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Risk Assessment of Oil and Dispersants to Marine Organisms of

Each Trophic Level in Marine Ecosystem

Chu, Soo Dong” - Yoo, Hong Sun**

Abstract

Laboratory bioassavs were conducted to determine the nisk assessment of crude

ol and dispersants (0 marine organisms of cach trophic level in marine ecosvstem.

1. The risks to producers

(1" The ECw of the sea weed. Undaria pinnatifida to Hi Clean, mixture of
Kuwait crude oil and Hi Clean at 2,000lux light intensity for 9%hr were 1.734ppm
and 69ppm, respectively, and to Hi Clean, mixture of Kuwait crude oil and
Hi Clean at 5000lux  light intensity for 9%hr  were 3981ppm  and  183ppm.,

respectively.

2) The ECsi of the sea weed, Porphvra tenera to Hi Clean, mixture of Kuwait
crude ol and Hi Clean at 3000lux light intensity for 9%hr were 82ppm and 17ppm,
respectivelv, and to Hi-Clean, mixture of Kuwait crude ol and Hi Clean at

10,000lux light intensity for %hr were 2.171ppm and 216ppm, respectively.
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2. The risks to consumers

(1) The LCs of the rotifer, Brachionus plicatylis to World-Clean at 25C and 1
5C for 48hr were 5848ppm and 3,265ppm, respectively, and to the mixture of
Kuwait crude oil and World-Clean at 25°C and 15C for 48hr were 1,035ppm and
&55ppm, respectively.

(2) The LCs of the short-necked clam, Tapes philippinarum to Hi-Clean and
World-Clean at 23C for 96hr were 2,035ppm and 6,119ppm, respestively, and to
Hi-Clean and World-Clean at 15T for 9%hr were 22,299ppm and 18937ppm,
respectively.

And the LCs of the short-necked clam, T, philippinarum at 23C for 96hr to the
mixture of crude oils and dispersants were as follows : the mixture of Shangri
crude oil and Hi-Clean, 577ppm, Bunker-C oil and Hi-Clean, 532ppm, Malaysia
crude oil and Hi-Clean, 325ppm, Ecuador crude oil and Hi-Clean, 85ppm, Orient oil
and Sea-Clean, 30ppm, Brunei crude oil and Sea-Clean 3lppm, and the LCs for
%hr at 13C to the mixture of Bunker-C oil and Hi-Clean was 1,872ppm, Shangri
crude oil and Hi-Clean, 1,717ppm, Malaysia crude oil and Hi-Clean, 1,131ppm,
Ecuador crude oil and Hi-Clean, 926ppm, the mixture of Orient oil and Sea-Clean,
Brunei crude oil and Sea-Clean were 258ppm and 217ppm, respectively.

And the ECsy of the short-necked clam, 7. philippinarum to Hi-Clean and to the
mixture of Malaysia crude oil and Hi-Clean for 9%hr at 23C were 3,335ppm and
2,111ppm, respectively.

(3) The LCx of the oyster, Crassostrea gigas to Hi-Clean for 9%6hr at 23°C and
13C were 7,15%0ppm and 7511ppm, respectively, and to the mixture of Shangri
crude oil and Hi-Clean were 793 and 1,080ppm, respectively.

And the ECs of the oyster, C gigas to Hi-Clean at 13C and 23C for 9%6hr were
4,339ppm and 5593ppm, respectively, and to the mixture of Shangri crude oil and
Hi-Clean were 489 and 578ppm, respectively.

(4) The LCx of the oriental brown shrimp, Penaeus japonicus to World- Clean
for 48hr at 23'C and 13'C were 957ppm and 2,934ppm, respectively, and the LCx to
the mixture of Ecuador crude oil and World-Clean for 48hr at 23C was 79ppm.

And the ECs of the oriental brown shrimp, P. japonicus to World-Clean and to
the mixture of Ecuador crude oil and World-Clean for 48hr at 23C were 1,121 ppm
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and 32ppm, respectively.

(5) The LCx of the sweet fish, Plecoglossus altivelis to Hi-Clean for 48hr at
3C and 13T were 34ppm and 87ppm, respectively, and the LCy to the muxture of
Kuwait crude oil and Hi-Clean for 48hr. at 23°C was 20ppm.

And the ECy of the sweet fish, P altivelis to Hi Clean and to the mixture of
Kuwait crude oil and Hi Clean for 48hr at 23C were 3lppm and 21ppm,
respectively,

(6) The LCx of the olive flounder, Paralichthvs oilvaceus to World Clean at 13
and 23T for %hr were 5950ppm and 2.297ppm, respectively, and to the mixture of
Kuwait crude oil and Hi Clean were 191ppm and 135 ppm, respectively.

And the ECy of the olive flounder. P oilvaceus to World Clean for 9%hr at 13T
and 23°C were 3,133ppm and L267ppm respectively, and to the mixture of Ecuador
crude oil and World Clean were 213ppm and 117ppm, respectively.

(7)  The sea  urchin, Strongvlocentrotus — intermedius.  when exposed  to
concentration of 100~5000ppm mixture of Kwait crude oil and Hi-Clean at 20°C.
fertilization rate on sperm test were about W7=99.9% and ovum test was 5379
when exposed  to concentration of 0.000ppm.  And developmental rate on two
blastomere  and  four blastomere  werc 11.4% and 185% when exposed  to
concentration of 5000ppm, respectively.

The higher water temperature aggravated the harmful effects of the oil and
dispersants, and both on the producers and consumers experimented.

The dispersants commercially sold in Korea seemed relatively harmless on each
trophic level in marine ecosvstem, however, the mixture of oil and dispersants
secemed to have harmful effects on each trophic level.

In terms of risk order of dispersants,  comes Hi-Clean, World Clean and
Sea Clean in this order.

In case of oil regarding risk assessment, comes Bunker -C oil, Shangri crade oil,
Malaysia crude oil. Ecuador crude oil. Kuwait crude oil, Brunei crude oil and Orient
oll in this order.

As for the effects of dispersants and the mixture of oil and dispersant on the
rate of photosynthesis, mortality, oxygen consumption, plecoglossus altivelis was
most extremely  affected, then comes Penaeus Japonicus, Brachionus plicatylis,

Strongvlocentrotus intermedius, Porphyra tenera, Undaria pinnatifida, Crassostera
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gigas and Tapes philippinarum in this order. The producers, Undaria pinnatifida
and Porphyra tenera, relatively sensitive to the toxicity of oil and the mixture of
oil and dispersant, may decrease in primary production when attacked by oil or oil
and dispersant mixtures. This may partially destroy ecosystem balance and energy
budget in marine ecosystem.
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& 8~1oem)3 ol &8kl Wit %z el (Brachionus plicatilis, 8% 190 5), vpx]
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TFs KT 0SMKCIE Y 1~2mE MAAAL AW FY8teq BT T WFE
213t ¥ w7 EE ependorf tubed] With olu) WxbE WBAA EREWS 33
sto] AASEA HRES JES st @Rt $EE 1000eggs/meH Al st
= AEEA @1 A% SRS gxE AT ol 5T Wil RES
Aol A3kt
T¥ T 2R BT 2 TS 23 F 6A7 ol 3 AA, e A%
2 13l FAES AN ol FAHAE D%l A4 v dAR Adsiat

BT el oY A 4¥e B Al 242 BTERS FE F
09mE 3t 0.1mle) multiwell plated] 23 15%-7F HKESTE ©]F 1000cells/mé s =
o GAE multiwelle] Y3 1587 ¥ F 2% X2l Aoz uAst] £3
ool FR2 FHES AN

INT B 93 A AYL 1000cells/md 59 vleA dA £9 09uE F
3ted 0.1mee) multiwell] ¥ 2417 & ek olF BA &4 01md FMsts 15+
7S § 2x¥Entdos sty ZREY FEE FHAES AU

oMM 2 A A AL FAY 09nE 0.1me multiwelldl] ¥ HE
F9] o] 247 L 4A¥7Z & ) 7R 2417 Bt wigE F 2%EETIR
1A 24 E7] D 4AEVZ BPT o FEEXS AL

Job X

4 X g

3. R Y EY

3.1 £E&J o|x|= BEEM
3.1.1 w9 vl PG HER

Hi-Clean®] M 2,000lux(5,000lux)ol M PBHERE (BCo)E R, 24hr- ECo
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E).I&"_)(%ppm(33,728ppm>, Ishr ECy & 4,158ppm(10,387ppm), TZhr ECy 9 o6hr ECy&
zkz} 2.314ppm(6,884ppm) gl 1.734ppm(3,981ppm) © 2 e TAOIER i e}
Hi Clean #iiie) =w 2000lux (5,000lux ) o) 4 ECo& ®d ogpr ECo> 324ppm

(1,206ppm) 48hr ECxo 172ppm(824ppm), T2hr-ECy & Yhr-ECy& z}zt 168ppm
(520ppm) 2! 69ppm(183ppm) ©. 72 Lhebt g

3.1.2 33 el mlx = wiggpy HEE

Hi- Cleane]  Jipy 3000 10.000lux )0l A R, 28, 2hr ECo®  7454pm
(20.736ppm) ol 2131, 48hr FCo- L97ppm(7,295ppm), 72hr ECa, Bhr-ECy - 7t
L284pm(3.198ppm) = 8620pm(2171ppm) © 2 Lhepyie} SO EA G590 Hi Cloan
el 2 XE3.0000ux(10,000k) ) A1 24py ECw 338ppm(965ppm)o] 91 1. sy EC,
 192ppm(502pm), 72hr EGo B 9%6hr - BCyo 7p2t 107ppm(420ppm) 2 47,pm
(245ppm) .72 1} Ehytrl,

Tt A 2) A (Hi - Clean) % FF(Kuwait crude o) ob 32k 2) 2] A (1 Clean) - oF
ol WL . frikol w)z)e- W A0 Ry oy EC)z Table 1

-

Fig. 13} 2o

Table 1. Comparison of EC50 of producers to the dispersant and the
mixture of oj and dispersant on the rate of decrease in
photosynthesis at various light intensity for 96hr

(unit: ppm)
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Fig. 1. Comparison of EC50 of producers to the dispersant and the
mixture of oil and dispersant on the rate of decrease in
photosynthesis at various light intensity for 96hr.

3 2 H@Eo| olxle SHEM
3.9.1 2El9 ) nlxl< BoE HEE

Hi-Clean®] Kif 25°C(15C) el A ﬂfﬁﬁ?ﬁ?&fﬁf@(‘»@% =R 12hr-LCso 13,029ppm
(12,576ppm), 24hr-LCso 9,465ppm(5,259ppm), 36hr-LCsoS  7,273ppm (3,790ppm),
A8hr-L.Csoe 5,848ppm(3,265ppm) &= vehdt. FolEA A5 World-Clean& &
Ao}  F& o5 C(1I5C)NA BEXALEES By 12hr-LCxoe 2,061ppm(2,244ppm),
24hr-LCsp 1,461ppm(1,750ppm),'36hr—L050 o Aghr-LCo& 24 1,196ppm(1,367ppm)
9 854ppm1,034ppm)°l ATt

3.2.2 wiAIZel wlxlE BOE HEES
7}, W HoEEAel o ¥ BT HEE

World-Clean®} K& 23°C(13C)lA AEEFERELCOE B3, 9Ahr-LCxS 45,646ppm,
A8hr-LCs 99.334ppm(47,622pprm), Thr-1Cxe  14,503ppm (32738 ppm), 96hr-LCae
6,119ppm(18,936ppm) £-= (B2337e=3

4283 Hi-Clean®l 2 3 C(13C)ANH LCoE BT, 2Unr-1Coe  38,124ppm
(52,362ppm), 48hr-1.Cso 26,570ppm(41,624ppm), 72hr-LCxn R 96hr- LCone Z7



SRR RO SRR kFEA el v Al (B T o EURERS AEE R 181
{U3%ppm(31,219ppm) 4 2.035ppm(22,299ppm) O % LFEFRET

b el b o) R el o BOU EE

o] Alob At 9149 Hi Clean&dtohe] 2 23T (13104 LG HuL Zihr
LG 4.91ppm(6,353ppm), 48hr LCx<-  1,116ppm(3,534ppm),  72hr I,Cm-f’_- 53oppm
(1.901ppmy, %hr LCxS 325ppmi1.131ppm) 2.5 vEpskLh

ol st Ah 259 Hi Clean& el el K 23 CU3 O, 24hr LG 7094 ppm.
ARhr LCw 389ppmi(5.520ppm), 72hr LCx W 9hr- LG ZFzr 135ppm  (2,466ppm)
7 RSppm(926ppm) O LFERSET

Shzmgri'?} 169k Hi Clean@dtelel Ad 23CA3CeA 1CxE W, 24hr LCxw
- 8520ppm(20.507ppm), 48hr LC+2 4339ppm(9,536ppm), 72hr LCx 3 9%6hr LCxx
7} 7 127 1ppm(4,458ppm) 2 576ppm(1,717ppm) ©.L vhEbCH

viztbolah 269l Sea Clean&dreRe] 4=& 23 C (130l 2dhr -LCw+ 3,14%pm

3.261ppm), 48hr - LCx& 344ppm(1.230ppm). 72hr- L 9 Ohr LG ZH7F 72ppm
(A20ppm) 2 30ppm(216ppm) & i wpEREkh Bigutol ik R159F Sea Clean B3l o]
229 9 C ol A 2Uhr- LG 3.149ppm, 48hr LG 34ppm, 72hr LCx % 9%hr LCu

o 7}zb 7oppm W 30ppmol&lal Jrelil ¢ 13Coll A 24hr - LCr>  3.262ppm,

A8hr LG @ 7hr LG 7H7F 1230ppm 2 420ppmel 3, 96hr -LCx 216ppm 2.
vhepyECh

ool &9 Sea Clean@dtole]l 42 23T 2hr LCo& 5,104ppmel sl
o A8hr LCoS  223ppm(1.432ppm), 72hr LCx % %hr LCu™ zkzk 60 ppm
(600ppm) 2 32ppmi(258ppm) 2.2 vheRskvh

Bunker C5¢F Hi-Clean&gketo] 428 23°C ol 4] 48hr LCx 12614ppm, 72hr 1.Cx

> 291 1ppm(4.962ppm). %hr LCx 532ppm(1.872ppm) 25 LheEbyECE

o ot HEE

Hi Clean® 48 23ColA Ml in(ECy S 29, 2hr ECoE 27,662 ppm.
48hr ECa2 21.221ppm, 72hr ECx & 7.161ppm. hr ECx 3335 ppmel itk “1e]ar
ubaflo] AlobAk 269t Hi Clean&@etel 42 23ToA  2dhr-ECo> 15928ppm.
A8hr- ECo& 6.120ppm. 72hr EC 4.491ppm, %hr ECo 2111ppme.5 vhebyiol
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3.2.3 ZFell v]xE W Y WmEGE HEM
7t B BEN

Hi-Clean®] i 23C(13T)olA LBEFERELCHE 5E, =2 19 2 2959
ECoe AA| F=73tA A9 &8 fEo] 52 T84 E3ch 72hr-LCx
R %6hr-LCxo2 242} 15,409ppm(18,412ppm), 7,150ppm(7,511ppm) 2.2 UheEkto)

Shangritt /9 Hi-Clean&#99] 4& 23T(13 Tl LCoS B, 24hr- LCx
< 9,385ppm(11,488ppm), 48hr-LCs& 3,856ppm(5,349ppm), 72hr—LC50—c 2,181ppm
(2,467ppm), 96hr-L s 793ppm(1,079ppm) .2 Lhebgtch

U EEESE HENS

Hi-Clean®] 2 23C(13T)o1A ECx& ®H, 2hr-ECy 2 48hr-ECso 1312 &
k3, 72hr-ECsp& 12,212ppm(11,887ppm), 96hr-ECse 4,340ppm(5,593ppm) .2 4] #k&
LRI FASE AS Bolxm ot

Snangritt U9 Hi-Clean&E@99] 42 23TU3C)2) AS$, PMBEEAE(ECs) B
B, 24hr-ECs02 5902ppm(7,460ppm), 48hr-ECs& 2,216ppm(2,683ppm), 724hr-ECsp&
1,668ppm(1,991ppm), 96hr-ECs 489ppm(578ppm) 2.2 Lbebdt},

3.2.4 BE| Al WX BGE J WmEBGE HEM
7} BOE HEH

World-Clean®] KB 23C(13T)INAM LS BH, 2hr-ICxne  9510ppm
(36,122ppm), 48hr-LCxe  956ppm(2,934ppm), 72hr-LCx; 2 96hr-LCp z}z}
Bppm(460ppm) R 12ppm(26ppm) 2.2 YEhdth zElm d@TaA 989
World-Clean &@99] & 23Tl 24hr-LCx& 377ppm, 48hr-L syl 79ppm,
72hr-LCs0< 46ppm, 96hr-LCs2 18ppmo.2 JEMGT}

u EEEE HEN

World-Clean®] il 23Cel4 ECone BW, 24hr-ECxe 3715ppm, 48hr-ECs&
1,212ppm, 72hr-ECs ¥ 96hr-ECo2 242} 129 ppm 2 Sppmo.2 uYehdth gz
AF=24 79 World-CleanEgH o] 48 23TCollA 24hr-ECs02 377ppmol Y1,
48nhr-ECs02 79ppm, 72hr-ECs 2 96hr-ECse 27} 46ppm 2 18ppm o2 LERT)
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Lofo)| mlx]: HIE B GEGE HENE

7k #OE HE
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Hi Clean®| Kift 21CU3TIA PEEULERE(LCE &9, 12hr-LCyp& 357
ppm(622ppm)el A 3L, 24hr LCx  74ppm(352ppm), 36hr-LCsx< Slppm (171 ppm),
A8hr LCxo 3ppm(87ppm), 60hr LCxo-> 24ppm(4dlppm), 72hr-LCs 15ppm(23ppm)
o vpupydeh crelar gejelist 1§k Hi-Clean®] & 23TColA 12hr-LCx™
7‘/’ppm°]?iL 24hr-LCx< Slppm, 36hr LCxe 29ppm. 48hr -LCx+> 20ppm, 60hr
LG 15ppm, 72hr LCxo+ 12ppm it vHERRITE

L} ru 1)&4][4 (H H_

Hi-Clean®] & 23ColM ECo BW, 12hr-ECS 75ppm, 24hr ECx 61 ppm,
36hr ECxo 41ppm, 48hr ECs+> 31ppm. 60hr -ECx-> 22ppm, 72hr-ECs> 16ppm i
vhebsieh Crel e Felol A g9k Hi Clean E3to] & 23Tl A ECypa KW,
12hr ECso 79ppmel L, 24hr ECx2 65ppm,  36hr-ECs+> 29ppm, 48hr-ECs<>
21ppm, 60hr-ECx< 18ppm % 72hr- ECs& 13ppmo] ALt

3.2.6 Px]el| v)x)= HHE W sBGE
7}, #4056 HEM

World Clean)®]  Kift 13T (230l A PEFOERIE(LCo)E B, 24hr-LCyo
26,953ppm(10,535ppm),  48hr LCs<>  14,569ppm(8,013ppm), 72hr—LCr{>T°7 9,120 ppm
(4,784ppm), 96hr-LCx 5,950ppm(2.2%ppm) &2 LEpyteh 22 o e qk 59}
World-Clean)¢] 4 13C23C)olA  24hr-1.CxS 872ppm  (403ppm), 48hr-LCso-
393ppm(313ppm), 72hr LCs< 283ppm(279ppm), %hr- LCi<: 191ppm(134ppm) S5
LHERRELE

U TERELAE JH M

World-Clean®l Kift 13T(23 0l A PR HEL(ECo) S B, 24hr ECo> 26977
ppm(10,159pm) 48hr- ECsp 2.630ppm(7,132ppm). 72hr-ECx2 6471ppm (4,306ppm),
9%hr ECx- 3, 138ppm(1 267ppm) O. 5 LFERRETE

ofsprital A9 World-Clean&dkole] 2 13CAdAl 24hr ECx2  78lppm
(A16ppm) ©]21al, 48hr ECx0+> 365ppm(284ppm), 72hr-ECs< 276ppm(1&81ppm), 9%6hr
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ECs< 213ppm(117ppm) 2.2 YERytTE

Z2g9, v g, 22, 2YAS, 2o 2 gXo nAe FEAADA
(Hi-Clean, World-Clean)9] 24, 48A17F D 9617 5<te] LEBHILEE (48hr-LCs
and 96hr-LCs0)+ Table 2 2 Fig. 29 Zt}.

2H, s A", =, B, 2o 2 gAd vXe FACEE Fik
Hi-Clean @ World-CleanlR 4%, d#A =24t 479 Hi-Clean ¥ World- Clean& gt
9 Shangrit ¥4, Bunker-C oil ¥ Maiaysiadt 979 Hi-Clean& &%, Bruneitt
df 2 Orient oil%} Sea-Clean&3e] &9, 4B E 96AI7F LEIBTCIE(
48hr-LCsy 2 9%6hr-LCs)c Table 3 2 Fig. 39} 2t}

Table 2. Comparison of LC50 of consumers to the dispersants for 48hr or
96hr (water temperature set at 13T and 23¢C)

(unit:ppm)
Hi-Clean World-Clean
13T 23C 13C 23T

Brachionus

plicatilis - - 15C: 3,265 25C: 5,848
(48hr-LCs)

Tapes

philippinarum 22,299 2,035 18,937 6,119

Cfassostera 7511 7,150 y _

gigas

Penaeus

japonicus - - 2,934 957
(48hr-LCsp)

Plecoglossus al

tivelis - - 87 21C: 34
(48hr-LCs0)

Pc_zraltchthys _ - 5,950 2,297

olivaceus

o|¢} Zro] Hi-Cleanol 4¥7F Fi, KiR 13TolA v 96hr-LCs2 22,299ppm
o2 FF 751lppmEY HERS A9 WAFI}oY, £L& 23T = 238 FFo
iR g R A4S AA dgith aEla g 29 HES u)$ Fo] wgto
A2 AY S v stk webA Hi-Cleand vHA g, A2l Aol 3
A JeERt

World-Cleandll 297t #EH, KB 13C(ZEH £ 15T)dA ZE 59 48hr-LCX
& 3265ppm 2.2 B A9 2934ppm¥ FAFEFE I, 201 8ppmoE ¥ g Y
Eldlo] XA} AsiA o] woih agln 2 2BT(ZEH 25T, &9 21T)dA 2EH
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25000 -
20000 -
£ .
g 15000
a .
= P olivaceus
5 10000- P oaitver
8 }? ivelrs
P japonicus
5000 - C grgas
- T philippinarum
G-

R plicatilis

Hi Clean World- Clean
Fig. 2. Comparison of LC50 of consumers to the dispersants for 48hr or
96hr (water temperature set at 13C and 23C).

g BTppmAi it 2AL A S F A wrgks 2oji = 3dppm 2.
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A S A ko WA 59%50ppm o A& A A i o)
m e 23°C ofAl BEACEE 6119ppm o2, WA 2%97ppmMy et daAg o )
Al wkekeh
ofeb ol FiatAElAle) 49 o] Wity K cAEOl A e wTh #OF 1
RS Wol wtodh ZEIH(rotifer)i: 98] KAEAN N AR wo] wkortp -
elan W] fs-oh 2ofe) B9 Wt (ish ol A XA} Asj4do] A Lpehyit)
il 23T Kuwaitit Blilieb Hi-Cleanii ol thsh o)) 48hr -LCx->
20ppm, Ecuadortt €149k World-Clean& 3ol that B2 9-9) 48hr-L(Cqe 19ppm
o R ABgel wianek £ ogle AR HEMS wo) Weko K 23 C (R L]
50 Kuwaitsh 9099k World: CleanZ8tell gt dx9 Whr LCo
13ppme.iz,  ZEH el 48hr LCx©l 1035ppmHEU #3F HEM S go]xu%q'
Shangritt €12 Hi-Clean& 2ol it KB 13C 2 23CojA] n} Aleka) dharol

Bt es: AR 3He UEhiSIe) v ehe Bruneidt 89 Sea Clean< _6“’“0]
7B S bl o) didR G =& 96hr'LC5(>°] 1.872ppm ~
2lippm .5 A WSt ofob ro] f5re}l fEsdbaulae) Eatele] Ao gL
thakiol A g &o] =858 Ko ofskS wo] warou} REH - B2 42-0]
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AiE 23 ColA w2 e E " XE Hi-Cleanol g 9%6hr-ECse 3,335ppm
0z 2Z 430ppmBT A vEbdth £o]9] 48hr-ECxe 3lppmo2 FHojEA
49 Hi-CleanZ& 9 2lppm™ FAMHA el ou, AT dF-2o) HRWEAA
HER] W Astgnt. zala ¥x)e World-Cleans] ™3 9%6hr-ECoe B9
T EEe daAT BUg 298 bt

Table 3. Comparison of LC50 of consumers to the mixtures of oil and
dispersants at various water temperature for 48hr or 96hr

(unit:ppm)
. . Bunker- Shangri Malaysia ., Orient Brunei
Kuwait frude oil Coil crude oil crude oil Ecuador+crude oil oil crude oil
+ + + + +
- World- 5 . _ . World-  Sea- Sea-
Hi-Clean ‘'(ye" Hi-Clean Hi-Clean Hi-Clean Hi-Clean Clean O Claen
. 15C:
Br:achgo'nus 855
plicatilis - 95 - T y - - - -
(48hr-LCso) ’
1,035
13T 13T 13T 13T 13T 13T
Tapes ~ _ 1,872 1,717 1,131 926 B 258 217
philippinarum 23C 23T 23T 23C 23T 23T
532 577 325 85 30 30
13C
Crassostera B B Q 1,798 2 A _ - _
gigas 23T
793
Penaeus - _ _ ) ( _ 23¢C: _ _
japonicus 19
Plecoglossus 937
altivelis - - - - - - - -
(48hr-LCs0) 20
13C
Paralichthys _ 191 _ _ - - _ _ -
olivaceus 23C
135

AiB 23ColA wAEre] Zojaotat Y59 Hi-CleanE & ol tid %hr- ECxo
& 211lppmOE HAMEHEAR G HEM ¥4 Jeikith B JdI=aq
9189} World-Clean& ool thdt 48hr-ECo S2ppmo2 wl$- 43 HEHKS e
yaom vxe %hr-ECx 117ppm¥ =3 AIHe tiaxg & 2RE BolX| 4%
oy RS R RAH A HES FACH 718} Shangridt ¥
89} Hi-Clean&atelo] glojd #29] %hr-ECon 480ppm .2 Hi-Clean HEES
R Aol A Yebsth
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Fig. 3. Comparison of LC5Q of consumers to the mixtures of oijl
dispersants for 48hr or 96hr.
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999%9] =& SRES Jehhddh a2z @z 40 o3 g RBE 5000ppm
3 1000ppm EEBENAM Zt7 537% 2 637% FEES Btk

oM PRRERS % ¥ % 5000ppm 2L 500ppm AFTFNA A7 114% =
£38%S vehtth Ela Afm SRR 5000ppm 2 500ppm A FTAlA 24zt
185% % 54.0%% YERsTE

Table 4. Mean fertilization rate(sperm and ovum test) and developmental
rate(2, 4-blastomere) of Strongylocentrotus intermedius exposed
to the mixture of Kuwait crude oil and Hi-Clean

Concentration Fertilization rate(96) Development rate(%)
(ppm) sperm test ovum test 2-blastomere  4-blastomere
5,000 99.9 53.7 114 185
3,000 99.1 65.0 16.4 28.4
1,000 93.7 63.7 35.8 39.8

500 99.9 70.1 43.8 54.0
300 999 86.6 42.2 57.8
100 9.1 89.7 50.8 49.2
0 99.9 99.9 405 595

olsh o] FH! HE 100~5000ppme] 2% EEEC] AA KT HMECl o8 X
& B7% ko2 A Ueh} HEMKC A goH, MTEH A% FHES
»% ¥E 5000ppme) SEEEAAME 537%2A AsjAdel vehgon, 500 ppmdl KR
EEol M 70%2A Aol wakth 23 MK R 4NN IREARE xF F
 5000ppmol A 114%9) W& FEke Ueht HE#e] w$ w3k, 500ppmelst
o] AETolA 40%AES] IPEARS Yehlo] HEH] ¥& Aol

olatel AT} o] AEE L WEEY TF, FEUAUA R Wt WIHEER
Bl BAOWS 59 =% B, B B, £ 5o g vlAE Aol g2 A b
Ehgon ot 2ol 29stith

o AL D AnjAt Al EkEe] EABET HEHS Bol FAUTH

o @) $a U ABEE FEAAYA A BREMG KEEWA PIAE
Aado] M Aol ok Rt frEAA A EFAe Aol wA e

o MABEER HEEe HEMS REEMEY Bod JF SA4F d%sio
Sea-Clean, World-Clean, Hi-Clean®] -2 5@3tAl Wbt
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O el M- Ordent oil, Brunei crude oil, Kuwait crude oil, Ecuador crude oil,
Malaysia crude oil, Shangeri crude oil, Bunker-C oil®] Iy & sisbA vFebgo)

O Kol viAlE et frabHE Al Egele] HelAde Kok bk 9
1’%&‘\1'6'[1“{%%%' o lthistel mhAE b vl ) A A A, Kelal - 2of o]

FA R ekl ekl

O friF W rireh TR A Ale] gt S Aol vie e ek S
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O it “1 clAle] tiE sABaol A A B ik ek Ald wbel Aies 2o} (sweet
fish, #ikc 4~5em)& sfiishes fhigshl wpeps) fRAbAER] 3" 7)o
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