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I. EXECUTIVE SUMMARY

A program to strengthen the capacity of the Jamaican Office of
Disaster Preparedness and National Response Team to deal with oil spills
has been completed. Jamaica is on five major petrcleum shipping routes.
Annually, hundreds of millions of barrels of petroleum transit within
miles of the coast. A series of accidents in the shipping lanes has
increased the awareness of possible catastrophic spills on Jamaican
shores. The program trained 55 persons in a hazardous substance workshop
20 persons from the government and the University in "hands-on" details
of hazardous substance testing, the National Response Team and the
Jamaican Oil Spill Committee in toxicity of various dispersant products
and in the potential applications of non-~toxic dispersants for Jamaica.
The program helped the Jamaican government, especially the strengthened
ODP make the ftransition from "reactive" environmental management to
"anticipatory" environmental management. The development of ODP and
other Jamaican agencies affected other nations who were eager to follow
the Jamaican pattern.

The basic scientific program had 9 sections for which importait
new scientific data was obtained:

1) Coral laboratory testing - carried out at Discovery Bay Marine
Station with FIU (Florida International University), ODP, NRCD
and the University of the West Indies (UWI). Results published in
4 articles.

2) Seagrass toxicity testing - carried out at IMERU labs in Kingston
with FIU, NRCD (Natural Resource Conservation Department of
Jamaican Government) and UWI personnel. Results published in 4

articles.

3) Fish testing at Port Royal and Discovery Bay with UWI and FIU
personnel. Results published in 2 articles.

4) Mangrove lab testing carried out at the UWI Botany Department
greenhouses.

5) Technology transfer for hazardous and toxic substance testing

methodology to Jamaican government and University workers.
Hazardous waste management workshop by P.I., January 1988.

6) Presentation and discussions with Jamaican 0il Spill Committee
and National Response Team to incorporate the data into their
procedures for oil spills. Spring 1990.

7) Constructing an ecological map of important matrix coastal
organisms known as "sensitivity map. Spring 1990.

8) Field Testing: 1) monitoring of mangrove and seagrass training
(completed), 2) toxicant application, 3) mangrove/seagrass/coral
field testing for least toxic dispersant to be done near airport
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in Palisados (not completed).

9) Presentation of the data to the International Community of
scientists and spill response personnel on a series of
international meetings in the Caribbean and elsewhere.

The Development aspect had the following aims:

1) To strengthen the response capability of ODP to deal with
hazardous substance spills (especially o0il) and emergency
handling of toxic substances. ODP is the coordinating agency for
hazardous material response in the Jamaican government.

2) To relate this information to the needs of the Jamaican 0il Spill
Response Team who had originally formulated the questions of
applications of dispersants to oil spills.

3) To help the other LAC countries by ODP sharing this in“ormation
through UNDRO, UREP’s 0il Spill Contingency Plarnning Cummittee,
the National Response Team, the regional response coordinator
(sent by USAID), etc.

All these development gonals were reached and surpassed
expectations.

The research was shared by Jamaican delegates to UNEP, UNDRO and
Caribbean Regional Seas 0il Spill Committee as well as the regional IMO
representative (Matt Dillon) as rapidly as it was generated. Indeed,
during the Kuwait war, we continually faxed upon request to the Middle
East (Saudi Arabia, Bahrain, etc.) and to UN agencies much of the yet
unpublished information. Evidently, during the Kuwait War 0il Spill,
Saudi Arabia sent out a request for information about dispersants to
UNEP, FAO and certain petroleum companies. Our data was simultaneously
faxed to them by FAO, UNEP and the Mobil 0il Company. In fact, both
Mobil Oil and the United States Coast Guard hand carried the entire set
of data and Teas’ earlier data to Saudi Arabia during the spill.
Evidently, two other sources sent our data to Bahrain and Qatar at this
same time. The Canadian government’s effort to predict the impact of the
spill on Qatar and Bahrain with a spill simulation model included our
data in their immact model.

The proof that this was cutting edge information was in the number
of nations and scientific agencies who requested and wused the
information. The immediate and global information transfer by fax
requests, by international agencies and by invitation of many
governments shows that a "usefulness" and "development" potential from
the scientific standpoint exists beyond original expectations.

The disaster of a large o0il spill could seriously impede the rapid
and important tourism development in Jamaica and other 2nd and 3rd World
nations, decimate coral reefs for a century, and decimate sSeagrass
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nurseries for fisheries and mangrove rorests for decades. Preparedness
has long been the solution sought by the Jamaican Office of Disaster
Preparedness. There are only 4 ways of handling an oil spill: 1)
Mechanical clean-up, 2) Dispersants, 3) Beach clean-up, and 4) Do
nothing (0il goes where it will). Recognizing that in the U.S.
mechanical treatments for clean-up are only effective 15% of the time
(Siva, 1989) - a fact long apparent to ODP and ‘*hat oil on Jamaican
beaches could be extremely debilitating in terms of foreign exchange,
ODP long ago decided that Jamaica needed as full an arsenal as possible
for at-sea clean-up techniques. The missing link in their tools was to
ascertain whether any of the current dispersant products for handling
o0il spills at sea would ke of low toxicity to the Jamaican coral, fish,
seagrasses and mangrove should a portion of the at-sea clean-up activity
come to shore.

Then came the scientific information during our project (from one
of our investigators) that the way to protect mangroves from being
killed by o0il was to first disperse them (Teas & Duerr, 1987). This left
the nearshore spill question, "Are there dispersants which will not kill
corals, fish and seagrasses but which will save the mangroves?"

These two issues, offshore large-scale o0il spill protection and
nearshore protection, led us in the same direction: To test a wide
variety of dispersant products to see if any were low toxicity.

The appropriate mode of testing of tropical organisms to hazardous
substances had been establ.shed previously by Thorhaug and by Teas.
Application of information, technology transfer to Jamaican Government
workers and scientists and hands-on training were the methods used for
this project.

In terms of scientific success, the laboratory testing programs
and map construction for ¢orals, mangroves and seagrass and the
supplement provided by the USAID Jamaica for fish was completely carried
out with highly interesting results:

1) This was the first time in the world an array of dispersant
projects has been systematically toxicity tested over an array of
important tropical organisms and a range of concentrations and times.

2) The organisms tested all basically ranked the dispersed oil
products similar in toxicity ranking. There were low, medium and high
toxicity dispersed oil products at concentrations which had been used in
Jamaica.

3) The coral, fish and seagrasses were 20 to 100 times less sensitive
to death by o0il toxicity than were mangroves (However, mangroves
frequently encounter far higher levels in a spill).

4) The three low toxicity products had been ranked by o0il chemists
for efficiency and two were fairly effective.



5) The time of exposure was important. Fish could generally not
tolerate more than six hours’ exposure of any compound at high
concentration.

6) A sensitivity map on which to plot spills was made for the first
time for Jamaica.

7) The results showed the IMO guidelines now being adopted by many
developing nations for lack of a better international standard to not
use dispersants nearshore may indeed be incorrect and damaging to
resources since mechanical clean-up only works 15% of the time in
developed countries. These results and the mangrove results show a role
for non-toxic dispersants in reducing impact of o0il spills on nearshore
tropical systems. A "non-toxic" dispersant may be the choice of
nearshore clean-up. IMO has recognized this and has asked Dr. Thorhaug
to reverse this policy.

8) All this led o the 0il Spill Response Team drafting and agreeing
on a non-toxic dispersant use policy, which was submitted to the
government.



II.

INTRODUCTION

Jamaica sits on the path of five o0il shipping routes. Jamaican oil
spills frequently have not been able to be controlled by mechanical
means. Near-miss catastrophes could be environmental disasters.
Ecological resources lost could have been saved if dispersants were
available for use.

Two major goals were to be met by this project:

A.

Transfer of the process of creating standards for toxicity by
testing tropical coastal organisms. The national standards for
release of hazardous substances was done by training and
purchasing and leaving equipment.

Scientific tests by which the critical matrix organisms of the
Caribbean and Jamaica may be tested establish tolerance limits
to the selected hazardous substance ("dispersants"). Products
were categorized high and low toxicity. Concentration limits for
dispersants were set.

1. Considerable time and effort were spent doing extensive
laboratory tests. Tests were carried out after U.S.
counterparts conducted training. Jamaican participants from
ODP, NRCD and the University of the West Indies carried out
much of the work. Three seagrasses, three corals (species
as recommended by the chief Jamaican coral expert, Dr.
Woodley), three mangroves and three fish species
(recommended and collaborated by UWI professor Karl Aiken)
were tested. This was the first time anywhere in the world
this array of dispersants had been tested on corals or
mangroves.

2. The seagrass, coral and mangrove were monitored after
exposure to hazardous substances. These techniques,
measurements and statistics were taught to the Jamaican
workers who can use the monitoring techniques on sublethal
effects of other pollutants and hazardous substances in
field and laboratory.

3. Field testing (although delayed by Hurricane Gilbert and
elections and finally not approved) set up and prepared to
monitor for mangroves and seagrass. This gave ODP, NRCD and
UWI the techniques of monitoring after a spill.

4, The planning tool of a "sensitivity" resource map where
scenarios for o0il spills could be run or a real spill could
be plotted. Dispersant guidelines were constructed. The
meetings were held with concerned parties as to "if, when
and where" dispersants might be used as a second line of
defense if the mechanical means failad (about 85% failure
rate of wmechanical in U.S. - Siva, 1991)

5. A dispersant policy was discussed by a sub-committee of the
Jamaica 0il Spill Committee. This sub-committee took the
Bonn agreement to study the dispersant policies of other
nations. It proposed its own policy for Jamaica to keep oil
from impacting living resources.
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10.

Meetings were held to review 0il spill contingency plans of
other nations.

Through UNEP (Regional technical Meeting in Kingston,
January, 1990, by B. Miller, Dr. Anderson, Gardner &
Thorhaug), UNDRO (newsletter and conferences, McDonald &
Carby), IMO cCaribbean representative (Matt Dillon), 1991
International 0il Spill Meetings 1989 & 1991 (Thorhaug &
Carby), International Coral Reef Symposium (Thorhaug,
1989), Australian International 0il Spill Meeting
(Thorhaug, 1988), ONSED prep meeting on women and
development world-wide, scientific journal articles, and
through 1IMO, UNEP, IOC and FAO, the information was
transferred to the Caribbean and other developing
subtropical and tropical nations. During the Persian Gulf
crisis a great many parties requested the information: U.N.
agencies (IMO, IOC, UNEP, FAO, World Bank, ONSED); U.S.
(Coast Guard, EPA); Governments of Saudi Arabia and
Bahrain.

In addition, the U.S. public wished explanations. Voice of
America had 3 interviews, TV-12 and a public information to
school children (Dial-a-Teacher).

The United Nations has requested the services of Dr. Anitra
Thorhaug with respect to the Persian Gulf Clean Up. The UN
has been in constant communication with the Kuwait spill.
The trip included Oman, Iran, U.A.E., Qatar, and Saudi
Arabia. Considerable attention was paid to our dispersed
data during the early days of the Kuwait spill by FAO,
UNEP, IOC and the Saudi government and clean-up people.
The UNDP 1is raising $2.7 billion for clean-up and
restoration of the Persian Gulf hased on this report of Dr.
Thorhaug.

Other nations are now in serious proposal stages to repeat
this: a) Egypt, b) Saudi Arabia, c) the United Arab
Emirates



IIT. THE SIGNIFICANT GOALS ACCOMPLISHED

A, Training of Government, Industry, University in hazardous
sukstance toxicity.

1. Theoretical Training
A one week course taught by a joint faculty of Office of
Disaster Preparedness, Natural Resource Conservation
Department, Florida International University and Dr. Howard
Teas, University of Miami. Participants included five
government agencies (ODP, Agriculture, Fisheries, Testing
& Standards), wuniversity students and industry (oil
industry). The lectures included hazardous substance
management, toxicity testing methods, procedures,
statistics and standards setting to be used for tescing
tropical matrix organisms (See Appendix A). Field work for
monitoring mangroves and seagrasses was included. Hazardous
substance toxicity testing training was specifically
denoted for tropical organisms. Use of dispersants as the
"model" substance for hazardous substance testing was
emphasized. Sixty students were well trained.
2. Practical Training
a. Gronp Toxicity Training
Training: The course included hands on field and
laboratory training for two days for twenty students.
Mangroves (Teas), corals and seagrasses were
emphasized.
b. Special coral toxicity training
The actual testing of corals was uscd as a training.
Participants included NRCD, ODP and UWI coral reef
experts. It occurred at the Discovery Bay site of UWI
by Dr. A. Thorhaug. The *echniques of hazardous
substance application, acute and chronic stress,
physiological reactions of matrix organisms, dosage
concentration effects and time of exposure.
c. Seagrass laboratory toxicity testing
The group included NRCD, ODP, UWI, PVO and UNEP
personnel. The training was in Kingston. All above (b)
parameters were instituted. Mrs. Beverly Miller was
leader of toxicity testing along with Dr. Thorhaug.
d. Fish laboratory toxicity
The training was carried out at UWI with UWI and NRCD
personnel. Dr. Karl Aiken was the Jamaican counterpart
with Dr. A. Thorhaug and students from UWI.
e. Field monitoring. Mangrove and seagrass toxicity
monitoring were set up in the field and taught.
B. Scientific Results Accomplished
1. Seagrass Toxicity

Laboratory results have already been published in good part
in Proceeding 1989 & 1991 0il Spill Symposium Proceedings,
UNEP’s Siren and the attached manuscript to Marine
Pollution Bulletin and Science (Appendices ) and Dr.
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Thorhaug’s 2 review chapters in "“CRC Handbook Tropical
Marine Pollution", 1991 and "YEcological Aspects of
Dispersed 0il", 1989 ASTM (M. Flarety, ed.). Results proved
the original theory. Seagrass show definite differences
between dispersed oil products. High toxicity products
include Conco K, Wonder-O (local), Kemarine (local), V=25,
Petrogreen, Corexit 9527 ADD. Medium to low toxicity were
Finasol, Corexit 9550, Jansolv, Clean Cold, Elastosol (a
solidifier). This is the first synoptic study on the
ecological effect of any sclidifier. Variations between
species were: Thalassia testudinum, more tolerant; Halodule
wrightii, 1less tolerant; Syringodium filiforme, 1least
tolerant but close to Halodule.

Coral toxicity

Three species chosen by Dr. J. Woodly, coral reef expert
for Jamaica, represented the structural reef-building coral
(Montastrea annularis), crest of reef - most likely to be
impacted in an off-shore oil spill, (Acropora palmata) and
estuarine and back-reef coral (Porietes porietes). The
results were published in Proceeding 1989 0il Spill
Conference, UNEP Siren and the attached =anuscript to
Bulletin Marine Pollution. Results showed definite toxicity
differences between species in the same ranked order, as
above references for seagrass [II. B.1l.] The results showed
Acropora palmata (crest of reef) far more sensitive than
Montastrea annularis and least sensitive 1s Porietes
porietes.

Mangrove toxicity

Special emphasis on the mangrove toxicity was needed.
Results for "pot" experiments of red mangroves from Jamaica
and Florida (7 of each of 12 dispersants) showed no
mortality and no statistical significance from specimens
exposed to 125 ppm dispersants in oil (1:10) for 12 hours.
Higher concentrations were attempted when Dr. Teas’ survey
of real spill situations concentrations of o1l in mangroves
showed up to 500 to 10,000 ppm of o0il on mangroves around
the world. The higher concentrations for 24 hours 1250 ppm
showed mortality of species as a function of dispersants.
In general, toxicity to dispersed oil products ranked in a
similar pattern to seagrasses.

Field tests on mangroves

The fields tests on mangroves initiated by Dr. Teas at
Turkey Point in 1983-5 showed that mangroves were killed by
oil alone, but that dispersed oil with Corexit 9527 on
mangroves saved mangroves. Field experiments using Cold
Clean, Corexit 9550 and Finasol OSR-7 were set up in the
airport lagoon area of Palasadoes, Kingston. Workers were
trained t» measure the mangrove parameters, which are the
same monitoring after many pollutants. No oil or dispersed
0il were administered. The field venue was changed to
Miami. The mangrove field testing was set up at Turkey
Point, then changed to FIU North campus and set up.
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Field tests on seagrasses were set up at the airport on
Palasadoes, Kingston, Jamaica and Jamaican workers were
trained in nmonitoring the effects of pollution on
seagrasses. No oil or dispersed oil was administered. The
field site was changed to Turkey Point, then to Florida
International University, North Campus. Preparations for
monitoring seagrass were made at both those sites.

The first comprehensive map of Jamaica’s coastline with
important matrix organisms (corals, mangroves, seagrasses,
fish) and fishing, beaches, fishing grounds, tourist
beaches, harbors and ports was constructed. This has
already aided in exercises for o0il spill clean-up. It will
help in spills and contingency planning for spills.
Solidifier tests. The group tested the effect of a second
type of o0il spill clean-up tool - <the solidifier
"Elastosol". This is the first synoptic ecological testing
on this category of clean-up tools. The tcol had extremely
low toxicity which means it has great promise in extremely
sensitive areas such as coral reefs.



C. Development Goals Accomplished
Development goals met were that the O0il Spill Committee
discussed formulating a "non-toxic" dispersant policy which had
not been previously available. This policy could then be
drafted. Thorhaug brought a collection of European and North
American policies. These were studied by a subcommittee of the
Oil Spill Committee for the drafting of the Jamaican policy.

Second, the entire set of new data was presented to the 0il
Spill Committee with scenarios of real '"near-misses" of
disastrous Jamaican oil spills which showed that the potential
was present to cause large coral reef and fish nurseries death
and destruction. The same "“near-catastrophic" spill, if
dispersed at its point of origin would have left the Jamaican
coast unharmed. The ccmmittee has done a series of contingency
planning exercises with the data from this project already.

Third, through the UNDRO, IMO (Caribbean representatives), UNEP
(0il Spill Contingency Planning Committee), and FAO, a great
many nations now have and are using the data who were not
previously. Jamaica ODP directly functioned in the development
of other Caribbean, African and Pacific nations. Antigua, Puerto
Rico, Virgin Islands, other islands of the Lesser Antilles,
Guatemala, Panama, Venezuela, Egypt, Ecuador, and due to Bostid
support for A. Thorhaug to Kenya, the African nations were able
to obtain material (Kenya, Tanzania, Ghana, Nigeria,Guinea
Bissau, Somalia and Sri Lanka). They formed a committee to ask
IMO to change the policy to use dispersants nearshore.

Beyond the external development, there was inter-ministry development.
The various agencies of the Jamaican government had various viewpoints
on the issue of o0il-spill clean-up during the project. A series of
debates between levels within ministries and among ministries were
spawned by this project. The complacent reliance on mechanical means of
clean-up which was only effective in a small percentiige of cases and
could not be effective in a large or catastrophic spill was examined for
the first time by fisheries and NRCD on a serious level. The debates
were health growth processes fcor the addressing vechnically and
politically of why the protection from large spills was important. Few
ministries which participated in oil spill clean-up were left at the
same level of technical knowledge. A lot of learning a&bnut recent
advances in spill clean-up occurred. Particularly interesting was the
fact that evidently certain groups stock-piling petroleum had been using
dispersants for clean-up of small spills for some time although
dispersants were not allowed. It was acknowledged by all that frequent
small to medium sized spills had to be controlled and that some were
more successfully handled than others with the existing mechanical
equipment. The failure of mechanical equipment fregquently caused beach
clean up. Most of the Jamaican shcreline is sensitive ecologically,
particularly the north coast and estuaries on the south coast. There are
only four options: mechanical clean-up (needs immediate action, large
amount of expensive equipment and is 15% effective), beach clean-up,
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"do-nothing-let-oil-go" and dispersants. There were large differences in
opinion about the risk to ecology and tourism caused by the petroleum
tankers and other ship traffic, stored petroleum, future potential plans
for potentially refining petroleum. Anticipatory environmental
management, since it prepares to avert a future disaster, always
generates these arguments. As the world faces larger and larger oil
spills each year of the project, some reality of what a massive spill
could do occurred for the participants. ODP felt a detailed risk
analysis could show the real threat. The situation that six spills occur
per year and that a major spill (as a series of "near-misses" have
already shown) could find Jamaica without the eguipment and protection
was motivating the 0il Spill Committee to find alternate solutions to
the clean-up and other sectnrs. The fact that chemicals would be used to
combat the petroleum was evidently an issue with other groups. The
establishment of non-toxicity of certain dispersants at levels 10 times
higher than use in Jamaica to indigenous organisms were of value in this
set of internal arguments. This same set of discussions is happening in
many Caribbean, LAC, African and Asian nations now.

The accomplishments that remain in Jamaica are the following:

1) The ability and equipment to test other toxic substances

2) The expertise to test toxic substances

3) The hazardous waste management training framework which is now
beingy utilized in government and private sectors, especially ODP

4) Increased ability to handle large scale or small scale oil spills
5) An increased awareness of risk of spills in government, 0il Spill
Committee and university circles

6) A leaderrchip role for Jamaica in regional o0il-spill and
scientific testing capabilities.

The production and uses of our information far exceeded our original
estimates due to the obvious need of a series of groups for the
information. The level to which this project was able to influence the
development of "anticipatory" environmental wmanagement of toxic
substance spills throughout the developing and developed subtropics and
tropics was beyond any anticipated goals.

1) International Organizations requesting our data:
International Maritime Organization -~ 0il Spill Branch; United
Nations Disasteir Relief Organization, UN Food & Agriculture
Organization - Fisheries branch, UNESCO, United Nations
Environment Program, World Bank, UN Development Program, UNEP
Regional Seas.

2) National Governments requesting data:
Antigua, Venezuela, Ecuador, Netherland Antilles, other islands
of the Antilles through regional IMO and UNEP Regional Seas
program, Belize, Costa Rica, Cuba, Trinidad, Kenya, Somalia,
Nigeria, Egypt, Israel, Saudi Arabia, Qatar, UAE, Oman, Iran,
Turkey, Guinea Bissau, Canada, Mexico, Islands in Pacific,
Australia, Indonesia, Malaysia, Brunei, 1India, Pakistan,
Mozambique, Sri Lanka, Thailand, Caribbean and LAC nations
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3)

4)

5)

a)

b)

b)
C)

-]

aj

£)

through UNDRO and UNEP regional seas.

Scientific contributicns which published data:

ASTM book on "Ecological Effects of Dispersants". Chapter by A.
Thorhaug, 1989. "Tropical 0il Spill"

CRC book "Polluticn in Tropical Systems" chapter by A. Thorhaug
"Tropical and subtvopical cil spills"™.

Presentations at International Meetings of Coral Reef, Mangrove,
0il Spill, Kuwait War in Australia (1987, 1988), Xenya (1990),
International 0il Spill (1989, 1991) on Dispersants, Mar. Pill.
Bull (1991).

Public Media for Service

TV - Miami - 16 presentations

Radio - 7 presentations (Voice of America)

2 editorials [Washington Post, iiiami Herald, El1 Nuevo Herald]
CNN has requested all data for a special they are doing.

Coordination with spill coordinators:

In Caribbean through IMO in Puerto Rico for Caribbean region and
UNEP 0il Spill Committee

In Persian Gulf Kuwait war crisis clean-up

In Region IV. Training session (GOM and Coast Guard)

In Florida drill of US Coast Guard

In Environment Canada review of ecological toxicological
literature

IMO has asked Thorhaug to review its 0il Spill Guidelines with
respect to mangroves, corals, and sensitive tropical areas.
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IV. PROJECT CUTPUTS AND ACTIVITIES

A. Prcject Productivity

The productivity of the project far exceeded the anticipated outputs.
The major goal was to set up the process for testing hazardcus
substances on local critical orgenisms, train workers, create a
sensitivity map, obtain useable results and allow ODP to be able to
use the results for crisis management. All of these goals were
accomplished. The greater productivity was a combination of the high
level of interaction of the project personnel with the international
communities of emergency response and environmental protection.
Through UNDRO and UNEP the project had built up networks. Through
their delivery of talks about the project data and design, a great
many nations approached individuals on the projects for further
information, assistance, advice, reprints, and even direct
consultation.

Two portions of the final project appeared important to ODP add. 1;
The creation of a sensitivity map on which ODP could predict the
impact of o0il spills on Jamaica’s ecosystems and 2) The testing of
fish toxicities to dispersants. The USAID in Kingston very kindly
provided us with a subsidiary grant by which we could carry out this
work. This also was completed in spring of 1990 and presented by the
ODP to the 0il Spill Committee and at scientiiic meetings.

The one experimental step was not completed: field training. The
Jamaican training portion of the field testing was done in January
1988 and in the summer of 1983, but the testingy of dispersant products
was not allowed. We had complete permits in 1989, had chosen and
marked sites behind the airport in a lagoon scheduled for construction
in a few years for a runway, had purchased equipiment and trained
personnel to carry out the field monitoring when the newly elected
government NRCD board wished to review the permit. The NRCD board had
been involved in site selection originally. After 9 months of review,
they withdrew the permit. The CDP, USAID, and FIJ decided to move the
site to Miami where all permits were in place and past mangr-ve-
dispersant field testing had occurred. The permits were reviewed by
county, state and federal government. These plus insurance
requirements were given to tne ovners of the land, the Florida Power
and Light Company(FP&L). After 6 months of considerations, FP&L
withdrew the formar "lease" due to liability considerations under the
new hazardous waste laws of the county and the state. The site was
moved to FIU Bay Vista campus. After receiving affirmation of permits
from FIU, State and County, the federal government said this might
take up to 2 years to get the permit.

B. Training
1. Hazardous Waste Management Conference
This training was over and above originallv mandated.
2. Training for toxicity testing

This training was fully executed as proposal outline.
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Scientific Presentations

1'

International 0il Spill Conference; February 1989 and 1991,
San Antonio, Texas and San Diego, California. Biannual
conference by U.S. E.P.A., U.S. Coast Guard and Petroleum
Industry. The Jamaican data presented to large audience by
Carby and Thorhaug. A lot cf comment of favorable nature
including U.S. 2.P.A. (John Riley) and U.S. Coast Guard (La
Vache, regional heads, Corbett), and foreign governments.
Dr. Carby, ODP, presented 1991 paper.

Australian International 0il Spill Conference

A. Thorhaug invited by Australian government to
international meeting on o0il spill clean-up. She delivered
two lectures. One on mangrove/seagrasses and the second on
coral tc representatives of sixteen nations in Indo-Pacific
and International Association of Environmental Managers
from the Petroleum Industry.

United Nations Disaster Preparedness Conference

Dr. McDonald, Mr. McFarlane and Dr. Carby helped organize
this mecting of Disaster Experts. Dr. Thorhaug spoke on how
to organize country oil spill sensitivity and command maps
in the Caribbean including dispersant use information.
United Nations Environment Program

Regional Seas Caribbean Technical Experts. Poster session
organized by Beverly Miller including Dr. Anderson and Dr.
Thorhaug. The UNEP Regional Seas has now instituted a
project on setting tescting methods for effluents and
hazardous substances.

Coral Reef Symposium

At the 1988 Coral Reef Symposium, Dr. A. Thorhaug presented
oil spills and use of dispersants on seagrass and corals.
Townsville, Australia, 1983.

Botanical Society of America

A presentation of seagrass and dispersed 0il was given to
the Society in summer, 1988.

Environmental Protection Agency held a regional workshop
for regional experts with state o0il spill command
personnel, EPA and Coast Guard. Dr. A. Thorhaug was one of
several speakers in this two day workshop in Atlanta. She
spoke on use of various dispersants on corals, seagrass and
mangroves.

American Society for Testing and Materials

conference on Ecological Effects of Dispersants. Dr. A.
Thorhaug was an invited speaker on Effects on Tropical
Organisms. Williamsburg, 1987. Sponsored by US EPA, Coast
Guard, ASTM and API.

State of Florida workshop on Dispersants - Presentation of
knowledge to date.
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Public Service [in addition to proposal requirement]
During the course of this experimental program, the information
was called for and used.

1.

10.

11.

12.

13.

14.

15.

In Jamaica (Coast Guard, ODP and NRCD) during various
spills and for companies, including Petroleum companies,
wishing to have toxicity information for stock-piling
dispersants.

Nations inquiring from ODP, UNDRO or NRCD as to results
(Egypt, Israel, Kenya, Guinea-Bissau, Venezuela, Ecuador,
Mexico, Antiqua, Bahrain, Saudi Arabia, Kuwait)

During Valdez, Exxon inquired as to "least" Ioxic
dispersant.

During Rhode Island spill, Senator Pell’s office called to
ascertain results for dispersant use.

Egyptian Government and Institute of Oceanography and
Fisheries has requested results (presented December, 1989,
1990 and 1991 to them). These were used in several spills.
Exxon and Shell in Egypt have asked for results.

Israeli government, during December, 1989, large scale
spill, requested information.

Meeting with Moroccan environmental experts during January,
1990, spill.

During GOM Florida prcceedings on drilling, Congressman
Dante Fascell, Congressman William Lehman and Senators
Robert Graham and Connie Mack requested data.

Ex-Governor Martinez (Florida) and Governor Chiles have
consistently asked for and Kkept abreast of data. Three
meetings for protection of I"lorida‘’s «coastlines and
formulation of dispersant plans invited DPrs. Thorhaug and
Teas. A group of Florida faculty members have been meeting
with Floride decision-makers (Department of Environmental
Regulation and Department of Natural Resources} to consider
each bhay and each area to decide whether dispersants will
be used and, 1f so, which ornes and whether to stockpile
them.

Request 1989 to Dr. Thorhaug to visit Arabian Gulf nations
on results of studies in Gulf Wide Symposium.
[International Oceanographic Commission, UNESCO]

Request by IMO for data to examine the poiicy of non-use of
dispersants near-shore.

International Petroleum Environmental Cooperative
Association (IPEICA) has asked Thorhaug to write a booklet
on oil spill and seagrasses.

Report on 0Oil Spill in Gulf, correct clean-up activity,
correct mitigative measures: mangroves, seagrasses, corals,
shorelines.

Use of our dispersant and oil data in Gulf of Mexico 0il
Spill Trajectory Microcomputer Impact Assessment program
[All Gulf of Mexico states].

Raquegst from World Bank for data.



le6.

Television

A program for which the videotape is available was aired on
public television with Dr. Thoihaug and Coast Guard
Commander of Southeast U.S. (video sent to RTSC). 14 TV
appearances and radio (Voice of America) occurred during
the "Persian Gulf Crisis." CNN has requested data for a
special.
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SCIENTIFIC CONTENT ANALYSIS
Methodology of Test: A Goal Accomplished by Itself
The testing methodology in laboratory and field studies was
tansferred to ODP and NRCD and can assist in testing a wide
variety of hazardous substances in the future. The teams
included NRCD staff, ODP, private sector (IMERU) and UWI faculty
and staff. The methodology is based on EPA and IMO
methodologies. This was worked out for DOE and EPA testing in
1968~1972 for power plant and other standard tests.

Results - Summary of conclusions from data

1. The ranking of dispersants for toxicity was carried out on
a variety of species and yet found to be relatively the
same. The high toxicity products, medium toxicity and
relatively low toxicity. There were large differences
between species within a group to some medium toxicity
products at higher concentration levels. These differences
frequently disappeared at lower concentration levels.
This was the first time a wide variety of dispersants had
been tested on tropical critical matrix organisms.

2. For the first time anywhere in the tropical world, a scheme
to use dispersants as a second line of defense (if
mechanical means fail) was made for a developing country.
This will protect it against its own spills and foreign
tankers spilling near the island nation.

3. Data on dispersability as a function of temperature and oil
type was experimentally worked out for the first time.
Previous work did not include 25°C to 32°cC.

4. The usefulness of the data was continually put into the
format for use of o0il spill command personnel, not only
scientific format. This is the first time that a developing
nation without its own oil has had such a detailed map and
one outlining potential dispersant use.

5. Ecologically, the ranking of groups of critical matrix
organisms sensitivity to spills were clear since this was
the first time the equivalent work was done on corals,
mangroves, seagrasses and fish. Fish and corals were the
most sensitive to dispersed oil. The response of coral was
almost as rapid to the highly toxic substances. Seagrass
response occurred several days later. Mangrove response was
in weeks. Not only the time factor of response, but the
absolute response to the chemicals showed fish and corals
more sensitive, seagrass somewhat less and mangroves more
tolerant of dispersed o0il at a concentration. This is
unlike certain other pollutants where corals and seagrass
are far more sensitive than the fish.

Scientific Results - Details of Data and Methodology

The following papers have the results embodied in them and have

been presented to various scientific audiences 1) Scientists, 2)

0il Spill decision makers, 3) Policy Makers, 4) Citizens. All

the published papers and chapters for books have had extensive
press reviews. For brevity, the abstracts are given herein and
the body of the papers are in the appendices.
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VI.

PROBLEMS ENCOUNTERED

Hurricane

A one in a hundred year hurricane occurred in September 1988
which was a major responsibility for the Office of Disaster
Preparedness. For many months a major portion of ODP’s energy
went to solve problems of homelessness, flooding and damages
caused by the hurricane. A substantial delay occurred. An
extension was requested and granted by U.S. A.I.D. The coral
Acropora was thought to be too sensitive and damaged after the
hurricane for further experiments.

Elections

In winter, 1989, general elections wer2Deputye called
immediately after the hurricane clean-up. The last elections had
been in the early 1980’s. It appeared wise to await the new
government for the resumption of field testing. All of this was
discussed with the PSTC, Jamaica AID and ODP in detail.

NRCD Board Permit Delay

In May, 1989, having waited six weeks for new Ministers and
Directors to be provided by newly elected government, ODP had a
meeting of the various groups (including UWI, ODP, NRCD staff)
who met and agreed upon a site for mangrove experiments and a
field test time frame. The site was behind the "old airport" and
was scheduled for construction into the plans for remodelling
the present airport in the 1990’s. In late June, 1989, Dr.
Aldridge, Vice Chairman of NRCD board, asked ODP, Coast Guard,
FIU, IMERU, and NRCD staff to meet. He said that NRCD board had
not yet issued the field permit. The fact previous permission
(with the 1982-1989 government) had been obtained did not
matter. The committee took nine months to deliberate. The
urgency of a decision was impressed on them by Dr. Carby and ODP
director. A meeting to express the need for such informacion was
called by FIU/ODP. A committee was convened by ODP including
ODP, Coast Guard, Jamaica Defense Force (McFarlane), FIU and UWI
participants. The ODP group felt a negative decision would be

forthcoming and wanted Dr. Thorhaug to explore other
alternatives to field testing. A Florida field test was
explored. The permits already were in place in the closed

cooling canal of Turkey Point. We proceeded.

Turkey Point Delay

All permits at state, county and federal level were renewed and
given along with insurance to Florida Power and Light. A series
of 4 conferences with Teas and Thorhaug were held. After 6
months, it was said that the liability risks under the new
hazardous substance laws (county, EPA, state, federal) were too
great to permit this activity.
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Florida International University site. EPA delay.

After a thorough search for a site which had all the needed
ecological and logistic parameters and could be made available,
we chose FIU’s shoreline campus. Permission was first gotten
from FIU to avoid the above problem of FP&L. When the permission
was sent to EPA, Atlanta, they sent it to Toxic Substances,
Washington. The final word from EPA Washington was that it
probably would take 10 months to 2 years to obtain permission at
FIU.

The PSTC office preferred not extending the contract for an
indefinite time since other parts of the program were carried
out well enough to complete the report and terminate with the
greater majority of scientific items done, surpassing the goal
lovel.
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VII. POLITICAL ANALYSIS

The regulations of industrial accidents are difficult enough on the
shore where the accident is caused by private or public industry. The
oceanic accidents of o0il spills are particularly complex because the
ships may have no relationship to the nation receiving the spill. The
key is to have policies regulating and implementing clean-up of the
accident which keevs the resource impact to a minimum.

Accidents by foreign flagship carriers who are not in Jamaican waters,
but whose spilled o0il comes into the shore, &are more complex. The
Government of Jamaica localized a series of accidents (Table ___) not
adequately cleaned up by their carefully-formed contingency plans for
mechanical equipment. No policy or regulations applied to industry or
ships in terms of use of near-shore dispersants since conventional
wisdom (IMO) held that dispersants should not be used near-shore
(Table ____). This statement of IMO was largely based on temperate
water data (Torrey Canyon Spill, Santa Barbara Spill) and for an older
generation of dispersant products (containing more kerosene and heavy
metals). We tested a series of products on critical indigenous
tropical organisms to see if the IMO statement extrapolated from
temperate zone and other dispersants was scientifically valid. It was
not. IMO will be changing its policy to fit our data. Many developing
nations simply adopt IMO policy in place of their capability to change
their own policies.

Testing was carried out in such a manner to be a teaching and
institutionalization of the techniques for establishing standards for
toxicity. This allowed other future substances as they were created
or imported in Jamaica’s future to be tested.

Clear cut results of lahoratory testing showed some dispersant
products even 10 times more concentrated than they would be used
during oil spills to be non-toxic to selected Jamaican critical matrix
organisms.

The use of data is critically important. 1.) The data can be used for
setting Jamaican government "approved" list of dispersants. 2.) The
data can be the basis of dispersant regulation and policy. This has
already occurred.

The map for use of dispersants was formulated as a group activity
between participants in this grant and the 0il Spill Planning
Committee. The new policy on dispersants was given in a public
proposal meeting to the 0il Spill Command personnel at oil and
industrial sites around the nation by ODP and the 0il Spill Committee.

The proposed drafting of a dispersant policy is to be a joint activity

between members of the 0il Spill Committee, government regulatory
agencies and the private sector.
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VIII. SIGNIFICANCE

For the first time the details of toxicity of tropical organisms to
a wide variety of dispersant products which are internationally
marketed, and several local products were tested on the critical near-
shore tropical organisms for the coastal food webs, corals, mangroves
and seagrasses. Jamaica once more became a world leader for blending
technology wich tropical envircnment. In addition, due to the special
interest of the Jamaican government and U.N. Caribbean Action Plan,
commercial fish species were tested. The results showed some products
relatively toxic to corals and seagrass, such as Conco K, OFD 609,
Kemarine (manufactured in Jamaica), Corexit 9527 (which was stockpiled
in Jamaica) and Wonder O. There were low toxicity products also
(Finasol OSR7, Cold Clean, Corexit 9550, Elastosol).

Mangroves can be protected from incoming o0il by booming or by
dispersing o0il prior to it hitting the mangroves. Dispersants were
found which could not be toxic to seagrasses, corals or fish, yet save
mangroves.

The hazardous substance testing procedure for critical tropical
organisms was taught to the Jamaican NRC, ODP, Fisheries Department
and other agencies convened by NRCD. Theoretical aspects of hazardous
substance testing were taught as well as hands-on aspects of testing
to ODP. NRCD, UWI and IMERU. This is the first time to our knowledge
that a developing nation has been able to test for hazardous substance
standards. This process can be 'ised for a great many other hazardous
substances which may accidentally or on purpose be released into the
Jamaican environment.

A new work procedure for the island of Jamaica for use of dispersants
in the case that mechanical means would fail or be inadequate was
devised by ODP, Coast Guard, FIU, the 0il Spill Committee, certain
professors and other concerned parties.

The data on dispersed oil toxicity came in a timely fashion so that
the new contingency plans for all facilities using large amounts of
0il could use this information.

The strengthening of ODP as a center for the most recent oil spill
clean-up and other hazardous substance emergency response which is
relative to developing nations in the tropics and subtropics has
occurred. ODP clearly emerged as a leader in developing emergency
response information for Caribbean nations. The Jamaican ODP is
leading the Caribbean from "reactive" environmental management to
"anticipatory" environmental management. This may be the most
important significance of the project.
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IX. IMPACT, RELEVANCE, TECHNOLOGY TRANSFER
Usefulness

The usefulness of the scientific data has already been
demonstrated by the 0il Spill Committee’s turning the data into
policy for oil spills dispersant use. The decision to stockpile
the 1less toxic dispersants was made and implemented. The
usefulness was also seen in ODP finding its data sought by many
foreign countries in a series of recent spills including the
Kuwait War, Hawaii, Morocco, Egypt, Israel, and the east coast
of the U.S.. It was also seen as many nations sought *“he data
for contingency planning.

The sensitivity map and contingency planning portion of the
project was useful to stockpilir~ and analyzing vulnerable
points of Jamaican spills (from the sensitivity map left at ODP
headquarters). Exercises and drills have been carried out using
the map.

The results are that the dispersant tcol in the arsenal of oil
combatting activities of the ODP is now workable for Jamaica.
The results have also been passed to many other nations. and
they are also using them.

Impact

The difference the project has made is that the local dispersant
products all were very toxic to the Jamaican corals., fish, and
seagrass and cannot be used in near-shore spills. They had been
used previously without permits. The stockpiled products also
were toxic. These will not be used within many miles of the
shore nor in 1land clean-up. Opportunities for larger scale
trials now are occurring in real spills around the Caribbean and
will occur in Jamaica since there are an average of 6 spills per
year.

The dispersant tool which is for rapid response to 0il heading
toward sensitive shorelines may be the only viable choice which
can be rationally made based on data by the ODP and the 0il
Spill Committee. The non-toxic dispersants can and will be
stockpiled and the data on critical matrix organisms and fish
can give a real database to the decision makers rather than
fear, rumor or speculation as the motivation for use or non-use.
Clearly, others in the tropics and the subtropics have been
waiting for this data since requests for data have been
numerous. The data that oil entering mangroves must be dispersed
is 180° different from the procedure previously used.
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Technoloqgy Transfer

Now the capacity for ODP in its role as hazardous substance
coordinator is its ability to test other hazardous substances on
its own important organisms. Products manufactured in Jamaica or
imported wherein no toxicity testing has been done for organisms
like Jamaican corals, seagrasses, fish, etc. can be tested. We
recommend this for herbicides used in agriculture, mining
products, cleaning fluids for power plants, and other substances
entering rivers and estuaries. Equipment and technical expertise
are residual with ODP, NRCD and UWI as well as the capacity to
judge data produced.

Increased Gapability

The increased scientific capabilities include: 1) the ODP’s
ability to model oil spills on the sensitivity map. Other types
of hazardous substance spills may also be modelled and response
measures thought through on this map. We have urged transforming
it to the computerized natural disaster maps at ODP. 2) ODP’s
collaborative ability with NRCD and with the University of the
West Indies was strengthened so that further production of
hazardous waste and products data can be facilitated. 3) ODP
leadership role with UNEP Regional Seas 0il Spill.
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LIST OF ACTIVITIES AND DATES

Training Activities

1. Hazardous Waste Training Workshop and Dispersant, Kingston,
NRCD, Thorhaug, Anderson, Reese, Oerke, Teas, 1988

2. Dispersant 1laboratory and field training, Seagrass
toxicity, Kingston, Thorhaug, January, 1988

3. Coral dispersant training, February, April, July, Discovery
Bay, 1988

4. Statistics, January, 1988 (Dr. M. Anderson), Fall, 1988
(Dr. A. Thorhaug)

5. Mangrove monitoring, January, 1988, (Prof. Howard Teas)

6. Mangrove toxicity experiments (Teas) July, 1988, field and
May, 1988, lab

Experiments

1. Seagrass lab toxicity [Miller, Gordon, Thorhaug, NRCD
staff}, January, 1988 to October, 1988

2. Coral 1lab toxicity, January, 1988 to January, 1989
[Hurricane interruption, Anderson, Gardiner, NRCD staff,
Thorhaug, Oerk=]

3. Mangrove lab toxicity, Spring, 1989, Fall and Winter, 1989-
1990 [Teas, Sidrak, Thorhaug]

4. Mangrove and Seagrass field toxicity, Winter, 1989 [Teas,
Sidrak, students, Thorhaug]

5. Fish Toxicity Data, 1989-1990 [Aiken, Thorhaug, Gayle,
Walker]

6. Sensitivity Map, Winter-Spring, 1990 [Gordon, Rodriguez,

Woodley, Thorhaug, Chow, Sidrak, ODP staff]

Public Service and Information Activities

1.

2.
3.

8.
9.
10.
11.

United Nations Disaster Relief Organization Mapping
Symposium, November, 1987; presentation and written paper
Australian 0il Spill Meeting, Fall, 1987, presentation
American Society for Testing and Materials, Fall, 1987;
presentation; 1988, written paper

Globescope meeting 1988. Sun Valley, Idaho - Fall 1987
International Coral Reef Symposium, 1988. Townsville.
International 0il Spill Proceedings, San Antonio,
presentation and written paper

United Nations Regional Planning Workshop, Jamaica, 1990;
presentation and written paper (UNEP)

International Mangrove Symposium, Mombasa, Kenya, 1990
International 0il Spill Symposium, Carby, 1991

Antigua Contingency Plan - 0il Spill, Rodriguez, 1990
Kuwait Ward 0il Spill Clean-up, Thorhaug, 1991

Command Map for 0il Clean-up, January, 1990 - July, 1990

1.
2.
3.

Carby, Rodriquez select Gordon to assemble map.
Map portions assembled.
Rodriquez, Thorhaug, Gordon make final map.
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4-

Presentation to 0il Spill Committee and NAtional Response
Team.

Status of portions of Project

1.

Laboratory testing. Lab work completed. Final data in
process of final compilation.

3 preliminary publications:

a) 1989 0il Spill Proceedings

b) 1982 Coral Reef Symposium

c) 1991 0Oil Spill Proceedings

Policy for oil spills. The Jamaican ODP is still working on
draft. When completed, an approved list of dispersants can
be compiled, with guidelines for use of on-scene-commanders
during a spill.

0il Spill Coastal Resources Map (Sensitivity Map). Large
command map is completely prepared and is being used by ODP
and 0il Spill Committee for training spills and
preparedness. Has been presented at International 0il Spill
Conference by Carby.

Field Testing. All U.S. permits in hand since June 1990.
The Florida Power & Light Company decided against our
permit on their Turkey Point facility. We have set up test
plots on FIU property. Some seagrass, many mangrove are
present on a canal behind the campus.

Information Transmittal

A series of steps to transmit information to others listed
under project outputs has been undertaken.
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XI.

RECOMMENDATIONS FOR FURTHER ACTION

The Jamaica ODP needs to continue to update toxicity tests on
new dispersant products (about 2 per year come on the market).
A dynamic model which could simulate all the rotential spill
types which Jamaica might have and at various amounts of spilled
0oil would be a useful planning tool. Jamaica does possess
computer map of certain disaster information. This could form
the basis for the dynamic map. A resource base program for
Jamaica also exists. The dynamic model of the Gulf of Mexico
also can quantitatively assess the difference between dispersed
oil spill and non-dispersed oil. This would be a valuable
planning tool for large spills in the Caribbean beyond the scope
of this project.

The range of hazardous substances, including agrochemicals,
major industrial releases into aqueous environment and potential
substances spilled into water should be tested. Spill clean-up
of large quantities of any of these potentially toxic substances
could follow the same forrat, but different technical solutions
other than those for dispersants would apply.

These were acute toxicity tests although specimens of corals,
seagrass and mangrove were observed cver time. Chronic toxicity
tests at low concentrations should be studied on reproduction
and growth of matrix organisms versus the dispersed oil products
chosen to be stockpiled by Jamaica.

A risk analysis of shipping of petroleum, stockpiling of
petroleum and of ships and planes carrying fuel should be
carried out.

Effectiveness testing of the 1low toxicity versus oils
transported (Mexican, Venezuelan, Kuwaiti, Nigerian crudes),
stockpiled, fuel oil for ships (Bunker C) at high temperatures
(20°-35°C) should be run.

Testing of dispersants on local indigenous organisms elsewi.ere.
Countries wishing to repeat work: Egypt, Israel, Qatar, UAE,
Indonesia, Australia, Venezuela.

Beach oil clean-up compounds should be tested by same methods on
seagrass, fish, corals and mangroves.
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XITI,

A.

ADDITIONAL FUNDS

Greater Caribbean Energy & Environment Foundation (PVO status)
participated through the labor and administration of several
members, staff and sponsors, such as Fitzgerald Booker, Andrew
Oerke and Nina Birnbach. Equipmerit of the Foundation and office
space for Thorhaug was also used as the primary office
throughout the project, as well as laboratory space. Four trips
for Thorhaug presenting data for this audience were paid by
Greater Caribbean.

1. Australian Oil Spill Conference; Sydney, 1987

2. International 0il Spiil Conference; San Antonio, 1988

3. International Coral Reef Symposium; Townsend, Australia,
1987 [Oerke and Thorhaug]

4, International Symposium on Ecological Aspects of Dispersant

Use, American Society for Testing and Materials, 1987,
Williamsburg, Virginia

Mobil 0il Foundation contributed funds to the Greater Caribbean
Energy & Environment Foundation. This paid part of Thorhaug and
Aiken’s salaries to examine fish-dispersant toxicity. One grant
sent Thorhaug co the Australian 0il Spill Conference, Sydney,
1988. One grant sent Thorhaug to the Coral Reef Symposium in
Townsville, 1989, the ASTM Conference on Dispersants in 1988 and
to the International 0il Spill Symposium, 1989.

U.S. E.P.A. arranged a regional response meeting, had a section
on dispersants where they invited Dr. Thorhaug to deliver an
hour and a half lecture on tropical oil spills and dispersants.
This was paid for by E.P.A.

BOSTID of the National Academy of Sciences paid for Dr. Thorhaug
to give a paper on this project at an Indian Ocean Conference on
Mangroves and their related Ecosystems.

The government of Jamaica and the governmenc of Antigua
sponsored Mike Rodriguez to set up contingency spill plans for
Antigua.

The International Oceanographic Committee of UNESCO and UNEP

sent Thorhaug to the Arabian (Persian) Gulf to do the assessment
for clean-up of the Gulf.
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XIII. SUMMARY

During the project’s lifetime (1987-1988), the U.S. Nati:nal Academy
of Sciences convened a panel on the use of dispersants for oil spill
clean-up.

In their conclusion they stressed the pressing need to test
dispersants for toxicity to near-shore organisms so that the
discussion could be based on sound data as to when, how and where to
use dispersants near-shore.
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DISPERSED OIi. EFFECTS ON TROPICAL HABITATS:
PRELIMINARY LABORATORY RESULTS OF
DISPERSED OIL TESTING
CN JAMAICA CORALS AND SEAGRASS

Anitra Thorhaug
Florida International University
P.O. Box 490559
Miami, Florida 33149

Franklin McDonald

Pan American Disaster Preparedness Organization

St. Johns, Antigua

Beverly Miller
UNEP, Caribbean Regional Office
Kingston, Jamaica

ABSTRACT: The island of Jamaica experiences six smalls 1o medium-
sized oil spills per year. Major ports for petroleum entry are close to
mangrove, seagrass und coral resources.

Mangrove and coral habitats form important nurseries for fish and
shrimp populations. The coral reefs and white sand beaches of the
north and west coasts are the basis of the tourism industry, which
generates $406 million U).S. dollars per year, and accounts for 55
percent of the islund'’s foreign exchange earmings. Thus, prosecting
these resources from the effects of spilled oil is of priority 1o the govern-
ment. Mechanical means are clearly not the solution in a variety of
spills. Also, no maps exist to gutde the on-scene coordinator (0SC) in
oil spill managemen.

To ininrate a study of dispersed oil and formulate a command map,
habuai-dispersed oil toxicuty testing on three species of seagrasses, tiree
indicator “vecies of coral, and three mangroves has been conducted in
Jamaica. Ten dispersants and thewr dispersed ol toxicity in these habi-
tats will be ranked. In general, the cornl toxicuy parallels the seagrass
response to the dispersants. Responses of the coral 1o intermediate-
toxicity dispersants differed widely. Bluck, whue, and red mangroves
also were tested. This s the first tune comprehensive ameng-dispersant
and among-species dispersant testing has been carried owt in the
tropics.

The Jamaican coastline has surrounding barrier reefs, which are
particularly pronounced on the north coast. Between reef and shore-
hne, seagrasses frequently cover large areas and are important for
croston control and as highly productive fisheries nurseries. Ihe
Jamaican shoreline his substantial mangrove lorests 1 many areas,
Tourism arad fishertes depend on these enticai coastal habitat re-
sources.

Contingency planning for o1l spilis 18 major oil ports has been
undertahen. Many more neirshore spills have oecurred than oftshore
spills, Until the present, no nearshore ol spulls led 1o the use of
dispersants as a primary cleanup method. The questions of toxicity of

Valerie Gordon
IMERU
Kingston, Jamaica
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John McFarlane and Barbara Carby
Office of Disaster Preparedness
10 Camp Road
Kingston, Jamuica

Marcel Anderson
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various dispersants to important habitat organisms and which dis-
persant product to use have repeatedly arisen,

This project was aimed at producing information on which rational
contingency planning could be based, so that when mechanical
cleanup methods have reached their limits, an alternative method is
available. It was found that cases of rapid tidal flow conditions, high
wave energy conditions, entry of oil into very shallow water (where
ships cannot be used), and in very widely spread spills were beyond
the capacity of mechanical equipment. The problems of nearshore
cleanup in Jamaica have frequently included one or more of these
variables. The laboratory und ticld testing were designed to provide
answers for a command map for vil spill cleanup contingency planning
for the nearshore coastline, including the use of dispersant as a well-
thought-out aiternative.

Prior expenence will be briefly summarized. A more extensive
summary 1s found in Thorhaug.™* Maugroves are killed by oil spills,
us seen in massive spills in all major ocean basms. Qil dispersal cuts
down on mortality appreciably, as seen in the Florida® and Panama
field experimer.is’ and the castward Panama spitl.? The principle at
present appears to be to disperse the oil before it enters the man-
groves

We are then left with the problem that either heading to the shore-
line or out to sea, the dispersed oil will pass over seagrass and corals,
The datia on dispersed il on corals gathered by Le Gore et al.* and
Knap et al.” all showed no effects from Corexit 9327, used in concen-
trations to S0 ppm, tested on the corals Diploria singosa, Agaricia sp,
Porutes porires, and several Red Sea corals. Knap has recommended
dispersant use to the Bermuda government. The seagrasses in the sub-
tropical Atlant_c have been tested more conststently for the range of
dispersant products registered with the U.S. Environmental Protec-
tion Ageney lables from Thorhaug and Marcus® summarize this
data

‘There are no data even for the one dispersant previously tested,
Coreatt 9527, onthe major reel-bulding coral in Jamaica. The biolog-
ical goal of the present stidy was to select species indicative of major
coral commumties and test a range of dispersants ¢ gainst them,

14
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Methods

The specimens were selected lo represent major critical habitat
organisms on the barrer reef and the reet crest, and in mnd-range
and nearshore or estuarine coral communities. The spectmens were
chosen with help trom University of West Indies (UWI) and Natural
Resaurce Conservation Department (NRCD) experts.

Sever speaimens for cach testing variable set were taken, from
outer Kingston Harbor near the Palisadoes and Gallows Point for
seagrasses, and from the middle north coast tor corals, Only very
healihy specimens were used.

Alter collection and acclimation, specimens were exposed to the
test substance in 100,000 ml. of fresh sea water in S0 gallon glass
tanks, Static conditions with vigorous bubbling occurred tor the imcu-
baton szriod. Specimens had test substance plus incubation water
removed and replaced with fresh runming sea water (the seagrass did
not have running sea water). The oil was aged 24 h before 1t was
administered. The dispersnnt was poured into the oiled sea water with
vigorous stirnng by u paddie tor | nin, representative ot energy of
application. Exposure (incubation) periods were 6 and 10 h, Meas-
" urements af health and growth were made prior to application of the
test substance, atter, and at two- to three-day intervals thereafter (10
days for seagrasses and 14 days for corals). The health of corals was
rated on a graduated scale previously outhned, with 100 percent alive
and colorful graded at 10 and deal equal te one. Five equals 30 per-
cent bleached or discolored, or 50 percent spotted.

Gradation of seagrass health and blade growth followed established
pocedures and included a scalz of heatth, The growth measurements
were made on 2-to-4 cin young blades, one on each of seven shoots,
Mortality counts were made on all 700 blades per tank. The statistics
were student Newman-Keuls analysis of variables,

‘The preliminary results of our firyt sets of experiments are recorded
in results below. Ongoing results are’still being carricd out on major
. concentration and time periods. Ficld experiments will lollow,

Results

The results to date can be synthesized between corals and seagrasses.
‘There are large differences in the toxicity of dispersed oif products to
the corals and to the seagrasses. The relative ranking of toxicity falls
about the siune way for both corals and seagrasses. There is a very
toxic group ol products, » medium-toxic group, and a low-toxicity
group,

The different species of corals and seagrasses can have widely vary-
ing respunses Lo specific dispersant products, although generally the

tolerance ranking from toxic to non-toxic was in the same order from
S')L‘Clch o species. '

Seagrusses, ‘Ihe differences between the dominant Jamaican sea-
grasses’ tolerances to dispersed oil products in Venczuclan middle
weight oil can be dearly seen in Table 1 Here the toxicities clump
around high moriality, 80 to 100 percent moutality (at high concen-
trations); medim-toaicity products at around 50 percent; and low-

" toxiety products such as Finsol, Cold Clean, and Elastosol. The
intermedipte-toxicity Corexit Y55 appears far less toxic to scagrasses
than Corexit 9527,

Generally, Thalasséa, found in unpolluted offshore areas, is more
toterant thin Halodule, which s found mintertidal arcas and polluted
arcas (1his was also seen in subtiopical wotk). (Syringoduen filifjorme
is now heing tested. 1tis 1he most sensitive 1o dispersed oif products,
but in the sanse tolerance range of Hulodule wrightir.)

‘These nre pretinumary laboratory studies. More concentrations and
time pertods are bemg tested.

The results from 1ests of bunker crude oil, the most dominant oil in
nearshore Jumnaican spills, were analyzed. Generally, the toxicities
“were higher than with normal oil.

Corals. 'This 1s the first time comparative data on the cffects of
dispersant products on corals have been reported. There was a clear
ranking 0% toxicity: very toxic, m:dimn, and low-toxicity products
(Table 2). ‘The low-toxicity products appear 1o have the same tevel on
all three species and inchuded Finasol and Cold Clean.

The products Conco, OFCD6OOY, Corexit 9527, Keramine, and
ADP 7 were toxic. Corexit 9550 was appiectably diftecent in toxicity
than these former products; yet, its etfects are appreciably different
than Finasol or Cold Clean for Porietes porietes. The decreasing con-
centrations and times ef exposure clearly made a difference in the
medium toxiciy levels, less difference in hrgh toxienty levels, and less
difference in hagh-toxicity products.

Table 3 shows the ellects of high concentrations of dispersed oil
with crude oil. The effect can be compared to Table 2 with Vene-
zuclan erude,

In terms of coral reef sensitivity, the top of the forereef dominant
Acropora pulinata was tar moie sensitive to pollutants than was the
nearshure and shallow water Por:tes portes (found throughout reef
fYats und in south shore estuaries, as well as back reefs) or the domi-
nant reef-building coral Montastrea unnnlaris

Fhis is the first ime major differences sn tolerances to dispersed oil
products between coral species have been established. Prior studies
tucitly assumed *corals”™ as a group either had a tolerant or non-
tolerant response to “dispersants' as a generic term, This is incorrect.
Acrvpura pulmaty, the reef crest dominant, is far more sensitive than
cither of the shallow water dominant products of the reef-building
coral Montastrea annuilaris.

Table 1. Relntlve toxlcltles of selected Jumalcun seagrasses to o vorlety of dispersant praducts

Mortality
Dispersant Dispersability 125 mL,; 6h, 75 inl.; 6h 12.5 mL.; 6h

product ratio; Cost, Thal Hal Thal Hal Thal Hal Syr.
Conco 0.580 0.59 100 82 48 70 17 35 16
OFC DAY 0.007 0.08 70 63 25 i) 20 25 —_—
: Corexit 9527 0.009 0.11 #9 93 42 72 10 22 1
Keramine — — 63 68 42 68 17 28 -—
ADP 7 — — 50 46 18 68 21 30 0
Corexit 9550 — — 40 46 15 20 7 7 0
Jansolv —_ — 0 5 0 7 0 0 0
Elastosol, NA — 15 46 10 1 8 10 —
Cold Clean — — 0. 0 0 2 0 0 0
Finasol 0.038 0.28 ] 3 0 5 0 0 3
Oil only 0 NA 30 28 10 16 10 12 2
Control 0 0 11 Y 7 5 0 5 0

L. Duspersability is the rano of dispersant 12 onl required to disperse 90 percent of the oil (U.S. EPA, 1984).

“

Mackay apparatus,

2. Costis the relative effective cost of sufhicient disperstant to disperse 90 pescent of 3 gal ot ol under the conditions of the

3. Concentations in 11,000 cc of sea water are 10: 1 of oil to dispersant product,
4. Asurfaee acnive agent, notan emubsilier: 1 does fancton as an ot spill deanup compound for shallow wisters and discrete

small spills, so we meluded itin these tuet repic st habiat toxicrty tests

P
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Table 2. Results of dispersant toxicity tests, using Venezuelan crude oil, on 3 important species of Jumaican habitat corals

Mortality
3 . ) . .
Dispersant Dispersability 125 ml; 10 h, 125 ml; 6 h 75 mL; 10 h
product ratio, Cost, Por.por Mont.an Ac.pl. Por_por Mont.an Ac.pl. Por.por. Mont.an.
Conco 0.580 0.59 100 100 100 100 100 100 100 16X
OFC D69 0.007 0.08 1R 100 100 100 100 100 ND ND
Corexit Y527 0.009 0.11 72 100 100 9% 86 100 88 76
Keramine — — 100 - 100 100 9 57 100 ND ND
ADP7 — —_ 100 100 100 90 72 100 ND ND
Corexit 9550 — — 43 0 100 64 14 100 0 12
Jansolv —_ — 87 72 ND ND ND ND ND ND
Elastosol, NA - ND ND ND ND ND ND ND ND
Cold Clean - — ¢ 17 D ND ND ND ND ND
Finasol 0.038 0.28 0 0 ND ND ND ND 0 0
Oil only 0 NA 52 52 ND 52 52 100 12 0
Control 0 0 v 0 0 0 0 29 0 0

1. Dispersability is the ratio of dispersant to oil required to disperse 90 percent of the oil (U.S. EPA, 1984)
2. Cost 1s the relative effective cost of sufficient dispersant to disperse 90 percent of 1 gal of oil under the conditions of the Mackay apparatus.
3. Concentrations in 100,000 cc of sea water were 10: 1 of oil to dispersant product.

4, See note 4, Table 1,

Discussion

Contingency planning should require that the details of the option
1o use dispersants be as meticulousty worked out as the mechanical
cleanup option. This has not generally been the case. Little ume or
energy has gone into the dispersal option, and very hittle planning has
been undertaken after thal command decision point in the nearshore
tropics.

We now see that in shallow tropical shorelines where there have
been major oil spill disasters involving massive mangrove and coral
mortality and reduced fisherics harvests, only two investigators (Chan
and Diaz-Piferrera) investigated carefully enough to document sea-
grass mortahty. The small-scale field experiments'® indicate that
mangroves are not adversely affected by use of the dispersant Corexit
9527 in concentrations to 50 ppm. The mortality of o1l mangroves is
substantially greater than dispersed-oil mangroves if the disparsant s
applicd first, before the oil enters the mangrove intertidal arca. Apply
dispersant after the oil has already entered the mangrove-intertidal
area and mortality is similar to oil alone in effect.’

The problem s that 1n arder to save the mangroves, oil must be
dispersed before it reaches them. This meuns that in most tropical and
subtropical areas the dispersed oil wedge must flow across either (or

both) seagrass meadows or corals, both of which are generally more
sensitive 1o substances than mangroves.

Thus, the search for **non-toxic” or very low toxicity dispersant
products 1s so that portions of the critical habitat of the nearshore
tropical ecosystem do not have to be traded off for other portions.

Each nation should know which dispersants are acceptable for use
on their habitats. The United Kingdom now has such a list for its
habitats. This depends on specific toxieities of critical habitat or-
ganisms, unportant fisheries species, and other organisms of im-
portance. The Jamaea model may suffice for other coastal Caribbean
nations.

Nations should end the debates on whether to use dispersants near
shore and begin scienufic examinations of which ones and in what
concentrations, and cducation of all users of dispersal techniques,
since dispersants easily can be wrongly applied.

Legal language and contingency planning should delete generic use
of “dispersants” and use an *“acceptable” list of nor-toxic dispersant
products.

Where tradeolfs are being inade with major habitats, the level of
information on the habitats should be as cqual as possible. Prior to
ongoing studses, we have much more data about dispersant product
toxicity for fish and scagrasses than for corals or mangroves. We

Table 3. Coral mortality data for tests with dispersants and bunker ol!

Mortality

Dispersant Dispersability 125 mL; 6h,
product ratio, Cost, Por.por Mont.an A.pl
Conco 0.580) 0.59 100 100 100
OFC DAY 0.007 0.08 100 100 100
Corexit Y527 .009 0.11 86 88 100
Kemarine — —_ 88 56 100
ADP 7 — — 88 74 100
Corexit 9550 - —_— 88 12 100
Jansnly — — ND ND ND
Elastosol, NA _— 24 (0 14
Cold Clean —_ —_ ND ND ND
Finasol 0.038 0.28 ND ND ND
Oil only 0 NA 28 12 100
Control 1] 0 0 12 0

L. Daspersability is the ratio of dispersant to ail required to disperse 90 percent of the oil (U.S. EPA, 1984).
2. Costis the relative effective cost ot ettective dispersant 1o disperse 90 percent ot 1 gal of oil under the conditions of the

Machay apparatus,

3. Concentration m 100,000 ce of seawater were 10: 1 of oil to dispersant product

4, See note d, Table ).

WO
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continue laboratory and ficld tests of dispersants® effects on seagrass,
mangroves and corals,

The IMO guidelines for the use of dispersants in nearshore tropical
waters do not work in many nations because management plans call
fur mechanical means that are inadequate when spills are very spa-
tially extensive, when boundary conditions of high energy are passed
(strong currents, high wave action, high wind), when the mechanical
response to too slow or equipment must be transported to very distant
areas, or when the oil 15 in very shallow areas. In many tropical
nations, beaches, mangroves, corals, and fisheries are of substantial
cconornic or reereational importance. Better plans must be made to
deal effectively and safely with various sizes of nearshore tropical
spills, of which only a portion are being handled effectively by me-
chanical cleanup at present. This report is the preliminary stage of
such an eftort in a developing nation.
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ABSTRACT: Jamaica's shoreline is at the intersection of five major
petroleum tanker shipping routes, and is a cargo iransshipment point for
the Caribbean. The natural coastline resources ure valuable economi-
cally, with two-thirds of exchang: dollars coming through tourism asso-
ciued with beaches, clear waters, coral reefs, and nearshore fishing. The
most thorough exanunation of the feusibility of using disnersants ever
carrted out in a developing nation has been undertaken. Dispersant
loxicity of various species of critical matrix organisms has been carried
out with an array of 12 dispersants. Corals, fish, seagrasses, and man.
groves were lested. Toxic dispersanis and three very low foxicity com-
pounds were identified at concentrations ten umes those likely 10 occur
and ten umes longer exposures. Thus, a safety factor was buli in. A
sensitivity map of the coastline was constructed. Simulations of ' near-
rss” tanker accidents were done manually with disperse and non-
disperse options. A policy swudy of European and North American
dispersant use was underiaken by the Office of Disaster Preparedness,
the Coast Guard and the Oil Spill Commitee. A draft policy was
prepured for nontosic dispersant use. The recommendations for use of
nuntoxic dispersanis—with primarily coral reef and fish sensitivity as
paramount concerns—are Cold Clean, Corexit 9550 and Finasol OSR7,
Several European natons also have approved lists with Corexit 9550 (or
allied products) und Finasol OSR-7. A computer simulation of all
potental occurrences is the future goal,

Jamaica sits at the intersection of major tanker routes (1) from
Panama 1o the northeast U.S. (Alaskan oil), (2) from Venezuela to
various.nitions, (3) from Mexico gomg south to the Caribbean nations,
(4) from the Middle East, and ($) from Nigena and West Africa to the
Canbbean and North America. In adduion, Jamaica is a substanual
transshipment center, where thousands of ships per year otfload cargo
from Nortn America, Europe, and South America, destined for Cartb-
bean ports. Un the north coast, a large crwse ship industry provides
dockage and support facilities for the very large cruise ships bringing
passengers to enjoy the island’s attraction:. Jamaica also has extensive
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petroleum bunkering facilities that support power plants, the bauxit
industry, airlines, ships and the petroleum industry.

The Jamaican economy was announced in 1990 by the Ministry o
tourism to be 67 percent based on tounst revenue for foreign exchang
dollars. Tourism employs hundreds of thousands of persons, Mast 2
the tourism is based on coastal hotels with their natural facilities o
beaches, clear waters, and coral reefs.

The prevailing winds are onshore, the prevailing currents are
alongshore. The island has extensive coral reefs on the north shore
and mangroves and seagrasses on the south shore. Fishing is an impor
tant {ocal employment source. Jamaica's unemployment rate is high

Thus, conditions are set for maximum loss to Jamaica if accidenta
vessel o1l spills or bunkering spills occur.

Mechanical cleanup equipnient has been in use since the 1980s. Ar
average of six spills per year have occurred of 10,000 gallons and :bove
Several large spills have had extensive natural resource impacts, par
tially because the mechanical cleanup equipment is difficult t deploy
Due tothe difficulty of reaching the shoreline in many areas such as the
very shallow and sensitive waters near the coast and 1n bays anc
estuaries, and the difficulty of moving equipment by road (especially
from the south coast to the north coast aver the mountains), portions ol
the coastline are hard to protect mechanically. Spills in the areas are
better managed with the use of dispersants.

The rate of response to spills has been highly vanable and dependent
on the speed of reporting the spill, the distance of the spill from
equipment and manpower, the degree of spill preparedness and re-
sponsibility of the spilling party, including whether they were cleaning
up the spul or asking the government to handle 1t, and the size of the
spill. To date, no spill over 25,000 gallons has occurred There have
been several near nusses of large, loaded o1l tankers almost hitting
reets,

Several very large oil spills have occurred in less-developed nations,
such as indonesia, Panama, Nigenia, and Egypt, and all have been
beyond the capabihties ot mechanical methods to cleanup. The resuit-
ing “beach” clean-up in mangroves and on corals has been very dam-
aging to these resources, but not catastrophic to the economtes of the
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nations because the spills were notin recreational areas. All the nations
were on tanker routes; the spills were associated with tanker accidents.
Many nations tn the Caribbean do not have extensive non-utilized
coastal resource areas as do the above-mentioned nations.

Jamaica dispersant study

The use of dispersants has beeu considered for many spills, but the
threat of potenual toxicity to nearshore organisms prevented this.
Thus, a program has been initiated to determine the feasibility of the
usc of dispersants in Jainaica, when mechanical equipment would not
suffice.

Methods

Toxicity studles

Laboratory investigations. Standardized procedures used by the
1J.8. Environmental Protection Agency (EPA) and various agencies
(FAO, UNESCO, UNEP) for testing tropical matrix organisms were
employed so that standardized results could be produced. The hope
was to compare results with FAO's fish efforts in 2 tropical nations (not
yet available) and U.S. EPA temperate results, along with UNEP
European dispersed-oil toxicity data.

Selection of critical matrix organisms for tropical shorelines was a
choice based on (1) importance to the food web, (2) rate and difficulty
of replacement once decimated, (3) shoreline stabilization characteris-
tics, and (4) usefulness to the nation (fisheries, tourism). Local ex-
perts, such as Jeremy Woodley, director of the Discovery Bay Marine
Laboratory and preemirent Jamaican coral reef expert, were asked to
choose indicator species for the project.

Standardization among techniques for various groups was attempted
so that the results of each group could be compared. Thus, the stan-
dardized portion will be explained first.

Laboratory conditions, The procedure was described in detatl by
Thorhaug and Marcus.' Fifty-gallon glass aquaria were used in out-of-
door conditions (such as fluctuating light, temperatures, and running
water) and, except for the mangroves and seagrasses, were protected
from rain and wind. Temperatures ranged from 26° to 30° Centigrade,
with fluctuation of 1° C = 0.5° C. Seawater ranged from 30% to 33%
(except for mangroves). In seagrasses, three inches of beach send was
at the bottom. Coral and fish tanks were bare. For scagrasses, a
minimum of 15 blade groups of each species was placed in each tank (1
tank per treatment); for fishes, 7 of each species. Great care was taken
in transport and holding conditions for the coral and mangrove speci-
mens. Time for equilibration of specimens was allowed. 100,000 cc of
scawater were placed in each treatment.

Laboratory procedures. Qil-only was a treatment in each set. Time
for weathering of oil was 24 hours at 28° C in shallow piastic pans. The
control tank was handled exactly the same as treatments. The disper-
sant was applied to oil floating on the tank surface with | minute of
vigorous stirnng. The dispersed oil formed a brown cloud of free-
floating material, visually homogeneous throughout the tank (depend-
entsomewhat or concentration and dispersant). The coral, scagrasses,
and fish were not touching the oil floating on the top; the mangroves
were in contact on the bark. All specimens were in contact with the
dispersant mousse.

For cach specie's experiment, three concentrations (12.5 ppm, 75
ppm, and 125 ppm dispersed 0il—1:10 dispersant to oil) were used.
The exposure imes were | to 96 hours for fish, 6 and 10 hours for corals
and scagrasses, 10 hours for mangroves. The treatment was imme-
diatety removed, and the water cleaned and changed.

The specimens were incubated up to 14 days (coral, seagrass), and 9
months (mangroves) The observation period included daily or bi-
weckly readings of health. Seagrasses had young green blades tagged
and numbered. These were graded for discoloration, spotting, wilting
and other morbidny symptoms. Corals were graded by bleaching,
spotuing, browning, wilted polyps, extruded polyps, and mucous secre-
ton. Fish were graded by behavior modifications, spotting and color
change, movement patterns, and breathing rates. Mangroves were
graded by leaf drop, vwig drop, root death and discoloration, leaf

coloration, leaf spots, and leaf wilt. These symptoms of mortality and
iliness were made quantitative by experts and orgamisms were graded.
The tables showing the results are not of health but of mortality.

Sensitivity map. T'here had been several compilations of informa-
tion of coastal resources: the Jamaican Atlas, the Jamaican Profile, and
the Jamaican geological survey maps. All of these sources plus per-
sonal obscrvations, and information from the authors and other ex-
perts have been used to compose the sensitivity map. The base map
was one previously sclected by NCRD on which other emergency
preparedness information was assoclated and available to scale. The
generahzed winds and currents were from data provided by the Coast
Guard. The map was compiled under ODP direction.

Oil spill scenarios from near-misses and high risk areas could be
simulated on the map to train and prepare the Oil Spill Committee.

Dispersant policy. The dispersant policies of a number of countries,
including France, Britain, Denmark, Sweden, Belgium, Canada, and
the United States were studied by the ODP, Coast Guard, and the Qil
Spill Committee. A mecting of the Oil Spill Committee was convened
to hear the findings of the dispersed oil toxicity data, to review coastal
resources, to review the sensitivity map with spill scenarios, and to
discuss the potential for dispersant use. A subcommittee including the
Natural Resource Conseivation Committee, Fisheries Department,
Coast Guard, ODP, and oil compamies was convened. They began to
draft a dispersant policy which was presented to the Oil Spill Commit-
tce. The draft was then circulated, refined, and re-discussed at the
second meeting of the Oil Spill Committee.

Results

Toxicity studies

Laboratory experiments, Critical coastal organisms were the ones
chosen to test. There were 3 species of mangroves, 3 species of corals, 3
species of scagrass, and 3 species of fish tested versus a wide array of
dispersants, which represented the various types of compounds and
levels of refinement for biological toxicity. The toxicity was defined for
125 ppm dispersed oil, as well as 75 ppm and 12.5 ppm. Thus, we
bracketed the potentially high end of concentration toxicity. Manufac-
turers usually state 2 to S0 ppm concentrations of dispersants should be
used. The time periods of exposure were 6 to 10 hours for scagrass and
corals, 1 to 72 hours for fish, and 10 hours for mangroves. The time of
exposure for organisms to oil spills, as stated by the National Academy
of Sciences, is 1-3 hours. Thus, the experiment shown below is *worst
case” exposure, which is the longest time with the highest dosage.
Lower concentrations and shorter times would, for several of the
middle and low toxicity compounds, result in less mortality. The safety
factor of the worst case has been shown by the U.S. EPA and other
regulatory agencies

The results show a relative ranking of dispersants, from very toxic to
low toxicity, with the plants and animals generally responding about
the same 1n toxicsty ranking to a dispersant. Corals and fish were more
sensitive than seagrasses.

General results, Table 1 shows the results as a mean response of fish,
corals, and seagrass at 12.5 ppm dispersed oil for exposure of § hours
for various dispersant compounds. Table 2 shows various mangrove
species at 1250 ppm dispersed oil versus toxicity for a 10-hour exposure
time.

Clearly, the more toxic compounds include Conco K, Corexit 9527,
OFC D609, LTX, Kemarine, Wonder O, and V-.25.

The medium toxic compounds include Jansolv (except to fish) and
ADP-7 (except to fish, when 1t 1s highly toxic).

The low toxicity compounds include Corexit 9550, Cold Clean 500,
and Finasol OSR7 to all organisms tested.

There were differences, not only between groups of organtsms, but
also between spectes of scagrass, corals, and fish. These data will be
descnibed o detanl (Thorhaug, et al,, 1n preparation). As concentra-
tions decreased, the toxic effects of those 1n the low toxicity groups and
mediim groups decreased to around 5 percent and 20 percent respec-
uvely of 125 ppm for 12 5 ppm dispersed oil.

Mangrove results. The results of mangroves at 1,250 ppm can be
seen in Table 2.

The mangroves showed no response to the dispersed oil at 125 ppm
ot 125 ppm. There was oo leat diop and no mortahty ot any plant.

&
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Table 1. General results
The mean mortality of 3 Jamaican fish specics, 3 Jamaican seagrasses, and 3 Jamaican coral species (at 6-hour exposure of 125 ppm dispersed oli for the
seagrasses and coral; and at 3-hour exposure of 125 ppm dispersed oil for the fish; X is the mean of 3 specles toxicity)

Fish, Seagrasses, Coral,

1 2 3 X 1 2 k) X 1 2 3 X
A. Conco 100 100 100 100 100 82 100 94 100 100 100 100
B. OFC D&M 40 100 100 80 70 63 —_ 67 100 100 100 100
C. Corexit 9527 ) 100 100 . 100 89 93 — 91 n 100 100 91
D. V-2 100 100 100 100 nd nd nd nd 100 100 100 100
E. Wonder-O 100 100 100 nd 100 100 100 100 100 100 100 100
F. Kemarine nd nd nd 100 63 68 — 66 100 100 100 100
G. ADP.7 100 * 100 100 100 50 46 — 48 100 100 100 100
H. Jansolv 100 100 100 100 0 0 0 0 0 0 73 24
I. LTX 100 100 100 20 nd nd nd nd nd nd nd nd
J,  Corexit 9550 0 60 0 47 40 46 nd 43 43 0 100 47
K. Cold Clean 0 o0 80 7 0 0 0 0 0 0 21 7
L. Fi_nasol 0 0 20 0 0 0 0 0 0 0 11 4
M. Oil 0 0 0 0 30 28 30 29 52 52 58 54
N. Control 0 0 0 11 9 10 10 0 0 0 0

1. Fish no. 1, Holocentrus rufus; Fish no. 2, Acanthurus sp.; Fish no. 3, Haemulon sp.
2. Seagrass no. 1, Thalassia testudinum; Seagrass no. 2, Halodule wrightii; Scagrass no. 3, Svringodium filliforme
3. Coral no. 1, Porietes porietes; Coral no. 2, Montastrea annularis; Coral no. 3, Acropora palmata

Thus, these experiments uscd concentrations 10 to 100 times higher
than for the other species. (Note that the Teas's and other measure-
ments of oil slick in stands of mangroves are substantially higher—up
to 10 liters of oil per m—than the open ocean oil slicks: 0.03 mm or 50
ppm oil.) The 12.500 ppm oil shows that thete was a difference 1a
toxicity response among the dispersed oils on all three species. The
least tozic were Finasol OSR7, Cold Clean 500, Jansolv, Corexit 9550,
ADP-7, and Wonder-O. The most toxic weie Conco, Corexit 9527,
ADP (petroleum), and V-25. Intermediate dispersed oil effects were
seen in Corexit 9527. There were statistically significant differences
between the contro! response and V-25, OFC D609, and Wonder-O for
red mangroves; and the control and Conco, Corexit 9527, ADP-7,
Jansolv, and Wonder-O for white mangroves. The lower concentration
of 1,250 ppm also shows strong differences between the toxicity re-
sponses in very similar order of toxicity to higher concentration. The
difference among the responses of species was frequently marked. The
white mangrove was the most sensitive to oil and dispersed oil, with
black mangrove the most tolerant. The effect of oil alone was consider-
able for the white mangroves.

Sensitivity map. From the standpoint of the Oil Spill Committee’s
efforts to protect it, the coastline of Jamaica is a fragile coast with
abundances of natural resources throughout,

Most of the north coast has living coral reefs clearly marked on the
continental shelf edge, the reefs of which extend around back fre-

Table 2. Mangrove results,

Rhizophora Avicennia Laguncularia
Dispersants red black white
Conco K 28.6 14.3 80
OFC D609 42.9 14.3 25
Corexit 9527 714 0 40
Corexit 9550 0 0 20
Wonder-O 42.9 14.3 50
ADP-7 28.6 28.6 50
Jansolv 14.3 0 60
Cold Clean 28.6 143 2
Finasol 0 14.3 40
V.25 71.4 14.3 40
LTX nd nd nd
Oil-only 14.3 28.6 40
Control 0 14.3 14.3

1. The mortality percent of Jamaican mangroves exposed for 10
houws at 1,250 ppm dispersed o1l

quently into the bays. These recfs are extensive around the western
coast also, The tourist hotels are closely ussociated with the reefs, from
Nigril in the west and extending past Port Antonio in the cast. Almost
all the bays and inlets on the north coast have important tourist
facilities. Most major tourist hotels include bzach and ocean facilities
as an important part of their package. The exchange money brought in
by this economic sector means that these beaches and reefs have a high
priority for protection. Spill scenarios from the heavy tanker routes at
the east end and off the north shore show that the risk is high. Ships
entering harbors for bauxite {Ocho Rios, Discovery Bay), cruise ships
(Port Antonio, Ocho Rios, Montego Bay), and cargo ships (Port
Antonio, Ocho Rios, Montego Bay) cause nearshore risk almost im-
mediately on top of the reefs. There are corals on the continental shelf
southeast of Kingston. .

Mangroves frequently line the shores of embayments on the north,
cast, and west coasts; heavy mangrove forests are found between
Hunt's Bay and Alligator Point on the South coast. Seagrass is found
on the north cozzt in large quantities between the outer reef 2nd the
shoreline, including bays and inlets. Seagrass is found in larger areas in
south coast bays and on the continental shelf of the south coast. Fish
nurserics are highly associated with scagrasses, adult fish with coral
reefs, and other species with the fishing banks found offshore. Fishing
beaches for launching fishing bonts are also found throughout the
island.

Bunkering areas for petroleum are intense in Kingston Harbor,
These areas ars found in Old Harbor on the south coast, and at
bauxite-loading facilities and ports throughout the rest of the island.

The currents close to the shore run generally east to west. Tidal flows
occur into and out of the bays. Winds are strongly onshore for at least
part of each day.

Dispersant policy. The dispersant policies which appeared most
suited for the Jamaican systems were carefully examined, and clements
were derived from the experiences of these nations. Incorporating
necessary Jamaican elements resulted in the Oil Spill Committee’s
producing a policy which will be presented at the 1991 meeting. The
Swedish and Belgian policies provided part of the model Jor the Jamai-
can dispersant policy. The U.S. policy was not utilized, since it did not
provide clear “recommended” and “non-recommended’’ dispersants.

Discussion and summary

In order to complete an arsenal of tools which could be available to
Jamaica during large-to-massive spills, the toxicity of dispersants o
Jamaican critical habitats has been investigated. The concept of d'npc.r-
sant use policy was also investigated, witn conclusions by the Oil Spill
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Committee. The data about dispersants, the sensiwvity map, and
policy considerations have shown several new facts as follows,

I There is an arrav of dispersants toxic to Jamaican corals, fish,
mangroves, and scagrasses which Jamaica does not wish used close to
shore. These include Conco K, Corexit 9527, V-25, Wonder-O, Kem-
anne, and OFC D609.

2 There arc three dispersants which appeared to perform effectively
and to be nontoxic to all our species at critical inatrix concentrations 10
umes above potential use levels and for time periods 10 times longer
than potential exposure levels. In particufar, the sensitive corals and
fish were not killed in substantial numbers by them over 10 hours, Cold
Clean-500, Finasol-OSR7, and Corexit 9550 were acceptable to the Oil
Spill Committee. This constitutes the present Jamaican-accepted non-
toxic dispersant list. These experiments were carried out by combined
groups from the Natural Resource Conservatidn Department, Univer-
sity of the West Indies, and Florida International University, and were
examined by ODP.

3. In the east Jamaican coast shipping lanes, there have occurred
simulations of spills from a ship involved in a “‘near-miss™ on the reefs.
It would not have been possible to mechanically contain any sizeable
spill at this position. If the vessel would have spilled half or more of its
petroleum cargo, and if the spill had not been treated, the north coast
beaches, reefs, mangroves, and fishes of at least two-thirds of our north
coast, as well as to Kingston on the south coast, could have been
heavily oiled. If the oil had been disperzed. the damage at the east end
of the island would have been minimal and none of the other coasts,
fish or reefs would have been oiled.

4. ‘The constructed sensitivity map shows important coastal resources
throughout the coastline of Jamaica with along-shore currents and
onshore winds during a portion of each day. There are few places where
a large oil spill would not cause appreciable damage.

5. The potential for a spill to occur beyond the three mile limit and to
begin to drift toward Jamaica's coastal zone is fairly great. If the
possibility that the spill would enter the nearshore area occurred, the
recommendation might include use of dispersants.

6. The need for a coherent dispersant policy, which would be useful to
command officers, became clicar. The Oil Spill Committee has drafted
this policy; legislative adoption still remains.

7. Individual contingency plans, for each major facility where oil enters
or is stored, are now being updated with the dispersant alternative in
mind, if a mechanical cleanup is inoperative or not correct.

8. The three non-toxic dispersants should be noted with respect to
effectivencss. We have not been able to obtain effectiveness data at
25° Cand 30° C from vendors or the literature—the relevant tempera-
ture range for tropical spills. Effectiveness data is predominantly for
5% Cand 15° C. The compounds we recommend should be tested at
32%0 and 20° C, 25° C, and 30° C.

Our aim is the education and training of the personnel of tie Qil Spill
committee and the continuing updating of informadon to this group.
Simulations of other types of spills around the various shipping lancs
and ports are underway to increase preparedness effortr. Letailed
training for several levels of command and cleanup personnel on the
use of dispersants will occur in the near future. Computer simulations
of oil spills versus dispersed spills are one of the goals of the Office of
Disaster Preparedness.

Conclusions

Non-toxic dispersants provide another oil spill response tool. The
ability to use them when mechanical means have failed or would be
inadequate provides further protection for the Jamaican coastline.
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EFFECTS OF DISPERSANT AND OIL ON SUBTROPICAL
AND TROPICAL SEAGRASSES

Anitra Thorhaug and Jeffry Marcus
Greater Caribbean Energy and Environmental Foundation, Inc.
1121 Crandon Boulevard
Miami, Florida 33149

ABSTRACT: Prelinunary experiments, using the subtropicalitropical
coastal and estuarine seagrasses Thalussia testudinum, Halodule
wrigitii, and Syringodium filiforme. were carried out 10 examine the
effects of dispersants. Experiments exposed seagrasses in vitro 1o con-
centrations of Louisiana crude oil ranging from 7.5 10 500 milllliters
(mLjn 10* mL seawater at exposure unes of 5 10 100 hours (seagrass
not in contact with ol slickj. In other experiments, the seagrasses were
exposed 10 the dispersa .: Corexit 9527, which was combined with the
oil in.a ratio of | pari dispersant to 10 paris oil with dispersant concen-
trations ranging from 0.75 t0 50 mL in 10" mL seawater (dispersait
plus oil forming a cloud of the subsiance in cortact with seagrasses).
The oil or oil with dispersant treatment was removed from the sea-
grasses after the designaied exposure periods. Thereafter, the sea-
grasses were montutored for 14 days. Blade lengih was measured as a
factor of growth. Thalassia showed the greatest tlerance 1o dispérsant
plus oil of the three species tested. 1t was not substantially affected by
any oil concentranon alone; however, when exposed 1o oil and dis-
persant, growth sigmficantly decreased with concentranions of 125 mL
oil and 12.5 mL dupersant in 10° mL seawater at longe: periols of
exposure (100 hours), and also at :nuch decreased exposure um.s (5
hours) for 500 mL oil and 50 mL dispersant in 10" raL sea water.
Syringodium and Halodule were generally less tolerant than Thalassia,
particularly to oil. For example, at 75 mL 0il'10° mL sea water and an
exposure of 100 hours, growth decreased significanily and moriality
increased to 53 percent. Growth and mortaluy of Syringodium and
Halodule were further affected by the additon of dispersant.

Seagrasses are one of the most important coastal and estuarine
organisms in the Gulf of Mevico, Flonda, and Greater Caribbean,
functioning as a magor fisheries nursery habitat, 1ood and shelter for
more than 300 fish and 330 imvertebrare species. Being distnibuted
from the low tide hne outward to the reefs, they are frequently forced
to absorb whatever coastal pollutant ehminations and aceadents oc-
cur, Once they are deamated. nt has been shown that decades fre-
quently are required before seagrass recolomzation s complete.

Qil effects on tropical and subtropical seagrasses hase been docu-
mented in Bahia Sucis, Puerto Rico™ to have killed Thalussea and
eroded sediments in March 1973 In 1976, renewed scagrass growth
was observed. In July 1975, 4 small volume of ol was spilled near
Marquesa Key, Flonda, for which Chan' observed no direet damage
to seagrasses. Diaz-Piferrer! found a decline in Thalusvia beds when
10,000 tons of ail were released at Guanica. Pucrto Rico. Dispersants
were not used at any of the above-mentioned spitls. A review of the
effects of spills on temperate seagrass beds is found 1n Carns and
Buikema.*

Opc laboratory study on the elteets of il plus dispersants on sub-
tropical and tropical scagrasses has been published  Baca and Geter!
used Prudhoe Bay crude oil and Corent 9327 on Thalusua testi
dinum. Bewween 0.38 and 17.7 ml. of dispersed otl turned the blades
of Thalussia from 64 pereent preen to 3 percent greenanancrease
10 70 percent brown
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In summary. clear toxicity levels of oil spills on tropical scagrasses
have been scen. No lower lethal limits for subtropical seagrasses exist
from field or Jaboratory studies, although 0.38 mL of disperscd oil was
not lethal to Thalassia.

Dispersant use

IMO/UNEP Guidelines on Qil Spill Dispersant Application and
Enyironmental Considerations’ instructs in section 6.2:

A number of different habitats will be discussed with some gen-
eral remarks as to possible application of oil spill chemicals. These
remarks are generalized statements which require caution in their
interpretation, as the ccosystems of the same type of habitat may
vary considerably with their geographical location. Ecologists or
marine biologists should be consulted as to the best way of handling

.ythe 0il once it enters the inshore area.

R
t-

"ith rare exceptions dispersant application onshore is followed
by transference of o1l and dispersant to the sca. cither by tid-]
action or hosing with scawater. The imgact of this on the ncar-shore
ccosystems has to be balanced against the advantage that may be
gaincd onshore. It should be realized that the biota onshore arce not
caposed 10 a low concentration dispersion. but to dircct contact
with oil and dispersant together. or to dispersant alonce, in places
where spraving takes place and accidentally misses the oil patch.
Therefore, toxicity tests with chemically dispersed o would not be
sufficient. Special tests should be carnied outin which the organisms
are in direct contact with the dispersant.

Various types of coastal environment and recommended clean-
up methods are described in the 1MO Manual on Ol Pollution,
Section 1V, Chapter 6 (IMO 1980). Generally, cach country will
have several shorehne types which sary in their senasitivity o un-
dispersed ail, dispersed ol und dispersant alone Guidance is piven
below on use of dispersants inshore and near-shore:

1 habitats where dispersant spraving penerally should not take
place are the mostsenaine of marine eny 1runmcp&5. tncluding
coral reels, salt nranshes, mangrove swamps, edttiafies, udal
flats ind lagoans with poor water exchange When ol enters
these environments, it may be best to restrict clean-up activ-
es (including mechanical clean-up) to those methods which
do not add to the damage caused by the ol These arcas
should recenve highest prionty for protection before the ol
arrives. ...

Y. habitats where spraving can tahe place on advice of experts
and with caution include low enerpy sand, gravel and shingle
beaches and sheltered rocky shores. Because of the low wave
enerpy charactensties of such locations ol may remain for
some time. Dispersants may aid i remosing oil on the ap-
proaching tule

In deciding how best to deal with an od spall. the possible fate and
effects of chermmcally dispersed ol will have to be compared with
those of the naturaliy dispersing shich The effects can be shart-term
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and or Jong tenm Lhes mddude phvacal smothonme as well as 1o
ctects The biolovcal ctleas of anorl spdbomebt be assessad I
teaned manne botogists, uang acceptable sacthods i shoald be
stressed that knowledpee about the prespitl sitiation s deseable
and should be considered in contimeenay planming

Presently the potental use of dipersants near seagtass beds s
under discussion tor situations such as swhen segrass beds are deeper
than [ meters (m), where floating oids Tihedy 1o ground onantertidal
sedgrasses, when impacts toseagrass beds hine heen weighed agamst
impacts to anshore habatatsaf gprass beds are betweeo 10 m and mter-
tndal depths, oran shallow Lagoons or areas of restncted Mishing,
dispersants are bemng conudered for use enscagrass beds asan opuon
to protect shorchne environments Partnicubariy ain deselopmg natons
{tmost of which are focatedin the trogposh wath ol spil problems these
questtons are now herg mcorporated mto ol spifl contingency plans,

Phos.an the case of future orl spalls, dispersants o be considered
in the provmuty of coastal Or even estuanne seagnss popalations
The data on which to make deasions tor use of dispersants i sub-
tropical and tropical seagrass arcas are not avalible Questions that
anse are: at what concentrations dispersants can safely be apphed
without effecting specilic seagrasses: which seagrasses can tolerate
what levels of dispersiants plus o and for what timie peniods, and how
sensitine are subtropical and tropical seagrasses 1o dispersants versus
shorchne species such as mangroves,

If the onshore habitat s g mangrove forest or salt marsh. the gues-
ton anses as to how to muke o deeiston on the potential lethahity al
dispersed oil versus non-dispersed onl ta the sublittoral habitat sersus
the <horeline hatntar It should be kept 2 nund that mangroves usu-
ally are more resistant 1o pollutants than are seagrisses, If lethal limns
for o1t or o1l plus dispersants sire not known for seagrasses, the trade-
off hetween onshore and offshore protection becomes a difficutt decie
sion. The only quantitaine daty presently aailable (1 without
concentration cffect data) would be the areal extent of shorehines
versus seagrasses o be aftected, or the patential cost benefit ratio of
deaimating una then restoning one or the other. Notonly do deasion
makersin the Umited States need thisinformation. but sodo those o
mans developing nations who frequently do nat have suttioent .-
search hudgets to ohtan their own data

Statement of the problem

The question then s, what are the lethaland LD« (lethal dosage for
S0 percent of the population) concentrations of il plus dispersant tor
rugjor subtropical and tropical scagrasses The following i the tirst
report of our ongomng ivestigation destgned to explore this question
The results may be used only with the caveat that Liborgtory results
often vield toviaty Tumts for only o sangle stress I studies ot
concentration hmits amdd tmesare needed tocorra e laboratony
studies

Methods

The three mapor subttoprcal tropacal nearshore seagrasees Tl
assta testradoon Halondude wriehin and Sveergodiiem dlocen were
cach exposed o wade range ot ol and ol plus dispersant (o 1y
concentrations i S edlon aguania sitded outdonis me Rev Bis
cavne, Flonda Three mches of quartz sand sediment por tank swas
obtanced trom naturallvoccurnme grass beds Seagrasses wore trans.
planted mro the agquare with apical menstems severat shoot o
roatsand sivindhes of thizome m the same manner which hus pronen
successtubin prios Laboratony studies and Lisee restoration prosects
A nummum of 15 blade vroups of cach speaes was phaced i cach
aquaniuny Fhe time between harvestine the seaerasses tansporting
them m stndard soe chesis ] phantong was asualdlv one houe bag
never oveccded toar ot Bacdh aguanum swas illed swarh Her o am
ol sea water [salimty concentration 2832 pasts per thonend ¢
colleared from Biscavne Bav near o nrager ocean indet The aguang
were aerated and protecrcd trom aan by s ransparent phatic on
e Thotemperature ot the wates aneed trom 35 1003 € with ol
Huctuation of 10 The scartassos wore dlmmmatcd Baooatng o sun
bt Fapoomont coporad hore wore crcd ont tone Nh
Soprtombor Jusd

BEST AVAILABLE COFY

Phe seavtasses were accimatizod 1o he aagian s 1or & nunimanm ot
As hours prios to cachexpenment Fach aguanum was dessenated lor
teatmenis v andom samphine techiigues ™ Lach expernnnent m
chirded the tallowing tresiments the etteat of ogl the elledt of ol
combined wath dispersant (100 1) or control, the amdition and
erowth of seaetases growing in an aquatiugi with oo expasure to oy
ar dispessant

O was weathered by exposing at to senheht and are e approv-
mateh 29 C tor 2 howrs poos to cach espenment ina L em Liver o
& shallow plastie pan Ol and anl plus dispersant treatments weee
apphied toest tanks by aceanting from the weathermeg vessel Ol plis
dispersant was vigorogsiv stered anto tho est tank with e paddie tor
1 minutes Both treatments were incubated wath bubbling by gerat-
ors dunng the expenments and halding pertods altee the expeniments
The ool wlone treatment tormed o shick on the sea water surfuce The
dispersant plus og treatment 1ormed o brown doud o trec-tloannyg
matenal visually homogencous throgghout the tank wethout a surtace
shick The dispersant plus ol did notappear 1o be accumulating inter-
tacally. In the onlalone treatment tanks, the seagrass blades were not
directly touching sl ain the ond plus dispersant tanks the blades were
continuously exposed o the test substanees

In ¢ach experiment o specilic concentration of Lowsang crude ol
was placed o one aquarium designated to test the effects of il onthe
seagrasses: the concentrations of oif tested were 7.5, 75, 125 and 30
mLn HKLIKKEem' of sea water, Corentt Y327 dispersant was mined in
a rato of 10 parts ol 1o one part dispersant an a second aguarium
(recommended dosage of 10,1 or 2001 by Corenat distributors, Ex-
von Chemicals),

Immediately after the designated exposure ime. the water and test
substances were removed fram the aquana The aguarnia were ther.
oughly cleaned: the contaminated water was immediatels replaced
with clean ocean water.

The seagrasses were then carefulls observed for the following 14
divs. Durrpe this time 15 of the most healthy blades of ciach species
were chosen in cach tank and tagged. Young green blades were se-
lected which had no diccoloration or signs of stress. They were mea-
sured on an werage of siv times duning the 14 day peniod to the
nearest = 0.1 cm The blades were measuied fronm the base of the
hlade at the sediment surface to the end of the growing up. Duning
cach measurement the blades were examined for browning, vellow.
ing. and spottmg. all evidences of physiological stress ~ A blade was
consdered mortbund 1t at had totally lostats content of chlorophyll o
and turned brown

Results

Growth rates, When plotted on anthmetie seales. the relationship
between Y tmean length inerease: emiand .V tiime i dased was
curviinear. espectally an the case of the fuster gronving blades on the
1 davy expenimental penod (Frgure L The inerease i blade length
values was theretore converted mte Joganithms tlog v and trom these
the geometnie mean length increases were calcalated and plotied
tsemelog plot agamst ume .\ hincar relatronsup was established
thigure 1)

Values tor bowere estimated by binear regression analyvses ot usualh
n o tdeterminations oo cach Blade mcrease tampover o Hoday pened
using the relutionshep

Inl. dnu - by

Where 1. the length increase (em)
W comstant
b the ddope
1 the expermmental penod ol growth 14 dins

A the gromth rates are expressed as speafic growth, (6 pereent per
dav obtamcdtrom G el Gowas caloutatc dtor cach indinaduad
Phe mean speatic erosth nate G0 95 pereent aentidence bunt was
then determuned tor 15 blades oF cach spevies meach tank

Fect of il and aid plus dispersants an Thatavaa Hhalassaa tes
dorer was ot attcated by onl alonc i tostad concentrations randing
Botweon T s and o] g ioo ml o seanw e Chablo T Thore were me
semthiomt Bt o0 ras g botw o cronthoan the controgs and
crosatho the o o wene Apeeead v e D bt s B oS
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Figure 1. Increase in growth of subtropical tropical seagrasses plotted on (a} anthmetic and (b) semi-loganthmic scales—0 represents mean
increase of 15 blades of Thalass:a testudinum exposed to 75 ppm oil for 10 hours: * represents the mean increase of 13 blades of Syringodium
filiforme exposed to 75 ppm o1l for 10 hours: A represents the mean increase ol 15 biades of Halodule wrightu exposed to 1,250 ppm oil for 100

hours.

30 mL. 3 hours—uall in 10" mL seawiter, Growth rates of Thalassia
ranged trom ¢ = 378 percent per das When evposed to 123 mban 10
mi. sea water for 100 hours to 4.83 percent per day when exposed 1o
7.5 mboan 100 mlbosea water for 10 hours. Mortabity of Thalassiu
remaned low (helow 13 percent) in both control and dosage tanhs
(Table 1) Tt should be noted that Thalusva Blades did not touch the
oil ~lich an the ~ca water it these expeniments,

The ettects of ail plus dispersant coutd be divided 1nto 1wo catego-
rics Lower concentrations of oil combined with dispersant (ranging
from dispersant concentrations of .73 ml. for 10 hours to 7.3 mL in
10° mi. seasater for M6 hours did not sigmificantly affect (P > 1.03)
the growth rates or survaval of Thalassia (see Tuble 1), However,

higher concentrations or greater exposure time seserely stressed
Thalavaa In tanks with 125 mb ol (12,5 mbL dispersant) for 106
hours, and $00 ml. o {30 ml. dispersant) for 5 hours, allin 10" mL
sea water, mean speahie growth rates of Thaluvaa were reduced to
239 pereent per day and 248 pereent per day respectinely, hoth
sieniicantly Jower (/' < (105) than in tanhs without the dispersant
Mortaluy abso ncreased w40 and 47 pereentin these cases (see Tahle
hovers clne o LD

Effect of oil and dispersant on fHalodule and Syringodiunt, The cf-
tects of oil plus dispersant on Halodule and Syringodaan also could be
divided into two categorses, Halodude and Syringudiem responded
identically to oif and dispersante. and differently from Thalassia.

Table 1. Mcan specific growth rates. G (percent length increase per day) with 93 percent confidence limits and percent mortality in Thalassia
testudinum alter exposure to varying concentrations of Louisiana crude il and Corexit dispersant for 14 days at 28-31° C—n is the number of
healthy green blades measured (£0.5 cm): CVis the cuelMicient of variation in growth rate (CV, percent): mortality was determined by 100
percent brov ning of individual leaves: * denotes the control for each experimental trial.

Concentration

' mL ) Exposure Mortaliy
Sl .
Trial n Mo ater ume _ at 14 dany
No, il Dispersant th) G n oV (pereent)

1 7.8 no3 {1 48] 2035 N I8 7

T3 1] HI AN 20037 13 b ] 1]

c o 7 10 1un: 043 3 17 0

2 75 T3 3 437 2 n6d 13 2 B

T3 1] 3 141 20 8d I3 3 7

cn 1] N 14104 145 I8 i)

R) 73 7.5 100 IYs L3S 13 hE! 0

73 ] PR 1] 1 13300 13 0 7

coon 1] 1t8) 478038 15 1 ()

1 123 123 LD 2y -0 4 15 3l 10

128 ] 10 TS 14 oy 13

T 1 11 Pl 0N 15 V7 i

< M) AUt < AR TER S 15 (s 47

2K " < [ TTIC TN 13 14 "

" " < RTINS 1~ 17 3l
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Table 2. Mean specific growth rates, Gopereent leagth imerease per davy with 95 percent confidence hmits and percent martality in Haladrle
wraghtu after exposure to sarving concentrations of Louisiana crude ol and Corexat dispeesant far 14 days at 28-3M° € —n s the number of
healthy green blades messured (2005 con): CV s the cocfTicient of variation in growth rate (CV, percentys mortality. was determined by 100

pereent browming of individual leaves: * denotes the control for cach experimental trial.

Concentrahion

Exposure
i 10 ml seawater P

Mortahiy

Trral ume ~ a1 odass
No. on Dispersant (h) G " v {pereent)
I 7.5 0.75 1) RIS IR TN 15 U 7
7.5 ] 10 l72:2037 15 13 7
0 0 ’ 10 KUARA RS 15 I8 0
2 75 1.5 3 L =05d 15 ] 20
75 0 5 65 =037 15 17
t 0 0 5 L8 =025 15 19 7
k) 75 7.5 100 185 =044 15 2 3
75 0 100 2222037 15 63 47
* 0 0 100 384 =0.71 15 12 0
4 125 12.5 0 0.75 =035 15 94 100
135 0 H) 141 =044 15 83 §U
° 0 (V) 100 3.7520.78 15 21 7
5 500 S0 5 0.69 = 0.48 15 89 100
500 0 S 3.88=0.2) 15 14 7
0 0 5 3952044 15 18 0

.

Table 3. Mean specific growth rates, G (percent length increase per day) with 95 percent confidence limits and percent mortality in
Syringodium filiforme aler exposure to varying concentrations of Louisiana crude oil and Corexit dispersant for 14 days at 28-31° C—n is the
number of healthy green blades measured (0.5 cm); C¥' is the coefficient of variation in growth rate (CV, percent); mortality was determined

by 100 percent browning of individual Jeaves: * denotes the control for each experimental trial.

. Co‘nccmrulio'n Exposure Morality
Trial in 10 mL scawater time _ at 14 days
No. Oil Dispersant th) G ] cv (percent)
| 7.5 0.78 10 3.57=0.43 13 7 8
7.5 0 10 3.65=0.37 13 12 15
0 0 10 AR =054 13 9 0
2 75 7.5 S M= 0.24 15 14 27
75 0 5 358 =018 15 19 7
* 0 0 5 =033 15 21 KR)
3 75 7.5 1k 0.91 = 0.45 15 94- 80
75 1} Y 1.13 2 0.65 15 87 53
s 0 100 347 2 0.5] 5 14 7
4 125 12.5 1Kt 0,64 2 038 1N 91 X
125 {] 1 085 2 (1L.66 15 Rd 87
A1 0 106 KIS PR 2| 15 7 13
3 NET] 30 5 0432072 15 96 1K)
NI 0 s I =058 13 14 13
1] §} A 59 = (1.6] 15 h 0

There were no sipmificant differences between Halodule and Syringo-
dium in the mean specific growth rates (£ 2 0.05) or mortabty when
these specivs were exposed (o varving concentrations of ail or ol
combined with dispersant (Tables 2 and ).

Halodule and Svrengodiuan were not affected when exposed to ol
concentrations rangn: * from 7.5 ml_ 1o SKEmloan 10% b seawater for
short durations of § or "0 hours, howeser, mean specific growth rates
were significantly lower d (P << 11L95) 1 both species with longer ex-
posure penads, When Halodu'e was exposed to oif coneentrations of
75 and 125 mLon 10" mb. sea water for 100 hours, the growth rates
were reduced to 6= 2 22 and § 4L pereent per dan respeetnels and

BEST AVAILASLE COPY

mortahty rose te 47 and 80 percent (Table 2). Similar reactions oc-
curred to Svringoduan exposed o ol concentrations of 75 und 125 mL
1n 10" ml. sea water for 100 hours (Table 3). It should be noted that
the blades of the seagrasses did not touch the seawater shck in these
cxpermiments.

Dispersants plus oil did not effect Halodide or Syrmmgodim at low
concentrations (0.75 or 7.5 mL in 10" mL sca water) for short expo-
sure periods (5 ta 10 hours) However, these species were significantly
less tolerant (2 < 0.05) to higher concentrations and greater exposure
tumes of ail muxed with dispersants than was Thalassia Ata dispersant
concentration of 7 5 ml o 107 mi sea water for an exposure period

\)“D



ot T00 houts, the mean speatic growth tates tor Hadodide and Sy
eodiien el o G L NS and 091 pereent per dav respectisely . whide
martalitv mereased to Thand St percent Lhabassie when exposed 1o
the same concentrations of o with dispersant lor the same e
period, huad o gronth rate o1 = Y98 pereent per day and 0 percent
mortalitn The growth rates tor Halodide and Sy readiam were even
lower when the concentranon of dispersant was increased 1o 12 3 m}
tor ¥ hours Go= 1 41 pereent pesdas tor Halodude and 0 83 pereent
pec day 1or Svrncoduan, mortality for both species reached 1o per-
cent by the end of the H day observation penod

Higher concentrations of dispersant mined with il abso disectly
attected Svrineodian and Halodide even gt lower exposure times At
S hour expasure and 30 mi dispersant, the growth rafes were turther
reduced o (F= 060 pereent per day tor Halodule and 043 pereent
per day tor Svrmeoduam. Mortahty reached 100 pereent i 14 dass
Thalassia was also attected (G = 2 3 perent per dav) Dt to g lesser
deeree. and mortahity did not eaceed 30 pereent

the Lowsang crude oib used hadd the lnllm\mg preide une
weathered, ahiphatic aromane ™ 70 20 weathered, ™ 40 2 rata as de-
termuned by proton nmr an \lL\ll\f.llgd chlerotorm (Eugene Man,
persanal communication)

Discussion .

In these inttial laborawors expeniments rangmg trom relatively low
10 high dispersant concentrations, clearly Thalassta testudinum w s
mare resistant to Lousiana crude odf plus the dispersant Corenit 9327
than Halodule weighur ot Syemgodram filiforme. Halodule and Syein
godim had responses similar to one another. In these caperiments
LD« for Thalassia appears to be near a concentration of 12,5 mL in
10" mL sca water for WK hours, or 30 mL for # hours in 10° mL seu
water. LD for Halodule and Sy ringodint with dispersant concen-
trations of 7.5 mLin 10° mL sea water occurs somewhere between five
and 10 hours. More exact tonaty limits nud to be defined by
further expenimentation.

1t should be heptin mind that laboratory experimentation with only
one stress (all other conditions optimum) frequently vields more op-
timal LD« than field conditions where multiple stress factors often
cause syrerpistic effects. thus lowering the LD« It would be prudent
1o test the imiis found after further Iboratory experiments in sun,
Also. synergitic effects between sublethal ranges of oil phes dis-
persant combined with other important uoIoLmI factors {such as
light. temperature. and salinity) need testing.

11 terms of use of these preliminany data for guidelines. the follow-
ing are offered:
® Subtropical and trapical seit grasses are more sensitive to oil plus

dispersants than is shoreline vegetaton (. £.. mangroves, compare

o Teas, eval ™).
® Thalassia 1w more resistant for shart time periods (S hour.) o

dispersants than Svemgodum or Halodule. Thus it is imporl.ml ]

hnow the extent of Svrngodium or Hualodude habitats in acreage

thut might be affected in a coastal or estuarine region before a

decion o use dispersants s made. We currently have no abiluy to

extrapolate this for the different species inhabiting the other sub-
tropicil and tropical acean basins of the world.
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® Lutther Laboratars and basie hickd testing s clearly necessary o
debine sublethal concentrations, anges and times
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ELASTOSOL, an oil spill control agent: Toxicity effects on tropical and
subtropical seagrass, corals, fish and mangroves.
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The toxicity of other than dispersant o0il spill control agents
(solidifiers, gels, sorbent and bioremediation agents) for cleaning oil
spills has received very little attention (NRC, 1989; Thorhaug, 1991;
IMO, 1991). This is the beginning of an attempt to give the same
attention to the toxicity of these ©products to «critical
tropical/subtropical matrix organisms and fisheries species.

The product elastosol contains polyisobuylene and an oleophilic
surfactant. Although it is proprietary, it has undergone chemical
analysis and field testing (Fingas, 1989; Bobras, 1987a&b, 1988aé&b;
Fingas and Tennyson, 1988; Laun and Hingmann, 1988). A wide variety of
crude o0ils became elasticized within 15 minutes more-or-less after
elastosol treatment. These were retained in solidified condition up to
30 days with viscoelastic properties maintained over this time period.
The properties appear to be that slicks are prevented from spreading and
can be picked up by skimmers efficiently. With sensitive ecosystems, the
major use of elastosol clearly will be relatively small confined spills
probably at ports, marinas, oil refineries or in bays or estuaries.
Thus, the tolerance of critical habitat organisms to elastosol is
important.

METHODS:

Toxicity studies

Laboratory investigations. Standardized procedures used by the U.S.
Environmental Protection Agency (EPA) and various agencies (FAO, UNESCO,
UNEP) for testing tropical matrix organisms were employed so that
standardized test results could be produced. The hope was to compare
results with temperate results, along with UNEP European dispersed-oil
toxicity data.



Selection of critical matrix organisms for tropical shorelines was a
choice based on (1) importance to the food web, (2) rate and difficulty
of replacement once decimated, (3) shoreline stabilization
characteristics, and (4) usefulness to the nation (fisheries, tourism).
Local experts such as Jeremy Woodley, director of the Discovery Bay
Marine Laboratory and preeminent Jamaican coral reef expert, were asked
to choose indicator species for the project.

Standardization among techniques for various groups was attempted so
that the results of each group could be compared. Thus, the standardized
portion will be explained first.

Laboratory conditions. The procedure was described in detail by Thorhaug
and Marcus (1985). Fifty~gallon glass aquaria were used in out~of-door
conditions (such as fluctuating light, temperatures, and running water)
and, except for the mangroves and seagrasses, were protected from rain
and wind. Temperatures ranged from 26° to 30°C, with fluctuation of 1°C
+ 0.5°C. Seawater ranged from 30% to 33% (except for the mangroves). In
seagrasses, three inches of beach sand was at the bottom. Corals tanks
were bare. For seagrasses, a minimum of 15 blade groups of each species
was placed in each tank (1 tank per treatment). Great care was taken in
transport and holding conditions for the coral and mangrove specimens.
Time for equilibration of specimens was allowed. 100,000 cc of seawater
was placed in each treatment.

Laboratory procedures. Oil-only was a treatment in each set. Time for
weathering of oil was 24 hours at 28°C in shallow plastic pans. The
control tank was handled exactly the same as treatments. The dispersant
was applied to o0il floating on the tank surface with 1 minute of
vigorous stirring. The dispersed oil formed a brown cloud of free-
floating material, visually homogenecous throughout the tank (depended
somewhat on concentration and dispersant). The coral and seagrasses were
not touching the oil floating on the top; the mangroves were in contact
on the bark. All specimens were in contact with the dispersant mousse,

The application of elastosol was 12.5 ppm o0il, 75 ppm oil and 125 ppm
oil with mg (1 package) of elastosol. The exposure times were 6 and

10 hours for corals and seagrasses, 10 hours for mangroves. The’

treatment was immediately removed, and the water cleaned and changed in
all treatments.

The specimens were incubated up to 14 days (coral, seagrass) and 9
months (mangroves). The observation period included daily or bi-weekly
readings of health. Seagrasses had young green blades tagged and
numbered. These were graded for discoloration, spotting, wilting and
other morbidly symptoms. Corals were graded by bleaching, spotting,
browning, wilted polyps, extruded polyps, and mucous secretion.
Mangroves were graded by leaf drop, twig drop, root death and
discoloration, 1leaf coloration; leaf spots, and leaf wilt. These
symptoms of mortality and illness were made quantitative by experts and
organisms were graded. The tables showing the results are not of heath
but of mortaiity.
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RESULTS:

Morphologically, the results of elastosol included the observation that
the o0il flowing on the surface of the tanks within a few minutes of
treatment with elastosol congealed into long lines. There appeared to be
no film on the glass sides of the aquaria or on the water. The mixture
of elastosol and oil was complete.

There were a series of biological and morphological observations.

1) The corals continued with their polyp feeding patterns with the
elastosol-o0il mixture in the tank. This was an extraordinary result
compared to the other compounds used in the test which were a variety of
dispersed~oil products. Color and vigor of the polyps of all species was
retained.

2) The elastosol had no apparent effect on seagrass or mangrove vigor
or color.

The quantitative data for the various concentrations and various oils
show that the oil plus the elastosol at concentrations of 125 ppm were
appreciably 1less toxic than oil alone for corals and seagrasses.
Mangroves had no effect from elastosol. 0il alone did not affect
mangroves at these concentrations. Corals were the most sensitive to
oll. The response of decreased toxicity by application of elastosol is
seen dramatically at 125 ppm oil in corals where the control had a
higher mortality than the oil plus the elastosol. The mangroves were far
more tolerant of oil, plus oil and clean-up product of any kind than
were ssagrasses or corals.

CONCLUSIONS:

The herder or solidifier Elastosol does not appear to have marked toxic
effects on the tropical/subtropical matrix organisms studied, even at
high concentrations. 0il alone at the higher concentrations does have a
toxic effect on seagrasses and corals. The results of dispersants at
these same concentrations were highly toxic on the seagrasses, corals
and mangroves for many of the products tested.

The elastosol in all tests was the least toxic of a series of oil spill
clean-up formulations. The toxicity of oil alone was definitely greater
than the elastosol treatments in almost all the concentrations tested.

The difficulty of application of elastosol would indicate use for a
smaller spill such as a harbor or estuarine spills. The fact of very low
toxicity corals would make this extremely well~adapted to spills near or
over coral reefs. It may also be very helpful to control o0il when spills
are within mangrove swamps. Certainly, spills which cannot be
mechanically handled or chemically dispersed may warrant the expense and
application methods for elastosol.
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Anitra Thorhaug'

Dispersed Oil Effects on Tropical Nearshore
Ecosystems

REFERENCE: Thorhaug, A., *Dispersed Oil Effects on Tropical Nearshoze Fcosystems,™
in Oul Dispersants: New Ecological Approaches, 151 STP 1018, 1L Michael Flaherty. kd .
American Soctety for Testing and Matenals, Philadelphia, 1989, pp 257-2713

ABSTRACT: Tropical and subtropical critical habitats are generally more Iragile and slower
1o recover than temperate ones 1n which the environmental standards and guidelines are
made. Fisheries nursenies are found immediately adjacent to shore in scagrass in the ropics,
unlike temperate zones where fisheries are most frequently offshore and much of the adult
fish catch 1s in this coastal region (the exceptions are a few highly nugrating fish such as tuna).
Studies have dealt with o1l effects on corals and mangroves: fewer have dealt with seagrass.
Very few studies have looked at dispersed o1l on any of these habitats. The single dispersant
used for mangroves and corals and the primary dispersant in scagrass studies was Corexit
9527, which showed no mortality on subtropical and tropical habitat species between 110 50
ppm (1:20 dispersant-to-o1l dilution) for short (4 to 6 h) tume periods. Higher concentrations
of dispersed o1l tested on scagrasses showed ranked sensitivity. Other dispersants have onfy
been tested on scagrasses. Ranked sensitivity from nontoxic to very toxic appeared as in
animal testing. The time of exposure and concentration of dispersants are important 1o
increasing toxicity effects. Four species of corals were tested to Corexit 9527 | 10 50 ppm.
Little difference in response was yet apparent. For mangroves, only the Western Atlantic red
mangrove has been reported for the single dispersant Corexit 9527, (This manuscript was
prepared in June 1987 when some ongoing experimental mangrove data were not vel pub-
lished.) The Indo-Pacific basin critical habttat species and Arabian Red Sea species need sim-
ilar testing for “'safe hmuts.” Field testuing ol various dispersants 1s necessary. Regulators and
planners must stop using the generic “dispersants™ in ol spill contingency planning and
name a nontoxic substance tested 1n their eccosvstems since some dispersants are toxic and
others are not. We must establish a network to disseminate recent work.

KEY WORDS: dispersed oil, dispersants, tropical. subtropical critical habitats, mangroves,
corals, seagrasses, oil pollution, o1l spill, conungency planning. toxicity testing, tropical
coastal ecosystems. fisheries

How Tropical Ecosystems Differ from Temperate Ecosystems
Fragility or Restliency of Ecosystems

A system of rating the “survival™ ability of ccosystems through natural and ecological
disaster has been done by Cairns [/]. whose recovery index (RI) compares resthency, sta-
bility, elasticity. inertia. and vulnerability of ecosystems to irreversible damage. Thorhaug
[2] has rated tropical ccosystems versus temperate, subtropical. and arctic ¢ccosystems on
this scale. which Cairns did not do (Table 1).

" President, Greater Cantbbean Lnergy and Environment Foundaton. P O, Box 490539, Key Bis-
cavne, FL 3349, research professor, Department of Civil Engineering, Florida International Univer-
sity, Tamuann Campus, Miami, FL 33199 and president, Apphied Marime Leological Services, Inc..
P.O Box 490539, Muami, FLL 33149
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TABLE t—Compararne coastal and estuartne hahuat recovery rarimges on Carrns ¢ 19500 scale
Temperate Subtropic fropic Arctie
o Hasuany medium medium low low

eaistence of
cpicenters

dissemule transport high medium low high
habitat conditions high medium low high
water qualiny high-med. medium low high
regional management high high fow high
2 lnerua high medium low medium
Organisms medium medium high high
viability in stable high medium medium medium
eCosy stems
redundancy medium medium high low
MIAING capacity high medium low high
proximity 1o high medium low low
threshold
regional management high high low high
3 Vulnerabilitv to high medium low low
irreversible damage
4 Resiliency high medium low low
overall recovery high medium fow medium
1ndex

[t can be seen that tropical nearshore ecosystems are low on the recovery index as a result
of (1) lack of clasticity and resilience once perturbed. (2) vulnerability to ecosystem irre-
versible damage with pollutant stress, and (3) inertial factors (proximity to critical thresh-
olds when polluted and low regional management capacities; that 1s, most third-world
countries with much less capacity for managing ecosystems lie in the tropics, which are
close to their crinical pollution limits, while few first-world countries are situated in the
Lropics).

To give a specific example, a coral reef takes 10 1o 50 years to recover naturally from
disasters: mangroves. 20 to 50 vears; seagrasses, 6 to 50 years. These recovery rates are all
dependent on species and extent of impact. These are dependent on the extent of the dam-
age. water and physical conditions, proximity of disseminule epicenters (1slands are longest
to recover). closeness to limit of range. high or low energy system. and several other factors.

Several investigators [ 2-4] have called the tropics ““on the brink of disaster™ because they
are close to the critical threshold (LD, or LD, which is the lethal dosage at which 50%
or 100% of the population being tested will die. respectively).

Fisherres

Much of the fisheries nurseries for the several thousand species fished in the tropics (with
the exception of tuna and a few other strictly pelagic commercial species) are found very
near 1o shore in seagrass beds, mangroves, and coral reets. The adult stages may he cap-
tured out 1o sea. but the juvemiles and eggs need these nursery habitats to complete their

e stages. The temperate ccosystems have many fewer species and more abundance of

these spectes. Spawning and juvenile habitat frequently occurs in open oceian, so that the
estuaries and coastal areas lose a portion of therr importance to the food web
lhe fragihty of tropreal fisheries may he based on the reasons stated: that the tropies are
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already at the hugh radiation, hagh temperature end of line. This “multple-stresses™ onan-
1sms so that additional stresses casily push them over the “brink of disaster ™ The reasons
may be far more complex. Moore [} theorizes that the reason there e so many more
syecies 1n the tropies s that the radiation level, temperature level, and hehtare all highe
and these cause genetic breakage and speciation. Examples of tropical ecosvstems sue-
cumbtng 1o poliutants of lower levels than thewr functional analogues in tlemperate ccosy s-
tems are abundant such as heated waste effects (3] and dredge and il effects |0)

Toxicuty Testing Standards for the Tropics

Because of the fact that most first-world nations are in the temperate zone. most of the
environmental protection agencies that have research ard development money for stan-
dard testing are in the temperate zone, thus the test orgar isms have been mostly temperate
species for pollutant standards. An example is the U.S. Environmental Protection Agency
(EPA). Almost all the designated test animals are temperate. Standards were set after ¢lab-
orate testing in the laboratory and field for climination of heated wastes. These standards
were invalid when taken to tropical parts of the United States such as Miami. Key West,
Puerto Rico. Hawaii, Guam, and Samoa. New standards had 1o be set up with tropical
organisms. Rarely. if ever, have tropical organisms been used as standards in North Amer-
ica, Europe. or Japan.

In my opinion, the standardization tests for toxicity of a substance discharged into the
environment must be redone using tropical organisms to set tropical standards such as the
following outhines.

Critical tropical organisms that are vulnerable to pollution and affect the food chain are
the estuarine and coastal matrix organisms. These important matrix organisms are coral
reefs. mangrove. and seagrass species. In a few tropical locations. macroalgae /Halimeda,
Caulerpa, Laurencia) or marshes might be included. When these are removed. hundreds
to thousands of species have no habitat or nursery and thus are effectively removed from
the area, even though they could survive the water quality characteristics.

The temperate zone has a plankton-driven food web in coastal areas. which sometimes
dominates even in nearshore or estuarine arcas. The tropics have benthically driven sys-
tems. The difference in recovery rate of a plankton system 1s davs versus vears for tropical
food webs (at least two orders of magnitude longer).

Tropical Environmental Management, Standards, and Guidelines

Environmental management in the third world is basically 13 vears old. being initiated
with the United Nations Stockholm Conference on the Environment in 1972, Many devel-
oping nations set up environmental protection agencics in response to the mandates on
valuable natural resources being decimated by the thoughtless management set forth at this
conference.

The natural progression was 1o set up a large management agency Then guidelines or
standards and laws or policies to enforee sound environmental management were sought.
Frequently the naton examined the set of laws, regulations, and pohcies from hrst-world
nations. They were unpressed with the thoroughness of first-world regulations. These stan-
dards were translated into the laws, regulations, policies, and legal frameworks used in that
nation. For instance, in the Philippines, much of the environmental law tafter Stockholm
appearcd during a perntod of martial law, so 1t was decreed by Presidental Proclamation as
a new set of faws, [t bears a strange resemblance to VLS EPA regulations, laws, and poli-
cres. Egvpt hiad o verv extensive set ol envoonmiental laws, but no agencs o manage il
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until the carly 1980s. However, no enforcement funds. personnel. or policics were appro-
priated for the laws, making enforcement impossible.

Several 1tems must be appreciated about tropical environmental management. In first-
world countries, fairly strict laws, which are well enforced, are now operant. In first-world
territories, protectorates, and second-world nations, such as Venezuela, Israel, and Middle
East nations, this is also occurring. In third-world nations, which form the bulk of the
tropical area, good policies and laws and an organizational structure frequently exist. Often
low economic budgets, understaffing, lack of advanced professional training for staff, and
other political constraints such as little veto power over the government’s own environ-
mentally impacting projects (roads, power plants, and other infrastructures) cause less than
optimum resource management.

There is no place this phenomenon is so evident as in oil spills in the third world. Oil
spills are frequently well planned for on paper. The process of implementation is entirely
different. There, lack of enforcement, personnel, funds, and equipment are manifest. Fre-
quently valuable natural resources are impacted during spills.

The first-world guidelines frequently are meant to protect offshore fisheries such as found
in temperate areas and the more capital intensive first-world fishing fleets. The fisheries
are ncarshore in tropical and artesanal nations, and employment is an important element
of fisheries. Present oil spill contingency plans are not calculated to protect the complex
nearshore sets of critical habitats. Offshore spills are the assumed basis for most sets of
guidelines for cleanup now in practice in tropical nations. When spills come close to shore,
the trade-off, use of dispersant to protect the resources, while not impacting on others, is
not understood or implemented. Spills in harbors or at terminals are particularly repetitive
in some nations. Therefore, we see large losses of resources in one tropical spill after
another: Nigeria, Panama, Puerto Rico, Jamaica, Bahrain, Indonesia, Egypt, and so forth.

Results
Comparative Dispersant Effects on Tropical Habitats

Tables 2, 3, and 4 show dispersant effects available from the literature. Seagrasses, man-
groves, and corals are shown separately to compare dispersant effects within each critical
habitat group. Unfortunately. scientists and government workers in the tropics do not pub-
Lish material at the same rate as the first world, so there may be dispersed oil spills with
unpublished results (I would appreciate receiving synopses from the authors of these). For
instance, the Philippine Coast Guard was funded by the United Nations for a large dis-
persant toxicity testing program, but results were not published nor are they available.
(Fish were the major test organisms.)

In general, there is more detailed data in laboratory experiments about seagrass than
others. There is more field testing on corals. A wider range of dispersants have been tested
on seagrasses than on mangroves or corals. More real-life spills have been documented on
mangroves than seagrasses or corals.

The clearest point is that all reported testing, with one exception, has been in the Greater
Caribbean. and we know nothing of other basins.

Imporiance of Seagrasses, Mangroves, and Corals to the Tropical World

Scagrasses are found from the tropics 1o the arctic and therefore differ from mangroves
and corals. which are almost strictly tropical and found generally in subtropies close to the
tropics (mangroves go to Anclote on the West Flonda coast and Davtona Beach on the
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East Florida coast). Seagrasses are a very critical habitat 1o tropical systems, formang a chiel
fisheries nursery for hundreds of commercial species. Scagrasses cover at Teast | nillion
km* [7]. They are distnbuted from the high tide marsh in estuaries 1o the coastal areas m
continental shelves. There are about 30 species worldwide.

Mangroves are found throughout the world's tropics, espectatly inlow energy arcas such
as estuaries, lagoons, and river deltas. Throughout the world’s tzopics 300 000 km* are
found [8)]. There are about 50 species worldwide. The detritus adds appreciably to the pro-
ductivity. The trees form a major intertidal and upland coastal habitat for hundreds of
specices.

Coral reefs are well known to be important structural elements (0 a coastline’s integrity
and to be habitats for a wide array of important species for fisheries and ecology. Reefs are
chiefly coastal, tropical and in some seas are rarely found in estuaries. Reefs can be found
on coastlines from the interudal zone to the edge of the continental shelf. Of the world’s
tropics 600 000 km* contain corals. They are found in all tropical ocean basins. There are
hundreds of specices.

Because of the predominance of drilling on continental shelves, reefs and scagrasses are
in danger of spills from most drilling sites. In Mexico and some Middle East nations, drill-
ing is in and around mangrove arcas. Tanker spills most frequently affect reefs. and sec-
ondarily affect seagrasses. Port, harbor, terminal, pipeline, and other “*facility based™ spills
most frequently affect mangroves and seagrasses.

The Tethys Seas of ancient geological times had a worldwide tropical zone which con-
nected through either Mexico or Central America and the Suez area. Species were similar.
The uplift of the Central American area cut circulation and further speciation continued,
making very different groups in the Red Sea, Indo-Pacific, and wider Caribbean. There are
presently very different species of corals, mangroves, and seagrasses in each ocean basin
with almost no overlap between the Atlantic and Pacific.

Differences of Toxicity Effects Between Species

Seagrasses—Tropical and Subtropical—In the Atlantic, the seagrass Thalassia testu-
dinum is the most tolerant to high concentrations of oil and dispersed oil {9-/2]. The least
tolerant is Syringodium filiforme. Halodule wrightii sensitivity usually was simular, but it
was slightly more tolerant to oil alone than was Syringodium filiforme. These sensitivity
rankings were amazingly constant between concentrations, oil, and dispersant type. We
have no data yet on the Indo-Pacific species, but would generally expert cogenctors to
behave similarly based on comparative pollutant Atlantic versus Pacific work { /3] (Figs. |
through 4).

Mangroves—It should be pointed out that the tolerance to salt of the various 50 species
of trees lumped as “mangroves” does not indicate similar physiology between species.
Probably mangroves may be more dissimilar in toxicity response than scagrass?s.

The only mangrove that has been dispersant tested for oil toxicity in experimental sites
(canals) is the red mangrove Rhizophora mangle [14,15]. Several fheld situations give
results for red mangroves [/5-17]. Clearly, rescarch on interspecific differences 1o dis-
persed oils of various types is called for.

Ficld results reported from the Atlantic would indicate Riuzophora mangle has a lgher
tolerance than the other species. The final results of the Panama expeniment. only reported
in abstract form at the time of writing [ /8], will no doubt resolve some comparative Carib-
bean tolerances. Other parts of the world beyond the Caribbean are yet to be tested for
dispersed o1} effects on various mangrove species. An ongorng project in Jamaica (Thor-
haug, Teas. and McDonald) may #nswer questions tor the Cartbbean.



TABLE 2—Tropical and subtropecal dispersed ol and odd effects on seagrasses.

Dispersant
Author and Used and Conc. of Amount of Resource Dispersant
Location Daite Type Dilution Dispersant Spill Date Aflected Impact Effect
Baca and lab. Corexit 9527  50-ppm oil 50 ppm 1984 Thalassia LDy 12- and oil with
Getter outdoors 1:20 - oil lab. estudinum 96-h dispersant
(1984) (22 24 h bioassays has lower
oil & toxicity than
dispersed without
oil dispersant
Niama. Thorhaug and  lab. Corexit 9527 La. crude lab. 1983- Thalassia LD, vs. ime at medium
FL Marcus outdoors 1:20 Murban 1984 Halodule and conc. conc.
(1985) (Y] Syringudium high
high
Miama, Thorhaug and  lab. Corenmit 9527 La. crude at5t0 100 h
FL hMarcus outdoors 1:20 Murban
(1985 9]
Miama, Thorhaug and  lab. ARco D-609 La. crude Thalassia LDg, 5 h low to medium
FL Marcus outdoors 1:10 Murban Halodule 100 h low.to medium
(V98Ty [ 11} Syringudium low to medium
at 75 and 125
ml.
Miami, Thorhaug and lab. Conco K La. crude Thalassia 1.Dg,at 5 & mcdium 1o
I-L Marcus outdoors (K) 1:10 Murban Halodule 100 h high
(1987) |12} Syringudium high

high
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Panama

Naann,
Pl

NMianmn,
FL

NMianma.
FL

Miama.
FL

Getter (1986)
{16}

Thorhaug and
Marcus
(19873 [ /1]

Thorhaug and
Marcus
(1987)y{/1]

Thorhaug and
Marcus
(1987) /2]

Thorhaug and
Marcus
(1985) [9]

ficld

lab. .
outdoors

lab.
outdoors

lab.
outdoors

lab.

Corexit 9527

Corexi1 9550

OFC-D-607

Cold Clean
500

Finsol OSP-
7

50 ppm at
24 h

125- and 75-
mL ol
1:20 disp.
n
100 000
cm?’

SW La.
crude 75-
and 125-
mL oil
La. crude

La. crude 75
and 125
mL. in
100 000
cm’ SW

La. crude 75
and 125
mkL in
100 000
cm’ SW

cXp.
Prudhoc
Bay
crude

La. crude
cxper.

La. crude
cxper.

1985

1986

1986

1986

1986

Thalassia
testudinum

Thalassia
Halodule
Syrningudium

Thalassia
Halodule
Syringudium

Thalassia
Halodule
Syringudium

Thalassia
Halodule
Syringudium

nonc to
Thalassia

100 h

100 h

LD,, 100 h

LD,, 100 h

no cffect on
Thalassia

low
medium
low to medium

low
low
medium

low
low to medium
low

med.-low
low
low-med./low
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TABLE 3—-Dispersed od and oil effects on corals.

Dispersant
Author and Used and Conc of Amount of Rcspurcc
f.ocation Date Type Ditution [ispersant Smiil Date Affected Impact
Bermuda Knap ¢t al field Corexit 9527 1:20 Arabian light 1981- corals 6 10 24 h after,
(10385, and BP 1100 1.10 crude 1986 1 10 50 ppm
1986. lab. WD on Diploria
1987) [ 19} strigosa
Arabian Le Gore et al. field Corexit 9527 Arabian hght 1980 corals No lmp;:jcl
jult 983) (20 X per. 20:1 crude immed.
ul (1o (-0l P Some death
after 6 mo.
durning
winter cold
Panama Getter and field Corexit 9527 50 ppm Prudhoe Bay 1985 corals, no coral death
Ballou exper. 20:1 crude seagrasses, 2: 24-h
(1987) 23] mangroves exposure
Panama Cubit et al. spill Corexit 95217 20:1 50 000 med. 1986 cerajs, coral death
(1987) [17] wi. crude seagrasses,
mangroves

ispersant Etect

No ctiect to briet
Cyposures
when ol
dispersed 20-
ppm
polychactes,
brvalves
crustacea
unitolerant

" Unclear after 9

mo whether
dispersant had
effect or not

No death on
corals with
dispersant.

Reports intertidal
reefs extensive
mortahity,
subuidal to 2-m
mortahity

. .,
A
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TABLE 4—Duspersed o1l and oil effects on mangroves.

Dispersant
Author and Used and Amount Resource
Location Date Type Dilution Type of O1l ~ of Spill Date Atfecied Impact Dispersant Etfect
Panama Getter ficld Corexit 9527 50-ppm exp. 1984 mangroves defoliation Dispersed o1l before
(1986} 24 h Prudhoe dcath it reached
[16) 1:20 Bay crude mangrosves
Turkey Pt Teas et al. field Corexit 9527 La. crude exp. R. manrgle
Biscayne (1987) 1:20
Bay. . [15]
Coast un Cubit et al. accidenial Corexit 9527, med. wt. 559000 to 27 April R. mangle defoliation
Cariobean {1987) approx. crude 60 000 1986 death
stde of {17 21600 L
Panama 1:20
Coast on Getter and exper. Corexit 9527 Prudhoe Bay exp. 1985 R. mangle 28% trees no defoliation at
Canbbean Ballou 1:20 crude defoliated stles with
side of (1987) dispersant
Panama [23]
South Teas (1986) ficld Corexit 9527 50 ppm exp. 1982-1986 R. mangle
Florida [/4) 1:20
Panama Teas ct al. field spli Corexit 9527 med. wi, fall, 1986 mangroves observed i dispersed betore
(1987) 1:20 crude niangrose uil on
{15} death mangroves less
mortalhiy
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FIG. 1—Time of exposure (5 h) of three subtropical and tropical seagrasses versus
mortality.
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FIG. 2= [ ome of exposure (100 h) of three species of subtropieal and troprcal sedgrasses
Versus oty
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FIG. 3—Dispersant type versus mortality.

Corals—Several coral species have had dispersed oil spilled on them. Knap [/9] men-
tions several 4cropora species. Although several sets of field experiments have been carried
out which used various corals [/6,19,20], there was not a particular attempt to increase
concentration until toxicity differences appeared to occur. Thus, there is not, at present
from the publications. a hierarchy of sensitivities. My theory, based on toxicities of other
substances, is that there may be various sensitivities among coral species® i1f experiments
are carefully defined.

Differences Between Concentrations

Seagrasses—Large toxicity tolerance differences appeared as increased concentration-
raised pefcent mortality for a species. In each case scen in Figs. 2 and 3. a general range
occurred where some species are less than 50% and others (Svringodium and Halodule)
are greater. Time of exposure also influences these sets of curves (Figs. | and 2). Statisti-
cally significant differences occurred between species at higher concentrations. These
ranges are at least an order of magnitude above advised usage levels for dispersants, but
useful for small and less controlled spills in bays and harbors in which greater than
instructed dispersant concentrations may be used.

Mangroves—No comparative studies between concentrations of dispersants for man-
groves could be found. The existing studies used different concentrations between authors.
but 100 many variables occurred to make a comparison.

S Note added in final edit, Jamanca experiments are showing speaitic ditferences
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FIG. 4—Oil tvpe versus mortality for Halodule wrightii exposed for 100 h.

Corals—There was sorme experimental work by Knap and colleagues [ /9] using concen-
trations in the range | to 50 ppm. The higher concentrations showed sublethal effects of
behavioral treatment (tissue contraction, tentacle retraction, and localized tissue rupture);

lower concentrations did not show such effects.

Diflerences Between Dispersants

The EPA toxicity tables indicate large differences among the 20 dispersant products
listed with the U.S. Environmental Protection Agency. A biological indicator organism test
was done by a scientific group using a temperate Pacific estuarine species. Indeed. large
toxicity differences highly correlated with the EPA information were found [2/}.

Seagrasses—A set of laboratory experiments using three scagrasses and seven disper-
sants as dispersed oil was run [7]. The seagrasses responded generally in the same relative
tolerance order to each of the dispersants. Dispersants could be clumped into *hree groups:
low toxicity. medium, and high. Finasol OSR-7 was least toaic: Cold Clean 500, Conco K
(K). Jansoly 60. OFC-D-609 were most toxic; and Corexit 9550 and 9527 fall in between.
The diflerence between dispersants was much greater than differences between species (Fig.
3 and Table 3). This scagrass ranking of dispersed, toxieity ol correlated well with em-
perate animal toxicrty data [21).



TABLE 5—The effects of seven dispersants on three subtropical, tropical seagrasses [12].

Thalass:a testudinum Halodule wrightii Syringodium filiforme
Dosage Ol G * 95% % G * 95% % G * 95% o
mL Dispersants CL® CV%" Mortality CL CV%  Mortality C.L. CV%  Morahty
0 4.51 + 0.22 18 0 4.20 £ 0.31 24 7 398 *+ 0.25 28 7
75 Finasol OSR-7 422 + 0.55 48 0 3.64 £ 0.35 15 7 3.41 + 0.26 28 7
125 Finasol OSR-7 4.11 = 0.41 37 7 3.52 £ 0.29 21 10 311 + 0.61 35 10
75 Jansolv-60 3.98 = 0.31 51 10 2.25 + 0.61 64 41 3.05 £ 0.41 299 12
125 Jansolv-60 3.76 £ 0.24 18 18 2.11 £ 0.37 41 57 2.86 * 0.35 22 25
75 Cold Clean 500 3.54 * 0O.11 9 16 3.31 £ 0.28 36 21 3.25 £ 0.25 18 18
125 Cold Clean 500 2.95 * 0.37 21 26 3.22 £ 0.66 45 27 2.80 + 0.54 28 30
75 Corexit 9550 3.35 £ 0.31 28 22 2.05 £ 0.4>5 31 58 1.97 + 0.35 17 63
125 Corexit 9550 2,78 + 0.41 35 37 1.69 £ 0.55 65 88 1.49 + 0.45 41 84
75 Corexit 9527 3.28 + 0.41 31 26 1.84 £ 0.41 60 76 1.39 = 0.37 25 84
125 Corexit 9527 260 + 0.33 28 40 0.66 + 0.21 31 100 0.51 1+ 0.45 37 100)
75 OFC-D-609 3.10 £ 0.27 24 35 1.66 + 0.31 24 73 1.42 + 03§ 46 36
125 OFC-D-609 273 + 0.45 38 51 0.54 + 0.31 38 100 0.44 + 0.39 29 100
73 Conco K(K) 210 * 0.41 49 65 0.76 + 0.75 61 97 0.5¢ = 0.35 37 Y&
125 Conco K(K) 1.74 £ 0.35 37 88 0.45 + 0.25 28 100 0.41 + 0.68 52 100

« G = mean spectfic growth rate (% length increase/day) and C.L. = confidence limit.
P CV = coethicient of vanation.
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Mungroves—The mangrove studies, both field and experimental. carried out to date
have all been with a single dispersant, Corexit 9527. There 1s no indication of the effect of
other dispersants. Since dispersed oil is far better for mangroves than o1l alone. 1t may
result that a variety of dispersants are appropriate. These experiments are now ongoing
with red. white. and black mangroves [/3].

The major hinding from experimental studies with Corexit 9527 is that dlspusanl treated
o1l does not cause mass mortality whereas nondispersant treated oil (that is. no dispersant)
can cause mass mortality, perhaps by cutting off oxygen from the prop roots [ /4].

Corals—Most field experiments as well as laboratory tests have dealt with one dispersant
product. Corexit 9527, One study [ /9] tested 9527 (1:20 dilution) and BP 1100 WD (1:10
dlution) and found no statistical difference in the ranges I to 50 ppm with 6- to 24-h
exposure with hght Arabian crude oil.

Differences Berween Qil Tvpes

In general. both fresh oil versus “‘aged oil” and virious weights of oil might have a dif-
ference in toxicity on habitat organisms. To date, no comprehensive program on any of
the three critical habitat types has been carried out using various *‘ages” and types of petro-
feum products (Tables 2, 3, and 4).

Seagrasses—Oils and ages used were the following: light Middle Eastern crude, aged for
24 hin sunhght and air, and Louisiana crude, treated in the same manner. Both were tested
on three seagrass species. No statistically significant difference between oils was seen. The
more toxic “newly spilled” oil was not tested (Fig. 4).

Mangroves—Prudhoe Bay crude and Louisiana crude have been used for mangrove
results. No differences have been pointed out by authors [/3-/6] or are apparent from
results.

Corals—"Aged” Arabian light crude and Prudhoe Bay have been tested on corals. The
authors [/6.719.20} do not point out any differences between them, nor are they apparent
from results.

Differences in Times of Exposure

There are several times of exposure that are relevant to tropical coastal oil spills: (1) very
short umes (1 to 2 h) where a parcel of dispersed or oiled water might flow over a habitat,
(2) 610 12 h. where a tidal cycle could wash a dispersed or oiled water parcel onto a habitat,
especially 1n an estuary; and (3) longer times where oil might sit in an estuary. The tradi-
tional EPA standard of 96 h (near 100 h), not designed for oil spills but for toxicity tests
in general, 1s relevant to this.

Seazrasses—Three tropical Atlantic seagrasses have been tested for time of exposure
response to Corexit 9527, Figures 1 and 2 show this result. Clearly, the longer exposure
times have a greater toxicity effect, especially at higher concentrations of dispersant and
ol

Vangroves—Mangroves appear not 1o have had systematic experiments on tme of
exposure to dispersed otl.

Corals—Corals were exposed from 6 1o 24 h 1o dispersed ol in a continuous flow exper-
mment [79). No toxicity appeared within this time frame. Field experiments were 24 h [/6]
and 6 h [ 20)].


http:16,19.20

THORHAUG ON DISPERSANT EFFECTS ON TROPICAL ECOSYSTEMS 271

100
g0
80

70

60 B conTROL

1100WD Disporsed
[ 9527 Dispersed

Percant
Normal

50

40

3C

20

12 44 79 150 180 185 275 382
Days after Dose

FIG. 5—Seasonal effect of two dispersed oils on corals [1].
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FIG. 6—Seasonal effect of two dispersed oils [1].

Seasonal Effects

Seagrasses—Tests were run throughout the year in subtropics. No differences were
found.

Mangroves—No data for mangroves.

Corals—Seasonal differences tn response to BP 1100 WD were seen in winter. No dif-
ferences to Corexit 9527 were seen in winter (Figs. 5 and 6).

Conclusions
Management Principles for Use of Dispersants on Tropical Habuats

1. It is now apparent that certain sclected dispersants at concentrations recommended
by the manufacturer can be used under various sets of emergency conditions for ol spills
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which frequently occur 1n the world’s tropics: (a) estuarine spills where or when mechan-
tcal means are inadequate to control otl from impacting one or more type of habutat, espe-
cially mangroves: (0) nearshore coastal spills where environmental conditions are rapidly
transporung spills toward one or more critical habnats; and (¢) weather conditions when
mechanical cleanup s ineffective and there 1s a danger of impacting corals, mangroves, or
scagrasses. :

2. All parties must stop using the generic term *‘dispersants” within the oil spill cleanup
plans. Specific tested and nontoxic dispersants must be named or an approved list made
as Britain does for spills on each habitat type with their upper concentration limits for use
described.

3. Further laboratory tests must be done by nations in tropical areas to test their com-
monly used and stockpiled dispersants for toxicity effects on their critical habitat organ-
1sms such as various species of corals, mangroves, seagrasses, and marshes. It is unrealistic
to imagine small third-world nations will find this a priority. Regional multilateral and
industnal funding agencies should undertake this.

4. A network of rapid information dissemination to industry, environmental manage-
ment, and government spill cleanup managers should be organized so that whatever infor-
mation is derived can be disseminated.

5. Resource maps which must include the exact species of mangrove, seagrass, or corals
should be included in oil spill contingency plans. Since the toxicity effects differ by more
than an order of magnitude between species, present “lumping” resource maps (that is,
“seagrasses”) are inadequate. As an example, the U.S. Department of Interior is spending
a large amount of money for seagrass maps without specifying the species. By integrating
the resource maps into planning oil spill cleanup in a manner as Venezuela has, updated
information can easily be incorporated into plans on a yearly basis.
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Should we use dispersants to .clean up nearshore spills  when
mechanical wmeans fail? How does & swmall nation with  limited
mechanical equipment deal with a Valdez or Torrez-Canyon-type
spill? With dispersants? Is it only good fortune that the
catastrophic spills have been in first-world nations or oil-
producing nations (Nigeria, Indonesia)? Should small nations on
tanker routes consider dispersant plans for catastrophic spills?
What would a rational and scientifically based dispersant policy
be in a tropical developing nation? 1Is there a "best" dispersant
to recommend for stockpiling? These were the questions
repeatedly asked when we began.

On the one hand, IMO states dispersants should not be used
near to shore”. This is not based on tropical data. On the
other hand, there are recent pieces of data by Teas and Duerr
(1987), Ballou et al. (1989), indicating that mangroves can be
saved from death if the dispersant Corexit 9527 is used on the
0il prior to the time the oil hits the mangroves.

A large spill next to shore due to a pipeline break in 1984,
which covered mangroves, Kkilled acres of seagrasses, oovered a
beachh and affected & fisheries nursery, convinced Franklin
McDonald, Mike Rodriguez John McFarlane, and Richard Reese that
dispersants could have been very useful when mechanical weans
could not be deployed due to shailowness of many nearshore areas
and late alert from the spilling source. "Is there a pon-toxic
dispersant?”, they asked Professor Anitra Thorhaug, who was
testing a variety of dispersants on  Florida seagrass. She

brought Professor Howard Teas, who was testing Corexit 9527 on

X


http:t,-sti.ng

mangroves,  into the Leam. A project was born when U.5.  Agency
for International Developument expressed a keen interest and
granted funding. The goal was to clearly answer "Is there any
dispersant product non-toxic enough to use on oil spills where
mechanical means fail to “work in Jamaica?” We knew local
industries were using dispersants but not reporting it. Jamaica,
being between Haiti and Cuba, in the northern chain of large
Caribbean islands, has more than 200 miles of coast-line. There
are 3 to 6 0il spills per year which are sizeable. There are many
more small spills. The north coast is highly dependent on
tourism for two thirds of exchange dollars 1in the econony.
Tourism is based on natural resources, use of coral reefs, clear
water, sand beaches. The - south coast has large bays, where
industry is sited, nurseries for fishermen and a lot of fishing
activity. Most of the population lives on the south coast, and
recreational facilities are there for citizens. Industry 1is
largely sited on the south coast.

Critical habitat organisms that acted as matrix to a wide

variety of species and took decades to restore themselves wers

our first tardet. We began our project by laboratory testing of
the three critical habitat organisms: corals, seagrass, and
mangroves. We then are moving to field studies and dispersant

command map for Jamaica,

The coral studies of dispersed-oil effects were carried out
on three indicator species selected from many potential species.
The 1indicators were chosen by Dr. Jeremy Woodly, Director of

Disenvery Bay Marine Laboratory, and Joawaican coral reel expert,

Back reetf, where most  spille ocecurred, were ropresented by
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Porietes porietes, a finger coral. The predominant reef building

coral was Monastrea annularis. The crest of reef coral indicator

was Acroporsa palmata. Seven specimens of each were exposed to
0il plus each dispersant for 6 and 10 hours (1/2 and 1 tidal
2ycle). The team was Dr. Thorhaug plus Natural Conservation
Department of Jamaica, Dr. Anderson, Director, Lloyd ‘Ardiner,
tzam leader, and Peter Gayle, UWI. The laboratory was Discovery
Bay. Results showed Conco K, ADP 7, OFC D609, Kemarine and
Corexit 9527 to be quite toxic at both time periods, with two
oils (light Venezuelan crude and Bunker C) &and concentrations

from 125 ppm dispersant to 12.5 ppm dispersant Corexit 9550 and

Jansolv were 0-55% lethal on Porietes porietes and Montastrea

annularis and far more toxic to the species Acropora at 125 ppm
than at 75 ppm and 12.%5 ppm (more realistic levels for
applications and encounter of Acropora to the dispersant). Low

toxicity products were Finasol 0O5R-7, Cold Clean, and "herder”

"Elastosol. D1l alone was 50% or more toxic to all three spceccies

at 125 ppm.
Seagrasses had toxicity which ranked in the same order to

sted,

1]

the same dispersant as did the coral. Three species were

Thalassia testudinum, turtle grass, a primary fisherics nurseries

species, Halodule wrightii, shoal grass, found intertidally and

also where impact had altered areas and Syringodiur filiforne,
offshore seagrass, (Previously Thorhaug and Marcus, 1987, have

tested thecse three species, Syringodiwie had very similar

tolerance to dispersed oil products as bLialodule. ) The site was a

Kingston laboratory. The exprriment team included Beverly Miller

ok



(UNEP), Valerie Gordon (IMERU), NRCD starftf, and Professor Anitra

Thorhaug. Result showed Kemarine, Conco K, OFC D609, Corexit
9527 to be of high toxicity to all seagrasses. Corexit 9550 and
ADP-7 were intermediate. Jansolv, Cold Clean, Finasol OSR-7 and

Elastosol were of low toxicity.

We have done the same concentrations on year old mangroves
taken directly from field to lab and incubated with sand and slow
release fertilizer. At 1250 ppm 0il and 125 ppm dispersant for
12 hours there was no statistically significant leaf drop among
the various dispersed-oil types from controls. No mortali-:y
occurred. According to Howard Teas’ survey of concentrations of
oil on large-scale mangrove kills thrcughout the world, 5 to 10
liter per meter square is common in lethal oil spills. Thus, we
will increase dosages on future yearling mangrove experiments.

The most important result to date is that clearly there are
ma jor differences in dispersant toxicities to corals and
seedrasses between products. There are some products which have
markedly less effect than o0il alone and can be recommended for
nearshore spills in Jamaica, dependent on field testing.

Fish toxicity studies to these same dispersed oils are now
under way, with Dr. Karl Aiken and Dr. Thorhaug =as co-
investigators. The methods are the same as for corals and the
dispersants are also the same. Results recorded twice daily over
96 hours. Fish were killed within an hour by Corexit 9527, Conco
K, Kemarine. The lowest toxicity to sea bream were Finasol OSR-
7, Elastosol, and Corexit 9550.

Thus, we have found to date the following:

1. The dispersant capable of saving mangroves of hecavy oil

w



spills come  ashore [Corexit. 9582771 is nol. advigsable for use on

2Aagrass and the commercial fish species Loested., This

corals, 5

dispersant. is the corium only stocli-piled one. Other dispersants

could be used on coral, seagrass and fish.

2. The corals, seagrass and fish generally appear to have
similar ranking of toxicity to the dispersants. The year old

mangroves at similar concentrations were unaffected by the
dispersants. There were one or two exceptions between groups.
Individual species had varying sensitivities to the dispersants.

3. CJar data indicates, especially when taken with data for
field experiments in Miami and Panama, that certain dispersants
may be used in case of mechanical equipment failure for nearshore
clean-uyp.

4, The: ongoing research needs field testirng of these
experiments prior to formulating the Jamaican dispersant use

policy.

5. Suggestions to major stockpilers of Corexit 9527 have
already been made as to less toxic products.
We will continue to present field and dispersant-use

methodologies to Siren for use by other nations.
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I. INTRODUCTION

This chapter will review major impacts of oil spills in the tropics and the tochmques
for raanaging those oil spills, including recent dispersed-oil data. It will also include cost

- and policy issues, as well as recommendations. The information is meant to bring the reader

to 8 more comprehensive view of a subject frequently treated in most books as individual
case studies, which are of very limited value. Predictive use of data for decision-makers
and implementors is essential. Thus, a8 synoptic understanding is important.

Much of the tropics lies in the third world. The petroleum industry has production and
shipping ports throughout the subtropical and tropical world: the Red Sea, Arabian (Persian)
Gulf, Indoncsin and Brunei, Venezuela, Ecuador, Mexico, Nigeria, Angola, and the Gulf
of Mexico. A map of major shipping lanes (from the Middle East, Nigerig, Indonesia,
Mexico, and Venezuela) by the Intemational Maritime Organization (IMO) shows that many
tropical nations, which themselves do not produce oil, ere on major shipping routes between
producers and ccnsumers. (Bilging brings 7.2 million bbl of oil into the environment per
year.) All of the East and West African and Caribbean nations fall on major oil tanker routes,
as do Pakistan, Indis, Sri Lanka, and Southcast Asian countries. Other nations, such as
South Pacific . utions, must realize that all ships carry petroleum. Local oil depots, refineries,
and portz and harbors have higher accident rates than do petroleum transport ships.

Yearly input of petroleum hydrocarbons, from transportation sources, includes the fol-
lowing soculs: 126 million gal from accidents, 300 miliion gal from bilging; 320 million gal
from municipal westes; 12 millioa gal from offshox> production.’ Bilging and accidents are
chiefly on tanker routes.

Mdmpwrmudmlnmnlywuhthcl%muhongalspxﬂedﬁomawdcntsand 12
million gal from offshore production. A large amount of the 300 million ga! from bilging
— if reported and treated rapidly enough — can also be handled in the same manner.
Municipal wastes are 8 queation of storm water runoff and hazardous materials disposal,
and must be trested seperately. We do not address thet issue here. ‘

A. DECISION-MAKING REALITIES FOR ENVIRONMENTAL SCIENTISTS

AND ENVIRONMENTAL MANAGERS

Oil spills pres~nt a different problem to the environmental manager and to the environ-
mental scientist than do most pollution sources. The spill is already an ongoing fact. An
unfortunate accident has occurred which no one wanted, no one chose. The sole problem
for the environmentalist is, ‘' Which strategy would be the most realistic t0 minimize en-
vironmental impact?'’ There are few choices, none ideal. To do nothing may result in a
great catastrophe, The management process is something like a forest fire, without any good
biological results at the coaclusion. Also, there will be a great many players intensely
involved in oil spxlls including those from the military, the petroleum industry, and poli-
ticians,

B. CLEANUP METHODS
Despite more than 50 years of research, there are only four major methods of cleaning
spills: (1) mechanical cleanup, (2) shoreline cleanap, (3) no spill control and (4) dispersants._

Mechanical cleanup had 20 years during which it was the only acceptable or preferred )

method. A great deal is known about its limits. Much environmental damage has been done
because it was the accepted method. It works in small discrete spills quickly reported and
responded to, ncar the site of the equipment where an experienced team can immediately
surround the spill and where the seas and winds are fairly calm. Frequently mechanical
cleanup fails. For a developing nation it 1s seen as advapced technology which is expensive

to prepare for and difficult to perform well. At the end of the cleanup, there is the question

F
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of land disposal of the used oil. The situations under which mechanical cleanup is not likely
to work are the following; . .

1. When seas arc rough; tide currents or winds are high. ]

2. When the site is distant froin the equipment; the time to surround the spill is critical
to calculate ahead of time. .

3. The shallow areas or sensitive bottom types can be damaged during deployment, since
the boats must maneuver.

4.  The boom must bz in good working order; breakages have been known (Panama), and
then the cleanup results can be very difficult; therefore a backup position is always
necessary. Secondary spills are common.

3. Itis rare in a large spill (50,000 gal or more) that all the oil is mechanically contained.
A second choice frequently must be mede for the noncontained remaining oil.

The environmentalist must face the fact that the **mechanical option’ is likely to result
in much unmanaged oil. It is far casier and safer to make the decision to cleanup by
mechanical means than it is to implement this decision, particularly in second- and third-
world nations. The final problem is disposal of waste oil which must enter as a part of the
*‘mechanical decision’’. Many countries do not have places to dizpose of waste oil.

The choice of shoreline cleanup hss several eavironments! hazards, if the shoreline
surface — in conteci with the oil — has coral or vegetation, mangroves, marshes, algae,
and animals. Intertidal flats, especially coral reefs within 2 ft of low tide, are frequently the
tropical shorelines in which that oil strands. Mangroves are definitely killed by oil when
the oil hits their roots. Corals are definitely killed by oil. Animals are killed by oil. Thus,
living shorelines, which concentrate large amounts of oil, are not good places for oil to
strand. Beaches can be scraped to remove oil. This is costly, and it also can lead to beach
erosion. Cleanup o a coral reef or in mengroves can cause harm.

The **do nothing"* decision is usually best when oil is heeded out to the deep sea ands
or when the spill is in the deep sca and not coming to shore. It is the worst decision nearshore,
when coral reefs and’or mangrove swamps are geing to be affected. Frequently, **do nothing'”
is what occurs due to bad preparations and lack of adequate decision-making ahead of time.
Hundreds of miles of mangroves around the world have been damaged, due to this decision
(Indonesia, Nigeiia, Puerto Rico, as examples). The dispersant decision is discussed in this
chapter ir. detail, as well a; recent work in the 1980s on dispersants which had not previously
been analyzed in great detail. Dispersant solution was shelved for 20 years. The problem
was that the older generations of dispersants, as exemplified by Torrey Canyon, were highly
toxic. Thus, two decades have passed during which time the dispersant option has not been
used in large-scale tropical field situations, although in the Temperate Zone alone, the author
can name 50 examples of dispersant use in the last 5 years with no negative effects. This
lack has provided large numbers of mechanical cleanup, beach cleanup, and ‘‘do nothing"’
examples. Many of these have been highly resource damaging. The dispersant option for
temperate and arctic organisms has been discussed by the U.S. National Academy of Sci-
cace,*' and they scemed to agree that dispersants are a viable option. They emphasize the
need for tropical information and quote some of the older tropical work included here.

Dispersants have the ability to flow with the tides and currents, whereas normal oil
flows with wind vectors. Usually the oil alone ends up, in good part, stranded onshore,
whereas dispersed oil tends to be carried out to sea.

The other opuons are, at this point, mostly theoretical, i.e., not tested and not known
to be cither effective or nontoxic, except under specific conditions.

1. Flaring is rarcly done because it needs a certain thickness of oil and needs to be away
from the vessel for safety factors.

. S -
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trajectory of the spill is of greatest help to all concerned.

2. Sinking compounds coat or smother organisms, can re-release oil, and blobs of oiled
compounds in the environment, which must be dealt with. Obviously, they are very
bad for infauna. '

3. The gels are not yet commercially on the same order of magnitude with sorbant pads
or dispersants and are practically out of the question, due to cost. Some have low
toxicity.

4.  The bacterial-activated compounds have not been tested, to our knowledge, in large
scale on mangrove forests, coral reefs, or in scagrass beds. Their work un beaches,
rocks, and the deep sea looks promising, but expensive. If developing nations must

. clean up the spills themselves, cost is of the essence frequently.
5.  Other new products continually come on the market, and one must keep up to date

on these products.

No doubt 5 years from now, the subject will have dramatically advanced. It is necessary
to keep up with research in this field.

C. TYPES OF BIOLOGICALLY IMPORTANT OIL SPILLS IN THE TROPICS

Another important set of factors (0 remember is the types of spills and the priority to
biological prosection. There are offthore spills which can be from moving vessels or from
fixed points. If the gpill moves offshore or out to sea, the biclogical protection priority is
fairly Jow. If it is moving toward land, it is high. The eecond case is coastal shoreline spills.
This case usually needs biological protection, especially with onshore winds and sensitive
shorelipes (mangroves, corals, seagrass, €4€.), .

The third case is in an estuary. This type of epill almost always needs much protection.
The unfortunste part of the estuaring type is that there is seldom much time between the
spilling and the resource being hit. The time to mobilize mechanical cleanup crews and
boats can be 4 to 6h. Oil from a port or harbor collision can be in the mangroves in 1/2
b. The realities of the cleanup operation and its timing should be clearly understood by the-
biologist. If the mechanical cleanup tools are available, but there is no chance of their
protecting the estusrine mangsoves before 6 h to mobilize crew, obtain boom from storage,
and put the boor in piace (the fairly simple projection of the winds pushing the rapidly
leaking oil from a barge that bas collided with an object midestuary predicts 40,090 gal in
the mangroves in 1.5 h), the biologist would be highly irresponsible to stick with the high
risk of mechanical equipment not adequate in timing for protection. The management Plan
B (nontoxic dispersant sprayed right away on the leading edge) should be called into im-
mediate action, because unless that operation is mobilized, the mangroves will be killed as
the tide goes low. )

The key here is clearly and realistically sceing the options and risks, then generating
predecisions so that the command person does not need to struggle through a postdecision,
as in the Exxon Valdez incident. The commard person will have enough difficulty imple-
menting the plan, whatever it is, even if a predecision has been made.

A guantitative picture, rather than & qualitative picture, of the exact dimension and

D. COMPUTER MODELS FOR DECISION-MAKERS REGARDING OIL SPILLS
AND DISPERSED-OIL IMPACT ON SPECIES
One of the best uses of concentratien mortality data for species has been seen in the
simulations of oil spills and dispersed oil spills. Much of the above-mentioned data have
been used in a Gulf of Mexico simulation by Ross et al.? for the U.S. Gulf Coast. The field
experiments done on spill trajectonies and dispersed oil trajectorics, along with currents,
winds, tides, and chemical data, are programmed into a geographic information system with

g L | '
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extensive spatial analytic capabilities. The environmental regulators in the Gulf States chose

90 species, including iraportant commerical fish and invertebrates, critical habitat organisms
(corals. scagrass, mangioves, marshes), endangered species, and a few others. The algo-
rithms assessed for resource-specific impact linking oil or dispersed-oil concentritions to

- organism tolerance can compute mortality from the spill point as the spill is diluted in"time

and space. The readout is a map with spill trajectory over time as concentration dilutes. The
impact on all resources and location of impact is calculated and read out specifically such
as “‘percent mangrove mortality’’. The program is run a second time with the same oil
source and sgill volume, but dispersed. The mortality is again computed, readout, and this
time compared with ‘‘oil alone’’. Frequently, there are large resource impact differences
between the two spills. The quantitative visualization of the potential impact over tme,
space, and important species can wipe sway *‘fuzzy thinking®* and allow detailed predecisions
sbout whole sets of spill ecenanios. Many biological managers would be better off to have
a visual image of spill trajectory over tim2 and conceatration.

I recommend this ¢echnology for predeterminstica of operational techniques with all
pertics concerned with studying the options and making decisions.

Up o pow, po tropical zstion hes tis capebility. South Florida is the only tropical
region that has this.

E. COSTB

Cwmn;mmmmm-nmcmpmawmmmvﬂm
costs. Whea all optioss ere available exd i is thy; taxpayers or citizens of tie area who will
bear the cxpenee of cleanup (Bakrain's catestrophic epill, for example), then cost becomes
a major fector o be tukea into consideretica. Long-term as well as direct costs must be
considered. If the coct will be borne by the insurence company of the spiller or by the spiller,
then the manager maust deal with thess perties.- -

There is the hidden cost of taking away the oil removed frons beach cleanup and disposing
of it properly. If the developing nation hes no eppropriate oil dump so the oil will not enter
into the ecosysiem through etorm runoff from dumps, then the shoreline cleanup option must
be reappraised due to risk from the ultimate dumping point of oil. The Jamaican government
now faces 8 fisherman's legal action for such s strategy.

'I'bceostwthceoocymunofmofmﬂuofdndmangmvuwmchcouldmkc25ycars
to reestablish the forest properties for primayy productivity, fish nurseries, etc. is a large
amount of money. A <orsivoefis worth more than $200,000/ha, according to United Nations
Environment Program (UNEP). Tourism loss where a spill covers a tourist beach would be
a direct cost to take into sccount. '

The socioeconomic cosws of disruption of the lives and diet of communities dependent
on artesana] fisheries, especially children and pregnant womea, is another hidden cost. The
direct loss of tourist industry revenue for exchange dollars should be carefully thought out
during plans for oil-spill contingencies in areas such as the Caribbean, East Africa, and

_ Pacific nations. (See Reference 26 for a full explanation of environmental cost accounting.)

I. RESULTS

A. COMPARATIVE TOXICITY OF OIL ALONE ON VARIOUS TROPICAL
ECOSYSTEMS
1. Mangroves
There has been a wide array of mangrove oil spills reported to kill mangroves in Nigeria,
Indonesia (on scveral occasions), Panama,® Kenya, Puerto Rico," and other areas. Several
oil spills which did not sink into the roat systems, but pnly oiled the bark of mangroves at

high tide, were n:poncd not to kill the mangroves. - A mesoscale ficld experiment

i L1 | M
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with mature red mangroves in the Caribbean'? indicates that dispersed oil Corexit 9527 does
not kill the red mangrove, even at high concentrations, but oil alone at that same concentration
kills the red mangrove Rhizophora mangle. If the dispersant was placed on the mangrove
after the oil reached the roots, the mangrove died as if no dispersant had been added, but

- oil alone had spilled. The field experiments of Getter et al.,” Ballou et al.,? and Cubit et

al.?! on red mangroves in Panam: reestablished that dispersed oil (Corexit 9527) does not
kill mangroves.

Our experiments? in the laboratory with very young (6 montlis to 1 1/2 years) red, black,
and white mangroves showed that the oil concentration between | and 125 ppm had no
effect on red and very little on black and whitc mangroves. The higher concentrations (1250
and 12,500 ppm) did have effects on black and white mangroves (Tables | and 2).

2, Corals

The coral, Diploria strigosa, in leboratory and ficld conditions, has been shown by
Knzp et a).** 10 have been affected by oil alone. Oil spills in Egypt,” in Indonesia, in
Curaceo,” and in Panama* showed a ceries of species of corals in various oceans to be
scasitive to odl.

Emerped coral reefs are cleerly more vuinersble %0 oil than those submerged. Bak’ has
shown oil effect down to 125 fi oa kigh energy coastlines in Curscao (Table 3).

3. Fisx
Fish have beea exteagively tested in tesrperste end sobarctic waters, but tropical oil tests
and reports ace far Jess availeble.! Severnl large tropical oil spills enumernte fish and in-
vertebrade kills such as Puerto Rico® ® ead Indonesia end Singapore government reports.
The dats in Thorhsug, et al.’ show four important tropical commercial fish to be very
sensitive to oil epills. Frequently, fish ere far less sensitive to pollutants than tropical scagrass
and corals, but this 1s not apparent io these data (Table 4).

4. Scagrazszg .

Tropical and subtropical scagrasses bave boen tested between 12.5 and 125 ppm oil.
The results show that lsthml concentrations are greazer for Thalassia testudinurm and less for
Halodule an’ Syringodium. The type of ¢il was important to the toxic effect on seagrasses
(Figure 2). In field situations, real spiil results have been far less accurate for scagrass than
any other critical habitats (Tables 5, 6, and 7).

5. Comparisen

When tire three sets of domipant matrix organisms wete tested using the same relative
methods and the same oil at the same location, the mangroves were approximately 100 times
more (oleran: than the scagrasses. The scagrasses were somewhat more toletant than the
corals at high concentrations of oil (Tables 5 and 6). (These experiments used oil at 10 times
the concentration expected in a pormal open water spill and 6 to 10 times longer exposure
time). The tropical commercial fish hed tolerances similar to corals.

Now, why do we have 80 many reports of mangrovc deaths if this is so? First, the oil
grows in concentration along a shoreline, which acts as a sorbant. Mangroves have been
found by Teas et al." in the ficld and in the literature to have oil levels 5 to 10 Ym?. Second,

~ oil spreads from the source where it could be 0.3 mm thick to a thinner and thinner film.
" Thus, the corals and scagrass, unless in very shallow water, would never experience more

than 50 ppm oil whereas mangroves might experience orders of magnitude higher, especially

. in the holes in the sediment, where oil might accumulate nee: root structures of mangroves.

[
|

: |

f

i I
! - |

:
I
' L] I Bl

e —

-~~~

Revised 1 27.&5



68 L2/} pasiray

Coast on
Caribbean side
of Panama

Coast oo
Caribbezn side
of Paxnama

South Florida Ficld
Turkey P,

Biscayne Bay,

Jamaica Lab

* Exp. = experimental.

Pleld spill

Dispersant
wed

& diletion

Corexit 9327,
24 4, 1:20

Corexit 9527,
ca. 21,0001,
1:20

Corexit 9527,
1:20

Corexit 9527,
1:20

Corexit 9527,

1:20

11 dispersants

TABLE 1

DlspemeﬂndOﬂEﬂachan
Am~=at Rexsores
Typesiza ofpll: Dun cfieted
30 ppm Prodhcs Exp.* 1584 Mengsoves
Bay credo
Medium weight  $5,000-- Agr 17, &. camgls
crade €000 1988
Prochoz Bay Exp. , 1ses 8. gl
orede ' - '
50 ppm Exp.  1953—1968 2. smgie
LA Crode :
conceetaied | !
Medicm weight Fal, 1§63 Dangrows
crade . 8. mangle
" Venezuelaa Exp. 19881909 RAizcphors
. Avicernic
Laguncvlaris

lmpact Dispersamt effect  Ref.
Defolistion, doath  Dispersed oil 9

before it reached

mangroves
Defoliation, death 21
2% trees Mo defclistion st 9
defolioted sites with
. dispersent

13

Obtestved mon- If dispersed before 34
grove doeth oil on

mangroves, less

mortality
Defoliztions, desch Various st 1250 3
of root PPm ot low
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. ] TABLE 2
The Mortality Percent of Jamaican Mangroves Exposed for
10 b at 1250 ppm Dispersed Oil
. Avicennls Lagxncslaris’
Rhtzopbora (red) (black) (white)

Dispersants (%) (%) (%)
Coaco K 28.6 14.3 80
OFRC D609 429 14.3 25
Corcxit 95277 71.4 0 40
Corexit 9550 0 0 220

! Wooder-O Q9 14.3 0
ADP.7 3.6 8.6 50
Jaacoly 14.3 0 60
Cold Clena 28.6 14.3 20
Pinasol 0 14.3 40
V.23 7.4 14.3 )]
LTX od ’ od od
Ol oaly 14.3 3.6 40
Coatrol 0 14.3 14.3

From Thorkeng, A.. Cardy, B.. Rocee, R., Rodrigucz, M., McFarlsse, J., Tess,

H., Sidrak, Q., Asderson, M., Aikea, R., McDozeld, F., Miller, B., Gordoa, V.,

sad Gayla, P.., i Proc. 1991 Ol Spill Cowyf., American Petrolcam Institote, Wash-

iagwa, D.C., 1991.)
}

LI S prov i SR 1
B. COMPARATIVE DISPERSED OIL EFFECTS ON VARIOUS GROUPS OF

TROPICAL ORGANISMS

Tables 1-4 show dispersant effects available from the literature. Seagrasses, mangrove,
and corals are shown teperately to compare dispersant effects within each critical habitat
group (Table 8, A and B). Unfortunately, scientists and government workers in the tropics’
do not publish material at the same rate as those in the first world, so there may be dispersed
oil spills with unpublished results. For instance, the Philippine Coast Guard was funded for
a large dispersant toxicity testing program, but results were nct published nor are they
available (fish were the major test organism).

In general, there are more detailed data in laboratory experiments about seagrass than
others: Fish data are abundant from temperate zones, but sparsely available in the tropics.
There is more field testing on corals than mangroves, scagrasses, or tropical fish. A wider
range of dispersants has been tested on seagrasses than on mangroves or corals. More real-
life spills have been documented on mangroves than seagrasses or corals.

C. DIFFERENCES OF DISPERSED-OIL TOXICITY EFFECTS AMONG
VARIOUS DISPERSANTS
The U.S. Environmental Protection Agency (EPA) toxicity tables indicate large differ-
ences between the 20 dispersant products listed with the agency. A biological indicator
organism test was done by a scientific group using a temperate Pacific estuarine species.
Indeed, large differences highly correlated with the EPA information were found. '° Countries
in temperate zones have found differences between their organisms.

1. Seagrasses
A set of laboratory experiments using three subtropically grown (but distributed through-
out subtropics and tropics) scagrasses and seven dispersants was run.'' '* The seagrasses
responded generally in the same relative tolerance order to each of the dispersants. Dispersants
could be clumped i:;to three groups: low']uﬁdﬂ{m' and high toxicity. Finasol OSR-7 was ,0
: - 7
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\ S Disperved Ofl and O Effects ex Corale
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: woed Cenc. of Amornt of Rasauree
. Locatien Type & dilvtion  Dispersaat opld , Dete affocted Impact Dispersamt effect  Ref
Bermuda Field & Isd Corexit 9527 1:20 Arsbioo Kgit  1921—1986 Cocals 6—24 b after, No effect © brief 4.5
*BPIIOOWD 110 crede ) 1—50 ppm oa cxpdsures; when ]
Diploria strigosa  oll dispersed 20
. ’ . PP polychactes,
! bivalves crustacea
irtolersnt unclear
after 9 mo.
) . whether dispersant
@ . kad effoct or bot
o Arsblaa Gulf  Field Corexkt 9527 Arabima Nghe * 1920 Conls No mpact fnmno- 2 N
® = 201 crede expori- diately, some
Q ’ rect - dexth afer § mo. —
= ! . dsring winter -—
n . : cold
g . Punama Field " Corexit 9527 50 ppon Pradkos Boy 1988 Coralz, seagreascte Nocorel decth st Nodesthof corals 9
0e] o 20:1 cruds expert- ! soEgrOves 24 b expoomre with digpersent
. moet
Panama Spill Corexit 9527 20:1 50,000 med. 1506 Cocals, scagrasees Coral death Reports tmertidal 12
wt. crude mengioves reefs extentive
‘ moctality, subtidal
: 10 2 m mortality
Jamaica Lab 10 dispersants  1:10 Venczuzia 19631859 Coruls - Varicus 3 nontoxic, § 3 _—
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m TABLE 4

| Jamaican Coral Mortality and Seagrass Mortality, Dlspersed

| Ol and Oil at Various Concentrations and Times .

| . 125ml, 6 h 7Sml, 10k "

: Por.por. Moat.an. Ac.pl. Por.por. Moct.2n.

| Cooco 100 100 100 100 100

| ORC D609 100 100 100 91 91
Carexit 9527 90 (1) 100 1] 7%

. Kemariee 90 57 100 85 9%

| ADP? 9% n 100 (1] 90

| Carexit 9550 o4 14 100 0 12
Jamolv 0 0 L] 0 0

| Elmscsol 18 0 p 0 0

| Coid Cleca 18 0 15 (] 0

. Ploasol [ ] 0 15 0 0
Ol oaly 2 2 100 12 0

: Coatrol 0 0 2 0 0

| Nosz: Por. por. = Porissss porirtss; Mott. ea = Montesorea snnudaris; Ac. pl. =

| Acropore polmms,

i Prom Thorbses, A., McDozeld, F., Millsr, B., McParieas, J., Carby, B., Anderson,

! M., Gordoa, V., ead Qoyl, P., ia Proc. Izs. Od Spill Coxyf., American Petrolesm

| Eoctioets, Washingeoo, D.C., 1969, us -

]

! R
wameommmwfom.Cmun%m Jnnsolv60hadmedmm
soxicity; Cold Clean SO0 and Corexit 9550 hed low toxicity, The differences between
dispersants was much gresier than differences between species (Figures 1, 3 and Tables 5-

7). This correlated well with animal toxicity data.*®

The differences between dispersants \vas also determined on tropical seagrasses. The’
ranking was preciseiy the same &s the subtropical seagrasses from Florida. The locally made
products V-25, Kemarine (Jamaica), Wonder-O (Jamzica) were all very tmuc, especially at
higher concentrations. '

2. Mazgroves
A series of comparative mangrove seedling expenmcms were performed by Thorhaug

et al.’ These showed that at conceatrations of 12.5 and 125 ppm, typical of open ocean -

spills, that no difference between dispersants or between dispersants and oil or dispersants
and control appear. All arc healthy. The next group of expeiiments showed that at 1250
ppm and 12,500 ppm, large differences in effect between dispersants occurred. Corexit 9527,
Conco K, V-25, ADP7 werc highly toxic. Janselv, Cold Clean, Corexit 9550, and [Finasol

OSR-7 were far less toxic. The others fell in between (Tables 1 and 2).

3. Corals .

Most ficld experiment: as well as laboratory tests, have dealt with one dispersant
product, Corexit 9527. One study tested Exxon 9527 (1:20 dilution) and BP 1100 WD (1:10
dilution) and found no statistical difference in the ranges 1 to 50 ppm, 6°to 24-h exposure
with light Arabi=n crude oil.*> A second studied LTX and found 162 ppm LC50 for Madracis
mirabilus on Indo-Pecific species.'

Knap et al.* ¢ discussexd differences between coral toxicity and BP 1100 WD vs. Corexit
9527. There seemed little difference in response.

Thorhaug et al.> '* have investigated three major reef species from the Central Caribbean

reef crest (Acroporci palmazra), reef face (Moru[a.rrrea annularis), an? reef back (Poritcj

[
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» Location
Mismi, FL.
e
@®
< -
73 Miami, FL
('D e e wd
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T P | —1 .
N~ | Miami, L
fae] d
(<o) o
Panams
Miami, FL
Mixmi, FL
(- N
LAY '?:,\ —
~ - )
[ s ~
<I- >

Type
Lab out doors

Lab ovt doors

Lab. out doors

Ficeld

Lab out doors

aed
& dilution

Corexit 9527
1:20

Corexi: 9527,
1:20

Arco D-609,
1::0

Coooo K (K),
1:10

Corexit 9527

Corexit $550
1:20

TABLE §
TmplalmdSnb&oplmlSuaquan‘OGIﬂuhoaSm

Type &

Conc.
of

dispersed  Ammownt of
ol opltl

50 ppm oil, SOppmail, .

1:220, 240 ° Isd
LA crede, Lsd
Murhsa '

LA crade, Lad
Murbea

Rassowre

' Doge ef¥eted

1984 TRelassia seson-
dern

e,

1933 T. sectndivasn

1966 Thalassia,
Halodule,

Syringucion

Bmpact

D, 1249 br
biogssays, oll &
dizpersed oil

IDg, vs. time &
coec. 82 3 o 100
h
IDy3h100h

LDy S & 1000

Moez w Mhalassia

LDy, a 100}

Dispersant effect

Oil with dispersant
has Jower wxicity
than without dis-
pereant

At medium conc.

High

High .

Low to medium

Low 0 medium

Low w0 medium at
15&125m!

Medium to high

High

High

No effect 0
Thalassia

Ref
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+— TABLE ¢ . —
A comparison of the effect o!'Mnrbsn ofl ve. Louisiana Crude piss Conco K(K) dispersaat on Thalassia, Halodule, ard
Syringodinm 74 & variety of exposure times a2 vobusnes In 1§09 liters coawater
Volume of Tholersie testadinem Heloduls crighal _ Sprizgodizm flliforme
Bosage  dispersast Expocare Dispersant/ % % % .
(ppm} (ml) ) ] 8 G95% C.A. CVD movtaly n G 5% C.L. CVS% mortallly = G 95% C.L. CV% mectality .
Murben oi} . *
73.0 1.8 5 lllp 15 320 +021 42 U i35 33 2028 3 13 1S 325 £ 061 )i 13
. . i .
75.6 7.5 100 1710 15 2782033 @t € 1S 111038 57 13 133 :038 25 100
125.0 12.5 s 1710 15 3212046 X 0 1S 3062061 S8 20 15 3152043 61 27,
125.6 12.5 100 110 15 121 1065 29 T 150882021 30 JOd 15 093025 44 .00
77 e o 100 — 15 a15zon 18 @ i 4513206 M 0 IS 415031 25 o
| 7' Louisiana crude ' ' -
"" 75.0 1.5 ] 1110 15 421z0an1 28 ® 1534z03 32 0 15 355+028 2% 7
., 150 1.8 100 /10 15 310 £ 061 41’ s} ‘15 158203 73 13 165+ 088 43 87
125.0 12.8 5 110 15 398023 13 T 15 3252045 38 7 15 3102036 3] 13
125.0 12.5 100 110 1S 251 £ 041 37 40 IS 1.66 2041 48 100 15 1052047 352 100
0 0 100 —_ IS 4252021 N O 15 410021 21 0 1S 39024 21 7
. . A " . . .
Nore: Mean speciﬁcgmmhrltu((l%pd.”%mﬁ&mﬁnﬂu.dmdmhmm(ﬂi)nﬁmmmﬁuo{bl&-mxmed(n)
for cach species of seagrass.
From Thorhaug, A. and Marcus, J., in Proc. Ol Spill Conf., Americaa Petrolcum Instizate, Publ. 4452, Washiagton, D.C., 1987, 223.
_ 1
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T TABLE 7
' Seagrasses in Jamaica vs. Toxidty
Mortatty
125ml; 6 h 75 ml; 6 h 25wl 6h

Dispersast  Dispersabllity

product redo® Cost® Thel Hsl Thal Hel Thal Hal
Cooco 0.5%0 059 100 82 a ] 17 35
ORC D609 0.007 0.08 7 & 25 7 20 25
Corexit 9527 ' 0.009 0.11 H 9 A2 n 10 2
" Kewmrsrine - - 6 63 2 68 17 28
ADP 7 - - D4 18 68 21 30
Cocaxit 9350 0.009 0.11 ©o 4 15 20 7 7
Ismecty - - ] 0 0 0 ] ]
Flasiosal - - 15 46 10 ]| 8 10
Cold Ciean - - 0 10 0 3 0 s
Finasol 0.038 0.28 0 s 0 0 0 ]
Oil caly 0 o - 3 2 10 16 10 12
Cantrol 0 (] 11 9 7 L 0 L

*  Dispersability is the retio of dsparsant to off reguircd to disperse 90% of the ol

*  Cost is the relative effective cont of sufficicet dispersamt to disperse 90% of | gal of oil under
e conditions of ke Macksy spoarotus.

¢ Cosoratresions ia 100,000 ¢c of soswater wore 10:1 of oil to dispersent prodost.

From Thorhang, A., Cardy, B., Roors R., Rodrignez, M., McFartaze, )., Tess, H., Sidnk, G.,
' Asdersop, M., Akaa, R., McDoaeld, F., Milk;, B., Gordon, V., snd Gayle, P., in Proc. 1991
! Ol Spill Covyf., mmmwmnc..mp?__ . |
1 I i 4
porites). TheymmmymnuwamK,Catm%N V-25, ADP7, and Wonder-
O (local product). The Jow toxicity comparisons were Cold Clesn, Finasol OSR-7, Corexit
9550.andhnsolv.in!hatmda.omudimnufeuhbaween(hbb4.anth).

e e e e e e e e e . . e - ——— ——— — — — — — t— — — ——

4. Fish
ubomorym’ofdmpmmonfmmofmwwmmcmmhshowed
Conco K, Kemarine, V-25, Wonder-O, ADP-7, and Jansolv to be very toxic. Cold Clean,
OFC D609 were least toxic. Fish were Holocentrus rufus, Acanthuris spp., Haemulon spp.,
and Archosaryus rhonboddales. Some subtropical Gulf of Mexico species have been in-
vestigated by Shuba and Heikamp'® (two shrimp, blue crab, oyster, and redfish) and temperate
fish and invertebrates by Anderson er al.* and by McAuliffe!* showing clear differences
between dispersant toxicities. Cold Clean and Corexit 7664 (a fourth-generation dispersant)

were of low toxicity to temperate species. Of high toxicity were Corexit 9527, OQP-ZO
(Table 8). .

. Comparative Dispersant Effects On Tropical Matrix Specics

Recently, there has been a comaparison of important tropical species to the same or
similar subtropical species using the same methods and involving the same investiga-
tors.'***4 The tropical and subtropical species and phyla had the same ranking in sensitivity
to dispersed oils. That is, the species behaved the sanse, whether subtropical or tropica’, to
the toxicity level of the dispersed oil. The quantitative levels of sensitivity were approximately
the same to & given oil or dispersed oil. Toletance levels were the following: mangroves >
seagrasses > fish > corals.

[ ' l l *
'] | L_Ll
3 ! L 1] 1
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TABLE 8A
The Mean Mortality of 3 Jamaican Fish Species, 3JnmalcanSeagnsus.lnd3
Jamaican Coral Species

Flsb® Seagrames® Coral -

1 2 3 X 1 2 3 X 1 2 3 X
Coaco 100 100 100 100 100 82 100 94 100 100 100 100
ORC D609 40 100 100 80 7 63 o 67 100 §00 100. 100
Corexit 9527 40 100 100 80 » 93 ad 91 72 100 100 91
v:25 100 100 j00 100 ad =»d o od 160 100 100 100
WoaterO 100 100 100 160 100 100 100 100 100 100 100 100
Kemorine e o = = 63 68 ad 66 100 100 100 100
ADR-7 100 100 )00 100 50 & od 48 100 100 100 100
Jemsolv 100 100 100 100 0 0 0 0 0 0 (K] U
LTX 100 100 060 100 sd ad ad ad =] od ad nd
Corexit 9550 0 6 0 0 40 44 ad 43 49 0 100 47
Cald Clen 0 o @& 47 0 0 0 0 0 0 21 7
Pawal 0o o0 2 7 70 ] 0 0 0 o n 4
ol 0 0 0 0 k ) p- | X 2 52 52 5 54
Cosseol 0 0 0 0 11 ® 10 10 0 0 0 0

Nowr: AL - expavars of 125 ppea dispereed oil for £ scagrasses and carel; st 3-h exposns of 123 ppm disparsed
ofl for &e fish X {3 mean of toxicity of thee mpeciss,

*  Fuh ), Helocesorss rifss; fia 2, Acontinexs sp.; fiza 3, Nesmnisn 5.

b Sesgrm |, Thalcuria sestudimmn,; coagrees 2, Halodde wrighel; sesgross 3, Syringodisen filiforme.
*  Corul 1, Pories poriess; coral 2, Moneeseres emcalsris; cortd 3, Acropora painesa.

¢ pd » sodatn

From Thorkeug, A., Casby, B.. Recec, R., Rodrigucz, M., McFarlaat, J., Tees, H., Sidrak, G., Anderson, M.,
Aikea, R., McDonald, P., Miller, B., Gosdoa, V., ead Gayis, P., in Proc, 199/ Ol Spili Cef., Amu
Pesroloem lontitres,  Washingon, D.C., 1991, 142.

tr R e b
D. DIFFERENCES OF DISPERSED-OIL TOXICITY EFFECTS AMONG
SPECIES WITHIN PHYLA
1. Seagrasses
hﬂwwwopimlAumﬁc,dnmgrmmmdammdiuthemomwlcmtmhigh
concentrations of oil and dispersed oil.'> ' 17 The legst tolerant is Syringodium filiforme.

Halodule wrightii usually is similar, but sligndy more tolerant to oil than Syringodium

Jfiliforme. These differences are amazingly constant between concentrauoas, oil, and dis-
persant type. We have no data yet on the Indo-Pacific species, but would generally expect
cogenctors to behave similarly based on comparative Atlantic-Pacific work.'* (See Figures
1-4)

The tropical species investigated by Thorhaug et al." had the same order of sensitivity
ranking as subtropical species determined by Thorhaug and Cruz.!® It may be interesting to
note from a large range of field experiments in the Philippines (central in distribution of
Indo-Pacific species) that the sensitivity from most sensitive to least sensitive ranked Syr-
ingodium fairly sensitive, whereas Halodule was tolerant of most substances.'* In the Indo-
Pacific, one would expect Enhalus and Thalassia to be the most tolerant, and Syringodium
and Thallasodendron least tolerant.

[ ' [

2. Mangroves

Mangroves (Rhizophora mangle ) ‘were dispersant tested in experimental mesoscale setups

by Teas et al.” Field situations consistently have giver. similar results for red mangroves.> * _

Experiments by Thorhaug et al.> showed that the red mangrove (Rhizophora mangle)

o 1 [ T [ 8
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TABLE 8B

. Note: Numbcrwidnnpumlhuhismrvivnl%.mmmbahp-m&mdlbwpmdﬂhm.n.p.-aoaphrmd.

Thothavg, A. and Cruz, R., in Restoring the Earth, Berger, A., Bd., Elsevier, Amsterdam, 1969, 21.

P. Survinl(%)andGrowth(Sboﬂsn")ofﬂwSpeduo(SmTMV&Mﬁpehmmem
' Ezkales Thelassie Natodle Syringodiaz Cymodoces
Pollwtant Sprigs Seedn Sgaigs Fv Soxise PFlags Sgzise Flogs Sprigps Plugs
Dredge & fill
. Marinduque 78 (1.9) 80 (2.7 T8 (2.4) 34 NMULY) DU 30(¢6.1) 23 (38) 20(6.7 38(8.9)
. Manila Bay 60 (2.64) 62 (2.22) 80(1.8) TNE.D 18(5.9 £2(123) ».p. n.p. 20 (2.3) 50 (8.2)
Urban Outfall . . .
Muanila Bay 33(1.8) n.p. 0 d )] (1] n.p. a.p. 0 0
Mine tailings
Marinduque
: Exst (high cnergy) 63 (2.3) 8(.0) B.p. 026 BUELDH 322 Bp. np. 40(1.9) 52(3.1)
‘ West (low energy) 80 (1 3) 60(1.2) 84:Q2.9) 100(144) 443D 9SS (DH ¢ (14.3) 44 (5.2) 4(1.0) 60 (4.4)
; Cherical factory . . .
| |, (Phosphae fentileer) 0 (] ° 0 409 o o o 0 0
. Power plent
- Batsan 60 (16.2) a.p. 52 (’2.2) 0.0 HQD 24039 0 0 60 (3.7) 60 (4.3)
[—}— —{ High current
Tip of Marinduque 4(Q) 0.p. a.p. oM 8.9, oM a.p. 8.p. 0.p. o.p.
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FIGURE 1. Laborssory experimeat: time vs. martality of sebtropical Thalassia sesnudinum end Thalassia scagrass.

| L ] 1
was far mose tolerant than the black (Avicennia niger) and black more tolerant than white
(Lagungularia sp.) to oil and dispersed oil. This was done over four ordess of magnitude
of conceatrstion, the red and black with 25 dispersants, the red vs. white with 13 dispersants
(Table 2).

Field results from the Atlantic would indicate Rhizophora mangle had higher tolerance
than the other two species. Other parts of the world are yet to be tested.

3. Corals .

Several coral species have been employed in dispersant experiments. LeGore et al.*
mention several Acropora spicies. Altbough several sets of field experiments have been
carried out which utilized various corals, there was no particular attempt to increase con-
centration until toxicity differences appeared to occur. Thus, at present there is not an
established hierarchy of tolerance.

The experiments of oil alone in Bermuda (at the far upper edge of corals anywhere in
the Atlantic) done by Knap et al.* in situ and in laboratory experiments showed a fairly high
level of control conditions and excellent cherusiry. The species used were Diplora strigosa,
brain coral, dominant to Bermuda reefs.

The work of Ballou et 21.? later reported by Cubit et al.?! from the Caritbean (Panama)
did not seem to indicate differences bet veen the ubiquitous Porites porites (transplants to
site) and Agaricio sp. found in back reef {also transplanted to site). Both of these species
are estuarine, as well as reef. : .

In the report of LeGore et al.® in the Arabian Gulf on several Acropora species, the
corals were exposed for 1 to 5 d. Differences between species were not noted.

' L1 H
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FIGURE 2. hbulaymu!uofninetypaddhpandoﬂvhhmmm.mdmoaﬂm. (From
Thorhaug, A., Carby, B., Roese, R., Rodrigesz, M., Mcfieriens, J., Tees, K., Sidnak, G., Andenson, M., Aiken,
R., McDonald, F., Millet, B., Gordon, V., and Gayle, P., ia Proc. 1991 Oil Spill Conf., American Petroleum
Institde, Washington, D.C., 1991, 142.) ’ .
h 1 rrre !
The work of Thorthaug t al. " shows strong differences between species. Porites porites
was, by far, the most tolerant of all substances, and Acropora palmata (crest of reef) was
by far the most sensitive to all substances. The reef-building Montastrea annularis was in
the middle, but closer to Porites in responses to changes than to Acropora. The tolerance
to other substances or changes of Porites is great while Acropora is sensitive to changes
and substances (Teble 5).

4. Fish

There were differences in tolerance to dispersant and concentration in the work of Aiken
ct al. (Sec Reference 9.) The fish were ranked: squirrel fish (Holocensus rufus) > grunts
(Haemulon sp.) > sea bream (Archosargus rhonboddales) > doctor fish (Acanthurys 5p.)
for tolerance. Not a great deal has been done with tropiczl cotnmercial fish and vsicrances
1o pollution (Table 8).

5. Investebrates / C,'

For the riore than 160 tests of various invertebrates vs, dispersed oil, a few in the Gulf
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and crab steges appear relstively seasitive, but less so than corals, as evaluated by the
National Research Courxcil.!

. E. DIFFERENCES AMONG CONCENTRATIONS OF DISPERSED OIL ‘

Obviously, high concentrations of organic materials are more toxic than low concen-
trations.

1. Seagrasses

Large toxicity tolerance differences eppearcd as increased conceatrations of oil disper-
sants raised percent mortality for a species. In each case seen in Tables 6 and 7, a gereral
concentration range exists where some specics show less then 50% mortality and others
(Syringodium and Halodule) are greater. Time of exposure also influences these sets of
curves (Figure 1). Statistically significant differences occurred between species at higher
concentrations. These ranges are at lezst an ordes of magnitude ebove advized usage levels
for dispersants. The differences hold for subtropical and tropical seagrasses of the same
species, as evaluated by Thorhaug.’ '

2. Mangroves

Our s.udies® showed that mangroves do not reipond to the levels of concentration that
fish corals and seagrasses do, “hat i2, 12.5 to 125 ppm. No differences Letween controls,
oil, or concentrations existed. Ti.us, we sitempied higher concentrations (ane and two orders
of magnitude greater) to obtain differences showing the red mangrove (Rhizophora mangle)
most resistant to o1l and dispersed oil, the white (Lagunculaia) the least tolerant, black
(Avicennia niger) medium tolerant. Onc should keep in mind the high concentrations found
by the scientists who measured buildup of oil in mangroves (Opea ocean concentrations
would be | to 50 ppm). Reports of liters of oil per square i.tter are not uncommon in
msnyrove spills. The time of exgosure for mangroves at an interface of 7il is often longer
than organisms fourd further scaward or in the oceen itself.

T 1]
100
I r T
I . I
| . |
|
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i > |
= |
| : |
| g |
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=
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1
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- - Y re '
! 079 125 7% 125 i
: Concentation of 011 in Seavater ppm I
i THALASSIA BALODULE |
: A IR & :
: ; FIGURE 3. il type vs. martality.
!b '! DR B oo 1 T . |
of Mexico'* temperate zone are relevant to subtropical and tropical species. Early sarimp
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3. Corals

There is experimental work by Knap and colleagues* * using concentrations in the range
1 to SO ppm. The higher concentrations showed sublethal effect of behavioral treatment
(tissue contraction, tentacle retraction, and localized tissue rupture); lower concentrations

. did not show behavior effects. : -

The work by Thorhaug et al.” '* shows oil only has some effect on Acropora palmata
at 12.5 ppm, far greater effect (100% mortality) at ten times the level (i.c., 125 ppm).
Porites porites and Moniastrea annularis go from 1 and 12% death, respectively, at 75 ppm
oil to 100% at 125 ppm oil. The Pacific specics Madricis mirabilus bas LC,, of 162 ppm
to Shell LTX.'* BP and Corexit 9527 showed no mortality in the coucentration range 1 to
20 ppm on Diploria strigosa.’ Corexit 9527 was not lethal in mesoscale field experiments
a1 50 ppm on Porites porites and Agaricia sp.* The work of Thorhaug et ai.'® shows differeni
responses due o conceatrations. At 125 ppm, many coral have a vesy toxic response to all
but four dispersants. At 12.5 ppm, there was a wide variety of responses ranging from O to
50% mortality for 6-h exposure. Corals tested were Porites porites, Monsastrea annularis,
and Acropora palmaia. The mortality differences between conceatrations were seen for all

specices.

4. Fieh

Four tropical fish were tested by Thorhaug, Aiken, Walker et al. (See Reference 9).
They all were very concentration sensitive, the doctor fish Acanthurus sp. being the most
scasitive and the squirmed fish Holocertrus ryfus the legst. At 12.5 ppm, they were not as
affected for thon exposere times (1 to 3 b, whwhmsNamalAwiemyofScwmcs'has
as the time period 2 fish would excounter ea oil gpill).

F. DIFFERZINCES BETWEEN OIL TYPES
In general, fresir oil vs. *‘aged cil'* and varicus weights might make a difference in

toxicity. To datz, po compreheasive program on any of the three critical habitat types has .

been carricd out uging various ages and types of petroleum preduci. .

1. Seagrasses .
Figure 3 shows the effect of different oils on seagrass toxicity.

2. Mangroves

Prudhoe Bay crude, Louisiana crude, and Venezuelan middle weight has been used for
mangrove results. No differences have been pointed out by authois or are apparent from'
results.

3. Corsls
Arabian light crude, Prudhoe Bay, and Venczuelan middle weight have been tested on

. corels. The authors do rot point out eny differ-nees por are they apparent from results.

G. DIFFFRENCES IN TIMES OF EXPOSURE

There are severul times of exporure which are relevant to tropical coastal oil spills: (1)
very short times (1 to 2 b) where » parcsl of dispersed or oiled water might flow over a
habitat; (2) 6 to 12 h, where a 1idal cycle could wash an oiled parcs! onto a habitat, especially
in an esbiary; and (3) longer umes where oil might sit in an =ctuary or be trapped behind a
reef or strand 10 a mangrove swamp. The EPA ctandard of 96 h (nearly 100) is relevant to
this; however, s standand has been applied mostly to fish, which are the least likely to
have to tolerate 96 hours of exposure in the same way th'al plants or corals would.

I | I
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1. Seagrasses
Three subtropical and tropical Atlantic scagrasses have been tested for time of exposure

response to various dispersed oils. Figure 1 and Tables 6 and 7 show these results: Clearly,
the longer exposure times have a gmau:r toxic effect, especially at higher conccntmuons of
dispersant and oil. .

2. Mangroves

Mangroves appear not to have had systematic experiments on time of exposure to
dispersed oil. Thorhaug et al.’ used 12 h (Table 2). 1
! r A 1 I
3. Corals

Corals were exposed from 6 to 24 h to dispersed oil in a continuous flow experiment.*
No toxicity appeared within this time frame. Field experiments were 24 h® and 6 h.2

H. SEASONAL EFFECTS
1. Scagratses
meaenmﬂmughondwywmthcsubmpna No differences were found.

2. Mangroves
There are o data for mangroves,

3. Cosnha

Seasonal differences in responze to BP 1100 WD were seen in winter.* lefaencuof
corals exposed to Corexit 9527 weatments vs. comrols were seen in winter in the Arabian
Gulf.2 Both the ebove studies ere ot the furthest limit of corals in the respective ocean
basin.

1. TEMPERATURE OF SPILL

In gepernl, the wermer the temperature, the more toxic the compound's effect for
physiological processes. The temperzste and arctio-work has corroborated this. However,
there is a small window of temperatures available for tropical crgenisms: 25 tg 30°C are the
coatinental shelf temperatures for tropical organisms. The estuarine temperatures can reach
34°C and fall to 20°C in shallow waters, but these are diurnal variations with low tides and
flush back to the central temperatures within hours.

The work of Thorhaug et al.> !? was carried out 2t the 25 o 30°C temperature range,
Knap et al.* at 22 to 28°C, Cubit et al.?' at 27°C, and Teas et al.”® in the 25 to 30°C range.

J. MITIGATION AFTER OIL SPILLS

There have been three notably successful sets of atiempts to mitigate after oil spills.
TwowcncmLcmpcmcarcasonmarshcsandthemudonmangrov&smuxmpics The
tropical one is handled in detail.

What we see from all three sets of authors is the following: (1) the physical-chemical
conditions of the sediment are altered by the spill, even after extensive cleaning (in the
French case); (2) recurrences of the spilled oil may occur if oil is not all cleaned up, (3)
some specics and some elevanons produce better results than others. The higher or lower
above the tidal zone, the better the result.

In the case of Teas et al.** the sediment of the mangroves was noied as altered. The
first anempt to restore mangroves after the spill produced & iow survival rate of planied red
mangrove propagules (Rhizophora mangle). The second attempt scveral months after the
spill was more successful with intermediste survival. The third attempt, many months after
Uie spill, was the one which the authors recommend. Plants higher 1n elevauons survived
better than lower, an example of the sySi=r restonng itself.

i —td
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The attempt in France o replant march by Seneca® was very well executed and was
differentially successful. The upper clevation plants survived better than lower elevation
plants. One portion of the problem was that the oil came back with tides which recirculated
it after plantings had been done. A great deal of stcam and cther rock cleaning was done
ahich evidently resulted in oil being carried out to sca and then back in some dme later.
Some of the lower tidal levels were not restored. The higher portion could be restored.

Some careful studies bave been done on temperate marshes after mesocosm spills in
Great Britaiz.>® The studies showed restoration of marshes after beavy oiling was possible,
but not a simple endeavor.

_Scagrass, corals, and fish stocks have not been attempted to be restored after oil spills.
Techniques for restoring these under a variety of other impacts heve boen successful in
Atlantic spd Pecific Basins, '

K. METHODS OF MANAGING SPILLS
1. Mechsanice! Cleanzp

These methods include booms to contain oil, skimmers, and sorbants. The performance
of any of these methods s0 as to bave low biological damage is dipendent on the speed of
transporting them to the site and having them operational in time to function on the spilied
oil. Physical conditions =2 the site frequently make this option nonvisble: (1) current must
be less than ) kn; (2) wind ehould be less than 6 kn; (3) wave action must be very low, less
than the freeboard of the barrier; (4) the asture of the ofl slick itself. The stress on the boom
is apprecisble, and the booms frequently break, demanding & second strategy be employed.
Skimmers decrease their recovery rate at decreasing thickness of oil. Bclowlmm.thcmc
is almost negligible.

The distance the spill gite is from the stockpile of sufficient mechanical equipment and
the time for deployment are major factors as to whether *‘mechanical’’ will be an edequate
combat tool. In many cases, even ‘‘optimal’’ time of zetup of mechanical equipmeat precludes
use of mechanical as an opiion. Estuarine spills zre a chief example of this. There is almost
no time (minutes) between a port spill #ad mangroves in many areas. In shallow, ecologically
seositive habitats, o is a particular prodlem to sctup 8 boom. Mechanical cleanup is a far
more highly skilled tz. nelogy, dependent on speed, accuracy, maintenance of equipment,
and logistic coordination. The author has many reports of failed attempts to contain oil in
less-developed countries and developed nations. Mechanical cleanup frequently fails due to
operator errors or inability. In the U.S. caly 15% of mechanical cleanup occurs, leaving
85% uncleancd.

If the mechanically retained oil cannot be recovered, then the waste oil must be taken -

ashore and disposed of correctly. This author has mede a survey. Most nations in Central
Amenca, South America, the Caribbean, and East or West Africa do not have any central
disposal sites for waste oil.

Mechanical cleanup costs $700 to $7000 per barrel®® *® (Tables 9 and 10).

2. Shoreline and Reef Cleanap

If the winds are onshore at points during the life of the spill and if proximity to shore
is small, some of the oil will land on shore. If mangroves are hit by the spill, they will die
(unless it is a high tide and the oil is carried out before the tide goes low).

Coral reefs :nay also be & site of shoreline circulation, which at high oil concentration
will kill corals.

Beach cleanup includes removing sund which can lead to accelerated erosion. In a
lounst-onented location, beach cleaning 15 not appropuiate.

Hard surfaces, such as rocks, can be sandblasted or steam cleaned This reinjects oil

_into the water for further stranding and must be done along with mechanical bamners.

These shoreline methods are all expensive (see Tables 9 and 10).
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' TABLE 9
l | Costs of Oil Spill Cleanup
| | Techniques

I
: 1 Type . Comperbarrd  Ref.
| Mechanical  $65—3000 38
I Dispersant $15—65 38

‘ Shoreline $650—7000 »
| ' Gels Above $7000 »
| : i1

TABLE 10

Short-Term Oil Spill Cleanyp ard Indirect Long-Term Costs

Indirect  Indivect

Capitalizaticn weols savirexmental Socloeconomic
orcts Dérest easty rezoved camts costs
Meckanical High $1.50—-0.60vped  SUgnl None if success-
ral, high if mot
successful
Boach cleamep  Low £-171gad g Vexry high in pro- High if tourism is

ductive ecosyy- nvoived or if
exs (maugroves, mangroves/coral

mafs) dies; low if rock
crmdpo(md
No actica 0 0 o Aboxt $100,000 Very high if fish-
acye if pro- erics or tourism
groves, xo- is affected or if
grasses comals 2ro nzngroves or
Dispersant Modirm o bow  $0.05—0.30ps 0 Noee H pogtoxic Low
dispersants wsed, |
- soxpe i toxic dis-
pesants esed

i !

3. Other Techniques .

If the slick is thick enough and human life and property are not at risk, flaring may be
possible. Substantial air pollution results. Ixtoc iz Mexico used flaring.

Geis are still in experimental stages or very expensive. No known tropical field testing

Bottom sinking agents: seagrasses, cornls and me;ofauna are notably unable to deal with
these substances and can be smothered. Sinking agents can releak oil.

Bacterial agents are still very expznsive although the 1990 MegaBorg spill in open waters
far off Galveston, TX used them. Bacterial agents may be better for remediation.

The field is fast moving. {eeping abreast of technology is critical.

4. Dispersant Cleanup

The real spills for which dispersants have been used are far less in the tropics than in
the temperate zone. However, in the many reports of use of dispersant, a report of the
dispersed oil killing a population of any organisms could not be found. There were reports
where ope portion of a spill was not dispersed while another was, the nondispersed portion
causing harm.

The Ixtoc and Yum spills, both drilling ng blowout spills, offer an interesting compar-

ison. The Lxtoc apill was the largest spill in the tropics with te lurgest amount of dispersants
, ] [
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used up to that time. Jernalov and Linden reported that no statistical difference in total
fish landing occurred after the spill started flowing from the year before. The Yum spill
which flowed from approximately the same area on the northern shelf of the- Yucatan for
only 4 months compared with Ixtoc (more than | year). The volume of flow was dpproxi-

- mately the same. The UNEP regional headquarters in Mexico and the fisheries report about

50% reduction in fish catch in Yum. No dispersant was used in Yum.

The reports on the Panama Texaco spill where the dispersant Corexit 9527 was used
are difficult to separate out due to legal procedures which inhibit information. However,
there are reports that a portion of the spill which occurred in the mangroves did get dispersed
by the dispersant airplane of the Clean Caribbean Cooperative, which sprayed dispersant on
a sizable portion of the spill. There arc also reports of nondispersed portions of the spill
being carried by winds into mangroves, killing them. Some controversy remains as to exactly
where the disperzed oil on the leading edge was.

The reports of other spills in Belize, Jamaica, and Egypt, which were dispersed without
fish or mangrove kills, have been reported to intemational governments.

The preliminary data analysis' hes not revealed any tropical **Torrey Canyon'’, where
large-scale dispersants were used to the detriment of the environment. This is an important
setting in which to place the laboratory and mesoscale data,

L. DISPERSABILITY OF OIL

Onc important point for a commander of an oil spill is the effectiveness of whatever
technique be is going to use on the oil cleangp. The problem at present is that the effectiveness
dmwmwmmannkmmMWmumd
estuaries, that is, from 22 to 35°C. Most dat are from 1 to 15°C; some data go to 20°C.
Centain dispersant manufscturers claim they are presently testing at higher temperatures and

Effectivencss of emulsions are strongly affected by temperature, and, in general, the
warmer the temperature, the greater the immiscibility.

Effectiveness is also o function of salinity. There are no effectiveness tests for the very
salty waters in the Red Sea, Gulf of Arabia, or Guif of Aquaba, for example. Some dispersants
are effective over g larger range of salinities than others (Corexit 9550). There are very few
tests for low salinity or brackish water situations.

Various oils are differently dispersed. Generally, the heavier the oil, the more difficult
to disperse; the lighter the oil, the easier.

We must now have results of studies of major oi s from major shipping routes vs. the
more-toxic dispersants at high temperatures to understand their effectiveness and efficiency.’
We must have the effectiveness from 0 to 40 (/00 salinity at higher temperatures.

III. RECOMMENDATIONS

A. POLICY

The policies most useful arc those which allow the commander of the oil spill to
predetermine implementation during pre -oil spill planning sessions, finding the least resource-
damaging option, and comparing the spill with the predetermined model to implement it
immediately at the rime of spill. Unless the spill is far offshore, timne is of the essence for
the spill commander 1o do his best for 4 good result. Any delay whatsoever may be to the
detriment of the very resource the environmentelist wishes 10 protect.

Nations and states should have oil-spill policies which aliow them to use cost-accounting
recovery for thewr damaged coastal resources. This mcans the ration should carry out **pric-
ing"" of coral reefs, mangroves, and sustainable fishenes.

Th: 1980 IMO policy about mangroves was cautious when formahzed, but is out of

Iy

o
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date because it would cause mangrove death directly by not having dispersed oil as it entered
the mangroves.

The Bonn Agreement may be a good policy entry point for dcvclopmg nations wnhout
a present policy. The central focus of these European policies are the *‘least impact’”.
B PREFPAREDNESS

Successful management of oil splllshnsprcpamdmsofall parties as the key. Any and

all decisions which can be made ahead of time shnuld be. All decisions ir which resources -

are the highest priority should be uade shead of time. As much expericnce and coordination
as possible should be made az in preplanning. The luxury of offshore spills, like the 1989
Morocco spill (of over | million gal) which took days to come ashore, &re few. Most spills
(55%) take place within severel miles of shore. In Florida, a spill can move 60 mi in 24 h.
Thus, most spills near shore take only hours to hit living recources which might be irreparably
damsgad.

C. STOCKPILING CORBECT EQUIPMENT

When the spill occurs, cither tie equipment of choice [~ there or difficult arrangements
to get it flown in must be mede. For come African countries, i is easizr to get it flown in
‘rom Europe then from a acighbor.

If dispersants will be useful, be sure the nontoxic ones are stockpiled in your area o
the temptation o use the toxic ones will eot occur. This must be done ahead of time.

D. DEPENDENCE ON OTHERS' EQUIFMENT

The problem with not kaving adequetz oquipment i8 that (e ceighbors' equxpmcmmay
not work. In regions with many small tetions (East and West Africa, Caribbean, Pecific
Islands), the expeaditure for protecting the nation from a major spill is always seen &8 a
trade-off from some other project. The regional cester now being founded by UNEP is one
alternative.

IV. DISCUSSION

A. MANAGEMENT PRINCIPLES FOR USE OF DISPERSANTS IN TROPICAL

HABITATS

It is now apparent that nontoxic dispersants at eonocnuntnons recommended by the
manufacturer can be used urder various sets of emergency cenditions for oil spills which
frequently accur in the tropics as they are being used by the Bonn Agreement nations: (1)
estuarine spills where or when mechaniczl means are insdequate to control oil from impacting
one or more types of habitat, especially mangroves; (2) nearshore coastal spills where
environmentr! conditions are rapidly transporting spill toward one or more critical habitats;
(3) in weather conditions when mechanical cleanup is ineffective and there is a danger of
impacting corals, mangroves, or [ BCAPTASSCE.

All parties must stop using the generic term *‘dispersants’® within the oil spill cleanup
plans. Specific tested and now-toxic dispersants must be named for spills on each habitat
type with the upper concentration limits for use described.

Further laboratory tests must be done by nations in tropical areas to test their commonly
used and stockpiled dispersants for toxic effects on their critical habitat organisms such as
various species of corals, mangroves, scugrasses, and marsies. It is vnrealistic to imagine
smal] third-world nations will find this a priority. Regione! multinational and indust=al funds
should be found to do this. It must be done according to international or accepted standards.

A nerwork of rapid information dissemunation to industry, environmental management,
.government spill cleanup managers should be organized so that whatever information is
derived can be disseminated.

1 1 1 1
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Resource maps which must include the exact species of mangrove, seagrass, or corals
should be included ia oil-spill contingency plans. Since the toxic effects differ by.more than
an order of magniride between species, present *‘lumping’’ resource maps are inadequate.
Dominant species must be available on sensitivity maps. ’
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ABSTRACT

Most oil spill clean-up plans in the vider
Caribbean indicate that dispersants should not be
used. This {s in error for coastal and estuarine
spills. There have been a series of studies, which
will be reviewed, both for field and laboratory on
toxicity effects of dispersants on critical
habitat matrix organisms {n the Car{bbean baains.
Red mangroves and several coral species were seen
to not have toxic effects from Corexit 9527 within
the 1-50 ppm range. The Rhizophora mangle
exper{iments by Teas indicated better survival when
Corexit was used, than oi]l alone. Laboratory
results for seagrasses on seven dispersants showed
lows, medium, and high toxicities not dependsnt on
oil type. These results indicated an "acceptable”
list of dispersants as the British have is
necessary for the wider Caribbean matrix-species
preservation during spills where dispersants will
be used. Three major wider Caribbean seagrasses
have differing toxicity responses, dependent on
the dispersant, but in the same ranking: Thalassia
more tolerant than Halodule, more tolerant than
Syringodium. Coral results in Bermuda and Panama
by Knap et al. (1985) for Diploria strigosa and
Porites porites with Agaricia sp. Indicate that
the dispersant Corexit 9527 {s not toxic (1-50
ppr). Ongoing studies I{n Jamaica are discuassed for
coral and seagrasses.

INTRODUCTION

Most of the slhore'ines containing mangroves and
corils are (n the developing world. Ofl spill
clean-up {a these countries has been adopied from
messures from temperate climates where less
sensitive habitat species occur on shorelines.

After dispersants were used with a negative result
in the Torry Canyon Spill, dispersants were banned
from use by most nations. Two developments
occurred: 1) many manufacturers made a far leas
toxic dispersant; 2) many spills were not able to
be controlled by mechanical means because these
were too large, too fast in arriving at the shore,
or too difficulg to contain i{n boors (high seas,
high winds, fasc tides), or a different spatial
configuration for boom developmcnt. Recent work on
mangroves (in field and laboratory) shows that
mangroves are stat{stically more able to survive
ofling {f dispersant {s added prior to the time
the of! approaches the mangroves (Teas et pl.,
1967).

The work doue to date on corals included {ncensive
studles of the effects of the dispersant Corexit
9527 and a BP product on the coral Diploria
sctrigosa in Bermuda (the northern-most sice of
Atlantic corals) by Knap and associates. Thelr
conclusion was to recomnmend use of dispersante to
the government of Bermuda. Le Core et al. (1983)
ntudled Corexit 9527 on several Arablon Gulf
coruly and found no touxicity. In Panama, field
tests showed no toxicity of Corexit 9527 on
Porites porites, Avicennia niger and Thalassia
testudium (Getrer et al., 1987, Knap et al.,

1985), although a real life oil sptll showed large
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areas of decimation (Cubit et al., 1987).

Mangroves have been shown to be decimated {n a
series of oil spills in all continents. Seagrasses
have been less well documented, but definite
damage as an effect of ofl spills have been shown
(review by Thorhaug, {n prep).

METHODS

The specimens were selected to represent major
critical habitat organisms in the front seaward
edge of community, {n mid-depth range and {n near-
shore or estuarine areas. The specimens were
chosen with help from U.W.I, and NRCD experts.

Seven individual specimens for each variable
testing set were taken from outer Kingston Harbor
for seagrasses and froam the middle norch coast or
the proximity of Di-<overy Bay for seagrasses.
Only very healthy s, cimens were used.

After collection and acclimation, specimens vere
exposed to the test substance {n 100,000 ol fresh
geawater {n 50 gallon glass tanks. Static
conditions with vigorous bubbling occurred for the
i{ncubation period. Specimens had test substance
plus {ncubation water removed replaced with fresh
running seawater. The oil was aged 24 hours prior
to administration. The dispersant was poured into
the oifled seawater and vigorously mixed by a
paddle for one minute. Measurement of 1ncubation
exposure and growth were made prior to
administration of test substance, after and at 2
to 3 d intervals thereafter (10 d seagrass and 14
d corals). 125 ml ofl with 12.5 nl dispcersant or
75 ml ofl with 7.5 ml dispersant were used.
Measurements were made fron May to Septumber.
Health of corals was described on a graduated
scale previously discussed by Thorhaug and Marcus
(1982) with 100% alive and colorful as 10 and |
equals to dead, bleached. Five to 50% bleached,
discolored or spotted. 10 = luOX alive and
colorful, 5 = 50% bleached, discolored or spotted
and 1 = 1007 dead, bleached.

Seagrass gradation of health and blade growth
fncluded a scale previously outlined {n Thorhaug
and Marcus (1982). The growth measurements were
made on a 2~4 cm young blade, one on each of seven
shoots. Counts of mortallty made on all 700 blades
per tank. The statiscics wese Student-Newvman-
Keuls analysis of varlances. Tie preliminary
results of our first scts of experiments are
recorded in results. Ongoing résults are scill
being analyzed.

RESULTS

The results to date are preliminary. Final
results will be forthcoming {n one year. The
results of the laboratory testing can be separated
into two scie of data, although general resulcs
have begun to emerge which can be synthuwilzed.

The general result, not ever recorded until now,
shows chat the toxiclty of various dispersant
products was very similar In order of ranking
betucen species of both corals and seagrass: three



levels of toxicities were apparent at high
concentrations: high toxicity (80 to 100X
mortalicy); wedium toxicity (45 to 75X mortality)
and low toxicity (0 to 30X mortality). The same
dispersunt products fall into the same rank-order
for all species tested and for corals and
seagragses.

Coral Data

Table | shows two high concentrations of dispersed
oil for 10 hour exposure (which time period is
relevant %o about the tice a tidal cycle would
have the dispersed oil exposure to corals).

Corals show a definite order of increasing
tolerance to the dispersant products. Conco K (K),
OFC D609, Corexit 9527, Kemarine, ADP 7
(Petrogreen) and Janosolv are among those most
toxic to all three species. Corexit 9550 falls
inte an intermediite range. The lesser toxicity
includes Elastosol, Cold Clean, Finasol. These
latter mortalitiec were 25X and less. We are
continuing to test dispersant products in Jamaica.

Seagrass

The preliminary laboratory toxicity testing seen
in Table 2 shows that Jamalcan seagrasses were
very sensitive to the following dispersants: Conco
K(K), ADP 7 and OFC D609 and Corexit 9527.

The seagrass tolerated Elastosol, Cold Clean and
Finasol far better. With ADP 7 and Corexit 9550
being intermediate toxicity. Bunker crude oil was
more t.xic than was Venezuelan middle light crude.

DISCUSSION

Management Principles for Use of Dispersant on
Tropical Habitats

For the first time a series of major dispersants
marketed around the world were laboratory tested
and compared {n toxicity on dominant corals and
seagrasses 1n the Greater Caribbean. These tests
showed somu# products of lcw toxicity, which even 2
oraers of magnitude ibove recommended use were not
toxic to corals or seagrisses. On the other hand,
some products were quite tuxic to both seagrass
and corals and should not be used near these
resources. The order of ranking of toxicity of
products was approximately the same between corals
and seagrasses.

It is row apparent that some dispersants at
concentrations recommended by the manufacturer can
be used under various sets of emergency conditions
for cil spills which frequently occur in the
world's tropics: a) estuarine spills where or when
mechanical meanus are inadequate to control oil
from {mpacting one or more type of habitac,
especially mangroves, b) nearshore coastal spills
where environmental conditions are rapidly
transporting spill toward one or more critical
habitat, c] weather conditions when mechanical
clean-up {s {neffective and there is a danger of
impacting corals, mangroves or seagrasses. (It
should be noted that our present {nformation from
literature shows mangroves appear to be affected

gnlntcnlli ; oil. When oil ranmains in the
[] ABAD, V6 aphpmavy e emadher she mangraves by
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dispersed prior to arriving into the mangroves,
the mangroves do not experience massive mortality
[Teas et al., 1987]).

Thus, it is ifmportant to find low toxicity
products as disperwants for coral and seasgrass.

All parties must stcp using the generic term
"dispersants" within the oll spill clean-up plans.
Specific tested and non-toxic dispersante must b.
named for spills on each habitat type with theli:
upper concentration limits for use described.
Further laboratory tests must be done by nations
in tropical areas to test thelr ccmmonly used and
stockpiled dispersants for toxicity effects on
their critical habitat organism such as various
species of corals, mangroves, seagrasses and
marshes. 1t {8 unrealistic to imagine small chird
world nations will find this a priority. Regional
multinational and {ndustrial funds should
undertake this.

A network of rapid information dissemination to
{ndustry, environmental management, government
spill clean-up managers should be organized so
that whatever {nformation {6 derived can bz
disseminated.

Resource maps which must {nclude the exact species
of mangrove, seagrass or corals should be included
in oll spill contingency plans. Since the
toxicity effects differ by more than order of
magn‘tude between spacies, present "lumping"
resource maps (le. "seagrasses) are {nadequate.

By {ntegrating the resource maps into planning oil
spill clean~up {n a manner as Venezuela has,
updated information can easily be {ncorporated
into plans on a yearly basis.
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Table 1. Percentage mortality of selected Jamaican major habitat corals vs. Dispersant type of dispersed

Venezuelan light oil.

~

Poriten porites
___._.__.IL___T.__

Kontastrea annularis

Acropora palmata
125 mL. S mlL.

Dispersant Type 125 mL. 5 al, 125 L. 75 olL.
10 Hys. ’ 10 Brs. 10 Hra.

Conco 100 100 J1ao 100 100
OFC D609 100 88 100 ND 100
Corexit 9527 12 88 100 Te 100
Kemarine 100 100 100 88 100
ADP 7 100 ND 100 ND 100
Corexit 9550 43 0 0 12 100
Jansolv 87 2 12 52 ND
Elastosol 0 1] 0 0 0
Cold Clean 0 ND 17 ND ND
Finasol 0 Q 0 0 20
0il only 52 12 52 0 90
Control 0 0 0 0 0

Table 2. Percentage mortality of selected Jamaican major habitat seagrasses vs. Dispersant type of

dispersed Venezuelan light ofl.

Thalaasia Halodule
Dispersant Type 125 mL. 75 al. 125 al. 75 =L.
6 Urs. 10 Urs. 6 Hre. o 10 firs.
Conco 100 57 82 90
OFC D609 70 35 63 82
Corexit 9527 89 32 93 12
Kemarine 63 48 68 68
ADP 7 50 22 46 90
Corexit 9550 40 20 46 3
Jansolv Q Q 2] )
Elastosol 15 11 46 13
Cold Clean 0 0 0 0
Finasol 0 0 0 4
0tl only 30 [} 28 13
CGonsros 11 10 9 11
<338
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EFFECTS OF VARIOUS DISPERSANTS ON TROPICAL ORGANISMS:
Corals, Mangroves, Seagrass, Tropical Commerical Fish in Jamaica

Anitra Thorhaug, Richard Reese, Howard Teas, Barbara Carby, Mike
Rodriguez, Marcel Anderson, George Sidrak, Beverly Miller, Valerie
Gordon, Karl Aiken, Peter Gayle

For the first time anywhere in the world's tropics (in Jamaica,
under the direction of the Office of Disaster Preparedness) a
series of dispersant products were screened to determine toxicity
on the most important tropical matrix organisms. The laboratory
test procedures used were standardized tropical toxicity test
methods from U.S. and U.N. sources. 100,000 ml seawvater with
specimens collected and transported under optimal conditions
were taken to out-of-door facilities, controls and o0il only were
run. The corals selected were reef crest, Acropora palmata,
back-reef and estuarine, Porietes porietes, and reef-building,
Monstastrea annularis. The mangroves were black (Avicinnia niger)
red (Rhizophora mangle) and white (Lagunculeria). The scagrasscs
were turtle grass (Thalassia testudinum), shoal grass (Halodule
wrightii) and manatee grass (Syringodium filiforme). The fish
were important to Jamaican nearshore fisheries, doctor fish (Acanthurus)
grunts (Haemulon), squirrel fish (Holocentrus rufus) and sea

bream (Archosaqus rhonbodales). Concentration levels of dispersant’
wvere 12.5 ppm to 125 ppm (only mangroves were tested at higher
concentrations). The sensitivity index, which occurred, was

fish and corals more sensitive than seagrass which was more sensitive
than mangroves. Ranking of dispersed o0il products was generally
similar between biological groups in terms of toxicity. High,

medium and low toxicity dispersant products were found in the

13 tested dispersant products on all groups (8 additional products

on mangroves). Field tests consisted of toxicity testing on

in situ intertidal mangroves with seagrass and coral seaward

of the mangroves. Three of the least toxic dispersants, Cold

Clean, Finasol OSR-7 and Corexit 9550 (the least toxic products),
were field tested for the first time.

For those o0il spills when mechanical means are not adequatce
and non-treatment would result in substantial environmental damage,
a set of tropical policies for "within 3 mile" dispersant use
_were developed. The dispersant use policy, when mechanical means
fail or are inadequate, was formulated by the Jamaican 0il Spill
Committee and will be presented in brief.

Thanks to U.S. A.I.D. for major support, also to the Government
of Jamaica, Mobil 0il Foundation, Florida International University
and Greater Caribbean Energy and Environment Foundation.
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Oil and Dispersed Oil on Subtropical
and Tropical Seagrasses in Laboratory

Studies

ANITRA TTIORITAUG,JEFFRY MARCUS and FITZGERALD BOOKER
Grearer Caribhean Energy and Envionment Foundation, 1121 Crandon Bivd, 15-1005, Key Biscayne, IFL 33149, USA

This Is the first study of a range of concentrations of
dispersed oil on severnl specles of seagrasses dominant
thiroughout the Atlantic subtropleal Greater Carihbean
basin. Qut-of-door Iahoratory sanks Included 1001,
natural seawater apical merlsiem and short groupx,
rhizome and tissue of ench specles (15 spechnens per
treatment). Treatment;, Included dispersed oil, of!
elone, dispersant alone, and control. ‘Times of exposure
ranged from 5 to 100 h, Concentrations of dispersants
ranged from 7.5 to 50 mi In 100 1. seanater. Loulslana
cride and Murban oils were tested. Results showed
Halodule wrightii and Syringodinm filiforme had an
LD nt 75 ml dispersed oil In 100 1, sexwater for 100
exposure, wherens 7halassia was more tofecant with an
LDg, at 125 ml In 100 1. seawater for 100 P, Disper-
sant slone had a siprificant eflect on Halodule and
Svringodimm, bt not on Thalassia. Louislana crude oll
had a slightly lesser effect than Murhan, Difference
between sengrass species was greater than beiween oils.

This is the first study on the effects of a range of
concentrations of dispersed oil on several species of
seagrass. The seagrasses chosen for investigations are
the primary compaonents of the seagrass community
within the region of the Greater Caribbean Basin
(defined by UNEP as including the Gull of Mexico,
Babamas and South Florida). Guidelines governing the
use of dispersants in the US coastal waters have recom-
mended use of dispersants offshore after mechanical
clean-up means have heen exhausted. Dispersants have

‘not been recommended within several miles of a shote

and not within bays, esiuaries and lagoons. Caution has
been used as a strategy o conserve natural resources
with the caveat that no data on seagrass tolerance to
dispersed oil were available,

ponE DETHETED
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Due to the rapidity with which dispersants could
theoretically be administered to a spill, their cost-
ellcctiveness, and their rapid transportability to distant
locatiens where an oil spill might occur, more informa-
tion on iheir toxicity to living coastal resources is
cleatly necessary for rational decison making at the
time of such a spill, and wise resource use inn preserving
seagrass beds. Seagrasses in subtropical and tropical
regions form a large part of the fisheries nurseries and
play an important role in nearshore coastal ecosystems,
Depending upon the tropical ocean basin, from 360 to
500 species of inveriebrmes rre found associated with
seagrasses und about the same number of fish species.
In terms of extent of arca, the seagrass is usuaily the
major ccosystem hetween the mangtove shoreline end
the coral reef. In many ateas seagrass forms a large bio-
mass. In the Guif of Mexico, Camibbean basin, cast
Flovida nnd the Bahamas, thice seagrasses form the
major members of seagrass hahitats: Tholassio testudi-
mun, Halodnle wiightii and Syringodinm filiforme.

The impact of oil spills on tropical and subtropical
scagrass beds have heen summarized by Zieman er ul.
(1984) and Thorhaug & Marcus (1985). The effects of
dispersants on seagrass beds have not been reported
with oil spills on seagrass beds except for one pre-
liminay labotatory test where 17.7 ml dispersed oil
turned 7G% of the Thalassia blades tested brown (Baca
& Gielter, 1982).

The purpose of the pieseit study was to test the
responses of tie three major Gieater Caribbean species
of seagiasses in the laboratory to various concen-
trations of dispersed oil. The results need field testing at
a series of critical concentsations and times piior to
guideline recammendations. An equivalent set of tests,
in terms of methadology, dispersant type and oil type, is
heing carried out on the femperate seagrass Zostent
(Page & Gilfiling personal communication).

Methods

(ollecring

ach test specimen had apical meristematic tissue,
19 con of thizome, and several sheet blade groups, They
verte collected from nearshore bay witers (Biscayae
vy and teansported 1o tea tinks loeated witain 0 km
ob the colecting cite Btteen specimens of cach species
were placed Gaeach tnk Acclimation time was Jd8 D

grre b the experiments,
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7 Mortality vi.

Dispersed Uil

Venezuelan light:;

125 mL; 6 hr

bispersant Thal [lal
Conco. 100 82,
OFC DGOY 70 63
Corexit ?527 89 93
Kemarine 63 68
prp 7 50 46
Corexit 9550 40 46
Jansolv ND ND
Elastosolt 15 46
cold Clean ND ND
'Finasol ND ND
0il only 30 28
Control 11 9



Table 2, continued.

Mortality
125mbL; 6h 7Sml; 1Oh
For.por  Mont.an  Ac.pl. For.por. Mont.an.
Conco 100 100 100 100 100
OFC D607 100 1 cug; 100 91 91
Coresxit 9527 Q0 86 100 a8 76
Kemarine Q0 S7 100 85 90
A~ADFE 7 Q0 72 100 85 90
Corexit 9550 64 14 100 Q 12
Jansolv 0 0 50 0 0
Elastosol 15 0 L 0 0
Cold Clean 15 0 15 8. 0
Finasol 8 0 15 0 0
0il only 52 52 100 12 0

Control O O 29 0 O
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Table 2.

Jamaican important habitat corals.

Dispersant
Product

Conco

OFC D&O9
Corexit 9527
Keramine
ADF 7
Corexit 9530
Jansolwv
Elastosol
Cold Clean
Finasol

Oil onmly

Control

B i o e e 4 o S S St s o

0.580

a.007

0.009

o e gt e e

(1Y Dispersability is

disperse 207 of

{2}
to disperse 20% of 1
Mackay apparatus.
(%) Concentratione: 1in

dispersant

pracuaec L.

Dispersability
Ratio (1)

the oil

(2)

the ratic or disperesant

e ‘
\.]c.ﬂ Qi

1079 D00

(U.5.

Cost

oil

cC

EFA,

Cost i1s the relative eftective cost of

[O-—4 TN — a4 T

100

47

0

1984)

Mortality

125mlL.; 10h

(3)

Mont.an

to

sufficient

100

100

aq 3
[

Coral results for Venezuelan crude oil and 3 species of

100

100

100
73
15

21

11

58

30

required

di spersant

under the conditions of

o f

soawator

were:

10z )

thie
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oil
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The effect of Three Dispersants on Three
Subtropical/Tropical Seagrasses

A. THORHAUG* and J. MARCUS

Florida Internationa! University, Tamiami Campus, Miami FL 33199, USA
*On leave to United Nations Food and Agriculture Organization

Three seagrasses found throughout the Greater Carib-
bean tropical/subtropical region as major critical
habitat organisms were tested in the laboratory for toxi-
city limits to three dispersants commonly stockpiled in
the region. At concentrations in the recommended
dosage level, that is, below 1 ml dispersant with 10 enl
ail in 100 000 m! seawater, even for 100 h no larpe
mortality occurred (15-18 Larrels per acre as caleu-
lated by Exxon, 1985). At an order of magnitude
higher, especially for longer time periods, the more
sensitive Svringodium  filiforme and  then
Halodule wrightii succumbed. the dispersants had
with Corenit 9527 and Arco-

SCAPRASSCS
widely diftering effects,

[

chem D609 having far less toxic effect than Conco
K(K) at the same exposure time and concentration.
There was comparativeiy little difference between
effects of oils (Louisiana crude versus Murban). Types
and brands of dispersants should be referred to specific-
ally in oil spill contingency plans since such widely
varving ccological toxicity occurs among various disper-
sants. Use of the word ‘dispersant’ as a policy tool
should be used with caution, realizing that dispersants
vary widely in toxicity effects. Further testing of sea-
prisses in other ocean basins and those dispersants (o
be used there is highly recommended.,

\



The question of how vatious dispersants effect various
critical organisms in the tropics and subtropics has not
vei been addressed. In the terperate sone, the environ-
mental management departments ol many first world
governments have asked industry to perform specific
toxicity tests of their dispersant product on temperate
animals to register or list the dispersant. For example, a
temperate fish and a temperate shrimp were used by U5
Environmental Protection Agency. From the testing of
dispersint toxicity under standard conditions on these
organisms, Anderson er al. (1985) have proved very
different toxicity cffects of different dispersants.

The question remains: Are the tropical/subtropical
critical habitat organism toxicity limits the same as tem-
perate organisms 1o various dispersants, or diffcrent?

Seagrass is a major coastal and estuarine habitat in
the subtropics and tropics. It has been seen to be sensi-
tive to a variety of man's impacts (Thorhaug er al,
1973, 1985; Thorlaug, 1981 in press; Thorhaug and
Marcus, 1985). When seagrass is removed by a pol-
lutant, the animal community and fisheries nursery
associated with it disappear (Roessler et al., 1975), and
when it is restoied, the animals recolonize (McLaughlin
etal, 1983).

Tropical and subtropical critical habitat seagrasses
have been shown to differ in their response to a single
dispersant (Corexit 9527) (Thorhaug er al, 1986).
Thalassia testudinum (.rtle grass) is far more resistant
to Corexit 9527 than Halodule wrightii (shoal grass) or
Syringodium filiforme (manatee grass) over time and
concentration.

Methods

The methods duplicate those described by Thorhaug
et al. (1986). In summary, out-of-door aquaria with
sand and 100 000 ml natural seawater were planted
with 15 healthy sprigs cach of ihree species (Thalassia
testudinum, Halodule wrightii, and Syringodium fli-
forme). Treatments included dispersed oil, oi! only, dis-
persant only, and control. Varniables included: Coucen-
tration of dispersed oil, time of exposure, type of oil,
and type of dispersaat. Qil was weathered in shallow
pans cxposed to sunlight 1or 24 h prior to cxperi-
mentation. Dispersants were vigorously mixed with oil
at time 0. Bubbling throughout the experiment kept dis-
persed oil in a ‘mousse’ phase. After treatment, oil was
thoroughly removed and tank cleaned; specimens were
measured for 14 days for mortality, sublethal effects,
and growth of 15 new blades of each species.

Statistical analvsis of data is described in detail in
Thorhaug & Marcus (1985). Mortality at a series of
concentrations was calculated to LDy, Regression
analysis from growth data was plotted. T-tests for statis-
ticalty significant differences between tretments (at 3%
and 196 1evels) were pertormed.

Results

Results of dispersed oib mortality can be seen i Figs
1S e Tshows the percentaee martahity at 3 hifor 7.9
ml dispeisantwith 7S mborh i T0OO 000 mi scawates 1o

three seagrasses. Only Conco K(K) dispersant produces
mortalities near LD, of the population ain all three sea-
grasses. The other two dispersants show Jow pereentage
of population mortalities. Fig. 2 shows the same con-
centration of dispersed o1l as above, but for the longer
period of 100 h (which confeims to US EPA est cri-
teiia of 96 h for LDy, standard tests). Herein all disper-
sants have high mortalitis for Syringodium filiforme
and Halodule wrighii, but only Conco K(K) has greater

(G CH Lw LM TM LM L
A 8 A ] c A B8 [

ig. ¥ % montality of Syringodium, Halodule, and Thulassia (n=15)
exposed for 5 h to 75 ml of Louisiana Crude oil (L) or Murban
oil (M) mixed with 7.5 ml of one of the following dispersants:
A. Corexit 9527; B. Conco K(K); C. Arcochem D609 in 100 1.
seawaler.
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Fig. 2 % mortality of Syringodiuni, Halodule, and Thalassia (n=15)
exposed for 100 h 1o 75 ml of Louisiara Crude oil (L) or
Murban oil (M) mixed with 7.5 nJ of one of the following dis-
persants: A. Corexit 9527; B. Conco K(K); C. Arcochem D609
in 100 L. scawater.
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ditference in lethal dosages 1or varo.: species appears
in this figure.

Iig. 3 shows 12.5 il dispersantin 125 mloil for 5 h.
lere the LDy, level is approached by Corexit 9527 for
all species of seagrass, and is surpassed by Conco K(K)
for all species of seagrass, but is not effectively reached
by Arcochem D60Y for any specics. This shows the
largest difference between dispersants of any test con-
centration/time.

Conclusions

The seagrasses reacted very differently to the disper-
sant Corexit 9527 versus Conco K(K). Significant dif-
ferences at 5 h for several concentrations were found
beiween the two dispersants. The third dispersant
tested, A-zochein D609, behaved much like Corexit
9527 in terms of effect on survival and growth. The
relative ratio of toxicity between the threc seagrasses
stayed fairly constant between dispersants and between
concentration-time exposures with Syringodium being
the most sensitive, Halodule slightly less, but similar in
sensitivity to Syringodium, and Thalassia generally far
more hardy tc dispersants. These data correlate well
with thcse of Anderson et al. (1985), who found rela-
tive toxicities of these three dispersants (plus others) on
the temperate mysid shrimp Mysidopsis bahia (LD, for
Corexit 9527=31.9 ppm; for Arcochem D609=29.0
ppm; for Conco X(K)= 3.5 ppm).

Since there is suzh a large difference between toxicity
of the various dispersanis it is best not to discuss
‘dispersants’ as a lumped group. Clearly some disper-
sants are far less toric than others, and are therefore
safe to use on nearshore tropical/subtropical seagrass
ecosystems. All the other tropical investigations to date
(Le Gore et al.,, 1983; Knap er al., 1985; Getter, 1986;
Teas, 1986) have used Corexit 9527. One unpublished
study_by the Philippine Coast Guard sponsored by
FAO/GESAMP looked at a series of dispersants used
in the Philippines on the milkfish Talapia. They found
large differences between dispersants using 1.Dg,
measurements. :

Note that very little effect was seen between Louisi-
ana crude oil versus Murban oil (a Middle East
product) compared to differences between dispersant
products. ’

The concentrations of dispersants found iethal in
these laboratory studics to 50% of the population of the
most sensitive seagrass is an order of magnitude above
what is recommended for field use; for the least sensi-
tive seagrass and least toxic dispersant, two orders of
magnitude. Ficld testing is strongly recommenccu prior
to use at a spill for *safe guidelines’ on all the various
scagrasses. None of the subtropical seagrasses, which
are generally more sensitive to other types of pollutants
(Thorhaug er al, 1978), have been field tested. One
tropical scagrass, Thalassia testudipnan, the most hardy
to oil pollution was field tested in Panama at 5 ppm
Corexit 9527 dispersant and 50 ppm oil for 24 h with
no il effects (Getter, 1980) which would be predicted
by our study. Al the tropreal dispersant stadies refer

126

sttaies.

In conclusion, when three dispersants in selatively
wide usage were laboratory tested on three subtropical/
tropical seagrasses, low concentrations which follow
instructions for use of dispersants (15-18 barrels per
acre caleulated by Exxon. 1985) or 0.75 ml dispersant
and 7.5 ml oil in 100 000 ml seawater, were not toxic to
any seagrasses for any dispersant. At an order of magni-
tude higher concentration, cspecially at longer time
periods (100 h), differential effects occurred. Corexit
9527 and Arcochem DGO9 werc found far less toxic

than Conco K(K). Results showed Syringodium filiforme

and Halodule wrigntii less tolerant to dispersed oil and
oil than Thalassia testudinum.
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Results of hydiacarbon mnalysed of witer simples, “The salues (9 the
quantitative datn are ghven in ppm for the sliphatic amd momatic
finctions af higdhocarhons in the simple. The values for “gotal 1HEC™ aie
the sum of the conrespanding aliphaties and momiagics. The TR (1exic-
ity rtin) values are the concentition satios of the fmono, di ond i
wethylnapthalenes) 1o the mona, di, and timcethlydibenzathinphenes)
from the gas cliomadographic data, nommalized 10 the sune aatio for
the whale ail sample. The TR satio seflccets the loss of bewer molecule
welght (more toxic) aromatic companents in the ol {tis a measure of
haow closely the aromatic ydrocatbons in the water sample resemble
the sramntle hydiocmbons in the asigioad crade il

The WR (wenthering ratio) vatues e the whole oil menlizad mitio
of the nornl elkaaes; n-C14/0-C20). 1t primasily tellects oil weather-
ing by evaporation and dissolution. It is o measiie uf how chsely the
aliphatic fraction of hydrocinbans in the waicr sample resembles that

ol the whale crude vil,

Dasage ofl  Dosage dispessant - Tinactive Iietiv e Total
concentrating  concentiation aliphatic  wromade  HC(ppm)
(mlin 100L  (mlin 1001, WR (npm) TR (ppn)
seiter) scawaler)
125 0 7.0 1.7 4
125 2.5 324 77 43y

0 12.5 0.1 0.2 0.3
oo 1] AR o S
Sty 50 (RI1} 459 [T

0 0 below detection

1 50 0nas 0l s

0 0 helow detection

Murbun Crude: CH/C20=1.73 aapibalencs/dibenzathiphenes =
2,78 :
Procedoral hlanks: 10102 mg Omg
B20.03mg O mg
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