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Oilspill Damage Assessment of Natural Fisheries Resources
by Ecological Models

Sin jae YOO and Kyoung Soon SHIN
Biological Oceanography Division KORDI, Ansan, P.O. Box, 29, Seoul 425-600, Korea

Damage assessment based on in sifu surveys for oil spills in marine environment is limited by
fundamental difficulties as well as tremendous expenses. Except for intertidal zones, the damage is not
preserved well. Also such surveys are usually confined to adult organisms. To overcome these
limitations, a computer model, NRDAM/CME, was developed in the case of USA (Reed et al., 1989),
where an acute toxicity data base was used to assess indirect damages through food webs and loss due
to recruitment as well as adult losses.

In the present study, damage assessment of natural biological resources for hypothetical oil spills is
attempted using a computer model for hypothetical spills of Bunker C and heavy crude oil. In the
model, the logical structure of NRDAM/CME was adopted, and biomass and productivity database were
compiled for the Korean waters. The results showed that the damage increased in a nonlinear fashion
as the spill amount increased. The magnitude of the damage depended upon the chemical properties
of oil, viscosity and solubility in particular, which implies that usage of oil dispersant might increase the
damage by dispersing oil. The results also indicate that long term damage due to recruitment loss could
be greater than short term damage.
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Fig. 1. Trend of oil spills in the Korean Waters

(line represents spill frequency and bar
represents spill amount).
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Table 1. Physio-chemical properties of oil (Feng et al., 1987)

Properties Bunker-C Crude oil
Molecular weight (g/mole) 160.000 160.000
Density (g/cm® 0.990 0.890
Solubility (mg/l) at 25¢ 153E+1 315E+1
Vapor pressure (atm) at 25C 340E—4 127E-3
Degradation rate in seawater (per day) 1.00E—3 1.00E—3
Degradation rate in sediments (per day) 1.00E~4 100E—4
Adsorbed/Dissolved partition coefficient, Koc 140E+3 9.15E+2
Viscosity at 25C (cp) 494E+2 353E+1
Threshold conc. for acute effects (ppb) 8.10E—2 8.109E+2
ECs for 96 hr - Phytoplankton (ppb) 417E+2 417E+2
ECs for 96 hr - Zooplankton (ppb) 340E+2 340E+2
LCs; for 96 hr - Fish (ppb) L30E+2 130E+2
LCs for 96 hr - Benthic invertebrates (ppb) 2.76E+2 2.76E+2
LCs, for 96 hr - Larvae of fish and benthic invertebrates (ppb)  143E+1 143E+1

177



HEAFRAEY AAEE “C PP e AMEdo
3t Z+E (Chin and Hong, 1985; Lee, 1985; Jung,
1988; Jung and Park,1988; Choi et al, 1988; & %<
T4z, 1988, 1989; Han, 1989) & ] &8t %lch. s FalA
AEATFAEY o8 B4 248 oo 24
H 2 A S o8 A oy aF 4C
TAYLE ol &ste Wyl HAA &g AR
Z3d Bol AHgHol gom FoME < 1980Q
FH o] TREH g AL HAG,

=
24

32. SEYFRY=E
Tl M FEYFRAES BN Aae A9 ¢l
7) gEel FFHA AR AR, A AN (Y23

¥, 1986), A5 o wdaFe #A4 (Wiebe, 19
75), 44 AuF/AAZ AF (Greze, 1978; Banse
and Mosher, 1980) & A3t} WAl ol Ay Aba
& F33r.

3.3, MAME

AMYEZ HEF Ane AFATLAM 2AM}
= #ns g RN AdE AT (1987, 1988,
1989)oll Al g A28 o] &3ttt

3.4. %of

Zojol] o3 AE+= Kim (1984), Kim et al. (1985),
Cha (1986), Yoo et al. (1987, 1988), Yoo (1988), 1%
A4 (1987, 1988, 1989%a. b)olA Hi® AFE 9

43ttt o FE9 A 27 UHS HAE
M2 Ao ae} zjold YR AEE Ao
7t H7174A 9] 712HE BEs] 7|7t oy 7] W&o
71 Aol7l E8ste AAde &4 Aort &

A 7-g st

35 ofF

01%01] gt AEE A=Y QoA oFo £

2 oY F (3 AEH 9 2}57} Zgasit, 19
\Jr ol g &g 9 tﬂ‘ﬂ%% AEy olgFoz ofx
oA AFgHAgeA 247 ”io}tﬁ o} 59 of
B o&ste Ao] SlofH AER o] &3eH
ojgigol A7) e fejvet AZsAA ofFE
aﬂ**o}ﬂi 43 7Sl E ojFEY AR (FHF
AHREY, 1985) & ol &3 Th ZAbe AHRE o1F 9

\_\_'U'

= 18%9 off (4A, Holg, Wol, ¥, ¢, 4
H, 88 150, Ao, E7lAn], T8, x|
ZE, A, FER7, AA, 21, AZo 9t 1F9 dA
F (AN E ETFAY (£F B). ol& F Hg,
d3), gE, 150], 23, #Fx7], 270, THA, &
Ae BA 6037 (1926~19859) $-ubgt A28 6]
A Ao A 3R sts 2447} 50% 2 F3Enz

H o5 9% e S0l AZaolge Foly WE|
e 9Fo) wed ava 2 4 9t oA 9
vl A ol o %] XH $Es} Ho|ste] #A}

Raksjojo} & Aol
ZALo] AFRE o]E e AR wat g7 WM (1
=4%, 2=3%F, 3=A%, 4=35+33%, 5=3%+

A%, 6= *J’+o}‘+xi i3 L}T&’iﬂ} e &

_?L

g
o

oX o

4

o J“

2 fHste £5°l"’ 21 °ﬂ
cH3g AMYEE Yol FHete
L Wired lojM Mozt
Felvtet
ojch. W
, HdrH, &
APBAS, 1B AE R 22 g
154 (1985 1988)# Kim et al. (19

O}N 41 2
My oot me du L=

AL g A
50 molti o] HaAHo]7] o
*é b, A - AT EAY

o 01:1

e rz

E 5 (Reed, 1989) & *}35}‘31 ouf olzf &} Q S
271& 71438y

e =1

T

Z7#4% 0.1 m/sec

178



AHE 592 088 HHFE AT B

Al 279 Hafel 24

Table 2A. Resource damage estimates for Bunker C oil at the Yellow Sea

Spill amount

Biomasss loss (g)

Term .
Trophic level 10 ton 100 ton 1,000 ton
Primary Production 43.12 1,7135 73,543.0
Short Zooplankton 5.66 214.7 8,823.1
Benthos 30.74 146.8 815.6
Fish 107.25 51,4645 9,981,161.0
Long Fish 150.00 46,7842 9,289,147.0
Table 2B. Resource damage estimates for crude oil at the Yellow Sea
Spill amount Biomasss loss (g)
Term .
Trophic level 10 ton 100 ton 1,000 ton
Primary Production 3,203.0 64,189.1 2,006,513.8
Short Zooplankton 387.0 7,495.1 220,968.7
Benthos 2049 823.0 3454.9
Fish 313,820.0 17,346,601.0 440,061,446.0
Long Fish 298,971.0 15,453,637.0 382,331,221.0
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Table 3A. Resource damage estimates for Bunker C oil at the South Sea

Spill amount

Biomasss loss (g)

Term .
Trophic level 10 ton 100 ton 1,000 ton
Primary Production 53.2 1,852.5 94,891.0
Short Zooplankton 54 185.2 9,489.0
Benthos 1474 4,936.5 241,365.0
Fish 4381 190,049.0 56,618,650.0
Long Fish 18139 820,398.0 242,130,745.0
Table 3B. Resource damage estimates for crude oil at the South Sea
T Spill amount Biomasss loss (g)
erm
Trophic level 10 ton 100 ton 1,000 ton
Primary Production 39919 58,057.0 2,646,871.0
Short Zooplankton 399.2 5,805.0 264,687.0
Benthos 10,290.0 141,288.0 6,181,071.0
Fish 2,199,161.0 21,849,385.0 2,567,219,599.0
Long Fish 9,405,498.0 93,396,160.0  10,975,864,401.0
Table 4. Expected damages(kg wet weight; Sou- 1.2e+5 ]
th Sea, summeS Loets ] A
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Fig. 3. Time pattern of damages. (A) Cases where
short term damage is greater than long term
damage. (B) Cases where long term damage
is greater than short term damage.
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Appendix A. & EdoA 28§ NRCDAM/CME
Aerdol 72 (French and French,
1989)

1. 24 sS4z
7} 9wtz oR sole ZAAE LCx (Median le-

thal concentration) 22 ¥R 71t ¢ AEAES &

~

BELY =E2AA F AA 50%7) F= v& otk
AEY B4 ECoE A% ol AFEETL 50
% AdtEE & ojth o ﬁk':" AT FA4 A
AT QHEATEY df A e 13
gtof} ol g Zrt (Finney 19'71).
Po= \/17 fi exp(—%uz)du
o714 Poe LEEHY X Gl Y Aol
Yot Cod 7t #atolth, &
y,= 0 H
o
x=log Co
1=1log(LCs)
_ Xy
u=
G
LCx &S x99 =& 7|2t s BAG Fof o]
5dE o]§3lH RE FRAAXN A& FAHHY
T Atk 2, AA Ay 1% vge] 25 L@EHe
TR (A E ASEF gled B 2ddA
9424 ¥57} o] G WA HH AE 3
A B LCs & il %7t 78t 1 =
ZA 7] S0k EoEA Hrt detd 48 54
3 (Acute toxicity test) = EEIE ZANA HF
BAse o] &3 oAY 2E& 25C,

}\E]

& F oF
=E7170e 96A1 kol E3) ARHET Lo HE &
T 2R #Me g £ AP0 dA A
t} (Mayer and Ellersiek, 1986).

log (LCs,) =log (LCs,,) +a(25—T)

r
oY
Hr

4714 TE L5, LCy, & 25C449 LGy %k o
AezH sergdel 2ot =37 A% o
3% 22 Ag4ol Uk

log (LCsq) = —aflog t—log 4) +log LCx,

LCso, = 96A12F, 5 492H9 2% BAHE LGy 3ol
ok

2. E21H mafA

ERddN JERLR Hojow FAE 9A#%

o4 edBAL THY #7E WS o A
Zoictel 2 2 47 o) HESES & £ 3
dojrt, e Q&AL Azkol Aol wel HA Ut
22 og® 439 BHE duELe ot
gastel 44 AAA B ey $99 4 &
#3E =AU A7 d2A Ao BE Sye

54249 298 o) £ 27T TS o
B2 FHEE W ohe 22710E 42 Al
of Bt o] muo] 29 YuEL 0@ 7t
249 5% Wl Advith £33 24 shie gelz
BHee) 25 58 1S 243 ol et
q 537 BEE B A5 2599 298 47
S 74749} g HREES} wFIHE 718
Ao Aol ARs 2

297} Add &

doj 59 HE bolg
KL
S AA AR AAPAE F3P

P.=125F-P-A- AT

od71M P& YA &4 Fe ASANE, pE 3
Adue] AAE (g/em¥/day), AT LEE *9 WA
(M), ATE &7t 1255 (s g T HeE
v WA S o1t (Odum, 1971). PRtE wloj g
olzo A AR PolAth ECy2 HAE0IER 96
AlZbol & F3le REAY mEAT A#Glo]l 43
soka 7T FEEHAEN A AME FET
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WA e ol&d §7
Aol ARt 4EERAEY $REPAE
o ke gzelMT gulzt Jokn B 43 o
AT AGSHAT DA B2t ol A AE
e GFHAR o)Yo] Ho] 4Y4 IF AR

gl HdE ol ABEEE A4 FUYLA A
g 1022 FUtH (May,1981). x4 ARt 58
ZZagd i AuHe AL ol dRE st
grol AMAE 23 Avgd, AEEFIENA
AMFER Qoj7te H&E $4% 9 Hargrave (19
73)9 AL 4§ A5 o] gled te
I Z

o

A :.._L
B post 703
Ayt ANTE o3 avEHe YRATF,
VA, 1 Zololtt. o) 9 xw 7
258 AAY 44 Aske B 10, %2 % 2

[‘lr

=
ER3e

B R N e e
Bge Fake] Tadth ol AAAd we 43,
F3, 4% M2 X3 4 92 A0 o gol
284 @7 ssgelt 4 A slsh 5L
wgoz AgsgEd o AL 2ns BE A8
AR 9% Ba ¥rol 44T Helge El

dojrhs T3 H FAsie A o] Aol e}
o ALRE of o) 3 YA 22 o
2o T 7o AEF HAste Eejdty
ARaRc A4 He Be 44dE (2 91 4
Hjzkgh o3k AHA) o F9} FAREEY HA WS
F 2 W 749 ST HE v AN
dole 3 o o)Au £AFe] Fad AEue
17 AR FagEd o % dd S ¢
3ld w73 .L]aﬂ7} H,

3. F7IH sy

@713 s A egez A% YA oA
o Aol Xojo) Ate EFHA Ygovt 37
Hog Erf of2 st 7tYFo] Eoj5A HE=R
7t FAFE AN 2 olop o fA47HE
HAZ 99 A=z F3 7Hddg A vUHAE A
o7]2 B9 ol& F/HAE st t&F Zo] A

7% Az 4% Ad FuA I3 33

A 9l x| ol 4, Beverton-Holt 2 do} uhe}
ojgze gy o] velds ot

Y.=F f URWE exp(—Z-t) dt e (a)
714 Y& o8l n Fe ol BAYE, RS )

ZF We 99 tho A%, Ze FAYE, 2 7194
H t= AW o]} (Ricker, 1975). W= Zold tf

& g3 22 AAE Ve ded g be 45
ojt}.
Wt:aLf ................................................ (B)

Zo] L= von Bertalanfy 43 32 RA ¢
o] &4 Yt}

L=L, [1—exp(—K(t—t;)]

A71M L. Hoi
4

ol g#F Y= 7t € d¥gTy 9d
e gz 4T = Y3 F AYTY d £
N ¢S oldiz B4R dvh 290 B F
Aol &g B} A2 Eoteta 7HAsd 7t
Pz oF P FRLE F 7HoId A7t
7HAAF ol AR T ALHER o2 YT of
3re O 2o

" MoRW, exp(—Z(t—t,)) dt

% A3 AzbolH (1,<t.), MoE &

} ‘%0114. Mod Zhol &elxA &
T 9&
DAM/CME “Eﬂi"ﬂ"ﬂf ey e 4,

Y‘S=YC—FJ._ " RW, exp(~Z(t—t) dt

& A48 o 40 dolse Ae 29 L4
4% o967 WRo] 2EY Heelth A4S A
o] o)a BEe *@940115 ze 4AS A%

o 7hsd ZAAA AVE 1FH B
Fo g3t go] vehds it

3398 A+
Bast 9ok ol ¢
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Appendix B. Species names of the fish used in this
study..

9 44 DE edoR YT Ade Ay e No __Spedes mane
. N v . ngraulis japonical & X
13 Q- Aol Al 8 A A _%—: 1 . ’

= t‘s‘}\“_J\ 304 “OEOHO/P‘S‘ 7lt] I i = J’} iz Sp. 2 Sardinops melanosticta(3 ©12])

°of ALEF Aok fA AbEE el dojd 59 Sp. 3 Pampus argenteus(*8 1)

ATl FYPHEE o] dHTo] g AAH 7} Sp. 4 Cololabis saira(%&A])

9" g7 FAQHoZ £4%9 %S Aed Hol Sp. 5 Novodon modestus(%F3])

z oo os) AP Fo] 9o UL AL A Sp. 6  Theragra chalcogramma(™ &)

= _ . . japonicus(EF=
A2 SRS e ANST o7l AT 1 7 ;‘; g ‘;ZZZZZ” j‘;ﬁi’jﬁ:jﬁﬁég )
z2g0 2o ' °
Z]j g“?a HEstaL HAFe o) AR g Sp. 9 Trachurus japonica(H7§0])
FE A gy 2o Sp. 10 Eopsetta grigorjewi(Z7}Au])
Sp. 11 Daderleinia berycoides(:= &)
N=(NiSD [exp(-Mt—1)] lexp(=Z(t,—t))]  Sp- 12 Argyrosomus argentatus(8.73)
Sp. 13 Chrysophrys major(HE)
= _ . Sp. 14  Gadus macrocephalus(T)
= od% o] AY odo o AHo ) A
N, 'Q;‘ﬂ— sdof Adge] ool _%1233 Sp. 15 Pseudosciaena manchurica(r371)
dobdste FAY N 29l A F4 A Sp. 16 Scomberomorus niphonius(Hx1)

£, 52 Y AA Abggoltt, wtetA o7l of Sp. 17 Trichiurus lepturus(==])

Ao G HEL Zad o)y sde dg Sp. 18 Muraenesox cinereus(7A730)

F Sl Sp. 19 Todarodes pacificus( 273 °1)

Appendix C. Parameters of the fish.

Species No. M F tr tm Lm K to a b Cal  Ca2
. 1 - - - - - - - - - 1 4
Sp. 2 *030 *023 *0.500 7 2236 0590 —1207 0.00927 3.051 1 4

¥Sp. 3 0.60 0.89 0.190 8 29.00 0323 —0.736 000840 3413 1 2
Sp. 4 192 ¥ 269 0.995 3 3990 0524 —0616 000094 3445 1 2
Sp. 5 *026 *08 *0215 8 3780 0168 —2262 0.00407 3.320 6 5
Sp. 6 0.50 0.50 0495 10 6540 0223 —0249 000608  2.968 4 3
Sp. 7 1.08 1.08 1.240 6 3354 0170 -—0.840 001003 2.924 1 2
Sp. 8 *030 *028 *0930 6 40.18 0403 —0.718 000386 3.342 4 4
Sp. 9 *035 * 129 * 1200 7 4249 0248 —0809 0.01318  3.000 4 2
Sp. 10 0.55 0.55 1.024 10 4930 0182 —0222 000922 3.055 4 2
Sp. 11 0.55 0.55 1384 10 4120 0182 -—0144 001930  3.000 4 2
Sp. 12 *030 * 187 * 0839 7 34.77 0816 0374 0.01200  3.000 6 0
Sp. 13 *040 * 057 *0777 20 50.10 0254 —0.100 004022 23814 5 3
Sp. 14 0.39 0.39 0444 14 16307 0135 —0.027 002782 2.794 5 3
Sp. 15 *030 *08 *0205 10 3620 0332 -—0593 001960  2.802 4 2
Sp. 16 0.72 0.72 0.500 8§ 12330 0.196 —2.140 0.00658  3.002 4 0
Sp. 17 *040 * 090 * 1273 9 7660 0.139 —0266 001747 2.829 4 2
Sp. 18 032 ¥ 010 0192 15 65.70 0.161 0.040 001902 3141 4 2
Sp. 19 — - - - - - - - - 12

AR TYPINEA (1988) A ERE A5, ¥ §552A83] 2] (1989, ¢ 28 WolF o AU ETA

i)l A BHH A8 AFZ
£ Ag. Cal: o179 *1

A ol dEz A A FHE FAGA S (2)AA AdAGAF (M)
’—‘1'-’}"5°“ a2 ¥ (category): 1= Upper layer, 2=Low layer, 3=Bottom layer
4=1+2, 5=2+3, 6=1+2+3; Ca2: 0|79 Ho|o| w2 H

: 1=Phytoplankton, 2=Zooplankton, 3=

Benthic animal 4=1+2, 5=2+3, 6=1+2+3; Lm9 "’}HE cmi UxA|F o olo] Wil a9 FEE

cmol N ABAADG M: AAXTE; Lm: FAAZ (em); F: A GAFE
35t AU

B (Q); te: Aol 0¥ AY

K: %At 247t
() a b: AF(W=all . W:AF LA
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Appendix D1. Biomass and production of the Yellow Sea.

He 2dg ol

B #54E Anol 48 Ad Fand Fae 24

Spring Summer Fall Winterr Unit
Primary Production 0477100 0.896633 0451711 0.134150 gC/m?*/day
Secondary Production 0.000632 0.003790 0.003970 0.000363 gC/m®/day
Benthic Biomass - - - - g/m?
*Sp. 1 0.000848 1.334633 0.036616 0.001251 inds./m’
*Sp. 3 0.000848 0.012748 0.000253 0.001050
*Sp. 5 0.000848 0.009390 0.000330 0.001050
*Sp. 8 0.000848 0.009331 0.000253 0.001050
* Sp. 10 0.000848 0.009390 0.000253 0.001050
* Sp. 13 0.000848 0.009390 0.000253 0.001050
* Sp. 14 0.000848 0.009390 0.000253 0.001050
* Sp. 15 0.000848 0.009390 0.000253 0.001050
* Sp. 16 0.000848 0.011396 0.000253 0.001050
* Sp. 17 0.000848 0.008311 0.000253 0.001050
* Sp. 18 0.000848 0.009390 0.000253 0.001050
* Other Species 0.318895 2.753435 0.090871 0472325
** Sp. 1 0.132934 0.615193 1.063337 0.141157 g/m?
** Sp. 3 0.020508 0.1068838 0.032929 0.020728
** Sp. b 0.255033 1.1032887 0460917 0.396898
** Sp. 8 0 0437510 0.935430 0.010391
** Sp. 10 0121720 0.008327 0.129082 0.191470
** Sp. 13 0.002079 0.000467 0.002632 0.003645
** Sp. 14 0.009285 0.001548 0.119676 0.160944
** Sp. 15 0.032262 0.061952 0.074514 0.070174
** Sp. 16 0 0.008761 0.024216 0.000451
** Sp. 17 0.080691 0.927653 1.840781 0.220909
** Sp. 18 0.010911 0.015866 0.020083 0.011276
** Sp. 19 0.011258 0.444105 0.396387 0.005705
* larvae
** adult
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Appendix D2. Biomass and Production of the South Sea.

ey

Spring Summer Fall Winterr Unit
Primary Production 1.060000 0 0.760000 0 gC/m?*/day
Secondary Production 0.000661 0.002993 0 0 gC/m?/day
Benthic Biomass 30.15661 20.35000 22.14000 0 g/m?
*Sp. 1 0.000870 0.972726 0.067333 0.002330 inds./m’
*Sp. 2 0.000870 0.002373 0.000816 0.018070
*Sp. 5 0.000870 0.002373 0.000816 0.007515
*Sp. 8 0.000870 0.002373 0.000816 0.007515
*Sp. 9 0.000870 0.002373 0.000816 0.007515
* Sp. 10 0.000810 0.002373 0.000816 0.009970
* Sp. 11 0.000870 0.002373 0.000816 0.007515
* Sp. 13 0.000810 0.002386 0.000816 0.007515
* Sp. 16 0.000870 0.002373 0.000816 0.007515
* Qther Species 0.091330 0.233800 0076493 0.321240
*Sp. 1 2292185 3.143336 4.395932 2.104872 g/m?
** Sp. 2 11.06979 4932069 0.320009 2.041572
**8p. 5 1.152549 1.646699 1.402740 1.746813
* Sp. 8 3957382 2224172 1912835 1.391439
** Sp. 9 0.056796 0.041839 0.051221 0.006331
** Sp. 10 0.231302 0.265051 0.066521 0.095806
** Sp. 11 0.016131 0.037126 0.008986 0.006329
** Sp. 13 0.022409 0.019438 0.017814 0.025608
** Sp. 16 0.045418 0.074452 0.076282 0.111047
** Sp. 19 0413874 0.092040 0.010211 0.279990
* larvae
** adult
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