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ABSTRACT
The Lungken eco-protection area of Kenting National Park was polluted by oil-spills from a stranded cargo boat and precious coral
reefs was in danger of sticky oil and clean-ups. It is so depressed that no proper assessment tools can be applied to explore the
impairments as well as long-term effects on ecosystem in Taiwan. Ecological Risk Assessment (ERA) demonstrates a systematized
framework to predict the potential risks of ecological adversity more confidently that might be less concerned through Environmental
Impact Assessment (EIA). In this study the setup of framework is concentrated on problem formulation stage. Firstly, the concerned
problems are posed and stressor-receptor correlations are confirmed. Furthermore, most adverse reactions through different
exposure pathways are listed and checked to link the caused relationship such as stressor-exposure-receptor-effect. The cause-effects
are identified by confident evidences, and then, assessment goals as well as quantified assessment endpoints could be set. Finally, a
conceptual model is constructed by series longitudinal and lateral connection of sequences with pictorial blocks and arrows. The
primary framework of overall assessment is therefore setup. The oil-spill pollution and cleanup impacts for sensible coastal area, such
as coral reefs are concerned here. The ecological risks are discussed and specified assessment criteria and frameworks are described
for setting up localized assessment tool in Taiwan. Risk estimation and management are necessary as well for future works in risk
mitigation and remediation.

Keywords : Ecological Risk Assessment ; Assessment Endpoints ; Conceptual Model ; Coral Reefs

Table of Contents
D000 000 00000000 e, O OO0 e (ARRENN
L e VOO e VIO O e viii O O
L et X O OO i xvOOO OO 11000
L e 1120000000000 . 5121000000000 . 5122
D00000000000 .. 10123 00000000000 v 17130000000
O e 3113100000000 e, 3113200000000 v 3400000
O000210000000 e, 432110000000 e, 43212000000
O e 4622000000000 e 54230000000 e, 62231000
000 e, 622320 000000000 .. 65000 000000000 31000
O e 69320000 i 73321000000 e, 73322000
O e 75323000000 e, 783240000 e, 80325000
[ R S T T I I I ROt 80 00l0uoouoooonono 410000
OO0OD0 e, 9141100000000 i, 9141200000000 i, 99420
O00O0000M tieieeiiieeeeene 105430 00000000 s 119440000000000
O 121000 0000000000000054000000000 e 134520000
OO000000 . 1435210000000 e 1435220 000000000 v
1453000000000 . 153531 00000000 e 15353200000000
O e 1555330 0000000 i, 1565400000000 e, 165541000
O e 1655420 000000000 e, 1675430000 iiiiiiieeieeeienenn 7o0O00O OO
D0000000 610000 e 1776110000 i 1776.1.2000
L e 179613000 0 v 183620 000000000000 DO0ODOODOOOOO
0.190621 00000 i, 1906220 0000000000 .. 19063000
L e 196631000000 i, 1966320000000 iiiiiieiereennen, 197000
D0000000 71000000000 e, 20071100000 i 20071200000
[ 2017200000000000000 . 2047210000000 e, 204



O s 2127320 00000000 i 22740000000 i 2147410

OO00000 e, 2147420000000 i 216 000 OO 810
O 221820000000 i 225 0 OO O et 227
REFERENCES

1. ITOPF (2001)0 ITOPF HandbookD OO O OO OO OOOOOODODOO 2. JaneWalker (19950 0 00 00-0 0000000000
0000000 3. LarryW.Canter(1994)0 0 0000000000000 00OOOO0OOOOO0ODOOOOOOO 40000001998
00000000000 00000000000S5 000000 (198U 000000000000 n:ooooooooogg
000000000000 Db0Db00 6000000 @)U OOIDODDODODODOOOOOD:O0D00ODOODOODODODOOOOOO
O0000O0000O000oo0ooooO o000 o-0c0000O000oDOoO00DbOO000oDODoDO00DODO 8. 00O
0000000000000 00000000D0DO000e0 0200 9.000 (19820 000000000000 0OODODOO 10.0
00 (o000 00000DODOO00DO0O-00000D000000000DODO000O000DDODO0ODO0O0DOOO00O0ODODOO 11,
0000000 (001)00000000-00000D00000D0000DODO0O0O0O0O 122000 (20017271000 0000000000
000000000000 13.000 (19990 000000000000 00DO0O0000O0000OD 14000 1970000000
0000000000 10700000000000000000076-9400 15.000 (199890 00000000000 -00000
0000000001200 0000000000000000034-6300 16. 000000 (2000 0000000000000OO
000000 17.0000000 (2001)00000000000009200p1270 18.000 (2001/2/90 000000000000
00019000 (19990 000000000000 0000000O0O0O0O00O0O000O0O0000 20,000 (1990000000
00000 21.000 (2001/2/80 00 00000000000 0O0ODOO 22000 (001)000000000000O0O0O0O0O0O0O
0000000000000000000000 23.000 (20020 00000000000000DOOC0O0ODOO0O0O0O0DO120010
00485900 24.000 (19950 00 0000000—-00000000000000DDOO0O31100 25.000 (199500000
O000000000000000 26000 R0OY)DODOOOC-EIADDDOOODODOOODOOOOOOOOO0O-0000000570
027.000000000000000000000000000oO00co 000000000 28.0000000 (200000000
0000000000 000o000-00000000RBCADOONDOOOODOO7500026-480 29.000 (1986e) 00000 0O0O
O0000o0ooooo0oo-000000oo0oooooo@)ooooooooooooooogo 30.0000000
(1981)0000000000000000000013800 31.000 (001)0000000000000O0OC0O0O0O0OO00OO0O0O0O
0000000 3R2.000 (190000000000 000000000000DO0O0D0D0D0DOO0DOO0ODbOOO0OoOoOOooOoonDag 33.
000 o01)00OO0O00D0OD0OO000O0O000DOO0000O0O00DOO0O0D00O000D-00000005300 34.000 (2001/72/4)
000000 00300000000 k.000 o3D0DO000O000O0ODOO0DOO0O0DO0O0O0O0OD110002000129-1430
36.0000 (2001/2/120 0000000 000000000000 37. 000 19%00000000000000DODO0O0ODO40
02000174700 38.00 (19990 0 0000000000000 DOO0ODOOO700053-640 39.00 (2000)000C000OO
O000000000000000100500094-10300 40.00 (20020 0000000000000 OOO0OODOO0ODOO
00012001000324000 41.0000000 (1930 0000000000000D0DDO0O0O0O0OOOODOOO0ODO0O?1-4800
42.000 0000000000000 0000O0OO0O0O0O0O0ODO0O0O0O0O0O0OO67-7600 43.000 (199500000000
OOwen, DFOOODDODOOODDOOODO 44.000 (19920 0000000000000 00OO0OOOOOO0ODOOO0O0O0O 45.00
0900000000000 00000: 000000001990 00000000000 46.000 (200000000-000
0000000000000 0000000000000000000 47.000 (1900000000000 0000000OA0O
0000000000 00000000000000000000000000 48.000 (199900 0000000000000O
0000000000 0000000000000000000000000000000 49.000 (198000000 O0ODOO
0000000000 0000000000000000000050.000 (19930 000000-0000000000000O24
009e000e667-6730 0 51. 000 (19970 00000000000 0OOOODODO107000000000000000O 0O O0O54-680
052000 19%)000000000000003010053.000000000000000 (19%¢)000o0oooooooon
000000000000 54. Aurand, D. (1995). The application of ecological risk assessment principles to dispersant use planning. Spills
Science & Technology, 2(4), 241-247. 55. API,NOAA, USCG, USEPA.(2001). Characteristics of Response Strategies: A Guide for Spill Response
Planning in Marine Environments. 56. Barnthouse, L.W., G.W. 1l Suter, S.M. Bartell, J.J. Beauchamp, R.H. Gardner, E. Linder, R.V. O"Neill &
A.E. Rosen (1986). User"'s Manual for Ecological Risk Assessment. Environmental Sciences Division No. 2679. Oak Ridge National Laboratory,
Oak Ridge, TN., ORNL-6251. 57. Bartell, S.M., R.H. Gardner & R.V. O’ Neill (1992). Ecological Risk Estimation. Lewis Publishers. 58. Bartell,
S.M., G. Lefebvre, G. Kaminski, M. Carreau & K.R. Campbell (1999) An ecosystem model for assessing ecological risks in Quebec rivers, lakes
and reservoirs. Ecological Modelling, 124, 43-67. 59. Brody, M.S., M.E. Troyer & Y. Valette (1993). Ecological risk assessment case study:
modeling future losses of bottomland forest wetlands and changes in wildlife habitat within a Louisiana basin. A review of ecological assessment
case studies from a risk assessment perspective. Risk Assessment Forum, U.S. EPA. EPA/630/R-92/005. 60. Birkeland, C.A.A. Reimer, and J.R.
Young. (1976). Survey of marine communities in Panama and experiments with oil. EPA Report EPA-60013-76-028. Narragansett, Rhode Island:



U.S. Environmental Protection Agency. ,177 pp. 61. Brey, L., J.R. Grau, and W. Feragotto. (1995). Toxicity evaluation of Orimulsion, Bitumen
Cerro Negro, Intern 100, and Fuel Oil No. 6 on the fertility of the sea urchin species Echinometra lucunter, and on survival of the coral species
Tubastrea aurea. In Compilation of Environmental Field and Laboratory Studies on Orimulsion, Its Constituents and Fuel Oil No. 6 Conducted
by Intevep. 8 pp. 62. Brown B. E. O L. S. Howard, Assessing the Effects of “ Stress” on Reef Corals, Advances in Marine Biology. 63. Calabrese,
E.J. & L.A. Baldwin (1993). Performing Ecological Risk Assessment. Lewis Publishers. 64. CCME(Canadian Council of Ministers of the
Environment)(1996). A framework for ecological risk assessment:general guidance. Ottawa, ON, Canada, PN-1195. 65. CCME(Canadian Council
of Ministers of the Environment)(1997). A framework for ecological risk assessment:technical appendices. Ottawa, ON, Canada, PN-1274. 66.
Claassen, M. (1999). Ecological risk assessment as a framework for environmental impact assessment. Wat. Sci. Tech., 39(10-11), 151-154. 67.
Convention on Wetlands (1999). People and Wetlands: The Vital Link (Resolution V11.10). The 7th Meeting of the Conference of the Contracting
Parties to the Convention on Wetlands (Ramsar, Iran, 1971), San Jose, Costa Rica. 68. Cohen, Y., A. Nissenbaum & R. Eisler (1977). Effects of
Iranian crude oil on the Red Sea octocoral Heteroxenia fuscescens. Environmental Pollution 12:173-186. 69. Department of the Army (1999).
Wildlife toxicity assessment. Draft. U.S. Army Center for Health Promotion and Preventive Medecine. Washington D.C. 70. Dodge, R.E., B.J.
Baca, A.H. Knap, S.C. Snedaker & T.D. Sleeter. (1995). The effects of oil and chemically dispersed oil in tropical ecosystem: 10 years of
monitoring experimental sites, MSRC Technical Report Series 95-014. Washington D.C., Marine Spill Response Corporation. 93p. 71.
Efroymson, R.A., W.H. Rose, S. Nemeth & G.W. 11 Suter (2000). Ecological risk assessment framework for low-altitude overflights by fixed-wing
and rotary-wing military aircraft. Report prepared for the U.S. Department of Defence, ORNL/TM-2000/289. 72. Europe Commission (1996).
Technical guidance documents in support of the Commission Directive 93/67/EEC on risk assessment for new notified substances and the
Commission Regulation EC/1488/94 on risk assessment for existing substances. Luxembourg. 73. Elgershuizen, J.H.B.W. and H.A.M. deKruijf.
(1976). Toxicity of crude oils and a dispersant to the stoney coral Madracis mirabilis. Marine Pollution Bulletin 7(2): pp.22-25. 74. Fucik, KW., T .J.
Bright, and K.S. Goodman. 1984. Measurements of damage, recovery, and rehabilitation of coral reefs exposed to oil. In J. Cairns and
A.L.Buikema, eds., Restoration of Habitats Impacted by Oil Spills, Butterworth,London, pp. 115-133. 75. Hakanson, L. (1979). An Ecological
index for aquatic pollution control- a sedimentological approach. Water Research, 14, 975-1001. 76. Hill, R.A., P.M. Chapman, G.S. Mann &
G.S. Lawrence (2000). Level of detail in ecological risk assessments. Marine Pollution Bulletin, 40(6), 471-477. 77. Harrison, P.L., J.C. Collins, C.G.
Alexander and B.A. Harrison. (1990). The effects of fuel oil and dispersant on the tissues of a staghorn coral Acropora formosa: A pilot study. In
Scientific Input to Oil Spill Response, Proceedings of Second National Workshop on Role of Scientific Support Co-ordinator, HMAS Cerberus
(Hastings, Vic.), March 26-30, pp. 51-61. 78. IPIECA(1992). Biological impacts of oil pollutions: coral reefs. 79. IOMC(1999). Chemical risk
assessment, UNEP/IPCS Training Module 3. 80. Johnston, R.K., P.E. Woods, G.G. Pesch & W.R. Munns. (1989). Assessing the impact of
hazardous waste disposal sites on the environment: case studies of ecological risk assessments at selected Navy hazardous waste disposal sites. 14
Annual Army Environmental R&D Symposium. 81. Johannes, R.E. J. Maragos and S.L. Coles. (1972). Oil damages corals exposed to air. Marine
Pollution Bulletin 3: pp.29-30. 82. Karman, C.C. (2000). The role of time in environmental risk assessment. Spill Science & Technology Bulletin,
6(2), 159-164. 83. Kuznetsov, V. & N. Maslova (1999). NATO hombing to affect ecology of whole region. Itar - Tass News Wire; New York; Apr
20, 1999. 84. Liang, Y., M.H. Wong & R.B.E. Shutes (1999). Ecological risk assessment of polychlorinated biphenyl contamination in the Mai Po
Marshes Nature Reserve, Hong Kong. Water Research, 33(6), 1337-1346. 85. LeGore, R.S., D.S. Marszalek, J.E. Hoffman, and J.E. Cuddeback.
(1983). A field experiment to assess impact of chemically dispersed oil on Arabian Gulf corals. Paper SPE 11444 in Proceedings of the Middle East
Oil Technical Conference, Society of Petroleum Engineers, Manama, Bahrain, March 14-17, pp.51-60. 86. LeGore, S., D.S. Marszalek, L.J.
Danek, M.S. Tomlinson, J.E. Hofmann and J.E. Cuddebak. (1989). Effect of chemically dispersed oil on Arabian Gulf corals: A field experiment. In
Proceedings of the 1989 International Oil Spill Conference, pp.375-381. 87. Lewis, J.B. (1971). Effects of crude oil and oil spill dispersant on reef
corals. Marine Pollution Bulletin 2:59-62. 88. Moore, D.R. & G.R. Biddinger (1995). The interaction between risk assessors and risk managers
during the problem formulation phase. Environmental Toxicology and Chemistry, 14(12), 2013-2014. 89. NOAA (1992). An introduction to
coastal habitats and biological resources, Chapter 2, Oil behavior and toxicity, Report No. HMRAD 92-4, Seattle, Washington. 90. NOAA (1996).
Injury assessment[] guidance document for natural resource damage assessment under the oil pollution act of 1990. 91. NOAA (2000).
Characteristic coastal habitats{ choosing spill response alternatives, U.S. Department of Commerce, NOAA. 92. NOAA (2001). Oil Spills in Coral
Reefs : Planning and Respons Considerations, U.S. Department of Commerce, NOAA. 93. NOAA (2001). Toxicity of Oil to Reef-Building Corals
: A Spill Respons Perspective,Donald L. Evans, Secretary U.S. Department of Commerce, NOAA. 94. NOAA (2002). Environmental sensitivity
index guidelines, NOAA Technical Memorandum NOS OR&R 11, Seattle, Washington. 95. Oil and Gas Risk Assessment Subgroup of the
Gore-Chernomyrdin Commission’ s Environmental Working Group (1998). Environmental Risk Assessments of Oil and Gas Activities Using
National Security and Civilian Data Sources. Final Report. 96. Rinkevich, B. and Y. Loya. (1977). Harmful effects of chronic oil pollution on a Red
Sea scleractinian coral population. In D.L. Taylor (ed.), Third International Coral Reef Symposium, Miami, Vol. 2, pp. 585-591, Univ. Miami, FL.
97. Ross J. J, & Ove H-G (1999). Effects of cyanide on coral photosynthesis: implications for identifying the cause of coral bleaching and for
assessing the environmental effects of cyanide fishing, Marine Ecology Progress Series, 177, pp.83-91. 98. Suter, G.W., Il and J.M. Loar (1992).
Weighing the ecological risk of hazardous waste sites, the Oak Ridge case. Environ. Sci. Technol. 26(3), 432-438. 99. Suter, G.W.,I1. (1993).
Ecological risk assessment. Lewis Publishers. 100. Suter, G.W.,11. (1996). Risk Characterization for Ecological Risk Assessment of Contaminated
Sites. Report prepared for the U.S. Department of Energy, ES/ER/TM-200. 101. Suter, 11 G..W., (1996). Guide for developing conceptual models



for ecological risk assessments, report prepared for the U.S. Department of Energy, ES/ER/TM-186. 102. Singer, M.M., D. Aurand, G.E. Bragin,
J.R. Clark, G.M. Coelho, M.L. Sowby, and R.S. Tjeerdema.(2000). Standardization of the preparation and quantitation of water-accommodated
fractions of petroleum for toxicity testing. Marine Pollution Bulletin 40(11):1007-1016. 103. Te, F.T. (1991). Effects of two petroleum products on
Pocillopora damicornis planulae. Pacific Science 45(3):290-298. 104. U.S.EPA (1996a). Clinch Valley Watershed: Ecological Risk Assessment-
Planning and Problem Formulation. Risk Assessment Forum, Washington D.C. EPA/630/R-96/005a. 105. U.S.EPA (1996b). Big Darby Creek
Watershed: Ecological Risk Assessment -Planning and Problem Formulation. Risk Assessment Forum. EPA/630/R-96/006a. 106. U.S.EPA
(1996¢). Middle Snake River Watershed: Ecological Risk Assessment - Planning and Problem Formulation. Risk Assessment Forum.
EPA/630/R-96/008a. 107. U.S. EPA (1998) Guidelines for ecological risk assessment. Risk Assessment Forum, Washington D.C.
EPA/630/R-95/F002. 108. U.S.EPA (1999). An SAB report: review of the index of watershed indicators. Science Advisory Board.
EPA-SAB-EPEC-99-014. 109. U.S.EPA (2000). Stressor identification guidance document, EPA-822-B-00-025, Washington D.C. 110. Vogt, H.P.
(1995). Coral reefs in Saudi Arabia: 3.5 years after the Gulf War oil spill. Coral Reefs 14(4):271-273. 111. Warren-Hicks, W. J. & D. R.J. Moore
(1998). Uncertainty analysis in ecological risk assessment, SETAC Press. 112. Yoe, C.E. & L. Skaggs (1997). Risk and uncertainty procedures for
the evaluation of environmental outputs, U.S. Army Corps of Engineers, IWR Report 97-R-7.113. 0 0 0000000
http://www.mbi.nsysu.edu.tw/~tcrs/main-4.htm 114. OO0 0O 00000000 0-0000000O0O0OOCOOCOOO
http://www.chinaenvironment.com/chinese/redalert/main.1.m.ocean.ou.htm 115.* 000000000 0CO” O0O0O0ODOOOODOOO
00000 http://bird.org.tw/about/creserve.ntm| 116. 00 00000 OD0OODOODOOOOOOO
http://ngis.zo.ntu.edu.tw/new/index1.htm 117. 000 OO0 OO 0O OO 1790
http://www.singpao.com/20030518/international/374681.htm| 118. 0 0 0 0D 00000 0—-00000D0OOO0OOOOOOOODOOO
000000 (C13S07) http://cpis.e-land.gov.tw/cpclass/class13/ch07/sec2.htm 119. 0 0 0 020010 0000000000 OOODOODO
00000 http://www.npf.org.tw/e-newsletter/report/900225-SD-R5.htm 120. 0 O 0 0 O O Teensd O O
http://vm.nthu.edu.tw/science/shows/nuclear/coral/know/index.html 121. 0 0 0 020010 00000000000 OOOOODOODOO
0000000 http://www.npf.org.tw/e-newsletter/report/900225-SD-R10.htm 122. OO0 O OO O00O0OO-00000O
http://www.nmmba.gov.tw/web/education/coral/01/08.htm 123. O 0 OO0 OO0 OOO0ODO
http://www.wow.org.tw/species/coral/crisis-c.htm 124. 00000000000 OO0 http://www.wow.org.tw/species-i.htm 125. 0 0 O
00000 http://www.tfrin.gov.tw/service/aquabio/taiwan/reef.html 126. 00 0 0000000 OO0OOOOOO
http://study.nmmba.gov.tw/upload/Resource/ conserv1023.htm 127. 0 0 0 (1999) DO DO OOOOOO”
http://bc.zo.ntu.edu.tw/article/007.htm 128. 0 0 O 0O 00O O http://www.nmmba.gov.tw/special/homepage.htm| 129. 00 0D OO0 00O 0O
000000000 http://kenting.24cc.com/130. 000000000 http://www.ktnp.gov.tw/home/index.asp 131. CCME (Canadian
Council of Ministers of the Environment, Canada) http://www.ccme.ca. 132. CEHR (Center for Ecological Health Research, University of
California, Davis, U.S.A.) http://ice.ucdavis.edu/cehr/ 133. ERAM (Center for Ecological Risk Assessment & Management, Colorado State
University, U.S.A.) http://www.cnr.colostate.edu/RES/eram/ 134. http://content.edu.tw/primary/country/tc_ua/n010/crab/tides.htm 135.
http://www.bud.org.tw/answer/0110/011038.htm 136.
http://wagner.zo.ntu.edu.tw/guandu/article/4-4%B7%C3%A6a%AA%BA%BB%FI%ADY%C8%BBP%A5%CD%BAA%AS/%AFY%EQ.htm
137. ICTM (International Center for Toxicology and Medicine) http://www.ictm.com/main.html 138. MERAC (Midwest Ecological Risk
Assessment Center, University of Minnesota, U.S.A.) http://www.merac.umn.edu/home.htm 139. NCEA (National Center for Environmental
Assessment, U.S. EPA) http://www.epa.gov/ncea 140. ORNL (Oak Ridge National Lab., U.S.A.) http://www.esd.ornl.gov/iab 141. SETAC
(Society of Environmental Toxicology and Chemistry) http://www.mindspring.com/ ~Ejwillson/SETAC ERAAG/eramainframeset.htm



