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Abstract

Recently the Lungken eco-protection area of Kenting National Park was polluted by
ail-spills from a stranded cargo boat and precious cora reefs was in danger of sticky oil and
cleanrup. It is so depressed that no proper assessment tools can be applied to explore the
long-term effects on ecosystem. Ecological Risk Assessment (ERA) demonstrates a systematized
framework to predict the 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-receptors are confirmed. Furthermore, most adverse reactions through different exposure
pathways are listed and checked to link the stressor-exposure-receptor-effect relationships. The
cause-effects are identified by confident evidences, and then, assessment gods 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 cora reefs and coastal wetlands are concerned here. The
ecological risks are discussed and specified assessment criteria and frameworks are described.
Risk estimation and management are necessary for future works in risk mitigation and
remediation.
Key words: ecological risk assessment, assessment endpoints, conceptual model, coral reefs,

coastal wetlands

11



risk

receptor

90

1100

coral reefs

acute
impairment
89
90
ERA
1000 500
3

coastal wetlands

chronic

stressor

Amorgos



12

goal
conceptual model
risk assessment, ERA

2.1
(hydrocarbons)
PAHs
(dispersion)
(surface tension)
evolution

endpoints
ecological
(spreading)
(evaporation) (dissolution)
(emulsification) (cohesion)
(oxidation)

(sedimentation)



,1982

sea weed

sea birds mammals

marsh plantsmangroves

,1991



2.2

,1982;

,2002

91



()

API
Guard EPA
2.3
NOAA
NOAA, 2000
() coral reefs
2a

() sheltered tidal flats

NOAA
API et al. 2001

90%

Coast



3.1

2b

natural catastrophes

non-human

food chain/web

U.S EPA
NCEA

ERA
SETAC

ERA

toxicology hydrology

! (1992)

EISEIA

ERA
CCME
USEPA,1998
ORNL
Barnthouse et a.,1986; Suter,1993
CCME,1996 &1997

MELP,2000

ICTM

Bartdl et a.,1992; Calabrese & Badwin,1993

ecology biology
statistics

risk



index 2,3
ecosystem model

Ramsar
5 ERA
PCB 6 U.SEPA
IWI- index of watershed indicators
8 health
9
10
11
ERA
12
Oak Ridge National
Laboratory, ORNL 1314
ERA dispersant
= oil-gas
16
2 1999

% Hakanson, L. (1979). An Ecological index for aquatic pollution control- a sedimentological approach. Water
Research, 14, 975-1001.

* Bartell, SM., G. Lefebvre, G. Kaminski, M. Carreau & K.R. Campbell (1999) An ecosystem model for assessing
ecological risksin Québec rivers, lakes and reservoirs. Ecological Modelling, 124, 43-67

® Convention on Wetlands (1999). People and Wetlands: The Vital Link  Resolution V11.10 . The 7" Meeting of
the Conference of the Contracting Parties to the Convention on Wetlands (Ramsar, Iran, 1971), San José, Costa
Rica.

® Liang, Y., M.H. Wong & R.B.E. Shutes (1999). Ecological risk assessment of polychlorinated bipheny!
contamination in the Mai Po Marshes Nature Reserve, Hong Kong. Water Research, 33(6), 1337-1346.

" U.S.EPA (1996a). Clinch Valley Water shed: Ecological Risk Assessment- Planning and Problem Formulation.
Risk Assessment Forum, Washington D.C. EPA/630/R-96/005a

8 U.SEPA (1999). An SAB report: review of the index of watershed indicators. Science Advisory Board.

EPA-SA B-EPEC-99-014.

° Department of the Army (1999). Wildlife toxicity assessment. Draft. U.S. Army Center for Health Promotion and
Preventive Medecine. Washington D.C.

10 Efroymson, R.A., W.H. Rose, S. Nemeth & G.W. |1 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.

1 Johnston, RK., 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

(2000) - (RBCA)
75 26-48

13 suter, G.W., 11 and J.M. Loar (1992). Weighing the ecological risk of hazardous waste sites, the Oak Ridge case.
Environ. Sci. Technol. 26(3), 432-438

14 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

15 Aurand, D. (1995). The application of ecological risk assessment principles to dispersant use planning. Spills
Science & Technology, 2(4), 241-247

16 0il 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

-8-



3.2

ERA 90
17
18
2
,2003
3.3
characterization of
exposure
characterization of effects
stressor receptor
Suter, 1993; U.S. EPA ,1998 problem
formulation analysis risk characterization
risk management
3 4
() risk assessor
stressor
risk manager stakeholders
assessment goal
Specified executable
3
exposure
Data Sources. Final Report.

i; (1999) 7 53-64

(2002)



()

assessment endpoints
guantitative
measurable 4

() conceptual model
flow-chart diagram
key point / food
chain/web trophic level
5 (IPIECA,1992)

adversity

cause and effect

4.1
exposure pathways 4
cora reefs
coral reefs ecology
Fucik et al. (1984)°
, sub-lethal bioaccumulation
IPIECA 1992; Shigenaka, 2001
() 24~48

19 Fucik Fucik, K.W., T.J. Bright, and K.S. Goodman. 1984. Measurements of damage, recovery, and rehabilitation
of coral reefs exposed to ail. In J. Cairnsand A.L. Buikema, eds., Restoration of Habitats Impacted by Oil Spills,
Butterworth, London, pp. 115-133.

-10 -



100

48 4
Cohen et a. (1977)%° 4 1 3 10 30ml/iL
96 10mi/L LCo
24 48 72 30 3 1ml/L LCso 72
92 17 12ml/L LCi00 30ml/L 92
24
30ml/L Imil/L 72
branching massive
physical form
()
Fucik et al. (1984)
tissue polyp
mucus calcification
gonad fertilization planul ae
larval settlement coenorsarc tisssue
zooxanthellae a
atrophy reproduction
recruitment
() bioaccumulation
lipid
4.2
dispersants

20 Cohen, Y., A. Nissenbaum & R. Eisler (1977). Effects of Iranian crude oil on the Red Sea octocoral Heteroxenia
fuscescens. Environmental Pollution 12:173-186.

-11-



surfactants solvents

additives
,1995 |PIECA
2001
BP 1002, Slickgone, Gamlen, Essolvene,
Finasol SC aromatic hydrocarbons 48 LCso
1mg/L BP 1100X, Corexits,
Finasol OSR-2 48 LCso
1,000~10,000mg/L 21 USEPA
Corexit 9500, Corexit 9572, Dispersit 1000, JD-109 22
96 LCxo 48 LCso
Corexit No2. Dispesit 1000
JD-109 USEPA Prudhoe Bay crude
oil  South Louisiana crude oil effectiveness 40%
50%
4.3
@
@
1960
®
1960 Shigenaka,
2001
()

2L Lindgren, C., H. Leger & J. Fejes (2001). Qil spill dispersants: risk assessment for Swedish waters. IVL Swedish
Environmental Research Institute report.

22 USEPA, 2001. Dispersing Agents. U.S. Environmental Protection Agency’ shomepage 2001-01-31:
http://www.epa.gov

-12 -



threshold

20ppm
20ppm
0.165ppm
()
()
Shigenaka, 2001
()
water-accommodated fraction, WAF
() WAF
()
scaling effects circulation
() Chemical response to oil spills ecological
effects research forum, CROSERF SO
WAF ® No.2 No.6
® 50ppm @
®
® molecular
biomarker LCso
()

23 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.

-13-



5.1

toxicity test
24 48 96
0)
Temporary association @ Strong association
® Dose response association
@ Spatial association
® Coherence
® Specificity @ Analogy
@ LDsg
@ LCso
® EDsg
@ ECso
® LTs
( ) lethal time
® NOEL no-observable-adverse-effect level
@LOAEL
|owest-observable-adverse-effect level
MATC (maximum acceptabl e toxicant
concentration) NOAEL  LOAEL
logarithmic ratio 001 01 1 10 100%
LCsr LTso
ECso

NOAEL LOAEL MATC

-14 -



(

(

(

5.2

Suter, 1996
5
6.1
) unique
) localization
) period

oil spills

-15 -

flow chart

U.S.EPA, 1998



() opportunity

() duration

risk description
manager

6.2

()

()

()

resilient

risk estimation
risk

interested stakeholders

ERA

24

1990

24

http://ngis.zo.ntu.edu.tw/

-16 -



=

10.

11.

12.

13.

14.

15.

16.

17.
18.

(1982)

1991
2003 n 2
129-143
1995 4 2 17-47
2002 12 1
32-40

API, NOAA, USCG, USEPA. 2001 . Characteristicsof response strategies. a guide for spill
response planning in marine environments.

Barnthouse, L.W., Il G.W. Suter, SM. 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.
Bartell, SM., R.H. Gardner & R.V. O Neill (1992). Ecological Risk Estimation. Lewis
Publishers.

Calabrese, E.J. & L.A. Badwin (1993). Performing Ecological Risk Assessment. Lewis
Publishers

CCME Canadian Council of Ministers of the Environment (1996). A framework for
ecological risk assessment  general guidance. Ottawa, ON, Canada, PN-1195.

CCME (1997). A framework for ecological risk assessment technical appendices. Ottawa,
ON, Canada, PN-1274.

IPIECA (1992). Biological impacts of oil pollution: coral reefs IPIECA report series V.3,
International Petroleum Industry Environmental Conservation Association, London, UK.
IPIECA (2001). Dispersants and their role in oil spill response IPIECA report series V.5,
International Petroleum Industry Environmental Conservation Association, London, UK.
MELP Ministry of Environment, Lands and Parks (2000). Environmental risk assessment
(ERA): an approach for assessing and reporting environmental conditions Habitat Branch
Technical Bulletin 1, British Columbia, Canada.

NOAA (2000). Characteristic coastal habitats. choosing spill response alternatives. National
Oceanic ard Atmospheric Administration, U.S. Department of Commerce.

Shigenaka G. (2001). Toxicity of ail to reef-building corals. a spill response per spective.
NOAA Technical Memorandum NOS OR&R 8.

Suter, 11 G.W,. (1993). Ecological risk assessment. Lewis Publishers, Ann Arbor, MI.

Suter, 11 G.W., (1996). Guide for developing conceptual models for ecological risk

-17 -



assessments report prepared for the U.S. Department of Energy, ES'/ER/TM-186.
19. U.S. EPA (1998) Guidelines for ecological risk assessment. Risk Assessment Forum,
Washington D.C. EPA/630/R-95/F002.

( ) ERA

ERA 1990

-18 -



API et a. 2001

natural
recovery

booming

skimming

barriers /berms

manual oil
removal/ cleaning

mechanical oil
removal

sorbents

oleophilic

vacuum

flooding

19




1C )

API et al. 2001

low-pressure, Ambient-
temperature flushing

<10psi

high-pressure,
Ambient- temperature
flushing

100~1000psi

low-pressure, hot-water
flushing

32 ~77

|low-pressure, hot-water
flushing

32 ~77

steam
cleaning

dispersants

10

shoreline
cleaning agents/ surface
washing agents

nature
microbe seeding/
bicaugmentation

in-situ
burning

2-3mm

30-50%

20




(@)

(b)

S5 S NS

bioaccumulate

21



24 48

1.
2 .
1.
2.
3.
direct
exposure
water dispersed ail

column exposure

subsurface
exposure
sedimentation




30sec

24
LCso LTs
48 96
acute |lethal o
24
48 96
LCso LTs
120 30min
4 100
1:99
chronic NOAEL 1 aml/L 14
sub-lethal LOAEL MATC
lipid
bio-
accumulation

23




..—- .
.e g n e e .
.'. ..I.! l..

International Tanker Owners Pollution Federation Limited, I TOPF

B (R
TR SERIMAE L
FORRIET
!

HERESUEAELE - R A
(L3 ERA - iR SEResh R - s )

!

EREMERFRS ERA
! mE i
‘ HARE (cause-effect ) Bag% L_

!

FAEER (stressors ) 2 FESE l—
¢ || #EEEF (stakeholder)

\ FFAHERS (endpoints) ZHER r— BRZMA

!

N e A
(e

'

HERRRE L FRATEF R
P | e —

1T ;
-
R T

(FFRpisdiE) .. * R

FY

F

24



T 2
pre—ry AT
(R
- By M
- AR
&)
1
g
=
/ P— - =
- R R %
£ e R &
B A
3 N
i .
- ;
;3
B
al
i
*
|
R AT SR
+
IR ShiT :
AL SSAEIN A A S
U.S. EPA,1998
L
W | [
ﬁ @ 1. EREGIER 2. KR PR 2 IR i
WO M3 WEREBAAR 4 THERC SRR %
A 5. BB - i
E &
E S il
B i
ek E AR
FEETERET ?
HEEETEE
o ME: B R B THEA
B RE: o REE B HRER
it T
TR HE AR
AR,
4 U.S EPA,1998

25



TR AR RIS (hoAcsRTED

( stressors )

( transport )}

RERE

-
(exposure ) G
1

RS

( receptors )

HREE -
(‘endpoint o
effects )

: sy % fl,i.[ﬂ-l(ﬁ.fm :
l i T SRR |
I SR B ) "
5
TR iR RS (R R ) HELRIS (ATHED
( stressors) \ 5

( transport )

RERE
(exposure ) =
ki
V 4 _ J | | -L----l
2R RLASHE i) B - phishet
(receptors ) .

.
%ﬂ ) - Kﬂ:':-h 1
sLE) T4 |

HRERA s R |
(endpoint - P
effects )

26



NSC91 2313 B 212 006
BO

USEPA

The guiddines of ERA by USEPA are adopted for setup of assessment
model to ecological effects of coral reefs and coastal wetlands. In this
study the setup of framework is concentrated on problem formulation
stage. Firstly, the concerned problems are posed and stressor-receptors
are confirmed. Furthermore, most adverse reactions through different
exposure pathways are listed and checked to link the stressor-exposure-
receptor-effect relationships. 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 pictoria blocks and arrows. The primary framework of overall
assessment is therefore setup.
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