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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 petroleum shipping routes.
 
Annually, hundreds of millions of barrels of petrolcum 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 transition 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 important
 
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 Oil 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
 

1
 



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 oil) 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 Oil 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-r-ormation
 
through UNDRO, UNEP's Oil Spill Contingency Planning Cummittee,
 
the National Response Team, the regional response coordinator
 
(sent by USAID), etc.
 

All these development goals were reached and surpassed
 
expectations.
 

The research was shared by Jamaican delegates to UNEP, UNDRO and
 
Caribbean Regional Seas Oil 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 Oil 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 Oil 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 impact model.
 

The proof that this was cutting edge information was in the number
 
of nations and scientific agencies who requested and used 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 oil 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 seagrass
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nurseries for fisheries and mangrove forests 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 (oil 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 that 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 
oil spills at sea would be 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 oil 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 oil 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 established 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 corals, 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 oil toxicity than were mangroves (However, mangroves
 
frequently encounter far higher levels in a spill).
 

4) The three low toxicity products had been ranked by oil chemists
 
for efficiency and two were fairly effective.
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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 oil 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 to the Oil Spill Response Team drafting and agreeing
 
on a non-toxic dispersant use policy, which was submitted to the
 
government.
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II. INTRODUCTION
 

Jamaica sits on the path of five oil 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.
 

B. 	 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 oil 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 failed (about 85% failure
 
rate of mechanical in U.S. - Siva, 1991)
 

5. 	 A dispersant policy was discussed by a sub-committee of the
 
Jamaica Oil 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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6. 


7. 


8. 


9. 


10. 


Meetings were held to review oil 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 Caribbean representative (Matt Dillon), 1991
 
International Oil Spill Meetings 1989 & 1991 (Thorhaug &
 
Carby), International Coral Reef Symposium (Thorhaug.
 
1989), Australian International Oil Spill Meeting
 
(Thorhaug, 1988), ONSED prep meeting on women and
 
development world-wide, scientific journal articles, and
 
through IMO, 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 is raising $2.7 billion for clean-up and
 
restoration of the Persian Gulf based 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
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III. THE SIGNIFICANT GOALS ACCOMPLISHED
 

A. 	 Training of Government, Industry, University in hazardous
 
substance 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), university 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 organrisms. Use of dispersants as the
 
"model" substance for hazardous substance testing was
 
emphasized. Sixty students were well trained.
 

2. 	 Practical Training
 
a. 	 Grolup 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 techniques 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 Oil Spill Symposium Proceedings, 
UNEP's Siren and the attached manuscript to Marine 
Pollution Bulletin and Science (Appendices ) and Dr. 
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2. 


3. 


4. 


Thorhaug's 2 review chapters in "CRC Handbook Tropical
 
Marine Pollution", 1991 and "Ecological Aspects of
 
Dispersed Oil", 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 solidifier. Variations between
 
species were: Thalassia testudinum, more tolerant; Halodule
 
wrightii, less tolerant; Syringodium filiforme, least
 
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 Oil Spill
 
Conference, UNEP Siren and the attached manuscript to
 
Bulletin Marine Pollution. Results showed definite toxicity
 
differences between species in the same ranked order, as
 
above references for seagrass [II. B.I.] The results showed
 
Acropora palmata (crest of reef) far more sensitive than
 
Montastrea annularis and least sensitive is 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 oil in mangroves
 
showed up to 500 to 10,000 ppm of oil 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 to measure the mangrove parameters, which are the
 
same monitoring after many pollutants. No oil or dispersed
 
oil 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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5. 	 Field tests on seagrasses were set up at the airport on
 
Palasadoes, Kingston, Jamaica and Jamaican workers were
 
trained in monitoring 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.
 

6. 	 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 oil spill clean-up. It will
 
help in spills and contingency planning for spills.
 

7. 	 Solidifier tests. The group tested the effect of a second 
type of oil spill clean-up tool - the solidifier 
"Elastosol". This is the first synoptic ecological testing 
on this category of clean-up tools. The tool had extremely 
low toxicity which means it has great promise in extremely 
sensitive areas such as coral reefs. 
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C. 	 Development Goals Accomplished
 
Development goals met were that the Oil 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 Oil
 
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 committee has done a series of contingency
 
planning exercises with the data from this project already.
 

Third, through the UNDRO, IMO (Caribbean representatives), UNEP
 
(Oil 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 oil-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 percent;.ce 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 for the addressing echnically 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 cibout 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 frequently caused beach
 
clean up. Most of the Jamaican shoreline 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 equipment and protection
 
was motivating the Oil Spill Committee to find alternate solutions to
 
the clean-up and other sectors. 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
 
being 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, Oil Spill
 
Committee and university circles
 
6) A leaderohip role for Jamaica in regional oil-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 management 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 - Oil Spill Branch; United
 
Nations Disaster 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, India, Pakistan,
 
Mozambique, Sri Lanka, Thailand, Caribbean and LAC nations
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through UNDRO and UNEP regional seas. 
3) Scientific contributions which published data: 

a) ASTM book on "Ecological Effects of Dispersants". Chapter by A. 
Thorhaug, 1989. "Tropical Oil Spill" 

b) CRC book "Polluticn in Tropical Systems" chapter by A. Thorhaug 

c) 
"Tropical and subtropical oil spills". 
Presentations at International Meetings o:f Coral Reef, Mangrove, 
Oil Spill, Kuwait War in Australia (1987, 1988), Kenya (1990), 
International Oil Spill (1989, 1991) on Dispersants, Mar. Pill. 
Bull (1991). 

4) Public Media for Service 
TV -. Miami - 16 presentations 
Radio - 7 presentations (17oice of America) 
2 editorials [Washington Po3t, Lliami Herald, El Nuevo Herald] 
CNN has requested all data for a special they are doing. 

5) Coordination with spill coordinators: 
a) In Caribbean through IMO in Puerto Rico for Caribbean region and 

UNEP Oil Spill Committee 
b) In Persian Gulf Kuwait war crisis clean-up 
c) In Region IV. Training session (GOM and Coast Guard) 
d) In Florida drill of US Coast Guard 
e) In Environment Canada review of ecological toxicological 

literature 
f) IMO has asked Thorhaug to review its Oil Spill Guidelines with 

respect to mangroves, corals, and sensitive tropical areas. 
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IV. 	PROJECT OUTPUTS 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 hazardous
 
substances on local critical organisms, 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 oil spills on Jamaica's ecosystems and 21 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 Oil Spill Committee and at scientific 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 1989, but the testing 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 equipment 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 ODP, USAID, and FIU decided to move the
 
site to Miami where all permits were in place and past mangrrve­
dispersant field testing had occurred. The permits were reviewed by
 
county, state and federal government. These plus insurance
 
requirements were given to the ouners 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 originally mandated.
 
2. 	 Training for toxicity testing
 

This training was fully executed as proposal outline.
 

13
 



C. 	 Scientific Presentations
 
1. 	 International Oil 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 ef 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.
 

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

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

4. 	 United Nations Environment Program
 
Regional Seas Caribbean Technical Experts. Poster session
 
organized by Beverly Miller including Dr. Anderson and Dr.
 
Thorhaug. The UNEP Reqional Seas has now instituted a
 
project on setting testing methods for effluents and
 
hazardous substances.
 

5. 	 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.
 

6. 	 Botanical Society of America
 
A presentation of seagrass and dispersed oil was given to
 
the Society in summer, 1988.
 

7. 	 Environmental Protection Agency held a regional workshop
 
for regional experts with state oil 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.
 

8. 	 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.
 

9. 	 State of Florida workshop on Dispersants - Presentation of
 
knowledge to date.
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D. 	 Public Service [in addition to proposal requirement]
 
During the course of this experimental program, the information
 
was called for and used.
 
1. 	 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.
 

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

3. 	 During Valdez, Exxon inquired as to "least" !-oxic
 
dispersant.
 

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

5. 	 Egyptian Government and Institute of Oceanography and
 
Fisheries has requested results (presented December, 3.989,
 
1990 and 1991 to them). These were used in several. spills.
 
Exxon and Shell in Egypt have asked for results.
 

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

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

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

9. 	 Ex-Governor Martinez (Florida) and Governor Chiles have
 
consistently asked for and kept abreast of data. Three
 
meetings for protection of Ilorida's coastlines and
 
formulation of dispersant plans invited Drs. Thorhaug and
 
Teas. A group of Florida faculty members have been meeting
 
with Florid& decision-makers (Department of Environmental
 
Regulation and Department of Natural Resources) to consider
 
each bay and each area to decide whether dispersants will
 
be used and, if so, which ones and whether to stockpile
 
them.
 

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

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

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

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

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

15. 	 Request from World Bank for data.
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16. 	 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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V. 

A. 


B. 


C. 


SCIENTIFIC CONTENT ANALYSIS
 
Methodology of Test: A Goal Accomplished by Itself
 
The testing methodology in laboratory and field studies was
 
tz'ansferred 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°C.
 

4. 	 The usefulness of the data was continually put into the
 
format for use of oil 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 oil 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)
 
Oil 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. 


A. 


B. 


C. 


D. 


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 information 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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E. 	 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
 
level.
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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 oil 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 keeps the resource impact to a minimum.
 

Accidents by foreign flagship carriers who are not in Jamaican waters, 
but whose spilled oil 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 laboratory 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 Oil Spill Planning
 
Committee. The new policy on dispersants was given in a public
 
proposal meeting to the Oil Spill Command personnel at oil and
 
industrial sites around the nation by ODP and the Oil Spill Committee.
 

The proposed drafting of a dispersant policy is to be a joint activity
 
between members of the Oil 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 or dispersant products which are international.ly
 
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 environment. 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 0. There were low toxicity products also
 
(Finasol OSR7, Cold Clean, Corexit 9550, Elastosol).
 

Mangroves can be protected from incoming oil by booming or by
 
dispersing oil 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 Oil 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
 
oil 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 Oil Spill Committee's turning the data into
 
policy for oil spills dispersant use. The decision to stockpile
 
the less 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 e 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 tool 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 land 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 oil heading
 
toward sensitive shorelines may be the only viable choice which
 
can be rationally made based on data by the ODP and the Oi.l
 
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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Technology 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 Capability
 

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 Oil Spill.
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X. LIST OF ACTIVITIES AND DATES
 

A. 	 Training Activities
 
1. 	 Hazardous Waste Training Workshop and Dispersant, Kingston,
 

NRCD, Thorhaug, Anderson, Reese, Oerke, Teas, 1988
 
2. 	 Dispersant laboratory 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
 

B. 	 Experiments
 
1. 	 Seagrass lab toxicity [Miller, Gordon, Thorhaug, NRCD
 

staff], January, 1988 to October, 1988
 
2. 	 Coral lab toxicity, January, 1988 to January, 1989
 

[Hurricane interruption, Anderson, Gardiner, NRCD staff,
 
Thorhaug, Oerke]
 

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, 1999-1990 [Aiken, Thorhaug, Gayle,
 
Walker]
 

6. 	 Sensitivity Map, Winter-Spring, 1990 [Gordon, Rodriguez,
 
Woodley, Thorhaug, Chow, Sidrak, ODP staff]
 

C. 	 Public Service and Information Activities
 
1. 	 United Nations Disaster Relief Organization Mapping
 

Symposium, November, 1987; presentation and written paper
 
2. 	 Australian Oil Spill Meeting, Fall, 1987, presentation
 
3. 	 American Society for Testing and Materials, Fall, 1987;
 

presentation; 1988, written paper
 
4. 	 Globescope meeting 1988. Sun Valley, Idaho - Fall 1987
 
5. 	 International Coral Reef Symposium, 1988. Townsville.
 
6. 	 International Oil Spill Proceedings, San Antonio,
 

presentation and written paper
 
7. 	 United Nations Regional Planning Workshop, Jamaica, 1990;
 

presentation and written paper (UNEP)
 
8. 	 International Mangrove Symposium, Mombasa, Kenya, 1990
 
9. 	 International Oil Spill Symposium, Carby, 1991
 
10. 	 Antigua Contingency Plan - Oil Spill, Rodriguez, 1990
 
11. 	 Kuwait Ward Oil Spill Clean-up, Thorhaug, 1991
 

D. Command Map for Oil Clean-up, January, 1990 - July, 1990
 
1. 	 Carby, Rodriquez select Gordon to assemble map.
 
2. 	 Map portions assembled.
 
3. 	 Rodriquez, Thorhaug, Gordon make final map.
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4. 	 Presentation to Oil Spill Committee and NAtional Response
 
Team.
 

E. 	 Status of portions of Project
 
1. 	 Laboratory testing. Lab work completed. Final data in
 

process of final compilation.
 
3 preliminary publications:
 
a) 1989 Oil Spill Proceedings
 
b) 1989 Coral Reef Symposium
 
c) 1991 Oil Spill Proceedings
 

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

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

4. 	 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.
 

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


A. 


B. 


C. 


D. 


E. 


F. 


G. 


H. 


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 potential spill
 
types which Jamaica might have and at various amounts of spilled
 
oil 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 format, 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 over 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 low 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 elsewlere.
 
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.
 

26
 



XII, ADDITIONAL FUNDS
 

A. 	 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 arid Nina Birnbach. Equipment 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. 	 lnternational Oil Spill 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,
 
Williamsburq, Virginia
 

B. 	 Mobil Oil 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 Oil 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 Oil Spill Symposium, 1989.
 

C. 	 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.
 

D. 	 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.
 

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

F. 	 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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ABSTRACT: The island of Jamaica experiences sixsmall. to medium-
sized oil spills per year. Major ports for petroleun entry are close to 
mangrove, seagrass and coral resources. 

Mangrove and coral habitatsform important nurseries for fish and 
shrimp populations. Vie 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, aid accounts for 55 
percent of the island's foreign exchange earnings. This, protecting 
these resources from the effects ofspilled oil is ofpriority to the govern-
ment. Mechanical means ale clearly not the solution in a variety of 
spills. Also, no maps exist to guide the on-scene coordinator (OSC) in 
oil spill management. 

7b initiate a titdv of dispersed oil and formulate acommand map, 
habitar-dispersedoil toxicitty testing on three species ofseag'asses, three 
indicator , ecies ofcoral, and three mangroves has been conducted in 
Jamaica. Ten dispersants and their dispersed oil toxicity in these habi-
tats will be ranked. In general, the cor,:l toxicity parallelf the seagrass 
response to the dispersants. Responres of the coral to intermediate 
toxicity dispersants differed widely. Black, white, and red mangroves 
also were tested. This isthefirst ttme comprehensive attc ig-dispersant 
and among-species dispersant te~ting has been carried out in the 
tropics. 

The Jamaican coastline has surrounding barrier reefs, which are 
particularly pronoUtIced On the north coast. Between reef and shore-
line, seagrasses frequently cover large areas and are important for 
erosion control aid is highlyl productive fishcries nurseries. The 
Jamaican shoreline has substantwl m1angiave totcsts in many areas. 
Tourisin r, fisheries depend on th se ctr;il coastal haitat re-
soI r . 

Contingency planning for oil spills in mialor oil ports has been 
undertaik,n. Many atore ncarsihore spills have occurred than offshore 
spills. Until the present, no ne arshre oil spilIs led to the use ! 
dispersants as%a primary cleanup inethodl. The questions of toxicity of 

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. 11was 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 equipnicnt. The prob!enis of nearshore 
cleanup in Jamaica have frequently included one or more of these 
variables. The laboripory and field testing were designed to provide 
answers for acommand map for oil spill cleanup contingency planning
for the nearshore coastline, including the use of dispersant as awell­
thought-out alternative. 

Prior experience will be briefly summarized. A more extensive 
summary is found in I horhaug.7 " Mangroves are killed by oil spills, 
us seen ii massive spills in all major ocean basins. Oil dispersal cuts 
down on mortality appreciably, as seen in the Florida' and Panama 
field experimeiis' and the eastward Panama spill.2 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 data on di~petsed oil on corals gathered by Le Gore et al.' and 

' Knap et ll. all showed no effects from Corexit 9527, used in concen­
tratrons to 5i ppm, tested oii the corals Diploriastrigosa, Agaricia sp, 
l'oriie p rtts, and sver,i Red Sea corals. Knap has recommended 
dispersant use to the Bermuda government. The seagrasses in the sub­
tropical Al,awc have beei tested mire consisten ly tor the range of 
dispehslaIat prodolt S egi sici ed wth the U.S. Enviroinmental Protcc­
tlron Agency 'lolics frot i "[litorhaiug and NIlarctisy summarize this 
dtild 

'I here are no datla e,:n for the one dispersant previously tested, 
Corexitl 9527, on the iniapri recf-building corl in Jaimaica. The tiolog­
ical goal of tle prcse at Sitidy wats t) select species indicative of nmajor 
coril coimiffltit e aind test a range of dispersants -gamst thben. 
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same order from 
5pecies toSpeciLs. 

Melhods tolerance ranking front toxic to non-toxic was in tile 

The specimens were selected to represent major critical habitat "iagrasses. The differences between the dominant Jamaican sea­

organisms on tlie btrrier reef and tle reel crest, and in iuid-ran ge grasses' tilerances it dhisperscd oil products in Venezuelan miiddle 

can in lable 1 IIlre the toxiciies clhnipand nearshore or estuarine coral communities. Th SpecimCnswre wteight oil ledCearly seen 

chosen withI help Irom University of West Ihdics (LIWI) and Natural arotttnd
high inoralily, 811Io I() percentt noltality (at high concein­

tral otn);mdimu-hlXi,'y iproducts, atarotund 5(1 perCcnt; anti low-Isource Conservation Dcpartmcnt (NRCD) experts. 
Sever specimens for each set taken, 'toxicity such (ol ainsol, atid Elastusol. 'hetesting variable were from products ps Clean, 

outer Kingston I larbor near the Palisadoes and Gallows Point for intertcdittc-toxieity Corext 9551 appears far less toxic to sagrasses 
seagrasses, and front the middle north coast lor corals. Only very thai e 

"flhatsia,found in unpolluted offshore areas, is morehealhy specimens wvere used. Generally, 
After collection anid acclimation, specimcns were exposed to the tolerant than Ilalmld, which I.found in intertidal areas and polluted 

areas (this was also seen in sulitiopical work). (SyringodurfiliJorietest slbsilanec in 100,000 nil. of fresh sea water in 50 gallon glass 
tanksi. Sta~le conditions with vigorous bubling occurred bor the Itl- is now being tested. It is ilite most senusitive to dispersed oil products,bation riod. Specio ns ihad test substance pinc iu latilon wat.er but in the same tolerance range of laloduk wrightli.)
removed and rlaced with resh 
 runlng sea wtcr (the seagrass lid These tire pre!iniinary laboratory studies. More concentrations andnot have ruinning sea water). 'he oil was aged 24 I before It was time peiti(d are being lested.aninhistered. 'lhie dspers ).uwas poured into the oiled ea water with The results liou tests tf bunker crude oil, the most dominant oil in 

vigorous stirring by it["addle for I rnn, represciitativc o0energy of nearhore Jain,iican spills, wereohiaalyzed. Generally, toxicitics 
tapplication. Exposure (incubation) periods were 6 and It) h.Meas- "ra higher than with norma oil.
 

urentents of health and growth were made prior to application o the Corals. ' hiuis the ime comparative data on of
orast the effects 
test substance, alter, and at two- to three-day intervals thereafier (If dispeisaut products on corals have been reported. [here was a clear 
days for seagrasses and 14 days for coials). The health of corals was ranking o: toxicity: very toxic, in :dium, and low-toxicity products 
rated on a graduated scale previously outlined, with I(R) percent alive (1ldble 2). '1lie low-toxicill products appear ithave tilesame level on 
and colorful graded at It)and deal equal to one. Five eluals 50 pr- all three species aid inclu:led Finasol and Cold Clean. 
cent bleached or discolored, or 511percent spotted. The products Conco, OFCD601), Corexit 9527, Keramine, and 

Gradation ofseagrass health and blade growth followed established AI)P 7 were toxic. Corexit 9551 was apprccably diff,:rent initoxicity 
Iuicedures and included a scakc of health. The growth IuiasurenuCis than these former products; yet, its elfects are appreciably different 

we dthan Finasol or Cold Clean for Porielesporteles. The decreasing coil­were made on 2-to--I cin younmg blades, one on cacti or Seven shots. etainadtmsclexouelary aeadfeeceitMortality counts were made on all 700 blades per tank. The statistics cntirations and times cl exposure clearly made a difference in the 
were student Newman-Keuls analysis of variables. nediun toxicity levels, less difference i high toxicity levels, and less 
The preliminary results of our firt sets of experiments are recorded dfenc i hughtoxict oduco 

in results below. Ongoing results arc' still being carried out on major [hble 3 shows The ellects of high concentrations of dispersed oil 
concentration and time periods. Ficld experiments will follow. with crude oil. The effect can be compared to Tale 2 with Vene­

zuelan crulde. 
In term-. of coral reef sensitivity, the top of the forereef dominant 

tar inotc scnsitive to pollutants than was the 
nearslire and shallow water P)vr:ts poties (found throughout reef 
flats and in south shore estuaries, as well as back reefs) or tile 

Resttlts Acropora tbnata was 

domi-
The results to date can be synthesized between corals and scagrasses. nant reef-building coral Aortafrea anunlaris 
1here are large differences in the toxicity of dispersed oil products to Ihis is tilefirst time major differences 'ntolerances to dispersed oil 
the corals ani to the seagrasscs. 'The relative ranking of toxicity falls products between coral species have been established. Prior studies 
about te same way for both corals and seagrasses. There is a very tacitly assumed "corals" as a group either had a tolerant or non. 
toxic group of products, a ,ncdum-toxic group, and a low-toxicity tolerant response to "dispersants" as a generic term. This isincorrect. 
group. Acrupura p/almo, the reef crest dontinant, is far more sensitive than 
The different species of corals and seagrasses can have widely vary- either of the shallow water dominant products of the reef-building 

ing responses to specific dispersant products, although generally the coral Alontatrea amnularts. 

Table 1.Rclatve toxlcltles or electcil Juniacan seugrasses to a ;a:'lety t2 dslspersant pro.duct, 

Mortality 

Dispersant Dispersability 125 mL; 6h 75 mL; 6h 12.5 mL; 6h 
product ratio, Cost 2 Thai lal Thai Hal Thal I lal Syr. 

Conco 0.580 0.59 10() 82 48 70 17 35 16 
OFC D609 0.0(107 0.08 70 63 25 71) 20 25 -
Corexit 9527 0(109 0.11 89 93 42 72 10 22 11 
Kerimine - - 63 68 42 68 17 28 -

ADP 7 - - 50 46 18 68 21 30 0 
Corexit 9550 - - 40 46 15 21) 7 7 0 
Jansolv - - 0 5 0 7 0 0 0 
IE3lastosol, NA - 15 46 1W3 II 8 I0 -
Cold Clean - - 0 1) f 2 0 0 0 
Finasol 0.038 1.28 t 3 0) 5 (I II 3 
Oil only 0 NA 31) 28 II 16 10 12 2 
Ctntrol 1 ) I 9 7 5 0 S (0 

1. 1)spersahility is the raio of dislitisailt t, iil reqitred to disperse 91 percen of the oil (U.S. EPA, 1984). 
2. Cost isthe relative effective cost of stilficieit dlisp)eoL1auu io disperse i) picLCniI olI gil ol oil unde tihe conditions of ite 
Mackay apparatus. 
3. Coicentattions in 100,0(00 cc of sea water are 10 : I of oiIto dispe rsant product. 
,1.A siurface aclive agent, not .inelnlilicr: Itdoes fitiiciioni as ii oil spill cleamiup compound for shallow waters and discrele 
Small spills, So we Inclided ilIII theis: 111'!1. luibliac',h1 toxicity lesit, 
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Table 2. Results of dispersant toxicity tests, using Venezuelan crude oil, on 3 important species of Jamaican habitat corals 

Mortality 

Dispersant 
product 

Dispersability 
ralo Cost, Por.por 

123 mL; 10 h) 
Mont.an Ac.pl. Por.por 

125 ml,; 6 h 

Mont.an Ac.pl. 

75 nl.; 10 h 

Por.por. Moittan. 

Conco 0.5811 0.59 I0I 100 100 I0M I0 I I1 IIW 

OFC D609 (0.()7 0.08 1(M I00 100 1t)W 10 I0W N D NID 

Corexit 9527 
Keramine 
ADP 7 

0.(X)9 
-

-

0.11 
-

-

72 
I(0) 
100 

100 
I0W 
100 

100 
10 
100 

90 
90 
90 

86 
57 
72 

100 
100 
101) 

88 
N D 
ND 

76 
N D 
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 NI) ND NI) 
Cold Clean - - 0 17 4D ND ND ND ND ND 

Fnnasol 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 0 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 is the relative effective cost of sufficient dispersant to disperse 90 percent of I gal of oil under the conditions of the Mackay apparatus. 
3. Concentrations in I(X),000 cc of sea water were 10: 1 of oil to dispersant product. 
4. See note 4, Table 1. 

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

Contingency planning should require that the details of the option Thus, the search for "non-toxic" or very low toxicity dispersant 
t s use dispersants be as meticulously worked out as the mechanical products is so that portions of the critical habitat of the nearshore 
cleanup option. This has not generally been the case. Little time or tropical ecosystem do not have to be traded off for other portions. 
energy has gone into the dispersal option, and very little planning has Each nation should know which dispersants are acceptable for use 
been undertaken after thai command decision point in the nearshore on their habitats. The United Kingdom now has such a list for its 
tropics. habitats. This depends on specific toxacities of critical habitat or-
We now see that in shallow tropical shorelines where there have ganisms, important fisheries species, and other organisms of im­

been major oil spill disasters involving massive mangrove and coral portance. The Jamaica model may suffice for other coastal Caribbean 
mortality and reduced fisheries harvests, only two investigators (Chan nations. 
and Diaz-Ptferrera) investigated carefully enough to document sea- Nations should end the debates on whether to use dispersants near 
grass mortality. The small-scale field experiments'- indicate that shore and begin scientific examinations of which ones and in what 
mangroves are not adversely affected by use of the dispersant Corexit concentrations, and education of all users of dispersal techniques, 
9527 in concentrations to 50 ppm. The mortality of oil mangroves is since dispersants easily can be wrongly applied. 
substantially greater than dispersed-oil mangroves if the disp,.rsant is Legal language and contingency planning should delete generic use 
applied first, before the oil enters the mangrove intertidal area. Apply of "dispersants" and use an "acceptable" list of nocrtoxic dispersant 
dispersant after the oil has already entered the mangrove-intertidal products. 
area and mortality is similar to oil alone in effect.' Where tradeoffs are being made with major habitats, the level of 

The problem is that in order to save the mangroves, oil must be information on the habitats should be as equal as possible. Prior to 
dispersed before it reaches them. This mean. that in most tropical and ongoing studies, we have much more data about dispersant product 
subtropical areas the dispersed oil wedge must flow across either (or toxicity for fish and seagrasses than for corals or mangroves. We 

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

Mortality 

125 imL; 61hDispersant Dispersability 
product ratio. Cost, Por.por Mont.an A.pl. 

Conco (.580 0.59 1 0 I00 1O0 
OFC D609 (1,007 0.08 100 )0 1) 
Corexit 9527 J.00)9 0.I1 86 88 1tH) 
Kenarine - - 88 56 100 
ADP 7 -- 88 74 10 
Corexit 9550 - - 88 12 I(X) 
Jansolv - - ND ND ND 
Elastosol, NA - 24 0 14 
Cold Clean - - NI) ND NI) 
Finasol 0.038 0.28 NI) ND NI) 
Oil only 0 NA 28 12 1t)11 
Control ) 01 12 I) 

1.lispersability i%the ratio of dispeisant to oilrequired to diperse 911percent of the oil (U1.S. EPA, 1984). 
2. Cost i% he relative effective cost ol elcctive dispersant to disperse 911percent ot I gal oh iilunder the conditions of the 
Mackay apparatus. 
3. Concenlration in 10,M0II)cc of seawater were It0: I of oil to dispersant product 
1,See note .,T.aIble I. 
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continue laboratory and field tests of dispersants' effects on seagrass, 
mangroves and corals. 
The IMO guidelines for the use of dispersants in nearshore tropical 

waters to not work in many nations becaue maiagement a 
for mechanical means that are inadequate when spills :ire 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 eqipment must be transported to very distant 
areas, or when the oil is in very shallow areas. In many tropical 
nations, beaches, mangroves, corals, and fisheries are of substantial 
economic or recreational importance. Better plans must be made to 
deal effectively and safely with various sizes ol nearshore tropical 
spills, ol which only a portion are being handled effectively by me-
chanical cleanup at present. This report is the preliminary stage of 
such an effort in a developing nation. 
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ABSTRACT: Jamaica'sshorelineis at the intersection of five major 
petroleumtankershippingroutes, andis acargoiransshipmentpointfor 
the Caribbean. The natural coastline resources are valuable economi-
cally, with two-thirdsof exchang2 dollarscoming through tourismasso-
ciatedwi:h beaches, clearwaters, coralreefs, andnearshorefishing. The 
most thorough examination of the feasibility of using diL "ersants ever 
carried out in a developing nation has been undertaken. Dispersant 
toxicity of variousspecies of criticalmatrixorganisms has been carried 
out with an arrayof 12 dispersants.Corals,fish, seagrasses,and man. 
groves were tested. Toxic dtspersantsand three very low toxicity com. 
pounds were identifed at concentrationsten times those likely to occur 
and ten times longer exposures. Thus, a safety factor was built in. A 
sensitivity map of the coastline was constructed. Simulations of near-
miss" tanker accidents were done manually with disperse and non-
disperse options. A policy study of European and North American 
dispersant use was undertaken by the Office of DisasterPreparedness,
the Coast Guard and the Oil Spill Committee. A draft policy was 
preparedfor nonto ticdispersant use. The recommendations for use of 
nontoxtc dispersnnts-wth primarily coral reef and fish sensitivity as 
paramount concerns-are Cold Clean, Corexit 9550 and Finasol OSR7. 
Several European nations also have approved lists with Corexit 9550 (or
allied products) and Finasol OSR.7. A computer simulation of all 
potential occurrences is the future goal. 

Jamaica sits at the intersection of major tanker routes (1)from 
Panama to the northeast U.S. (Alaskan oil), (2) from Venezuela to 
variousttmions, (3) from Mexico going south to the Caribbean nations, 
(4) from the Middle East, and (5) from Nigeria and West Africa to the 
Caribbean and North America. In addition, Jamaica is a substantial 
transshipment center, where thousands of ships per year offload cargo 
from North America. Europe, and South America, destined forCarib-
bean ports. Un the north coast, a large cruise ship industry provides
dockage and support facilities for the very large cruise ships bringing 
passengers to enjoy the island's attractioi,:. Jamaica also has extensive 

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 tourist revenue for foreign exchang 
dollars. Tourism employs hundreds of thousands of persons. Most a 
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 an 
alongshore. The island has extensive coral reefs on the north shore 
and mangroves and seagrasses on the south shore. Fishing is an impor 
tant local employment source. Jamaica's unemployment rate is high

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

Mechanical cleanup equipment has been in use since the 1980s. At 
averagc of six spills per year have occurred of 10,000 gallons and .:bovc 
Several large spills have had extensive natural resource impacts, par
tially because the mechanical cleanup equipment is difficult to deploy
Due to the difficulty of reaching the shoreline in many areas such as tht 
very shallow and sensittve waters near the coast and in bays ant 
estuaries, and the difficulty of moving equipment by road (especiall) 
from the south coast to the north coast over the mountains), portions o 
the coastline are hard to protect mechanically. Spills in the areas arc 
better managed with the use of dispersants. 

The rate of response to spills has been highly variable and dependcni 
on the speed of reporting the spill, the distance of the spill fron 
equipment and manpower, the degree of spill preparedness and re­sponsibility of the spilling party, including whether they were cleaning 
up the spill or asking the government to handle it,and the size of the 
spill. To date, no spill over 25,(X) gallons has occurred There have 
been several near nusses of large, loaded oil tankers almost hitting 
reels. 

Several very large oil spills have occurred in less-developed nations, 
such as Indonesiai, Panama. Niweria, and Evpt, and all hive been 
beyond the capabilities of mechantcal methods to clean up. [he result­
ig "beach" clean-up in mangroves and on corals has been very dam­

aging to these resources. but not catastrophic to the economics o the 
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nations because the spillswere not in recreational areas. All the nations 
were on tanker routes; the spills were associated with tanker accidents, 
Many nations in 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 beet considered for many spills, but the 
threat of potential toxicity to nearshore organisms prevented this. 
Thus, a program has been initiated to determine the feasibility of the 
use of dispersants tn Jamaica, when mechanical equipment would not 
suffice, 

Methods 

Toxicity studies 
Laboratory Investigations. Standardized procedures used by the 

t.S. Environmental Protection Agency (EPA) and various agencies
(FAQ, 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 
Labot atory and preeminent Jamaica 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 start-
dardtzed portion will be explained first, 

Laboratory condition, The procedure was described in detail 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 300 Centigrade, 
with fluctuation of I*C = 0.50 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 seagrasses, a 
minimum of 15 blade groups of each species was placed in each tank (1 
tank per treatment); for fishes, 7 ofeach 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 
seawater were placed in each treatment. 

Laboratory procedures. Oil-only was a treatment in each set. Time 
for weathering of oil was 24 hours at 280 C in shallow plastic pans. The 
control tank was handled exactly the same as treatments. The disper-
sant was applied to oil floating on the tank surface with I minute of 
vigorous stirring. ThL. disperbed oil formed a brown cloud of free-
floating material, visually homogeneous throughout the tank (depend-
ent somewhat or, concentration and dispersant). The coral, seagrasses, 
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 each specie's experiment, three concentrations (12.5 ppm, 75 
ppm, and 125 ppm dispersed oil-1:10 dispersant to oil) were used. 
The exposure times were I to 96 hours for fish, 6 and 10 hours for corals 
and scagrasses, 10 hours for mangroves. The treatment was imme-
diately removed, and the water cleaned and changed. 

The specimens were incubated up to 14 days (coral, seagrass), and 9 
months Imairoves) The observation period inLluded daily or bi-
weekly readings of health. Scagrasses had young green blades tagged 
and numbered. These were graded for discoloration, spotting, wilting 
and other morhidity symptoms. Corals were graded by bleaching, 
spotting, browning, wilted polyps, extruded polyps, and mucous secre-
lion. Fish were graded by behavior modifications, spotting and color 
change, movement patterns, and breathing rate5. Mangroves were 
graded by lcaf drop, twig drop, root deadi and LlIscoloralion, leaf 

coloration, leaf spots, and leaf wilt. These symptoms of mortality and 
illness weie made quantitative by experts and organisms were graded. 
Tile tables showing the results are not of health but ot mortality. 

Sensitivity map. Fhere had been several compilations of mforma­
tlion of coastal resources: the Jamaican Atlas, the Jamaican Profile, and 
the Jamaican geological survey maps. All of these sources plus per­
sonal observatons, and information from the authors and other ex­
perts have been used to compose the sensitivity map. The base map 
was one previously selected by NCRD on which other emergency 
preparedness information was associated and available to scale. The 
generalized 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. 

Dlspersant policy. The dispersant policies of anumber of countries, 
including France, Britain, Denmark, Sweden, Belgium, Canada, and 
the United States were studied by the ODP, Coast Guard, and the Oil 
Spill Committee. A meeting 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 companies was convened. They began to 
draft a dispersant policy which was presented to the Oil Spill Commit­
tee. 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 3species ofmangroves, 3speciesof corals, 3 
species of seagrass, 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 50 ppm concentrations of dispersants should be 
used. The time periods ofexposure were 6 to 10 hours for seagrass and 
corals, I 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 in toxicty ranking to a dispersant. Corals and fish were more 
sensitive than seagrasses. 

General results. Table I shows the results as a mean response of fish,
corals, and seagrass at 12.5 ppm dispersed oil for exposure of 6 hours 
for various dispersant compounds. Table 2 shows various mangrove 
species at 1250 ppm dispersed oil versus toxicity for a lO-tlour exposure 
time. 

Clearly, the more toxic compounds include Conco K, Corexit 9527, 
OFC D609, LTX, Kemarine, Wonder 0, and V-25. 

The medium toxic compounds include Jansolv (except to fish) and 
ADP-7 (except to fish, when it is 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 organisms, but 
also between species of seagrass, corals, and fish. These data will be 
described in detail (lhorhaug, ct al., in preparation). As concentra­
tionsdecreased, the ioxiceffectsof those in the low toxicity groups and 
medium groups decreased to around 5 percent and 20 percent respec­
lively ol 125 ppm for 12 5 p1)1 dispersed oil. 

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

The tnangroves showed no response to the dispersed oil at 125 ppm 
)1 12 ) ppm. Ihe %%astito Ic tl op and no mortality o aily plant. 
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Table I. General results 

The mean mortality of 3 Jamaican fish specics, 3 Jamaican seagrasses, and 3 Jamaican coral specis (at 6-hour exposure of i25ppm dispersed oil for the 
seagrasses and coral; and at 3-hour exposure of 125 ppm dispersed oil for the fish; i Is the mean of 3 species toxicity) 

Fish, Seagrasses2 Coral] 

1 2 3 i 1 2 3 9 1 2 3 

A. Conco 
B. OFC D609 

100 
40 

100 
100 

100 
100 

100 
80 

100 
70 

82 
63 

100 
-

94 
67 

100 
100 

100 
10() 

10(J 
100 

I(O 
100 

C. Corexit 9527 '9 100 100 100 39 93 - 91 72 100 100 91 
D. V-25 100 100 100 100 nd nd nd nd 100 100 100 100 
E. Wonder-O 100 100 100 nd 100 100 100 100 100 100 100 100 
F. Kcmarine nd nd nd 100 63 68 - 66 100 100 100 100 
G. ADP.7 
H. Jansolv 

100 
100 

'100 
100 

100 
100 

100 
100 

50 
0 

46 
0 

-
0 

48 
0 

100 
0 

100 
0 

100 
73 

100 
24 

1. 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 60 80 7 0 0 0 0 0 0 21 7 
L. Finasol 0 0 20 0 0 0 0 0 0 0 iI 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 wrighti; Seagrass no. 3, Svringodium filliforme 
3. Coral no. 1, Porietes porietes; Coral no. 2, Montastreaannularis; Coral no. 3, Acropora palmata 

Thus, these experiments uscd concentrations 10 to 100 times higher quently into the bays. These reefs are extensive around the western 

than for the other species. (Note that the Teas's and other measure- coast also. The tourist hotels are closely associated with the reefs, from 
ments of oil slick in stands of mangroves are substantially higher-up Nigril in the west and extending past Port Antonio in the east. Almost 
to 10 liters of oil per m--than the open ocean oil slicks: 0.03 mni or 50 all the bays and inlets on the north coast have important tourist 
ppm oil.) The 12.500 ppm oil shows that theie was a difference in facilities. Most major tourist hotels include beach and ocean facilities 
toxicity response among the dispersed oils on all three species. The as an important part of their package. The exchange money brought in 
least toxic %,-reFinasol OSR7, Cold Clean 500, Jansolv, Corexit 9550, by this economic sector means that these beaches and reefs have ahigh 
ADP-7, and Wonder-O. The most toxic weie Conco, Corexit 9527, priority for protection. Spill scenarios from the heavy tanker routes at 
ADP (petroleum), and V-25. Intermediate dispersed oil effects were the east end and off the north shore show that the risk is high. Ships 
seen in Corexit 9527. There were statistically significant differences entering harbors for bauxite (Ocho Rios, Discovery Bay), cruise ships 
between the control response and V-25,OFC D609, and Wonder-O for 	 (Port Antonio, Ocho Rios, Montego Bay), and cargo ships (Port 

Antonio, Ocho Rios, Montego Bay) cause nearshore risk almost im­red mangroves; and the control and Conco, Corexit 9527, ADP-7, 

Jansolv, and Wonder-O for white mangroves. The lower concentration mediately on topof the reefs. There are corals on the continental shelf
 
of I,.50 ppm also shows strong differences between the toxicity re- southeast of Kingston.
 
sponses in very similar order of toxicity to higher concentration. The Mangroves frequently line the shores of embayments on the north,
 
difference among the responses of species was frequently marked. The cast, and west coasts; heavy mangrove forests are found between
 
white mangrove was the most sensitive to oil and dispersed oil, with Hunt's Bay and Alligator Point on the South coast. Scagrass isfound
 
black mangrove the most tolerant. The effect of oil alone was consider- on the north coast in large quantities between the outer ref :nd the
 
able for the white mangroves. shoreline, including bays and inlets. Seagrass isfound in larger areas in
 

south coast bays and on the continental shelf of the south coast. FishSensitivity map. From the standpoint of the Oil Spill Committee's 
efforts to protect it, the coastline of Jamaica is a fragile coast wvith 	 nurseries are highly associated with seagrasses, adult fish with coral 

reefs, and other species with the fishing banks found offshore. Fishingabundances of natural resources throughout, 
Most of the north coast has living coral reefs clearly marked on the beaches for launching fishing boats are also found throughout the 

continental shelf edge, the reefs of which extend around back fre- 	 island. 
Bunkering areas for petroleum are intense in Kingston Harbor. 

These areas are"found in Old Harbor on the south coast, and at 
Table 2. Mangrove results, 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 

Rhizophora Avicennia Laguncularia part of each day. 
Dispersants red black white Dispersant policy. The dispersant policies which appeared most 

suited for the Jamaican systems were carefully examined, and elements
Conco K 28.6 14.3 80 

experiences of these nations. Incorporating25 were derived from the
OFC D609 42.9 14.3 

necessary Jamaican elements resulted in the Oil Spill Committee's0 40Corexit 9527 71.4 
0 20 producing a policy which will be presented at the 1991 meeting. The 

Corexit 9550 0 
Swedish and Belgian policies provided part of the model or the Jamai­50Wonder-O 42.9 14.3 

50 can dispersant policy. The U.S. policy was not utilized, since it did not 
ADP-7 28.6 28.6 	

provide clear "recommended" and "non-recommended" dispersants.
Jansolv 14.3 0 60 

Cold Clean 28.6 14 3 21 
Finasol 0 14.3 40 
V.25 71.4 14.3 40 Discussion and summary 
LTX nd nd ndOil-only 14.3 28.6 40 
Control 0 14.3 14.3 In order to complete an arsenal of tools which could be available to 

Jamaica during large-to-massive spills, the toxicity of dispersants to 
habitats has been investigated.The concept of disper-
Jamaicancritical
1. The mortality percent of Jamaican mangroves exposed for 10 

hours at 1.250 ppm dispersed oil 	 %ant use policy was also investigated, with conclusions by the Oil Spill 

/
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Committce. The daa about dispersants, the sensitivity map, and 
policy considerations have shown several new facts as follows. 

There is an array of dispersants toxic to Jamaican corals, fish, 
mangroves, and scagrasses which Jamaica does not wish used close to 
shore. These include Conco K, Corexjt 9527, V-25, Wonder-O, Kern-
arme, and OFC D609. 
2 There are three dispersants which appeared to perform effectively 
and to be nonioxic to all our species at critical matrix concentrations 10 
times above potential use levels and for time periods 10 times longer 
than potential exposure levels. In particular, 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 aship 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 fishesof at least two-thirds ofour north 
coast, as well as to Kingston on the south coast, could have been 
heavily oiled. If the oil had been disper;ed. 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. ',-heconstructed sensitivity map shows important coastal resources 
throughout the coastline of Jamaica with along-shore currents and 
onshorewindsduringaportionofeachday.Thereare fewplaceswhere 
a large oil spill would not cause appreciable damage. 
5. The potential for aspill to occur beyond the three mile limit and to 
begin to drift toward Jamaica's coastal zone is fairly great. If the 
po.sibility that the spill would enter the nearshore area occurred, the 
recommendation might include use of dispersants. 
6. The need for acoherent dispersant policy, which would be useful to 
command officers, became clear. 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 amechanical cleanup is inoperative or not correct. 
8. The three non-toxic dispersants should be noted with respect to 
effectiveness. We have not been able to obtain effectiveness data at 
250 C and 30' C from vendors or the literature-the relevant tempera-
ture range for tropical spills. Effectiveness data is predominantly for 
5' C and 15' C. The compounds we recommend should be tested at 
32%o and 200 C, 250 C, and 30* C. 

Our aim isthe education and training of the personnel of the Oil Spill 
committee and the continuing updating of informaion to this group. 
Simulations of other types of spills around the various shipping lanes 
and ports are underway to increase preparedness effor' i)etailed 
training for several levels of command and cleanup personnel on the 
use of dispersants wdl 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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ABSTRACT: Preliminary experiment, using the subtropicalltropical 
coastal and estuarine seagrasses Thalassia testudinum. Halodulc 
wrightii, and Syringodium filiforme. were carried out to examine the 
effects of dispersants. Experiments expo3ed seagrasses in vitro to cot-
centrations of Louisiana crude oil ranging fron 7.5 to 500 milliliters 
(mL) in 10 mL seawater at exposure tuntes of 5 to 100 hours (seagrass 
not in contact with oil slicki. /nother tmtperimeits, the seagrasses were 
exposed to the dispersa .tCorexit 9527. which was combined with the 

oil ina atio of1 part dispersant to 10 parts oil with dispersant concen­
trations ranging fron 0.75 to 50 njL in 10' mL seawater fdispersai:t 
plus oil forming a cloud of the ubstance in contact with seagrasses. 

The oil or oil usith dispersant treatment was removed front the sea. 
grasses after the designated exposure periods. Thereafter. the sea-
grasses were monitored for 14 days. Blade !ength was measured as a 
factor of growth. Thalassia showed the greatest tolerance to dprsant 
plus oil of the three species tested. It itas not tubstantiallyaffected by 
any oil concentration alone; however. when exposed to oil and dis-
persant, growth significantly decreased iwith concentrations of 125 niL , 
oil and 12.5 mL dispersant in10' mL seawater at loniger,'ro'-" _.f 
exposure (100 hours), and also at nuch decreased exposure ttm.s (3 
hours) for 500 mL oil and 50 niL dispersant tn 10' mL sea hater. 
Syringodium bnd Halodule wvere generally less tolerant than Thalassia. 
particularly to oil. For example. at 75 niL oil/O' niL sea water and an 
exposure of /00 hours. grotith decreased significanitr and inortalit" 
increased to 53 percent. Growth and mortahtv of Syringodium and 
Halodule Were further affected hy tie addition of dispersant. 

Seagrasses arc one of the most important coastal and estuarine 
organisms in the Gulf of .Me\ico.Florida. and Greater Caribbean. 
functioning as a major fisheries nurscr'%habitat. tlood and shelter for 
more than 3tWt fish and 351 linscriebraie specics. Being ditributcd 
from the loss tide line outsard to the reef%. the\ are frequentl%forced 
to absorb sshatcscr coa.til pollutant elimination, and accidents oc-
cur. Once they are decimated. it his been sho%. n that decade., fro-
quently are required before eaL;grass recoloni/ation is complete. 

Oil effects on tropical and subtropical scagrai,,e hasc been docu-
mented in Bahia Sucia. Puerto Ric' it)ha\c killed Thahsita and 
eroded sediment% in March 1973 In 197(i. ren\%cd cacras,groth 
was observed. 1975..a stilume of oil spilledIn Ju .anill %%a% neair 
Marquesa Key. Florida. for hlch ( ob,,rs cd no direct damage.. tin' 

to seagrasses. Diaz-Pifcrrer' found a decline in Thalami beds \%hen 
10,000 tons of oil \;ere released illGuanica. Pucrlo Rico. )ispcrant, 
were not used at any of the abose-mcntcioned spills. A re\ic, of the 
effects of,spills on tempcraic .eagra.is beds is Itiund in Cairn%aiid
Buikecma.-

One laboratory studs on lite ioitilpus dli spe rs.int s, on sub-
tropical and tropical se'a r,.,scN has leen blhished I.c,: .iid (Jetter' 
used Prudhoe Bay crude oil .iiid u ,,'.resit 527 on Th la ua ie.tu 
dinum. Between 0.38 and 17.7 nil- (t dispcrsed oi turned lichld.udes 
of Thalassia front (t pcrcclt green iti30 percent grcen.iii un1Cr.eI. 
to 70 percent bro\&n 

In summary. clear toxicity levels of oil spills on tropical seagrasses 
have been seen. No lower lethal limits for subtropical seagrasses exist 
from field or laboratory studies, although 0.38 mL of dispersed oil was 
not lethal to Thalassia. 

Dispersant use 

IMO-UNEP Guidelines on Oil 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 ecosystems 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 
the oil once it enters the inshore area. 
W ith rare exceptions Jispersant application onshore is followed 

by transference of otl and dispersant to the sea. either by tid-I 
action or hosing %kithseawater. The impact of this on the near-shore 
ecosystems has to be balanced against the advantage that may be 
gained onshore. It should be realized that the biota onshore are not 
exposed to a low concentration dispersion. but to direct contact 
with oil and dispersant together, or to dispersant alone, in places 
where spraying takes place and accidentally misses the oil patch. 
Therefore. toxicity tests %,ith not bechemicall%dispersed oil wkould 
sufficient. Special tests should be carried out in A.hich the organisms 
are in direct contact 'sith the 4ispersant. 

Various types of coastal en, ironment and recommended clean­
up method,, are described in the IMO .Manual on Oil Pollution. 
Section I'. Chapter 6 (INIO 19tt11. Generaill.,. each counlr\ \%ill 
h;ase s.c¢ral s-horeline t.pe, \khich %ir\ in their scnsittits to un­
dispersed oil. dipeied oil nd di ptr%,nt ;tlone Guidance is pcen 
bel:hs in use of dipersantN inhorc and neair-hore: 

I 	 haitl.its %%herediperntl ,pr.ing gener.ill.%should not take 
pl.ice are the nio"t s,n':i of rarinceen ironmce, includig 
coral reels. %.ilt ni.:rhe. manrii,.e ,samps. tiire%. tidalI 
flats and l oL'on %,ith poor %,icr c\chanLge When oil enter% 
these eniroiinmcnts. it mati bebc to ritrict cle.n-up ,ieltl­
ities (including mechnical clean-up) to those method,, Mhich 
do not add to the damitage causcd by the oil. I hec areas 
should reccoe highest priorit. for protection before the oil 
arrives.... 

3. 	habitats where sprjing can take place on adsice of c\perts 
and with caution include lo energy %;1nd. gr.i'l aind shingle
beaC~ches ,rod shcltered ro~ck\, o)f hI, %%;i.c
 shrft, l~ccjlU,,tire' 


energN charactcri sties ot such 1lcat in%(il iai% reinshin for 
some liic. I)ispcr s.n my ,idiit rem ing o il the ap. 
prochng title
 

In deci'ding bos, best til tle\%il alli spill. tihe pmusihl flellnd
 
effects otcliciiicail.%disperswd oilillhaie to tbc um ,1u lb
pared 


thosc of lite ihltiall\ duhpciiiig slik ' te cffects can be ,hut-trn
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.111dIIi ll ' IL'iIIIiLI iii iILiIc pilli ii t I s'l 
I-!L+.'.lII he lt.11 L'I"It I IAI .111111 'Iill JN,.ti'-, litS 11ill 'sslin t' it 

1il1lils1' l I.1i111hI.It 111.11ksi iiiis lis. 11111:It,t + IIc IIi ll' 11 ,,hitildlo' 

IlI.',L'I tis.1 . rill' I'.. I'rc.spsl '1lli.l it.,I .[Ivkitsst IC t li it In I, 

11 '.,cIIt lihe pte'n iti In di'55lI s is't Is Il i'Il i 
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sitsfui'r dliLts'ssisif h r ' hil.llilli is \ld ' ,i hi 
 s%'du 

i Iss1.t1'1 I sl. \\hL)ie ' floatlingc is griou ndsusin isltL'il d il(1111 5 s idis ik.l 

st'. '.s'c'.. iscsi) lilipiccls tit '. irAs' lied, isast' lii' s s;lstd iasI 

ls f.it,isl55 .isss' l.issliflt' .,vi ir Il ', l' lit lS't' 1L inh, ,il l 


IilltlslSIr~lt'lc,t s'.pI11. ' l' sir is{L 'lisjsst ~llsiii
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I hi' dai,i oin sh.ich Ii i l .ke d cti Ns, for tsic iii di, cr,.int, it sub-

trispical .ind lrsopi'al sc.s r,s,, ,irc,.,s Irt ili ii lI' Qii.sl t hail
lills 
irii¢ are: il ih~ii i rilsssns d lphsrslls can sf .Ix ht' .cpphlid 

\%iillisui effecting spct'ilic s.icr.ix 'scs; s iich can toccros'stss1Lr.ii.,c 

\%hat l¢\¢1, sif dssp'rais plus (ill Intl for sihit till%
lttle pcrsTId,. .s11d 

ensili',\t are suhlrspc.il and tripical swa'rasci ILid,p'r,,iin,, tr,us 
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sion, The onl qusllliill+. dit,i pr,'stnil asailihlL"i I- . ithout 
concentraition effct dila %sould e.'lhe areal eent if shorelincs 
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tIs I isthlici.rs.i \%is \ i i I slrtid sli (11hit I,,, i isk %sII (isIil t sir 
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Figure 1. Increase in growth of subtropical tropical seagrasses plotted on (al arithmetic and fbi semi-logarithmic scales-0 represents mean 
increase of 15 blades of Thalassia testudinum exposed to 75 ppm oit for 10 hours: ' represents the mean increase ot 13 blades of Syringodium
filitorme exposed to 75 ppm oil for 10 hours: Arepresents the mean increase of 15 blades of Halodule wrighti exposed to 1.250 ppm oil for 100 
hours. 

51i) mL. 5 hours-dl in 110'ml. %,at%%mer.Gro%th rates of Thalaiiia 
ranced front (; '3.78percent per da. %%henexpoed to 125 ml. in Ill' 
nil. sea %%.terfor lIXi hours to 4.85 percent per d.i% %%hene\poscd to 
7.5 nil. in I1' itl. sea %.,.ter for ll hours. Ntirtilit%ol Thalasiia 
remiined Io%%ivlos I3 percent t in both control and doaee t,ink, 
(Table II It should be noted thait Thidaia blades did not touch the 
oil slick on the sL.i '..ater in these eperiment,. 

The elect, of oil plus di.persant could he di\ ided Into io c;tteL!o-
ne, Losser concentration, of oil combined %%ith dipers;int (rareivng 
from disperant concentriton,(of 0.75 ml. for it hours to 7.5 mL in 
10' ml. sa,,iter for 11Xihours.I did not significantly affect (P > i0.05) 
the gro%%th rates, or sur:sal of Thalassia (%ee Table I1. Iloss.\er. 

hieher concentration oir ercaler cposure time sctCrel. tresscd 
Tulia In tanks vith 125 ml. oil (12.5 ml. disperant for IXI 
hour,. and 51)i ml. oil I5it ml. disper,,ant) for 5 hour,. ,l in Il' mL 
se. v,atcr, mean pvcilic vrrith rates of Tlialu ta %%ere reduced to 
"'59percent per da, .ind 2 45 percent per dit repectitel. . both 
,tcnilicantI. hi ,er i , 

I1.11i)than in tanks %%ilhout the dirpe,,r,nt
Ntortalit]alo increaed to 411,ind 47 percent in these cj,.c (C Table 
I1.%cr%closc to t.I). 

Effect of oil and dikpersant on IlaIndule and Syringodiuni. 1he ef­
lects of oil plus dispersani on Ia/hodi r-Ii Syrin.,dnfio al,o could be 
dis ided into to citeicories. IHdodiih and S.%ringuthlni responded 
identically to oil and dispcrsant . and tifferentlv from Thaulasa. 

Table 1. Mean specific gro-Ath rates. 6 Ipercent length increase per da%i 4ith 95 percent confidence limits and percent mortalit in Tha/atsia 
testudinum after exposure to %ar.ingconcentrations of I.ouisiana crude oil and Core\it dispersant fur 14 das at 28-31V C-n is the numher (f 

heilthy green hlades measured 1±0.5 cml; CV is the cuefficient of sariatin in growth rate (CV.percent: mortalit),sas determined hY tO0 
percent hrosning of indisidual leases: * denote% the control for each e\perimental trial. 
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al e 2. M'in sp'cific grm%Ih rates.r (, wr ' Ic ngth ilc ruJse per a; i ili 9 ltrtcalc ti'nfcid tt, lmlnits anld li(e n l nlmirli 'N it) J// odr c, 

wrightia after t'\imistrr it %ar'ilig onteenirati IIIfllms i . rll idt, ('orrit fistir ,augI fri 14 %%a 28-.AI I - n is flit- inu ilier ofla ' to.iil mi 
healths grevn ilade, neasured ±t.5 cm );C' is the cfM.'int iifSarialmn in grimfh rate iWt. pier'ell: nmrlalil.'N %;i %l v'rinintd h. 1011 

percent Ijro ni g of indi idual lealt's: ' deniitr Ihe cintllt r each eslicrihiritla trial. 

"Alal ill i'f ml. sC.gs.ter tlli at 14 d,i\s 
No. Oil I)ispcrs.int (hi n (1 (percent) 

1 7.5 0.75 11) 3.81 (uV.88 15 21 7 
7.5 DI Ml1 3.72 11.37 15 13 7 
I (I Ill 3.95 :n 1.44 I is 0 

2 75 7.5 5 3.14 = (.54 15 II 210 
75 0 5 3.05 :1.37 15 17 7 
0 IU 5 3.78 : 11.2i Is 19 7 

3 75 7.5 IM0 1.85 : 0.44 15 74 73 
75 I Il 2.22 : 0.37 15 65 47 
0 0 1W 3.84 : 0.71 15 12 0 

4 125 12.5 18W 0.75 : 0.35 is 94 1( ) 
125 0 1(8) 1.41 : 0.44 15 83 80 

0 0 1(Xi 3.75 = 0.78 15 21 7 

5500 50 5 0.69 : 0.48 15 89 100 
500 0 5 3.88 : 0.2!- 15 14 7 

0 0 5 3.95 = 0.44 15 18 0 

Table 3. Mean specific growth rates. G (percent length Increase per day) with 95 percent confidence limits and percent mortality In 
Syringodiumfiliforme aflter txposure to sarying concentrations of Louisiana crude oil and Corexl dlspersant for 14 days at 28-31' C-n Is the 
number of healthy green blades measured (±0.5 cm). G' is the coefficient of variation in growth rate (C, percent); mortality was determined 

by 100 percent browning of indiidual lea'es: denotes the control for each experimental trial. 

Concentration Exposure Mortalitv 
Trial in 10' mL scdsaacr time at 14 days 
No. Oil Dispcrsant (h) G1 CV (percent) 

1 7.5 
7.5 

(.75 
0 

10 
It0 

3.57 : 0.43 
3.65 = (1.37 

13 
13 

7 
12 

8 
15 

* 0 0 10 3.81 : 11.54 13 9 0 

2 75 7.5 5 3.24 :1.24 1I 14 27 
75 0 5 3.58 : ,15 15 19 7 
( I 5 3.l(: 11.33 Is 21 33 

3 75 7.5 IMl 11.91 -t 0.45 15 94' 80 
75 I IlU 1.13 : .65 15 87 53 
I It (XI 3.47 11.51 IS 14 7 

4 	 125 12.5 I(M 0.64 :13S 15 91 111 
125 1(81 8 15 84 87(1.85 (.66 

II I IImI 3.51 : 1.71 15 7 13 

SSiMi 511 5 45 :0.32 15 96 1IW 
5181I 11 5 3 44 : '.S8 15 14 13 

1 	 .i( 3.59: D.h1 15 8 (1 

There were no ,igmicant difference% hel.een Ilalodule and Srringo- nmrtalitv rose In 47 and 80 percent (lable 2). Similar reactions oc­
dium in thc mean specific grt, th rate%(1' > 0.( 5) or mortality %%hen curred to S ringmlmn exposed io oil concentrations of 75 and 125 mL 
these ,,pcies tore c pod it) varying ,mncentratiun, of oil Air ol in I0' ml. sea water for 1IMhours (Tale 3). It ,hould he noted that 
combined with dipers.intl (lahcs 2 and 3). [tc blade of the ,eagrasse. did not touch the ,cawater %lick in these 

Hlalodkle anti'isr-tipodmin crc not affeclted shen expowd it) oil experinments. 
conccntrati(in raingi., ' hon 7.5 ml. to 5(I)ii. in l0' m. sea oaler for Dispcrants plus oil did not effect lahihduh"or Svriugodmin at low 
short durations (if 5 oir 4 hours. hu ecr, iean specific grosmith rites concentrations (((.75 or 7.5 ml. in 0I1'niL sea %%,,ier) for short expo­
were significantly lo%%cr, d (1' - 0.95) in hoth species uth longer cx- sure periods (5 toIll (hours) IHowever. these spccies sscrc significantly 
75sure period%. When lahlIii" w, e oil concentration, of I's%tolerant (I' < ((.0i) to higher concentrations and greater exposure 
75 and 125 ml. in (t' nil, sea;water fir 1(h) hours, the grotth rtelCs lincs of oil rnxed with dispers.ants thin as Ta/iaomi At a dispe.,Inl 
were reduced io ( 2 22 ind I 41 percent pcr tlis%respeti.'lse gnd clncentihiloil of 7 5 fill. 1i It' ml. se.i %%,l.rfor ,iii c\luuire period 
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t:likholrs. ilte pe¢lic vro\kirh rite, lair Ii,I/,u tid %%w)iiIi' 
1.40:14"1 tell It G I .16 and 1t11 perc tet li d.S e. t\.tileis,,lsl 
Iiorl.ilhl InI '.lsed ti1 l hl %'hi'c\1p0,Cd to73 .1nd 8tt pe.kelr ,labs'd 
the .ine eoiientr.tnts ill%fih lor the .linie title_it dspers.ii, t 

period. h.d .I1tmuth r.tle 0l G = 3 9S percent per k,l\.tilld
211PeI.iil,tledg, 
mort.lti\ I he pot%ithhite.lilt Ihd,,.h" ind S% ri'ie,io,11 \%e e eln 
I0 er \ hel Ihl e 'lI .i|Imin mIdilperat \\'.as In.e .¢d itI12 5 i I 
lir IIl|hours 6. I 11 percet per d.ia lot .ind ii Si VlClc.iaIl'hnlu 
per da\ lt Si' ,,tivou/ioi. laor bolh specie, il per.mort.lit re.ched 

cent I\ the end ol the 14 da% obsertiton period 


i hher concentrat ions of dispcrallnIml ed i ith oill ,lito diree[I\ 

all eted S%rillC0411111dt es en at lu\% r e\ pil ire litlei At
,d 	IIdud h'd ' 

5hour e\pu~pre .nd ,511il. disperaint. the grolIh r.ife., \crc htrther 

reduced to (a= 0I6 percent per dtn foriiA'od,,hA and 114. perccin| 
per da lilr wrumtedmrti. \ lortalit reached Ilk, percent in 14 d.t\, 
Tllussio i%1i .simt .llected (G= 2 45 percent per d.ii I 'it Ita lesser 
decre..I Iliort.lltikid Inot e\Cceed 5it perecent 

[he Iouiimtau crdtle il uis d had the toll'+mi ntu prol¢lil ui.l 

seathered. .liphatitc ,ironiatic -" 1i 2; iaeathered. - 4 (1i raitio .ts de-


terntivned b, pmroh itnmr in deuiera ted chlirolormii lugene Man.
 
person. .omniilc.+itlonlI 


Discussion 

In thee initial laborator\ eaperiments rainemg from relatu Io%% 
to high dtsi.'rsant Concentriations, cear[\ Tolmi,, tc'tudtii \%.t, 
more restistant to Louisiana crude oil plus the dispers,|nt Coreikt 9iW27 
than Halodudu' itriihjt or Syrutoiu ltnfitre. lili t4'and S%rill 

goditum had responses similar to one another. In these e\perimenl, 

LD.. for Tlhalassi appears to be near a concentration of 12.5 mL in 

10' mL sea aatier for IlM|hours, or 50 mL for 5 hours in 1' mL sea 

asater. LD, for It|oduleand S'rigodltun \ith dipers.int eoncen, 
trations of 7.5 nin 10' mL sea water occurs some\%here lietI\een I\e 
and lIt hours. More exact toxicil, limits need to be defined b\ 
further eiperimentiation. 

It should be kept inmind that laborator. e~perimentaton \\ithonl% 

one stress Iall other conditions optimumI frequently ,ields more op-
timal LD,.. than field conditions %%here multiple stress factors often 
cause s'r,ereitic effects, thus lowerine the LD,.. It suould be prudent 
to test the imi:, found after further I iboratorv experiments in sil. 
Also. synercistic effects between sublethal ranges of oil plus di.-
persant combined with other important ecological factors (such as 
light. temperature. and salinity) need testing. 

IHterm, of ue of these prehminar. data for guidelines. the follow. 
ing are offered: 
0 Subtropical and tropical sea gra,,es are more sensitive to oil plus

dipers.tnts than isshoreline uegetition (e.t..mancroves. compare 
t) Teas. eta/. "'),

0 Tlalaava is more resistant for short time periods (5 hour..) to 
dispersanti than S'rntodt or Ihlodh'.Thus it is important i 

knos the etent of Svrngoilmni or /lodiu' habitats in acreave 

that might I be affected in a co;tsttal or estuarine region before a 

decision ito to
use dispersants is made. We currently have no abihit 

eltrapolate I1fts for the different species inhabiting the other sub-

tropicall,1nd tropical oeean bain, of the s\orld. 
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The toxicity of other than dispersant oil 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, 1988a&b;
 
Fingas and Tennyson, 1988; Laun and Hingmann, 1988). A wide variety of
 
crude oils 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 proddced. 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 260 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 (I 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 oil floating on the tank surface with 1 minute of
 
vigorous stirring. The dispersed oil formed a brown cloud of free­
floating material, visually homogeneous 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 oil, 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, leaf 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 mortality.
 

q/)
 



RESULTS:
 

Morphologically, the results of elastosol included the observation that
 
the oil 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-oil 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 less toxic than oil alone for corals and seagrasses.
 
Mangroves had no effect from elastoEol. Oil alone did not affect
 
mangroves at these concentrations. Corals were the most sensitive to
 
oil. 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 seagrasses 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. Oil 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 oil 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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Dispersed Oil Effects on Tropical Nearshore 
Ecosystems 

REFERENCE: "horhaug, A., "Dispersed Oil Effects on Tropical .Nearshoe Vcos stem, 
in Oil Dispcrsants:.Vew Ecolog'a .. Ie. II if .T/I IlS. L MichaelIpproa( c Flahcrty. Ed 
American Societ% for Testing and Materials. Philadelphia. 1989. Pp 257-273 

ABSTRACT: Tropical and subtropical critical habitats are generall. more I'ragile and slo,,er 
to recover than temperate ones in which the en ironmental standards and guidelines are 
made. Fisheries nurseries are found immediatel. adjacent to shore in seagrass in the tropiLs. 
unlike temperate zones where fisheries are most frequently offshore and much ol the adult 
fish catch is in this coastal region (the exceptions are a few highly migrating fish such as tuna). 
Studies have dealt ivth oil effects on corals and mangroves: fewer ha,,e dealt with scagrass. 
Very few studies ha' e looked at dispersed oil on an, of these habitats. The single di persant 
used for mangroves and corals and the primar\ dispersant in seagrass studies was Corexit 
9527, which showed no mortality on subtropical and tropical habitat species between I to 50 
ppm (1:20 dispersant-to-oil dilution) for short (4 to 6 h) time periods. Higher concentrations 
of dispersed oil tested on seagrasses showed ranked sensitivity. Other dispersants have on/i' 
been tested on seagrasses. Ranked sensitivity from nontoxic to ,erv toxic appeared as in 
animal testing. The time of exposure and concentration of dispersants are important to 
increasing toxicity effects. Four species of corals were tested to Corexit 9527 I to 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 yet pub­
lished.) The Indo-Pacific basin critical habitat species and Arabian Red Sea species need sim­
ilar testing for "safe limits." Field testing of various dispersants is necessary. Regulators and 
planners must stop using the generic "dispersants" in oil spill contingency planning and 
name a nontoxic substance tested in their ecosystems 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, oil spill, contingency planning, toxicity testing, tropical 
coastal ecosystems, fisheries 

How Tropical Ecosystems Differ from Temperate Ecosystems 

Fragilityor Resiliency of Ecosstems 

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

President, Greater Caribbean Lnerg, and Environment Foundation. P 0. Bo\ 490559, Ke. Bis­
ca. ne, FL 33141). research professor. Departmenti ol' (ivil Engineering. Florda International tLini\cr­
sit\,, Tamiami Campus. Miami, FL 33199. iod presiient. A)pliCd Marine Lcological Services, Inc.. 
P.) Box 490559. Miami. FL 33149 
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TAB!I FF I-- ( ,)fiPt IIllC 'ildU/ ctt/ iW,,PI /h llI.'rAloviri rdflt,, i "f //I)h' 

Temperate Subtropic I ropic Arctic 

I I laiicii' medium medium Io, Io, 
t'\l enit ' 01' 

cpicenters 
d ism,lIIc transport high nedium Iot\, high 
habitat conditions high medium lovk high 
k.ater qualit high-med. medium low high 
regional management high high lov, high 

2 Inertia high medium low medium 
iorganism,, medium medium high high 
iabiit\ in stable high medium medium medium 

ecos. stems 
redundancy medium medium high low 
mixing capacit. high medium low high 
proximitt to high medium lowk low 

threshold 
regional management high high low high 

3 Vulnerability to high medium low low 
irreversible damage 

4 Resiliency high medium low low 
overall recovery high medium low medium 

index 

It can be seen that tropical nearshore ecosystems are low on the recovery index as a result 
of (I) lack of elasticity and resilience once perturbed, (2) vulnerability to ecosystem irre­
,ersible damage with pollutant stress, and (3) inertial factors (proximity to critical thresh­
olds when polluted and low regional management capacities: that is, most third-world 

countries with much less capacity for managing ecosystems lie in the tropics, which are 
close to their crttical pollution limits, while few first-world countries are situated in the 
tropics). 

To gi e a specific example, a coral reef takes 10 to 50 years to recover naturally from 
disasters; mangroves. 20 to 50 years- 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 ph\ sical conditions, proximity ofdisseminule epicenters (islands are longest 
to recover), closeness to limtt of range. high or low energy system, and several other factors. 

Se, eral In%esrtgators [2-4] have called the tropics "on the brink ot'disaster" because they 

are close to the critical threshold (LD, or LD,,,, which isthe lethal dosage at which 50% 

or 1(10% ol'the population being tested will die, respectively). 

M Lich of the fisheries nurseries for the sCVeral thousand species fished in the tropics (with 

the exception of' tuna and a I'cw other strictly pelagic commercial species) are Iuind very 

near to shore in seagrass beds. m:angroves. and coral ree';. The adult stlage may be cap­
ilure'd ont to sea. huit the jus eniles and eggs need these nuirsery hab.itals to complete their 

Ii\ e stages. The ternpera.te ccosystems have manv fi.,ver species and nt rc aburidarIice of 

thesc species. Spam,,ning and luvenile habitat liequently occurs II openr oe',in, s) that the 

t'sLtlirlti ,aind coatal aieas lose a,portion l)the'irl irlportrlnL' h)thl' i )dv.eb 
Fhc frali itt tropiCal fi,,sheries m1ay ht' based on the reasons iaillt Ihvtlit opics are 
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already at tile high radiation, high temperature end of line. Ihi, "'multilpe-sitresses'" 01ga n­
isms so that additional stresses easily push themi over the "-rinkof'dis,ster "Ihe resons 
may be far more complex. Noore ["3] tieorliies that the reastmn there aie "o in1an \ ill101C 
sr'-cies in tile tropics is that the radiation level. temperatilic le el. and light are all hihci 
and these cause genetic breakage and speclation. E\amples of tro)ical ecosstems suc­
cumbing to pollutants of lower levels than their functional analogues in temperate ectis\ s­
tems are abundant such as heated waste elkets [5] and dredge and fill eltects [6) 

Toxicity Tcstm., Standardlsfor 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 and development money for stan­
dard testing are in tile 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 \kere set after elah­
orate testing in the laboratory and field for elimination 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 to 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 outlines. 

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 (Ilalheda. 
Caulerpa.Laurenctia)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 areas. The tropics have benthicall. driven s}s­
tems. The difference in recovery rate of a plankton system is days versus years for tropical 
food webs (at least two orders of magnitude longer). 

Tropical En ironmental .Management. Standards,and Guitdehnc 

Environmental management in the third world is basically 15 \ears old. being initiated 
with the United Nations Stockholm Conference on the Environment in 1972. Many devel­
oping nations set up environmental protection agencies in response to the mandates on 
valuable natural resources being decimated by the thoughtless management set forth at this 
conference. 

The natural progression was to set up a large management agenc Then guidelines or 
standards and laws or policies to enforce sound environmental management were sought. 
FrequentlN the nation examined the set of laws. regulations. mnd policies from hrst-.orIld 
nations. The\ ,,ere impressed with the thoroughness of first-wtvirld regulaitions. These stan­
dards were translated into the laws, regulations, policies, and legal fra me orks used in thai 
nation. For instance, in the Philippines. much of the un%ironiental law (alter Stockholill) 
appeared dui ring a period of rartial law. so it was decreed by lrcsident ia lroclanalin ;ias 
a new set of Imi~s. It hears a strange resembki nce to I I-) FI,.- reguhIaitlrs. la \s, and poll ­

cles. Egypt had a \crc\tensive Wt 1 laws. nI Io mIlnae tol en\ itnninlt-l hut agentl\ 



260 OIL DISPERSANTS: NEW ECOLOGICAL APPROACHES 

until the early 1980s. However, no enforcement funds, personnel, or policies were appro­
priated for th. laws, making enforcement impossible. 

Several items 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-w6rld 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 nearshore 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 

ComparativeDispersantEffects on TropicalHabitats 

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

but results were not published nor are they available.persant toxicity testing program, 
(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 
onon seagrasses than on mangroves or corals. More real-life spills have been documented 

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. 

Imporance of Seagrasses, MIangroves, and Corals to the Tropical World 

found from the tropics to the arctic and therefore dilltr from mangrovesSeagrasses are 
are almost strictly tropical and found generally in subtropics close to theand corals, which 

tropic's (miangrovcs go to .\ncloteon the West Florida coast and I)avtona Beach on the 
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East Florida coast). Seagrasses are a very critical habitat to Iropicay tci,, I)iml Ilga chef 
fisheries nursery for hundreds of commercial species. Scagrasses cover at least I million 
kn [7]. They are distributed from the high tide marsh in csluares to tlhe coastal areas in 
continental shelves. There are about 50 species worldwidc. 

Mangroves are found throughout the world's tropics, cspecially inlo" encrg. areas such 
as estuaries, lagoons, and river deltas. Throughout the world's :opics 50) ()0) ki- are 
found [8]. There are about 50 species worldwide. The detritus adds appreciahly to the pro­
ductivity. The trees form a major intertidal and upland coastal habitat for hundreds ol 
species. 

Coral reefs are well known to be important structural elements to acoastline's integrity 
and to be habitat: 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 intertidal zone to the edge of the continental shell'. Of the world's 
tropics 600 000 km 2contain corals. They are found in all tropical ocean basins. There are 
hundreds of species. 

Because of the predominance of drilling on continental shelves, reefs and seagrasses are 
in danger of spills from most drilling sites. In Mexico and some Middle East nations, drill­
ing is in and around mangrove areas. 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-Tropicaland Subtropical-In the Atlantic, the seagrass Thalassia testu­
dinum is the most tolerant to high concentrations of oil and dispersed oil [9-12]. The least 
tolerant is Sy'ringodiumfiliformne.Halodule wrightii sensitivity usually was similar, but it 
was slightly more tolerant to oil alone than was S.vrngodiumfiliforme. 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 cogenetors to 
behave similarly based on comparative pollutant Atlantic versus Pacific work 1131 (Figs. I 
through 4). 

Afangroves-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 seagrass--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 field situations give 
results for red mangroves [15-17]. Clearly, research on interspecific differences to dis­
persed oils of various types iscalled for. 

Field results reported from the Atlantic would indicate Rhizophora mangle has ahigher 
tolerance than th, other species. The final results of the Panama experiment. rly reported 
in abstract form at the time of writing [/8], will no doubt resolve some comparative (arib­
bean tolerances. Other parts of the world beyond the ('aribbean are vet to be tested for 
dispersed oil ellects on various mangrove species. An ongoing project in Jamaica (Thor­
haug, Teas, and McDonald) may !,nswer questions 1br the (aribbean. 
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TABLE 2- Iropical anid xid)tIrt)J)i-aIdispersted oid and oid '/Iccs on s'agrasses. z 
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Dilution 
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Dispersant 
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Affected Impact 

Dispersant 
Effect0 
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TA BLE 3--Dsijwrsed oil and oil etliwcs on corals. U) 
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Dispersant M 
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Author and 

)ate Type 
Used and 
l):Iution 

Cone of 
l)ispersant 

Amount of 
Spill Date 

Resourie 
Affected Impact )i,persant Etiect z 

Biermuda Knap ct al 
185. 
1986. 
1987) [J19] 

field 
and 
lab. 

Corexit 9527 
BP 1100 
WD 

1:2(0 
1.10 
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crude 

1981-
1986 

corals 6 to 24 h alter. 
I to 50 ppm 
on Dipl)rta 
trigosa 

No eli 0to hrief 
t.kp()stjre,, 
when oil 
dispersed 20-

ppm 

z 
m 
E 
m 

0 
pol.chactcs,

bivb)ialvcs 
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r­
0 
)
) 

ui:tolerint > 

-rabian 
Gulf 

Le Gore el al-
(1983) 1201 
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exper. 
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20:1 

Arabian 
crude 

lght 1980 corals No impact 
immed. 
Some death 

Unclear alter 9 
mo whether 
dispersant had 

after 6 mo. 
during 

effect or not 
0> 

winter cold 0 

Panama 

Panama 

Getter and 
Ballou 
(1987)(231 

Cubit et al. 
(1987) [17] 
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spill 

Corexit 9527 

Corexit 9527 

50 ppm 
20:1 

20:1 

Prudhoe Bay 
crude 
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wt. crude 

1985 

1986 
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mangroves 

crals, 
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mangroves 

no coral death 
a: 24-h 
exposure 

coral death 

No death on 
crals %kih 
dispersani. 

Reports intertidal 
reefs extensive 
mortality, 

m 
Cn 

subtidal to 2-m 
inortala. 



--. 
I 

TABLE 4-Dispersed oil and oil ejiects on iflangroves. 0 

Dispersant 
Author and Used and Amount Resource 0)

Location [)ate Type Dilution Type ofOil of Spill Date Affected Impact Dispersant Effect 0 
z 

Panama Getter field Coiexit 9527 50-ppm exp. 1984 mangroves defoliation Dispersed oil before 2 
(1986) 24 h Prudhoe death it reached -" 

[16] 1:20 Bay crude 	 mangro es m 
Turkey Pt Teas et al. field Corexit 9527 La. crude exp. R. niangle 

Bisca, ne (1987) 1:20 > 
Ba . Fl. [151 Z 

Coast on Cubit et al. accidental Corexit 9527, 	 '-1
med. wt. 55 900 to 27 April R. inangle defoliation 	 mCaribbean (187) approx. crude 60000 1986 	 death 

side of [17 21 000 L " 
Panama 1:20 0 

Coast on Getter and exper. Corexit 9527 Prudhoe Bay exp. 1985 R. mangle 28% trees no defoliation at Cl)
Caribbean Ballou 1:20 crude defoliated sites with 0
side of (1987) dispersant Z 
Panama [23] 

South 	 Teas (1986) field Corexit 9527 50 ppm exp. 1982-1986 R. matigh' 0 
Rorida [14] 1:20 -0 

Panama Teas el al. field spill Corexit 9527 med. wt. ... fall, 1986 mangroves obser%,ed it'disperswd betore 
(1987) 1:20 crude mangro%e oil on 
[ 151 death mangro c, less m 

mortahl 0
0
U) 
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FIG. 3-Dispersanitype versus mortalitiy. 

Corals-Severalcoral species have had dispersed oil spilled on them. Knap [19] men­
tions several Acroporaspecies. Although several sets of field experiments have been carried 
out which used various corals [16,19,20], 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 species2 if experiments 
are carefully defined. 

Difi'rencesBetween Concentrations 

Seagrasses-Large toxicity tolerance differences appeared as increased concentration­
raised percent mortality for a species. In each case seen in Figs. 2 and 3. a general range 
occurred where some species are less than 50% and others (Svrtngodium and Halodule) 
are greater. Time of exposure also influences these sets of curves (Figs. I 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 too many variables occurred to make a comparison. 

,Note added in final tdit. Jamaica experiments arc sh)wing spct' lic dihlclencCs 



268 OIL DISPERSANTS: NEW ECOLOGICAL APPROACHES 

15
 

10 

N 
U-) 80 
O8
 

0 40 
40 

40 
33 

0 
0 25 50 

13 
75 

Murban (ml) 
0 

20 
125 

15 

.00 100 

to 

'1)3 73 

.5 
0 
C) 50 

46 
47 800 0/7 

25 50 5 i0 1250 
Louisiana Crude (ml) 

FIG. 4-0il type versus mortality for Halodule wrightii exposed for 100 h. 

Cora/s-There was some experimental work by Knap and colleagues [19] using concen­
trations in the range I 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. 

Dif.erences Between Dispersanis 

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 [21]. 

Seagrassc.-A set of laboratory experiments using three seagrasses 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 'hrce gr6ups: 
low toxicit%. medium, and high. Finasol OSR-7 was least toxic: Cold Clean 500, Conco K 
(K), Jansol% 60. OFC-D-609 were most toxic; and Corexit 9550 and 9527 fall in between. 
The difltrence between dispersants was much greater than dilrences between species (Fig. 
3 and Table 5). This seagrass ranking of dispersed, toxicity oil correlated well %ith tem­

perate animal toxicity data [21]. 



TABLE 5-The effects ofseven dispersantson three subtropical,tropicalseagrasses[ 12]. 	 0 
= 

Thalassia testudinum ttalodulewrighti Svringodiumiltbrine 	 > 
C 

Dosage Oil. G 95% %G 95% % ±95% 00 

mL Dispersants C.L." CV%' Mortality C.L. CV% Mortality C.L. CV% Mortalitv Z 

Cl) 

0 	 4.51 ± 0.22 18 0 4.20 ± 0.31 24 7 3.98 ± 0.25 28 7 ­m 
75 Finasol OSR-7 4.22 ± 0.55 48 0 3.64 ± 0.35 15 7 3.41 ± 0.26 28 7 M 

10 3.11 ± 0.61 35 10125 Finasol OSR-7 4.11 ± 0.41 37 7 3.52 ± 0.29 21 
3.98 ± 0.31 51 10 2.25 ± 0.61 64 41 3.05 ± 0.41 299 12 z75 Jansolv-60 22 25 4 

125 Jansolv-60 3.76 ± 0.24 18 18 2.11 ± 0.37 41 57 2.86 ± 0.35 
-1

75 Cold Clean 500 3.54 ± 0.11 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 m 
2.05 ± 0.45 31 58 1.97 ± 0.35 17 63

75 Corexit 9550 3.35 ± 0.31 28 22 
65 88 1.49 ± 0.45 41 84 Cl

125 Corexit 9550 2.78 ± 0.41 35 37 1.69 ± 0.55 
1.84 ± 0.41 60 76 1.39 ± 0.37 25 84 0

Corexit 9527 3.28 ± 0.41 31 26 	 Z75 	 31 100 0.51 ± 0.45 37 100
28 40 0.66 ± 0.21260 ± 0.33125 Corexit 9527 

75 OFC-D-609 3.10 ± 0.27 24 35 1.66 ± 0.31 24 73 1.42 ± 0 38 46 86 0 
125 OFC-D-609 2.73 ± 0.45 38 51 0.54 ± 0.31 38 100 0.44 ± 0.3') 29 100 "a 

61 97 0.59 1 0.35 37 9875 'onco K(K) 2.10 ± 0.41 49 65 0.76 ± 0.75 
100 0.41 ± 0.68 52 10(0125 Conco K(K) 1.74 ± 0.35 37 88 0.45 ± 0.25 28 

m 
G = mean specific growth rate (% length increase/day) and C.L. = confidence limit. 0 
,CV = coeticient of variation. 

CI) 

K)(0 
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.Ahan,,re -The mangrove studies, both field and experimental, carried out to date 
have all been with a single dispersant, Corexit 9527. There is no indication ol the effect of 
other dispersants. Since dispersed oil is far better fbr mangroves than oil alone. it may 
result that a variety of dispersants are appropriate. These experiments are now ongoing 
with red. white, and black mangroves [13]. 

The major finding from experimental studies with Corexit 9527 is that dispersant-treated 
oil does not cause mass mortality whereas nondispersant treated oil (that is. no dispersant) 
can cause mass mortalit, perhaps by cutting off oxygen from the prop roots [14]. 

('orals-NMost field experiments as well as laboratory tests have dealt with one dispersant 
product. Corexit 9527. One study [19] tested 9527 (1:20 dilution) and BP 1100 WD (1:10 
dilution) and found no statistical difference in the ranges I to 50 ppm with 6- to 24-h 
exposure with light Arabian crude oil. 

Di/h'rencesBetween Oil 7ypes 

In general. both fresh oil versus "aged oil" and various 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
leum products (Tables 2, 3, and 4). 

Seagrasses-Oils and ages used were the following: light Middle Eastern crude, aged for 
24 h in sunlight 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). 

Mlangroves-Prudhoe Bay crude and Louisiana crude have been used for mangrove 
results. No differences have been pointed out by authors [13-16] or are apparent from 
results. 

Corals-"Aged" Arabian light crude and Prudhoe Bay have been tested on corals. The 
authors [16,19.20] do not point out any differences between them, nor are they apparent 
from results. 

Dit.erences in Times ofExposure 

There are several times ofexposure that are relevant to tropical coastal oil spills: (I) very 
short times (I to 2 h) where a parcel of dispersed or oiled water might flow over a habitat; 
(2) 6 to 12 h. where a tidal cycle could wash a dispersed or oiled water parcel onto a habitat, 
especiall. in 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. is relevant to this. 

Sea-rsses-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 ha',e a greater toxicity effect, especially at higher concentrations of dispersant and 
oil. 

tla;,rm c -NMangroves appear not to have had systematic experiments on time of 
exposure to dispersed oil. 

( 'Orals-Coralswere exposed from 6 to 24 h to dispersed oil in a continuous flow exper­
iment [I/V. No toxicity appeared within this time frame. Field experiments were 24 h [16] 
and , h 1201. 

http:16,19.20
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Seasonal Effects 

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

Mangroves-No data for mangroves.
 
Cora/s-Seasonal differences in response to BP 1100 WD were seen in winter. No dif­

ferences to Corexit 9527 were seen in winter (Figs. 5 and 6). 

Conclusions 

,Atanaigemnent Pritplh's.for \eto)f D/.persanttt on Tro~ptal /!itatv 
1.It is now apparent that certain selected dispersants at concentrations recommended 

by the manufacturer can bt used under various sets o'emergenc condittons for oil spills 

fud 
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which frequently occur in the world's tropics: (a) estuarine spills where or when mechan­
ical means are inadequate to control oil from impacting one or more type of habitat, espe­
cially mangroves- (h) nearshore coastal spills where environmental conditions are rapidly 
transporting spills toward one or more critical habitats; and (c) weather conditions when 
mechanical cleanup Is ineffective and there is a danger of impacting corals, mangroves, or 
seagrasses. 

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
isms 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 
industrial 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 means fail? I-low does a small nation with limited 

mechanical equipment deal with a Valdez or Torrec-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? Is 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
 

oil 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, killed acres of seagrasses, covered a 

beach and affected a fisheries nursery, convinced Franklin 

McDonald, Mike Rodriguez John McFarlane, and Richard Reese that 

dispersants could have been very useful when mechanical means
 

could not be deployed due to shallowness of many nearshore areas 

and late alert from the ! pil]ing source. "Is there a rjori-toxic 

dispersant?", they asked Professor Anitra Thorhaug, who was 

testing a variety of dispersants orn Florida :ecicr!a.s. She 

brought Professor Howard Teas, who was t,-sti.ng Core:it 9527 on 
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mariroves, into the teaz. A project was born when U.S. Agency 

for I rternational Development 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 oil 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 in the economy. 

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 is 

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 were 

our first target. 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 

c-ommand map for Jamaica. 

The coral studies of dispersed-oil effects were carried out
 

on three indicator species selected from many poteritial species. 

The indicators were chosen by Dr. Jeremy Woodly, Director of 

Discovery Bay Marine Laboratory, atid ..J;riiuican coral reef ,xp','L. 

l3ack rere -, where most spi i I occurred, weFr- .cr.r-:crited by 
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Porietes porietes, a finger coral. The predormirant reef building 

coral was Monastrea annularis. The crest of reef coral irlicator 

was Acropora palmata. Seven specimens of each were exposed to 

oil plus each dispersant for 6 and 10 hours (1/2 arid 1 tidal
 

cycle). The team was Dr. Thorhaug plus Natural Conservation 

Department of Jamaica, Dr. Anderson, Director, Lloyd 'Ardiner,
 

toam leader, and Peter Gayle, UWI. The laboratory was Discovery 

Bay. Results showed Conco K, ADP 7, OFC D609, Kerriarine 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 OSR-:7, Cold Clean, and "herder" 

'Eastosol. Oil alone was 50% or more toxic to all three species 

at 125 ppm.
 

Seagrasses had toxicity which ranked in the same order to
 

the same dispersant as did the coral. Three species were tested,
 

Thalassia testudinum, turtle grass, a primary fisheries nurseries
 

species, Halodule wri ghtii, shoal grass, found intertidally and 

also where irrpact had altered areas and Syringodiur filiforme,
 

offshore sej'rass. (Previously Thorhaug and Marcus, 1987, have 

tested ther;e three species, Syringdium had very similar 

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

Kingston laboratory. The exprrimerit team includ ed Biverly Miller 



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

Thorhaug. Result showed Kerarine, 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 oil 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 throughout 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
 

major differences in dispersant toxicities to corals and
 

seagrasses between products. There are some products which have
 

markedly less effect than oil 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 followir,: 

1. The dispersant capable of saving rringrnves of heavy oil 



p 1 is c:mc ashore [Corexi. q.527] -if; r,€i,. advisable for us, on 

,or al., s,eagtrass arid the ,orrmoirci;ztl fish sp, cie bosbo . Thi.. 

dispersart. is the corium onii/ stock-piled one. Other dispersariLs 

could be used on coral, seagrass and fish. 

2. The corals, seagrass and fish generally appear t.o 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. (;-r data indicates, especially when taken with data for 

f'eld experiments in Miami and Panama, that certain dispersants 

may be used in case of mechanical equipment failure for nearshore 

ci ean-up. 

4. The- ongoing research needs field testing of these 

experiments prior to formulating the Jamaican dispersant use 

policy.
 

5. Suggestions to major stockpilers of Cor-exit 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 techniques 
for managing those oil spills, including recent dispersed-oil data. It will also include cost 
and policy issues, as well as recommnendations. The information is meant to bring the reader 
to a 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, a 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, Indonesia and Brunei, Venezuela, Ecuador, Mexico, Nigeria, Angola, and the Gulf 
of Mexico. A map of major shipping lanes (from the Middle East, Nigeria, Indonesia, 
Mexico, and Venezuela) by the International Maritime Organization (IMO) shows that many 
tropical nations, which themselves do not produce oil, ar on major shipping mutes between 
producers and cmnsumers. (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 Pakiiai. India, Sri Lanka, and Southeast Asian countres. Other nations, such as 
South Pacific ztiom, must realize thai all ships carry petroleum. Local oil depots, refineries, 
and port and harbors have highzr &cn rates than do petroleum transport ships. 

Yearly inp" of petroem hydrocarbons, from transotatio sources, includes the fol­
kloing souab: 126 million gal from accidents, 30 million gal from bilging; 320 million gal 
from municipal wasons 12 million a from offshoi poduction.' Bilging and accidents are 
chiefly On Mia r rmts. 

This chqpr will deal mahy with t 126 milion ga spilled from accidents and 12 
million pl from offshore production. A large amount of the 300 million gal from bilging 
- if reported and te.aed rpidly enough - can also be handled in the same manner. 
Municipal wastes are a qbew6o of torm water runoff and hazardous materials disposal, 
and must be tre perertly. We do not address that 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 ocoured which no one wanted, no one chose. The sole problem 
for the environmentalist is, "Which strategy would be the most realistic to 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 conclusion. Also, there will be a great many players intensely 
involved in oil spills, 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 cleandp, (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 is 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 '
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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: 

I. 	 When seas are rough; tide currents or winds are high. 
2. 	 When the site is distant from 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 maneulver. 
4. 	 The boom must be 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. 

5. 	 It is ram in arge inpill (50,000 gal or more) thai all the oil is mechanically contained. 
A second choice frequntly must be made for the nonconaained remaining oil. 

The environmentalist must face the fact that the "mechanical option" is likely to result 
in much unmanaged oil. It is far easir and safer to make the decision to cleanup by
mechanical means than it is to implement this decision, particularly in second- and third­
world natiow. The final problem is dispsa of wane oil which must enter as a pan of the 
"mechanical decision". May comnries do not have places to diqose of waste oil. 

The choice of aoreline cleanup has several environm=en hamzards, if the shoreline 
surface - in cont with the oil - has coral or vegetation, mangroves, marshes, algae, 
and animals. Inmertida flats especially coral reefs within 2 ft of low tide, are frequently the 
tropical shorelines in which tha oil stands. Mangtoe am definitely killed by oil when 
the oil hits their roots. Cas are definitely ked by oil. Animal are killed by oil. Thus, 
living shorelines, which conce'tre large amounts of oil, uae no( good places for oil to 
strnd. Beaches can be scvpd to m"ove oil. This is costly, and it also can lead to beach 
erosion. Cleanup ob a coral reef or in mmngroves can cause harm. 

The "do nothing" decision is usually best when oil is headed out to the deep sea andV 
or when the spill is in the deep sea and not coming to shore. It is the worst decision nearshore, 
when coral reefs and'or mangrove swamps are going 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. Nigeia, Puerto Rico, as examples). The dispersant decision is discussed in this 
chapter in.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 dispermants, 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
ence,4' and they seemed 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 options are, at this point, mostly theoretical, i.e., not tested and not known 
to be either effective or nontoxic, except under specific conditions. 

I. 	 Flaring is rarely done because it needs a certain tickness of oil and needs to be away 
from the vessel for safety factors. 
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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 sorbint 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 seagrass beds. Their work on 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 markea, and one must keep up to date 
on these prxdc. 

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 
Amoha imporant set of factors to remember is the types of spills and the priority to 

biological piectios. There am offshore spills which can be from moving vessels or from 
fixed point. If the spill moves offshore or out to sv2, the biological protection priority is 
fairly low. If it is moving towual land, it is high. The second cas is coastal shoreline spills. 
This cue usually aed: biological protction, especially with onshore winds and sensitive 
sielinea (mwagrves, corals, seagraM, etc.). 

The third case is in a etuary. This type of spill almost always veeds much protection. 
The unfortuate part of the narine type is that dhere is seldom much time between the 
spilling and the resource being hit. The time to mobilize mechanical cleanup crews and 
boatscan be 4 to 6. Oil from a pot or habor collision can be in the mangroves in 1/2 
h. The realities of ft 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 esmarine t before 6 h t* mobilize crew, obtain boom from storage, 
and put the booms in place (the fairly simple proj-tion of the winds pushing the rapidly 
leaking oil from a barge that has collided with an object midestumry predicts 40,000 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 dispersat 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 clkarly and realistically seing 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 Licident. The command person will have enough difficulty imple­
menting the plan, whatever it is, even if a predecision has been made. 

A quantitative picture, rather than , qualitative picture, of the exact dimension and 
trajectory of the spill is of greatest help to all concerned. 

1) 	COMPUTER MODELS FOR DECISION-MAKERS REGARDING OIL SPILLS 
AND DISPERSED-OIL IMPACT ON SPECIES 
One of the best uses of conccntratien 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.2 for the U.S. Gulf Coast. The field 
experiments done on spill trajectones and dispersed oil trajectorit.s, along with currents, 
winds, tides, and chemical data, are programmed into ageographic information system with 
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extensive spatial analytic capabilities. The environmenal regulators in the Gulf States chose 
90 species, including important commerical fish and invertebrates, critical habitat organisms 
(corals, seagrass, miingioves, marshes), endangered species, and a few others. The algo­
rithms assessed for resource-specific impact linking oil or dispersed-oil concennitions to 
organism tolerance can compute mortality from the spill point as the spill is diluted in'time 
and space. The readout isa 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 t same oil 
source and spill volume, but dispersed. The mortality is again computed, readout, and this 
time compared with "oil alone". Frequently, there awe large resource impact differences 
between the two spills. The quandtitive visualization of the poten1i impact over time, 
spce, and important species can wipe away "fuzy thnkin" andi allow detailed predecisions
about wbole su of q acenarios. Many biologial managers would be bette off to have 
a visual imag of spill trijatt ova1 tiara and cocmto. 

parties concerned with tudying the opima d making deiions. 
Up lo now, no topca amon has dis capability. South Florkida is the only tropical
Sha*Mhas this. 

L COSIM 
Cos accountug umut consider sm-uvm cleamup costs and long-tm resource value 

costs. Whemall optio avila d k is ftxp or citizens of di am who will 
bear the cx odof (Bahrain'a cstntruph sqpI, for example), then cost becomes 
a majtorto betk t n sio c. L gm uaswe as direccosts must be 
considered. If the cost will be bone by the hmrmtcm coupany of the spiller or by the spiller, 
then the manqarmut deal w9ith thse partx.. 

There is the hidden cs of taking away the oil removed frm beach cleanup and disposizg 
of it properly. If the d-veoping natio hcs no appropriate oil dump so the oil will not enter 
into the ecorym through tm rnoff from dumps, then the shoreline cleanup option must 
be rappraised due to risk from the ultimate dumping point of oil. The Jamaican government 
now faces a fisherman's legal action for such a gtrategy. 

The cost to the ecosystem of tens of miles of dead mangroves which could take 25 years 
to reestablish the forest peoprties for primay productivity, fish nurseries, etc. is a large 
amount of money. A iodianefft worth mome than $200,000/ha, according to United Nations 
Environment Program (UNEP). Tourism loss where a spill covers a torist beach would be 
a direct cost to take into account. 

The socioeconomic cosb of disrption of the lives ana diet of communities dependent 
on aresanal fisheries, especially children and pregnant women, 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.) 

II. 	RESULTS 

A. 	 COMPARATIVE TOXICITY OF OIL ALONE ON VARIOUS TROPICAL 
ECOSYSTEMS 

I. 	Mangroves 
There has been a wide array of mangrove oil spills reported to kill mangroves in Nigeria, 

Indonesia (on several occasions), Panama, 6 Kenya, Puerto Rico,' and other areas. Several 
oil spills which did not sink into the root systems, but pnly oiled thc bark of mangroves at 

.high tide, were reported not to kill the manjrpves. Q. '3 A mesoscale field experiment 
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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 -mngrove
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., 9 Ballou et al., 2 and Cubit et 
al .2 on red mangroves in Panamr ecestablished that dispersed oil (Corexit 9527) does not 
kill mangroves. 

Our experiments3 in the laboratory with very young (6 months to 1 1/2 years) red, black, 
and white mangrove showed that the oil concentration between 1 and 125 ppm had no 
effect on red and very little on blak and white mangroves. The higher concentrations (1250 
and 12,50 ppm) did have effects on black and white mangroves (Tables I and 2). 

L Cormk 
The coral. Dpiowk smigosa, in laboratory and field conditions, has been shown by 

Kna et al.4.' to have been affoeted by oil Aoe. Oil spills in Egypt, in Indonesia, in 
Curaca, 7 and in Panama' sowed a serie of spacc of coa in various oceans to be 
emsitive to Wi. 

Emerged coral reefs ate clemny more vulnhwrabL N ol than those submerged. Bak' has 
aw oil effect dwm to 125 ft a high enery coazines in Curea (Table 3). 

3. Fist 
Fish have bea ztmaively temd in ftme and msu&ctic waters, buttropical oil tests 

and reports am for les a&val*&.' Several larg toca oil npils enumerte fish and in­
va tira kil such as Puerto I ed Indonesia and Singapore governmnt reports. 

The dat in Thorig, et l.' show four important tropical commercial fish to be very 
ensitive to oil spills. Freuinaly, fish e far less snitivr to pollutanm than tropical seagrass 

and corals, but this Us not appmc in thew data (rable 4). 

4. Seasa 
Tropical and subtropical seagrmasc bave ben tested between 12.5 and 125 ppm oil. 

The results show that lethal concentrtions are grea:r for Tha/assiatestudinum and less for 
Halodul am: Syringodium. The type of rl was important to the toxic effect on seagrasses 
(Figure 2). In field situations, real WiDl results have been far less accurate for scagrass than 
any other critical habitats (Tables 5, 6, and 7). 

S. Compmaris 
When the three sets of dominant matrix organisms wet tested using the imme mlative 

methods and the same oil at the same location, the mangroves were approximately 100 times 
more toleranM than the seagrasses. The seagrasses were somewhat more toleant than the 
corals at high concentrations of oil (Tables 5 and 6). (Tese experiments used oil at 10 times 
the concentration expected in a normal open water spill and 6 to 10 times longer exposure 
time). The tropical commercial fish had tolerances similar to corals. 

Now, why do we have so many reports of mangrovc deaths if this is so? First, the oil 
grows in concentration along a shoreline, which acts a, a sorbant. Mangrov-s have been 
found by Teas et a." in the field and in the literature to have oil levels 5 to 10 l/mI . 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 sedinent, where oil might accumulate nev: root structures of mangroves. 
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FF TABLE 2 
The Mortality Percent of Jamaican Mangroves Exposed for 

10 h at 1250 ppm Dispersed Oil 

4RkWZOborU (red) ObAN*) (WUbt)
 
Dkprm (%) (W) (%)
 

K 28.6 14.3 s0 
OPC D609 42.9 14.3 25 

Coe:k 9527 71.4 0 40 
Coftk 9530 0 0 20 
WORmW 42.9 14.3 50 
ADP.7 23.6 21.6 50 
J3e~h 14.3 0 60 
Cold Cbm 21.6 14.3 20 

I 0 14.3 40 
V-25 71.4 14.3 40 
LTX ad ad ad 

*O rely 14.3 22.6 40 

CANOW 0 14.3 14.3 

P. Uxh .A.. CaftS, B.. Ram. f., Rodp&e M., McFaim, J.,Tern. 
, ~H.. 	 Aikea. IL,Md)omJ, F.,Mifia. B..Slk.LG., Andmm. M., 	 Gordon.V., 

m,O-yla, P... is Pw. 1991 ou Wee C, Amim Pwo= lhav. Was. 
*Pon. D.C., 1991.) 

. I ' 1 -1 .: _ _ I - - 1 ' 

B. COMPARATIVE DISPERSED OIL EFFECTS ON VARIOUS GROUPS OF 
. TROPICAL ORGANISMS 

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

In general, there are more detailed data in laboratory experiments about selgrass than 
others: Fish data are abundant from temperate zones, but sparsely available in the tropics. 
There is more field testing on corals than mangroves, seagrasses, 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 EFTErS 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. '0 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) seagrasses and seven dispersants was run."- 12The seagrasses 
responded generally in the same relative tolerance order to each of the dispersants. Dispersants 
could be clumped into three groups: low, medium, and high toxicity. Finasol OSR-7 was 
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TABLE 4
 
Jamaican Coral Mortality and Seagrass Mortality, Dispersed
 

Oil and Oil at Various Concentrations and Times
 

US ml5.6h 75.1, 10hk 

Prp. Moaitaa Ae.pl. Por.por. MonLOan 

CMo 100 100 100 100 100 
OPC D609 100 100 100 91 91 
Co90 953 9 96 100 98 76 

90 57 I00 S5 90 
ADP 7 9U 72 300 35 90 
Comt 9SO 64 14 100 0 12 
Uamolk 0 0 50 0 0 
Bmlma Is 0 4 0 0 
coamli 15 0 15 1 0 
'* I 0 Is 0 0 

Oil OY 52 52 100 12 0 
mr 0 0 29 0 0 

pm. poertem - a=mmrig,Ac. pl.-Now P. -P Mom. a M 

PIa ftmkths. A., Udk=d F.. Wig. 0.. MkWW* J.. Cot, B.. Andln, 
M., OGiidcm V.. wd Oeyls. F., le Pme. Ima02 WpC641 ., Ammican Pmokmm 
bo Wnhir .,D.C.. 1W. 455. 

kast wxic- CoIO K and OiK-D-609 wer mos tox; Cei 9550, Jnsoiv 60 had medium 
(w mcfty; Cold Ck= 500 and Core= 9550 had low toxicity. The diffemccs between 

6/ dipmum was much greaw ta diffalmces between species (Figures 1, 3 and Tables 5­
7). This coirelated well with mimal toxicity daa. 

The differences between dispersants \m also determined on tcal veSgras .Ti" 
ranking was precisly the same as the subtrpical seagrasses from Forida. "he locally made 
products V.25, Kemirine,(Jamaica),Wo 'der4T(Jamica)were all very toxic, epecially at 
higher concentrations." 

2. MUarwSM 
A series of comparative mangrove seedling experiments were performed by Thorhaug 

et al.' These showed that at concentrations of 12.5 and 125 ppm, typical of open ocean 
spills, that no difference between dispersants or between 4ispersants and oil or dispersants 
and control appear. All arm healthy. The next group of expeiments showed that at 1250 
ppm and 12,500 ppm, large differences in effect between dispersants occurred. Corexit 9527, 
Conco K, V-25, ADP7 weru highly toxic. Jamlv, Cold Clean, Corexit 9550, and Finasol 
OSR-7 were far less toxic. The others fell in between (Tables I and 2). 

3. Coras 
Most field experiment' as well as laboratory tests, have dealt with one aispersant 

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 I to 50 ppm. 6'to 24-h exposure 
with light Arabim crude oil.' A second studied LTX and found 162 ppm LC50 fir Madracis 
mirabius on Indo-Pacific species."' 

Knap et al.I discusseJ 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 (Acropora palmata), reef face (Montasrreaannularis), and reef back (Porites 

I IV27,89 
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TABLE 7 
Seagrasses in Jamaica vs. Toxicity 

Mortqty 

125 ,,;6 11 75 m; 6 h 12.5aI; 6 h 

I'odUC rLIo" Coet Ti Hal Ti Ha Th Ha 

onco 0.580 0.19 100 82 48 70 17 35
 
OfC D609 0.007 0,06 70 63 25 70 20 25
 
Ca=4 9527 0.009 0.11 19 93 42 72 10 22
 
Kcauii - 63 68 42 68 17 28
 
ADP7 - - D 46 is 68 21 30
 
cmalt 9350 0.009 0.11 40 46 15 20 7 7
 
kmol, - - 0 0 0 0 0 0
 

--INMW - 15 46 10 11 1 10
 
Cod Ckm - - 0 10 0 8 0 5
 
Fulao 0.031 0.2A 0 a 0 0 0 0
 
Ou oly 0 0 30 28 10 16 10 12
 
Comwdl 0 0 I1 9 7 5 0 5
 

ro of'&&p teokqx of ibe ofl.,"
 
SCM W W hC*thV V=mtG(fcOVmf= dWW m ID¢hm offU 


Dinik b do n t e Wxu~ i 0 
diUPeme 90% 0( 1SWl m" 

,heCmedim of do Macby spx~nz. 
•C4WW3Mum 110 M M W10:1 Of Oil ID&RpesMW pro&X1G000 CC Ofan ra 

Pmom T11adow A.. Ca". B., Ran IL,Rodripm U., MdW, J., Teon, H.. Siak. G.,
 
Ashms. AL. Agn JL. U dt, P., NWle, D.. GOw"m V., wd Ga*, P.. inPr. 1991
 
0, $WaC64.. Atmrm h A htsfimde Wahimo, D.e-, intam.
 

Poie) hywr Dvysniieto towco KCrxt92,V2,APadWonde­
0 (local Prodwc). WIOW toxicity Coprsn Were Cold Clean, F'wasl OSR-7, Corexit 
9550, ad Jansolv, intha order. Ot disperant fell inbenm= (Table 4, Fig=r 2). 

4. F'lsh 
tLaboty tests' of dispersnt; on four species of u'opica cczzmiwci fish showed 

Cooco K, Kernarine, V-25, Wonder.43, ADP-7, and Jansoiv to be very toxic. Cold Clean, 
OFC D609 were least toki. Fabx "M H ao rxfi, AaNthuris spp., Haermuln ipp., 
and Archosarus rhnbddk. Some subawca Gulf of Mexico species have been in­
vestigated by Shuba and H-e&&M'6 (two shrimp, blue crab, oyster, and redfish) and temperate 
fish and invertebrates by Andasn et a t o lmd by McAuliffe" showing clear differences 
between dispetsant toxicities. Cold lean And Cmrxit 7664 (a fourth-generation dispersant), !m . kdaVm GyPm 9 ..rIe,N.Am r, . rc 
were Of low toxicity to teiert species. Of high toxicity were Corexit 9527, OSP-20 
(Table 8). 

$.Conparative Ihperitant Effects On TropkWa Matrix Specks
4evsed1/2/8Recently, there has been a comparison of important tropical species to the same or 

similar subtropical species using the Smin methods and involving thkcesame investiga­
' tors. 19. .4 The tropical and subtropical species and phyla had the same ranking in sensitivity 

to dispersed oils. That is, the species behaved the sanje, whether subtropical or tropica', to 
the toxicity level of the dispersed oil. The quantitative levels of sensiivity were approximately 
the same to a given oil or dispersed ol. Tolemrnce levels were the following: .mangroves > 
seagrasses > fish > corals. 
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TABLE 8A
 
The Mean Mortality of 3 Jamaican Fish Species, 3 Jamaican Seagrasses And 3
 

Jamaican Coral Species
 

H&vw 	 Culp 

1 2 1 1 3 X 1 2 3 

cMW 100 100 100 100 1oo 92 100 94 100 10D '100 100 
OI o9 40 100 100 9D 70 663D a0'.0 67 10 100
 
Comxil 9527 40 .100 100 80 89 93 ad 91 72 100 100 91
 
VAS 10 100 100 100 ad ad ad ad 100 100 100 100
 
Wo O 100 100 100 100 100 100 100 100 100 100 100 100
 
Kum ad d d ad 63 68 ad 66 100 100 100 10
 
ADP-7 100 100 100 100 50 46 ad 48 100 100 100 100
 
iJah 100 100 100 100 0 0 0 0 0 0 73 24
 
LTX 10010 100 100 ad ad ad ad ad ad ad ad
 
Cwit 95" 0 60 0 20 40 46 ad 43 43 0 100 47
 
Cold i 0 60 so 47 0 0 0 0 0 0 21 7
 
IAm 0 0 20 7 0 0 0 0 0 0 I1 4
 
OR 0 0 0 0 30 21 30 29 52 52 58 54
 
Cm 0 0 0 0 i1 9 t0 10 0 0 0 0
 

Neo: Aa 6.b a dRlIS ppm &bud cii forIc mgrul m ontaa 3-& apu a o 125 pp dips 

OR 1 fdoa X ism 0 mncixyf ft" qpsua 

i 	 1,H ro: 4p.; fMI.l m ft 2. Am 3, Hombam sp. 
* 	 8 = 1. Thims k nd . acqs 24 RW* w W, m 3, Shprsobmft 'wu.
 

'
Cad 1, Pwta pw ;o , Mow m = cad 3, Aopom pahmo. 

Pma o.m . A.. Cmb,,B..Rrea. L. IRo z 1.. M:adm,J., Tes, H., Sidrak, 0., Anderm. M., 
Aar- L. McDcmal F.. Mi1a. D., Goam, V., md Os, P., InPfv. 199109 dWi Cot.. Amricm 
Pcbmo* , Waagon, D.C., 1991, 142. 

I"r ._ . . --1 	 _ . -7 -1,- . - . - _- _ 

D. 	DIFFERECES OF DISPERSED-O[L TOXgTY EFFECTS AMONG
 
SPECIES WTHIN IWYLA
 

t. 	 Segas 
In tltsubtropicsl Atlantic, the seagrasa Thalaniamxmdium is the most tolerant to high 

conccntraions; of oil and dispersed oil. . ,7The l&%tolerant is Syrngod )i.orme. 
Halodud wighii usually is similar, but slighdy more tolerant to oil than Synngod w 
fiifonne. These difference- are amazingly constant between concenrraons, oil, and dis. 
persan type. We have no data yet on the Indo-Pacific species, but would generally expect
 
cogenetors to behave similarly based on comparative Atlantic-Pacific work." (See Figures
 
1-4.)
 

The tropical species investigated by Thorhaug et al.19 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 Halodude was tolerant of most substances. ", In the Indo-

Pacific, one would expezt Enhalms and Thalassia to be the most tolerant,-and Syringodium
 
and Thallasodendronleast tolerant.
 

I t 	 t II 

2. 	Mangroves 
Mangroves (Rhizophoramangle) were dispe titested inexpeste mesoscale setups
 

by Teas et al. Field siations consistently have giver results for red mangroves
iesimilar 

9.2zExperiments by Thorhaug et al.' showed that the red mangrove (Rhizophoramangle) 
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TABLE SBS/ISurvival f%) and Growth (Shoots -2)of T,,Sped. qC SeaPU TOuh Vo.ftbt Type a PhWii ne Test Plot 

Dredge ,&fill 
Marinduque 
Manila Bay 

Urban Outfall 
Manila Bay 

78(I.9) 
60 (2.64) 

38(1.8) 

80(2.7) 
62 (2.22) 

.p. 

78(2.4) 
10(.3) 

0 

39(4.3) 
73(9.2) 

d 

36 (15) 
11(5.4) 

0 

W (40) 
82 (323) 

0 

30(6.1) 
D.p. 

N.p. 

28(3.8) 
9.p. 

u.p. 

20.(6.7) 
20 (2.3) 

0 

38(8.9) 
50 (8.2) 

0 
Mine tailings 

!Est (high evergy) 
Wes(lowengy) 

68(2.3) 
80(13) 

8(1.0) 
60(1.2) 

u.p. 
84(2.4) 

40 CI6) 
N 0(14.4) 

16(11.S) 
94(43.3) 

32(42) 
%6(60.8) 

m.p. 
34(14.3) 

MP. 
44(5.2) 

40(.5) 
4(l.0) 

52 (3. t) 
60(4.4) 

<_ 

(D 
-

S-

Cbevuical factn 
(Pboq--ate feftizer) 

tPowrplant
Batun 

High curent 

0 

60(16.2) 

0 

D.p. 

0 

52 (12.2) 

0 

28 0.7) 

40.5) 

24 (2) .4 

0 

(35) 

0 

0 

0 

0 

0 

60 (3.7) 

0 

60 (4.3) 

-j Tip of Marinduque 4 (2) n.p. . M*.p. 0 (a) p. 0(03) u.p. S.p. D.p. D.p. 
Co ' Note: Number without pa ntbes is survival %. The number inpweml is amnbor of sboou pr squar millimep. .P- not planied. 

Thaihaug. A. and Cruz.R.. in Restoringth Earth. Berger. A.. Bd.. Elsevier, Anslmde. 1969. 21. 
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was far mt tolerant than the black (Avicennia niger) and black more tolerant than white 
(Lagunguariaap.) to oil and dispered oil. M"is was done over four ordems of magnitude 
of concentration, the red ind black with 25 dispersants, the red vs. white with 13 dispersantE 
(Table 2). 

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

3. Corah 
Several coral species have been employed in disperant experiments. LeGore et al. 

mention several Acropora sptzies. Although several sets of field experiments have bm-n 
carried out which utilized various corals, them was no particular attempt to increase con­
centraticdn 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 chemistry. The species used were Diplora strigosa, 
brain coral, dominant to B-rmuda reefs. 

The work of Ballou et AJ.' later rpWmd by Cubit et al. 2' from the Caribbean (Panama) 
did not seem to indicate differences bet ,een the ubiquitous Porites porites (transplants to 
site) and Agaricia sp. found in back reef (also transplanted to site). Both of these species 
are estuarine, as well as e.f. 

In the report of LtGore et al.Y in the Arabian Gulf on several Acropora sp,,cies, the 
corals were exposed for I to 5 d. Differnces between species were not noted. 

"eisI lII'2 
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FIGURE 2. LAb y Muu of nin tpes Of diPWed oil wit two Warauaa, and two coral species. (From'
Thoitaug, A.. Cajsy. R., Rom, R., Rodipo. M.. Mcdts,J=,4., Tc.s, H.. Srak. G.., Andeno,. M., Aiken.
R., MCDMl, F., PAill, B., Gcrhw, V.. and Gayle, P., in Proc. 1991 Oil Spill Co#., Ameuican PeVOIZO 
1nsmc, Washington, D.C., 1991, 142.) 

The work of Thorhaug tt al." shows strong differences between species. Poritesporites 
was, by far, the most tolerant of all substances, and Acroporapabia (crest of reef) was 
by far the most sensitive to all substances. The reef-building Montastreaannulanis was in 
the middle, but closer to Porites in responses to changes than to Acropora. The tolerance 
to other substances or changes of Poriies is great while Acropora is sensitive to changes 
mnd substances (Table 6). 

4. FRh 
There were differences in tolerance to dispersant and concentration in the work of Aiken 

et al. (Sec Reference 9.) The fish were ranked: squirrel fish (Holocewn rus) > grunts
(Haemulon sp.) > sea bream (Archosargtu&rhonboddales)> doctor fish (Acanhurv- sp.)
for tolerance. Not a great deal has been done with tropic&l commercial fish and vJikances 
to pollution (Table 8). 

5, Invetebrates 
For the more than 100 tests of various invertebrate ,;s. dispersed oil, a few in the Gulf 
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Of lexico$ temprte zone are relevant to subtopical and tropical species. Early shrimp 
And crab stages appear relatively sesitive, but hs so than corab, as evaluated by the 
National Research Couacl.' 

E. 	DIFFERENCES AMONG CONCENTRATIONS OF DISPERSED OIL 
Obviously, high concentrtions of organic materials are more toxic than low concen­

tratiom. 

1. Seaass 
Large toxicity tolerance differences appmrod a increased concentrations of oil disper­

sants raised percent mortality for aspecies. In each case seen in Tables 6 and 7, a gencral 
coocentration range exists whee some species show less than 50% mortality and others 
(Syringodium and Halodule) are greater. Time of exposm also influences these sets of 
curves (Figure 1). Statisticafly significant differto= occurred between species at higher 
concentrations. These ranges are at letst an orev of magnitude above advized usage levels 
for dispersants. The differences hold for wibtrpical and _trmTical .eagrasses of the same 
species, as evaluated by Thorhaug. 

2. 	 Mangrove. 
Our a.udies' siwwexl that mangroves do not rerpond to t&e levels of concentration that 

fi.h corals and seagrasses do, "at -, 12.5 to 125 ppm. No differences Letween controls, 
oil, or concentrations existed. Tiaus, we attempted higher concentrations (one and two orders 
of magnitude -eater) to obtaiu diffirrnces showing the red mangrove (Rhizophora mangle) 
most resistant to oil and dispersed oil, the white (Li gwwulawia) the least tolerant, black 
(Avicennia niger) medium tolerant. .nc should keep in mind the high concentrations found 
by the scientists who measured buildup of oil in mangrovc (Opc. ocean concentrations 
would be I to 50 ppm). Reports of liters of oil per Nquare ieter are not ancommon in 
mangrove spills. The time of exposure for mangroves at an ntlerface of oil is often longer 
than organisms found further seaward or in the ocean itself. 

Revisedg 27 89 



3. 	 Corals 
There is experimental work by Knap and colleagues"- I using concentrations in the range 

I to 50 ppm. The higher concentrations showed sublethal effect of behavional treatment 
(tissue contraction, wntacle retraction, and localized tissue rupture); lower concentrations 
did not show behavior effects. 

The work by Thorhaug et al. . 9 shows oil only has some effect on Acroporapabnaw 
at 12.5 ppm, far greater effect (100% mortality) at ten times the level (i.e., 125 ppm). 
Poritesporites and Monistreaannularisgo from I and 12% death, respectively, at 75 ppm 
oil to 100% at 125 ppm oil. The Pacific species Madricis mirabilus has LCso of 162 ppm 
to Shell LTX. 14BP and Corexit 9527 showed no mortality in the concentration range 1 to 
20 ppm on DiloriasrigosaA Coexit 9527 was not lethal in iesostcle field experiments 
at 50 ppm on PoriesporitesandAgaricia sp.2' The work ofThorhag et al. "shows different 
respons due to c. At 125 ppm, many coral h-ve a very toxic response toall 
but four dispenam. At 12.5 ppm, thee was a wide variety of reqxse ranging from 0 to 
50% mortality for 6-h exposun. Corals bte *at.Poitespories,Mtwtastrea annuaris, 
and Acropom pimaz. The mortality differences baewe concentrations were wen for all 
species. 

4. Fbb 
Four wujocal fish were teted by Thobaug, Aiken, Walr et al. (See Reference 9). 

They ali woe very aion inve, the doctor fish Acan.wn sp. being the most 
sensitive and the api.kd M Hclo rr the kev At 12.5 ppm, they were not as 
affected for bm exposam times (1 to 3 b. which the National Academy of Sciences' has 
as the tim poda fh watld n o i spill). 

F. 	DFEZNCES BETWEE OIL TYPES 
In general, fres oil vs. "aed oil"'ad vatirs weights might make a difference in 

toxicity. To dat, no pnm any of the three critical habitat types hasyompmheniveMn 
been cried out urn vaious ages and types of petroleum pmrdnuet.. 

1. Seag. 
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 authors or are apparent from 
results. 

3. 	 Corals 
Arabian light crude, Prudhoc B3y, and Venezuelan middle weight have been tested on 

corals. The authors do ot poiw out any differcs nor are they apparent from results. 

G. 	 DIFFFRENCES iN TIMES OF EXPOSURE 
There are seven] times of exposure which are relevant to tropical coastal oil spills: (1) 

very shor times (I to 2 b) where v'parccl of dispersed or oiled water might flow over a 
habitat; (2) 6 to 12 h. wh±re a idal cycle could wash an oiled parcn! onto a habitat, especially 
in an estuary; and (3) longer times where oil might sit in an ::tuary or be trapped behind a 
reef or strand in a mangrove swamp. The EPA ctandard of 96 h (nearly 100) is relevant to 
this; however. ihis standard hlas been applied mostly to fish, which are the least likely to 
have to tolerate 96 hours of exposure in the same way tlai plints or corals would. 
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1. 	Scagrasses 
Three subtropical and tropical Atlantic scagrasses have been tested for time of exposure 

response to various dispersed oils. Figure 1and Tables 6 and 7 show theseresults, Clearly, 
the longer exposure times have a greater toxic effect, especially at higher concentrations of 
dispersant and oil. 

2. 	 Mangroves 
Mangroves appear not to have had systematic experiments on time of exposure to 

dispersed oil. Thorhaug et &.' used 12 h (Table 2). 

" 3.Corah 
Corals were exposed from 6 to 24 b to dispeed oil in a continuous flow experiment.' 

No toxiy ppad within this time frme. Field expariments were 24 h and 6 h.2 

H. 	SEASONAL EFVECI'S 

Tests were run throtghotiz the year in the subtropics. No differnces were found. 

2. 	Mazigomn
 
Them ar no dam for mwanoves.
 

3. 	 Corob 
Sea~ona diffeen in rmap=o to BP 1100 WD were wen in winter. 4 Diffeencs of 

corals expoced to Coxit 9527 V eo vs. conrols wem wen in winter in t1 Arabian 
Gulf.Y Both the bove sdm ca at the furhest limit of corals in the respective ocean 
basin. 

I. 	TEMPERATULE OF SPIL 
In general, the Tmer the tempr ,ure, mom compound's effect forthe toxic th. 

physiological processee. TIe temperate and mrvtiwok has corroborted this. However, 
there is a smal window of tempetures avaiLable for trqical org&nisms: 25 to 30"C are the 
continental shelf temperaturte for tropical organisms. The estuarine temperatures can reach 
34°C and fall to 20*C in shallow waters, but these are diurnal vaiations with low tides and 
flush back to the central tempmrtures within hours. 

The work of Thorhaug et al.- 11 was carried otw at the 25 to 30CC temperature range, 
Knap et al.' at 22 to 280C, Cubit et al.21 at 27"C, and Teas et al." in the 25 to 300C range. 

J. 	 MITIGATION AFTER OIL SPILLS 
There have been three notably successful sets of attempts to mitigate after oil spills. 

Two were in temperate- reas on marshes and the third on mangroves it the tropics. 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 species and some elevations produce better results than others. The higher or lower 
above the tidal zone, the better the result. 

In the case of Teas et a. the sediment of the mangroves was noied as altered. The 
first attempt to restore nuingroves after the spill produced a ;ow survival rate of planted red 
mangrove propagules (Rhizophora mangle). The second attempt scvc-al m'nths after the 
spill was mor successful with Utermednte survival. The t4ird attempt, many months after 
tie spill, was the ont! which the authors recommend. Plants higher in elevations survived 
better than lower, an example of the sysjm restoring itself. 
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The attempt in France to replant mamh by Seneca-" was very well executed and was 
differentially successful. The upper elevation 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 steam and other rock cleaning was done 
.which evidently resulted in oil beingcarried out to sea and then back in some time later. 
Some of the lower tidal levels were not restored. The higher portion could be restored. 

Some careful studies have been done on temperate marshes after mesocosm spills in 
Great Britii. The studies showed restoration of marshes after heavy oiling was possible, 

but not a simple endeavor. 
Seagrass, corals, and fish stocks have not been attempted to be restored after oil spills. 

Techaues for restoing these under a variety of other impacts hve been successful in 
Atlantic and Pcific Buins.11-1 

L METHODS OF MANAGING SPLLS 
1. Mechnil Clmup 

These methods include booms to ccntamn oil, skimme, and msobants. The performance 
of any of these mbods so as to have low biological damage is dcpendent on the speed of 
transporting them to the site and having them opeaional in time to function on the spie 
oil. Physical conditions at the sit frequently mke this option nonviable: (1) current must 
be less than I kn; (2) wind should be less than 6 kn; (3) wave nction must be very low, less 
than the freeboard of the barie, (4) the nau of the oil alick itself. The stress on the boom 
is appreciable, and the booms frequently break, demanding a second strategy be employed. 
Skimmers dcra ther reovely rate at decreasing thickness of oil. Below 1 mm, the rate 
is almos negligible. 

The dista the spill te is from the stockpile of sufici mechnical equipment and 
the time for deploymet aretmjor fac as to wbed "mechanical" will be an adequate 
combat tool. In many caes, even "optimal" time of wep of mechanical equipment precludes 
use of mechanical as an option. Estuarine spills are a chief example of this. There is almost 
no time (minutes) between a port spill ted mangrovcs in many areas. In shallow, ecologically 
sensitive habitats, a in a particular problem to xtup a boom. Mechanical cleanup is a far 
more highly ,killed te. ology, dependent on speed, accuracy, maintenance of equipmmt, 
and logistic coordination. The author has many reports of failed attempts to contain oil in 
less.,developed countrie and developed nations. Mechanical cleanup frequently fails due to 
operator errors or inability. In the U.S. only 15% of mechanical cleanup occurs, leaving 
85% uncleaned. 

If the mechanically retained oil cannot be recovered, then the waste oil must be taken 
ashore and disposed of correctly. This author has made a survey. Most nations in Central 
America, 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 barrelP . " (Tables 9 and 10). 

2. Shoreline and Reef Cleanup 
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 =ay also be a site of shoreline circulation, which at high oil concentration 
will kill corals. 

Beach cleanup includes removing svnd which can lead to accelerated erosion. In a 
tounst-onented location, beach cleaning is not appropriate. 

Flard surfaces, such as rocks, can be sandblagted or steam cleaned This reinjects oil 
into the water for further stranding and must be done along with mechanical barrers. 

These shoreline methods are all expensive (see Tables 9 and 10). 
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I C TABLE 9 

Costs of il Spil Cleanup 
Techniques 

Type .Ct per ba Rd. 

Mtchanical $53-5000 3M
Dusp $6--5000 31 

Gels1 Above SM 39 

TABLE 10
 
Siort-Term Oil Spi Cleazwp MW Indirect Lor-Term Cost
 

ldfrstcuh 
Cmpkdhkmm VIEW m~hommm Sooec mlOmN MrM cob omu 

If the slick is thick enough and himan lif&and property ar 

MCb@M 1tig 31.5O-O.60tal 06dp None if Micess­

nrW,hi if c 

Smac dump Low g-i71 54p Ver bl, i pro- High if wm is 
dctl ecio invohed or if 
am (innove. 
ma) 

manr ale/cr 
di=' ow if rock 

NO ahaa 0 0 0 Aw OO0. 
a d M wed 

Veryhig if IS­
0=itU- cries or torim 

Poves, MD. is affected o if 
PUM CMWS Mn nGnP'UM or 

Dmq,, Mdiu s .o ,. S.0".0 0 
hifeld 

Nome if mmIzzIC-mmmu 
corals die 

LAM 

_ me
Fpes 

ifto=
md 

ds. 

I I 

3. Other Technique. 
not at risk, flaring may be 

possible. Substantial air pollutio results. Ixtoc in Mexico used flaring. 
Gels am still in expzrimental stages or very expensive. No known tropical field testing 

has been done. 
Bottom sinking agents: seagrasses, corl maid meofauna are notably unable to deal with 

these subsances and can be amothered. Sinking agent can releak oil. 
Bacterial agents are still very expesive although the 1990 MegaBorg spill in open waters 

far off Galveston, TX used them. Bacterl agents may be batter 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. Th-re were reports
where one portion of a spill was not dispersed while another was, the nondispersed portion 
causing harm. 

The lxtoc and Yum spills, both drilling ng blowott spills, offer an interesting compar­
ison. The Ixtoc spill %,asthe largest spill in the ropics with tile lhrgest amount of dispersants 
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at time.-Jcrnalov and Liniaifil reported that 
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 xtoc (more than Iyear). The volume of flow was dpproxi­
mately the same. The UNEP regional headquartrs 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 are also reports of nondispersed portions of the spill 
being carried by winds into mangroves, killing them. Some controversy remains as to exactly 
where the dispersed oil on the leading edge wu. 

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

The preliminary data analysis' has am revealed iay tpil "Torrey Canyon", where 
largo-scale dietsarw were used to the derinent of the environment. This is an important 
seuin in which to plec the laboratory and msoscale dta. 

u-se--i- d-dit no statisti-al difference in total 

L DISPERSADIITY OF OIL
 
One importact point for a commander of an ol spill is the effectiveness of whatever
 

mchnique is Soing to u= as tke oil cleoutp. The problem I pesem is that the effectiveness
 
of the a v not been re3ted at highert ipt relevan to tropical eas and 
eauarim, that is.from 22 to 35C. Most data = from I to 15C; some data go to 20"C. 
Caum~i dispmraw manufactiam claim they are presently tesin at higher temperatures and 
alinite. 

Effectivene o emulsions are sta ny affected by temperature, and, in general, the 
warmer the temperature, the great the immiscibility. 

Effectivens is also a function of salinity. There are no effectiveness tests for the very 
salty waters in the Red Sea, Gulf of Arabia, or Gulf of Aquaha, for example. Some dispersants 
are effective over a 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 ois 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 40 000 salinity 'at higher temperatures. 

II. RECOMMENDATIONS 

A. POLICY 
The policies most useful are those which allow the commander of the oil spill to 

predetermin 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 time of spill. Unless the spill is far offshore, time is of the essence for 
the spill commander to do his best for a good result. Any delay whatsoever may be to the 
detriment of the very resource the environmentalist wishes to protect. 

Nations and sties should have oil-spill policies which allow them to use cost-accounting 
rerovery for their damaged coastal resources. This means the nation should ca'rry out "pnc­
ing" of coral reefs, mangroves. and sustainable fishenej. 

Th' 1980 IMO policy about mangroves was cautious when formalized, but is out of 
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date because it would cause mangrove death directly by not having dispersed oil as itentered
 
the mangroves.
 

The Bonn Agreement may be a good policy entry point for developing nations without
 
a present policy. The central focus of these European policies are the "least impact".
 

B. 	PREPAREDNESS 
Successful management of oil spills has preparednes of all parties as the key. Any and
 

all decisions which can be made ahead of time should be. All decisions ii which resources
 
are the highest priority should be wade ahead of time. As much experience and coordinaion
 
as possible should be made as in preplanning. The luxury of offshore spills, like the 1989
 
Morocco spill (of over I million gal) which took days to come ashore, are few. Most spills
 
(55%) take plsae within a.wvmnl miles of shore. In Florida. a spill can move 60 mi in 24 h.
 
Thu, most spills near dhx take only ho to hl living r_,our:eswhich mighe ireparably
 

C. 	STOCKPILIG CORRECT EUHMINT 
When the spill occmn. eiter the equipmena of choice>,- e or difficult arrangements
 

to gSt ii flown in must be made. For soe Afican countries, ai ismir to get it flown in
 
frorn Europe itha from a ne:ibor.
 

If disipenaw will be ueeful, be wire the noozoxic on- am sckpiled in your area ao
 
the ezpaimo to ue ditoxic om will not occur. This ,must be done ahead of time.
 

D. 	 DEPENDENCE ON OTHERS EQUIPMI T 
The problem with nat having m o* eqa a to thst mac neighbors' equipment Lay 

not work. In regios with mnay small txhas (East and West Africa, Caribbean, Pacific 
Islands), the expewi= faor ctin8 the nation fim a major spill isalways wen as a 
tade-off from sor oea pject. The regionalcetar now being founded by UNEP is one 
altemnative. 

IV. DISCUSSION 

A. 	 MANAGEMENT PRINCIPLES FOR USE OF DISPERSANTS IN TROPICAL 
HABITATS 
It is now apparent that nontoxic dispersants at concentrations recommended by the 

manufacturer can be used under various sets of emergency conditions for oil spills which 
frequently occur in the tropics as they are being used by the Bonn Agreement nations: (1) 
estuarine spills where or when mechanicrl means are indequafe to control oil from impacting 
one or more type of habitat, especially mangroves; (2) nearahore coastal spills where 
environmentl conditions are rapidly transporting spill toward one or more critical habitats; 
(3)in weather conditions when mechanical cleanup is ineffective and there isa danger of 
impacting corals, mangroves,orseagrasses. 

All 	parties must stop using the generic term "dispersants" within the oil spill cleanup 
plans. Specific tested and noi-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, seagrasses, and mr.shes. It is wiuealistic to inagine 
small third-world nations will find this apriority. Regionl multinational and indust-al funds 
should be found to do this. It bust be done according to international or accepted standards. 

A network of rapid information dissemination to indus*ry, environmental management, 
.government spill cleanup managers should be organized so that whatever information is 
derived can be disseminated. 
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Resource maps which must include the exact species of mangrove, seagrass, or corals 
should be included in oil-spill contingency plans. Since the toxic effects differ by.more than 
an order of magnitude 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 wider 

Caribbean indicate that dispersants should not be 

used. This is 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 diapersants on critical
 
habitat matrix organisms in the Caribbean basins. 


Red mangroves and several coral species were seen
 
to nut have toxic effects from Corexit 9527 within 

the 1-50 ppm range. The Rhizophora mangle 

experiments by Teas indicated better survival when 

Corexit was used, than oil alone. Laboratory 


results for seagrasses on seven dispersants showed 

lows, medium, and high toxicities not dependant 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 is not toxic (1-50 

ppm). Ongoing studies in Jamaica are discussed for 


coral and seagrasses. 


INTRODUCTION 


Most of the shorelines containing mangroves and 

corils are in the developing world. Oil spill 

clean-up ia these countries has been adopced from 

measures 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 less 

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 difficul; to contain in boors (high seas, 

high winds, fasc tides), or a different spatial 

configuration for boom development. Recent work on 

mangroves (in field and laboratory) shows that 

mangroves are statistically more able to survive 


oiling if dispersant is added prior to the time 

the o1' approaches the mangroves (Teas et Pl., 

1987). 


The work done to date on corals included intensive 

studies of the effects of the dispersant Corexit
 
9527 and a BP product on the coral Diploria 

strigosa in Bermuda (the northern-most site of
 
Atlantic corals) by Knap and associates. Their 

conclusion was to recommend use of dispersants to 

the government of Bermuda. Le Core et al. (1983) 

htudiltd Curexlt 9527 on tseveral Arabian Gulf 

corals ind found no toxicity. In Panama, field 

testb showed no toxicity of Corexit 9527 on 

Porites porites, Avicennia niger and Thalassia 

testudium (Getter et a-., 1987, Knap et al., 

1985), although a real' life oil spill showed large 


areas of decimation (Cubit et al., 1987).
 

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

METOI)S
 

The specimens were selected to represent oajor
 
critical habitat organisms in the front seaward
 
edge of community, in mid-depth range and in 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 from the middle north coast or
 
the proximity of D-':overy Bay for seagrasses.
 
Only very healthy s. cimens were used.
 

After collection and acclimation, specimens were
 
exposed to the test substance in 100,000 mL fresh
 
seawater in 50 gallon glass tanks. Static
 
conditions with vigorous bubbling occurred for the
 

incubation period. Specimens had test substance
 
plus incubation water removed replaced with fresh
 
running seawater. The oil was aged 24 hourJ prior
 

to administration. The dispersant was poured into
 
the oiled seawater and vigorously mixed by a
 
paddle for one minute. Measurement of incubation
 

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 oil with 12.5 ml dispersanr or
 
75 ml oil with 7.5 ml dispersant were used.
 
Measurements were made from May to September.
 
Health of corals was described on a graduated
 
scale previously discussed by Thorhaug and Marcus
 
(1982) with 100% alive and colorful as 10 and I
 
equals to dead, bleached. Five to 50% bleached,
 
discolored or spotted. 10 - IUO alive and
 
colorful, 5 - 50% bleached, discolored or spotted
 
and I - 100% dead, bleached.
 

Seagrass gradation of health and blade growth
 
included a scale previously outlined in Thorhaug
 
and Marcus (1982). The growth measurements were
 
made on a 2--4cm young blade, one on each of seven
 
shoots. Counts of mortality made on all 700 blades
 

per tank. The statistics wese Student-Newman-

Keuls analysis of variances. T1.e preliminary
 
results of our first sets of experiments are
 
recorded in results. Ongoing r~sults are still
 
being analyzed.
 

RESULTS
 

The results to date are preliminary. Final 
results will be forthcoming in one year. The 
results of the laboratory testing can be separated 
into two ,.I of data, although general results 
have begun to emerge which can be synth'Ilzed. 
The general result, not ever recorded until now, 

shows that the toxicity of various dispersant 
products was very .;imilar in order of ranking 
between species of both corals and seagrass: three 
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levels of toxicities were apparent at high 

concentrations: high toxicity (80 to 100Z 

mortality); medium toxicity (45 to 75% mortality) 


and low toxicity (0 to 302 mortality). The same
 
dispersant products fall into the same rank-order 

for all spucies tested and for corals and 

seagrases.
 

Coral Data 


Table I 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, Corexir 9527, Kemarine, ADP 7 

(Petrogreen) and Janosolv are among those most 

toxic to all three species. Corexit 9550 falls 

into an intermediste range. The lesser toxicity 

includes Elastosol, Cold Cleon, Finasol. These 

latter mortalitiec were 25% and less. We are
 
continuing to test dispersant products in Jamaica. 


Seagrass 


The preliminary laboratory toxicity testing seen 

in Table 2 shows that Jamaican seagrasses were
 
very sensitive to the following dispersants: Conco 

K(K), ADP 7 and OFC D609 and Corexit 9527. 


The sesgrabs 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 in toxicity on dominant corals and 

seagrasses in the Greater Caribbean. These tests 

showed some products of lw toxicity, which even 2 

oroers of magnitude ibove recommended use were not 

toxic to corals or seagEasses. On the other hand, 

some products were quitc toxic 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 now apparent that some dispersants at 

concentrations recommended by the manufacturer can 

be used under various sets of emergency conditions 


for oil spills which frequently occur in the 

world's tropics: a) estuarine spills where or when 

mechanical meals are inadequate to control oil 


from impacting one or more type of habitat, 

especially mangroves, b) nearshore coastal spills 

where environmental conditions are rapidly 

transporting spill toward one or more critical 


habitat, cl weather conditions when mechanical 

clean-up is ineffective and there is a danger of
 
impacting corals, mangroves or seagrasses. (It
 
should be noted that our present information from
 
literature shows mangroves appear to be affected
 
'physically" by oil, When oil r.mains in the
 

on , 9 4epost 9wvloliashlr the mangroes by1


oiled, no mortality occurs. If the oil is
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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 important to find low toxicity
 
products as dispersants for coral and seagrass.
 

All parties must stop using the generic term
 
"dispersants" within the oil spill clean-up plans.
 
Specific tested and non-toxic dispersants must b,.
 
named for spills on each habitat type with their
 
upper concentration limits for use described.
 

Further laboratory tests must be done by nations
 
in tropical areas to test their cLmmonly used and
 
stockpiled dispersants for toxicity effects on
 
their critical habitat organism such as various
 
species of corals, mangroves, seagras6es and
 
marshes. It is unralistic to imagine small :hird
 
world nation, will find this a priority. Regional
 
multinational and industrial funds should
 
undertake this.
 

A network of rapid information dissemination to
 
industry, environmental management, government
 
spill clean-up managers should be organized so
 
that whatever information is derived can b,:
 
disseminated.
 

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 order of
 
magn'tude between species, present "lumping"
 
resource maps (is. "seagrasses) are inadequate.
 
By integrating the resource maps into planning oil
 

spill clean-up in a manner as Venezuela has,
 
updated information can easily be incorporated
 
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. 

Porltes porltea Motatatrea annularls gcroora alat! 
Dispersant Type 125 ML. 5 mL. 125 -L. 75 mL. 125 aL. aL. 

10 Bics. 10 Bra. 10 Ora. 

Conco 100 to0 .100 100 100 
OFC 0609 100 88 100 ND 100 
Corexit 9527 72 88 too 7b 100 
Kemarine 1O0 100 100 88 100 
AIR 7 100 NO 100 ND 100
 

Corexit 9550 43 0 0 12 100
 
Jansolv 87 72 72 52 NO
 
Elastosol 0 0 0 0 0
 
Cold Clean 0 No 17 ND ND
 
Finasol 0 0 0 0 20 
Oil 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 oil.
 

Thalaasia Halodule 

Dispersant Type 125 ml.. 75 mL. 125 mL. 75 =L. 

6 Urn. 10 lra. 6 Ors. a 10 lrs. 

Conco 100 57 82 90 

QFC D609 70 35 63 82 
Corexit 9527 89 32 93 72 

Kemarine 63 48 68 68 
ADP 7 50 22 46 90 

Corexit 9550 40 20 46 31 
Jansolv 0 0 0 


Elabtosol i5 II 46 13
 

Cold Clean 0 0 0 0
 

Finasol 0 0 0 4
 

Oil only 30 It 28 13
 

Gmntrot 11 10 9 II
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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 seav:ater with
 
specimens collected and transported under optimal conditions
 
were taken to out-of-door facilities, controls and oil 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 seagrasses
 
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 (Archosagus rhonbodales). Concentration levels of dispersant'
 
were 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 oil 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 oil spills when mechanical means are not adequate
 
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, wh-en mechanical means
 
fail or are inadequate, was formulated by the Jamaican Oil 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 Oil Foundation, Florida International University
 
and Greater Caribbean Energy and Environment Foundation.
 



Oil and Dispersed Oil on Subtropical
 
and Tropical Seagrasses in Laboratory
 
Studies 
ANITRA T! tORI IAU(. JFFFRY MARCUS nnd FITZGERAI 1) I())KER 

Il,'ijlonn,,it' A'00.( ,i'g'tC (ihriblwhre 'g), iitid litndtionl, 1121 ( "mdiuh l/1d. '- Key Ilis'a)'le.I1. 33149, 1ISA 

I his Is ilie first stldy of a rage of conceitrntlos of 
dispersed oil oin severnl species of sengrasses domnant 
Ihroughou the AInile suhlroplcnl Greater Carilibenji 
Iinsii. Out-of-door laboratory lanks 'Included 100 1. 
iiniirnl s ni'aler npical merlstent ad short gronpx, 
rhizome arind (issue of each species (15 speclems per 
treatment). Trenoniel:, included dispersed oil, oil 
clone, dispersant alone, and conlrol. 'I ltnes of exposure 
rniged frot 5 to 100 h. Concentrations of dispersnnts 
rnnged frornt 7.5 to 50 fil in 100 I. seanialer. Lonislaina 
crtide and Mirhan oils isere tested. Results showed 
Ilalodiulerhiiand S'riugidiiin, fil fore int au 
LI), at 75 ill dispersed til hi 100 I. seamaler for 1119 ii 
exposf're, whereas Thalassiatins mote tolerant tIiltl nl 
!,).. at 125 fil In l100 1.seawater foar 100 1. l)isper-
san alone had a significant effect or, Ilalodtle and 
Syrhigol~ii. hut not on 7lala.rla.Lniiislhin crde oil 
had It slightly lesser effect thun Mirhur. l)lfference 
hetween sengrass species was greater than heilween oils. 

This is tlhe first study on fle effects of a range of 
concentrations of dispersed oil oi Feveral species of 
seagrass. he seagrasses chosen for invesligalioiis are 
(le primary components of fle seagrass community 
wilhin ilie region of lite Grealer Caribbean Itasin 
(defined by UNEP as including (lie Gulf of Mexico. 
lahamas and South Florida). Guidelines governing ilie 

ise of dispersants in lite US coastal walers have recoim-
mended use of dlispersants offshore afler meclianical 
clean-up means have been exhausted. Dispersanls have 
nol been recommended within several miles of a shoie 
and not wilhin hays. esivaries and lagoons. Caution, has 
bleen used as a stralegy to conserve natural resources 
wilh lite caveat Ihal no dala oii seagrass tolerance to 
dispersed oil were available. 

............- rih'd 
r i ,I !h*[.aJ .;:~ .L 

,,) CIF F,,"1](2 ''. ~'" I - :/ 
If) ". "?.-

Due to the rapidity whith which dispersants could 
lieoictically be adminislered Io n spill, their cost­

elfecliveness, and their rapid Iransportability to disail 
localietis where an oil spill might occur, more informa­
linon tl their toxicity to living coastal resources is 
clemly necessary for rational dL'cison making a ithe 
litie of such a spill, and wise resource use in preserving 
seagrass beds. Seagrasses in subtropical and tropical 
regions forri a large part of the fisheries nurseries and 
play tin imporlant role in nearshore coastal Ccosystemis. 
Dlepending upon (lie tropical ocean basin, from 311 to 
5010 species of inveraebrarte :,rc found a. soiciated with 
seagiasses tind aboul the same nunmber of fish species. 
hi lerms of extent of area, the seagrass i- usually lit 
major ecosyselm between the niangiove shoreline vtid 
lite coral reef. hi many ateas seagrass formsa large bio­

ss. lin the (gulf of Mexico. (-niiccan basin, cIs 
I'Ihi, i d lhe lialamas. lliee seagiasses foillU ihe 
major nemhers of seagiass habitals: 7iahissiatestuIi­
mini. Itlhiide iiighiiiaiidSy)-iiigodiiitt iimfoice. 

'I he impact of uil sfpills oi tropical and suihtlropical 
seagiass heds have been summarized by Zieman el aL 
(1984) and Thorhaug & Marcus (1985). The effects of 
dispersants or, seagrass beds have not been reported 
wilh oil spills on seagrass beds except for one pre­
liminmy laboratory test where 17.7 ill dispersed oil 
turned 70% of lie 7thalas.inblades tested brown (Baca 
& teller, 1982). 

The purpose of (le pieseit study was to test ile 
iesposes of lite three major (iealer Caribbean species 
of seagiasses in ile laboratory to various conceit­
tralions of dispersed oil. Tie results need field lesling at 
a seics of critical concelnllailons and I ies pdor to 
gnidcline iecomtiiiendatlions. Ani equivalent set of tesls, 
ill li ins of nlhodohgy, dispensanl type and oil type, is 
hcing carlied oti onl the lempelae seagrass Z. stet 
(hage & illilin, pelsolial coininitnicalion). 

r, 
( ,ulh'a ti, 

-~ Iiitest l)(ii i~n l apical mce, isieniatic t'ssnic, 
I() cr (O-rhicnle, amid scve' l sh,:lt bla ga(mi)s. Theiy 

. . . ..... .ni.Ii'!l 1,1' MI s :i ,'-d igto l n h wimn 0 Pill 

Ill Ihle 1 h-ci I t 'i 1 -11 ita c t ;il . lB ..t "/ 'l-cir 

"i mll Ill l# ' [ll l l/| .\ 
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'I Mo rLJ.ity v:; I i ;Ijcv:,;ud oij. 

Vene.z.uelan ligh.t:; 125 mL; 6 hr 

Dispersant Thai fa1 

Conco. 100 82. 

O.C D60.9; 70 63 

Co.-r it. 927 89 93 

Kemazine 63 68 

,.,'" 7 50 46 

Corexit 9550 40 46 

Jansolv ND ND 

Elastoso.11 15 46 

Cold Clean ND ND 

Finasol ND ND 

Oil only 30 28 

Control 11 9 



Table 2, continued. 

Mortal i ty 
125mL; 6h 75mL; lOh 

Por.p.r p Mnt.an Acc.Il. ort2r. Mont..an. 

Con c o 100 100 1 (1 00 100 

OFC D609 100 100 100 91 91 

Corex.:it 9527 90 86 100 88 76 

Kemarine 90 57 100 85 90 

ADP 7 90 72 10() 85 90 

Corexit 9550 64 14 100 0 12 

Jansolv 0 0 50 0 0 

4 0 0Elastosol 15 0 

15 8 0 
Cold Clean 15 0 

Finasol 8 0 15 0 0 

Oil only 52. 52 100 12 0 

Control ) 0 29 0 0 
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Table 2. Coral results for Venezuplan crude oil and 3 species of 

Jamaican important habitat corals. 

Di sp.ersant Dispersability Cost 	 Mortality 

Proluct Rat-io (I) (2) 	 125mL;10h 
(3)
 

Pot.po Mont. an Ac__l_
 

Conco 0. 580 0.59 100 100 100 

OFC D609 0.007 0.08 100 100 100 

100Corexit 9527 0.009 0.1. 	 72 100 

Keramine - 100 100 100 

ADP 7 - 100 100 100 

43 0 100Core,: it 9550 ­

0 	 0. 73Jansolv ­

0 0 15El astosol ­

- 0 0 21Cold 	 Clean 

Finasol 0.038 0.28 0 0 11
 

Oil only - - 52 52 58
 

0 	 0 C ) Con trol 

(1) 	Dispersability is the ratio or dispersant to oil required to 

disperse 90% of the oil (U.S. EPA, 1984) 

(2) 	 Cost is the r-elative e++ective cost o. suf.icient dispersan­

to disperEe 90% o qa! o! oil under the conditions of the 

Mackay apparat us. 

(3) 	Conc:entrat i or in 1,',00,.00i cc of seawater we're 10:1 o!, oil tt, 

di spe-a 'c pr od.L ,. 
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F:g. 2 Mangrove mortality at 6 month intervals for experimental 
ments. 
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Oil Spill Clean.-up: 
The effect of Three Dispersants on Three 
Subtropical/Tropical Seagrasses 
A. THORHAUG* and J. MARCUS 
Florida InternationalUniversity, Tainiam( Campus, MiamiFL 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 tfoxi-
city limits to three dispersants commonly stockpiled in 
the region. it concentralions in the recommended 
dosage level, that is, below I nil disptrsanl with 10 ml 
oil in !(00 (000 nl se.ater, even for 100t It no large 
mnortalil ' occurred (15-18 [:arrels per acre is calcu-
lated by Exxon, 1985). A( an order of itagnititde 
hijher, especially for longer linte periods, tie tmore 
scnsitisc setra,,es .%ringoWliun filifirmte antd then 

hthltduh' ivriihfii sticcittnled. ' lie (-diersanlt had 
id l dillclint, t, fhl t'l,. %%ilh ( )tpi \il 9527 atrnd Arco­

chem D609 having far less toxic effect than Conco 
K(K) at the same exposure time and concentration. 
There was comparatively little difference between 
effects of oils (Louisiana crude versus Murban). Types 
and brands of dispersants should I)e referred to specific­
ally, in oil spill contingency plans since such widely 
ar'iii4 ecological toxicity occur, anitong various disper­

satls. Ise of the word 'dispersant' as a policy tool 
sotld Ie tsed with caution, realizing that (lispersants 
vary viidely in toxicitv effects. Further testing of sea­
grsse,, ill other asin an(d those dispersanl, Itoo ss 

lit uted there is highly recomtmendh,led. 



'The qusti.1, of how vu ious dispr sants elfect various tli cc .seagia,.ses.( )nly ('onto K(K) dispersaiit produces 
critical organisns in the tropics and subtropics has not mortalities ieat LIl),1 of the poptulation ill all thrcc sel­
yel becn addressed. In the temperate /one, the environ- glalsses. The other two dispelsaills show low percentage 
mental mlanagement departmilents of inany first world of popUlaliol mortalities. F~ig. 2 shows the sane coin­
governments have asked industry to perform specific centration ot dispersed oil as above, but for the longer 
toxicily tests of their dispersanit product on temperate period of 100 h (which confoi is to US EPA Lest cri­
animals to register or list the dispersant. For example, a teria of 96 h for LD, standard tests). Herein all disper­
temperate fish and a temperate shrimp were used by US sants have high mortaliti's for Syringodium filifrme 
Environmental Protection Agency. From the testing of and Halodule wrightii,but only Conco K(K) has greater 
dispelsant toxicity under standard conditions on these 
organisms. Anderson et al. (1985) have prov,.d very HALiOULAElYRNOODIUM 

different toxicity effects of different dispersants. 
The question remains: Are the tropical/subtropical
 

critical habitat organism toxicity limits the same as tem­
perate organisms to various dispersants, or different?
 

Seagrass is a major coastal and estuaine habitat in
 
the subtropics and tropics. It has been seen to be sensi- -------------------------------------­
live to a variety of man's impacts (Thorhaug et a!.,
 
1973, 1985; Thorlhaug, 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 n 17
L0 0 LL Mt t i i iLN il i L L 

when it is restoied, the animals recolonize (McLaughlin A B c A C A B C 

etaL, 1983). Fig. I % mortality of Syringodium, Halodule, and Thalassia (n 15) 
exposed for 5 It to 75 ml of Louisiana Crude oil (L) or MurbanTropical and subtropical critical habitat seagrasses oil (M) mixed with 7.5 ml of one of the following dispersants:

have been shown to differ in their response to a single A. Corexit 9527; B. Conco K(K); C. Arcochem D609 in 100 I. 

dispersant (Corexit 9527) (Thorhaug et al., 1986). seawater. 
Thalassia testudinum (,urtlc grass) is far more rc,:istant ,,A,,AG.A,_,,.._,o__,_,___ooU, 

to Corexit 9527 than Haloduie wrightii(shoal grass) or
 
Syringodium filiforme (manatee grass) over time and
 
concentration. 
 .0 

Methods ".. 

The methods du3licate 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 each of ihree species (Thalassia "­
testudinum, Haloduie wrightii, and Syringodium fli- -I 

forme). Treatments included dispersed oil, oil only, dis- . .... .. I A 
persant only, and control. Variables included: Conccn- fig. 2 % mortality of Syringodium, Haodute, and Thalassia (n-15) 

tration of dispersed oil, time of exposure, type of oil, exposed for 100 h to 75 ml of Louisi,'wa Crude oil (L) or 
and type of dispersant. Oil was weathered in shallow Murban oil (M) mixed with 7.5 ni of one of the fo1awing dis­
pans exposed totosnihsunlight ar 24 h prior to xpersants: A. Corexit 9527; B. Conco K(K); C. Arcochem D609rirt Lr2~pel-i- in 1001. seawater. 

mention. Dispersarts were vigorously mixed with oil 

at time 0. Bubbling throughout the experiment kept dis- ,,II-RINOoIUM ____o___ ________,_ 

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, ".[-l 
and growth of 15 new blades of each species. 

Statisical analysis of lata is described in detail in . 
Thorhaug & Marcus (1985). Mortality at a series of . ... 
concentrations was calculatcd to LD,,. Regression 
analysis from growth data was plotted. l'-tests for statis- I j­
!icallv significaint difference, between tretinlents (at 5%
 
and 1"% levels)wel<, irimd.ed. j2 K
 
Resulits I A H C A a0 C 

H gl'. t",Ili t.1hl,, ,If %%ftlt,,,0tt11 I h/a ,m hil/.a d IltfILI*Tla (11 1 S) 

I LI I 1i, " I4 f I I\ h 0i l411I( 

III1dl'l ,lI , O )lh' 01I ll)(Ilrl, lltl.' 11 I lt It Hu,,, 
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dIllerence ill lelal ilosages or V\ariO..: species apleais SittlieS. 

in this figure. In conclusion, when three dispersants in ielativc!y 
['ig. 3 shows 12.5 til dispeisant iii 125 till oil for 5 It. wide usage were laboratory tested on three subtropical/ 

Hlere the LI)., level is approached by ('orexit 9527 for tropical seagrasses, low concentrations which follow 
all species of seagrass, and is surpassed by Conco K(K) instructions for use of dispersants (15-18 barrels per 
for all species of seagrass, but is not effectively reached acre calculatcd by Exxon. 1985) or 0.75 ml dispersant 
by Arcochen 1)609 for any species. This shows the and 7.5 nil oil in 100 000 ml seawater, were not toxic to 
largest difference between dispcrsants of any test coil- any seagrasses for any dispersant. At an order of magni­
centration/time. tude higher concentration, especially at longer time 

periods (100 h), differential effects occurred. Corexit 

9527 and Arcochem D609 were found far less toxicConclusions 
than Conco K(K). Results :;howed Syringodium filifonne 

The seagrasses reacted very differently to the disper- and Halodule wrightii less tolerant to dispersed oil and 
sant Corexit 9527 versus Conco K(K). Significant dif- oil than Thalassiatestudinum. 
ferences at 5 h for several concentrations were found The authors gratefully acknowledge the support of Mobil Oil Founda­
beiween the two dispersants. The third dispersant tion. Also thanked arc discussions with Michael Flaherty, US EPA and 

tested, A-cochein D609, behaved much like Corexit UIS Coast Guard decision makers. The authors and Mobil Oil Founda­

9527 in terms of effect on survival and growth. The tion do not represent endorsement of re:gistered trademark names of 
dtspersant$, referenced for reader convenier.ce. We gratefully acknow­

relative ratio of toxicity between the three seagrasses ledge IPIECA support and the combined Venezuelan oil companies for 
stayed fairly constant between dispersants and between hosting the meeting at which this was presented. 
concentration-time exposures with Syringodium being 
the most sensitive, Halodule slightly less, but similar in Anderson, J.W., McQuerry, D. L., & Kiesser, S.L. (1985). Laboratory 

sensitivity to Syringodium, and Thalassiagenerally far evaluation of chemical dispersants for use on oil spills at sea. Envir. 
Sci. and Tech. 19, 454-457. 

more hardy to dispersants. These data correlate well Getter, C. D. (1986). The tropics experiment, designed to give answers 
with those of Anderson et aL. (1985), who found rela- for managing tropical oil spills. International Petroleum Environ­

live toxicities of these three dispersants (plus others) on mental Conservation Association (IPIECA) Symposium on Oil 
Spills Research in Tropical Environments and Contingency Planning

the temperate mysid shrimp Mysidopsis bahtia (LD50 for in the Wider Caribbean. January, 1986. Caracas, Venezuela. 
Corexit 9527=31.9 ppm; for Arcochem D609 - 29.0 Knap, A. H., Wyers, S. C., Dodge, R. E., Sleceter, T. D., Frith. H. R., 

ppm; for Conco K(K)= 3.5 ppm). Smith, S. R. & Cook, C. B. (1985). The effects of chemically and 
physically dispersed oil on the brain coral Diploria atrigosa

Since there is such a large difference between toxicity (Dana)--a sarnmary review. Proc. 1985 Oil Spill Conference, pp. 
of the various dispersanis it is best not to discuss 517-551.API, Washington, D.C. 
'dispersants' as a lumped group. Clearly some disper- Le Gore, R. S., Marszalek,'D.., Hofmann,:J.. & Cuddeback, J.E. 

(1983). A field experimet to assess the iffitact of chemically dis­
sants are far less to)-ic than others, and are therefore persed oil on Arabian Gulf corals. St'Petrol. Engineers. SPE 
safe to use on nearshore tropical/subtropical seagrass 11444,pp.51-60. . 
ecosystems. All the other tropical investigations to date McLaughl:a, P. A., Treat, S. F., Thoriha ',A. & Lemaitre, R. L. (1983).

A restored seagrass (Thalassia) bed and it s afilinal community. Envir. 
(Le Gore et aL., 1983; Knap et al., 1985; Getter, 1986: Conserv 10, 247-254. 
Teas, 1986) have used Corexit 9527. One unpublished Roessler, M. A., Beardsley, G. L.. Rehrer, R. & Garcia, J. (1975). 

study-by the Philippine Coast Guard sponsored by Effects of thermal effluents on the fishes and benthic invertebrates of 
Biscayne Bay, Card Sound, Florida. Tech. Report UM-RSMAS

FAO/GESAMP ooked at a series of dispersants used 75027,214 pp.
in the Philippines on the milkfish Talapia. They found Teas, H. (1986). Mangrove ecosystems and recent research into the 
large differences between dispersants using LD 50 effects of dispersed and non-dispersed oil. International Petroleum 

onEnvironmental Conservation Association (IPIECA) Symposiummeasurements. OiLpills Research in Tropical Environments and Contingency Plan-
Note that very little effect was seen between Louisi- ning in the Wider Caribbean. January, 1986. Caracas, Venezuela. 

ana crude oil versus Murban oil (a Middle East Thorhaug, A. (1981). Scagrasses in the Gulf of Mexico, Florida and 
differences between dispersant Caribbean including restoration and mitigation of scagrasses. R. C. 

Carey, . S. Markovits & J. B. Kirkwood, eds. Proc. U.S. Fish and 
products. Wildlife Service Workshop on Coastal Ecosysteni. of the Sooth-

The concentrations of dispersants found lethal in eastern United States, pp. 161-178. U.S. Fish and Wildlife Serviccs, 

Office of Biologiil Services, Washington, D.C. FWS/OBS-80/59.
these laboratory studies to 50% of the population of the 

Thorhadg, A. (in press). Tropical and subtropical thermal pollution 
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Dade County, Florida. A er D a, 
millions of tourists visiting each year-occupies , ' 

major Florida estuary, Biscayne Bay, occurs throughout the center of this- person ally 
bI 

communit ' 
18 km wide i science, 

The shallow subtropical/tropical estuary is 61 km long and 

at its broadest. It drains the Everglades and farmlands th:ough several rive L c 
o~aphic a

and a flood canal system. The Atlantic Ocean has a marked tidal effect through 
m pha

achain of barrier islands to the east. The bay is shallow, the shores and bottow* 

were previously heavily vegetated, sustaining fish nurseries. The1km of the bay. Most tourists 
About half of the population lives within 

choose to stay around the bay. It is heavily used for commercial and sports Orm 

fishling, sailing, windsurfing, hobycatting bathing, snorkeling, scuba diviU& 4 

120l'-motor boating, jit ski and parasailing, beaches, '-nd wading. The uppert 
uts U

is occupied by a large number of -esidential wat',r front homes, apartmen ComI
the largest cruise-ship or in e e 

and condominiums. The Port of Miami, 
to preparn'Inch" ' t is in the mid-bay. The lower bay are' 

major world cargo port,world and a . i, e " one of the nation's ; 
a large federal preserve: Biscayne Monument,includes 

first federal estuarine preserves, regulated by the Department )f .ntero Aoec 
a 

have vario is jurisdiction around the shoreline, The po 
Eleven ;inunicipalities 

a portion of the north bay an aquatic preser~e.}'omState of Florida has declared 

3gencies 
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