longer than smaller larvae. The
large range in reported lethal concentrations (10 to 1,000 ppm) may reflect differences an
the toxicities of crude oils or the sensitivities of species, but is more likely due to
differences in preparation of the oil-water mixtures. As stated previously, the enccnc. cr
oil in solution is particularly influenced by mixing energy end cureticn (lcrdcr. et au as*-,
Andersen et al 1974, Rice et al 1976a). All of the above studies cn larvae were quanzazstet
in terms cf "volume of oil added””rather than by quantitative analytical measurements - at
allow comparisons.

Recent studies employing analytical measurement of oil concentrations in the test expo—
sures have found the sensitivities of larvae and juveniles to vary considerably, with
sensitivity depending on life stage and species (summarized in Table 2). Neff et al (1976)
found larvae of grass shrimp to be more sensitive than adults, while post-larvae of brown
shrimp were more resistant than early or late juveniles. They concluded that generali”a
tions cannot be made about larvae versus adult sensitivity, and this is borne out by o er
studies. The early stages of a polychaete worm were found to be more resistant than later
juvenile stages and adults to crude oil and Mo. 2 fuel oil (Rossi and Anderson 1976). Si_ag



I lobster larvae are more sensitive (4-day LC50 of 0.86 mg oil/liter) than stages 111 and 1V
(LC50 of 4.8 mg/liter) (Wells and Sprague 1976). Brodersen et al (In press) determined
sensitivities of stage 1| larvae of four species of shrimp, two species of crab, and of six
larval stages of coonstripe shrimp. Sensitivities differed considerably, but stage 11l and
V1 larvae of coonstripe shrimp were the most sensitive (4-day LC50"s of 0.35 and 0.24 ppm).
Brodersen et al concluded that the stage 1 larvae tested were all slightly more sensitive
than adults (larvae were 1.2-4_.9 times more sensitive). They concluded that larvae are slow
to die, and that comparisons of sensitivities should be based on oil concentrations that
cause moribundity rather than mortality during a four-day test.

The animals most sensitive to oil appear to be crustacean larvae but this may only be
apparent because of test methodology differences, or because these larvae have been studied
more than any other phylum. Brodersen et al (In press) report a 96-hr LC50 for moribundity
of 0.24 ppm of crude oil for stage VI larvae of coonstripe shrimp; Wells and Sprague (1976)
report an LC50 of 0.14 ppm of oil after exposing lobster larvae for 30 days; and Sanborn and
Malins (1977) report an LC50 of less than 8-12 ppb of naphthalene after 36-hr exposures for

larvae of spot shrimp and Dungeness crab. The test by Wells and Sprague was quite long (30
days) compared to most larval nioassays. The observations on shrimp larvae by Brodersen et
al were of moribundity rather than death during the exposure. Although the observations of

Wells and Sprague (1976) during the 30-day test with lobster were of death, they may be
analogous to the previous observations on moribundity in shrimp larvae (Brodersen et al In
press) since there was ample time during the 30-day tests for moribund lobster larvae to
die. The tests by Sanborn and Malins (1976) were short in duration (36 hr) but were con—
ducted with a pure and highly toxic compound under continuous-flow conditions.

r TABLE 2

Comparison of larval sensitivities to crude oil and No. 2 fuel oil. The reported LC50 3
are from 96-hr static tests, except the 30-day test by Wells and Sprague, and the
flowthrough, 36-hr tests by Sanborn and Malins.

Range of LC50 (ppm)
Study and Species Stage Crude oils No. 2 fuel oil
Rossi and Anderson (1976)
Polychaete Juveniles 1 15-19.8 4-8.4

1 Adults 12.5-17.6 2-4.2

Neff et al (1976)

Grass shrimp Larvae 1.2
3 sp. shrimp Post larvae 1.4-6.6
3 sp. shrimp Juveniles, adults =" 1.0-3.7
Wells and Sprague (1976)
American lobster Stage 1-1V 0.8-4.9
Stage 1 0.14 (30-day LC50)
Brodersen et al (In press)
6 sp. shrimp and crab Stage | 0.9-1.£
Coonstripe shrimp Stage 1-VI 0.2-1.8
Mecklenburg et al (This
symposium)
King crab Stage 1 2.0
Stage 1 moltina 1.3
Coonstripe shrimp Srage 1 and 11 4-7.9
Stage 1 molting 0.9
Sanborn and Malir.s (1977)
Spot shrimp Stage 1 and V Naphthalene
< 12 ppb



Previous studies with crustacean larvae exposed to oil (Wells 1972, Katz 1973) have
suggested that molting larvae were more sensitive, since mortalities often increased during
molting. Mecklenburg et al (This symposium) confirmed that molting larvae of coonstripe
shrimp and king crab were more sensitive than non-molting larvae. Molting larvae of
cconstripe shrimp were about five times more sensitive to oilthan non-molting larvae.
Similarly, adult tanner crabs exposed to oil just prior to molting died during the molting
process (Karinen and Rice 1974). Emery (1970) also found molting larvae of two crustaceans
to be more sensitive to creosol than non-molting larvae. Emery suggested that tolerance is
reduced during molting because of the toxicant-laden fluid that is taken up rapidly prior to
molting to create enough hydrostatic pressure to split the exoskeleton. Since all molting
crustaceans are probably more sensitive to oil exposure than non-molting crustaceans,
comparison of sensitivities will be more valid if sensitivities are determined for crusta—
ceans when they are all in tbe seme period of the molt cycle, such as intermolt. However,
isolating intermolt larvae for toxicity tests can be a problem, especially in warmer

climates where larvae of some species molt more frequently and the intermolt periods are
shorter.

Juveniles of non-crustaceans, such as polychaetes, are apparently more tolerant th”n
adults to oil (Rossi and Anderson 1976). Polychaete juveniles grow by adding additional
segments, and do not molt like crustaceans. Since there iIs no molting process, polychaete
juveniles do not have a rapid uptake of fluid associated with growth. These differences in
growth and sensitivity suggest that molting animals are more vulnerable to oil, probably
because of increased permeability during the molting process.

At this time, generalizations about greater sensitivity to oil during early life stages
cannot be made, since a general pattern has not emerged from the literature. More life
stages from several groups need to be tested, with the bulk of the early literature being of
little value. It seems likely that sensitive stages will be those that are already under a
certain amount of natural stress. Larvae in general would seem to qualify, since they
typically have a high natural mortality. ITf larvae are more sensitive, then species from a
colder climate may be particularly vulnerable because of the relatively long period spent as
developing larvae. N

I I

Although some questions remain about the relative sensitivity of larvae and adults
exposed to oil, larvae are probably more vulnerable than adults. Larvae that are weakened
by oil, though not killed outright, may become easy prey while adults so affected are
afforded some protection by their greater size and their better-developed exoskeletons.
Furthermore, some adults and juveniles will probably avoid contaminated water, since they
can detect the oil and have the motor ability to avoid the area (Rice 1973). Larvae may
lack both of these abilities. Lack of avoidance behavior ha:, been observed in larvae of
three species of marine fish (Kuhnhold 1970) and in herring and crab larvae (Rice et al
1976a). The interactions in the environment are complex, and while sensitivities to oil can
be extrapolated from the laboratory to the ecosystem, vulnerability and survival of larvae
exposed to oil in the natural environment are another matter.

Vo iJv. = 1 ; ; < -
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Comparing Sensitivities of Different Scecies

The sensitivities of several marine species have been tested in quantitative static or
flowthrough tests (summarized in Table 3). There have been differences between the studies,
such as the oil used, mixing techniques, analytical methods, temperatures, ar.i exposure
methods (static or flowthrough). In spite of these differences, the ranges cf 1C£11s
overlap considerably between most studies, suggesting that sensitivities cf meat animals are

fairly similar.

The study by Rice et al (1976b) tested 27 species cf marine Tfish and invertebrates, and
permits the best comparisons of species sensitivities since methods, temperature, etc., were
all similar. Fish and shrimp were usually among the more sensitive species tested, while
intertidal animals were generally more tolerant. Intertidal animals are probably more
tolerant to statue exposures because uhey car. temporarily insulate themselves from the
exposures, at least until the concentrations in the static exposures have declined to
sublethal levels. The intertidal limpets and chitcr.s were mere sensitive than the other
intertidal animals, but this may have been due to carnage occurring when they were collected
(pried off the substrate).

The sensitivities of cold-water fish and shrimp (Rice et al 1976b, Korn et al In prep.)
appear greater than sensilLivities of similar species from warmer climates (Anderson et al
1974, Neff et al 1976).. The differences in sensitivity are consistent, but are not large.
Rice et al (1976b) speculate that the cold-water species may appear more sensitive because
lower temperatures increase the persistence of toxic aromatic hydrocarbons, even though
there are differences in oils and species between the studies. This speculation is compat—
ible with other studies. Cheatham et al (In prep.) have shown that water-soluble fractions



at lower temperatures have increased persistence of aromatic hydrocarbons because of
decreased losses from evaporation and biodegradation. Korn et al (In prep.) tested the
effect of temperature on the toxicity of toluene, naphthalene, and the water-soluble
fraction of crude oil to shrimp and fish. They found that with increasing temperature,
toxicity increased for shrimp but decreased for fish. They concluded that temperature
affects complex interactions in three ways: (1) the persistence of aromatic hydrocarbons is
increased at lower temperatures, (2) temperature affects an animal®s sensitivity by changing
the ranas of hydrocarbon uptake, metabolism, and excretion, and (3) temperature may act as a
synergistic stress at cold or warm extremes.

TABLE 3
Comparison of adult sensitivities to crude oils and No. 2 fuel oil. All tests were
static, except the flowthrough tests (FT) by Battelle. Most of the LC50"s reported
for the Battelle studies are estimates that have been calculated from Battelle"s raw data.

96-hr LC50 % (ppm)

Study and Temperature Crude No. 2
species tested range (0O oils fuel oil

1
Battelle/Sequim 1973-76
2 fish sp. (FD» 3 8 15-65
Coonstripe shrimp” (FT)AT" 10-11 6.6-24.9 0.8
Coonstripe shrimp 8 1.3-4.9 -
1
Texas ASM 1974-76 }
i
x 4 »5
4 crustacean sp. 18-22 6->19.8 1.3-4.9
3 fish sp. g 18-22 5.5-19.8 3.9-6.3
3 polychaete sp. 20 1 9.5-12.5 2.3-2.7
7
Auke Bay Lab 1976 t
1 1
4 fish sp. 3.6-10 1.2-2.9 0.8-2.1
6 crustacean sp. 3.5-5.4 0.6-4.2 0.5-1.7
4 limpet and chiton sp 3.9-7 3.6-9.6 0.4-5.0
12 invertebrate sp. 3.6-10 >3.1-14.7 >0.9-5.6
{

,,Bean et al 1974
~Vaughan 1973
4.Vandarhorst et al 1976
,-Anderson et al 1974
“Neff et al 1976

~Rossi et al 1976

Rice et al 1976

CONCLUSIONS

Methods

1. Toxicity tests with oil require seme form cf chemical analysis mm danarmir.s whan
concentrations of oil are in the water. Gas chromatography cr H.-LC is prsieraile since
these methods can measure concentrations cf individual aromatic hydrocarbons.

2. Statistical analysis generating confidence intervals is more informative than graphic
estimates of the LC50.

3. IT oil toxicities are compared, reference toxicants and the same test species should
be used.

4. IT species sensitivities are compared, flowthrough tests with stable oil concentra—
tions during exposure should be used. *



1. Crude and refined oils are best considered as sources of toxic compounds, with
toxicity depending on the-concentration of toxic compounds in the oil and on physical
factors, such as temperature and viscosity of the oil, which affect the transport of petro—
leum hydrocarbons into the water.

2. Refined oils are generally considered I than crude oils on a volume added
basis because refined oils often have higher 1 c aromatic hydrocarbons and are
usua y less viscous than crude oils.

3. The toxicity of oils is apparently due to the soluble compounds in the water rather
than dispersed droplets.

4. The toxicity of aromatic hydrocarbons increases with the number of rings and with the
degree-of alkyl substitution. The solubility of these compounds decreases with these
factors, so that the relative iImportance of individual aromatic hydrocarbons to toxicity of
water-soluble fractions is unknown. Mono- and dinuclear aromatics are probably the most
important classes of compounds, accounting for most of the toxicity in water-soluble *
fractions.

Comparative Sensitivity

1. No conclusions can be made concerning egg sensitivities because not enough quantita—
tive data exist.

2. Crustacean larvae appear more sensitive than most adults. Molting animals are more
sensitive than non-molting animals.

3. Sensitivity data for larvae or juveniles from other groupsare generally lacking,
except for polychaete juveniles, which are more tolerant than adults.

4. Adult sensitivities are fairly similar when data from static tests are compared.
Intertidal animals appear more tolerant in short-term, static exposures, probably because of
th _sir ability to temporarily insulate themselves from the environment.

5. Cold-water species probably have sensitivities that are equivalent to the sensitivi—
ties of species from warmer water, but cold-water species may be more vulnerable to oil
toxicity because toxic aromatic hydrocarbons persist longer at colder temperatures.

6. The preceeding conclusions are based on static exposures. Because of the
deficiencies of the r._tatic exposure method (declining dose), conclusions about sensitivity
differences may be altered considerably v/hen tests with flowthrough exposures have been
conducted.

Recommendations for Future Research

1. A high standard of quantitative methodology (flowthrough tests, chemical analyses,
ar.d statistical analyses) should be used in future toxicity tests.

2. There is little need to test the toxicity differences between different oils. Future
research should: (@ determine if aromatics account for most, if not all, of the toxicity
of WSF, and (b) determine the relative importance cf individual m.cr.o- and dinuclear
aromatics to the acute toxicity under various condicions.

3. Additional sensitivity data are needed for eggs, larvae, ar.d juveniles of several
grcups of animals such as molluscs, echinoderms, eor. since virtually no information on
rhese animals is available.

4. Several species need to be retested with flowthrough exposures, so that (@) better
estimates of sensitivity can be measured, and (b) sensitivities can be compared between

species.

5. ,1 few selected species should be tested for longer periods of tins, so that the
relationship between oil concentrations that are toxic for shore ar.d long exposures can be



REFERENCES

Anderson, J. W., J. M. Neff, B. A. Cox, H. E. Tatem, and G. d. Hightower, Characteristics of
dispersions and water-soluble extracts of crude and refined oils and their toxicity to
estuarine crustaceans and fish, Mar. Biol. 27, 75-83 (1974).

Bean, ?.. M., J. R. Vandarkorst, and P. Wilkinson, Interdisciplinary study of the toxicity of
petroleum to marine organisms, Battelle Pacific Northwest Laboratories, Richland,
Washington, 31 pp. (1974).

Benville, P. E., and S. Korn, The acute toxicity of six monocyclic aromatic crude oil
components to striped bass (Morone saxatilis) and bay shrimp (Crago fsaneiscorum),
Calif. Fish Game (In press).

Brenniman, G., R. Hartung, and W. J. Weber, Jr., A continuous flow bioassay method to
evaluate the effects of outboard motor exhausts and selected aromatic toxicants on Tfish,
Water Res. 10, 165-169 (1976).

Brodersen, C. C., S. D. Rice, J. W. Short, T. A. Mecklenburg, and J. F. Karinen, Sensitivity
of larval and adult Alaskan shrimp and crabs to acute exposures of the water-soluble

fraction of Cook Inlet crude oil. In: Proceedings, 1977 Oil Spill Conference
(Prevention, Behavior, Control, Cleanup), American Petroleum Institute, Washington, D.C.,
In press.

Caldwell, R. S., E. M. Caldarone, and M. H. Kallon, Effects of a seawater-soluble fraction
of Cook Inlet crude oil and its major aromatic components on larval stages of the
Dungeness crab, Cancer magister Dana. In:Proceedings, NOAA-EPA Symposium on Fate and
Effects of Petroleum Hydrocarbons, Pergamon Press, Oxford, 1977.

Chia, F., KiJd.ling of marine larvae by diesel oil, Mar. Pollut. Bull. 4, 29-30 (1973).

Cheatham, D. L., R. S. McMahon, S. J. Way, J. W. Short, and S. D. Rice, Effects of
temperature, volatility, and biodegradation on the persistence of aromatic hydrocarbons
in seawater, Manuscr. 1in prep.

Doudoroff, P., B. G. Andersen, G. E. Burdick, P. S. Galtsoff, W. B. Hart, R. Patrick, E. R.
Strong, E. W. Surber, and W. M. Van Horn, Bio-assay methods for the evaluation of acute .
*toxicity of industrial wastes to fish, Sewage Ind. Wastes 23, 1380-1397 (1951).
\ \\ * * 2
| _ .
Emery, R. M., The comparative acute toxicity of creosol to two benthic crustaceans, Water
Res. 4, 485-491 (1970).

Evans, D. R., and S. D. Rice, Effects of oil on marine ecosystems: A review for
administrators and policy makers, Fish. Bull., U.S. 72, 625-633 (1974).

Finney, D. J., Probit Analysis, 3d edition, 333 pp., Cambridge University Press, London,
1971.

Gorccn, D. C., Jr., P. D. Keizer, and N. J. Prouse, Laboratory studies on the accommodation
of some crude and residual fuel oils iIn sea water, J. Fish. Res. Foard Can. 30, 1611-1618
(1973).

Gruenfeld, M., Extraction of dispersed oils from water far quantitative analysis by infrared
spectrophotometry, Environ. Sci. Technol. 7, 636-633 (1373).

Karir.en, J. F., and S. D. Rice, Effects of Prudhoe Bay crude oil on mining tanner crabs,
Chionoecetes bairdi, Mar. Fish. Rev. 36, 31-37 (1=74).

Kator, H., C. K. Oppenheimer, and R. J. Miget, Microbial degradation of a Louisiana crude
oil in closed flasks and under simulated field conditions. In: Joint Conference on the
Prevention and Control of Oil Szills, pp- 287-295, _.-mericar. Petroleum Institute,
Washington, D. C. 1373.

Katz, L. K., The effects of water soluble fraction of crude cil on larvae cf the decapod
crustacean. Neopanope texana (Sayi), Environ. Police. 5, 153-204 (1973).

Kauss, P. , T. C. Hutchinson, C. Snto, J. Hellebust, and M. Griffiths, The toxicity of crude
oil and its components to freshwater algae. In: Proceedings of Joint Conference on
Prevention and Control of Oil Spills, pp. 703-714, American Petroleum Institute,
Washington, D.C., 1973. N



Korn, S., D. A. Moles, and S.. D. Rice, Effects of temperature on the acute toxicity of
toluene, naphthalene, and the water-soluble fraction of Cook Inlet crude oil to pink
salmon and shrimp, Manuscr. 1in prep.

Kuhnhold, W. W., The influence of crude oils on fish fry, FAO Technical Conference on Marine
Pollution and Its Effects on Living Resources and Fishing, Rome, Italy, Dec. 1970, FIR:
M2/70/Z-64 (1970). (See also, M. Ruivo (ed.) , Marine Pollution and Sea Life, pp- 315-
313, Fishing News (Books) Ltd., Surrey, England, 1972.)

Kuhnhold, W. W., Investigations on the toxicity of seawater-extracts of three crude oils on
eggs of cod (Gadus morhua L.), Ber. Korrm. Meeresforsch. 23, 165-180 (1974).

LaRoche, G., R. Eisler, and C. M. Tarzwell, Bioassay procedures for oil and oil dispersant
toxicity evaluation, J. Water: Pollut. Control Fed. 42, 1982-1989 (1970).

Lysyj, I., and E. C. Russell, Dissolution of petroleum-derived products in water, Water Res.
8, 863-868 (1974).

McAuliffe, C., Solubility in water of paraffin, cycloparaffin, olefin, acetylene cycloolefin,
and aromatic hydrocarbons, J. Phys. Chem. 70, 1267-1275 (1966).

McAuliffe, C., Determination of dissolved hydrocarbons in subsurface brines, Chem. Geol. 4,
225-233 (1969).

Mecklenburg, T. A., S. D. Rice, and J. F. Karinen, Molting and survival of king crab
(Paralithodes camtschatica) and coonstripe shrimp (Pandalus hypsinotus) larvae exposed
to Cooklnlet crude oilwater-solublefraction. In:Proceedings, NOAA-EPA Symposium on
Fate andEffects of PetroleumHydrocarbons, Pergamon Press,Oxford, 1977.

Mironov, O. G., The effect of small concentrations of oil and oil products on developing
eggs of the Black Sea turbot, Probl. Ichthyol. 7(3)(44), 1-5 (1967).

Mironov, O. G., The variability of larvae of some crustaceans in marine water polluted with
oil products, Zoological Journal 48, 1734-1737 (1969).

Moore, S. F., and R. L. Dwyer, Effects of oil on marine organisms. Critical assessment of
e published data, Water Res. 8, 819-827 (1974). .

| *

National Academy of Sciences, Petroleum in the Marine Envrionment. Workshop on Inputs,
Fates, and the Effects of Petroleum in the Marine Environment, 170 pp., Natl. Acad. Sci.,
V7ashington, D. C., 1975.

Neff. J. M., J. W. Anderson, B. A. Cox, R. B. Laughlin, Jr., S. S. Rossi, and H. E. Tatem,
Effects of £jetroleum on survival, respiration and growth of marine animals. In: Sources,
Effects, and Sinks of Hydrocarbons in the Aquatic Environment, pp. 515-539, American
Institute of Biological Sciences, Washington, D. C., 1976.

Ottway, S., The comparative toxicities of crude oil. In: E. 3. Cowell(ed.), The
Ecological Effects of Oil Pollution on Littoral Communities, pp. 1"2-1S0, Elsevier
Publishing Co., New York, 1971.

Peake, E., and G. W. Hodgson, Alkanes in aqueous systems. 1. Exploratory investigation on

the accommodation of C20~(+33 n-a-anes in distilled water ar.d occurrence in natural water
syecens, J. Am. Oil Chem. Soc. 43(4), 215-222 (196c).

Percy, J. A., and T. C. Mullin, Effects of crude oils cn Arctic marine Invertebrates,
Canadian Fisheries and Marine Service, Dept, of the Zr.vircrr.enu, Beaufort Sea Tech. Rep.
11, 167 pp- (1975).

F.enzoni, A., Influence ofcrude oil derivatives and dispersants on larvae, Mar. Pollut.
Bull. 4, 9-12 (1973).

Rice, S. D., Toxicity and avoidance cesrs with Frudhoe Bay oil and pink salr.on fry. In:
Proceedings of the Joint Conference cn Prevention and Ccncrci cf ZiiSpills, pp. £6~-
670, American Petroleum Institute, >r=shinyucn, D. C., 1973.

Rice, S. D., D. A. Moles,and J. W. Short, The effect of Prudhoe Bay crude oil on survival
and growth of eggs, alevins, and fry of pink salmon, Oncorhynchus gorbuscha. In:
Proceedings, 1975 Conference on Prevention and Control of Oil Pollution, pp. 503-507,
American Petroleum Institute, Washington, D. C., 1975.



Rice, S, D. , J. W. Short, C. C. Broderson, T. A. Mecklenburg, D. A. Moles, C. J. Misch,
D. L- Cheatham, and J. F. Karinen, Acute toxicity and uptake-depuration studies with
Cook Inlet crude oil, Prudhoe Bay crude oil, No. 2 fuel oil and several subarctic marine
organisms, NWAFC Processed Report, 90 pp., Northwest and Alaska Fisheries Center Auke Bay
Laboratory, National Marine Fisheries Service, NOAA, P. 0. Box 155, Auke Bay, AK 99821,
1975a.

Rice S. D., J. w. Short, and J. F. Karinen, Toxicity of Cook Inlet crude oil and No. 2 fuel
oil to several Alaskan marine fishes and invertebrates. In: Sources, Effects, and Sinks
of Hydrocarbons in the Aquatic Environment, pp. 394-406, American Institute of Biological
Sciences, Washington, D.C., 1976b.

Rossi, S. S., and J. W. Anderson, Toxicity of water-soluble fractions of No. 2 fuel oil and
South Louisiana crude oil to selected stages in the life history of the polychaete,
Neanthes arenaceodentata, Buj.l. Environ. Contam. Toxicol. 12, 18-24 (1976).

Rossi, S. S., J. W. Anderson, and G. S. Ward, Toxicity of water-soluble fraction of four
test oils for the polychaetous annelids Neanthes arenaceodentata and Capitella capitata,
Environ. Pollut. 10, 9-18 (1976).

Sanborn, H. R., and D. C. Malins, Toxicity and metabolism of naphthalene: A study with
marine larval invertebrates. In:  Proc. Soc. Exp. Biol. Med. 154, 151-155 (1977).

Short, J. W., S. D. Rice, and D. L. Cheatham, Comparison of the standard method for oil and
grease determination with an infrared spectrophotometric method on known toxic
water-soluble fractions of oils. In: Assessment of the Arctic Marine Environment:
Selected Topics, pp- 451-462, Maple Press, York, Pennsylvania, 1976.

Struhsaker, J. W., M. B. Eldridge, and T. Echeverria, Effects of benzene (a water-soluble
component of crude oil) on eggs and larvae of Pacific herring and northern anchovy.
In: F. M. Vernberg and W. B. Vernberg (eds.), Pollution and Physiology of Marine
Organisms, pp. 253-284, Academic Press, New York, 1974.

Vanderhorst, J. R_., E. 1. Gibson, and L. J. Moore, Toxicity of No. 2 fuel oil to coonstripe
shrimp, Max. Pollut. Bull. 7, 106-107 (1976).

Vaughan, B. E. (ed.), Effects of oil and chemically dispersed oil on selected marinebiota-—
a laboratory study. Battelle Pacific Northwest Laboratories, Richland, Washington, API
Pub. No. 4191, 1973.

Wells, P. G., Influence of Venezuelan crude oil on lobster larvae, Mar. Pollut. Bull. 3,
1C5-106 (1972).

Wells, P. G., and J. B. Sprague, Effects of crudeoil on American lobster (Homarus
amsricanus) larvae in the laboratory, J. Fish. Res. Board Can. 33, 1604-1614 (1976).
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ABSTRACT

Larvae or coonstripe shrimp and king crab were exposed to solutions of the water-soluble
fraction (WSF) of Ccok Inlet crude oil in a series of bioassays on intermolt stages 1 and 11
and the molt period from stage 1| to stage II. Molting larvae were more sensitive than
intermolt larvae to the MSP, and molting coonstripe shrimp larvae were more sensitive than
molting king crab larvae. When molting larvae were exposed to high concentrations of the
Vo? (1.15-1.87 ppm total hydrocarbons) for as little as 6 hr, molting success was reduced by
10-30% ar.d some deaths occurred. When larvae were exposed to these high concentrations for
24 hr or longer, molting declined 90-100% and the larvae usually died. The lowest concentra—
tions tested (0.15-0.55 ppm total hydrocarbons) did not inhibit molting at any length of
exposure, but many larvae died after molting. Median lethal concentrations (LC50 %) based
on 144 hr of observation for molting coonstripe shrimp and 120 hr for molting king crab were
much lower than the 96-hr LCbO"s, showing that the standard 96-hr LC50 is not always
sufficient for determining acute oil toxicity. Although our LC50"s for intermolt liirvae are
higher than levels of petroleum hydrocarbons reported for chronic and spill situations, some
of our LC5C % for molting larvae exposed 24 hr and longer are similar to or below these
environmental levels. Comparisons of sensitivity to oil between different crustacean

species or life stages should be based on animals tested in the same stage of the molt cycle,
such as intermolt.

Key Words: Molting, crustaceans, larvae, Para.lithodes camtschatica, Pandalus hypsinotus,
crude oil, Alaska.

INTRODUCTION

The breeding and larval stages of marine invertebrates are considered to be the most
sensitive to natural environmental stresses (Thorson 1950)- In crustacean larvae this
sensitivity is compounded during molting. Factors contributing to a high natural mortality
in molting crustaceans include increased permeability and altered ionic regulation, the
r.echanical process of casting off the old exoskeleto.n, and increased predation while the

cuticle is still soft and locomotion is slowed down (Lockwood 1967, Hagerman 1973). Manmade
stresses such as pollution from offshore oil production and transoceanic transport of crude
md refined oils could impose an auditional burden. Pollution by petroleum hydrocarbons in

\laskan surface waters would be particularly damaging to crustacean larvae in the early
rpring when the larvae are released from the females and undergo several rather closely
".paced molts. Cold temperature is another factor to consider in arctic and subarctic waters
jrcause aromatic hydrocarbons persist longer (Atlas and Bartha 1972, Cheatham et al. 1976)
nd some animals retain accumulated hydrocarbons for longer periods of time (Short and Rice
n prop.) than would be the case in warmer waters.

The sensitivity of molting crustacean larvae to oil pollution lias been reported for only
few species. Oil was more toxic to molting larvaa than intermolt larvae in tests with a
obstcr, Hor.arus americanus (Wells 1972, Wells and Sprague 1976), and the crabs Meopanopa
ayar.u (Katr. 1973) and P.hithropanopous harrisii (Neff et al. 1976). Sub .lethal effects on
hose -rustnceans included both delayed and stimulated molting.

For e.ms s”iidy we cho.se two crustaceans that are important Alaskan fishery resources, the
ir.g crab, Paralithodes; camtschatica, and the coonstripe shrimp, Pandalus hypsinotus, and
xposed their larvae to various concentrations of the water-soluble fraction, of Cook Inlet
rude oil. Separate bioassays were conducted on larvae during intermolt stages I'and 1l and
uring the molting period from stage | to stage Il. We wished to determine sensitivity
ifforeseen between the intermolt and molt stages and the effects of various concentrations



Mixing ar.d Analysis of Oil Solutions

Solutions of the water-soluble fraction of Cook Inlet crude oil were prepared at ambient
seawater temperatures @<-5<C) and salinity (29 </o00) by the methods of Anderson et al (1974)
as modified by Rice et al (In press) . Samples of the test solutions were taken at the
beginning of each exposure and whenever a solution was replaced with a fresh solution. The
samples were measured by infrared spectrophotometry® (IR) at a v/avelength of 2930 cm~I
(Gruenfcld 1973). At this wavelength IR measures paraffinic hydrocarbons, but not aromatics.
Optical densities were converted to ppm total hydrocarbons by comparirg the optical densities

to prepared standards. Gas chromatographic characterization of a typical WSF of Cook Inlet
crude oil has baen given by Rice et al (1975).

Collection and Rearing of Larvae

Ovigerous coonstripe shrimp and king crab were caught in pots or collected by divers and
held in flowing seawater tanks at the Kasitsna Bay and Auke Bay laboratories. Individual
females were isolated in rearing containers just before hatching and release of the larvae.
When the larvae were released Lhe females were removed from the containers. The water in
the rearing containers was aerated continuously and changed daily. Larvae were fed daily on
detritus and laboratory-reared Arfcemia.

Bioassays

The bioassays were conducted in sealed 200-ml and 500-ml glass jars submerged in a

waterbath chilled to ambient seawater temperature. There were replicate jars for each of 7
to 12 concentrations of the WSF. There were 10-20 larvae in each jar and the tissue weight/
volume ratio in the test jars never exceeded 1 g/litcr. Oxygen concentrations measured at

the end of the exposure periods were above- 70% saturation.

Observations of death and molting success were made without removing the larvae from the
tost jars. This eliminated handling of the larvae, which could be detrimental. We observed
the larvae in each test jar by holding the jar horizontally above n 24-in convex magnifying
mirror. Larvae were recorded as dead when there was no visible motion.

Intermolt stage 1| king crab and coonstripe shrimp larvae were bioassayed within 24 hr of
release from the females. The first intermolt stage lasted about 10 days, so we could be
sure that molting would not begin during these biloassays. Bioassays on molting larvae were
begun 1 or 2 days before the larvae started to molt: to stage 1I. Intermolt stage 11
coonstripe shrimp larvae were bi assayed 3 days after molting was completed. The second
intermolt stage also lasted 10 days. No bioassays were conducted on intermolt: stage 11 Kking
crab larvae.

For intermolt larvae we conducted static 96-hr bioassays (single-dose with declining
concentration). Three separate bioassays were conducted on coonstripe shrimp intermolt
stage | larvae, and one bioassay each for coonstripe shrimp intermolt stage Il and king crab
intermolt stage |I.

We conducted several bioassays on molting larvae, and each bioassay had a different
exposure period: 6, 24, 40, and 96 hr for coonstripe shrimp, and 6, 12, 24, 48, and 72 hr
for king crab. In exposures longer than 24 hr the old WSF solution was replaced with fresh
solution every 24 hr. After t:he exposure periods the larvae were returned to uncontaminated
seawater for Tfurther observations. The total length of time for each test, including the
exposure period and the period in clean seawater, was 120 hr for king crab larvae tind 144 hr
for coonstripe shrimp _.larvae.

St-ltistical Analvsis

The acute toxicity of the Cook Inlet crude oil WSF to intermolt and molting larvae was
expressed as the median lethal concentration (LC50) , which is the concentration of WSF
causing death in 50% of exposed larvae in a given amount of time. For intermolt larvae we
give the standard 96-hr LC50. For molting larvae we give 96-hr LC50"s which, although they
are each based on 96 hr of observation, involve different exposure times and periods in
clean seawater. When comparing acute toxicity to molt and intermolt larvae, for molting



larvae we use the 96-hr LC50 based on 24 hr of exposure and 72 hr ii) clean seawater

The LC50"s and 95% fiducial limits were calculated by orobit analysis (Finney 1971) where
possible. Where the data were insufficient for orcbit analysis we determined LC53 % by the
methods of Spearman-Karber (Finney 1971) and Bcuicrsff et al (1951). -Abbottls formula
(Finney 1971) was used to compensate for control deaths.

RESULTS

Molting larvae of both coonstripe shrimp and king crab were significantly more sensitive
to the Cook Inlet crude oil WSF than were interr.olt larvae of either species (ICSO"s with
nonoverlapping fiducial limits, Table 1). Molting coons.tripe shrimp larvae were four to
eight times more sensitive to the WSF than were interr.olt stages | and Il. The tolerance of
king crab, larvae during molting was not decreased to the extreme observed in coonstripe
shrimp larvae.

TABLE 1

The 96-hr LCoO & for molting and interr.olt larvae of coonstripe shrimp,

Pandalus hypsinotus, and king crab, Paralithodes camtschatica, exposed

to the WSF of Cook Inlet crude oil. The 55% fiducial limits are given
in parentheses.

96-hr LCSO"s in ppm of total hydrocarbons for-
Larval stage

Coonstripe shrimp King crab
Intermolt larvae:
Stage | 7.94%* 2.00
(6.05-9.50) (1.60-2.60)
/
Stage 11 4.06
(3.22-5.11)
Molting larvae:
Stage I-Stage 11 0.95 - 1.33
(0.07-1.03) (1.23-1.45)

*Mean of three separate bioassays.

As the WSF concentrations and exposure periods increased, the number of coonstripe shrimp
larvaa that molted to stage 11 declined (Fig. 1). Control coonstripe shrimp larvae for each
bioassay completed molting to stage Il, with 95-1.00% molting success, by the sixth day or
144 hr after the beginning of each bioassay. At the lowest concentration tested, 0.25 ppm
total hydrocarbons, there was little or no effect on molting success even when the larvae
were exposed to replenished WSF solutions for as lcr.g as 96 hr. The next highest concentra-
tion, 0.63 ppm total hydrocarbons, did not affect r.oltir.g success when the larvae were
exposed only 6 hr, but was progressively more offactive in inhibiting molting with each
-increased duration of exjiosure. The highest cor.oer.trations, 1.15 and .1.37 ppm, severely
inhibited molting in exposures of 24 hr or longer L3l~rng success was only about .10% in
these longer exposures to high concentrations and did r.ot drop below 10% even when the WSF
solutions were renewed daily.

Molting success in king crab larvae t.xoosed to the WSF followed essentially the same
pattern of decline (Fig. 2). Control groups for kir.c crab larvae molting to stage 1l reached
a maximum molting success of 37% by the end of 120 hr cf observation. Exposure of king crab
larvae to the two lowest concentrations, 0.15 and 0.55 ppm total hydrocarbons, for 6 and
12 hr resulted in some stimulation of molting ccr.pored to controls. Longer exposures to
these low concentrations had little effect, even when the larvae were exposed for 72 hr to
periodically-renewed solutions. Thu 1.20 ppm concentration had no effect on molting success
at exposures less than 48 hr, but 48- and 72-hr exposures completely inhibited molting. Thu
highest concentrations, 1.65 and 1.07 ppm, progressively inhibited molting with increased
exposure time until the 48- and 72-hr exposures which again resulted in zero molt.



Fig. 1. Molting success of
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larvae of coonstripe shrimp, Pandalus hypsinotus, exposed

for increased lengths of time to increased concentrations of the WSF of Cook Inlet
crude oil- After the exposure time listed, the exposure®water was replaced v/ith
clean seawater to make a total of 144 hr of observation for each test. Molting
success at 144 hr = stage 1l larvae/initial total of stage | larvae. =
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Fag. 2. Molting success of larvae o- king crab, Paralithodcs camtschatica, exposed
for increased lengths of tine to increases concentrations of the WSF of Cook Inlet
crude oil. After the exposure time listed, the exposure voter was replaced with
clean seawater to moke a total of 120 hr of observation for each test. Molting
success at 120 hr - stage 11 larvae/initial total of stage | larvae.



--a-u xn—-oaci- l«ls. i9 j.iuiwi A/ uumpaiTintd the scjo b rUl u”M-ulus occurring by 96 hr v:ith
the LC501s for deaths occurring by the end of the observation period (Table 2),., There were
no significant numbers of deaths by 96 hr when the larvae were exposed for only 6 hr, but
deaths* occurring within the next 48 hr yielded an LC50 of 2.24 ppm total hydrocarbons for

coonstripe shrimp. (Observations were not continued as long for king crab.) For cco.nstrioe
shrimp larvae exposed 24 hr and longer the 96-hr LC531s were all similar, averaging 0.96 com,
and also very similar in king crab which averaged about 1.40 ppm total hydrocarbons. The

progressively mere toxic effects of these longer exposures to periodically-renewed WSF
solutions did not show up until sometime, after 95 hr, when the larvae were in clean seawater.

For example, for coonstripe shrimp larvae exposed for 95 hr, the LC50 dropped frcn 0.95 ppm
at 96 hr to 0.24 ppm at 144 hr.

The LC50*s for larvae of coonstripe shrimp and king crab exposed to the WSF of
Cook Inlet crude oil during the molting period from stage | to stage II. After
the duration of exposure listed, the exposure water was replaced with clean
seawater to make a total of 144 hr for each test on coonstripe shrimp and 120 hr
for king crab. The 95*5 fiducial limits are given in parentheses; N3 indicates
insignificant number of deaths.

LC501s in ppm of total hydrocarbons for-

Duration of Coonstripe shrimp King crab
oil exposure
96-hr LC50 144-hr LC50 96-hr LC50 120-hr LC50
6 hr us 2.24 us NS
12 hr No bioassay 4.75 1.75
(1.72-1.78)
24 hr 0.95 * 0.62 1.33 1.38
(0.87-1.03) (0.35-0.75) (1.23-1.45) (1.03-1.61)
48 hr 0.98 0.50 1.45 0.76
(0.83-1.15) (0.42-0.62) (1.35-1.50) (0.66-0.88)
72 hr No bioassay 1.37 0.93
(1.20-1.55)
96 hr 0.96 0.24 No bioassay
(0.80-1.15) (0.15-0.37)
DISCUSSION

larvae of coonstripe* shrimp and king crab were more sensitive to the WSF of Cook Inlet
crude oil during the molting period from stage | to stage Il than during intermolt stages |1
and Il (Table 1), which agrees with previous studies cn molting crustacean larvae exposed to
different oils. In two of the earlier studies (Wells 1972, Katx 1973) the o.i.l concentrations
were not chemically quantified so the reported lethal concentrations cannot be compared to
ours. Lethal concentrations for molting stage I-11 larvae reported in the other two studies
(Neff ct al. 1976, Wells and Sprague .1970) are based cn different oils and different types
of bioassays than ours, but are useful to mention for the purpose of a broad comparison. The
96-hr LC50 for the first _larval molt of the crab Rhithropanopaus harrisii was between 0.63
and 0.94 ppm @SF of No. 2 fuel oil; Neff ct al 1975) and for the lobster Noszarus ciir.arica.nus
it was 0.80 mg/liter (oil-water dispersion of crude oil; Wells and Sprague 1976). These
concentrations are similar to our 96-hr 1/150"s of 0.95 ppm for molting coonstripe shrimp
larvae and 1.33 ppm for molting king crab larvae in that all of the concentrations are lower
than the 96-hr LCSO"s reported for nonmolting larvae, juveniles, and adults exposed to
various oils (reviewed by Wells and Sprague 1976).

Molting coonstripe shrimp larvae were about, four times more sensitive to the "WSF than
molting king crab larvae (Table 1), suggesting that as much difference in sensitivity to oil
exists between crustacean species during molting as has been reported for species 1in
intermolt stages. These differences in sensitivity to oil also occur intrer.pecif.ically at



THW! Ferfr?2e?TIAT11e5crInsi?luEi?ie?”oN?HATel?”o!I"5ampTe~?tage 111 being more sensitive
than stages | and Il (Brodersen et al In press); this suggests that coonstripe shrimp larvae
nolting at the later stages could also be more sensitive than we observed for the first molt.
However, larvae of Ueopanope tcxana were more sensitive during the first molt than the later
molts (Katz 1973) . In Homarus amerlcanus (Wells ar.d Sprague 1976) and Rhithropanopeus
karrisii (Neff et al 1976) most of the deaths also occurred during the first molt, but the
tests on these species were lor.g-term (30 or more days) and did not include separate tests
for the different molt periods, so the sensitivities of later molts were not determined. The
available data are insufficient to determine if the most sensitive molt period differs with
species or is usually the first larval molt, and if any one group of crustaceans (such as
shrimp) 1is more sensitive than another (such as crab) during molting.

The effects on molting success (Figs. 1 and 2) and mortality (Table 2) that occurred when
larvae of coonstripe shrimp and king crab were, exposed for increasing periods of time to
increasing concentrations of the WSF of Cook Inlet crude oil were basically the same for each

species and are summarized as follows. The lowest concentrations of the WSF (0.15-0.55 pom
total hydrocarbons) did not cause molting success to decline at any length of exposure, but
did cause some stimulation of molting in kir.g crab larvae after short exposures. Although

molting success did not decline, at long exposures to the low concentrations many of the
larvae died after molting, as reflected in the lev; 144-hr and 120-hr LCSO"s. Exposure of
larvae to the highest concentrations of the WSF (1.15-1.87 ppm) for only 6 and .12 hr reduced
molting success by 10-303 and resulted in some deaths of both molted and nonmolted larvae.
When exposed to these high concentrations for 24 hr or longer, 90-100"6 of the larvae Vv/ere
inhibited from molting and usually died, yielding LC50"s that were equal to or well below
the high concentrations testeci. The stimulation of molting we observed in king .crab larvae
has also been reported for larvae of the crab Rhithropanopeus harrisii when exposed to low
concentrations of No. 2 fuel oil (Neff ct al 1976). On the other hand, e did not observe
any delays in molting relative to controls; long-term studies like those reported on crabs
and lobster (Katz 1973, Neff et al 1976, Wells and Sprague 1976) would be needed to determine
if the nonmolted larvae which survived our tests would have eventually molted to stage 1l or
later stages.

In our bioassays on molting larvae, many larvae died after 96 hr, so the progressively
more toxic effects of increased exposure timesand increased concentrations of theCook Inlet
crude oil WSF were not as clear from the 96-hrLC5G"s as they were from the 144-hr and 120-hr
LCSO"s (Table 2). Delayed mortality (i.e., deaths occurring after exposure) has also been
noted for some other crustacean larvae exposed to toxic pollutants (Buchanan et al 1970,
Brodersen at al In press). These data indicate that a bioassay lasting only 96 hr is not
always sufficient to yield an accurate determination of eicute toxicity.

Greater sensitivity to environmental stresses during molt than intermolt periods is a
general phenomenon among crustaceans (Lockwood 1967) which should also be reflected in tests
on crustaceans molting at any life stage, and in tests with pollutants other than oil.
Exposures of tanner crab, Chionoecetcs bairdi, to crude oil near the time of molting resulted
in reduction in molting success and autotomizing of limbs (Karinen and Rice 1974) . The
greater sensitivity of molting crustacean larvae during exposures to insecticides (Buchanan
ct al 1970, Epifanio 1971) and creosol (Emery 1970) has also been reported.

Increased sensitivity to oil during molting is probably related to the physiological
changes associated with the molting process- Rises in blood osmotic pressure and changes 1in
permeability to seawater (Lockwood 1967, Hagerman 1973) could result in heightened concen—
trations of toxic hydrocarbons in the tissues. Depressed metabolism has been observed in
molting adult blue crab, Callinactes snpidus (Lewis and Haefnor 1976), and in oil-exposed
king crab, Paralithodor. camtschatica (Mecklenburg and Rice In prep.), and may impair the
ability of. molting larvae to metabolize and excrete the oil-derived hydrocarbons accumulated
in the tissues.

Because molting has a significant influence on the sensitivity of crustaceans to oil,
comparisons of sensitivities between life stages and species will be most valid if based on

animals tested in the same stag.* of the molt cycle, such as intermolt. Testing the sensi—
tivity of intermolt larvae to oil may be difficult for many crustacean species because the
intern-olt periods are often as short as 2 or 3 days. Thus, larvae would begin to molt

during the standard 96-hr bioassay.

Measurements of hydrocarbons from chronically polluted areas or oil spills in Alaskan
waters are not yet available. Levels of petroleum hydrocarbons reported for other areas,
harbors and tanker routes as well as the open ocean (reviewed by Brown ct al 1973, Wells and
Sprague 1976), are very low compared to our LC50"s for intermolt and molting larvae of Kking
crab and coonstripe shrimp. However, the concentration or 0.8 mg/liter reported for a small
o.il spill in Nova Scotia (Gordon et al 1973) is higher than some of the LC50"s we round for
molting larvae exposed 24 hr and longer.



CONCLUSION'S

e. (J,),For botth coonstripe shrimp and king crab, larvae molting from stage I to stage Il
were more sensjitiive to tie WSF ojf. €opoK\ Inlet crude oil than were larwme jm xntermolt stages
I or 11. From this we Ffurther conclude that comparisons of the sensitivities of crustaceans

to oils should be based cn tests on animals in the same stage of the molt cycle, such as
ir.termclt.

(@ In tests on molting coonstripe shrimp and king crab larvae, as the concentrations and
lengths of exposure to the WSF of Cook Inlet crude oil iIncreased, molting success decreased
and deaths 1increased. This pattern was riot as clear from the 96-hr LCSO"s as it was frcm the
120-hr and 144-hr LC50°s. From this we also conclude that the standard 96-hr bioassay is not

always long enough for accurate determinations of. the sensitivities of crustacean larvae to
oils.
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EFFECTS OF OIL ON MARINE ECOSYSTEMS: “
A REVIEW FOR ADMINISTRATORS AND POLICY MAKERS

Dai.k K Evans' ant Stanlf.v D. Rice2

ABSTRACT

A broad selection of recent literature on the cffecti ofoil on marine ecosystems isreviewed. The focus ison
studies on crude oil, and the results are discussed with the purpose of providinga summary of findings that
will be a useful reference foradministrators and policy makers involved in decisions concerning petroleum
developments and related activities. The characteristics ofcrude oil and factors modifying its impact on the
marine environment are discussed. Most research on the toxicity of oil has dealt with acute effects and data
on long-term impacts at the community level arc inconclusive. It is concluded that chronic low-level

pollution is potentially more damaging to ecosystems than isolated catastrophic spills. Decision makers are
forced to rely on interpretative judgments rather than conclusive data.

Much of the material in this report was gathered
as background material for use in prepttring the
marine section of the final environmental impact
statement 011 the proposed truns-Alaskn pipeline
system (U.S. Department of the Interior, 1972).
Some ofthe statements arc essentially unchanged
from the way they were presented in the appendix
to volume IV ofthe impact statement. The impact
statement made it clear that not enough data are
available to analyze conclusively all of the poten-
tial environmental impacts of operation of the

pipeline marine terminal facilities at Port Valdez,.

Alaska, and the transshipment of crude oil by
tankers to west const ports. A conclusion that con
be drawn, however, and a message of the impact
statement, is that oil poses a nifrnificnilt hazardto
innrino ecosystems, and n nond deal pfintensive.
resea'rcF'uTnecessary if these haznrdH mutl.ab.u
quantified and fully understood.

‘Research on oil pollution published since the
impact statement on the pipeline wus issued re-
veals that scant progress has been made, particu-
larly with regard to the effects of chronic low-level
oil pollution. Current and projected demands for
energy in the United States are prompting accel-
erated development of offshore petroleum re-
serves, expanded oil tanker traffic, nnd proposals
for construction of deepwatcr port facilities to
handle the increasing number of supertankers.
These developments will not wnit for conclusive

*Alaska Region, National Murine Fisheries Service. NOAA.
Juneau. AK 99801.

*Auke liny Fisheries I uhnrntury, National Marine | ivhcrics
Service. NOAA, Al’(e Hay. AK 99821.
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anssvers to questions on oil pollution. Recognizing
this, we feel it is important that public adminis-
trators and policy mukcrs be made aware of the
inferences und trends evident in the csearch
findings to date. These findings present a persua-
sive case that decisions regarding the handling of
crude oil and petroleum products should be con-
servative and in favor of protecting the natural
environment. While this report is by no means a
complete review ofthe literature, it issufficient to
illustrate the potential danger of il pollution to
marine ecosystems und provide some guidance for
policy decisions.

History is replete with examples of man’s
scientific and technological advances carrying
him into situations he did not fully comprehend
nnd with consequences he could not evaluate.
Hello (1970) noted that "our ability to change this
world is going to increase faster than our ability to
predict what that change is going to he.” lie con-
cludes that our management procedures must rec-
ognize the degree of ignorance we have about this
world in which we live.

I’ollution of the ocean by oi lis a worldwide prob-
lem of growing concern (0 many nations. Spills
like the Torrey canyon, thc/Imm*, the Santa llar-
barn Channel blowout, and other spectacular in-
cidents have helped stimulate international or-
ganizations of governments nnd industry to rouct
to the problem. Viewed pragmatically, interna-
tional response has been at least as adequate as
domestic programs. Predicting the impact ofan oil
spill on the environment requires un understand-
ing of the complex interactions involved. What
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appears to be universally lacking is the difficult
research leading to an understanding of chronic
and sublethal effects of oil at the biological com-
munity level. The following discussion outlines
these complexities and points out how they make
most generalizations invalid and the extrapgla.-
tion of most HaTtTdangeioHsj

DESCRIPTION OF OIL

Crude oil isa complex mixture of many different
specific hydrocarbons and a variety of compounds
containing sulfur, oxygen, nitrogen, and some
trace metals. Hydrocarbons make up the bulk of
crude oil and can roughly be placed into one of
three classes: paraffinic, naphthenic, and aromat-
ic. From one area to another, crude oils vary in
their composition and in density, volatility, and
solubility. Their relative toxicity will vary (Ott-
way, 1971) but is roughly proportional to their
aromatic content.

Paraffinic (or aliphatic) hydrocarbons are
straight or branched carbon chains nnd arc satu-
rated (thus no carbon-carbon double bonds) with
hydrogen or other groups. These hydrocnrbons are
the least toxic, although they muy have an
anesthetic or narcotic effect if concentrations are
great enough.

Naphthenic compounds (cyclopnruffins) contain
at least one ring structure that is saturated. With
this base, more rings or chains may be nttnched to
form a variety of complex molecules.

Aromatic hydrocarbons also contain a ringed
structure, but the ring is unsuturated with hy-
drogen and contains carbon-carbon double bonds
(benzene ring). The simplest aromatic is benzene,
which is very toxic and relatively water soluble in
comparison to most hydrocarbons found in crude
oil. Benzene and other low-boiling aromatics are
the most toxic petroleum fractions. High-boiling
aromatics act as slower poisons than low-boiling
aromatics, but they are equally severe in their
effect. In addition, some are known to induce
cancer; 3,-1-benzpyrone, 1,2-benzanthracene, and
some alkylbenzanthraccnes have been isolated
from crude oil, and their carcinogenic effects on
animals nnd man have been demonstrated
(Blumcr, 1970).n

"Blumcr, M 1970. Scientific nupectn nr thn nil nplll problem.
I’rexontixJ lit NATO Conference, lInmcla, (I Nov. 1070, 21 p.,
Woods flnle Oceaiwur. Inst., Woods Ildle, Musa.

6%

FISHERY BIU.LF.TIN. VOL. 72. NO 3

Olefinic hydrocarbons (paraffinlike but unsatu-
rated and containing reactive carbon-carbon dou-
ble bonds) are not generally found in crude oils but
are plentiful in certain gasolines and other refitted
products. The fate of olefins in the marine envi
ronment is poorly understood, hut this class of
compounds may he quite reactive under certain
conditions and may combine readily with hy-
drogen, oxygen, chlorine, sulfur, nnd other ele-
ments to produce toxic substances. Once incorpo-
rated into organisms, olefins may remain intact
for surprisingly long times (Blumer, 1967). The
full range ofolefinic hydrocarbons probably inter-
feres with the reception of chemical messengers,
or odors in the sea by certain marine organisms.
(Blumer, 1970, see footnote 3).

When crude oil is processed (“cracked”), olefirs
and other compounds for gasoline and fuel oils
may be formed or sepurated. Fuel oils, commonly
involved in spills, are rated from 1to 6. Those
rated 1 are the lightest, most volatile, and most
toxic and have the greatest aromatic concentra-
tions; those rated 6 are the least volatile, least
soluble, and least toxic and are asphaltic (tarlike).

Hydrocarbons are not foreign to the marine en-
vironment; normal paraffins are synthesized by
most, if not all, living organisms. Blumer, Guil-
lard, nnd Chase (1971) characterized the natural
hydrocarbon content of 22 species of phytoplank-
ton and cited literature for zooplankton. There are
certain characteristic differences, however, be-
tween hydrocarbons native to organisms and the
hydrocarbons in petroleum, particularly in the rel-
ative distribution of the vurious hydrocarbons.
Crude oils and certain petroleum products are
complex mixtures that contain molecules of dif-
ferentsizes in ratios not found in any one species of
organism. Certain specific paraffins, nnd some
naphthenic nnd aromatic compounds, are rarely
found in organisms not exposed to oil pollution.
These characteristic differences have been the
basis for several scientific papers (Blumcr, Souza,
anti Suss, 1970; Rhrhardt, 1972; Clark nnd Finley,
1973; and others).

FACTORS INFLUENCING
THE IMPACT OF OIL

The impact of oil on the marine environment is
governed by several factors—physical, chemical,
and biological—in addition to the inherent com-
plexity of crude oil nnd refined products. The bc-
havior, effects, and fate ofan oil spill involve all of
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these? factors; and because they are interdepen-
dent, the* reliability of our predictions concerning
the impact ofa spill is limited hv our knowledgtLof
ifie tcasl midmsLuud-vaiuahbE-

Strnugli.iii 115)72) noted cnir general inability to
predict L)ji- environmental impar |, (if ;i spill be-
inon.e <\ the_complexity > th< matter, and
identified severol factors that govern biological
damage caused by a spill: 1) type ofoail spilled, 2)
dose ofil, 3) physiography ofthe area of the spill,
4) weather conditions at the time of the spill, 5)
biota of the area, G season ofthe spill, 7) previous
exposure of the area to oil, 8) exposure to other
pollutants, nnd 9) treatment ofthe spill. Several of
these factors are touched upon below.

Natural Physical Processes
Affecting Oil in the Water Column

Once oail is Spilled, it is dissipated by evapora-
tion, dissolution, and mixing or dilution in the
water column. The natural processes are speeded
by wijfld.action and by waves and currents that
increase sprcadinj'jlucLViuli&Ujnixingr*nrious
ffacfions respond differently to these processes,
and the weathered residue behaves differently
than the material originally spilled. A contami-
nated bay may be flushed by freshets, tidal action,
or longshore currents. Some oil sinks directly to
the bottom, especially in fresh water, where some
oil fractions have densities approaching that of
fresh water, and in water with high sediment
loads. Certain fractions may undergo uutoxidn-
tion.

Conover (197! reported that sedimentation of
fecal-bound oil that had been ingested by zoo-
plnnkton may have accounted for up to 20% of the
spilled oil entering the water column at
Chedabucto Bay, Nova Scotia. Oil can also be re-
moved from the water column by absorption
within organisms and accumulation within the
food chain. Suspended sediments carried by runoff
from n major flood entered the Santa Barbara
Channel area immediately before and after the
well blowout (Kolpack, 1971). Kolpack noted that
adsorption of oil on the flocculated suspended par-
ticles followed by decomposition was a major fac-
tor in currying much of the oil to the sea floor.
Kinney et al. (1970) reported, however, that in
Cook Inlet, Alaska, glacial silt from the inlet hud
no apparent effect on the emu'sion properties or

the sinking of the type of crude oil found in that
area.

Forrester (1971) noled the extensive distribu-
tion of oil particles stirred into the water by wave
action aflcr a bunker C ail spill in Chedabucto
Bay. Oil particles were found to a depth of 80 m
inside the bay and to depths 0f45 mat a distance of
65 km outside the bay. Near-surface distribution
of particles extended 250 km southwest along
Nova Scotia in a band extending up to 25 km
offshore. Berridge, Thew, and Loriston-Clark
(1969) indicated that the stabilization of emul-
sions like those observed at Chedabucto Bay and
elsewhere was caused by complex chemical com-
ponents in the nonvolatile residues and not by
bacterial activity, marine organisms, or sus-
pended solid matter.

Environmental Differences

The fate and effects of oil spilled in the marine
environment are difficult to generalize because
sgygral types of environmentsjoaav be involved.
Some extreme comparisons are tropics versus arc-
tic. open ocean versus estuaries, and the differ-
ences between the intcrti(laTaral.subtidal zones.

Within these environments are several diverse
physical conditions such as temperature, salinity,
oxygon,
biological diliercncessuch as species composition,

diversiry and density.!ijuLxiunmniin(y-meinbrrhr— —
ratel The prediction or assessment of pollution__

effects on the basis of oh»orvnlinng-p-xtmpnlated
frofn one cnvironmcent to another is seldom sup-
ported bv gdpquntcicintn..-Unfortunately, however,
few data on pollution effects exist for most areas
and species, which has led to the use of informa-
tion from areas that may be dissimilar in critical
respects.

There are arguments as to which environment
is the most stable and capable of withstanding
attacks by additional pollution stresses. Copeland
(1970), discussing the response of ecological sys-
tems to stress, suggested the principle that

. .those systems already subjected to energy-
requiring stresses are more likely to resist the
changes than those (such i\s tropical systems)
adapted to relatively constant environments." He
concluded that estuarine ecosystems composed of
organisms capable of wide adaptations and
generalizations, such as north temperate systems,
would he relatively unaffected by the same mag-
nitude ofdisturbance that would drastically alter
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a tropical system. Odum (1970) noted, however,
that many estuarine species are living near the
limit of their tolerance range and that any altera-
tion in the environment, such as additional stress-
es caused by low levels of pollution, could exclude
these animals permanently from the estuary.

All healthy balanced ecosystems are generally
functioning at or near some critical tolerance
limit. In an ecosystem with a variable environ-
ment, such as a north temperate estuary, re-
sponses fa additional stress might not always be
the same. For example, even though factors sur-
rounding an oil pollution incident might be out-
wardly similar in most respects to another spill in
a comparable area, theoiologira) impacts may
differ. The ability ofthe local community to absorb
the additional stress will be influenced hv the
coincidence of seasonal variability of natural
stresses, the differences m vulnerability Qfstaiies™
in~an organism's lifcLr\V'-fe —nA, ma.ny_nthnr _
dynamic features of the ecosystem.

Biological Differences

The effects of oil pollution on many different
organisms in various habitats may vary from 110
effect to responses of avoidance and decreased ac-
tivitv, to nonaclaptive respunse.-ffirpanic and
physiological stress. What kills one species nnty
have little or no effect on another. Affected or-
ganisms vary from single cells, to*llcgenT]TrEl
clams, to highly mobile predators, each of which
IfalT'dTfferent behavioral im~d~physiological in-
teractions with the environment.

Just as different species arc affected differently,
so may individuals within a species be affected
differently. In particular. diffnrmiLlifi; stages such
as eggs, hatched larvae, and newly molted indi-
virTnals may have different sensitivity to the same
level of pollution—Mironov (1968), for example,
reported that prelarval stages of barnacle,
Balanus Sp., were 100 times more sensitive to oil
pollution than the adult form. This contrasts with

V the relative lack of sensitivity to crude oil by pink

salmon eggs and sac fry, which were 10 times
more tolerant than older fry (Stanley D. Rice and
Adam Moles, Auke Bay Fisheries Laboratory, Na-
tional Marine Fisheries Service (NMFS), NOAA,
Auke Buy, AK 99821, pers. commun.).

Henzoni (1973) conducted a scries or experi-
ments on the toxicity of several crude oils and
petroleum products to the sperm, eggs, and larvae
of the oysters crassnstrea angitlatn and c.
nnd the mussel Mytilus palloprovinvialitt. He
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found a relatively high degree oftolerance by eggs
and larvae but reported that the fertilizing capac-
ity of sperm was markedly affectctCHy similai

Biodegradation

AMjulintilative data describing the hioilegrada
lion ul vni ious CiiinpiTrrenbial Ci“ude-oi+"specially
in arctic and subarctic aronsrhmiimvthd.

ZoBell 11973a) briefly reviewed the current un-
derstanding of microbial degradation of ail, in-
cluding interactions, limiting factors, problems,
and perspectives. Ahearn (1973) stated that re-
search on microbial utilization of hydrocarbons
for treatment of oily pollutants in the environ-
ment, though more intensive in recent times, is
still in an early stage ofdevelopment. It is known
that microorganisms can degrade much of a
crude oil, particularly the less toxic paraflinic
compounds. No single species can degrade all the
compounds, but many different species together
can metabolize a large number of the compounds,
if not all. The rate of microbial degradation,
which is principally aerobic, decreases with a
decrease in temperature. Large quantities of
oxygen are needed. It has been estimated, for
instance, that complete . xidation of 1 gallon of
crude oil would require all of the dissolved
oxygen in 320,000 gallons of water. This com-
parison may be unrealistic because most oil is at
the surface of water in contact with air and only
the outer surfaces of oil can be attacked at any
one time. It is reasonable to assume, however,
that an oxygen-deficient environment may well
occur under some oil slicks and in oil-contam-
inated sediments.

Glaeser and Vance (1971) studied the behavior
ofPrudhoe Bay crude oil in controlled spills in the
Chukchi Sea but were not able to isolate any mi-
croorganisms which could degrade hydrocarbons
at the ambient temperatures of the Arctic, al-
though some emulsification of the crude oil was
observed. However, ZoBell and Agosti (1972) col-
lected oil-oxidizing bacteria near natural oil seeps
from the Alaska North Slope nnd observed oxida-
tion rates of mineral oil at -1°C nnd above. They
noted that the solid surfaces of the ice crystals
appeared to facilitate bacterial growth, because
the rate at -1°C was substantial and near the
4°C rate.

The npparent contradiction between the studies
is probably best explained by ZoBell’s (1973b) con-
tinued observations with North Slope bacteria. He
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found that the nine ditTerenl crude oils wore not
degraded as rapidly as purified mineral oil.
Glacser nnd Vance’ studies were with microor-
ganisms from the surface water of the Chukchi
where small numbers of bacteria may have been
present. Furthermore, the observations of
Strmigliao 11U71), who noted the apparent lack of
biological damage by the Santa Barbara blowout,
may apply here. She discussed the possibility that
the fauna had an unusually high tolerance for ail,
probably because of adaptation from chronic low-
level oil exposures from local natural seepages.
The observations of ZoBell and Agosti (1972) on
the oxidation rates ofail at -1°C may be an exam-
ple of similar adaptive response by the North
Slope bacteria collected near natural seeps. These
oxidation rates and other adaptive responses
might not occur from organisms that have not
been preacclimated to chronic low-level exposures
of oil and m,.y explain why Glaeser and Vance
obtained reports of negligible oxidation rates at
0°C from microorganisms from surface water of
the Chukchi Sea. Robertson et al. (1973) esti-
mated hydrocarbon-oxidizing bacteria popula-
tions were in the order of 1/ml in Cook Inlet and
Port Valdez, but less in the Arctic Ocean. Num-
bers decreased with salinity in Cook Inlet nnd
with depth in Port Valdez.

ZoBell (1963) reported that oil is readily ad-
sorbed by clay and silt and suggests that although
adsorption of oil by solids renders the oil more
susceptible to nutobial and microbial oxidation,
almost no bacterial decomposition occurs after
burial in the bottom sediments, probably because
the environment is anaerobic. Blumer and Sass
(1972) found that some paraffinic hydrocarbons
reinnined in bottom sediments 2 yr after the West
Falmouth oil spill nnd aromatic hydrocarbons
were prominent, which suggests thnt thece more
toxic compounds are utilized by bacteria to a
minimum degree.

Oil in Sediments

slo.OiLalthough several authors have quantitated
oil concentrations and noted its persistence. Scnr-
rntt and Zitko(1972) observed little diminution of
bunker C oil concentration from soft sediments 26
mo after the wreck of the tanker Arrow. The oil
reached maximum concentrations in coarse sedi-
ments 1yr after the spill, but the concentrations
reduced thereafter. Chemical degradation can

occur but : normally restricted to the surface

layer of the bottom penetrated by ultraviolet light.

Blumer and Sass (1972) noted that "The preserva-
tion of hydrocarbons in marine sediments for

geologically long time spans is one ofthe accepted

key facts in current thought on petroleum forma-
tion." However, in spite of the stability of hy-

drocarbons in marine sediments, there are charac-
teristic differences between the hydrocarbons in

polluted and unpolluted areas. Tissier and Oudin

(1973) found that hydrocarbons in polluted sedi-
ments differed from those of unpolluted sediments

by having lower percentages of heavy compo-
nents, by not having an odd carbon dominance in

the n-alkanes, and by having polycvclic aromatic

hydrocarbons with alkyl chains.

Oil residues were observed on sandy beaches by
ZoBell (1963) and in marshes and in sediments of
the deepest area (15.3 m) near the West Falmouth
spill by Blumer, Sass, Souza, Sanders, Grassle,
and Hampson (1970).4 About 2 wk after fuel oil
was spilled at Resolute Bay, Northwest Territory,
in August 1970, casual sumpling revealed that oil
penetrated into beach material to a depth ofabout
3inches(7.6cm)(Barbcr, 1971). Oil may be buried
and stay intact for a considerable time, even at the
higher temperature of the California const
(ZoBell, 1963). During laboratory experiments,
Johnston (1970) determined oil decay rates in
sand columns contaminated with various concen-
trations of oil. Ten percent of the oil wns oxidized
over a period of several months; the remaining
90% decayed much slower.

The West Fnlmouth spill provided a unique op-
portunity for a study of the immediate nnd long-
term effects of an oil spill on an area where the
previously existing environmental base was well
known iBlumer, Sanders, Grassle, and Hampson,
1971). one etfect of the oil was to rorlig-n (hi- cohe-
sion of full loin sediments pf lifinl
estuary*by killing the bentbiy plants nnd -mjmnls
iBTumer, Sass, Souza, Sanders, Grassle, and
Ilampsun, 1970, see footnoted). The resulting ero-
sion spread hydrocarbons to new areas, where the
process was repeated. Because of the stability and
persistence or the hydrocarbons in marine bottom
sediments. Blumer, Souza, and Sass (1970) noted
that hydrocarbons may be returnerLBi tbaliio-
sphero by organism - living and feeding in tin; sed-
iments. TjTisjrodisl r bution of hydrocarbons can be

‘Blumer, n*.H,I). Siur.ji, Il SimderiTp. GniHnleTnnU 0.

[Inmnsnn. 1970 Tﬁu WestFn‘r*nuth oil spill. Unpubl. mnnuscr.
Wuoda Hole Oce»nollr. Tnst., Ttef Kit. 70-44, -3 p,



the source ofa chronic pollution problem near that

iEilJ- . . .
H is quite possible that ngrmal Functions ofsed-

iments will be disrupted WNEN rmitr.minated bv_

oiFrChangesTn'the sediments that are subtle and
di(TidTITo Tteleer~STCinnr tfrTroased7iutncrtr c-
cycTTng and community metabolism. could result
in the loss ofsigmfieam cuilt'fihutinrmu the pro®
ductivitv and stability ufan alea Although oil in
sediments has been monitored and measured after
several spills, other aspects of the oil-sediment
relation have yet to be studied.

BIOLOGICAL EFFECTS OF
OIL POLLUTION

Blumer (1970, see footnote 3) summarizes the
potential damage to organisms from pollution by
crude oil and oil fractions as follows:

1. Direct kill of organisms through coating and
asphyxiation.

2. Direct kill through contact poisoning of or-
ganisms.

3. Direct kill through exposure to the water-
soluble toxic components of oil at some distunce in
space and time from the accident.

4. Destruction of the generally more sensitive

C juvenile forms of organisms.

5. Destruction of the food sources of higher
species.

6. Incorporation ofsublethal amounts of il and

1 oil products into organisms (resulting in reduced
resistance to infection and other stresses—the
principal cause of death in birds surviving im-
mediate exposure to ail).

7. Incorporation ofcarcinogenic and potentially
mutagenic chemicals into marine organisms.

8. l,ow-levcl effects that may,interruuiranv of
numerous cye.u!s (sucii*as piy y Incatiori, predator
avoidance, inatej.o.ig)tion or oilier wauil stimuli,
and homing behavior) necessary for the propaga-
ti6 iuirmarine'iT[y/rt)'t midtfrrthtH) TTINV miTiiftKbso
spdries.bi Tfiejnariue loodueTC

Some of the potential effects described by
Blumer may be obvious, such as the direct, deaths
from acute exp" ires. Less obvious indirect
deaths may occur .".uni effects at either the indi-
vidual or population level.Jralividua!l organisms
subjected to sublethnl exposures may undergo an'
"ecohigkuT Tlcat. Tf" if they are less capable of ad-
just'niQ A M TeTplimling fiTimlariltzrliilStrua

(stresses) in their physical nntLbiolotncal.envi---

roamenUr-For example, postmolt Tanner (snow)
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crab, chionoccctes bairdi, lost legs during short
exposures to crude oil (Karinen and Rice, in
press). Even though the crabs lived through the
exposure, they probably could ‘hot have survived
in'the natural environment because some ofthem
TesTas mniWas'sovmi lees, including both chelae.
Moreover. .eral>s-ur-«il.hoc~advej'selly but snble-
thally nfloctod organisms would be more likely
to be eliminated by natural selection.

Effects from chronic exposure may be adverse to
a population over a period of time if exposed but
normal-appearing adults have their ability.to re-
produce seriously impaired. This loss may be due
to phvsiolotiical chanties such as reduced fecun-
dity nnd delaycrL.waEy~dcvelapmanL-ar-to-i
paired-behavioral .mechanisms,which.cmiliLpig-
vent mate location and identiflcaUon-or-homimi
and tinijng.aLspa.wmng. Although the effects at
thislevel might not result in death of the adult,
they could induce a trend of decreasing nun)bers
thatnjighL eventually eliminate the population or
race.

Hydrocarbons in the Marine Food Web

Blumer (1967,1969) and Blumer, Guillard, and
Chase (1971) studied the fate of organic com-
pounds in the marine food web. They fiund that
certain hydrocarbons, even high:/ unsaturated.
ones, are sUthltLonce.they are incorporated.into a
particular maxino-oruanisnv-and-UiaUthov-mnv
pass through many members of the marine fond
WeFwTfllOUt altgrfHinn nnd tmiy_ttrl.natly.l«w ««m .
centrTitedJn tissue. Most hydrocarbons are lipid
soluble and thus may accumulate in food welis to
the point where toxic levels are reached. This
pathway is illustrated by the well-documented
chlorinated hydrocarbon group of pesticides.

The entrance of oil-derived hydrocarbons into
marine food webs has been observed several limes
at several trophic levels. Conover (1971) reported
that in") ofthe bunker C oil in Lhe water column
after Ihe Chedabucto Bay spill was combined with
zooplankum and that their feces contained up to
T< oil. Mironov (1968) also noted the ability of
some zooplunklers to accumulate hydrocarbons.
The incorporation of hydrocarbons into the food
WEDb.aLihtSiLPmuan¥- levels assures exposure at
Il higher trophic levels.

Blumer, Souza, and Sass (1970) and Ehrhardt
11972) reported pollution-derived hydrocarbons in
shellfish. Uptake and retention of labeled hy-
drocarbons of several classes by a marine mussel,
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Mytilus cdulis, was noted by Lee, Sauerheber, and
Benson (1972). Smith (1968) reported the presence
of oil and benzene-.ring compounds in the feces of
limpets browsing on an oily deposit, and in top
shells, uttnoilimhi, and limpets, /<374, living on
oiled rocks. He reported that analysis of the gut
indicated "the proportion of oil in material in-
gested by these animals was estimated as about
20-30 percent in Patella and 5-50 percent in
Monodonta."

Organisms at the highest trophic leyelsjoay be
afCefierdireEUMjQh Qiiit M Lor.indif£ectly-by
hydrocarbons that have reached them through the,
foooTweb. Horn, Teal, and Backus (1970) found
large amounts of tor in the stomachs of three
saury, scomberesox saurus, from a sample of ten
in the Mediterranean Sea near Gibraltar. Al-
though saury are generally considered to be car-
nivorous, the occurrence of tar nnd also of "vege-
table debris” in one of the stomachs examined by
Horn et al. (1970) suggests that the species isnota
very discriminate feeder. Although all ingested ail
was obviously not incorporated into the tissues
(some oil was found in feces), such feeding be-
havior does describe a pathway for hydrocarbons
to be directly taken up into the tissues of the or-
ganism. Thus, oil ingested, absorbed, nnd even
adsorbed may enter the food chain when contami-
nated organisms are eaten.

Carcinogenicity

Some doubt may remain as to the direct car-
cinogenicity to man ofjerude oil and crude oil res-
idues in marine organisms (Blumer, 1969), but
evidence pointing toward this if accumulating
(Blumcr, 1970, see footnote 3; 1972). A literature
search und evaluation conducted for the U.S.
Const Guard by Battelle Memorial Institute
(1967) noted that shellfish, although alive, may
have been unfit for consumption because of the
carcinogenic hydrocarbon!!, 4-bcnzpyiene in their
bodies. Oysters that were heavily polluted and
contaminated with ship fuel oil were reported to
contain 3,4-benzpyrone. The Battelle review also
reported that barnacles attached to creosoted
poles contained the same carcinogenic hydrocar-
bon (3,4-benzpyrene). Sarcomas were elicited
when extracts from the barnacles were injected
into mice. The endemic occurrence of pupillary
tumors around the rectal opening of sofl shell
clam, Myu arenaria, was reported, but the author
(Battelle Memorial Institute, 1967) did not feel

these were due to oil pollution, even though the
clams were taken from waters adjacent to areas
highly polluted by ship fuel oil. Hyperplasia in
reproductive cells ora bryozoan in response to coal
tar derivatives was observed by Powell, Sayce,
and Tufts (1970). They noted that similar abnor-
malities may also have occurred in coastal faunas
exposed to spills such as the Torrcy canyon and
the Santa Barbara blowout. However, most obser-
vations on these spills were concerned with gross
mortality and may not have detected the sublethal
effects.

ZoBell (1971) reported the natural synthesis
nnd metabolism of carcinogenic hydrocarbons by
several marine organisms. Thus, oil pollution is
certainly not the only source for carcinogenic hy-
drocarbon introduction into marine food webs.
Suess (1972) recognized that carcinogens were in
seafoods but concluded that they would probably
not be dangerous unless the foods contained an
excess amount of polynuclear aromatic hydrocar-
bon carcinogens. Carcinogenesis from oil-
contaminnted marine organisms has not been
proved, but Ehrhardt (1972) expressed a need for
carcinogenic testing of hydrocarbon fractions ex-
tracted from marine organisms contnminutcd by
exposure to oil.

Observed Toxic Effects

Astudy of the available information on poten-
tial toxic effects of il pollution reveals more un-
knowns than proven conclusions. Only a decade?
ago, ZoBell (1963) reviewed the liternture on the
effectsofoil on bacteria and higher organisms nnd
concluded that oil pollution had no great adverse
impact on fishery resources in general. He did
point out, however, a few reports of toxic effects,
tainting of flesh, and damage to vessels and
fishing gear.

The quantity of literature on effects of oil spills
has increased since the Torrey canyon incident of
1967. Most of the recent work bus depended on
onsite visual surveys after occurrence of an oil
spill rather than on experiments and detniled
study. The surveys have, been limited mostly to
the effects of oil nnd of cleaning or dispersing
agents on primarily ndult intertidal organisms
and populations. These observations on a restrict-
ed segment of the affected ecosystem include only a
few of the factors that influence the total impact of
oil. Wilson, Cowell, nnd Beynon (1973) noted that
the absence of results from studies at the com im-
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nity level make the interpretation, extrapolation,
and use of many observations very difficult.
Further, the differences between various crude
oils and between the hundreds of petroleum prod-
ucts in their physical and biological effects must
always be kept in mind. Comparative data gener-
ally are far too few to permit attaching any rela-
tive significance to production area or product
formulation in this review.

Field Investigations

The utility or many "after-the-fact" studies is
limited because ofthe lack of knowledge of prespil {
conditions. Data are often collected without
proper controls for comparison, and knowledge of
natural local fluctuations and species composition
ofanimal populations is usually quite limited. For
these reasons conclusions about the impact of a
particular spill may vary.

Ehrsnm (1972) reported substantial immediate
kills of marine life from a fuel oil spill at
Anacortes, Wash., nnd concluded that iflarval nnd
juvenile forms of certain organisms were killed
'IMTTmi impact of the snill may not he knuvmiac.
some timu~Katz (1972) observed intertidal tran-
sects of the same affected area and concluded that
the effects were minor und long-term effects won Id
be unlikely. Webber (1972' pointed out, however,
that these after-the-fact studies observed only a
small wedge of the total biota. Knowledge of sub-
tidal and benthic organisms as well as larvae and
juveniles was lacking.

Other large spills have been studied in greater
detail and have contributed significantly to our
understanding ofthe gross effects ofail. Yet, they
have been unable to answer many important
questions on the effect of pollutant hydrocarbons
in the marine environment, and generalizations
learned from one spill may not apply to another
because euch is different.

Field observations of behavior and effects of oil
in Arctic ice environments are few. The U.S.
Coast Guard investigations in the Arctic have
primarily been directed toward gaining knowl-
edge to improve cleanup methods (Glaoser and
Vance, 1971; McMinn and Golden, 197.1). Camp-
bell and Martin (1973) discussed possible large-
scale movements and persistence of oil spilled in
the Beaufort Sea. They suggested that the surface
waters of the Arctic Ocean and the winter waters
of Chedabucto Bay, Nova Scotia, might he com-
parable, particularly with regard to the physical
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behavior of oil. Chedabucto Bay is the site of the
grounding of the tanker Arrow in February 1970
with 2.8 million gallons of bunker C oil aboard.
Campbell and Martin (1973) found that highly
stable oil-water emulsions formed to a depth of 50
in throughout Chedabucto Bay. They described
conditions by which oil reaching the edge of (he
pack ice could be distributed under llu» ice.

Thomas 11973) also suggested tbat results of Ihe
studies at Chedabucto Bay might in some respects
he applicable to spills in the Arctic. He observed
remobilization of oil from beneath the weathered
surface of deposits during the summers following
the Arrow spill and the subsequent re-oiling of
some intertidal areas, adding a chronic pollution
aspect to the spill. Extensive mortalities of soft-
shell clams and suit marsh cord grass, spartina
alterniflora, resulted where this occurred. In other
areas, clams were visibly contaminated with oil
and clam fishing was closed, at least through the
summer of 1972 (Thomas, 1973).

When the Torrey canyon broke up near the
southwest const of England in 1967, 15 million
gallons of Kuwait crude oil with a high aromatic
content were released. Efforts to cope with this
first super disaster depended principally upon 2
million gallonsoftoxicdispersnnt, which probably
caused more damage than the oil, most of which
had weathered at sea for a week or more before
reaching the shores. Many techniques for oil con-
tainment and control on the seas were attempted
during the time oil leaked from the tanker; the
fact that they all failed reveals the inadequacies of
our technology and preparedness for such
emergencies.

Extensive investigations of the West Falmouth
spill by Blumcr and his associates at Woods Hole
provide one of the best documentaries of an oil
spill. A total of 185,000 gallons of no. 2 fuel ail
(41'7 aromatic content) worespilled in 1969 froma
ruptured barge. Intertidal and suhtidnl benthic
organisms ofall phyla were killed during the first
few days (Blumer and Sass, 1972). Blumer, Souza,
and Sass (1970) showed that the uptake of fuel oil
hydrocarbons by shellfish i(Tt~Th(-m-urTftf for
human coiYSninilLIBD"Kater; Blumer nncrSass
TT972) reported the continued persistence of fuel
oil hydrocarbons in the sediments after 2 yr. Al-
though there had been some degradation, the boil-
ing range and composit. n of the hydrocarbon
mixture was basically unchanged.

The 1969 Snnta Barbara blowout released an
estimated 5,000 barrels of crude oil per day ini-
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tially (Foster, Charters, and Neushul, 1971), yet
biological damage was not reported widespread
and the area has started to recover. Foster,
Neushul, and Zingmark (1971) observed that
much of the damage to intertidal areas corres-
ponded to sand movement, probably from storm
damage. Cimberg, Mann, and Straughan (1973)
concluded that the blowout had less effect on in-
tertidal marine organisms than did sand move-
ment and substrat't stability. Straughan (1971),
reporting on investigations at Santa Barbara,
noted factors unique to that accident: 1) the long
history of natural oil seepage in the Santa Bar-
bara Channel and 2) the unusually heavy winter
runoff ut the time of the spill, which reduced
salinities, increased sedinv tation, and possibly
increased pesticides inthe  nnel. R. L. Kolpack
(pers. commun. cited by | r, Straughan, and
Jessee (1971)) noted thn a Barbara crude oil
is relatively insoluble ii ater and contains a
very low percentage of oxic aromatic com-
pounds. Thus, information gathered on the effect
ofthe Santa Barbara spill or anv other is of limited
utility in predicting the ecological effects of crude
oil spills or of other ails in other areas.

Several studies have provided encouraging re-
ports of varying degrees of recovery after some of
the recent larger spills. Investigations about I/fe
yr after the Torrey canyon spill revealed that at
least the affected shoreline nrens were recoloniz
ing and recovering, although recovery was not yet
complete at that time (Spooner, 1969). The areas
affected by the 1969 Santa Barbara blowout were
recently reported to b>recovering (Cimberg etal.,
1973), as was a reefaffected by bunker Coil spilled
from a tanker collision in San Francisco Bay in
January 1971 (Chan, 1973).

Too few of the controlled field investigations
have been designed to bridge the gap between field
surveys after spills and simul itive laboratory ex-
periments. Perkins (1970) exposed periwinkles
and other intertidal organisms to the oil disper-
sant BP 1002 in the laboratory nnd then released
marked individuals in the natural environment.
After recapture of the individuals exposed, he
found that survival from doses as low as one
three-thousandth of the 24 h LCmt wns lower
than among the recaptured controls. Crapp
(1971a) conducted field experiments by applying
crude oil nnd oil emulsifiers to the intertidal zone.

*24 li 1.Cso equals Unit close of toxicant that resulted in 50U-
survival after 24 ii exposure.

Physical damage by the oil was observed, but tox-
icity damage was not great because the oil had
previously been exposed to air; in contrast, the
oil-emulsifier mixtures were toxic. Baker (1970)
applied a crude oil to salt-marsh plots at different
times of the year and monitored the effects on
plants. Summer applications of oil severely af-
fected annuals but not perennials.

Laboratory Studies

Experiments in the laboratory also do not pro-
vide all the answers about how an oil spill will
affect a marine organism or its environment.
Laboratory research has demonstrated the toxic-
ity ofvario iscrude oils and petroleum products on
several forms of marine life. Much ofthis research
has focused on the planktonic life history stages of
pelagic and benthic animals. Many of these plank-
tonic larvae are phototacti. it their earliest stages
and concentrate in the surface layer of the sea.
This community of the surface 5 cin, the neuston,
is the first affected by most oil entering the water.
Thus, many organisms uro”most-sensjtive to.0iL—
pollution nt 1 fuiifincjeftn oil' greatest likelihood of
exposure.

Studies by Mironov (1968) on the development
of fertilized eggs of the plaice, Rhombus
macoticus, Showed extreme sensitivity ofthe eggs
to the influence ofthe oil products in seawater. He
noted that injury to the eggs occurred at concen-
trations of 10"4to 10 ‘snd/liter (0.1 to 0.01 ppm). In
these concentrations ofoil products, 40 to 100% of
the hatched prelarvae showed some signs of de-
generation during development nnd perished.
Mironov (1969a) also demonstrated that 0.001 ml
of crude oil per liter wns toxic to the eggs of an-
chovy, scorpionfish, nnd sea parrots from the
Black Sea.

Newly sot spat of Elinius modestus, an Aus-
tralian barnacle introduced to Europe, were tol-
erant of 100 ppm crude oil hut .showed reduced
cirral activity and retarded shell growth (Corner,
Southward, and Southward, 1968). Adults of this
species also showed reduced activity at 100 ppm
(Corner et al., 1968).

Mironov (1969b) tested crude oil on several
copepods and n cladoccran, and found thnt 0.001
ml/liter accelernted death in all forms nnd that
0.1 ml/liter caused death in less than 1 day.”cnr-
lia and calanus died at 0.0t ml/liter oil in sea-
water in 72 to 96 h (Mironov, 1968). Larvao of
crab nnd shrimp died nt 1 ppm (Mironov, 1969c).

Little is known of the mechanisms of various
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toxic effects. Damage to cell membranes and the
cellular contents of planktonic larvae may occur.
Goldacre (1968) demonstrated such cytological
damage and death to the freshwater protozoan.
Amoeba proteus, exposed to crude oil fractions.
Brocksen and Bailey (1973) measured increased
respiratory response of striped bass and chinook
salmon to sublethal concentrations of benzene.
The fish recovered to normal activity when they
returned to noncontaminated water for several
days. Rice and Short were unable to demonstrate
changes in the enzyme activity of cholinesterase
or Na-K stimulated ATFase in juvenile pink
salmon, Oncorhynchus gorbuscha, after in vivo
and in vitro exposures to Prudhoe Bay crude oil
(Stanley D. Rice and Jeffrey Short, Auke Bay
Fisheries Laboratory, NMFS, NOAA, Auke Bay,
AK 99821, pers. commun,), This is somewhat
surprising because various hydrocarbon pesti-
cides have been shown to affect both enzymes.

-Celjular membranes ofjibytoplankton are also
damaged by 'the penetration ofTiy~difdjSrhoh
malecuiiSTTurcel TulaFomfentsnxe extruded, nnd
oil penetrates into the cell. Detergents adminis-
tered in a concentrated solution also penetrate the
plant cells nnd cause the dissolution of cellular
membranes nnd the extrusion of cellular fluid
(Ruivo, 1972). The effects of oils on plant respira-
tion are variable, but an increase of respiration is
frequently observed, probably because ofan alter-
ation of the mitochondria. This could result in an
uncoupling of the oxidative phosphorylation en-
zymes from the electron transport enyzmes, nnd
the energy release would be lost as heat.

All marine animals ultimately depend on the
photosynthetic activity of phytoplankton nnd
algae for the production of biomass. Baker
(1971), reviewing the literature, noted that,
weathered Torrey canyon oil had no apparent ef-
fect on the photo3ynlhelic activity of green algae.
He did find, however, that green algae treated
with fresh crude oil died and that photosynthesis
in kelp, mMacrocystin sp., was reduced when the
kelp was exposed to various petroleum products.
Knuss ct al. (1973) determined the effects of crude
oil on several species of freshwater algae in both
field and laboratory experiments. In their field
studies, response ofthe algae toa spill varied from
suppression of growth to its stimulation. In their
laboratory studies, they noted depressed photo-
synt'ietic rates in one nlgal species after it had
been exposed to aqueous crude oil nnd other
selected aromatics.
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Growth of phytoplankton from axenic cultures
and mixed cultures of natural populations was
inhibited by water-soluble extracts from no. 2 fuel
oil ina laboratory study by Nuzzi (1973). Mironov
nnd Lanskaya (1968) demonstrated that marine
phytoplankton vary several orders of magnitude
in sensitivity to crude oils and kerosene in oil
concentrations ranging from 0.1to 1,090 ppm. Of
the 20 species tested, a diatom, Ditylum
brightwelhi, was the most sensitive. The wide var-
iation in susceptibility may account for the state-
ments in other reviews oflow toxicity of crude oils
to phytoplankton (Fpyn, 1965; Nelson-Smith,
1970) and supports the premise that biological
response will differ among species.

Sublethal and Chronic Effects
of Oil Pollution

While data arc scarce in some ofthe areas previ-
ously discussed, information on the ecological ef- ‘!
fects of chronic sublethal oil pollution is essen-
tially nonexistent. Observing Jdtese. cICCEtS.Js
clifficutt because they gre not drama,tiP-and.
pass unnoticed by The casual observer. A full de-
scription would require observations extending
over a long period or time.

Lewis (1972), commenting on approaches to the
study of chronic pollution, contends ",.. that
without a massive expansion of ecol ogical and re-
productive data by simultaneous multidisciplin-
ary studies not only will we be unable to detect
the significant long-term changes, but we will
even remain unaware of the most suitable or im-
portant species and methods to build into a
monitoring program."

A few studies concerning sublethal effects on
organisms have nppeared in the literature. Wells
(1972) reported deaths of lobster Inrvnc to expos-
ures of 0.1 ml of Venezuelan crude oil per liter,
while larvae exposed to 0.01 ml/liter had poor
survival rates and were unable to molt to the
fourth stage. Decreased limb (cirral) activity of
marine larvae exposed to oil has been reported
(Smith, 1968). Kuhnhold (1972), while observing
toxic effects of crude oils to eggs of cod and to
larvae of cod, plaice, and herring noted that the
larvae exposed to oil-contaminated water were
unable to uvoid well-defined milky clouds of toxic
oil dispersions. Blanton and Robinson (1973) ob-
served damage to the gills of specimens of seven
species of fish that had apparently been exposed to
an oil spill off the Louisianu coast.
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Crupp (1971b) observed that fucoid algae re-
placed barnacle and limpet populations near an
outfall where the effluent contained about 20-25
ppm oil from treated ballast water of tankers un-
loading at Milford Haven. Although the relative
oil content was low, the cumulative volume dis-
charged was large (20,000 gallons of oil per year),
a situation similar to that which may occur at Port
Valdez, Alaska, when the trans-Alaska pipeline is
completed.

Blumer UJ922).cliscusseil-hmv_loiY -lei:eLchronic,

~effects of oil may damage marine organisms-he”..

cause of their dependence on natural organic
chemica1clues for a-varieiv-of-funetions. Sal mon

CONCLUSIONS

Although crude oil generally should be consid-
ered toxic to marine organisms and harmful to
their environment, most ecosystems can tolerate
some pollution because oil can be dissipated or
removed by processes like evaporation, autoxida-
tion, dilution, and biodegradation. However, each
organism and environment has a limit to how
much oil can be absorbed and metabolized. Cat-
astrophic spills are obviously pollution at a level
that ecosysttms cannot tolerate without damage.
However, if the spills are not continued, the oil
will slowly be removed and recovery ofthe area, at

least to some degree, will likely occur. There is

A nnd other fishes utilize organic chemical clues in
some evidence for recovery of some affected indi-

") migrations; predators are attracted to prey by or-

) ganic compounds at the parts-per-billion level
(Whittle and Blumer, 1970); nnd other organisms

may-use'CheinicalcJ.aes.-fQr-pi'-wlHtor-avoidance,

selection. oL liabitatrftnd-sex-attraetiomJBJumer
(1972) discussed the fears that oil pollution may
interfere with these fundamental biological pro-
Cesses..by—m askingju-.hlaekingrOK-by-minncking

naturaLsLimuli-tresulting-tir-false-Fesponses). He
cited literature discussing the attraction of lob-
sters to kerosene and to purified hydrocarbon frac-
tions derived from kerosene and noted that many
dead lobsters were washed ashore after the West
Falmouth spill. Blutner's fears about interference
with chemoreceptiopare further substantiated by
fhe,.flbsorvatirfn*Tof Takahashi nnd Kittrcdge
(1973) on crab behavior. Crabs, pachygrapsus

crassipcs, exposed to water-soluble extracts of
crude oil failed to exhibit feeding behavior or mat-
ing behavior responses when given appropriate
chemical stimuli. Inhibition of chemoreception of
some motile marine bacteria by a crude oil nnd
several other hydrocurbons has been demon-
strated by Walsh and Mitchell (1973).

Itice (1973) performed laboratory tests ofavoid-
ance of pink salmon fry to Prudhoe Bay crude ail
and observed avoidance of oil at concentrations as
low as 1.6 mg/liter. He concluded that salmon f'y
had the capability of detecting sublethal concen-
trations of oil and that they might avoid areas
contaminated with sublethal levels of oil, which
would result in confused and nonndnptive migra-
tory behavior. The effect ofch  ic low-level pollu-
tion in areas such as Port Valuaz, il)f terminus of
the trans-Alaska oil pipeline, fonld be os severe as-
the total loss of all salnion runs in thcJocabatoa-
because of nltemnicb avioudU'Cspiinscii*tcLSIik;
lethal oil pollution.

viduals.

Assessments of the impact of oil pollution can-
noTdepFmrsolelyoh evaluatign ofimmediate kills
ofdrg'dmsmsTrbm acute exposures. Chronic low-
Tevel oil~pollution can cause subtle changes in
organisms and is.p”eailairy_niore-darigerousJiL
the ecosystem than dramatic catustrophic-spiHs,—
For this reason, the effects of chronic pollution
warrant intensive study so that they will not be
underestimated. The cumulative impact of
"ecological death” of individuals which have im-
paired functions mav be_auitc. significant, vet

"difficult to assess because the death is not tied
djfe'ctly—fo~an acute oil expoaure. Equally as
dangerous is the potential impact on populations
wiTenrTepfoducllyerpToifessesZodver™ly~ffected
through physiological or behavioral mechanjsms,
result in Jfower proeenv. Chronic pollution may
eliminate a species froman area entirely, and once
eliminated that species may remain suppressed-
:and-may-not-rep<ipulntc-the-area-hecause of-con.
tinuing-pollutiOTt orbecause its_niehehns been
fille~d*by a more tolerant, possibly less desirable.
species.

The adverse effects of oil on animal populations
has been of wide concern when stocks of special
interest, such as those providing the basis of a
sport or commercial fishery, have been involved. It
shottld.b.CLECtaemherccLtiiat. changes in popula-
tions. of .lessex_appa«mt_significnm:e*wilUalso—
cause- changos-in_tkc-canimunity .because.each__
specj.es population interacts with and is dependent
QlUJie..CSt_pQhctcgm munity, L

The foregoing review of information does little
to simplify or ease the problems of policy makers
concerned with marine production and transpor-
tation of oil nnd petroleum products. The weight of
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the evidence loaves little doubt that oil nosfis-R-
senous hazard to living marine rggoucceg—thal.
sflills and chronic pollution have happened and

’ill continue to occur, and thut the interests ofthe
marine environment are best preserved if marine
transportation of oil and petroleum products is

minimized. The continuing need for new sources
and increased amounts ofenergy, however, limits

many of the conservative und prudent alterna-
tives to these hazards. Until research has provided
conclusive data, policy makers must continue to
rely on these interpretative judgments for much
of their guidance in making decisions that can
profoundly affect the well being of marine
ecosystems.
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ALASKA LEGISLATION - 1976
S-B. 557
OIL SPILL PENALTIES

This bill, which amends H.B.. 137, Chapter 129 of the 1977 Session,
should be further amended as follows:

1. Section *16.03.758(a) (2) is amended to read:

"the enaet- nature and entent ef Oii peliutien ean be
neither deeumented witn eertainty ne? ppeeisely
guantified en a spiil-by-spill basis-j- hewever-j-
in light of the magnitude of harm which may be
caused by oil discharges, and the vital 1importance
of commercial, sport and subsistence fishing,
tourism, and Alaska ® natural abundance and beauty
to the economic future of the state, and its quality
of life, it is the judgment of the legislature that
substantial civil penalties should be Imposed for the
discharge of oil, in order to provide a meaningful
incentive for the safe handling of oil and to Insure
that the public does not bear substantial losses fronm
oil pollution for whichT beeause e~ its subtle”™ iep.g-
fepm Op unquantifinble nature, compensation would not
otherwise be received-}- and however, it is not the
intent of this section to linnose a c_iyll penalty for
discharge of oil where there 1is no demonstrable
damage to the environment; andf?

This amendment is the most important of the four. It deletes the
reference to unquantiflable damage, a thoroughly 1illogical concept
which no one has ever been able to explain, and it adds language to
require a demonstration that environmental damage has occurred
before penalties under this law can be Imposed.

The existing law, which does not require evidence of environmental
damage before imposing penalties, must be considered punitive. Yet
subsection (a)(3) states this should not be the case.* Thus, this
amendment would render the penalty remedial rather than punitive.

2. Section *16.03 .758 (b) (1) 1is amended to read: |

"Subject to subsection (a)(2) and to (-3 (2) of this
subsection, the penalties for the following categories
of receiving environments may not exceed"

Making the penalties subject to subsection (a)(2) 1is a precaution t
ensure that penalties will not be 1imposed unless it is demonstrated
that environmental damage occurred.

AN"ETTToy5~8~(1M~(3) "in order to provide an incentive which 1Is
effective, but not punitive."”



The change from (3) to (2) is a technical change. There 1is no (3)
in subsection (b).

3. Section 26 .03 .758 (d) is amended to read:

"The schedule shall vary according to the toxicity,
degradabllity and dispersal characteristics of the
oil. The schedule shall also vary according to the
sensitivity and productivity of the receiving
environment. And, the schedule shall take 1into
account seasonal changes. Variations under this
subsection may be by subcategories of receiving
environments, specific receiving environments,
or both. The maximum penalties established 1in (b)
of this section shall apply to discharges in the
most sensitive and productive of receiving
environments within each category of receiving
environment, and the penalty shall decrease for less
productive or less sensitive receiving environments."

This is consistent with past arguments that seasonality 1is an
Important factor 1in determining potential enviromental damage.
Also, i1t reinforces our Tfirst amendment. "Less" 1is added before
"sensitive"” in the interest of good construction.

[. Section 6.03.758(g) 1is amended to read:

"Except as provided in (f) and (Jj) of this section, the
entire penalty specified in the regulations shall be
imposed, except that a person who discharges oil into
a receiving environment may demonstrate, by a pre—
ponderance of evidence, that mitigating circumstances
relating to the effects of the discharge would make
imposition of the full penalty inappropriate. In
determining whether mitigating eipeumetaneee eniet-y
the eourb shall peeegnise that seientifle knowledge
pertain*ng te-oil spills is very limited end if there
io inouffieient knowledge either to prediet a base
eaoe or to show mitigating eireum.Btaneeo varying from
that base easeT the administratively established
schedule of penalties shall apply. Only when no such
initlgating circumstances exist shall the schedule of
£ull penalties applyTTr

The language deleted describes the body of scientific knowledge
pertaining to oil spills as "very limited.” This 1Is simply not
true. The scientific community, academicians, government, and
Industry have produced volumes of data on the fate and effects of
oil spills "an abbreviated bibliography 1is attached), and their
work 1is continuing. Therefore, the deleted sentence cannot be
Justified.



Sponsor Analysis of HB 137

1. Need for the legislation

Oil pollution can and does cause a wide range of
harm to renewable resources, and the environment in general.
Many t>pes of harm, which can have devastating long-term
effects on important marine resources, cannot be quantified.
Included within this category are mortality to fish and
shellfish larvae, food chain contamination, carcinogenic
effects, and chronic toxicity. (See "Effects of Oil on
Marine Ecosystems: A Review for Administrators and Policy
Makers,"™ Evans and Rice (1974), copy of which is attached to

this analysis.)

Much of the damage caused by oil pollution can at
least partially be seen -- oil-smothered beaches and inter—
tidal areas, dead birds, marine mammals and the like. Yet
even here, under existing state and federal law, the public,
and the industries which depend upon the productivity of the
sea, must bear these damages without compensation. As im—
pressive as oil spill liability statutes may ceem on their
face, the fact of the matter is that traditional concepts of
burden of proof will normally pose an insurmountable barrier
to effective redress for the great bulk of harm caused by

oil pollution.



In Alaska, the primary remedy for recoving damages
for oil pollution is AS 46.03.822, which provides a strict
liability remedy for those damaged by oil discharges. Yet
it must be remembered that, to receive any compensation
under the statute, the plaintiff must prove actual loss, the
precise economic value of the loss, and causation. It is
naive to believe that in any but the most basic cases can
that burden be met. For example, let us suppose that, two
years after a major oil spill, the salmon run in the area
declines by 30%. Is that decline attributable to the oil
spill? Natural fluctuation? Hard winters? Overfishing?

A little of each? An even greater problem, of course,
arises with regard to the subsistence user, who must prove
not only causation, but must also meet his burden of estab—
lishing an exact dollar figure for lost subsistence oppor—
tunities . As the Court of Appeals for the Ninth Circuit
warned in Union Oil Co. v. Oppen, 501 F. 2nd 559 (1974),
after holding that commercial fishermen could sue for lost

profits due to oil pollution:

"To [recover any damages] it must be shown [by the
fishermen] that the oil spill did in fact diminish
aquatic life, and that this diminution reduced the
profits the plaintiffs would have realized fronm
their commercial fishing in the absence of the

spill. The reduction of profits must be estab—
lished with certainty and must not be remote,
speculative or conjectural. . . . These are not
small burdens, nor can they be eased by our abhor—
rence of massive oil spills. All that we do here
is to permit plaintiffs to attempt to prove their
case. . Id at 570.



The problem, of course, reaches unmanageable
proportions when the state, on behalf of the public, seeks
redress for harm caused to its natural resources. Here we
deal not with lost profits, but with the diminution of the
guality of the state -- lost recreational opportunities,

decreased tourism, loss of heritage and the like.

The State of Maine considered it a major victory
when a federal district court ruled in Maine v. M/V Tamano,

357 F. Supp. 1097 (D.Me. 1973) that the state could sue for

these kinds of damages. The difficulty, of course, came
afterwards - in translating the harm from the spill into a
dollar figure. Maine was Tfortunate in this instance. The

primary visible harm was the direct coating of commercially
valuable clams. The state actually conducted an on-site
survey, and counted the dead clams. Yet even here, the
inability of the state to put a dollar figure on the value
of "in place”™ clams forced an out-of-court settlement of

$750,000.

In most cases, however, the burden on the state
will be far more formidable. While dead clams can be more
or less effectively surveyed, most species cannot. And what
of the indirect damages to commercial species -- such as
food chain contamination? And the problem of valuation of
non-commercial species? What is the "in place™ value of a

trumpeter swan, or a whale?



Alaska®s answer to this problem has been the
modest civil assessment provision of AS 46.03.760, which
provides for an assessment of not less than $500, nor more
than $100,000 for oil spills, based on the toxicity of the
substance discharged, and the receiving environment. The
statute is intended to provide "liquidated damages™ for harm

caused by oil pollution.

The most glaring problem with the statute is the
$100,000 upper limit. In light of the fact that in many
situations, the only recovery the state will make will be
under sec. 760, the $100,000 figure seems ludicrous when

applied to a Torrey Canyon or Santa Barbara.

The $100,000 figure is unreasonably low for an—
other reason. Any civil penalty scheme should be regulatory
as well as remedial. The penalties should be sufficiently
high to constitute a meaningful stimulus to comply with the
laws which they enforce. A potential maximum exposure of
$100,000 no doubt fails to even register in the cost-benefit
analysis of oil handling operations. An illustrative anec—
dote might be provided here. Last summer, Exxon Corporation
willingly paid the U. S. Environmental Protection Agency
$100,000 in civil penalties for a 200-400 gallon discharge
of oil into the Beaufort Sea, to protect a "tight hole™ from
potential exposure in litigation. With regard to oil spills,
sec. 760 fails its regulatory, as well as its compensatory

role.



Sec. 760 1is prirarily addressed to continuing acts
of pollution - by depriving the discharger of the economic
incentive of continuing to violate state law. It is not an
appropriate enforcement mechanism for single-act oil spills.
Even with the presence of the toxicity and receiving envi—
ronment criteria, it is still exceptionally difficult to
apply to any given oil spill. A person simply has no means
of assessing his potential liability under the law. A trial
to set the amount of the assessment remains largely potluck,
and, as a result, there have been none. Cases under the law
languish for years, while the private and public bar argue
across the negotiating table as to whether the spill in
question is a $500, or $50,000 discharge. There are more
efficient, as well as more effective ways of protecting the

public interest.

2. Major 1issues regarding HB 137

A. What 1is a civil penalty?
Although called a "penalty,” the primary purpose
of a civil penalty is to compensate for public harm, and to
effectively encourage the regulated industry to comply with
the laws which 1t enforces. See U.S. v. Mar.-Tee Contractors.

F. Supp- , 8 ERC 1925 (D.N.J. 1976). In both
intent and operation, HB 137 1is remedial and regulatory,

rather than punitive in nature.



B. Why dollars per gallon?
Civil penalty schemes are usually open-ended -
li.ke current sec. 760 -- with a broad range between the
lower and upper limits. This inevitably leads to the prob—

lems the state has faced with sec. 760.

The consequences of oil pollution should be defi—
nitively and unequivocally established from the outset. The
dollars per gallon approach objectively grades the penalty
according to the degree of public harm caused. The approach
also furthers the regulatory purposes of the bill, by in—
creasing the incentives for safe operation according to the

amount of oil handled.

C. Why should an administrative agency establish

the dollars per gallon schedule?

In the bill, the legislature establishes both the
amount of the penalty, and the criteria for its application.
What remains is a ranking of the relative sensitivity of
receiving environments, and the relative toxicity of various
types of oil. That is a technical effort which 1is properly

vested in an administrative agency.

It might be argued that the establishment of a
particular dollars per gallon figure should be established
on a spill-by-spil®l basis by the courts. That, of course,
would lead to precisely the same problem faced in utilizing
current sec. 760. Moreover, courts are simply not equipped

to make these kinds of relative judgments.



