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Dispersants in Oil Spill Response: Tropical Environments

This standard is issued under the fixed designation F 2205; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope Environments—Ponds and Sloughs

1.1 This guide covers recommendations for use of chemical F 1210 Guide for Ecological Considerations for the Use of
dispersants to assist in the control of oil spills and is written ~ Qilspill Dispersants in Freshwater and Other Inland
with the goal of minimizing the environmental impacts of ol ~_Environments—Lakes and Large Water Bodies
spills. Aesthetic and socioeconomic factors are not considered; F 1231 Guide for Ecological Considerations for the Use of
although, these and other factors are often important in spill  Qilspill Dispersants in Freshwater and Other Inland
response. Environments—Rivers and Creéks

1.2 Each on-scene commander has available several meand” 1279 Guide for Ecological Considerations for the Use of
of control or cleanup of spilled oil. In this guide, use of  Qilspill Dispersants in Freshwater and Other Inland
chemical dispersants should not be considered as a last resort Environments—Permeable Surfates
after other methods have failed. Chemical dispersants should F 1280 Guide for Ecological Considerations for the Use of
be given equal consideration with other spill countermeasures. Qilspill Dispersants in Freshwater and Other Inland

1.3 This guide presents general guidelines only. The oil is Environments—Impermeable Surfates
assumed to be dispersible and the dispersant to be eﬂ‘ectivg,
available, applied correctly, and in compliance with relevant " . S . ) )
government regulations. Oil, as used in this guide, includes 3-1 This guide is meant to aid local and regional spill
crude oils and fuel oils. Differences between individual dis-"€SPonse teams who may apply it during response planning and

persants and to a certain degree, differences between differefRill events. _
oils are not considered. 3.2 This guide presents data on the effects of surface oil,

1.4 This guide is one of several related to dispersangissolved oil and dispersed oil on components of tropical

considerations in different environments. The other standard@nvironments. These data can aid in decision-making related to
are listed in Section 2. the use of dispersants to minimize environmental damage from

1.5 This guide applies to marine and estuarine environment@! Spills.
but not to freshwater environments. 4
1.6 In making dispersant use decisions, appropriate govern-

o ; Decisions
ment authorities should be consulted as required by law. . .
1.7 This standard does not purport to address all of the. 4.1 The decision of whether to use or not to use dispersants

safety concemns, if any, associated with its use. It is than @ given spill situation involves trade-offs. Dispersing a slick

responsibility of the user of this standard to establish appro-2t Oné site temporarily introduces more oil into the water
column at that site than would be there if a surface slick floated

priate safety and health practices and determine the applica* i X
bility of regulatory limitations prior to use. over it. Therefore, adverse effects on water column organisms

may be increased at that site so that adverse effects can be
2. Referenced Documents decreased at other sites.

21 ASTM Standards: 4.2 Dispersant use is primarily a spill control method, not a

F 1209 Guide for Ecological Considerations for the Use of¢/éanup method. Such use can give spill response personnel
Oilspill Dispersants in Freshwater and Other InlandSOmMe control over where the impacts of a spill will occur
whatever types of impacts they may be. Since some environ-

ments are known to be more vulnerable to the longer-lasting

impacts of spilled oil, an acceptable trade-off may be to protect

! This guide is under the jurisdiction of ASTM Committee F20 on Hazardousthose environments by dISDersmg an oil slick in a less sensitive
Substances and Qil Spill Response and is the direct responsibility of Subcommittee

F20.13 on Treatment. —
Current edition approved Oct. 10, 2002. Published December 2002. 2 Annual Book of ASTM Standardgol 11.04.

Significance and Use

. General Considerations for Making Dispersant-Use
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or less productive environment. In general, the net environattached plants and epifauna, infauna, mobile invertebrates,
mental benefit of dispersant use versus non-use should l@nd fishes. The large number of economically important
evaluated. The net environmental benefit of a particular counspecies they support make reefs locally important in commer-
termeasure involves evaluating benefits and disadvantages cfl and sport fisheries. The resultant high diversity and
the particular technology being evaluated, versus other cleanwgbundance of reef associates and the functional and spatial
methods or no action, on the habitat or ecosystems involved idominance of corals and coralline algae are the essential
the area. Environmental benefit analysis is best conductecharacteristics of coral reefs.
before the spill. 5.3.1 Coral reefs are circumglobal in the tropics and sub-
4.3 In this guide, environments that are most vulnerable tdropics between the northern and southern hemispheric 18.5°C
the longer-term impacts of oil contamination are identified.climatic isotherms. A majority of coral species and the most
Protection of these environments is recommended as a highiverse reefs occur in Indo-West Pacific seas. Tropical West

priority, by means of dispersants or other methods. Atlantic and Eastern Pacific reefs are generally less diverse in
) ) terms of corals and reef associates.
5. The Tropical Environment 5.4 Seagrasses-Seagrasses can be found in shallow marine

5.1 Tropical environments encompass many different habienvironments from the tropics to Polar regions. This guide
tats. This guide will cover those habitats that are important irfocuses on those located in tropical waters. Seagrass beds form
terms of decisions to use dispersants. The applications f discrete ecosystem that traps detritus derived from terrestrial
dispersant to open waters and waters of depth greater thamd marine sources, and then exports large quantities of plant
about 10 metres will not be covered here and is covered bgnd animal materials, including leaf and root fragments,
other guides listed in Section 2. Shallow waters and habitatdissolved organic matter, and detritus, to the open sea. The
associated with mangroves, seagrasses and coral reefs aresence of an extensive network of roots and rhizomes
important considerations. Habitats other than those such dacilitates the sediment-binding ability of the grass beds; the
sand beaches, mudflats, cobble beaches and rocky shores ns®agrass leaves effectively retard currents, thus promoting
be common in certain localities but are generally less-sensitiveedimentations of organic and inorganic materials around the
and are covered in the guide on temperate environments. plants.

5.2 Mangrove ecosystems are intertidal forests dominated 5.4.1 Seagrass communities are among the most productive
by various species of woody halophytes that are commonlpf natural ecosystems. Seagrass leaf blades support large
called mangroves. There are many families and species afumbers of epiphytes which can equal the biomass of the grass
mangroves 1-4)3. Mangrove ecosystems occur in tropical itself. Major food chains are based upon a variety of epiphytes
low-energy depositional areas. Mangroves tend to furtheand associated organisms. Active sulfur, nitrogen, phosphorus,
promote the deposition and recycling of organic and mineraéind carbon cycles are maintained through the sediment-plant-
matter. Their extensive root systems are very important irwater interfaces, and the dense interlacing mat of vegetation
stabilizing intertidal sediments), Adult mangroves form the provides ideal cover for foraging marine fauna as well as
structural basis for the mangrove community in that theyshelter and protection for larval and juvenile forms.
grr]%\lltlg;a f;ttr?l;r:]r;%r:;esrfs for many species of animals ang. Effects of Oil and Dispersed Oil on Tropical Biota

5.2.1 Mangrove ecosystems contribute to the productivity 6.1 Mangroves—Mangroves are primarily impacted by oil
of tropical marine ecosystems where they play the same biy three different routes; through the oiling of the pneumato-
more important roles as do salt marshes in temperate climate@hores, or breathing pores typically located on special aerial
Mangroves are important as nursery areas as well as for tH&O0ts or stems, through oil absorption from the water column
detritus that they supply to the surrounding communit@s ( and through oil absorption through the roots from contami-
Much of the world’s fish populations depend on detritus andhated soil/sediment and ground waté12). Mangroves with
remineralized nutrients exported from mangrove aréas (il on pneumatophores may die within about 5 to 7 days,

5.2.2 Mangrove forests dominate much of the world'sdepending on oxygenation conditions at the sifS-15.
tropical shoreline; many are adjacent to tanker routes, oil fieldd1angroves may die from high concentrations of oil in the
and refineries. The low energy characteristic of mangrovevater column {6-18. The third route of oil impact on
forests leads to the entry and retention of oil in these environthangroves, through oil absorption from the soil, is also well
ments. documented X9-22. Oil in mangrove-dominated sediments

5.3 Coral Reefs—Coral reefs are structures created andcan cause long-lasting effects and degrades only very slowly
maintained by the establishment and growth of hard corals an@3-27). Sublethal effects including leaf loss, deformations,
coralline algae. They may be comprised of emergent ofnd low growth can persist for five years after the spill event
submergent reefal zones, or a combination of both. Geomof8. 9, 28. Replanting mangroves, a primary restoration method
phically, barrier and fringing reefs protect the insular andis successful in soils with reduced hydrocarbon conte@t (
continental coastlines which they border from erosion. Typi-33). Natural regrowth occurs, but occurs slowl@4¢36.
cally, the coral reef provides habitat for a large variety of Countermeasures which reduce the amount of oil arriving into

the mangrove area are suggestgd-89.
- 6.1.1 Low levels of oil from either dissolved/dispersed oil in

3 The boldface numbers in parentheses refer to a list of references at the end Hﬂe water column or in the sediments cause a Variety of
this guide. sub-lethal effects on mangroves, including leaf loss, reduced
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growth of adventitious roots, abnormal pneumatophores anextensive mortalityl7). The uptake of dissolved and dispersed

mineral imbalance, and slow growth rate#0{43. Studies oil can result in severe mortality at levels as low as 100 pg/L

show that these effects will persist from 1 year up to 7(75). Seagrasses are not usually subject to harmful concentra-

depending on amount of oil and environmental conditions. tions of water-borne hydrocarbons by the passage of a slick
6.2 Biota Associated with Mangrove Forestdlangrove overhead and are typically unaffectetb{78. Seagrasses are,

forests provide shelter and support for an extensive system dfowever, particularly susceptible to high concentrations of

biota including algae, crustaceans, and molluscs. Dissolvedissolved and dispersed oil and this may lead to long lasting

and dispersed oil can cause lethality to mangrove biota at leveksfects or mortality. The lethal toxicity to seagrasses varies very

as low as 20 ppm and naphthalene as low as 0.4 ppm omuch with species, and is between 75 to 125 ppm in 1G03h (

prolonged contact4@-51). Studies have shown that the abun-80). Use of dispersants may increase the exposure of sea-

dances of species inversely correlated with the apparent ograsses to oil§1, 82.

damage %2). Other studies have shown that the specific 6.6 Biota Associated with SeagrasseSeagrasses provide

numbers of a given species did not necessarily correlate witbhelter and nutrients for an extensive system of bi88a 84.

oil content 63, 54. Dissolved and dispersed oil can cause lethality to these biota at
6.3 Coral Reefs—Corals can be exposed to oil by two levels as low as 20 ppmi2, 42-47, 50, 51, 69-71L Increasing

modes, direct oiling and through the uptake of dissolved oamounts of oil availability, such as through the use of dispers-

dispersed oil. Direct oiling occurs rarely but can result inants, increase the exposure to organis@8}. (

extensive mortality. The uptake of dissolved and dispersed oll

can result in severe mortality at levels as low as 12 pL/L for7, Recommendations

prolonged exposures¥). Corals are not usually subject to

harmful concentrations of water-borne hydrocarbons by th; 7.1 Dispersant use decisions must be based on the net

nvironmental benefit analysis of use versus non-use of dis-
ersants.

7.2 Dispersant use decisions should include consideration of
{he proximity of the dispersant application to sensitive marine

dissolved and dispersed oil and this may lead to long Iastingnwronments including mangrove forests, seagrasses and cor-

effects or mortality 42, 43, 47, 61-64. Because dispersants s. _ . L .
move oil into the water column, they may increase the effect of 7.3 An important consideration is the flushing rate of water
the oils on corals, 65. Exposure of corals to about 20 to 50 in the mangrove, seagrass and coral areas. If the flushing rate

ppm of dissolved or dispersed oil showed that behavioral® rapid, dissolv_ed_ aqd _dispersed oil will have mir_1imal _effec’_[s.

reflexes were induced in corals, however depuration was noted /-4 1N many jurisdictions there are regulatory limitations in

within a week and recovery within a few weelgs(68. Some  Water depth (3 to 30 m) that dispersants can be applied. These

long-lasting effects of low-level exposure was observed, inlimitations shall be followed.

cluding reduced growth and deformation. 7.5 Disp_er_sants are best applied in deep waters and not in
6.4 Biota Associated with Coral ReefsCoral reefs provide direct proximity to mangroves, seagrasses and corals.

shelter and support for an extensive system of biota. Prolonged 7.6 Chemical dispersion should be considered a viable

exposure to dissolved and dispersed oil can cause lethality @ption even if dispersed oil might enter the mangrove forest.

reef biota at levels as low as 20 ppf®( 42-47, 50, 51, 69-71 Dispersants should not be used to remove oil adhered to

). Studies have shown that the abundances of species inverséigngroves or shorelines. Shoreline cleaners or surface wash-

correlated with apparent oil damagg). Increasing amounts ing agents can be considered for removing adhered oil.

of oil availability, such as through the use of dispersants, 7.7 Application of dispersants to prevent oil from entering

increases the exposure of organisms to 8, (74. the sensitive habitats of tropical environments should be
6.5 Seagrasses-Seagrasses can be exposed to oil by twoconsidered to minimize environmental impact.

methods, direct oiling and through the uptake of dissolved or 7.8 The potential environmental impact of the dispersed oll

dispersed oil. Direct oiling occurs rarely but can result inplume trajectory should be considered.

passage of a slick overhead and are typically unaffecte
(56-59. Similarly corals have been shown to reject particles o
oil larger (>60 pm) than dispersed drople@9) Corals are,

however, particularly susceptible to high concentrations o



A8y F 2205 — 02
“afl

REFERENCES

(1) Baker, J., Suryowinto, I. M., Brooks, P., and Rowland, S., “Tropical (18) Getter, C. D., Ballou, T. G., and Koons, C. B., “Effects of Dispersed
Marine Ecosystems and the Oil Industry: With a Description of a Oil on Mangroves, Synthesis of a Seven-Year Studylarine
Post-Oil Spill Survey in Indonesian MangrovesProceedings of Pollution Bulletin Vol 16, No. 8, 1985, pp. 318-324.

Petromar; Petroleum and the Marine Environmerdraham and  (19) Duke, N. C., Pinzon, Z. S., and Prada, M. C., “Large-Scale Damage
Trotman, London, 1981, pp. 679-703. to Mangrove Forests Following Two Large Oil Spills in Panama,”

(2) Chaw, L. H., Teas, H. J., Pannier, F., and Baker, J. M., “Biological Biotropica Vol 29, No. 1, 1997, pp. 2-14.

Impacts of Qil Pollution,”Volume Four of IPIECA Report Series (20) Ellison, A. M. and Farnsworth, E. J., “Anthropogenic Disturbance of
International Petroleum Industry Environmental Conservation Asso-  Caribbean Mangrove Ecosystems: Past Impacts, Present Trends, and
ciation, London, 1993. Future Predictions,Biotropica, Vol 28, No. 4a, 1996, pp. 549-565.

(3) Field, C. D., “Rehabilitation of Mangrove Ecosystems: An Overview,” (21) Grant, D. L., Clarke, P. J., and Allaway, W. G., “The Response of
Marine Pollution Bulletin Vol 37, Nos. 8-12, 1998, pp. 383-392. Grey Mangrove Avicennia marina(Forsk.) Vierh.) Seedlings to

(4) Lewis, R. R., “Mangrove Forests, Chapter &teation and Restora- Spills of Crude Oil,”Journal of Experimental Marine Biology and
tion of a Coastal Plant CommunitR. R. Lewis, Ed., CRC Press, Ecology Vol 7, 1993, pp. 273-295.

1982, pp. 153-171. (22) Martin, F., Dutrieux, E., and Debry, A., “Natural Recovery of a

(5) Thorhaug, A., Anderson, M., Teas, H., Carby, B., et al., “Dispersant  Chronically OiI-PoIIutgd Mangrove Soil after a De-Pollution Pro-
Use for Tropical Nearshore Waters: Jamaidargceedings of the 1991 cess,"Ocean & Shoreline Managemeol 14, 1990, pp. 173-190.
International Oil Spill ConferenceAmerican Petroleum Institute, (23) Monoz, D., Guiliano, M., Doumeng, P., Jacquot, F., Scherrer, P., and
Washington, D.C., 1991a, pp. 415-418. Mille, G., “Long Term Evolution of Petroleum Biomarkers in

(6) Evans, C. W., “The Effects and Implications of Oil Pollution in Mangrove Soil (Guadeloupe)Marine Pollution Bulletin Vol 34,

Mangrove Forests,Proceedings of the 1985 International Oil Spill No. 11, 1997, pp. 868-874. B
Conferencg American Petroleum Institute, Washington, D.C., 1985, (24 Monoz, D., Doumeng, P., Elhy, M. C., Guiliano, M., Jacquot, F.,
pp. 367-371. Scherrer, P., and Mille, G., “In situ Evolution over an 8 Years's Period

(7) Hoi-Chaw, L. and Meow-Chan, F., “Field and Laboratory Studies on of Polycycl_ic A_romatic H_ydrocar_bons in Ma_ngrove Soil. Qualit_ative
the Toxicities of Oils to Mangroves, Proceedings of the 1995 and Quantitative Analysis by High Resolution GC/M$blycyclic

International Oil Spill Conferene, American Petroleum Institute, Aromatic Compounds/ol 9, No. 11, 1996, pp. 129-136.
Washington, D.C., 1995, pp. 539-546. (25) Page, D. S., Mayo, D. W., Cooley, J. F., Sorenson, E., Gilfillan, E. S.,

8) Levings, S. C., and Garrity, S. D., “Effects of Oil Spills on Fringin and Han;on, S. A, “I—l_ydroc'arbo_n I_Distribution_ and Weathering
( )Re\:jl I%/Iangroves F{hizopr:gra mangle Losses Olf l\/?(lnbile Spéc?ésg Characteristics at a Tropical Oil Spill SiteProceedings of the 1979

- - ot - : International Oil Spill ConferenceAmerican Petroleum Institute,
Associated with Submerged Prop RootBilletin of Marine Science .
Vol 4. 1004m ppu782_7994 rop Hilet fine scieng Washington, D.C., 1979, pp. 709-712.
9 Leving’s S. C.’ Garrity, S. D., and Burns, K. A., “The Galeta Oil Spill (26) Scher_rer, P. and Mille, G., "Biodegradation .Of Qrude Oil_in an
IIl. Chronic Reoiling, Long-Term Toxicity of Hydrocarbon Residues Experimentally Polluted Peaty Mangrove SoiMarine Pollution

LI . : Bulletin, Vol 20, No. 9, 1989, pp. 430-432.
and Effects on Epibiota in the Mangrove FringEstuarine Coast and ! o . -
Shelf Sciencevol 38, 1994b, pp. 365-395. (27) Scherrer, P. and Mille, G., “Biodegradation of Crude Oil in

(20) Levings, S. C., Garrity, S. D., and Burns, K. A., “The 1986 Bahia Las Eﬁgf:i?;n;ﬂ%—tiﬂl\%?%cl%é%y and fgg_dly?g/langrove Softsland
Minas Oil Spill: Summary Results from the Red Mangrove (Rhizo- (28) Levings, S. C G:’arrity S D ’VZE.VIeet E 'S and Wetzel D. L

phor_a mangle) Fringe,Pr_ocee_ding of the Symposium on Gulf O.f “Sublethal Injury to Red Mangroves Two Years After Oiling,”
g;ggso ?\T;[ucr:;”gzizce?; iﬁlcljlsl;:]og(]:rgggt?r: i?;fdt;?;] ﬁj;:;gg Proceedings of the_1997 International Oil Spill Conferen&meri-
MMS éCS Study, MMS 9’5-0063 1994¢, pp.80-98 can Petroleum Institute, Washington, D.C., 1997, pp. 1040-1041.
A ’ . PomE e b ) . (29) Boer, B., “Trial Planting of MangrovesAgicennia marini and

(11) Levings, S. C. and Garrity, S. D., “Oiling of Mangrove Keys in the Salt-marsh PlantsS@alicornia europaepin Oil-impacted Soil in the
1993 Tampa Bay Oil Spill Proceedings of the Proceedings of the Jubail Area, Saudi Arabia,A Marine Wildlife Sanctuary for the
1995 Interr_latlonal Oil Spill Conferencémerican Petroleum Insti- Arabian Gulf Environmental Research and Conservation Following
tute, Washlngtf)n., D.C., 1994d, pp. 421-428. _ o the 1991 Gulf War Oil SpillF. Krupp, A. H. Abuzinada and L. A.

(12) Thorhaug, A., “Oil Spills in the Tropics and Subtropic®8llution in Nadar (eds.), Riyadh and Senckenberg Research Institute, Frankfurt,
Tropical Aquatic SystemsChapter 4, D.W. Connell and D.W. 1996, pp. 185-192.

Hawker, Editors, CRC Press, Boca Raton, FL, 1991b, pp. 99-127. 30 profiitt, C. E. and Devlin, D. J., “Are the Cumulative Effects in Red

(13) Dahlin, J. A. and Michel, J., NOAA HAZMAT, “Recovery of
Mangrove Habitats at the Vista Bella Oil Spill Sitdfazmat Report
95-3 NOAA Hazmat, Seattle, WA, 1994.

(14) Dicks, B., “Oil and the Black MangroveAvicennia marinain the
Northern Red SeaMarine Pollution Bulletin Vol 17, No. 11, 1986,
pp. 500-503.

Mangroves from Oil Spills during Seedling and Sapling Stages?,”
Ecological ApplicationsVol 8, No. 1, 1998, pp. 121-127.

(32) Proffitt, C. E., Devlin, D. J., and Lindsey, M., “Effects of Oil on

Mangrove Seedlings Grown under Different Environmental Condi-
tions?,” Marine Pollution Bulletin Vol 30, No. 12, 1995, pp.
788-793.

(15 Teas, H. J., Lessard, R. R., Canevari, G. P, Brown, C. D., and Glen32) Teas, H. J., Lasday, A. H., Luque, E., Morales, R., De Diego, M., and

R., “Saving Oiled Mangroves Using a New Non-dispersing Shoreline

Cleaner,"Proceedings of the 1993 International Oil Spill Conference

American Petroleum Institute, Washington, D.C., 1993, pp. 147-151.

Baker, J. M., “Mangrove Restoration after the 1986 Refineria Panama
Oil Spill,” Proceedings of the 1989 International Oil Spill Confer-
ence American Petroleum Institute, Washington, D.C., 1989, pp.
443-437.

(16) Ballou, T. G. and Lewis, lll, R. R., “Environmental Assessment and
Restoration Recommendations for a Mangrove Forest Affected by JgB3) Teas, H. J., Luque, E., De Diego, M., and Lasday, A. H., “Upland Soil
Fuel,” Proceedings of the 1989 International Oil Spill Conference and Fertilizer in Rhizophora Mangrove Growth on Oiled Soil,”
American Petroleum Institute, Washington, D.C., 1989, pp. 535-540.  Proceedings of the 1991 International Oil Spill Confergnameri-

(17) Jackson, J. B. C., Cubit, J. D., Keller, B. D., Batista, V., Burns, K., et. can Petroleum Institute, Washington, D.C., 1991, pp. 477-481.
al., “Ecological Effects of a Major Oil Spill on Panamanian Coastal (34) Panapitukkul, N., Duarte, C. M., Thampanya, U., Keowvongshri, P.,
Marine Communities,'ScienceVol 243, January 6, 1989, pp. 37-44. Srichai, N., et al., “Mangrove Colonization: Mangrove Progression



A8y F 2205 — 02
“afl

over the Groug Pak Phanang (SE Thailand) Mud Fl&stuarine, (49) Mackey, A. P. and Hodgkinson, M., “Assessment of the Impact of

Coastal and Shelf Scienc¥ol 47, 1998, pp. 51-61. Naphthalene Contamination on Mangrove Fauna Using Behavioral
(35) Garrity, S. D., Levings, S. C., and Burns, K. A., “The Galeta Oil Spill. Bioassays, Bulletin of Environmental Contamination and Toxicol-

I. Long-term Effects on the Physical Structure of the Mangrove  0gy, Vol 56, 1996, pp. 279-286.

Fringe,” Estuarine, Coastal and Shelf Scienaédl 38, 1994, pp.  (50) McGuiness, K. A., “Effects of Oil Spills on Macro-Invertebrates of

327-348. Salt Marshes and Mangrove Forests in Botany Bay, New South
(36) Getter, C. D., Scott, G. L., and Michel, J., “The Effects of Oil Spills Wales, Australia,”Journal of Experimental Marine Biology and

on Mangrove Forests: A Comparison of Five Oil Spill Sites in the Ecology Vol 142, 1990, pp. 121-135.

Gulf of Mexico and the Caribbean SeaPtoceedings of the 1981 (51) Baca, B. J., Snedaker, S. C., Dodge, R. E., Knap, A. H., and Sleeter,

International Oil Spill ConferengeAmerican Petroleum Institute, T. D., “The Effects of Crude Oil and Dispersed Crude Oil on Tropical

Washington, D.C., 1981, pp. 535-540. Ecosystems: Long-Term Seagrass, Mangrove and Coral Studies,”
(37) Profitt, C. E.,Managing Oil Spills in Mangrove Ecosystems: Effects, ~ Proceedings of Oceans 96 Conferenbarine Technology Society,

Remediation, Restoration and Modeling.S. Department of the Washington, D.C., 1996, pp. 469-485. o

Interior, Minerals Management Service, Gulf of Mexico OCS Re- (52 Garrity, S. D. and Levings, S. C., “Effects of an Oil Spill on Some

gion, New Orleans, 1997. Organisms Living on a MangroveéRpizophora manglé.) Roots in

(38) Quilici, A., Infante, C., Rodrigues-Grau, J., LaSchiazza, J. A., a Low Wave-Energy Habitats in Caribbean Pananhdgtine Envi-
Briceno, L. H., and Pereira, N., “Mitigation Strategies at an Estuarine __ fonmental Research/ol 35, 1993, pp. 251-271.
Mangrove Area Affect by an Oil Spill,Proceedings of the 1995 (53 Gifillan, E. S Page, D. S., Gerber, R. P., Hansen, S., Cooley, J., and
International Oil Spill ConferengeAmerican Petroleum Institute, Hotham, J., “Fate of the Zoe Colocotroni Oil Spill and Its Effects on
Washington, D.C., 1995, pp. 429-433. Infaunal Communities Associated with MangroveByoceedings of
' ' ' : “ the 1991 International Oil Spill Conferencémerican Petroleum
(39 Teas, H. J., Duerr, E. O., and Wilcox, J. R., “Effects of South . .
Louisiana Crude Oil and Dispersants on Rhizophora Mangroves,” 2 {;‘/St'éme’ V\éasf\}\l/ngtsfn, ch"Plgng’ %p. 353'360& c v T
Marine Pollution Bulletin Vol 18, No. 3, 1987, pp. 122-124. (54 Wardrop, B. W., Pfennig, P., Leeder, J., and Connolly, The
(40) Boer, B., “Anomalous Pneumatophores and Adventitious Roots of Distribution, Persistence and Effects of Petroleum Hydrocarbons in

. : . ) Mangroves Impacted by th#&ERA Oil Spill (September, 1992)—
Avicennia marina(Forssk.) Vierh. Mangroves Two Years after the . .
1991 Gulf War Oil Spill in Saudi Arabia,Marine Pollution Bulletin Final Phase One ReporReport to the Office of the Environment

Protection Authority, South Australian Department of Environment
Vol 27, 1993, pp: _207'211' and Natural Resou)lfces, 1997. P
(41) Page, D. S., §3|If|llan, E. S., F(_)ster, J. C Hotham, J. R and(55) Cohen, Y., Nissenbaum, A., and Eisler, R., “Effects of Iranian Crude
Gonzalez, L., “Mangrove Leaf Tissue Sodium and Potassium lon™ ™ o o the Red Sea Octocoral Heteroxenia Fuscescgnsifonmen-
Concentrations as Sublethal Indicators of Oil Stress in Mangrove tal Pollution, Vol 12, 1977, pp. 173-186.
Trees_,”Proceedings of th_e 1985 Intgrnational Oil Spill Conferance (56) Downing Nt and Rc’nberts ,C. “Has Gulf War Affected Coral Reefs of
American Petroleum Institute, Washington, D.C., 1985, pp. 391-393. the Nortﬁwestern Gulf?,l\’/lari’ne Pollution Bulletin Vol 27, 1993,
(42) Keller, B. D. and Jackson, J. B. @.ong-term Assessment of the Oil pp. 149-156.
Spill at Bahia Las Minas, Panama, Synthesis Report; Vol I: Executive(57) Guzman, H. M., Bumns, K. A., and Jackson, J. B. C.,
Summary U.S. Department of the Interior, Minerals Management
Service, Gulf of Mexico OCS Region, New Orleans, 1993a.

“Injury,
Regeneration and Growth of Caribbean Reef Coral after a Major Oil
Spill in Panama, Marine Ecology Process Serié¢ol 105, 1994, pp.

(43) Keller, B. D. and Jackson, J. B. @.png-term Assessment of the Oll 231-244.
Spill at Bahia Las Minas, Panama, Synthesis Report; Vol II: (58) Mohammed, S. Z. and Al-Ssadh, S., “Coral Reef Grounds and it's
Technical Report, Part,1U.S. Department of the Interior, Minerals Associated Biota in the Western Side of the Arabian Gulf (ROPME
Management Service, Gulf of Mexico OCS Region, New Orleans,  geq Area) with Respect to 1991 Gulf War Oil Spillgidian Journal
1993b. of Marine Sciencesvol 25, 1991, pp. 35-40.

(44) Ballou, T. G, Hess, S. C., Dodge, R. E., Knap, A. H., and Sleeter, T(59) \ogt, H. P., “Coral Reefs in Saudi Arabia: 3-5 Years after the Gulf
D., “Effects of Untreated and Chemically Dispersed Oil on Tropical War Oil Spill,” Coral ReefsVol 14, 1995, pp. 271-273.

Marine Communities, a Long-term ExperimenBfoceedings of the  (g0) Bak, R. P. M and Elgershuizen, J. H. B. W., “Patterns of Oil-Sediment

1989 International Oil Spill Conferencémerican Petroleum Insti- Rejection in Corals,Marine Biology Vol 37, 1976, pp. 105-113.
tute, Washington, D.C., 1989, pp. 447-454. (1) Bak, R. P. M., “Effects of Chronic Oil Pollution on a Caribbean Coral
(45 Chan, E. J., "Oil Pollution and Tropical Littoral Communities: Reef,”Marine Pollution Bulletin Vol 18, No. 10, 1987, pp. 534-539.

Biological Effects of the 1975 Florida Keys Oil SpillProceedings (62) Guzman, H. M. and Holst, I., “Effects of Chronic Oil-Sediment

of the 1977 International Oil Spl” Conference, American Petroleum Pollution on the Reproduction of the Caribbean Reef Cora|’ Sideras-

Institute Washington, D.C., 1977, pp. 539-542. trea Siderea,Marine Pollution Bulletin Vol 26, No. 5, 1993, pp.
(46) Law, A. T., “Toxicity Study of the Oil Dispersant Corexit 9527 on 276-282.

Macrobrachium rosenbergiide Man) Egg Hatchability by Using a  (63) Holden, H. and LeDrew, E., “Spectral Discrimination of Healthy and

Flow-Through Bioassay TechniqueEnvironmental Pollution Vol Non-Healthy Corals Based on Cluster Analysis, Principle Component

88, 1995, pp. 341-343. Analysis and Derivative SpectroscopyRemote Sensing of the
(47) Cubit, J. D., Getter, C. D., Jackson, J. B. C., Garrity, S. D., Caffey, H. Environment Vol 65, 1998, pp. 215-224.

M., Thompson, R. C., Weil, E., and Marshall, M. J., “An Oil Spill (64) Lewis, J. B., “Effects of Crude QOil and an Qil-Spill Dispersant on

Affecting Coral Reefs and Mangroves on the Caribbean Coast of = Reef Corals, Marine Pollution Bulletin Vol 2, Number 4, 1971, pp.

Panama,”Proceedings of the 1987 International Oil Spill Confer- 59-62.

ence American Petroleum Institute, Washington, D.C., 1987, pp.(65) Thorhaug, A., McFarlane, J., Carby, B., McDonald, F., Anderson, M.,

401-406. et al., “Dispersed Oil Effects on Tropical habitats: Preliminary
(48) Devlin, D. J. and Proffit, C. E., “Experimental Analyses of the Effects laboratory Results of Dispersed Oil Testing on Jamaica Corals and

of Oil on Mangrove Seedlings and Saplings and the Mangrove  Seagrass,Proceedings of the 1989 International Oil Spill Confer-

Gastropodvielampus coffeuk.,” Proceedings of the Symposium on ence American Petroleum Institute, Washington, D.C., 1989, pp.

Gulf of Mexico and Caribbean Oil Spills in Coastal Ecosystems: 455-458.
Assessing Effects, Natural Recovery, and Progress in Remediatiof66) Knap, A. H., Sleeter, T. D., Dodge, R. E., Wyers, S. C., Frith, H. R.,
ResearchMMS OCS Study, MMS 95-0063, 1994, pp. 3-22. and Smith, S. P., “Effects of Oil Spills and Dispersant Use on



A8y F 2205 — 02
“afl

Corals—A Review and Multidisciplinary Experimental Approach,” Materials, Philadelphia, PA, 1984, pp. 314-323.

Oil and Petrochemical Pollutionvol 1, No.3, 1983, pp. 157-169. (76) Durako, M. J., Kenworthy, W. J., Fatemy, S. M. R., Valavi, H., and
(67) Knap, A. H., Wyers, S. C., Dodge, R. E,, Sleeter, T. D., Frith, H. R., Thayer, G. W.Marine Pollution Bulletin Vol 27, 1993, pp. 233-237.

Smith, S. R., and Cook, C. B., “The Effects of Chemically and (77) Kenworthy, W. J., Durand, M. J., Fatemy, S. M. R., Valavi, H., and

Physically Dispersed Oil on the Brain CoreDiploria Strigosa Thayer, G. W., “Ecology of Seagrasses in Northeastern Saudia Arabia
(Dana)—A Summary Review,Proceedings of the 1985 Interna- One year after the Gulf War Oil SpillMarine Pollution Bulletin Vol
tional Oil Spill ConferenceAmerican Petroleum Institute, Washing- 27, 1993, pp. 213-222.

ton, D.C., 1985, pp. 547-551. (78) Marshall, M. J., “The Applicability of Predictions Made from Other

(68) Peters, E. C., Meyers, P. A, Yevish, P. P, and Blake, N. J." " oj gpjlls to the 1986 Bahia Las Minas, Panama, Crude Oil Spill:
Bioaccumulation and Histopathological Effects of Oil on a Strong  geagrass CommunitiesProceedings of the Seminar: Gulf of Mexico
Coral,”Marine Pollution Bulletin Vol 12, No. 10, 1981, pp. 333-339. and Caribbean Oil Spills in Coastal Ecosystems: Assessing Effects,
(69 Ansari, Z. A, Saidanha, M. C., and Rajkumar, R., “Effects of  Natyral Recovery, and Progress in Remediation Reseattls.

Petroleum Hydrocarbons on the Growth of a Microalga Isochrysis sp. Department of the Interior, Minerals Management Service, New
(Chrysophyta),”Indian Journal of Marine Sciences/ol 26, Dec. Orleans, LA, 1994, pp. 65-79.

1997, pp. 372-376. f(79) Thorhaug, A., Marcus, J., and Booker, F., “Oil and Dispersed Oil on

(70) Fuentes, F. A., Santo Domingo, J. W., and Hazen, T. C., “Survival o s ) . . .
. . oo ) ubtropical and Tropical Seagrasses in Laboratory Studiéatine
Candida Albicansand Pseudomonas Aeruginosa Oil Polluted Pollution Bulletin Vol 17, No. 8, 1986, pp. 357-361.

Tropical Coastal WatersVater Researchvol 32, No. 7, 1998, pp. (80) Thorhaug, A., and Marcus, J., “Effects of Oil and Dispersant on

2154-2170. Subtropical /Tropical SeagrasseBfoceedings of the 1985 Interna-

(71) Reish, D. J., Oshida, P. J., Mearns, A. J., Ginn, T. C., and Buchman, - . ) - ; .
« . - L tional Oil Spill ConferenceAmerican Petroleum Institute, Washing-
M., “Effects of Pollution on Saltwater OrganismsfVater Environ ton, D.C., 1985, pp. 497-501.

ment Researchvol 70, No. 4, 1998, pp. 931-949.

(72) Spooner, M., “Oil Spill in Tarut Bay, Saudi ArabiaMlarine Pollution (81 Thorhaug, A., and Marcus, J., “Preliminary Mortality ’Effe'cts of
Bulletin, Vol 1, No. 11, 1970. Seven Dispersants on Subtropical /Tropical SeagrasBes;éedings

(73 Wolfe, M. F., Schlosser, J. A., Schwartz, G. J. B., Sigaram, S. of the 1987 International Oil Spill Conferenc&merican Petroleum

Mielbrecht, E. E., Tjeerdema, R. S., and Sowby, M. L., “Influence of __ INstitute, Wash‘i‘ngton, D.C., 1987, pp. 223-224.
Dispersants on the Bioavailability and Trophic Transfer of Petroleum(82) Thorhaug, A., “Dispersed Oil Effects on Marshes, Seagrasses, and

Hydrocarbons to Primary Levels of a Marine Food Chaifgjuatic Corals in the Wider CaribbeanProceedings of the 6th International
Toxicology Vol 42, 1998, pp. 211-227. Coral Reef Symposiunvol 2, 1988, pp. 337-339.

(74) Eisler, R., “Acute Toxicities of Crude Oils and Oil-Dispersant (83) Livingston, R. J., “Historic Trends of Human Impacts on Seagrass
Mixtures to Red Sea Fishes and Invertebratéstael Journal of Meadows in Florida'Proceedings of the Symposium on Subtropical-
Zoology Vol 24, 1975, pp. 16-27. tropical Seagrasses of the Southeastern United St&lesida De-

(75) Baca, B. J. and Getter, C. D., “The Toxicity of Oil and Chemically- partment of Natural Resources, St. Petersburg, 1985, pp. 139-151.
Dispersed Oil to the Seagrass Thalassia testudinu@il” Spill (84) Phillips, R. C., “Seagrass Meadow< reation and Restoration of

Chemical Dispersants: Research Experience and Recommendations  Coastal Plant Communitie€hapter 9, R. R. Lewis, Ed., CRC Press,
STP 840 Tom. E. Allen, Ed., American Society for Testing and Boca Raton, 1982, pp. 173-193.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



