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ABSTRACTS

I. Title

A Study on the Development of Oil Spill Dispersant Concentrate

II. Significance and Objectives of the Study

The increase of accidental oil spills in the Korean waters has caused
the irrevocable loss in fisheries as well as the severe damage to marine
ecosystem. Strategic response activities for the various spill accidents are
critical to take immediate actions to minimize the damage. Chemical
treatments with dispersant are dominant actions due to the lack of
response capability to recover spilled oil mechanically.

However, the use of chemical dispersant may have caused adverse
impacts on the fisheries and mariculture beds, which has been debated in
the damage assessment. A variety of toxic and sublethal effects to
water-column and benthic biota was anticipated from dispersed oil and
dispersants. The negative experience led to the prohibition of dispersant
use and the perception that all dispersants are highly toXic.

Reduction of chronic exposure to dispersed oil is believed to be the
key to reduction of biological impacts in Korea. Because large amounts of
hydrocarbon-based dispersants are widely applied in all cases, the

development of dispersant concentrates is urgently needed to reduce the
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amount of dispersant. Dispersant concentrates are especially useful for
aerial application and offshore spill response.

In this study, several formulations of dispersant concentrates are
developed. Some of the formulations has high dispersing capability and has
acute toxXicities lower than those of hydrocarbon-based dispersants. The
laboratory tests on effectiveness and toxicity were performed to select the
formulation. The development of new concentrate may improve the

clean—up capability for effective recovery of spill oil in Korea.

III. Scope of the Study

To develop the formulation of dispersant concentrate having high

effectiveness and low toxicity

IV. Results and Suggestions

1. The formulations of dispersant concentrates having high effectiveness
and low toxicity were developed. Six dispersant samples prepared in this
study passed the criteria proposed by Ministry of Marine Affairs and
Fisheries. New formulations showed higher effectiveness and lower toxicity
than Corexit 9527 which has been widely used in the world.

2. In order to compare new formulations of dispersant concentrate with
those of conventional concentrates, various foreign dispersants were
collected. Effectiveness tests of new formulations showed similar results
compared with foreign products.

3. Six formulations passed the dispersant toxicity criteria using Oryzias
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latipes and brine shrimp Artemia, which showed relatively low toxicity.
Furthermore, 96 h-LCs for bottom fish Limanda limanda and bivalve
Ruditapes philippinarum range from tens to several hundreds ppm. This
range demonstrates that the toxicity of dispersant concentrates does not
affect the marine organisms directly when they are sprayed in the field.

4. Laboratory simulation studies suggest that the toxicity of
hydrocarbon-based dispersants may induce the death of intertial organisms
when dispersants are used for cleanup operations. There need the use of
ether-based or water-based concentrates in the cleanup operations in the
intertidal zone.

5. Rock fish was more sensitive to dispersed oil than bottom fish.
Experiments simulating concentration decrease of dispersed oil in water
column also showed that brown shrimp Crangon hakodatei is- more
sensitive than Palaermon gravieri. In order to reduce resource damage due
to the misuse of dispersants, scientific decision-making processes should be
introduced. The processes include advanced planning of dispersant use,
prediction of dispersability and water column oil concentration, and the
recognition of oil susceptability in individual marine organisms.

6. The know-how related with dispersant formulations will be transferred

to industry within several months. Dispersant concentrates will be

manufactured and used in the field.
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oAy MAZ vg ZA FAEAA e FHAUR E FATHL
AE AAgAAe E2FHQ FARGE FE2 FRAAZAE o] 43y
Fog BANIIE FFH A &8 F Wi e dAoH #&
AAel A AeE W AFF ANARAFHL AH o FoAck 3
AYoE 273z UG ME A ol AL ANA g2 F
baiga glo] HAYS EAE FEstn Aok FA ol AP Y3
Aol & AdNA FEAALAZ ALEE FE EFA F{5A 7Sl
FFoz BAHUA 238 g tFAE £ A7 "WEolth

HZ £A%Y AndddAE ojfge AALE F38A vedd. A
5 %% Al B¢ FEEE fAHYA gz 230l fEH H
Z7 olF SN st 2RYGE AUFY FFLS P 5 3l
th B8 ojWlgd #AA A¥XF st LA ol FAIAY =
A4 qEolgdn dsn o A FAHAAY HdER V0] FFL=

o S > B

e



0% FAHPAN F£F Z2 ANAENA dFE 913 Zolg 4549,
FAZA zA 9 54

A3

O

1 ¥& FEolgtne sty F#AdAE 2 AA7
BetepFol7] WEd HAFE EXde Hdlo aHE kol 31y UH
& AEY ASoe IAHeR P S¥xHE 23HA FFEo] T4Y
= At 23U UM E FALAAE HLT AHSEA HUY
ATRE AEdE 7124 AN U Y Rojy gley, 71§& AAS)
71 98 8 HGF olFe HEIHI e Aot FAUA FEL
sz o] F& AR 41 23 A2 FESE AL FAHAE AF A
E5tA gt Fo¥ 492 AT Ao ANY FEAAGAE 28F
£& T3 Foq31 A A HFs FA dsol AA EoAAA H
7} dEolth FAPAE HeA g+ ol 4V YA CH § A=t =
< 7188 9A=2 2NN sty §2 4e HAEd}E F¢xE woh

53 28 He e APYF d2 AgHR e v5F
26 2AALAZ} b4 AEHo A XF FeEol7] WEAN IR
AgATo] AHHI Jdde Aot F5Y FAAMAAE 4wy A
Aol wls] 108 o]} 4 TE VHAT JermE HLE F& FIAME
TIY A9E d& F AL BU o 5 R BHo] ol FIW
A el Mg Aol 5 BAGAlY. $5Y AYAY 5L
Ay AAt Ae FA FEolE2 AXIE 1089 1 o3z €Y
F o] JAAFeAe oln] 1088 FE KA LA FHAHA AHE
53 T

A sy A8 FEF EUAAMUAE Seagreen 805A T
A9ty FAHA 8FH FIAFY F5F FAHA 1F] J& Polth
iy o] B AAZ g AX¥ F¢ FEHZFL FF FAHA



g Agstcolnt BAA s} sy 23 ATsd YT ARE A
> : 338 BANGAUAAE FITIAY AFARA A 53 §8
stel WAol & §79 Aol Yy SEAART FYF o] Yo
D2 Quy SEAAE BT ALFoZA AT £ AE BFLe 2
29 4 gth 199436 ARY AP ARA A ke FAsAL 9
& AEAE 2 AANZAAE 539 2AAY P45 UEE oA
sdgonz w299 Bujsl HssA SQou kAR TudME &
8§ SEAAZ AAEA 2t Yok
FEARAA g 242 AWHE Fol7] AANE FHAAY AE
o Bg HetHe GAAYE AAY & Y= A FFo Wasid A
A ) 2elME FAAA A ALAYE FUAAY AFIAY A BH
¢ AQa7] 9 AAYA 1A YASS nide 3 AT AR
A A FR, 287 FAAQAVSE ATt 4G FA F2E
3} $290 B¢ ARE $ASL $2ARY 849 HY 9L A28
o zetEe 2Ase] A&en FHE PARAS LA Ak SN
g Aasisis WAPAS WA Aa4E Adel 728 QA b
oletujol 29} d2 2d WHFAH 2d, §AUAE Ax, a3 4F 9
AdA =7 AesA 8,
2 A7qAE Sevete] a4%os B o $F sdue: M
Ze 22 £78 F9Mow s wAAYe] o|F0j g B

T

3, by BAAY UAoRA FEINAAE 18 AW PARYY
Aok EARES WoIBUel TR fstel 559 FraAAAE AL
e Ag BER MUY ASHY $3Y FAYAY Age PAUEL
APFe 28 A4 BARYY 122 ¥Y 5 e o, Bk R



A GAPAL Botel AN I FBARZ Q¥ 4 A I
#g Fassied 24 98 5 e Rl

Al 2 A AUt dFed HASHY
1. S FE2AIY @33 34

FeUtel s olAZAA] FHEFS FEAne] TAHRS B,
TUE WA FARE oo FEHE dIAtzes LA oy
I FTAE BA HFHIAL A7t FEIFA FUHFAA JdoH,
A2 EBFFY T FF7F F£Y9 kR dwE fEAne 2R
7bed e g ¥& AAOITHEAFEEA, 1994).

AAAYe=2E Ad 1045 109 BE o]d9 718 FEdA=H,
It AE oste £%F FE3AnY FRAE 93] 4ARAD w9, 10T
AE o9 Wy F2AAs Yvhu WA=l gt AT 4EF
43 dEe] AU AZAMe] dE FF FEALE FE VS F
gAS FEoU B oA BAYG. HS oY uPAme
HAsHA FAAE FAU FHE o9 715 A 2 B+
A9y ez U HAHE FAsA Aok 1967d EYALE A o] F
19939742 55000 DWT o9 ®7AANA 24 Y FEAze

o ro

35201t (Welch and Yando, 1993). E2]/AE AT o]F 19719 47
T2 AT T dE FF FEARLE 971 94T d¥Y x¥o]
A%slo] gonl 19899 e FeHZE Am olF ©lFo] 1990
§Fogo] BF YBOPA 90)& EFAYA wgd mT JAiEs
E3a= BE 7% o5 M (double hul)7b 1 F8 FAHKelso and
Kendziorek, 1990; Lee, 1993).



FHH  FA A F(IMO)I A= 1991 d MARPOL 73/788 71 A3
600 DWTel 4] 2E ®AE o|ZHAY mid-deck construction® 2ol
o]FAA At AWE FE FEE RFEZ HUL o AHAL
19939 79 olF AZASGHT 19963 7€ olF AxHE =7
Fgdok 28 a2 @A dsie 48 259-30d9) Fe73He
Zx2 o] gtt (Motora, 1995). °|5F AA Fz9 @A} F/HY $3

#F 42ARY F£E F2AANT CFAAL BF ned® Afd:
SRR E S5 #2959

1919 REE o]F MATZO BF FAlol fd WAL A% /7
FEAY FE ALY Ao dAFPAW RE BAY HAHE AL
oluth AA, FEse @A BT o)F MATEE 2: H@A=
WASE e 43 Aol Basit SAE oF A ZE Fuo
Amel EBZE AXNE gohe Aotk A AsA £4HA ¥e
AgE olF AAZ wWe EAAY & Aoy HAY & 2
Agole HBrL A7) WEolth A HAIITOIA o]F HAY AFHE
A4 Azl wzd, MR Wz £4¢ F= An: %
0%AE GE2 olfd Amel wAME FHA Tz I8
fF2Ae HEHe ¢ F v @tz U (Motora, 1995).

Bebd olF A4 T23 HudE F24 An Jde A dol
gom, g Amyt wAsY o2 A A4E HEede Hude
22 B8 Adol FugF NS zdsA Gk WY FEALA
LAY A ¥ Aol vd Ity vPozE WAV 4REY &
gol gitks AAGE B7FSn A BAEA 22: olHd ¥
gAsy] s S FAE doe A A FAH ZBAME 2
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Table 1-1. Significant oil spills by spill quantity and category of incidents.

Spilled Category of incidents
0il Total spill
quantity Fire and 0il Flood, engine oil quantity
(tons) Groundings  Collisions  Contacts  Explosion  Weather  transfer  room trouble  Unknown  Total (tons)
100-500 KX| 27 17 1 5 13 2 9 107 32,100
500-1, 000 22 10 8 2 2 2 1 16 63 47,300
1,000-5, 000 10 11 12 4 4 3 — 10 4 36,200
5, 000-10, 000 2 1 4 2 2 — 3 20 15,000
10, 000-50, 000 5 6 4 2 - 1 7 28 112,000
50, 000-100, 000 - 1 - 3 - — - - 4 360, 000
Vore than 100,000 1 1 - 1 — — - - 3 300, 000
Unknown quantity 4 2 1 — — — 1 2 10 -
Total 79 59 45 19 15 20 5 47 289 902, 600




239 4 uto] ¢t (Etkin, 1990).

AR TAMOGIAE AT BAFE A58 ZAEA PAZNE
A RE A$ 2 eduHz He FAAUE AP oE 9@
M2, MAAED ], de 2 de] 71estct: A4 ozl 19899
108 MO A 163 F8oA ulFZe Aol Az F3AYA
(AGI)E Adagos, AFBARTALIMEPOZ stdad FFAL
FHES 23T FANATE 19909 59 Fu|HYE shpen,
1990 119 #8529 dvl, te, 2 @hol B¢ FAFY (Intemational
Convention on Oil Pollution Preparedness, Response and Co-operation:
OPRC Convention)2 2] & 3R H(IMO, 1990, IMO/MEPC, 1994a, b, ¢).

2 gore 19959 59 13¥0] wEEYe® AA otzdAHY, BF,
Fiutt, olAE, WAE, T otoj& s, WAz, YDIE, o] Ao},
wE2gol, WA, Az, 259, 2499, 6F, B, 2o,
WulFdet 5 23T 0] MFE Abejolch(Edward, 1993). $eluete obF
OPRC ®okol 718ty 98¢ zASS 23 23t 7o) 98d
olFolol sts@ Hoz AYHT Ye sheu, $AYT FuA
aggdez wAsts Wy Atast dolddw WAl F olagol
g} |

2. Seluete] fEAtn LAGe e A d%

WA Aduta gy 5 wARde ¢ VIR FFAN <Y
Ae7te AR} T8 240t WAL &S AT I
dF 9 FAYolgn & & Utk webA Ataie] diulsto] Jbed @ e
%o AAE gHs T Aol uFAFAT Iy V1P BATHE



Arg W WEsl Re W¥AnE AAY 4 gt BiFE PASY
2ETE R 4 o] ohyrh Aoy Fu), AA $& FUHE R

€ ol AFHe= #A BYsede HU@ dido]l 28H7

OJAZAA WFE FUtAAME ZBE wWEA B AR 7R
g3o] WAL S #FE Aol MBItk Y diFAmrl FAY
A% AAA s A3 RFEHSE Ay g o 90 o] FdE
FTHE AaAAe 459 Pz AHgsta di=® Az dsiAe
Ay 2AHA BATHE FLdee MAE 24384 S ATHAPIECA,
1991).

Sevete] 13 & AR oJAZA] Alndgigdl ZEAHQ HYo]
Ae AFY 85, ANAdFAA AP 4&3te Al HSsH S 2
HHoz2 a7sA Fyvhe Aolh. AJA AY A3FE JE A
Aoz A3 Jo¥AM:T AAZ UdA HAEF AYE ARE
ZARA ZPRD AL JIdAA FFE FA &7l A4 wiFHAAN
Aole UdME BFA8] ZHAok & AA HAFHE AFA X3
st AR(E ARG YA E FEAR FEE AdF37] H4F
A8 ¥ (hazard analysis)e] ©]FojRx] Koy o= AHX Az
A8o] EAFEAE 2 AHdAME AN9E=z duinFo Fu|¢
AHG Fylsok AT AME F dAh

ALP25 Alne 4quz '95d T AFAAME AR PAAE
Agdds #AA o dINFEIZ o F ol W BB XA}
49& dUAAAATLEA 3, UMRAAY HHES Fd
ANz AAGAL ‘6 SFE ZHPLE e FIFHFLAEA
Z3o] ALY oA HATHLS AF FEHA R A ASHD
AT



A FFEALLA dv3t] B RdeM BiFEn de BA AL
 8%& Table 1-2¢ 2o Table 1-3v Syt &2 LAM

d%E vy Zo|n Table 1-4v Bf7|ddE I Al zd9
Ly

A58 Ui ol

a:

o

¢

selde ARahe wANL

s 140EF 43, 1008+ 43, 8EF 54,
50-60€F 334, 3583 93 F 253oY 7|gafo WAML 7, 10, 2B5E
Ztzt 13, ;FRE 13, FRPAY 13 T S5yt FFZH, 1995).
Sl E AR F2 FAAE Bi3n Jed dE e
Svelots Autdie] FAS Holn ok dEY FHe A
YA E EFHA BRI 273, Qo] 9¥ o= UL A{7E WA
QR EAH, 1994). A2 AHY SFLGdTAYANE @rITue
HAN gRE 9] gubdute]l 27v& FEAsted AL £ e
BE7A Aoz AA3R YA ol @r|Hwojgt & & Atk

Sevele dEo wAAvr HAg Ho FAFo2 uway B
re 540 Efda e AGHEF A5 Fia e vRso
1008 olde F3FAE 34y B{stn ded b, $HdEds 1008
o] WA No] 480 ExattH(Table 1-3). 3 $uvtate] 3¢ 1008
o]’ge] AA st Hl&o| 15%d HlF &S 32%°lH, $dees 3]
358 o|3l7} 143 o2 A AAY 53%E AAFTE Yo NI FA F&
AY A AFHE & F A A

#3571 d¥o] 21dE HF3n glo] JUES 5 F =
TYe #Fa ded v s 590E Bisn den 1Y
12N 297 st JHAse JES 9 WAz AMNNE
b, H4x 2¢EY HF TYE Az Qe Aoz FHAG. dBS
FIAF7E ol &E & TYE 9UE, 735 Murg o] 4% AF THE
19 EY BHET e Reg B Hol JEd ol 10639 Myt
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Table 1-2. Oil spill response resources of government and private

sectors in Korea.

T & YN | RV ([ 2QYBA RSN (RN | TSN

(3) () (km) (&) (k1) (k1)

HyF &Y 10 34 7 40 185

H2eory 1 13 23 18 68

FUHY/A /82 2 12 27 7

UEY3/+Y S 38 18 155

FHFA 5 10 28 14 143

FYYLAA 7 5 35

7|E} 40 43 167

A 26 59 155 165 823 0

Table 1-3 Comparison of oil recovery vessels between Korea and

Japan.
()
= 35002 (400 -~ {300 - |200 - {100 - (50 - | 502 s A
500 ={400 (300 ={200 =(100 2| 0o|ot
Bt =2 - - - 4 8 14 26
Y = 1 5 2 3 24 72 106




Fag 2709 AF{FE A FAT ot o] {3 e
2719 FYAFH Q9o Ztz 35% Axolnm WEANI} fialy,
EgIol 47 10% A2 10 - 50 khe A5 e 71- 2797 53%,
50 - 100 ki/h A%o] 32%, 10 klh ©l8 10%, 100 kl/h o]do) 4%
& o] }(Shirai, 1993).
T8Vl AFFAE EA fygds S9uF OWE P
gabgol A BRI Aot oo v YRS 2tiwne AY7
3 unA 279t wzle] Afdm ok $AUdAME
R B4 oulgo] 17%0] BHsAw & ALoe {35719 81%E
Rkl A &F3F A

FAAE FHA 16482024 &I Fo] 10M9 3F%FE 7HASE
1600 E9] WAlsYo] e vla] d8& FHAE F 1UHES Fvd
Atk Y AAY FEAMHAT 823 kEA A FFE 4=
HAsA o 3PECZ FASHEH RS 1¥ 3HE A=Y MY
BHsln ok AsAY A dEL AFd 113 AEE #F1 oy
*evete AF Biatn A o

eddAE $uasl 155 kmE BH3ta led Hls] &L 9ujd
Zb7bE 1340 kmE R {3 Yo} & Aolst Urh FFLS e duxg
73%E "ol BHHT Y YRS 89%E WA 2fstm ek
dE2 Fuygd Ayl oF 24%, Biol 69%, CH3 DL 7% HAsta
Aed d¥P¥A C, DIY BHFo] 93 kmol €. Pyt
24A2E A9 diREol A BIo2AM ZHFI wE Iy FU
Ao 2 AEAol dAd2H At 1378 A G 4 wiA Hof
A AL ZoE o Az My b2 AZE AYIILE F kme A, B
Y 2YHAE o] 83ty aRAA F4b AR EF & Ve H
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Table 1-4. Oil spill response resources of government and private

sectors in Japan.

72y ReFM | RS 2YBA I SEAUA | KN | KL SN
(%) ) (Km) (&) (k1) (k1)

sfarEory 8 30 30 12 164 1.07
At R{s W x| HE 10 1 53 103 154 0.20
MRAYI|RV|X| 8 15
gors 8 0.2 0.7 5
groetate| xt 3 1 162 96 201 5.43
oy 41 39 57 0.36
agy| 1 1 34 31 329 0.09
At A Al AR} 14 16 70 56 1,232 8.00
ZH{Z YA A 8 10
27 RHIFIIX| 8 25 24 35 22.21
2 54 153 916 642 1,036 | 76.46
EA 106 218 | 1,356 | 1004 3,214 | 113.46




Y&} e T3 HAH F A <
23 FIAFE A Fulg Ak gy R FRU
2) T AR 279 o]&d EYHA 5 FYo] FuFHom

€ Aot #F3FAdY 279 E WA FuI}A ¥ olf&
e €3 W|He2 olF AAFGE WA AN wWEolt Yoz
At Aol ulA o] AaA de FRAAL FAAY UL B{HFo|
Y BA%gEd g2 AL o8 FAE Relgd & 4+ U

dEL Hdged 2 AL WARA H{KIHYE FI A
WA WheNM A F9 EGHA FAZu G Ans #E: AL
73 Aok =3 B WAAZS FIAFAR 279 E o]4F
& 80%, w&IAAG FEAAAAE ol&F NFHE W0%E o=
gleg 3 o 0% oS EHHLR L F UERE FuE
F3EE fxd QKo FHAIE AU dB @HAFHL o
93%E wIATAY FIF7NE o83k, F 3%E FAANE, F 4%E
FEdA A2 7459 AcH(Table 1-5).

N
i
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Table 1-5. Comparison of regional response capacity in Japan.

1 {2 |3 |4 |5 |6 |7 |8 |9 |10]11 =2
e b e e e B B e b e b e B e R S R e
WHsS 16 | 13 140 | 71 | 34|53 {31 |14 | 5|22 3| 305
(2K1) :
MM 4] 5119112116125 121 1] 2| 6] 4] 106
MEM (A 2| 3|57 | 23| 231719 1| 4| 5| 0] 148
SslEo2()| 8| 9|66 (16| 24139131} 7| 7| 3| 1] 203
AY |18|26|38|21|45{82]|4514| 5|20} 4| 319
(=3
::Elﬂ B3 |40 | 81 {185 | 90 |150 |163 {102 | 22 | 30 | 23 | 18 | 905
E)c,ngio ol2a (11| 7125 5] 7|02 4| 5| o3
{km
B2 | 68 [116 |249 {122 [199 {271 |153 | 43 | 35 | 55 | 26 |1.317
SA2|R(k1)]| 311| 296| 645| 313| 330| 614| 509| 61 | 102| 130] 66]4,118
SEARN(2)| 47 | 93 {135 | 107| 138] 214| 104| 25 | 31 | 44 | 27 | 955
AsA(ME)l 2132112120 ) 5| 711 71061 91 2| 113
£3|47|X2]| 3.0{ 5.1|22.3| 5.9|12.7[14.1]12.6|11.5] 1.7} 1.6| 0.2{90.7
22t (K1)
s2x2|22 0.5/ 0.9 1.4} 1.1} 1.4| 2.1 1.0| 0.3} 0.3} 0.4] 0.3 9.7
{3k1)
gAtx |22 1.2| 1.2] 2.7] 1.2] 1.2} 2.4{ 2.0| 0.2] 0.4] 0.5| 0.3{13.3
(M)
K34 ME2]11.3] 6.3113.6(63.1[18.7|35.0[15.7| 2.1| 2.6{19.5| 3.0[190.9
2F (Mk1)
A *2|22F{16.0]13.5/40.0|71.3|34.0|53.6/31.3|14.1| 5.0{22.0| 3.8|305
(k1)




3. syt FAAAY EAA

@ F7ke) BAFHE vesl 09 2vvY £AY edWas Bojz
JehlAE RE ohdth Frle wAsHe walgue 2eHd o]
g fEATI AL A AFsn AAddez gAse L

FEHo2 dBE Aot

HE FEAIL BAlY AF 4FE G H0 g HHE dupwnF
Hx3 etz dadh(Walker et al, 1994). ‘@743 8E HAssie
BAS e HE FHE 245t %A ok e 2 dge ded
A Mutol v} Ayl £x& =ed UAXE & olAA HAY £
Atz @dAsn Ud o8 Fuje gFFo] FE oz ¥ zhs o]
st o2 ¥ AW AHsol ¥ Fuwt AddA F9
Ayoz diAY £ UNE HAolHe ofHF WHEoyd. EE AR
ol Hla] f2viete] Al Fu] BFFo] Hlo] RFy] dFd
At e FFe WARPJAIY M3 2 g F9 sy
Edoitt 28Y HAFYE A sdda A 2y wA 5o
gr1dee AdHAZE ZidE Ve oA¥t dustd SAZEE
7 BAAAE FH3ed YA FLE WA 84 BolR
AA = obY7] W&ot

A 1099d F4 At wivich gHEE] AAHPY WA T 24
TAE oY sHged WAYY MAez AHHHJGn F & 9ok
FE2F7 FLE 2AZ AYAAE G V€Y JFEF AAES
MAst SgARYo] FBHoz2 AYAEE APd Aot o]
7189 AAAAME LAJLFE AIAFRHAA dFEE AYd gn
HFLGLAE HAo] TeEde AFEF] A2 Ro| oYz,
FEAHA BAF Yol A FolA AL FFHoZE U HFed
WA ANA L A oA AFHE AFH A Aldojr). ko2 AL
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71 A AA Y FHFolge FAL A& T2 WA HJYow, #
He wHex, AR AAE NAE3, IFAYE FEs, $ASH
ZEsie], 9y YAHY 2AdFAAY FEHS 2E FAYY FTEAA
T35 gl o]27|71A BE HABA JFE& FZHo2 Fxd vz
A9 AYE Foie ot

Syt WA Myl At FAAHY EEYI F
BAAAY FEHE A AuFd AR HASE A e &
AQJAE olnl HIFEY ZHol A& B3 I3 AAHo Ur)
FE7t AJF8] del vrtel & It AAAAY FEHERAHL o|n o=
Ax HEFEIHO Aot sE FHAo] ofyn. HWAFH IFAHAF
(IMO)8] F&2 W& OPRC Y W& 27} 7lokdt Ao st
ARolgm: & 4 Utk

OPRC ofelA &8 27 2 A9 BAAAdNEe 1) g
e@Aae dulsta dgsted AYel e JBVE A, 2) JE
29 Axe) Big ¥3 og Avete AYL RE FTE AR, 3)
dPATA 2AHY AL eFduA T Wy gFozRy A
8AERE o ol ZHAAEL UHE IFE Abdd AAH FTE& A
Z12doz AR Atk =T AR 4) J7F AFAYE FylFHok
8™, 5) FEAIRY AP FSIE 71F FE HA Fulg ApAuix
A & 2 ol AEAY, 6) ZIgdd dgde FF EA ¥
4 zZ2a9g, 7 71§Led At tiEEr] A AAE AYg <2
TA5Y, 8 71529 AtxnAl B A9 FE FTHE Z3AFV
A F+2 & AXE 22 AL 27353 .

obz] fEyetes olzg XAEE WEE ZAF2 UA X FHEA
Aba duich G¢@E AR 2 itk FAAN 9§ 230 H BA)
BASE RE FAAAY v]Foz FHIYAME Hopd Ri 2X] Tojof

d
o
=2

L.
=
Ke R
=



g RE& TEI}A Fsr] dEolch siPE UH AP Se] AP
FHRLEAFAZG] HH HAxe ez2A HA $2vely WA AR
TARELS ARE F3 syy HPHAAT IFEDLS FAAAN
gridez dAzsHAdne Zldar] @ 2 AFdME o] dddA
4B uiet o] fuzte Fd HAAAL WAFTHA SlojA g
TAMRES FAHez P 33T ABol 2257 w@E 73
A8 sdsior @& EAFQY wAgA EAES F oddez 4yt
AAY 5539 riulz A EIYHA FE T & de @Y AAL
e ASE BF dAAPL FAHAN gF 2AAM AL g F
grol 71 wEelh. FAAY A ARG oulstd s
HdstA o7t didHo dermz ATE ASHY F59
FHYAE JNEstn FHAHA AAFFE T FAYAY 2xAHA
78S HazdoeN EAE AR .

O

o e

Al 3 A AFFEATY - Aere
L 249 7%

AZolA BAstE AF F2LE Az FAAE HE F A
HAe AUy 728 7S ABAM IF A5 Aod. 2y
ddHoz B4 FAYYLS NExAoY {2A3e #F24 7§
38, wEd AF = T w B A9t B dubFe=
JFoM FEARTE AT BF 7159 5SS 10-15%F = #o] HA
ged, ole 71%8ely Fule HId Aol 2859 JAAA [+
BA= F50l 8 % olFdME A7l Tstr] @7 "WEelt (EPA,
1993). ek EYAA g7t ol Aol A WS
FAYAE FEIFAY AFLTGE StAY adE HAY F ¥ Qidh

iy



A4 2AHYA FA7 o FHdA #HY FEF M AP da

Je PHS FEANAYAE XA EHE FHE 5o

FEAAYAE AN BARE AF 42414, 2YH A7
Brbs@ A4 b3 muHoE AgHe £ $34 TA¥o=A
FEARZ AP AdAY ANE B2 T, 359
Azststeled 2 23¥A 2HE FI UcHAllen, 1982). §EA

rir
N
ot
d
o
o

AYAEe “$Foz 8L #3, B LANNAY £33 B¥E
golstA 7] 98 FU4e WA FFAIE AL FASHE GA"Hm
A |THUS EPA, 1993). #24AdAE 29 422 20 m o8
718Wes WS A BAAAL Zusy] dd AL 20 m
FoA TA SRR o Hre
2oz AHax
FEANAAE BAHA S£ANP vls HFo] folstm 2Py
Fult 71717 Mg B ohs, G sAAE seldE AEs}
Aesttts A F L4d AW AL Atk FEANYAE A4
Futel AugHe FANA FozA 5 f%5d s ERsE
MAE $49 Yz BANIE F4e B
FEAAGAS LT A £ Y= WS 2osA gL
2.
D #59 Ao g FARY g 2A Z/A AAE g%
A B 7 3] (Biodegradation) & &3 gk},
) fr2A7t A 9d Aoz FIY A% AA BN s
&g e 5 A
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Fig. 1-1. Schematic diagram of physical, chemical and biological processes

of oil spill at sea.




3) FEAY FHE AANA 2F(RIS A 23] AP &

Yy WAL + 9
FEAAYAE S8 fER7F AQY 09 UALeR I AAY

£

E2 FE2 EAE AE, og #F UHE EMAA FE2HFY J2E
HMAANNAY, ©85ih
afAoz AEE F glon, B ov] 249 g FEI}Yq {FES
AAs=d A4E F gtk FEAY E{IE 7189 24
QojME ¢4 F28 HF77F FAAAd 93y aAFAHoz BAE F
AE7t7t i =ojof &n, veF R4 sbEdttd Ay F £33 udlA
dojuvt= 34 HA(dilution process)dl 93td F&F¥ F£F FEZLY
&2 "2 ¥Ho] 7H5dr7t s ook Foh(Bocard et al, 1984).
ebA FAAY 4 A 35 E2AA oA 124 A
A7 =9, FHe datgd FAHA BHE Jed £ Je AE 6 &
o getd Mg & 2 Az vgo] ZAALT oJAAX AA ZHI
AE AFAA stz de FAHUAY A5 AYE 9std 4¥A
el Z+E &3 FAY BF5@A(wave tank) & AMEstd BAHE
Aot gon, ¢53 X &Y W SHL A= FAYAE AL
t =8¢ 7ZAF8 $HKlaeboe 1980, Makay and Szeto 1980,

9 ¥EE oA FE oz ZaAsEd

Rossemy 1980, Delft Hydraulics Laboratory 1982, Sprague et al, 1982,
Fingas et al. 1987).



e AYA U B4 A5 AQ PEe dRE A4 aand &
& AUAZ HE Aeolr] WEol WA ) EArgo] HEwo]
TP ¥ BAYE PNEEET HuHAY sbsdel sled, A¥a
We A% AR AR @n® aAA €2 g £ du
(Fingas et al, 1990). 58 &3 olUA7 259 3¢ Baagc] A5
A BFAAG, Aglr EA7F e A AY ol AAFE + Aol
Astahe gl Al MEWOZ A4 5, AW 87 olAe A
S a9y 580l AAsh AolE mol s} Bol BRI
SR BA4S A BEY B9 FAAAE sl HTaE
Ase zdsnz, ot 4R 9 $AHA 29 HAFANA 5
7, 459 AAUAY SHE 1AM A A% Fo) EANE $F
8 RAze BHE ARNNE BE 2MHezE A% AU de Be
HEEIA AFYe 72 4= 3o
FEAAYAE FIMoz §2d A8 AR Aol oy
2302 BAAA 3714 4BRAE S5t Rold, B9 =48
F2AAN RE B ohUd osld AA SAoyd g
EGSAY 37 S40 2 AW AR VFae B4 5o ol
879 otdge 2L 227 Ao
SEAADA Arlso] A TAN B AL 19674 4T 2
THRY EAAYE ABAT Uk o NS 0TES FdolEy
AHE §2AAT IFAL 20kmAt A8 oARG. oW 2
Aol BPIOlolgte 92 @fss S48 SAUA 1% 58Eo)
meREd #RAAS SHE /B9 4% @A ABed WS
AFAE AshE zAQT o AP olF AAUAN A A7

e

4

&)

._.46_



eAdoz Azges AA AZe $HAAY A5F SHe JAs
Hog AlE7] A2t

FEAA Al o
ppmelA 50 ppm HEZ FAHYHCormack and Nichols, 1977).
olA7A o] AFZAte] }E2H FFANY FEFEE P FFskAW
T Al R EHE Aoz ¢3A A (McAuliffe et al, 1981;
NRC, 1989).

e

dd FI3dAE dAFd JIEFETE L

olA7A FALUAY 54 R FFA] &EFF =44 #BE A7V L
5 A=EHZ Jou, ABEHI e FAHAMY &l A FAH U
A gonz, A, EATLH AT oA Ay Felst Ha S
Bt ofys}, @354 dFRGE F2 SAAA Ad AF AA
of FAHol FolA Ake FHol Urh(Wells 1934). el =4 4
L 53 ERFY EHdoz A% FF2A 3 U9 v F79 Y
B o Ao e T FardE Fold xE24IE AlEHIA
a7 f1gked, AU Al P(static test) BTHE A& {FF Al(flow through
test)old T HAFAE o8£I EARAF(toxicity index)e] A A

Yol =2 3 5o} gkth(Bocard et al 1984, 1984).

2. FA A FHe AL

3ty AAe ZA BAAS 1A, dEA wqA, 27 FAF)
T7E & A% viFdAE &3FUS EPA)C]l FA A
Ads @I e 37td MAEs F7p05 A d(Product Schedule
of the National Contingency Plan: NCP -40 CFR 300)o] X3t= o] it}
A viZdAME 48F9 FEAAYA, 2F9 9 8] 5 A Al (surface

o

hu

o ol



collecting agent), 42% 2] A& 7} A|(biological additives), 10¥&< 7|€
712249 A A (miscellaneous oil spill - control agent)?’t S A5 o
=dl(US EPA, 1993), a3 S49 F&°] flo] FZFHL2 gFoqF
desz v AFed WA FAle WA Xolrt gUd.
2 379 F 84 ddd FEAAMGAE ARLEAL &4 2 7=
A7 Z FAH e, dutd fAYA, 5% FAHAR 2A ddd.

FEARAANE ¥F BoE AL dE B BAL WA

l

S ZaAAo. o2 71§ EBAlold AW B #HAav JE
B ¥ fFUGlck)e2 FH Holx veAsum oA FA:
A 2 |

FEAAGAY AT ZEL 719 vl AT, Ay EHLS LA
Atk 71 ol 2ol AW AHAE 22HE 2o o] E(sorbitan
monooleate), AEFAlHolElE A2H|g B &9 o] E(ethoxylated
sorbitaﬂ monooleate) 9t EX 3t Ao Zddd 2EYE diHE
(polyethylene glycol esters) Soltk. dA A&HT Qe FAdAe A
B @71 oo ulo|2 AW #APA 15-75%, ol AW EAHA
5-25%°] &WMEA &, B3 4ole =84 332, T Bra= &
214 ok v|o]2A AREAA G Fol2 ABVBALAY EFEZ FH U
o, ol ABEAAAY dEE FEAAAY F2 HAEE XA
H(NRC, 1989).

ety FRANAAE 44 a2 ek an $3Y KA
Ae 49 a2 AHEAY sFd 4o AHEE F A 539
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EF AEFE FAYASG 7159 vir} 1:20 Axolth 22y A2 A%
AM FAAE AHEE Bfole oo FA7 FsA &7] Wl of
3o 38 6 8 && Aol 4. vFY Fede FHHAS
EZ 5 Qe 94 FFY ¥FUE BRAES =Y &3,

OH

2}
FEAS AT FAAA LY 278 0P A7) Y BE S
£ Aulo] dal B A7E sm Aok

NRC(989)E E#HQ §&F 4 AYAle) B A™o| s} &
o9 WA 71Ee AR

1) #ADA7E HEA fo3 45 S sjob o

2) FAAE WA N)1EH HolAY 71§-F AR o5& sok
g @t

ol
2
e

30

3) A A} ARANA AL sxo TEaiof gt
4) FrEF7F BEA e FAE R g
Btgo] Zsted FA AT fopel FefAA FAY FAYA AEA
AAZL st 37171 e AXE A& A3 F Uokd EAUL
A £ Ao FAAAY BEe 277 UF W H%S T4 9
2 YF Zod o JAY uidel WA HE2 fAA AX
&€ HAA A gt FAHAAI FHelA HAHE s =P
ozt F4to] Jhe @, AMAY 9 FAZE ZL3A &7 Wi A F
A AEZFS wEE AL AP oy
oA et 2L =EAQ 2AES FH3E A PN o¢ o
Yt} Fingas $(1991a)2 o8 YHol At “swirling flask” AldHo =
7R A AY A AFES st o8 B fXHAY 7189 F

.,.:

Hm

Fol ohet FuUE Aol Mot FFHY A5 BA The 2ok



Chemical Dispersant

® [ Droplet Applied To
] /‘/ Ol Slick
®

Dispersed Gil
Droplets Formed
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) At Oil-Water interface
= SIS

Fig. 1-2. Typical chemical dispersion.



Chemical Dispersant Droplet

® ® / Applied To Oil Slick
of
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Qil
Lens
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Fiims Out

Fig. 1-3. Thin slicks are not dispersed in typical manner.

Fluid Chemical Dispersant

® ® Applied To Viscous Oil
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= Water

e
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Fluid Dispersant
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geees

Fig. 1-4. Roll-off effect of fluid dispersant.



Z 4/ (EREM, heavy crude oils) 1%

Z A (hEH, medium crude oils) 10%

7] A (& FE ¥, light crude oils) 30%

273 A (EEE M, very light crude oils) 90%
73 3t fr (1l {L¥h, weathered oils) A e AdREg B
FEFY AAstE fFAZA AHES AAed T8 AAFA 3
volth o2 A7 Ao o3td, FAHA Y A5 HE(viscosity)St ¥
A3 Aol e, FAgAE FE7E 2000 centistokes(cSt) ©l3tY o
E37F 23 10,000 cSt o)A Aol A 247t giK(Cormack et

al., 1986).

Azl e FE9 F7HE B FAAY EFvt FA48 dojAe
ANdE B F Jded A4z fAgAE BHEA £FF FF F 2443
ojujol ¥ajopyt FH7L vt H 2| Fingas 5(1991b)S frAgAle A
TH 22X, §EE, TAYA AXF Ay 74 ARu (o2 d, W
Slea, T4 e, X3 S3fa, a9 AEu)e JTVAE 43
AWl A AR A3} g 2S dEE AU

) A8 A5 &7 S71gdd gt AFHez Frhed.

2) AR AREE 40%°12 olntt EAY Fow HFwo A 4
o] Zt}. nithel Al ALR-317] & Az FALAE FFdME A &
7+ Aot

3) FAZAY F¥xFe B W$ FoF 890] At}

4) A=A A L3} @35ie Fe& F F@UAU U

) FAEAY Aed GEE Gk, of2Td, FA SFEY G
5o Z@AAZ Ao



FEAAAAY H5e AwHoz FRRE P FS o)

0.

FAA7tel disixe oA Aukd el &A@ 3 71§39
ARZHE ZA2ANE AEE FAHE Ao 7 AEAol Axn
olgF oz ;G AFLYYPolA T AA oM FAETE 484
el FAFAAZ FASE AL AL Yol otk #e FEAMA S
AGAAAE AGTHE A9 002 Hojm AP dFM ANPAE
329 248E et £Fo2 24 FAtH(McAuliffe et al, 1981).
AE UAME ARNFY 224G AY4F g2 WgdAe 484
Au7t @A 2 %A e F9h gt ddFezE Y AY
Afes 4349 F INAEZ o442 F UK Moller et al, 1987; US
EPA, 1993; Nichols, 1993). vlFeAle B H AT AL E 317] He] L
T2 3 =3 AEE AX3o HZE & 2 5 5HdE HQAo=
FR3E PYE AMEEGE et &3 ojfE AR #BIAYE FTHAME
FEHE 947 E ¥ 397 g

olAAA FEANAY HeAPE F2 AIHAAM PA Kot
olglgt APAMIAY B AFM AR E F7tE] A AFS
A AY AAsed F2 AL A olA7R] oF 357139 w0
ARy AAAHSZ 6714 #H¥ol F=2 AHEHIR Yo F=
FEH 7S HAFZ /FEAAYAES A F AUAE JlEo
FFoz FAdE 7159 4& FAH}E WHE Agded, 2FHAA
d& AHeARst P dFAM GAsE AL oYK Clayton et al,
1992). F2 7189 FH7F 2AW AgATH @FAAY 23459
A7t & GA8kA FcH(Fingas, 1990). sHFo2 FE4HE 71E9

rr



Rt AAL £9FAA Helzd Faw B

4

A A7

5527t Zdso] Qy) WFo] B4 E4L 72 g2 vdol
2PANS A% AAe BRAEL H¥d Wy de =xes

FEAAT APAUA e ATREA AA AN Ax

A¥srlE old mAd FRUAAAY 45 Yise A %

o i

flo

YR AR FAAM  fE2E 7S dEd ASAEE AASAY
FFE5A7IE  olgdd FEAAEE Hetde WHE ALY #
AtHMackay and Wells, 1983; Nichols and Parker, 1985). 18y Alx
A Agseie FAARZ A@de AL I MAFE o
A7t AFH 7] Boe A clged AU Ao

3. FEAAYAY H5E Fese 89

By & 8 F Ut

’h 7189 A=

71E 9 API gravity &% Jlgstd BA SEHL d2¥ £ e,
7189 47t #Aade w2l API gravitye 93 Zo] F713%t)

API gravity = 141.5 / specific gravity - 1315

LF9 API gravitye= 5 - 50 AX o] API gravity’} 5 ©]3¢
71ge & EAHZA FevhGilfillan, 1992). 4¥wrE o2 APl gravity7t
F7hstd FEAAYZE Roldttdn  AZAsE g€ FEE API
gravity9}= A4 T BAE 7HX2=2 gt o2 API gravity/} £S542
Axe 9. Fx 2 AAUez: {4 AE A€ oj=AXE & £
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4 oHClayton et al., 1992). 2000 cSt ©]3te] AEE Zte 7]&e ddAME

FEAAYZE foldAT, 10000 cSt ol Y ZIEAME ®Alel A9
dojuA] Feh FAT H2Zo sigd FIEAHA Fel= 10000 cSt
o9 1PE fFHAE AARAL AFE Ut

= Aed 7189 zAAE Bl Ud. FIEAAAY EF L

F2 71§ BAEF AYF(saturate) B34 3 YHE BHo| Yt

o
%
2,
N
N
(1)
S
-
M
oo
o
N
of
2
ue
23
3
=
7
5
Q
=
o
3
=3
w
S}
2
lo
of¥
oL

Aol FrhtrE #4
Daling and Almas, 1983).

™t 7159 ¥3t

28 ¥ 24 - B AF X 7152 42T sy Wss FA

22

280l ZAAIG(Mackay and Zagorsky, 1982;

e o]&  F3Hweathering)zln FE2T. 71§99 F3le 4843
ojFdlx A& oyt 48X ol 7] Wyt wje FA s}
Feele %, &8, B3, dEH Y Tl P V1S9
T34 L H93e F2 8902 789 HEY £, A3NH, T
9 FHxBE & 7 Atk AEAAAY HeE 715l F3E
et FA43 7ZAA2¥ F Av A" Beede 2 - 4 AL Alo]
FEANEA Ade 50%7HA FAad7IE FrH(Mackay et al., 1980).
ALY Aol FIHWE vIARAE AHEY F=7F FUstn 71§94

dxd FE, FRAY F7M¥Y. F840] 2 ARAF dHFLES

I

FFoz L33 AY FHdA 4A FLEdcH(Mackay. et al, 1985). 48



AlZEOl A 72X Abolel] el F-f3te 718 o i€ vdZEd By
7Bl @35 EE A9 HAF Ak oi(Stiver and Mackay, 1980;
Bemner et al.,, 1990).

32}t3H(photooxidation) = HA 3] doju=z WA JAAAHAN s F
nAHA fev ay G2E @ol TRde die dE dfEd
FAkstel o3 f BE e & F AW BV dLA x=ZHA

T 715 AdAY A B3l F7HEH(Allen and Ferek, 1993).

als

T 2(mousse)gt €2l FEYH 715 ABAHLE A7) AdFES

%

FAEdY. F27F AALEHE Fxst 2A FUMEY fEAANEAC
qEeA &or HAFI}A XA HE=2 FAH7] o8¢ F(Nichols,
1980; Payne and Phillips, 1985; Mackay, 1987).

2) &A1t 4

(EE SN

2

Wl fote) BAAEE oA WA zwe
Ixtoc §74 EWATAAE 71§0] 2EHe] £2a7] Wo| £FAH gL
G wAGLRA oA U Wy EWAAANAN A
Eh5® A olgge £3dAMe /1% KFEALANE 42
Ael7t 438 oA A

A7 LAY AT F Fd AEA H¥ol AARE=
gaade 248 4 A BL 9e 715e FEs EolAn Bl
gol® JESo| AHA7) WEolTh.

o) o4k e

Agolae AAHA AL 78S A 2 VI FFoz
PANAY. FEAAAAE MEL o digo] s ¥ Afols
SEgAe Hds zAMoL Fusol JEs BI & Yok wpgol
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Astd =7 gol f9& e AN FIEAANYAE AL

Al

A
rlo

Zagc FEAAYAG HFA 3 AIHez 44"
Z1EHEE 77 7] W7 viido] SolEE A EF22 HEY,

Beaufort Wind Scale°] 39 F4& 7 WA 10 xEo°|95 Beaufort
Wind Scaleo] 5 ol4old AAEAe] FEI=ZEZ FEAAHAES
A ¥ 312 ¢kolx g tH(Bates et al., 1984; Mackay et al., 1985).

71E FEAAYAE gl S E 4450l FoEd. v
ojul AAFHAEL o] F7EE FIxrt ojNnz A we
¥y 4P ugdn F£2o] oA 7159 FEIt FrsERz ¥4
3% "ol I THNRC, 1989).

vh) FEAA A FF

71E FEANYAY P& 15 - 75%7 vlojeA ARBGA A 5
- 25%7F ol AREAAAZ Hol Utk v]o] A APILAZE oleic
acid &< lauric acid®] sorbitan estert} ethoxylated sorbitan estere] A}
oleic acid®] polyethylene glycol estert} ethoxylated and propoxylated
fatty alcohols, ethoxylated octylphenolq! R2o 2 <2 JUTHNRC, 1989).
%ol&  AAFANAE  sodium dioctyl sulfosuccinatett  sodium
ditridecanoy!  sulfosuccinateo]lt}. =3 E{AZE  F8A4  hydroxy
compoundstt &3F47F A3 QY. WES @it HE
AZRE EAZ A8 FS F=7t 2 71 A AFIA9 FL
ERE E 5 Atk

AD Ay

FEAA A E Avtolyg gF7ldA d¥HEY od FfoxE Fo3

A& godd mast giok g o] A& Ay HE mEd



ol x| Al vldolth FRAANYAE XY of $&9 AVE BARE
dge mAY. AP TFHHE FEAAIHAY LE 27 7Y
T HlsstAYG Folopt Atk wge] FAVVE AW (K%L &3
AUzt WA s7] d ot 4¥ A fFEAANAAS AE AV HE,
HaAd, 4x, AWEY Fol 4%E FA "ch(Fingas et al, 1992b).
AXFAe A g IVIE UE F AEE B 4AY Fse
FAE AHgsloF s (Lewis et al., 1985).

715 ol dE fFEAALGAY ¥&e 4 MY IFS
A, AxdAELS dutyoz {FEAAYG 7Y HE L0 T=
12002 dFsn AUtk w%He] FAFE FEAAT § @wo| FEHojo}
oz dxgd 4dAY £x2 Axdud dA f74e 2494 wWEd
23 d8doz Jee Feo fRAAY H e RARES
A 387l st e FA uiet ¥WEAd B2t 34

4. A 4¥)E _

a4s PARIAT oW@ PHoz HFEANINE VTP
AQAE AASFE AL PARSoY #AF WM odrA
29ES nASE ATGE A2 YolAW FEIAS HTE F EF
A7 GAL 2RY STPES ASYO2A 1 Edst 2A FAT 5
genz NFE ARl @k AW FRANE AsEHIE
ARG HEAe F1EAA BAS AP o e Fug
Fee g FEAAE FHW ARl @FAM usjoln @t
(Lichtenthaler and Daling, 1985).

FEANAA] ST Qold F8E /43 A A gL
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Z.
7D fRAAEAE HAeA g3 Axs}et
Ak d59 FRAASE M5 FA7 AAs e A4t
gAT Abdel s MY A Bl Badmz Ald JAe
82 e B Fuh
W) $2AAAA7 fo YRS 4¥se)
frob Qo] AXHA 3 #HE ol "ol FEAAE EHY)
glon M &5} 45 F J1g%e] Y2 £} gleng wEA
$ekslo] A= oo} gt}
th fotel AdsE FRE, F T H%] FAE FE
FEANYANE HE¥ste),
frato] Agsts YREL WFPozE AA FAN 2o B
AA AT g F2o] T4z 71ge E/ o AA 4% Ao
10%AE] BH 9% 7180 28 Y& ALE &3 ARG #
1 tHUS EPA, 1993).
2) FE2AT BAF S5 wE ARl FEAAS AE e
FEE Aol AP tel Eao]l & Hx gomz FEAAE
Axsty] ARRAGE M@ @ 2 Adste Ao fst
o A% FEH1 Yo A5 & §293% ke Rol SEAAE
A+ ¥ 3} 2}
23sl7) ojde frote] TAL AulelMe s1EAYst B AdE
i3l 4 UrH(Daling and Brandivik, 1988).
w) ke fotolE KEAAES AT e,
ey e 237 Yol 4w fote] FA7} 0005 mm olstolen B



. Dispersant tank
Pump .
Eloctro valves
. Telecommand
. Spray arm

. Front sprayer

ONBEWN -

Fig. 1-5. Dispersant delivery system using a boom-mounted arrangement.

!

Fig. 1-6. Spray arm system with overlapping spray pattern.
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At ¢S FHe AAAE F o {FELAY Bgo] fHug

B AYst H2Zr] wE] 3HA FAEE] HE 9y @i

A FALE FRAAY 45e B,

FEAA YA Aoz e BAANIIEXN HEF AL

e
2

@ o SQtez e #dFE FAHY FE JAAT FFOA
7t FAE WRlolt W {EAAE HEG FolE Fubo] Abatx|A|
Fead ASE RS APt sHolor g
oh) HHe] FAALE A& F USEE AXEEE xH)a).
FEAA Y FEFe 7189 F7F, FAAE, F99 54 S o
Aot HH BARLEE At
) 3 3G A2AAANE FEAHGAE AE3kA Ta)

o
4

3T FHdol £PFTA Aol FEAAS HEIHW Y o)
Za2¥g F Ao

AdbE o] g3t FEAAE 4XY Afoe 12 FHE PAH]
olidate A HAYPHNE & & o, dute) Zv)e ot} AL}
Aol 2ol Zhedit. zey dwre olF&Ed A Udow

|

4

FEAAE AEIFAAE 10 E o9 £E5 & & Qith 139
Awtozy 10 xEQ £E2 AZMY 4000 m® AE9 AHEL HNyE 4
2 A Hy ZZHpatch)e] P2 EXZE=2 o]FAL
g Eo] HeEES R oA A wAo ],

Avtola FEAIAIE dxsted 283 Fule AP, o) P,

30
lo
e

WH, FEEFF T AU, A9 =vid AAd @Al EA
ZHste] AAZ 5 glojof @ Fo Aole Muwte] Av|eh BHo]



Qe 3 - 12 mh F2 29 w2 Bo W FAs] YAY
el 22 Qed $9U9 2 - 3 molA AEsojol Brh B9 ole
Mubo] £:g ¥ W x3o] sFWel A Fe AEY oz

A ojor gt xZoXe Wed AF ZVI7F 500 - 700 um HE7t

< Aol FPAFT AQe) {FRAMAAE A¥sux o
FE4E7E o wtdAsct oy fuvete 2ol #F7Iv Ay, Aol
AAHA F3te FFAAME Aol BE Ax Aot £3) gIAXE
AdMEe AE FEE B ZFASG 59Ul glojok k. sgoA
frete] BFYdA Exdy] @ e AFsA FHAd FHAES
AX37] HAEME A-E vlEel Hdt #¥IVIE ALI:
FHIAANE FF}E 71AY AEE v FadH FAG ALAAF
g 8 3t}

5 frAlgAl 4X 2UHFY

PlFUelA F&F AE H3 FRINYAY ALgo] $AY FS
o> A o] 2t 1984do] Farallon Islands #2914 Puerto Rican%
°of StAZ EAs sEE o] FIAR dojd AR Aol AUt A
27F RS 3Y Fo] A 2000829 Corexit 9527¢ %o} 4x3g
v dHFER Q39 BFEHJA FF 7 2UEHY T2aPS NG 5
ol FAAY &S ¢ FF2 RASEY. 23U BRAASL U}
Y B F9 7Igol 2AHASA N g dAE dAE Kol ggted
hF2o] 0-30%2 A st4ct.

@A ZUHP S A & FedA A AL Z3vt e



A ZL B K757 539 A2 9L viREA Sl e A
dAE Boes Re ¢ qdd a23u A 52&e Ay
s AEF AL FAo] s ANF FFolM RUHY 2ol stx
g A% vlg Hoh

Fingas 5(1991a)el] ¢&jatd A 159 F<¢ FxAe 5ol ds)
1003} o]F9 &% Alge] AAHAEY ARAE o At At o]
ol @z 25679 FZo i FAHAY BE FAART B HAE
H, 3d £&2 30%YT E& YAt 0-100% Aot AR2E] A S &
AZAY] 58S BUE 77 oldfe) 3 (water column)?] 71E B2
33t 2389 B3 F09 Holg B 7129 I Ay
A+E-3tA = Fingas $(1991a)2 ol2dh H2 WAL 2 Julo] 430

4E 718 EE(plume)d 93 AAAA7 A glomz —‘%94‘3]3}‘:}31

EAFATAAPD 93 19799 A FYoloA AAE EZAY
14, Prudhoe Bay®] A& & A2 AFo FF71E o83t Corexit
9527 ZXE Alg ZAFE B9 308 oo BAd 7189 % A3 ¥

EE 74 198494 FF 4lppmelA2 F4 3vi€oA FF 10ppmol Y
=l A9 40%9 7ML 71Eo] 4 2u]Eoldle] A& FFo] B4R
tHMcAuliffe et al., 1981). 1A17te] A Fol= A" ZE(plume)o] o}
AFozo A3 solbA 44 2ulHolslo] 31%, 2-4P]E el 24%,
4-757E9] 29%9] 7]&0°] HAEUt) 3A)zke] A FolE 0-67|E &9
A H3 1-2ppm, 991812 )A 05ppme] 71E°] SAEHYL 23, sy
% zZxodel @3 NYE usd A%NE BYEd 2 7S R4
&% A4 1-100ppme] A THNRC, 1989).
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olzigt 8% Ad ZAd+= Mackayst Wells(1983)9) =24 A4t A #e}
2 #ol7t gled o8 AL 4 10vHAA A2 & lppml 2
d &3ttt FAZHAE FHo 1098 veid & HolA ALgsH g
= 9493 F32 1ppme] 84 549 FA(threshold)zte 7H A o]
Bt =7t ¥o9 AA A & £ F UAde vHA FEH Aol
o,

s HFd7IF(NOAA)S 1987d el xYol oA LAE Pac

e

AbAle] o7 stA] fAEA RYEHY AZe Agstddh. o ZYEY
A#ES Payne $(1991a, b)ol 2o oy ojd dojW wFELS T
+3 2.

D AR, 3&F, ARANHE sl Ay F7Y FF7ig Au Atojd 9
83 Atago] o] Fo] zokdt g

2) 74zt Ho QA7 A% o Fv} FAH ZATE Ao nig
s glojof gt

3) vt H ol Z 35mm AtRo] 7jE3t=dH AHE S = vY e Fhu)

Baroness® ¢} 1990d = A}~ 9] GalvestonolA] dojd Mega Borg®

e #5 dYFEHY &F o AHE sta RIS At 2 &
gk, FA Jhesittd dutoly e EAE FAlCl ol Hol Fx3
AU FRE of=d ARE g

4) Hd #3599 ARE AHY oI AUP S FFEY7)
(continuous flow flourometer)& At&3tA Fou Ad 718 v &
A37] AME AEE AH ok g

5) 2HAE AHAAN fote ZYEHISoF 4 SLAR IR/UV
ZARE AY 7leS AHgshe Aol Foh.



AAHeE Be A7A

i

ol RUHY Z2add F£3F A=l F
e EFAMAH A B &S AVisa o ole ©A ARl
7HE & wott £3oA9 i HH AdE olFo] A 5 U] HE
oltt. ¢hell ¥ F FFARAAE AFHLE A2 7IF] Moy
dA FEol A YAz o2 TYHY] stsdd. a2y 7]
S AFd7IEe A AdE 2YEHY A7 1-39T FHE ¥ F 4
A= E78tR 7P e rH2HA R

6. FEAMZAZ A 272

FSoA 715 299 &Y L, FX(marshes), 2 W 54
ol wi-¢ & FAYAE dF ALY E2 MNdE(Torrey Canyon) #&
ARa7E dojdAE A9 30de] EXT. o] BAd xddel AE] 7
FEol AdPAGE AL v F LA Utk o2 Uz B F7lA
FA2 A AHEE FAAMNRAL FAHAE 54 it ade AL 4
ofF At AT EsidE Aa olF F4 FXe AL {fAAS]
AL AgHUues FAAS A S0 dI JyFHez 44
ol dgol FAch

Fevete] Hged WAVl FEl WS HFEH e AL
olv] 2fatdod AA HE/Eol A3 AHs o] foh(H, 1993; A, 1993;
7, 1994). AR gFoM e Alazrld AFEF3}q 2dAx2 FiAS
AARE oA 27Iv2 EYHez FAN: AL HLAAY dHe=
FHd ¥ Jdoy, WAL EIJHA JeFust RS AU
AqAe oz e WAE I F Y A%yl dEd F=
FEAAGAE AHgstd FFez BANA HEle 53 AEyd
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2ot FEANAY PREY T AL AuA 2 ool
242 4EAS f¥m gdom ouse fAYA ¥¥e A

Fan g FREAMNGAS AHgHE dode &3 A gdds

e

o

o] M2 AFHE FFE s Ao o1& SRR BALTAY oY,
B@F3Ro vl AEHI U d¥AME FAZAE P59
AFEAR AF3}I ote] AR S AR AR AR {A A
ARPAAAE AFYEN P LD T8 S4o Y&S A58

TEAA A SATAE LA VAN A PG
Aol Aok 90dd olHMele HLTUHol HILEYA JAAY
QS st den AFHozE MIEIHs erldd o s
FAHAY 45 R SAHAE ARG 22U AePAg SHAYLe
AFY FYeAE AS UE 9T 332 JUoEm2 FAHAE we
Folle Zold AFol AAHAE FAY & P& FuEdd. 91d
Yotz ZZ A3 HYHAHANA Ao & FHIAAI AFo FEHD
Athe Apdo] AEA Gl LEAAR, AFAA FAT AFS oz
THFAET A7 AAALE AATE A §F83FTHY Sea Grean 805A
A AEgte] FA5HAE ¥ Uvies 2F £34 94L& wsin

FAEAY PYFAol FAAZ olTE F FAEANE 199439
dAFedya ZiAAY A J1ES AAHEA FAUIES dF
2R ARE Z1edA e vFAA AMgstn Qe HEd Lo
A+E o8 FENEES APR, AsHAL =AANFE dF
Ar1es ANste] EFAF] FEHA RIHES ok 4FoA de



443 e ¥5Y AAAL 44, A8 + YEE $3Y0) o
A% J1Fe M2 A4ET. 83%Y Y452 JF Pz
1980d o] 2AAY SAo] & AFE o4 452 4 A HA
2y olad FATFAZNE Fd SAl we FEIAIA
Hold 52 4 94 ¥ FIE 2099 EAE A% ASYz s,
ot FRUAAAAN WE 2R oHRIo 2ART Atk FAdE
FRAAAALN NEE BB YAFAY FHAINE A2 AZate
Agol WRAR oML YW ojuse] A4 £FE aA Fasol
FEAALAAL 718 gl Ml Zol ok @A Ao mAR
NEWER BUAINE HES Bohe o] ¥y FAAA S
AT FRANDA BAE 93¢ FIBo|A 24T ASTFE
Adg A7z 357 AR fFEAAAAE LTS Aol o
Aalzt TART AWES olze] BT FRANAA wWEolgm
A7 FAPAE SEddn S4o Yemz AW sl
Adcke Azel SusEA fAAAY 40 2ede ddez
es=7] A FFE FH JUse FANAY 24ePez 1%
FEo1F szt 24N FRF Y, HYA FAE a9 A8
#AYAE NPH B A% 4o gemz Aust goe Hes
S
#FAA S 2o dolate Folt ARAM AHgEY] A2E RozA
“FAEAY SHo2 A% 29" At AAX "FAYAY ATz
A 7182 FA" e ozt AAA BYA gob AU LW o]
FA7 BF 2o el sFsty] dEd ATstEe] e 24ed
YAl olsshe 2o dtel 287 BAY & ¥l YUch
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FA A9 24 9L "FAAAY AA FHEOE FAYAC 7IEE
P ez s3] NP2 wXE 7159 FHH"/M dxHolth
FAZA S 2429E FEAAHA AA =4 wWEe] oG F=2
7189 54 wWEd B FRAMZAE AESE A HBe
T 7150l wAE Ve R WE E502 FiAFgezy At
FAse AAU, dudEe FAAAS dxo AT ES ABAA
FAZAL 540l Jenz 23] BTt LastA @ Aeolth

78S 9AFFY estrad EFERAM AR AT FHEA

O

]
¥ ARAF WFE gstaLrt go] 2859 Ao Atkrt 3 HAA
Ae 237 HA @31 H3HA 5S4 YEhde 2EAF OF WES
g3tear ol XFHY o] AU FRAW gob dFE vlAA
g9 37 CHe AF F45AHE dehlls AR ¢ AL oA,
Aol A1) 4TS Fe Aol A3F EFH Aoz ¥HA
CH7F sisasicdl | Uohd wigd 43 3l AU AA ofFe A9
S ¢A Feo a2y

7]

FEUAGAE AgeA o] 71EW} DA
ol Hol £F02 Tostd FuHmz HIUESES olF
gAsel g2 Wi Yo

A9¥oz IFdAe WA CH Amd FEARAAE AgsHA

o

e, ol ¥ CA7F AEV d¢ Eold fAdAz 2 24HA
7] Qo FET ¥ 71EE JA2 BUAAIIHY BE FS Aok
duz 238 #FAUANE FA &= AR R © ¥ FES
FA dd. 87 Che AE7F Fotl A ddde HY, FF oA
o EA sete]l AHZsA dedd dojrt Hol HAsA Hm=
2zt gojg ezt g Aol wAE W] HeE ARt QA



dge d n3 Aoz @aHy] yioln.

2y ¥A Chole FAYAE 23 ¥etdes Ao ¥ F&5:
AL oy FALAE HA o 2 FHaE Y F Ad¥E AL
F= 3ot =7 ¥& 7Sl ¥y ¥l edSHA AAY
@3 AR A HAHME F 5 d7] Wi Jlgel AAE €A4A
BES YT 977 Ad) FAAAE AEE £E At

€ FAHAARE 3GEFclER JFRGOE HAYW FP sS4
ZHAl3 Qg @by A FE ARSITE 274 ¥ FEA =28 F
Aew PPy ¢ T URE AFYESL AT FFE TL F&
A

FEAANIAE A3 WAPERS A9 Jle FEAAME

glojAe dd FoE Wyon AW AGIUE {FEARLE A
BR9AE A ARL £ gle Woln. FYSAN FREAAGAY
FAZE 2R Qe AL oE FREIA F&szn U7l Wit
FEAAHZGAE A, o= Rl ALFE AAA= 2 AHY A47A
g3 A%E aYstd  AERPE GAEAE dEer s
St e o E #AHFE nEA &7 QEd EAZ 2T de

A= AL FAHAY AR E 159 FHHAHA gAAAR S
8 2RI 879 A" AR 217 ALt o
AAl, ojdel, o' {FAMHAAE oW WPog 4XF AJAE AA S
EE AndgdMe olzd FH}AU gAFAAZE ¥ UF FEY
AR7t A vwldely, FE3 ¥& A5E A2 ZEE WIS
Agole FHAY oFAHE s g £AJE A7) @] A

e



g2ANE #40l ma} A4e ABsAY A2 AAR Aol tha) Aol
BANZE AEY AAANEP] §HAA ASARO BaF HAwo
AgAR FAL AR Fo=M AFY AP ¥ ugA sz
Atk B $AA A4 FWE AdshE BFY 2AL Ahpsd
AR AY BRSEY o $51 Yok

Selueeld SEAAAA BFo] RANT e EPE olFE
HEo] 2R GEY. BT x2¢ ol&sd nAsA Fool
HZHE Aol FolAW S NE 2BE2Z FAYAE B
o e ol PAAT Yok wasr $AY fAAAS w5l
Aol wAAY ASuY WA 4o WESHW LHEE] A A5
+E Aok

A4 SeulA AHEHT A= FALAE BFa SAYY
sgAY02A g2 e Ho At 38 AYA: I
AEHA FT Yo FEFES 10MAE BANF TowA sHe
MEEZ 1089 1T PHANE 59 AFE AT & At 5L
AggozH dE oSe HETFL 1089 12 AA 2Y 5 U
AU AAY SHez A% 2ded WAE A FY & oo
237k Homz uuoly oFol folsted gde) WAY PIFATo
sedtE Wolth 539 sAUAAL A9 THad ATAE Aol
Asslx gonl A ERY(self-mixing abiliy)E AT Qo)
MESol WA $4% SAE /X T A,
AAzHAE F2AT dE PASAl & W ool FrjFesz
AE AL ZdE + 9& B o BeHA PAE £ + Us
gFe wrP Wl BEY & fwe Aoz AWHY w@E



FEAAEAY 2429 EAe FED ASE Aoz BAY uEy
dAe]  FeEdAME  FEAAMAE  HEG  FHHQ FAHY
JAIBAFARE AANZE Fxdtn FEXZFE HadY F IEE e
Aol HAolgtm & # Yoh. & A7dA AE}Z e F5Y FE8A
AgiAe g FAFAYGY £EE Foln HEZE Hissted 2
71948+ A Rolth

A4d FEINAAY A5 FA

1. Eyvete g4sdaAs

SEvE fFed g fEFFAE A 199%6-1390A4 FA Al
FHeAde BaFd AANEEEL b8 w32 Uk ASAGriEdAEe
A3, TAE, 88, AENE, A8 dEd |4 5& Az o
THte AFA dHAAMT sidgA] AL £ URE FHUlstn Qo
A Fe 94 AV AFFAAR FAeAE 2HsE e AAT
F FA5AE U FA s JdTIstd ArHQY AAE AASA
g9 AEAE 3 R ¥371$L Table 1-63% 2t}

2. 959 HAAS
7h w59 FAAE
olFe] R LAEA™Il Pollution Act of 1990: OPA 90)el Al
TFAF Z7} 203 A 8 (National Contingency Plan: NCP)dl& A8 &

O

¥
rir

frEAFA 2] Al & NCP Product Scheduledl $AA1A ¥ %cHSubpart J
of the NCP: 40 CFR 300.900). 300.915¢ 3009209l o] AE EZ4
A% 98 27 Aug FAHLE FAST Jed, ME HEL FE



Table 1-6. Criteria for dispersant effectiveness, toxicity and other

aspects of performance.

Al g K

% w3 A
61TE 23ste Y A, O, B¢ FY=Z ¥
1 924 (T, COC) AEE Aol 1TE 2743kt RO Mo} NP
BT 5 9o
2. ¥Hx (307, €S0 30T A 50 BE]AF(cSt)elstd A
Aa g | FASA clstel AeE Sl vldnz S
A43ol gHsa HelQ A2l e 3¢ A
3.% 8 &
%) 30z BRI A2AE F 024 60% ol n
10% AAs7] ARE F 108NN 20% o14Y A
4 ABRAAL BRAE (%)

AEHANY MAF 744 g7 s e

HF A7 0% ol ¥y A
e | FRN stel 100ppm ool MY TFAA 32
P AE 94 %e AP B AxY 4B ge A
EEHE zo Ae gHoz stn AASA de RS 2
(100ppm) oz @l
54 & 9 — ’
4 B os 4 g SAbzlo] &g APolM 24AZ TLm (£E
9 ¥ A9 |(24nr, TLm, ppm) LC 50)¢] gkl 3,000 ppm °l 4y A
gejelol A4S | Qelojol Aol olF AFoNA 24417 TLm(EE
(24hr, TLm, ppm) LC 5002] 3tel 10 ppm ©]4Yg A
Bo] 248 $HAAE -05CT I8}, F§7t
6.% %3 (0 zywel gHeAAE -15C olsa A
7.4 ( ASTM ) Ayelo] AAG el 1.0£1.00W
8 49 T (1587, g/<:m3 )

AgAel AAY ge] 0940011
Fa: YA EY A Al199%6-13%

@, $%Y fAAe 3¢ 10% FEAS APQez AHE.



el S4488 Az v oz AFUe APAdA AA s
SHHUS EPA, 1993).

AzxAAE AFZAFAS] AAEL LFAHRE SFH AFIHx
43L& Ayrt dstn EJT A "hhe o FAHA
dEEd FIMATIA dd. a2y o] g2Ed FAHANAGE AL A8
AZd 77t BHEHIJGE RY B, FFHH] KFEAIAC ol AEE
FRsdAY BFse A& ok & g2EY JFASHATG #A
B30l AFY gAY A% & A} Aol ofYrt v EEsE
AELEE ¢ B HAYGA EA4F Hs R 54L& AFLA
HRYg F UEE ABE AT Ed Ao

uF F7IAFAHNCPY B2 Cole FEAAAY Hso @
MEd HEEA YWY (Revised Standard Effectiveness Test: RSDET)&
RhEo] gtedl, stucield Abgsla QI Swirling Flask testuh T,
2ol AHgstn lE IFP-Dilution test & HES S AYPulgo|
HA €3, A<D g Wy vd Fdd lecl 4@ IR Swirling
Flask® & e st JUTHEPA, 1994)

NRBE7] o]Ade] vz {FEAAA TE SHALIYAAME ol F2A
mummichog (Fundulus heteroclitus)®t 5§35 %E8Z brine shrimp
(Artemia saline)® AH&3R AR Y o] HEEL ol&3}e
S4NE A3 dizE BARE At AAY daE @opEd 19949
5448 AEE uAsA. ¥ A7 Fundulus heteroclitus<-
b T3] ey AP E Fdr] oifen wheF
oRgAA AR @A diFg Aol ME Foldtd AFAHTL
Zol7h & 4 te A AATh F, AYHEDY FHAHA eyt



ARHQ As, dFTH zto], Aol digh WA, 1d dF 7184 Sl
A4 ZAZE A AA7 B s @33 e Fundulus
heteroclitusg Xt wlgoly FHo] 43 2FEFd © WA g
SX348x87F $& Menidia beryllinga2 2AS Pt FHF:FE g
54¢& <otrr] s wtHEPD  LEmjol Al fol diF} FZHNFL
dEvlol A9t EFE AFFHANT AMAstE Fololx {FEFARIL
BAstE HFY nHFolstn Br] @] W& Mysidopsis bahiaZ
BAsA. Ahol(Mysid)e FHH dg Exstn AL B b
Zenjolrtt edEH o WAt AFAUAAY AEE folsitt
(Thomas, 1995).

P =2 o]AAA Aeolyd A oM HA FAE FAH}L A
¥e A AFHAA, F A&V product listllA AEE AESD
ddstd AHEEZStn ATk U BAAE T JolA BAolyg
7ttt 50%0178, TF2U 29 ole 60% oS AR A IE,
T, T2 302 ETFF 60%, 108 EFF 20%E HAA=2 FAH3}2
UtkE Hol AdHo wI FAHF L 1994del 4H5%E Ha FAZ
A3t

S E FEAAZA Y 8-S HEAAE ARAZS A WS
Wotop gtk FEAAHAL A $IE& 27l AF HAHL
AQDFAGZ FAH Aok Y WAL LS Ade §F {249
718 70 dg ke e AYME wEojof grh weF A
AL B <d& S3AA FRE BF LAFYIAE  Product
Schedule’}d] AF& AT o SQFF} AAEALe] dFEAS A
FFAR WFF AES wol o]e AES Y 4 UA Hol AN



A wAN ol A FaAW HolE 6A ol Agtol
28922 BALFANE AZE AR vl £ A fAUAAY
AR AgEAAGE HAad 9o 2L Fusl TPHolor FED
g9l e,
- % Aol %
- % A o] £4HE 718 BasksAel g ge
- §EATI BANS A JAE 4L & Ys BAVAAS
- % A olFs FAERS) AWA ANAY B Fu
- fEAAS AR ol Aol £AHojor & W Yg
(%243 2 7189 7, $249 54, 719zd 2 $442)
- 18 e fEAAYA
- fEAAAAE AT Baw Fu g
- FERAAA HEAGNAN FAAGE TUHY WL

W) =9 A=

=9 fx2lAe] dF} 71F(LR 448 specification)S 19839 Institute
of Petroleum Marine Environment Protection Committeed]A] vwl& =],
Type 13 29 HFAgAE 2000 mPa ds5fol Wi 30% o9
TN 5E& Kook 81, Type 39 7% 2000 mPa FEFol s 45%,
500 mPa d& ol sl 60% °]d< f73t2 Aot (Rycroft et al., 1994).
gFo| A Atgs & WSL ZA3W(rotating flask test)S FTF &3t
AR E FF37] WE AR FFAIY BUEES A& At
T foe 4AHE BEsy] fstq H2 ARl AEHN UG

g Fol A= 19673 ¥-H 1976\ d74A = brown shrimp Crangon crangon



HAE AHE3lY 48AITE static test® BT Z7]9 FHAol U
FAE A A¢ 48A12F LC 50%°] 6 ppmAEX L 22 SA4o] e
A7 ARl ot 48 A7k LC 50%k°] 3000 ppm °]’do] YElRL
static testllAlE & FEAME FAUAZ n2A EFEHA Fe
AR Tol YeuA so] 197736 “"sea test’s YA} A& 71F
EFEA Yol =YHAUL. o] HAEdME APPE0] £ 5719 FE
ATl s 1000 ppmé FHOIE Afol 10087 =EAZ iz
Bt 19 79 1000 ppm, Bt 29} 39 AL sl 848 100 ppmol
HEE {fAGAE 1& Fd A7t 48S dAlss Aot A

_E‘

o
rir

10087 =3 A F ARY 52 4 24AL F F A4 AAFE
Aol 7159 o e A, FHAAL 7150 A &4 A A
zpol7h UAged fAoz 3 Uk FFAAE "beach test'h
YHE WYE FAC AMEsta ed 230 AHEAY S A3
g Fojtk. Atz N(limpet)d! Patella vulgata® Z EHoE 7
2070A4 We 57e] APT S ddeE AJAE TR FAG 04
¢/me TEZ AXI F A4 A dxey vaste Aol
6AITHE EAL F 152 52 A3 48X F FF Yol ol
AEe £5 Ao AR IFY FAALZ AUt e FAHAE
dAe= 83 gl

a3y 929 NEWUE Crangon crangon BAE AHgde Aol
nzstA goes AR V1E5FH SFAHAY AMSFEZ @dde A9
S Adold, fAHARY 4L FA}e PHUE A3z UA

2oe 3 T TAZLE AHHY AFYPS AAsbe FYe APFol

U

2l tH(Rycroft et al., 1994).
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54l
FRaxE 24 237t S8t 559
THAE F9E Y F =g gqF WAl T foldH LAu LS
A 473 F e AF¥E Az dd FHAME FF5Fd U
xS 7ol AU HAERY EAFEE A3 sl 19949 6¥el
AgE AFegwA A FAY FYsde AT AHAsAE 4
AAZIEAAN 53 2AAY AU e ¥E=2 vhAEzgey 17
TUAFR] FYeAE BTUES B oMFHAA IFU AFLS MLHA
%3t e ARl
FEY FEA AYAZ 71 49y AARG 108 o)y EHE
WEAM 540 S718tA @A 817 AAME ABZEA L A TR
x79 Ado] v$ FRI 5 FEAANYGAE IvF AGAge
28 1FEY ARGHAAE &A &AAAk & 7§ FH20=2 A
53] AFsto BAAAk 39 s} AL HYATIESE T F
b A3 dojupA oot . 53| FH AVIE HAagEa 4

-

B>

=)

F3H9) w7k AR FAHAY 24 QEB WPt HPoz 235
ofof @t E¥ LFEY ARBAANZ A% 549 F7H8 AN 8
B2 S4o] ROWNE #8&¢ IURNY & UES ADBYAE 4
3ok @},

2 A7AAE $39 FRAAE ALYl YoM ©hE TN ZEE



+ddc.

1) AR Gl B A

2) RAEFH R o8 A&E R

3) Fholn FHE AA2ZA 284 E2do| 93 Hzo] H5x g A
) ALANE Ag7t5sn HAAF WSS FAst] AXA Huy &4
7t sugdas JE9 Z7b7h gol Auteld &3l s A5 Y
A

5) QA3tAo] 61C o] 84U A

6) S0l ¥3 AEHAEI} & 2

7) Azt 43 Aztel 42 5+ AL A

2 dFoAE 71E AT U 53] 2HE S5 J|1E AFY EA
483, Az de AHEEHI AE g FAYAE A8y
2 Aee stEAgezd A AL Pge ARG 4P 24¢ F
7l st AARBAALT FHE2 A5ste] wgste NAEL AFsn
H5ANE B cadystg 142 239 @ AAESS oA A
R0z dertx BAAS AYUE AHeste AFAES} vl BN sn
2 & AYsA A5 FY5sts] 45D APRe] A% 54
APe ANgozN SHSLEE Hasehe ARS sy 294
AR B8 BT, BHA P45 J1ES Edste AT st &
FAB] U SHAYL B8 S dge zA AT

o



A2d 7E $33 AAYA AR 24
L FrEAX A AL ABEA

7h AREAA Y FF

Hloa] 2kt I AW QAL sgHoz o] AW FAA
gt "ol Ad FHAZ FEA o] AW FHAE F&AA sz
8teo] o] 2 F& o] & u|A(ionic micelle)® FAsd AW FAHL JYeEUE
dl g wlojR Ad @AAE FEYdA H=EE 2§ 7i(functional
group)’t 3= E7EL AW A A8 S e AL P02 E
FAE FAAA o o] Ad FHAE AW Y NS Bolt |29
Fol2olAY Fol&ul, FFel "daXE F o]2A4E BF We F%A
d 4= Ao wEA] o] AYW FHAE ol AW A, gl
AW 4AY G543 AW 449 A FH2 FEEh ol A
Zo] e FHoy FEAAY AR ol FLAGHEN) AW FAA
7} st

=012 AP B3A(65-70%)

o} AW 844 —{ gol& AW B4 (5-8%)

84 Ad 234 —[ $E4 AW BEA(2-3%)
ulo]& AW ¥4](25-30%)

EE AW 84AE Ad 449 2AE st 7€ T X(basic

substance)® ¢ & £vlo] = AE] F+ 2F(solubilizing group)S 231

o712 PERE 2E AE T 2AE BAE 2E 9aAE T o
59 A%l E¥H YAY Te 1YY BHYE T g FFH7 A
ou 25 71§ ARE ¥ $AGAT ol F 5x ¥t vwy 2 4
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Agdoz FASEH olRAE A% 7|(hydrophobic group) F& X

|

o

71
(liphophilic group)etx st} oj2{st dAdoz FHH AH 84+ &
o %z Fomz o AFVE FRAHLZ TEV HAdAMe IF7]
(hydrophilic group) &< A+ 7](lipophobic group)?t A% ojof 3dict. A
A g4Ae a7l Aed, 2, dEHE 298 T 2 FR7F e
gk a2y Jhd del 2ol AL CeCied 22 Ats(dehd AlE) &
< ZAtE(olaztd Ale)E Zte g3lr4ATIdu B4 €F7(akyl) F
& o] A7) (isoalkyDE EEE 447 otk 28y ABSY Nekald 2
ol WiAyelY Yxgdd ne& ze Ax Jow &F7] o dHEZ, 9
2H 2, Aotnj=, 73 F 78 B3¢ 124y AP ES FHdte A= B
o =R AerldE ArtA FR/R7E JdedH 2% Bl 2oz AEY A
S

ol ¥ wAA 4 A2 H3d s 2o

® FH2EALH-COONa £ 71& 71444)
- @ £EH-SOsNa &2 7] 7H8A <)
@ B H2YEF(-0SO3Na &2 7|8 7184 4F)
@ 3|=ZA7}](-OH) (-ONa &< 7|&t 71843 F)
@ oHEZ FR(-0-)
® ©FA71(-NHz, =NH, =N)(HCl %<& 7|& 44 4)
@ Atolrl=7](-CONH)
7+ 2 5 A1 3o £ H 2(-COOR)
@ &=27(-Ch
© £x3 2} (-CH=CH-)



AW S4A HPRE T F8oo] Lol BAL HAAY T ol
e B4 HHozA olesse AW F4L Jeutu), FEAFA
A3 oleFsA An AW VAL M) ARY AR FYAES FAs]
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Agole] 2 F7t 27125 E 2o W@ s A ols e A¥
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ol 23 %o} U2HF, ELZYE, HELFIYS FF} 5 £¥AA
A AR e F 2y ol %—?—ou-e AAE oo glojA Zed
dadzgolatn sjofg Aoln ZPAY sFTolau: ¥ 4 Atk
olgHW 2T TL dgASAto|=st o} FHAE AE AFolE
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Table 2-1. Classification of fatty acid ester surfactant of polyoxy

compounds
F2) A HYEY AP4t o AHZY A YA A thE3 B
N-1 Z3Ate 2243 o AEl2 Encol RH, Aldo 33
N-2 Zjukate 22|13 oAg2 Encol MS, Aldo 250
N-3 z]ubate] sfeloe) Ee| o A2 Pentamull 126
N-4 Z4te] zigt o AHE Sugar-ester
N-5 z|gate] L2hjgh o ghgt ofAg|2 Span, 40, 60, 80, G-1164, 1165

Aetd e E R A EdE 247 OHZIZE 47} 2& 67 Atz
a1 gl m2std AAPoz Holx 57je] OHYIZL #F3tzn Yed
OH7|7} Aastd 2 42 f=A F 2704 FA4Q AW FPA 9 2
e Sz #FastAd €k ol Ze onjeiA Atlas Powder Col
Span¥d AW FAZAE A ZYAAHASAI=E FFAA TweenJ o2

se) AFAe 3772 Ao

) ZYddASatols 7Y AW GA4A
¥  AWYAHR-COOH), F ¢ILR-OH), =2F LZolw
(R-NHz), Atobu]=(R-CO-NHp), 18 ¢ W24 (R-SH), #=(Ph-OH)
T % Zol 84 F49AE Fidte EFS dEd SAlolEE 2 &
et oHZ2¢ 3 E(R-O-CH;-CHz-OH)H f-ALE 313HE 8 AAst=d)
S¥AAAA A2 Y OHVIS dPASAe|=rt A &3¢S ke



vzy EddiSAtols SR} ES AL T
olotzo] WASAIEE FYANA B5HES Hoid AW BAA
AF7124 Tl 1719 OH”1% 9 -CH,-O-CH- Z3E 7H3
Aoz dvtx oz ZdEASAol=E 533 AW A o A
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FUHoz Fad AFL U TUHT Ax I AW BARI
= oAl 4% A BYAE thet 2e Yoz p=
AS$E Aok
gzl =y AW B4A
Zegegdanzy AW B4
FQAel2H2ZY AB B4
o ggdolsszy AW G4
ZejojgAol2Hzy AW B4
Zedgugeedan=y A 844
ZegAlolgAY AW BAA
o) AES AW FAAE 2% A RAA) 1G.AA Tgepal, Leoni,

i

Emulphor, Peregal 59 3322 F4 F9 AFE ALt AF 0
Fo A qEAGAol=rt FPHoz vYEoz AMAEHUL ¥ Carbide
and Carbon Chem. Corp.olA o] A %9 AW #AAY dIF FAsg F
&3 wAstgch WA, WAFY, dAFAl $¥8n Yigez de
AZ9 vlo]l& AW A ¥Frte AARY, JFH, N1EHS A

r.l

218, 2Age g Ad AN E =48 2& F fle 54 A
cuz2 73 Aol e Fio Fde AQ AT 2 FHLE £
F7] 2A9 93 T2



ZEd A Falol= £33y AW 449 4 dEe 84 F4E
713 A, &g, EHedA s, Adetvls, Hly S dEHASA=E A
BEAA 229 EATE A2 FUHAIIE T vl dEAZAtol=
F FRANA T3 oA d2HES ZE odHEs) e W
HEE2E AR Fo] ¥PH o2 olfgdr. X dHAZAo|=
Tg FIANY AFLS B 2 FF EAF "t 4 Zd LS Ao
= (liquid polyethylene oxide) 200, 300, 400, 600 S22 Ea v 1000 ol4
o] F#F EAFE /P8 A& Carbowax-1000, 15000, 4000, 6000 53 Zo]
FAZ Yl o

Table 2-2. Classification of polyethylene oxide surfactants

FeloldASAlolE 24Y Ad B4 ey #F

N-6 2F ¢3S FYE Eoulphor 0, Peregal C
N7 33 A BUE Nonisol, Myrj-45

N-8 13 dopl 23S

N-9 2F Aatojul= 233

N-10 23 dZiuEe 245 Crefak 1300

N-11 dslE 3YE Igepal B, Triton X-200
N-12 Ze|=2udgAlols 4G Pluronics
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(continuous phase) && #|/f(external phase)ojgt 3t} A& Aol Bojm
71§l EASAYU A4E #FHA@il in water system, O/W3)olgta
3l 2 Wk A8 fF5A(water in oil system, W/O&8)olgta 3=
o x3e] WA 2 o] A ¥ o]F frAl(dual emulsion)s] 7
$E U ddHe] O/WHAR W/OHARAE AV AREE A3 o
d g g der § £ J|ES AUk O/WHEAA e Bl oA 3
Aol 53 W/ORdAME 718 o3 o] =i, 2 wtde] Fee #Y
Aol oA Formz 44 7EE F Uth e Wyezs 8
3 48E HU/Iskd O/WH dEABdAE B 4A FAEHE

)
{

¢

S
[
Jo



A7F Ao 3 FA™ £ UA Dt

dEAde A Arle BF dvjEez AY FFHAY T @A
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F O/WH fA7 Agstn FAAozr d AEEHE WOoHozE
z ¥y §ol Aok

g vlEA BRCAAM AR FPAVoRE FH HE A 4
48 & AT o 29 H{E4E o F3HA st o3 7HA 2] AU
ojs} o] dFAY ARYE FFAI AT £FE BE FEo|=
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R FHEE X8 o JHATE ALHT 3 FEtlAME oA Y
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A dAAY RS O/WH oPdAo Ffstn AN F
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F57h WS BoU 27) SEE 4d0 e Wel: N2 BAY B
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O/WH ABHS FHAZ AHEH T YEH, DAL TR S
1-2717} W9s2 olHzaso] PEGAS vlole AW BAAS o] o
HZg9 207t SAEY HACOOE Hol £RWOEH A
Ed # =& CMCt A7t 83 g EolA A3t O/WH o
Al Hiksht ol W@ Aol Aok WYAEE A% CMCH R
B2 {3 AdARAAZ $48 4, Kalle und Cod Adulsione ©o] F7F9 AF
o5} 7% Soz vdY FEe ZEE 2t AZAL F4E & U
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e 2%ozE We WEA Bol: Eao] Jtd CMCSH wArA=
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Table 2-3. Emulsion stabilizer
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Qe ARk oHE(MYAEEOA)
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WIE | P(EREIgYRe)
EELREESES
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3t X338 FAE2A AAA FALE ot o] B3 AgHE
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' FASEE AP Aoz deix g
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19679 E@Ad An W AHSHAR SR A S0 Fob AejAo]
Be R84S 2 P2 BEF wHFL G| 3%cl5A T3
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A7 L7 AP 2 A2 BAE A FHEAdoly Fiyg,
g $1d 5 wWEe EAE 32 Ao, At ol dA &A= o
FA FAHARoZ AEHA ZEdEd 2T 2x YA d2H29
Ze AVFRAI B X2 43, BHA Fo] BIYHAY FEE F&
=d F71 AUk o1ZAlY 2Ho2E FH¥o| ofd Yuky o] WE
F oA Bo] FEUAR G WAAdE &S dHstr] o H Y

ol HFy FFE HAAAA ALF F AT 5P AT ol A
B57] AFPoy BRI 279 249 FAHES dAHE vA AA
HgelAe] Babsgol A8 F4stgrt. ShelldlA 23 e IF59
1,280,259 HAZ AWGAHAZA aliphatic 7HE5AL A dqdd 2
Zgg Ex dAHEE ALRATH, olE 10% ol BIFE AL XF
st fAldl Zodorgt o olF ICIY FI5E3F 1,338,391, 1,338.385,
1342501 SAAE A FelSAdYA 22l Brdzug e
A gARE @3trd AV JJAZEZREE AFR L

AFES 1,3998600 M= AW EYSA AL Y2 d3Fa &
AE AgPon, FES 1404684004 Hx2 Ut ZsAgd
ZYZ bz A &Ug q2HZ2E s A e, 97
M= AA] 3% olllo BFE YJEo] EFE wBigs §AE AT
Essod] w353 379321844 AWt &ulg oy 29 &Hg/EE
SAGAA 2YF AEA, OeP AIHANE & AHEHed o7
ME A &3teid 2AE AR

2719 ¥%% BAAQ 19789 vF5EF 411021304 AFLAA
polyoxyethylene glycol monooleate (3008)3 &A= di-(iso-octyl)
phthalate &< di(tridecyl) phthalateE Al§3t F5FH ZA3HAZA
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ethylene glycol monobutyl etherE A&ttt AWEAA 30-40%, £A
50-65%, &3 A 10%E EFFALT. 2P K53 FsAI 5%
FrEAS W -18T, 10% °l4 T -20T=2 Do}
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A EXFES HFm, FAHASG 7180l soled Ae AR FaA
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ARZAZE vF @e o xof ¥ fHo2 AR 7} gle
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st o) gge] AUtk zAol QoIA A wgo] ZrkskA AW
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A2 ¥ ol A7 AWEYA ] EYELS HLB7E 94-1052 %
FA1L, BAZE 83 ExdZ 2EZ dH2E AL£#Ed, ethylene
glycol monobutyl ether, diethylene glycol monobutyl ether, diethylene
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siloxane, polypropylene oxide, cis polyisoprene, cis polybutadiene,
polystyrene §& Al&¥ % Ued, 53] ethylene-propylene copolymer,
polyisobutylene §°] 5% 4% & Holv A2z vy Atk

v S 53] 4597893 7IE9] FAAN} Aol ¥e FHodA Ast
F2E5 0C Fxo ALdA 4 5] oA A Xy 944
g3ty a §AE AR de 24 TEJUY. 2T ddz29 &3
o iso-decanol® Z& ¢EHE H7IEIAUE W ATl FUEE AE
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d 5 ARG 37 obE EEF SYE JdHEZE AEse AL AFE
3] 476428590 = AFH e &AE EFsA d3ra §AE d
A 5 A FALAY 240 ES 10%74A Frbstes AL g@3sa
A AdEAEAY &Ix=E FUHAIZ] AT Aot rIFEY
4,830,759 M= H¥FE A gt ARAE AR AEFEd, BS
25% RBE7A A7tstd AREAIA Y AT SR

e
o
2

3. 2t FEAAEAY

71 A Y FAYAY AEE Lot FAle ABsinz &
£ 559 FAEUAY A 54 vz Ag3y] st AR oA
de AHEER e w5 FAIA 83 Ity FAYUA 7F, FE4
F FAdA 1FE dF3AS FAE A $5F FALUAE Table 2-4
st 2ok ABEHI e fFEAAAAdE A4AFFH AE EYANE T
st} AbEE 3 QY] wiEol BAE B AES Lolde A= WE o
+ ojt. Fol2, Fol2, Hlo|2A4 T A4 wt &MU AL
B dFoAe Fojrisin Ad G449 FAHELE FARHsy] A
FAB MASS$} zZ2 37te] u|g thdil £24€ 7l€c] desd,



Fig. 2-4. Foreign dispersants concentrate collected in this study

Dispersant Name Use Manufacturer
Corexit 9527 AHEE 9 A4 348 Exxon Chemical
Enersperse 700 YgIAFTL 24 British Petroleum
Enersperse 1583 S84 A9+ British Petroleum
Enersperse 1037 AEFE British Petroleum
Finasol OSR-5 G2 AHA g4 & Labofina

Finasol OSR-7 qr2Z AId F4 8 Labofina

Finasol OSR-5 A[4E 2 Abdsy & Labofina

Finasol OSR-52 ZARs B Labofina

Il FAB MASSE HA3ln gl QF71deolyd digte] AR
FRolmg 7tAA AAHLE F9F AF THIAM] d59 22

AHM-Scan Ltd)ol #4422 <9239 fast atom bombardment mass
spectrometry(FABMS)2 &2 EA3Ac. #FAdAE SAEoy
m-4 E 2 A ¢ 3 &(m-nitro- benzylalcohol, mNBA)9} E3jt3le] X4 S
AABYL  Fol2 EE(mode)®}t Fol RZEE EF  AMRS4A.
FABMSt AR QA9 425 24se 713 T2 WHolAT &4
AW GZAE B4 ol suppression EHZ A3t FF FYE7}
Zasye d3ol AUtk E3 FABMS o]23tFd o2 Z22EY(on
clustering)e] A H= Gl Ut

Az(Xe) EAE ol23A Foll A71ZUANA 71EA7]E Xe™ ol &
W (beam)o]l A€t o] o] WE A= 7A AWE FHA7IAE wE
AEo] Addrt
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Xe'(fast) + Xe(thermal) -> Xe(fast) + Xe"(thermal)

BeE A4 UE adz F3 FFg HE Az o|EL W¥ANZ F
Atk AFold ol2E JAE gL PPez we AAE wEe £ At
w45tz e 240 ZHE FEBS
AEe] 2F AuA dFFol 43 JHA Wyges FFHeH o dyA
o] AR-Eol ANEE HIAINAY oj3A . S&de] AZE A7 7
) (electric gradient)& {FAA7|E Jololy Fol2& AF EXIIFL
2 FET F 3o 2% ARE vay HYHo AL YAE 2E& F
A g7 st 54 @ol THIHERA MR F& AFHE dE F o
o} o] WHE ol &3 HIAAol A Fi(sugar), FEtol=E, wEALE
oj=u AEHEHY AL HYEY AF 2HMEYE 7Y F Aot fast
atom bombardment(FAB) source®] F3& |23 g3z EE3te
Holth, =3 SAsY ¥AsE d F8AHquasi-molecular) ©]&(M+X)

Ee (M-X), & X= 4, JEE,

iy

F 5ol OF AdE F dAY,
AFE 2o Fxo A HBE F& fragment o] E0| FEF &
A e
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Fig. 2-1. FABMS ion chromatogram of dispersant 1
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~Fcan LE&."FITe TIVIERI_T Koqe JI-OCT-1IFFY at I IS 3F + U351 Calh CHTYIONSK
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Fig. 2-2. FABMS ion chromatogram of dispersant 2
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-3cen Ltd. PI1« JIVIINET Xcq: JI-TXY-1ITY at IS IT + 031 Lol TIITIVYISY utoSpec]
sanples $) Dlspersant Operators CAJK Job 201 0310 Sample noe 31090
50an12_4 Xer Dot 0.50 FAB- Septum Magnet

1000 199.3 201.2 ) 3.
*laurate” oleate” 3
90, (b) Negative Ion FABMS .
s Es.
00 b,
78] ba.
70 3.
s 2.
0] 3.
[T} 3.
80 2%
48] 3.
0] 1.
18] 1.
303 1.
28 3 s,
s BTV -
183 s
103 345.2 L.
" AT TR ISl W 8

100 280 300 4o séo €60 780 sbo 960 1000 1100 1306 1300 1400

Fig. 2-3. FABMS ion chromatogram of dispersant 3

—105—



Fean CES. VIXST¥L PRTTRIC- SIS TTIITE B T BRI AT 220t 40
ml‘l 04 Dlopexssat Operator: CAITR Job 0o V116 Gample mos 31499
[Scans ) § Mer Def ©.3¢ FARs Septum Magnat

1008 57,3 ket
1 3086
1 | hydrocarbon
* Ifragments (a) Positive Ion PABMS j::
5] -
sed p2.3%6
. 3,038
el 3,086
«s 3. ¢n¢
s p.2.488
re 2. IS
50} b2 .0n6
45 3.0x8
403 3.686
RLE L1.426
30 309.3 1,306
23 3.0m6
26 saxs
183 .0x8
10 4 0ns
[% L2.0ms
* sde 780 oo 930 3000 1100 1208 1308 1408 o:'“:n
ﬁf;-‘lgxz:xzu;: ’m:::::;c:‘::‘ ;-Toh Bo: 8310 dampie nar 3188 o)
2000 123.3 .3.186
5 alkylbenzene t1.0m
4 sulphonates (b) Hegative Ion FABMS a. e
5] 2. 686
0 1530 R
78] La.oxe
70 £
3] 3,086
0] 1. vu¢
5 Lame
0] W
483 SN
o] R
383 WY
20 TR
28 7. 088
20 6,235
18] m
103 7.:“ . X Y Z 3. 185
s 5.2 e  1.6n5
o3 h.: J64.2 549.1 :-L“’l Lui-d“lh.xllllilllx o.088
18 ado sho «do séo s60 740 sdo 1000 | 110c 1300 1360 | 1408 m/a

Fig. 2-4. FABMS ion chromatogram of dispersant 4



Table 2-5. Results of FABMS analysis of dispersant concentrates

LR B

Dispersant No,

sodium dioctylsulphosuccinate

Dispersant No.

polyethyleneglycol (PEG) monooleate
alkylbenzene sulphonates
long-chain alkylbenzene sulphonates

calcium alkylbenzene sulphonates

Dispersant No.

ethoxylated natural fatty acids
(lauric, myristic, palmitic, oleic)
ethoxylated non-ionic detergent

{nonylalcoholethoxylate)

Dispersant No.

polyethyleneglycol (PEG) monooleate
alkylbenzene sulphonates
long-chain alkylbenzene sulphonates

calcium alkylbenzene sulphonates
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Table 2-6. Chemical constituents of foreign oil spill dispersants

Butyl carbitol

Butyl glycol

Calcium alkyl aryl sulphonate
Calcium dioctyl benzene sulphonate
Dearomatised kerosene

Di-propyl glycol monomethyl ether
Di-octyl sulphosuccinate
Ethoxylated natural fatty acids
Ethoxylated tall oils

Fish oil ethoxylate

Glycol monobutyl ether
Monopropylne glycol

Oleic acid diethanol amide

Oleyl polyglycol oleate
Polyethylene sorbitan triolleate ester
Polyethylene oxide
Polyoxyethylene dioleate ester
Polyoxyethylene hexaoleate
Polypropylene oxide

Sodium dialky! sulphosuccinate
Sodium dioctyl sulphosuccinate
Sodium dioctyl sulphoamber acid
Sodium ethoxylated sorbitan oleates
Sorbitan monooleate

Sorbitan monooleate ethoxylate
Sorbitan polyoxythylene trioleate




A3A T5Y FEFE

AxYAY €4 R HsAE
1L 5% FEAAS B4 AF Uy

7 ¥2% FRAAS A5 W nA AR WAAA - oAl

AT ANENE (A A A1996-133 )0 wet 3 Ze AgE 3
At

7} A3k

KS M 20109 9j3te SejEd= EPYU o2 AlgstArt
U B3E
KS M 20141

o #3531

ol3te] 30°CAA Al gstsct.

KS M 20169 2l3te} A3t
2 4

KS M 210601 98t ASTMAEH o2 A g3ttt
L

KS M 20020 ©j3ke} A)@ gk,

2. 53 FEAAY 244 F AE I

7h g3 ER A AEH

KS M 2800 ¢j3tef 2AEERAE 4FRYY 10miE e 271 &
2

g71d F&3td 3 3003 A2 JFHEE AFden &

i

22£2T, BFEE 60£5%AA4 APsAct. AF 20mlel FE24HA 4ml

=z
=

Hated 2ge Zwd 9 THAE AzAT 0B AWl AEIIAT.
oA d KS M 20099 FRsE AFAF 50ml X KA EFH
omlE 22 AG Ao AYAZ SAYFOR 583 ulE 3009,
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AE 0mmZ AGF 77 058, 108 F¢ A AAF E2AAY
ool oA AL 718& o 30ml vlolA AHA} ARG ol
FHAANEE AodAM 26mlIE AEA MZE BJAFH g A%
3o HI thS o7]el AstAE oF 3ge st AEstEA 30mlE &3
S Fre g FEHAT FI2T AGFELF FEFVUES HAAZ
= 7tste] EFA7IRL ojaZ2Y <A SmIE Jhete wAEE g ®
TA] Apgsiea g vhete Aol 50mlz HA sAth rle] UVE xAL
A7l B 650nmol A9 FFEE ZATFALY Ao ALEF YR/
vlgl ZA4E AFAA st FE Y 6miFTe FEFE T dSAl
g8 2RFELE FAHNAG

#24%9 F¥%m)
AR 8(%) = X 100
2 X 10/12 X 25/ 52

Y. Ag ZAA(swirling flask)E o] £33 E4A4%5 Alguy

T

g ZAaY(swirling flask test)E ZHch @2 oA 7 2g uby

d

S AH&-3tAtH(Fingas, 1987). o] #iL FAEA Y AS5AP 7]& vl
o §olstx APF 249 olHFE FEY F UTF 4239 g%
E2FE 249 298 44 HE 5 UA Sl Qo 2 wyPe AdAo
3 e WHEG Azko]l AA e AAHe] o nFAME FA AP
Hoz MYzt Yot

olg]Zo] A 500ml Erlenmyer flasky: A& uj¥r] AolA 60 rpm

*PN

o2 10 B 77 FAYAE ERAII 158 BAAND F, g3
< Wol 89 FZFe 480 Adse FAFA= 7180 A4 &%
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3o Hrtstgen sise 35%.9 A HFE AHEEATH FHeA) 2
A e ANEHE R wet Agst FoldtA Ug 4 doemz o
Ho g RBA3t7] st 7153 sl vl 1:2000 o2 AHg3gey, &
A A 7189 v 558 FAAY 3¢ 1102 AHgsaed, gw
d FAIAd BE 158 AHEHASG. FAHAYS 71§ 20 ml
Polyethylene scintillation vialol AFH &8t Ultrasonic cleaner2 o2
& FEHE THEF 01 ml 4 HrEAnh A5 HrME o fute] 87
of F&ste A& WA}Y A3t AA 3 cme LA F & AR
ek

TA4E Y FAH L 158 AAANZY EH232 BEH AS 10 ml
€t Y3 g& 33 Some HHNY f Fg23d ¥ 6ml F
22Y¥EoR F2¢ F, FFINUEFLZE FEE AASI, Lambda
IO0 UV-VIS Spectro-photometer2 JFZEE FAs AFsAc. A

A AdEHE 7S A8t R Ao, Z fFHEAd didte ut
BddE st AU

t}. Labofina Y& ©]-&% BAAESAE

W7ol 9] LabofinadlA 7i2s 3 9§32 Warren Spring Laboratoryel
A H.¢kd Labofina® (Rossemyn, 1980; Martinelli, 1982)& A}-8-3lo &4t
A& AAsAT. B4 483X Fig. 313 Zo] A=A 250 ml
separatory funneld FAFREE Al&3toq 23 333 #AHo2 IAHS
£ 39 AFY AR E 222 L 8o Griffin AL WlFEA) W
ol F&ate] A8t

AgHE FEAAAAE 7184 37 Al E¥std FHrkstAY #9
Aol ArtEAnen, Fodd AH fFAAE HME dol= {F2o] &7
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o] Ylow F£3] g4 XA S EFHE RS WA 4
3 AR 3 cmd LI J& AU HDelft Hydraulic
Laboratory, 1982).

e 35 %9 250 ml S| E vlg AP fFol AgFPen A
= F7d FF0 gt 71§ & 15 ml WYX HAY FEo2
ZA39d. AHrtd 71§83 FAdAe 47 18% 29 HF & olFA
g F A 283 AL, AAXL F 1R FS 158 AAAHG
&€ 33 50 mE AEY AT AMFH3} £ ZAurle]l ¥ 25
mle] E22XFoE FEIYct E4E Fe AL AGER2Iay
Td3HA AAsA

3. 55y FEAAARY AT AP 2

KS M 27149 9t wloleABEdAE ABstn GHUE 23
REPoR sof, AR AEHE uole AW FHAZA &3 wId
FHUE A& FolA4 AT vgstn, 2 ARAEE AP A

NG4S B4 Wz AYsn Ax AFHYFoZRE
F3 2UE dHE FEE 10000~20000mg/1o2 AT Ao x4 ¥
5A1ZF oltlel AL&RTh 7% wlB1e) 2He B 14, ISUYRE 3g
N2 F 1g, FATIUE 025g, AL E 0255, FAA 13 0002, &2
9 03gez WEL ERYS ALg AAe APtk YL s W
71 8NZ ol AT £ AL AgolE vlg RYYF(1~13ke/cr
EE 122~125TCoA 20%7) Mg

71z Wkl 500mE P& Setaze uloje AUTBAA RS
30ppme] HEZ shdch AW 249 ARE Yt TSN YA-n-%
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Hdolel2g 22 WHeR o 30ppm H7HE vl g 239 7%
FALE ¥ FAYE Eg23E YA

7 Egt23d #4UE 1w HFE F IE 5~10cm, vi¥ 100~
3003 FE3te FEA ATl EGA2aE gol 25+3T A 7247
TE AEuigAC g AAASG 7Y F L 8Y Foll Azt ZE23 9
HEES dF AHT voj& AY BEAY ¥x& FHJUY A2z
= 79 ¥ 79 Fo BHE HAAEZA ALHC

(So - Bo) - (Sx - By

So - Bo

x¥ ¥ AEHE(%)
Ag MAAIY EEAdEA-n-TjddHzE =&
Algo] AL vlo]e AW EA A9 Fx(ppm)
Bo : ¥ A¥X
x4 F9o Z2AdEd-n-HlddgE ==
*]iﬂ‘)ﬂ AL&3F H]o] & 74]“‘ A9 Fx(ppm)
B: x¥d ¥ F A¥HA
Zej2 A" dl-n-TH Ao g 2] thdle ABEMEIF 950% o] 3ol
A 79 F¢ 88 F9 ABEAX Aol7t 2.0% 14 Fees 2 A ¥
g FaE o
o] Ald A} ILE EAIM dRFo2 d EFAE A
AZe $AM 3 Pl gA vlol& AR FHAE FFHA 300
mEo] 29 AlFBo] AlE 100m(¥]o]& AHEZA AHARE22ZA 0~3000
g FME ¥ ILE EHAMIGEE 15me} AAYEEF 3Bo5ge
7beted 183 AFA I 1580 A & WA 5mE /e F 18 A
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FAAG F5ez FHE 3L dgojuin ddlFe {7

o
i

& 3
AAA BmEol w2Ed2az A

lemol 4 gA& AHE3A 322nmo] YoM FB=E FAstn FAd
AFAo2RE o] ARTYAY FEE THY AP AEHE A
H FHAE 0~4000uge FH3ASE 2 o] ARBYAY HEAE F
FF FHotol 100me7t HA ¥ RS APYe= 3o 99 F2 WPo=
AgHA FF=E FAAG

4. BB dig 54 A¥

KS M 0111 33 Addde wA3e olfd A 34 S84
of oJg wWiol ulel #$AL2)(Oryzias latipes), Brine Shrimp ArtemiaZ
A BEZ 3t ZAHANG S At 2AH BV Z2¥F(Skeletonema
costatum)dl] & A ¥ KS M 28009 36.1.0] wet Ketol 93t 100
ppm °]F9 A FFAM FAHAAE YA FS AFgUH Ze Az EE
ot Gle Mxe AL FHoz du FAA Q& RS EYFez §
Act.

genlo} AH¢E o] & FSHANFEL FRAAGYA LY FHE A
A8l ws B P(US EPA)IA HE3AE Wi, H2ode 2|2
dAsd e, FeydAe 939 ofF FAA AU A¥YPAA
AFEE I o Z1E uFdA ARERE e Aol sy
£ ¢EPol Ao dd 34 SAEAEE AT E HAH, YEAxd
e Plo} LA R AHY FAS FIAZE F Ade FE A2 43A
Zbe] Bdl a7t HA3tE & dve FHol Ly Ad 45V}
& e ol H(McCarthy, 1971; Norton et al., 1978; Rosaline et al., 1987).
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A8 ZHvlol FAMPolME MIFL2EE 30 T AR AMEIAL
o, B3} §F 24A17to] A#E Nauplivt ¥3 ¥ 6 - 8 Aol AHs A&
A} &3l Zo] HEojtl(Rosaline et al, 1987). ZHvulols dExad
Artemia Cyst (Argentemia Co., USA)E T U3l A8 4 glon] 244
L T Atdejgate] ¥zl ¥ R3tE Nawpli® £2std 24 Alga
of o 607124 ol Atgst= Aol Frh

S48 e FEAAHIAE 1000 ppm, 330 ppm. 100 ppm, 33
ppm, 10 ppme] FEZ M At FL A 62100 dA 4
AR on 48413 B¢t wiYr] &AM wigsAch 2 KR A
Bk ALy 2(LC-50)%t & Trevors(1986)e) T2 13lg o] &3t AAbstHth

FAtelol g AJPE 75mm ©]3ke] FAEFA(FALE, BEA F)9 F
Aolg AAsel #xol ¥ YF 23 FABIM AP g o
7HA A ATk 1733 €8 FF2 FoA A3 &8A17lE 71T T
t 7hEA 3o @ Helg F1 AY ol AFH HHolg FA &%
o} wi gl ALEEE XS E pH 7 AF GES Al ErE 2
A ALE FEE SAAAD AF F2E FEAAYAE 10000 ppm,
3000 ppm, 1000 ppm, 330 ppm. 100 ppme FEZE A3 FAE 10

ot g ¥ 96A30 T WIFHT AF Fol §& B FFHoz AT
Ago] PEE, F£F9 £& A2 FL Smg/L °l3vt HA G 2HY

ok 24A13L, 48413, 6AIES] ABE oS E 7]Fsta giET ol 10%71 9
£ HAZE g wole A Ee Fa3Ao

5. &3 FEAAA HEANY
2 dFoAME 7Y8 violed R Fol2 ARBPANE FHER W
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St 12} E3F AAIES AlFstn o] AeAgel & 1x 2ade
AA s ol & wig ez FdEvle i HA z24uE s HFH
o2 12F9 2a AAFTE AT & BAANY, BALFTAYE, =44
& AAsAT. olFA Aol FAS vF¥oz HFHoz AFE
g F gle 639 A2 dFIAT. o] 6F9 NAFL FASAS
AAre7] 918t A B g SAAEE DAL (B AN A
TE AFL 7l ol '97d el ABE Aoz MG AR
W ARE @A ).

F5E FEAA AAE No. 1~129 A%Ad AH}E Table 1.~12.9]
etk AlAE No. 18 n-paraffin €974 23 FE2AA24 A
st ov) SAAYA UM E Skeletonema costatumdl| Whd J ol
Q131 Oryzias latipestt Brine Shrimp Altemigo]l W3 ZAlo] TLm
60,000ppmo.2 vl wigkch @, BARES 108 A F gto] 193%=
NEQ 20% = 4 vlAA Eagd

AAFE No 2.& dHZ &ulAd 58 FE2AAZA A3 74 AR
b og X B4 EQ wos] PALEE 029 08 AAEY ol
96.9%, 253%2 25 7I&& 93 UAdch 2 Bo AHFE AFol @
Asra guie] 7tAo] mrtolEz Age 24E& VAol @ Aoz As
Lh 4=

AMAF No. 3.& 2EE &l $58 FEAAZA AstFE L vl =
ou FHE = v ol WAARGA 22Xy o] BAFAAHNA A £
ARt o] kA 2 Aol A& Aoz AAHUL. YR #

of Wl¢ 5L S EY w RO BUHEES J1ES da z%d

~
fr
e

Tt AEot ¥ HAHoE Ao 71Eo AT AF&o] thh Yol HA



TE2FY BAFAA E PRI Qojort 4] BE Ao
o2 AAHAY.
ANAE No. 4.5 JdHE fuA 523 FEAANZA RAZEQA &2

b
tlo
PO

o ggoz AW i Roy 71F olgoldon ARAE L SHA
ge e $49 e UGehuim Utk @, BARLS Ro} H5AY A2
BT ol A”BHAY FFo] YR AYr) WEOZ noln, ARY
HA B E 2N A sHsAol e Aoz wATh

A A E No. 5. n-paraffin @ dHZ &oj& E3 53

A
oft
Fo
e
>
X

24 AEdA=Ee o0 SAAYL v¢ T 2AREO] ASAE
71&l vlgst At

AlAlF No. 6.& AAF No. 29 FAFE MAE Aoz AFY HA
< JAE7] A8t 005%Y A2XAE YR, EAETES =
3t Sol2 ARFAAAY v &E Qo dE2 &dE A& o
Ay 2 AEHAEol B2 SAHL ¢ 2oy 2R eR VIES 295
New o] M X LR/E ol WAFP] A&l ¥& AL
2 &SN

A AE No. 7.& AAE No. 19 n-paraffing A =8 449
A

olf
mlo

MAF AFL2 ol AWRLAY ¥&S A AU A
2 QRaAAge] ¥ A2 dF =4 £ ¥z don 30 R 10%
AXFe BEAEL] 982%, 402%2 wW-§ 53 PYA7MAE No. 69
vjg] ol H&3t &AM 7HF dME ALz HIHHJUG. S0 Ao
A€ No. 62t Etoy 71& oo =24 FAAFIU

AlAF No. 8.& n-paraffin 9] FJu7 & 553 FEAAZA
Astd 2 R0l 23 AE dHF S4do] vhg 2o 7jFe A
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BAEgo vEol H5AYl FANECIQL. AAE 7o) waANE =
Mol we Ul BAEgd 4udes wsreh

AAE No. 9.5 n-paraffin vist JHl= $ole E9E 539 2
AAZA. AHE L Yol Eow ABd dF SHo] WeRT B
HEE EG S S$rsA A A AAE THTE B
A S4e QolA AAE THT WA Sase] AP 71To] Zos
dete 288 A2AEH ZYHol Y Y2 WAHUL B9 ¥
& o 2N A AAS HE BAELE Z/Y & U Aoz
B 5 YGME AT 7T Ronz A BAAE AA
£ 730 $48u.

AAE No. 10 2UE $ui4 528 §2AA2A W58 248
8l 24 Aeol ¢2& AU B Aol A1T2A 72 o
ot ARAEE e $480 54 w9 evn BAESL 108
X Fo grol 204%2 71 & ZMst4ach
AAE No. 11L& AAE 89 45e AN A8 ol AAGYA

o

o

T
ol
~N
ﬂ—l
>
N

A 2oz A A3y R ARAET go4 S48 SrhstAT
au BAEEC] FUMR 548 ASAY Ve 483

AAE No. 12, 4] S0l ARBAAE F7HAA 45g Mdstnxn
& 2HdozA Aty R ARSI 22 AEC dE S4S AAF 1L
o gon 7150 i@, EAEELS AAF 11BT 4T & FEAU
=
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Table 2-7. Physical properties of Oil dispersant No. 1

HFLH BAAA - A oA E AAA

1. 4ukAL g

5 9 | sAAA | AAAN

8y 4 9 5 & 9
2. N¥AE
R 1996, 11.~12, R L L e
A3 AR DA A199%-1350) %] 5 A 1
3N - HAA o 9 B

A 4 ® = & A |N¥- s An|wd
1. 4834 (T, COC) i;;)&' g FAvel gd AR 120 s
2 SAE (10%48, 30T, cSD 50015} 160 2
samg | AU¥A [vunz easnzeud we s dvas
(10%4 &9, 30z 6001 % 90.7

%) 108 2001 4 193
4 ARBAA ABAE (99 | STANY ANE A A %3

8dA el gzl FAA I} 90014

£AH EY 0} 100ppmelde AFTolM fx 2l
54 B o ZTZ2EHEF AE WA e AgEy 22 4 | 2 ey z
ol 3 (100ppm) ZU ot gde Mzd A,

9 ¥ NY + A 9

(24hr, TLm, ppm) 300012 60,000
(10%58-of) S vjo} A

(24hr, TLm, ppm) 2000012 60,000
6. % % 4 (10%58%, T) -0.50] 8 -05
7.4 ( ASTM) Al Qo] AAIF gk 1.01.0e]WU 1.0
8.3 = (15T, g/em®) Alyio]l MAIG gk 0.94%0.0101 W 0.9407

F 49 A 1ed 129 W
A A Q:dFAQ
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Table 2-8. Physical properties of Oil dispersant No. 2

1. AukArg

NFd PARA - FA A5AE 4

i

3 3 f A 2 Al I T I

¥y A 9 ¥ % 09
2. AP ALE
Al g o] 2 1996. 11.~12. Al g7 & | @217 R dd T
Al d o AR Y A A199%6-13% 6] F| H £ H F 2
A8 - A4 23 9 0

Al g g 5 o A 71 € A - AA A3 83
1. 984 (T, COC) i;:l%' @ FArel #d A%S 142 %
2. ¥HE (10%5894, 30T, St 500} 8¢ 174 2
3 % 3 & 4" (tEAz EdEn A ¥ A o 4 AR §
(10%%-&4, 30% 6001 4 %9

%) 108 20014 %3
4 ARBHAL FRHAE (%) ggjj’g ‘ 3 ;’;‘3;’: i;’f]ﬁq%ﬁf; %9

2 A E o} 100ppmel A2l AlE Foll A F-3 &

5.4 B of RT2EEF | AR YA Y NgIR g A | ge 4z

9 @ | (100ppm) 2 o He 42Y A

B A & A
(og ’ %]j) (24}: 'I‘L}m,?)pm) 8,00001 % 27,000
10%=8- ot S
( 24%;:' ,IIL; }L:m) 2,0000] 3 21,000

6. % 5 A (10%5844, T) -0.50] 3 -05

7.4 ( ASTM) Agelel AAIF g 05+ 1.00 W 05

8 ¥ = (15T, g/em’) Aglol AAIF 3 0980010 0.9810

A4 d A 1996d 1249

A A

d
4d:4d w1424
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Table 2-9. Physical properties of Oil dispersant No. 3

1. kAt

AFed A A

cobal A5AE AN

z 9 & A2 A A A 3 A9
¥y 4 9 & 03
2. AgALE
Ay 1996. 11.~12. A g B | RN ga Ty
A"y gAY 2 A19%6-1350] A% 4 & W & 3
3AYE - AA 29 2 #A
Al | 3} 5 o A 71 & Ay . AAl A A
61014, @ FARo] EQ AFL
1. 934 (¢, COC) s 154 &
2. AL (10%54, 30T, cSt) 500] & 16.18 2
3.4 3 & A g 4 = ojYPal2 B stebA %S Al o 4 U &
(1094894, 30& 60°] 4 91.8
%) Jo% 20014 210
AREAAEY HAF 749H9 g
CARBYAY BRAE (% .
AR AEAE OO game ane) B2AS 004 PO
2 A1 E|o} 100ppmelZde] Alg Tl A FA ¢
5.4 2 off T2EBE | ATy ue Ngan e d | ez
o 3 (100ppm) ZU o7 g M=y A,
9 % Ay 4 Al €
(24hr, TLm, ppm) 3000014 30,000
(10%+2-) ol oo} A]S
(24hr, TLm, ppm) 2000913 27.000
6. ¢ 5 A (10%5=84, T) -05°] & -05
7.4 (ASTM) AlAQlo] AAR gt 1.0+£1.001U 1.0
8.9 = (15T, g/em’) AlAelo]l AAIF gt 1.02+0.0101 1.0253

Z

24 4 A :196d 129

d
A drd A
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Table 2-10. Physical properties of Oil dispersant No. 4

NFLE LAAA - FAl AAIE AHA

1. Gykabst
5 2| A 2 A Al A3 Ag
Yy 4 9 ¥ & 9
2. AlgAE
A g 1996, 11.~12. A g7 @ |27 808ae7d
Al g wry |ASFEY A A19%6-1350] A% H ¢+ 9 & 4
3AE -84 294 €2 BF
Al 4 & 5 3 A 7] & AlY - HAL A3 aA
. 6lol4, & FAEo B AEL
1 skd (T, COC) a9 87 %
2. 4% (10%=+8%94, 30T, cSt) 500} s} 1.58 3
38 8% ¢ A 2 4 H olgdalz B steghd 48 A ol A 9 &
. 7
(10%+-8-9, 30= 600] 4 854
%) 0% 200] 4 82
AEANY MAF 7d89 gt
=] ° B3 Q ;
4. ABgAaA HEAE (%) 8RS gahel A7 QoA 939
2AHE 0t 100ppmel4e] Ald 7oA §xg
54 B o Z28F | As ¥ g NgRn gy | 2e Nz
4 @ | (100ppm) Zu o ge 4z A
4% Ag % A g
(24hr, TLm, ppm) 3000014 54,000
(10%+-£9) otemjo} A} S
1
(24hr, TLm, ppm) 2000018 51,000
6.+ F A (10%58Y9, T) -0.5°]8} -05
7. 4 ( ASTM) Aol AN gt 1.0+1.00W 10
8% = (15T, g/em®) Aol AN g 0900010 W 0.9069

%

2+ A4 d A c1996d 12¥
Ab g A4

d




Table 2-11. Physical properties of Qil dispersant No. 5

HFed LAAA - A HeAF AHA

1. gutAbg}
5 | A 8 A Al A 3 ALY
8y 4 9 ¥ % ¥
2. A @A
Ay 1996. 11.~12. Al g s B @R E]AT Y
Al g oy (G day A A199%6-13&e] 3| A £ W % 5
3.AY - AA A9 9 B4
Al Y & =3 % A 7] & AlYg - AA AxHgA
o 6lol 4, & 340l 22 AZL
1. 284 ( T, COC) e 116 2
2. SHE (10%3=8, 30T, cSt) 500} &} 1.61 3
3% 88 A 2 A4 H ojPxiz s VbRl 4% A} o 4 ™ ¥ '
(10%4=8-°, 302 60°] 4+ 88.2
%) 102 20014 110
AEHAE MAF 78949 @
ta A [+ .g, g, .
L ARBIAL HEAE OO | g0 g s ool 9.4
2FA Y E v} 100ppmol 2] Al g FolA] gl
54 B o 2AEBE | AR YA e N¥aR e H | 2 e 4z
a  w| (100ppm) 2 o §e 42 A
4 &% ANd % A €
(24hr, TLm, ppm) 3000014 51000
(24hr, TLm, ppm) 200014 51,000
6. % 5 A (10%48%, T ) -050] & -05
7.4 ( ASTM) Aol AN gk L0100 10
8.3 X (15T, g/em®) Al yeole] MAIE gt 0.92+0010lW 09213

A A

2 A Y A 196d 129

d
d:9 74




Table 2-12. Physical properties of Oil dispersant No. 6

AFed HAAA - oA HeAY AHA
1. gykAaret
3 | A 2 A A3 8 AFYg
g 4 9 ¥ % 0¥
2. Al gALE
Al g 7 1996. 11.~12. A dE 7 @R ETYE
Al d gy S AEY Al A1996-13%9) ¥ H & W 3 6
349 - HA A 2 #A
Al k| g =3 B # 7] = Ald - HAF daHigd
_ 6lold, & FAF B AFEL
1 984 (T, COC) as 142 o
2. FA=E (10%5%4, 30T, cSt) 500] 8} 1.74 .
3% 3 & H el A (vgxz 2= stetgA 28 A o]l 4 8 &
10%+-584, 30 600] 4+ 96.8
%) 102 20014 %3
. REHNAEG MAF 7989 ek
L of ME % ;
4. AHgAdA e YR (%) gaRel kel WEAT G0l 98.8
27 HE Yo} 100ppmolate] A g FofA f3ig
5 4 B o 3 2~ e F AE YA g& Agan e A ey
ol & (100ppm) Zu 7t & Mxd A
q G AY F A g
(24hr, TLm, ppm) 300014 27,000
(10%+£&<4) oleo]o} A
(24hr, TLm, ppm) 2,0001% 21,000
6. F A (10%+€4d, T) -050]%} -05
7.8 ( ASTM) AAgio] AAIE g 1.0£1.004 1.0
8% X (157, g/em®) Aol AAE gt 0.98%0.010| W 09812
2+ A d A 1996d 12¥Y d
A A 4974
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Table 2-13. Physical properties of Oil dispersant No. 7

L Qukapg

Mo wrxzA - A ASAE AHAHA

£ 3 94 A48 A Al A 8 ALY
8 4y 9 T = 03
2. N GAre
Al g 7]z 1996. 11.~12. Al g 7B @R HNER T
Al d oy gAY aAl AN199%6-1350 ¥ H W 3 7
3A9E - AA B3 2 B4
Al ¥ 3 E % A 7] Z Ay - HA A3 82A
6lol4, & FA Rl B AE LS
1. 9484 ( T, COC) e 102 3
2. BA%E (10%54, 30T, cSt) 500} 5% 1.64 2
3% 3 & 2324 ojPz BHHD JrEeR ¥2 Al ol F &
(10%%8-od, 302 60°] 4 98.2
%) 0% 20014 402
AR E ANFE 7IH] 3
w o 4% 6 .
LAREEAN ATAE OO | gumea gas weAnwey | O
sANENG | 100ppmelael NFTFAM §33
54 B of T2BE | AR YA ge Ngud e d | pe 4z
ol 3 (100ppm) Zu ozt e MzY A,
9 & Ay % A 9
{24hr, TLm, ppm) 3000013 6,000
(10% &) erejojo} ARG
{24hr, TLm, ppm) 2000°1¢ 5:500
6. & % A (10%+84, T) -0.501 8 -05
7.8 ( ASTM) AAlo] AMAE g 05100 05
89 % (15T, g/em®) AAgelo] AAIF g 0.97+0.0101W 09746

A A

3 A d A 1ed 12¢

d
SRR B - |




Table 2-14. Physical properties of Oil dispersant No. 8

HFH WAAA - FA ATAF ZGAA
1. gutALE
F 9 F A 2 A Ay 3 AL g
g 4 9 T & 0¥
2. AJgArgt
Al g 73t 1996, 11.~12. AEo RN EE T Y
Al gy A EY DA A41996-1350 A B+ H & 8
3 A9 - HAA A9 9 #BH
Al | s 5 3¢ A 7] & NE - dA A gA
o 61°}4, & FAFE] B AEL
L I8 (T, COC) N 116 &
2. FHE (10%5894, 30T, cSt) 5007 & 163 2
34 8 & Ao A4l (vEAE B tebeA] ¥ Al ol 4 gl &
(10%8&9, 0% 60°] % 973
%) 108 20014 9
: AE-AAY AAE 7R g
lﬂ - 'E‘. (1] X .
4. ABY¥AdALe] HEHE (%) 8UM Y gtstel BRI 900]4H 98.3
27 g E i} 100ppmelde] AlEFoilA f3 g .
5 4 & o 22 % AE $x @S AHD de 4 ez
o & (100ppm) Zu o7t gl Axd A,
4G ANY S
(24hr, TLm, ppm) 30001 51,000
(10%58<4) o Eju]o} AJS
(24hr, TLm, ppm) 200012 48,000
6. F 5 A (10%F&d4 C) -0.50] 3} -05
7. 4 ( ASTM) ARl AAIG gk 10£1.00]H 10
8.9 X (15T, g/em®) AAgol AMAF g 093+0.010] R 09323
ZA A d = 196d 129 A
A A 9974
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Table 2-15. Physical properties of Oil dispersant No. 9

1 Aty

HFLE WAAA - dA HATAE HAA

3 3 * A 2 Al Al A 3 ALY
3 4 9 ¥ = 0¥
2. NPAE
ALy 7 1996. 11.~12. Al Y 7] B R0 HEAgd T
Aoy our o gAY Al A1996-1330) o3| W S W B 9
3. A - FA A9 2 B3
A 3 3 = %3 3 7 = AlY - AL A 24
61o]4, & FARo B AMEL
1. ¢34 (T, COC) J 117 &
2. FHE (10%549, 30T, cSt) 500] &} 153 2
348 ¢ A 2 4 g vgziz BHE A 2% Al ol A A &
(1093=8- 9, 303 60°] A+ 97.0
%) 10% 20014 376
AEAAY AANF 7949 g
i o WRNE (% .
4, ARBAA Y BEAE (%) salmel kol WFA 7 900l 98.3
2 A g E o} 100ppmel/ge] Alg oA FA=
5.4 8 of TLEHE | AF YA ge AYun e M | 2 e Az
) g (100ppm) Zv o7 e Mxd A
4 % MY % A g
(24hr, TLm, ppm) 3,000°1% 54,000
(10%5=-8-4) o
gjojo} 4§ .
(24hr, TLm, ppm) 2,00001°8 51,000
6. % % 4 (10%%8, T) -0.501 3 -05
7.4 ( ASTM) AQee] AAF gt 1.0£1.00W 1.0
8 W = (15T, g/em’) Alglo]l AMAIG gk 0950010} % 0.9598

A

A4 d & 199%ed 129
A g T

d
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Table 2-16. Physical properties of Qil dispersant No. 10

AFed HAAA - kA A" AAA

1. gnkALs}
5 | 4 2 A Ay 3 A3
g 4 9 ¥ & 0¥
2. NYA
Alg 7z 1996. 11.~12. Al g 73 | @377 FEANEdTY
Al g our oy s Egy oA Al199%6-13% 0 oF 4+ W & 10
3. A - HA 23 2 #13
Al k2| g} . 3 A 7] = AY - HA A9 9A
ot 6lol A, & FAFo] B AHEL
L €184 ( T, COC) ae 41 %
2. SHE (10%%+£€ 4, 30T, cSt) 500} &} 6.41 g
368 8 AdAdH (U EAED YA 28 H| ol A o
(10%4 &4, 30% 60°] 3 9.2
%) 108 2001 4 204
ARANG AAE 7R @
o o] MEs
4. ARgAA ] BEAT (%) geIMel gkzhel WEA7H 000|4 P05
sAdEst | 100ppmoldel ABTFAA )
54 B o TLEBHE AG WA g ANdA} g A | B ez
o & (100ppm) Zu 4 ge d=d A
4 % AY 4 A @ L
(24hr, TLm, ppm) 3000018 36,000
(10%+-84) <Hujo} A)-$-
(24hr, TLm, ppm) 2.000°1% 33,000
6. % F A (10%T8Y, C) -0.5¢] 8} -05
7.4 ( ASTM) A Al AAF gt 05+1.00H 05
8" = (15C, g/em®) A0 AMAE gt 098+0.010]H 0.9876

24 g z19%6d 12€

A A

d
49 T4




Table 2-17. Physical properties of Oil dispersant No. 11

1. dnbat g

ANFed FRAAA - A FTAE AAHA

YAl gt PA A7 900]

5 3 sAAA | AA A
8 4 = 5 & 9
2. NgA
CEES 1996, 11.~12. EE R L L
AW odd | SeFRN A A9%6-135 Q8| q 4+ W 5 1
3. A8 - HA 249 2 9A
A 4 ¥ = 2 A 7 & |Nd-d4 an|en
9 Zggo]l B AE
1. g8 (T, COC) i;;)& @ Tl BA AR 102 %
2. FHx (10%589, 30T, cSt) 500} 8} 1.64 2
ssog | AR4A |vuiz eauz e ds | v
(10%8-94, 0% 60014 98.0
%) 0% 2001 4 371
4 ARBAAY graE 0 | SEIAE ANE TIAL 98.4

A A1 E o} 100ppmelZd e Al ¥ Pl A e
5.4 B of Z2u8® | Az ¥dgeNyns ey | e 4=
@ @ | (100ppm) Zu 4 g M2d A
dgANE | & A |
(24hr, TLm, ppm) 3000014 9,000
(24hr, TLm, ppm) 2000012 9,000
6. % F A (10%%58% T) -0.50] 8 -05
7.4 ( ASTM ) ARl AAIF gt 05£1.001 1.0
8.4 = (15T, g/em®) Algelo] AMAIE zt 0.96+0.010] W 0.9640

A4 Y A:1996d 129 ¥
A A 9449




Table 2-18. Physical properties of Oil dispersant No. 12

A2 FAAA - FA BeAE AAA

1. YukALE}
% ] A 9 A A A 3] AL
3 4 9 T & 08
2. NEA &
Al g7 2 1996. 11.~12. Al Y7 @ @R EAEd T
Ald" 9 [ ASAEE A A199%6-13%0 23| H +£ 3 12
3. AE - AA 33 2 33
Al ;| 8} = o A 7] F AE - AdA A3 9A
. 6lo]4d, @ FAE] B AES
1. ¢18d (¢, CoC) JAe 118 &
2. 4% (10%%89, 30T, cSt) 500} 5} 1.64 -
o A 2 4 H vjPR2 R JEek] 4% R o A4 9 &
3% 8 &
(10%%8-9, 30 60°] 4 9738
%) 108 200] A 56
AEHAE AANE 79K g
o o] RN (% :
4 ARRAAL ARRE ) | ot s0el %84
2#A | E o} 100ppmolZde] Aol f4 2
5.4 B o] ZL2EHEF Ag 4 ge NYuY gy | g ey =z
o @ (100ppm) ZU 7t g 4z2Y A
9 & Mg % A ¢
(24hr, TLm, ppm) 300014 12000
(10%-8- o) < v} o} Al $-
(24hr, TLm, ppm) 200014 10,000
6.9 F A (10%s8Y, T) -0.59] & -05
7. 4 ( ASTM) Al AAIg gk 1.0x1.001 1.0
8 % = (15T, g/em®) Algelol AMAIE gk 0.93+0.010] W 0.9386

A

Z A 9 A 196d 1249
A d:daidd

<
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Mg AAE 774 AAFWNo. 3,6, 7, 8, 9, 11, 12) F 118 12& =
Aulol YoMt o]zt o] FEFHOZ No. 3,6, 7, 8, 9, 118 A&
o, 63 AFYAEC T SHLAEE AT A duky A e
A1) 4% Enersperse 700 5 3%°] /Mg Ff AAFRT VR $53

L84

-—

A5 S B 53] Enersperse 7003 10372 #4tg §39 a7|7}
e AYen, BAFE MAHER ul$ ol oAU 53 HF
bl At

TEE FEA AYAEs A AygAgde 2y 1o ABREALA

g &Ad &AL 3 7159 F502 NH3 AR BAAA
3z AENde] 433 Zttzgch A 271E Hagstn £43
freke] w7 A3 fAEHAE 22T aiFgnzt ¥H o2 Ao
of &t7] wWEolch £& nF T AVIHAZ A% SAH9 F/E A
dof BE2 Kol ROHAME {F33&E Fdig A7) i AVHALA
g AHAs destdch

AAFez AFD $5FY BAAY AHE 65-75%2 AREGA
EF e 35-40%9 £AE E¥}AEH, B FIFFL 275%E 2343}
A &A Atk BFL LAV oJF FE44 &A% dAHAYG HEHAE
ASole Eige] Astsle AF#E A dFFFY FAYAA T3
Z2e A7MAE A8¥ = Ud 53 #F3H AsAZAM diethylene
glycol& A& & sledl, BA9) 5%% 2331x =S Yo},

ZAulol A LA v &S FolD AVEHAY v &S LFH AR
&o] FojA e, detA &7 Bol Sol7tA Fotx fRez AFIE
g d Fevt 9L gudch 23 AWTHA EFENA Sol AW
B4A e &g EH9UY AR E] HoAE o LAHUY. AWE
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A EFENA Sodium di(2-ethylhexyl)sulfosuccinate®] 8] && 35% o]
g2 Fold Aol AdHE Zo] LAHHAUG &AM 29 v¥|&E F
REY EAEE0] FaFon, FIF A AWEGAY v E =A
3t HLB7} 9.801A 1052 F7FA7]|d R4&E &0 43t Z4A Rt EGBE
4! diethylene glycol monobutyl ethertt diethyleneglycol monomethyl
etherg AEHES 3¢ AL vy L HJ 22y §AE
AHE3EA] @ n AREPATeE dPstd BAEE] 10%AE el <
At

vAEE AFEIHVE dgdsd AEEAAY v &o] A
65-75%+< Holok 3tn, AWIBAEAFT JolL ABEAEAY v &
35-40%7F =ojoF s, §AZ AMEEHE £ vl&o] AAY 20% HE+E
sjojokgt ot ol ¥ AL HLAEsFAI EEEH A ¥& BT
olyel HZ7F -10TColA 475-575 cSt2A A-go] Xz X F
AE7t F7heke 247 98 Aoz 3o
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Table 2-19. Comparison of effectiveness between new formulation
and foreign dispersant in two test methods (10 T after

30 second)
24 45 ()
18 Dispersant Name
Labofina®™ | Swirling'y

=2y Corexit 9527 96 88
=28 Enersperse 700 100 100
ey Enersperse 1583 100 100
=2l Enersperse 1037 64 84
] Finasol OSR-5 73 77
=2y Finasol OSR-7 53 89
=&Y Finasol 0SR-51 100 94
=58 Finasol OSR-52 100 100
2228 | Corexit 7664 7 2
guyl Corexit 8667 18 31
Yutsd Corexit 9550 24 14
gy BP 1100X 24

guksd Enersperse 1100 20

sl Finasol OSR-2 15 10
Juksd Finasol OSR-12 23 15
gutal Finasol OSR-121 17 13
w28 | No. 3 87 77
] No. 6 97 83
%% | No. 7 100 100
%% | No. 8 100 85
a2y No. 9 98 92
R No, 11 100 a5




2 EAE Zolrax A3AH, FHE, 8-,
15 dig AdE 24z d53d74 AgEUA KS M
2010, 2014, 2016, 2017, 2027, 2003 <3t} & A stA ).

oA 7i1gol FEHE 3, A4S, 2 T FEALA 3o
Aol A F7stx A Hese EEd AAEstE FA Hed
olgig A4HRAEL WAl oy FE FA do. F HE &L 7S
o FEHA e AR FolH FHZUIANA 7|9 AFS A& F
Aojofut ojo] we}t FFEHOZ WA A¥E FAY F UA 4. 7 EE
T35 BA 2 24E& B4t o859 Fdd =& SHIE WANRHE

I5 28, & d7dAE 53 FEUNAES I

4
pul
P
ot
i

o34

=]

A Zo]
fr&ol 3 PAELE HrH8tA Arabia light, Arabia medium, Iran
heavy 94+ 2 Bunker A, Bunker B, Bunker C& A22 3goy o]59]
428 ZAE Table 2-20, 2-219] Yehi At

Table 2-2091A X Arabia light¥f% #+%%do] -300C=Z =%
@i H]F(15/4C)E 0.8403 ©]1 2™, Arabia medium¥df+ FAFo|X
Iran heavygd &y 29UE, 1A X9 FAFoltl Table 2-21404 B® A
FE AFAHol 0C=E i wonm uF(15/47C)o] 0.8337¢ AAFH
ol CFHE FTHE(B0TC, cSt)7F 220.85, ¥l F(15/47C)°l 0978201
Tl A2dAM vetde AP nPAFold

i



Table 2-20. Physical properties of Crude Oils

. Items Flash | Kinematic | Pour Sulfur | Specific
Oil Point | viscosity | point | content | gravity
Samples ('C, PM|40C, cSt)|  (TT) (%) | (15/4°C)

Arabia light

Crude Oil 25 6.87 30.0 20 0.8403

Arabia medium

2 .3 -20. 24 .

Crude Oil 6 8.39 0.5 0.8701

Iran heavy

A -15. . 877
Crude Oil 28 9.88 5.0 19 0.8770
Table 2-21. Physical properties of Fuel Oils
Items | pjash | Kinematic | Pour | Carbon | Sulfur Specific
Point viscosity | point | residue | content | gravity
Samples\ |(c, PM)|(BOT, S| (C) | (%) | (%) |(15/4T)

Bunker A A

Fuel Oil 70 14.87 73 2 0.2 0.8837

Bunker B

. -2. 2. .

Fuel Oil 116 25.51 2.5 5 2 0.9089

Bunker C

220. - - 1. 0.9782
Fuel Oil 118 0.85 0 978




g, Af 2 FRo digk #4Ee

st fFo] izt EAELE HrslaA Arabia light, Arabia
medium, Iran heavy ¥ Bunker A, Bunker B, Bunker Coll W3 A& &
S AR 1A A1996-135 0 olsto APt

TEY fEAAe AP FAE AFF ATl v+ AAF
No. 6, No. 7, No. 8, No. 9, No. 11, No. 128 A}&3lgen 1 Az
Table 2-22, Table 2-239] YEerHATt dFE° dd 53 FE4AE

]

o] BAES ANBEAFAE JUeld Table 158 B HAY59 Arabia light
o Wsle] ¥&¥ FEAAY BAFEEo] 058 AXF 558%c]3, 10¥
BAF 02%0132 FALFoE EARL ¥ Aoz HL) o 7
F 9f dAVE 4D #3 BAE HdxE 8 FYPoz Ao FFo A
AR Fatn ARPe] A5 ol ol Aoz uAT F2
Y9 Arabia mediumoly Iran heavyol o 058 AxFo gho)
85%0]4, 108 A Fo gro] 15%0]4 o2 Hlid BAEE] U F
ol A 558 FRLAEY EHEEAY AAE e Table 16.&
B ZAYFA Bunker Aol tidty 058 AXF o FArR&ako] 97.8%
ol, 108 AAF EUEEH] 310%0]FLE TE FTHEA HEA
L EAEEE JeUEd ol "3 HE7 dol fEAAY AF

BAAES A5 - AHFPol AFTHY 4 7 A%
o2 AFdd. ¢ AT} S CFRA JofME 058 AAF9
AR &0 875%01% 108 AAF FAREO] 143%0|4oz uaH
2g etz 9o FARFS] HAFYAE AU & AL



Table 2-22. Dispersion Effectiveness(%) of oil dispersants for crude

oils
Dispersant .Settlin‘g Arabia light |Arabia medium| Iran heavy
number  time(min) | cpyde Ol Crude Oil Crude Oil

0.5 33.7 85.0 934
No. 6

10 0.1 15.7 16.0

0.5 55.8 91.9 98.0
No. 7

10 0.2 184 20.2

05 40.6 85.9 96.1
No. 8

10 0.1 16.0 18.0

05 50.3 915 975
No. 9

10 0.2 179 20.1

05 495 91.2 97.0
No. 11

10 0.2 175 195

05 473 88.7 %5
No. 12

10 0.2 165 18.8
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Table 2-23. Dispersion Effectiveness(%) of oil dispersants for Fuel Oils

Dispersant §ettling Bunker A Bunker B Bunker C
Number time(min)|  gyel Ol Fuel Oil Fuel Oil

0.5 978 968 875
No. 6

10 31.0 25.3 14.3

0.5 989 982 920
No. 7

10 453 40.2 25.3

05 98.0 97.3 879
No. 8

10 388 349 175

05 98.4 97.0 89.7
No. 9

10 425 376 250

05 98.6 98.0 88.5
No. 11

10 422 37.1 226

05 98.4 97.8 83.1
No. 12

10 41.6 356 20.7




2. FEYH 718 A WY BUES

Aol A28 7B st TG g5t FEGH F A2
R(water-in-oil emulsion)& B4l ol ME 80% 7AX 8L 4
she mgd AAZ 2 YRS & xmAYIZ B} JFWel Y%
Ho] glom FEu destA oue] Sjste] 1 Aol A&t WM
o ol dPAel U 3y FRAASY BHESE WhAsmA A
449 2102 7158 dUde HEU

F3d FFo e BENEES HUSlZA Arabia light, Arabia

9

medium, Iran heavy ¥ Bunker A, Bunker B, Bunker C2 W/Oo| ¥ A S
HER ol i BAEE AFE ATE W/OAEAY Az U BT
Alefdel &4 500ml 2 718 100mlE 77 A 21 FPAYIZ
Yo 608 Wi 10595, AE 40mmZ JBAIA dUAH AEE
Az YTt Arabia medium3® Iran heavygdf+t dEAsdsy ayH7}
of 25l 2 #7139 Bunker A, Bunker B, Bunker C& H37} ¢ 2.74)
2 F7hstAd. BAES A¥E Jqddoez UE AF uE ARE AFH
o] Age sk FAol TRl 7H71E Iran heavydFe BAtago
Arabia medium® & 3.t} E}> E%on Arabia medium¥F9 B$ 058
AAF] gho] 845%0°l%, 108 AAF gto] 11.0%olde2 EAE L0
l2d Eol $5Y FEAAEY BEAELC] ¢S ¢ 7 AUC
WO BAs e Tl dEd $5F FEIAEY &2 YEJ
Table 2-25¢14 B AZHFol thd £4ELZC] 7MF =%k CFwol o

—_—

M
x
bol:

rs(_u'

EAERUE 058 ARFIT 85.0%01%, 108 A ¥ gto] 13.1%°]

A

oz WY PAEgO ¥l g Aol ¥e IHARAE ByED
7 99Tk
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Table 2-24. Dispersion effectiveness(%) of oil dispersants for W/O

emulsified crude oils

Dispersant Settling

' _ Arabia medium Iran heavy
number time(min) Crude Oil Crude Oil
05 845 88.2
No. 6
10 11.0 127
05 91.2 928
No. 7
10 14.7 16.2
0.5 84.0 90.5
No. 8
10 11.5 14.0
0.5 89.7 92.3
No. 9
10 13.9 16.0
05 89.2 91.5
No. 11
10 13.1 159
: 05 89.0 90.7
No. 12 v
10 12.7 145




Table 2-25. Dispersion effectiveness(26) of oil dispersants for W/O

emulsified crude oils

Dispersant Settling Bunker A | Bunker B | Bunker C

number  time(min) | gFyel Oil | Fuel Oil | Fuel Oil

05 %8 94.0 85.0
No. 6

10 305 24.2 131

05 98.0 977 91.0
No. 7

10 382 38.0 214

05 9.7 95.2 865
No. 8

10 340 328 17.0

05 977 96.5 89.1
No. 9

10 36.2 36.9 20.8

05 975 9.5 838
No. 11

10 36.0 36.2 205

05 97.1 %58 873
No. 12

0 354 345 20.1
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A3 FFY FEH SAAYAY 54 A
A1d A

FEAL @FAA AN FA A48 E B FEIAY
AFEE AU obuW adiE #HXE AQJNE AAS=dE A

2
i

of
o

degol METG 2E sEd xesn A= SFAAAL Azbol
228 B4 0] el EAAS AEsEd oM BA z3
o ®rp. Wb Bate] AAsaUE ade §24%N BAZAA o
G PAAYAE AA, o= FEY FE, oW wHos FEY A
e AAHkD sid, AAWN] Bl FFS AA 22 F 9l
71 W] dAIFAANE x99 7]€°] FR3dH(Anderson et al,
1981, 1984).
$AAAY AS 24 RFY Tade o8 ASE 4 v
A BN FAA B8 FABFIY A4 4B UE IFL o
et 9e TF Bess] J4HL 397 B FEARAAY A
82 sl AF 2 QYL AL 2B 29 FEANAAY
Agez Fusde Add Fast AFE AAs, k™ W st
94 AgE AAHE BATG. ady @U¥ez s AL
BEe 244 oPEAZ e Ay GEd FAAAY AE
%ol UEtE AHE Asde] FBHOET dSm FE:a Us
Qe 498 AT, HAA A oee AFE ABAN Ag
9 A%l @ AYe Aoz YAAYRY Byl JE e
A oHY Bee AHY oo HEolR & Y&t AHE ¥
Mg 7 Aol ooy z-smmm 1987a, 1987b).
AR wal 2 fdoiA g S @ PAFFozAL A



SR BeH FARCGE F2 fradddl dean Yo A
gl WP JANBARAE AH ANA G dE YHo|nE 240d F

A7 AzsA AFHD Ak FAge] YAs dm 4ol Te AW
A HEAAYAZL AL AS B0 £Fo2 2ARAN 23 A

s

A 9e A7 8 RoltKCanevar, 1969, 1979). $evlAE
fraelAle) Axwio] BRE0] o] B Jo] AXHI o YA C
fr T A=Y 5L V1S 9AZ ANV M BE gl a3
25 53 A Uk FudAEs AT de AEEH Ue F
%3 F&F 2AA7E obF ALEE FHol glon 4wty AgA|tto] AR
o] fth.

Sy ME fFEANA o 2xedHHE So7] AHAE
A Az B B3 JAAAES ALY & e AFHA
g FxelAl AR ALAEE FEor gk ® A7 FAHAEA A=
A 559 EAAC Agso] Qo) ALEHY] ARG &F S X
o 108] ol ATNE AE & A& AATL {EF BAAHAE 2 A
A7t shstefEolr] W] olFE HAdo] Wrim i HAFE AX
e Ao ERE ool &v AEHHE A Y + UES
A¥ F 2UHIE AAstE Ao vj¢ FLEH.

EaE §F4 FALANL A BEAA AW IFE 7A A
A7t A=A A7& T3 ddd £ don, SHLIES ¥
3 Aoz Age HAA ZFodA BES A F A= 4F IF¥S
fFF8 ded ¢ $88 A87F €9 B dFdAME A=
e 2y FEAAAA BFAAN ALHUS AF dAY =4
FEAA HAFAEZANA HE & & A=cAE Hdsted FAHE

il



FRoH HFAE] diF WA BFAEE HFHHuA sH

A2 A NGRS dE KA AYAY 54
L AdgAdA ] 54

AR &4A19 54¢& nopstr] Ast o AFEH AW @A4A 9 o
EA40] @3 dYo] Bo] AAHUG. 2y HdAHoZE AW SA
Pl &) o #3, Atsh, WA, pH, 97 T FLE ¥WSUF H9 1A
& 54 oldd oFe FF P I¥E Yo FAE @Y. Iut
Hog oft W o] 50dyne/cm ©l3t7F HE TF Folirt B
2 g2F glen, AW @AY BAHJA 54 oldd B3 =
AE /MYEEZ Do £& LCxTo2 54& At A2 AV A
ot ZEdEASAllE FHYY Hlo]E AE A diyez 9
el gato|=9 £ E(molF7t AZFE F8HL T3 F42
F43] AHstd. o]RL AWRYo] 45dyne/cm ©)3FE HE WY Fxo
BAZ A A= $9dE9 EedddSAol=dEEe FE
HE FASH(LDs) AEdAFAlol= £33 271 10 AFoAM 718 2
ok AW A ofF5AHL A¥EW wel A}t =222 s
A< dEs d8ey B $AlgE ol8% A7 ZHE XY Table
* x5} Zre},

|
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2. FRAMYAY 843

1967'd0] dold £ sid FEARAldE 14T sjdo] 7tk e AF
& 35 #ded FEAAD 25FY Fol 29€ g AtAM FERE
AAS7L Aste] 1400089 &9 1000089 FAAANE AHgsgch
olol W& &7 JF AFd 7N 223 BUSA dGElgT. 4H
it Ffol =Jd BEC] A dFE AAPEW FIH AR=zA
(limpet), 3% % (snails), @7}u](bamacles)®}t ¥ 2& dATE0] 2 9
HE AUk 7P 2ol AHSE FAAd qE S4E Wt Y 2
4 AEd A 24AT BHFEAA FE(LCx) WH7F 05-5.0ppmel Ak
(Southward and Southward, 1978). 71§#% # A2 dFoz &2 3
FAEESO F4 XNAdon AAHA JET vl =i 10d F
= 4%l dol AAHNRC, 1989).

60t FAle= 71§85 AARTGE e A8 Yy GaFo ot
287t olFo AA EHct F vlHA $AEAV BHFEAJA £ABG
gNE Aoldh, zzy o2 Ao A, PV St It
FA A Bol AXd AFE 2o HAHY AN AHA dxd
A FEo2 7o) HEHA R

EYALE AR oF #FEAAAY 544 aF @

.

8

e a7
s AYHAYCH, FEAAYAY S48 Foly AR Be =

rir

i)

o] A=A, HAY fFAHEA AL FE FYE g2 AAA
(degreasing agent) 5 7|@dojy WA E Fasted AL AF FI3t
AY FAHE Aot o] AR FoE A=A, FF(mineral spirits), YE
B 2e S40] e ©@ErA A%y ggESo EH YA A 2
Ad 58 fFAHAAE 1ARY RAEdee e e 24& M3



cd, 540 93 @& 4d3&F{, LR, 29T dEH=Z[ 2894 9
HFingas et al., 1979). A24H F%3 FHAAF 7HF &3] AHLHUA
TAZAE AL AvlFe Corexit 95279)c}. Corexit 95272 vloj2 Ao
89A(48%)% Sl AW BAA(B%)Y EFES walFs SA(17%)
o %<1 Aot} (US EPA, 1993).

Mead 5% FALAEY 34 54L& Edd o A48 324
ot 84 ke, Fingas $(1979)0] FxA $olol s 96212 A E
< 2 23 30uiy Ekoh. NRCY 329 AEd 93id HZ A&

e FALGAEY 54 Ane 49 FAK ARG dodn FEAY
o a2y ol d A2Hd 5 FAZAT #F AEE A¢ %9
HFBESAA Y& JF & Evhs o] €A1 Yoz FEF ds
2R WEYA(matrix)d] FAZA ARl @& S S a438ste R
o] 23}, |

FRAA DAY S4% BAY AL L3 go] A2 8%
g & glth(Wells, 1984).

O A AgEH2 e FEIAGAZ] HFBESAA WX F
4 54L& oy @dn?

@ =4 gAY S vAE Fo 898 FAUAN?

Q@ FEAAYAA =250 LA HE ofd ol XA AHRE VXA
Ho eAxY FE FFAAM, FEAAY ofxA £ vEluE
7h? FEAA A ARl AU XA} F& o}X AL FE v X
FaE ojgart?

@ FxPAA FRAAAY A2 8 oju g FiFo] e
U dE71?

rir
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® fEyAAAe] S Yrse AHe

g AFdAE olst B EA W@ AFS ABsHI Astel 7|
& A7 ARE TAZ AP £ Hoksa $Puael A%
o dE SHAYL AAsd ¥ ATA ALY AF

fl

&
a2
%
g

3. FrEAANYA FA4

AR HFREANGAY FAHAFAH BE €2 A7V FHH
gov AEFHER & FEY FTRYE ATE Aol Holxn YT
# %2 calanoid copepod(Pseudocalanus minutus)®}t brine shrimp
(Artemina sp)& v|RAFEF 24 i%’%é"ﬂ W3¢ copepod 7
7t 4 FAREAER 549 Aol 4A ¥ F IAed T
5% ¥ Corexit 9527 diai A 96AI ¥WXA FEE F ppm F&
22 Yeyi Yo (Wells, 1984).

FEANAA Y 54 F2 AWBHAY EXFEY ol & AH
o} A9 B4 ZA F$EHH(Wells, 1984), FEAA S 34 <t
AEY FE, AHAL, 7, 98, §&8%2 T 4¥E & & 4

. BFTO g Fole AHGHAGG v AUGAYAA R
RPEE B9 9643 A4 FEE 01 - 800 ppm 74 Fel7t 8l
t}(Czyzewska, 1976). AR A Aol dF UA=E T4F, ojvafF,
F o AXNAY E3Fsd £A4Y FRAAN A UF=E o
g oz ofF, olvidl R, HAFY £o2 FUEE 2FHE BA



H(Wells, 1984). £3] g2 HF+ @354 A FAYA vig 2
725 w2 S Byt (Benyon and Cowell, 1974).

ol ALolEs FAAZIA 71 WS embryo”t larvae®.th
9173t} embryoyt larvaed] WA E = fFAHZAY FH/Hol we g=
A Ve, larvaed oM E FHe Aolrt 3 FolAe] ARG
Arel ol H3tA vt TAF FAY By AZESFE
Frd did WAdel A Frhadh(Wells, 1984).

FEAA BEA I E FE i TFVY AAAZA B

e AxE =E3ALY 2 Fdoh o)A ARGAAA A AlF

rir

€ 72X 2N A JLFHY F 3/ (permeability)o] W 3Ho
blood enzyme activity7} F7F8te Zlo] # & o, 200 ppmolAl o
F9 ob7tniol lamellatt %o AR FohE doA &4 vEY
E Aol #AHINE FHHCzyzewska, 1976). E&F710l vl A= g
AR olrtvlel E2HA &4 YslE 7 $(asphyxiation)E & &0}
I oeotztwl o) A ol FFES FAY oriu] HXd ARZAA
7} AFde Aol #FY vk A (Granmo and Kollberg, 1976;
McKeown and March, 1978).

FEAAE EFE F/NAY AAQAN 9F§E Fo 3R

4g FAANAY FAS 4 ATE ANeH, A ¥t
dojuz vhuly vt E A Ve H(Wildish, 1974). F &AM A&

EFEAA 4FE e Ao 2AdHoz FFHALH AEY
Aol WstE EHA AT (Wells, 1984). R& FEoA e ofxA} IF
sze A wd, 5, A%, ¥E T T UEd £ ded
dul g o= 100 ppm ©l &l 10-40EA =9 FH2 =& FiXxE
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FdFol YeEd F Avh. A S Corexit 9527 1 ppm ©} & el A
20-40 € xEHolx FAH AT Tov, g2 FHAANNE 30
TAE =2HY 3 4 & S Aol TFHAtH(Hagstrom and
Lonning, 1977). °]%9 7 ¢dl& 1 - 10 ppmell A 34 =ZARE
g gF olde& deFden A$ A BP1I00X 10-100 ppmel] 2
AL =ZAHE 9 HolE i olde] TAHAN(Evans et al,
1977; Butler et al.,, 1982). 222y ojgj& o8 AFAAT FAH A
o dEol FAHAA && FeHdAME dAEAHe) AV E FHE
A Z3t7] d o] ol Aol Brtsd el vk

A2 A Aol WE S4 ARE Fus FREddE AL HA dol
ol HAZE YAIZAR FAAA st Edel zdE &= QU
BeAY S8 YEALY A 54L& Had dso O A AE,
FA24, 245 7Y FF/, =5 3B (EEY A, 9 Tﬁﬂ"
BE, 4F0] o=l A5 A% A #do] vl¢ Aot ol A
3 e 55 Fgo] YEAAY X e AF ¥ AA A 4.

FA2YA AAY 54L& AAFGaHRE FAHAE AL T ot S
4d 79 SA4x AHsHy BrkE sted NRCE 243E #F7
o] F4& dutdeoz FAA AR SHARGE JIE R SAd 7

l

i
rie

dgctn FEAJG. 4 FF Mgt &€ 571 2 A=Y 5
dol gz MRSt =& 4%l 4FE vAE F2¢ AUt o
LCs® NMEe s 4uud AY AE AATLS AT 559 &
HEH 4B ANBFWMEF 24, 48, T2 %6 AN &A= Aolth o
7 o8 vxdA 59 548 dib¥(extrapolating) 2.2 ANE AE
o] & =& ¥ 7Tk Anderson F(1984)2 °] W (LCspol 7N
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£ Sea urchin sperm
RTINS

Red abalone embryos
Giant kelp gametophytes
[ Pelagic and benthic microflora
.. . . W Red abalone embryos
Mysid shrimp uveniles
Cod e9aED,
e0gs
Mysid shrimp juveniesg
C

o 1 Coelenterate larvae
Tcpsmanmocms a

. . Stickleback [
Brine shrimplarvae T
Arctic fish<J

Topsmel larvac IS
Sea urchin eggs(

Toxlcity Index (ppm d)

Fig. 3-1. Comparison of toxicity index calculations for Corexit 9527.



HozE TGsAT o2 7tA TPl e 53] Af sG] e
BAHA thgt e Dol UAgd: AAHsYUH LCx NPHL BE A
d AE Holg FA @32 2YEAE ZolFA FodA U Al(closed
system)ol A B Act B SAFENE FY}AA AFAE B2 F/Y
LAER ] BFFol 4719 ¥l Fio] Hu Hwsn AP 2o HFH
o= Ag AgA € F/F2 AEE ste Fyde 5234 dode
718 HEHEEE DI A7 A 7 A8 oA ¥
A7 9o

T TEY B2 LCx Aol FEY 4B fAYAY BA4™
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ad

o

2

AS B oy 274U BJAEESE B4 Foled & oy gl I

B2 =% FEE FR3%ed L8 dodle 2EHY 440 € F AU

Anderson £(1984)& nAZRQ LCsp EA Al¥o] AL ¢

kd

Bolg & AN xF FxoM A BIAELS v 5 e

ry
Ul

ctd szl E4 2 F(toxicity index)d] 74de EUdAE 54 A
E AH F5EAY TRV S4AA F5F QAR n I

AFE & ARY #5239 $x9 Foz FHAHppm days E&

rir

2
A
&=
=

oX,

ppm hours). ¢]21g 2o 29 10ppmeS] LFEH 29T &€
Zo]l 4ppmell 593 =& ¥ Aoy 2ppmel 1043 x2d & 54 &%
g ¥

Singer 5(1990)2 #I A Hud ZAAES HEINN:D N2 549 4
gExUote] sjFA R it FAAY 5 dF A82 FH AL 5



A AFHLE vaFE TEAC vlE o] vuF }E2H FR Y E

AAE 54 A7 FAA 2X Fol A NN 2" F e B

2 F=elM Yolg # At Zol A¥HY, Singer $& o 2L )
2 el A7 9¢ 4 Avm Austgeh 158 180 AFeE F

Gt YS @ AT o) APBE) UF Ao TAR B4 A5 AR
Bgael 9Be A 2Aol(mysid crustacean)st #E9) o} F
(topsmelt)ol B3l A5 SH A+pe BAed Ay ASds =
4 A% Ade AFHY o159 Aelr Bus 2ZA Yo} ol R
Aol A5gol Aol Gt Z74E st o= o FF Alzke] Aol
el §A2A w3 TRE FHAY $ Avks AL AA@

Singer 5(1990)& %29 54 AFe 54 4% & & Ues B3
& Aeied Ased HPe BAY F YODE F(species)Tol ARZ
M b e ASRE FE 4 9e £E QU3 =@ oS A
JEYole) HYYES AT AU AFHS B2 AYYo] dYm
2 2ASGE AL Hold HUTh IYNE BFET o= Agols
AA 87 22 2o Age] BAY 4YA Frt SusA THDE o
g oPde A8 AT ¥H 488 53U 45U 4E Qo 24
E4S Wishe dd NYWE A8 E A7 AW 5L ¥FE o ge
259 54 A7 Ane odd A P4 @A B Uvk: A
g A71sokt @},

Wells(198)E 2& %9 #4204 S4 3RS A=ste] Fstgo.
Wells: 9] @7 =%o] Corexit 95279) 540 28e 2A=H e
SADAN W ALE TIAUT Welss AFTEAH Ao] o2t
AE h3 28 9% FZ(threshold effect concentration)E& ZHE3}H &

— 165~



3} A tH(Table 4.1).

Wells®] ZE] 243 H7td XA obXAL Aol disf] Bad of
F o 7¥ 3 Z(threshold concentration)t FH A& AFo] AXHS
o] Al Fxu o s ¥k a2y Wellse A4 5438
2 Brtet d¥E o Eoko ¥ AWt edgan AFsPed 1e
S Ze LS A
® FAAY SHETFE FHHAY 5 Ao F8 HEEH &
9t 943 F€(threshold)¥ AAAINIEE Hof girt
@ FAZAL 24 FALHA 7159 EFESY A7E HFAHY) A&
A Ao AdH, Ao FoF FEY 7] A A FAYA
o @3t s UAsitdn ¢z F2 FAEAF, 3F, €], £33, x
7] o} X)) X FA A} et
@ FHAe 54 EE(threshold)o]l FFE F+= AAES
FstA| Aok &t
@ FrAgAe fFA2A Q& =4 F8E 2o 439 213 HAA %

tlo

gAdatn A

zASNA Al xF SEZ FASA AT BTk 29} EE5F
o) $AeA AR 24 =2 FEES waHokST, T4 AX 53}
og & Y AX ¥E o} BFHE YOIt FEE uasol st
© FHASNA Age] oldol Fao] e ¥ HFrHE slopdch 43
2ld S4cte) A3 918 BRA ssteAY s gstu Agaol
gk,

Wu(1981)E fA2A Aol & SA%H FANS Yrised g
£ olegol disl AFF v Yok & 187kA AEe) sl A $31
A(BP 1100X)¢+ AR A A(Shell Herder)d] SAE ZAMAEY F4 9]



ANPFo wjg &g RS 4G NPS AESLS &

E(tunicate), A #l(urchin), €7tAte], wofu], A§, ojuisi 79 nFFATH
AHgE 7152 1000ppm Fx9 HAFAEH RE FE BP 100Xl )
4 972y Herderdle 2132 &%x o F

23%E Bt

i

of tiaiAe Autd e

Table 3-1. Summary of threshold effects concentrations

Effect Concentration(mg/1)
Lethal thresholds <10—102, some; 102-104, most
Sublethal thresholds <10%(short exposures), some; >10% most
Expected initial concentrations 0.1 - 10

in water column

Table 3-2. Acute lethal toxicity of oil spill dispersants to marine

organisms
Species Dispersant 96h-LC 50
Type (mg/)
Invertebrates
Oligochaete(Madracis mirabilis) HC, Concentrate > 1000
Limpet(Patella vulgata) HC > 3700
Crustaceans
Amphipods (Gammarus spp.) HC-based disp. 200
Mysids (Neomysis sp.) HC-based disp. 150
Brown shrimp(Cragon cragon) HC-based disp. 3300->10000°
Concentrates 2800->10000°
Fish
Gobies (Chasmishthys sp.) HC-based disp. 440-480
Stickleback(Gasterosteus sp.) HC-based disp. >10000
Coho salmon(Oncorhynchus sp.) HC-based disp. 1700
Killifish (Fundulus sp.) HC-based disp. 100°

Note *: 2-day toxicity test
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Table 3-3. Acute lethal toxicity of BP1100X dispersant to a variety of
marine organisms.

Organisms Species Exposure| LC50 (ppm)
time (hr)

Crustaceans
Amphipod Gammarus spp. 96 200-300
Mysid Neomysis integer 96 150-200
Shrimp Crangon crangon 48 >1,000
Prawn Leander adspersus 96 >688
Lobster Homarus americanus 96 18,200-42,800
Shore crab Carcinus maenas 48 20,000
Hermit crab Eupagurus bernhardus 48 >10,000
Molluscs
Cockle Cardium edule 9% >688
Mussel Mytylus edulis 96 >2,000
Oyster Ostrea edulis 48 2,500
Echinoderms
Starfish Asterias rubens 48 3,000-6,000
Fish
Plaice Pleuronectes platessa 48 7,100
Baltic herring Clupea harengus 48 50-300
Rainbow trout Oncorhynchus mykiss 96 2,100-2,900
Cod Gadus morhua 96 >688
Stickeback Gasterosteus aculeatus 96 >10,000
Coho salmon Oncorhynchus kisutch 96 1,700

Source: Adapted from National Research Council, 1989




Table 3-4. Acute lethal toxicity of Corexit 9527 dispersant to a variety
of marine organisms.

Organisms Species Exposure|LC50 (ppm)
time (hr)

Crustaceans
Brine shrimp Artemia spp. 48 52-104
Isopod Gnorimosphaeroma oregonensis 96 >1,000
Amphipod Anonyx laticoxae 96 >140
Amphipod Anonyx nugax 96 97-111
Amphipod Boeckosimus edwardsi 96 >80
Copepod Pseudocalanus minutus 48 8-12
Copepod Pseudocalanus minutus 9% 5-25
Grass shrimp Palaemonetes pugio 9 840
Brown shrimp Crangon crangon 48 2,100-8,000
Molluscs
Scallop Argopecten irradians 96 1,800
Fish
Spot Leiostomus santhurus egg 48 40-100
Rainbow trout |Oncorhynchus mykiss 96 96-293
Fourhorn Sculpin [Myoxocephalus quadricornis 96 <40

Source: Adapted from National Research Council, 1989

A 34

1. gA Aojg o] 83 SHLY

7 5429

HFEHo2 240l AFE 639 AMAFA WY SHLIE A& A

HFAE e $5F 2AANGAY 54

E9 wjgAolAM A Ao o 1000°tE FHIHAT. Ao
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o ¥ol 4ANREY «AANAY. 7€ TH3E 20x30x20em9] AHZ Fx
o A AolE Ztz 200ty B3, 5P FAHAA AAF 65(No. 3,
6,7, 8 9, 1D} HEHA A %Y FA2A Corexit 9527, 28|31 o
ZZ W3l 571 FEE HES BARES FFF}EA SHLPE A
AT RE AP §A2 48A%o] AGF A AgRoz wAH F
1=

U SA44dY 4%

|z xojoll R 6F2 AMAFHR Corexit 95274 didt 96A1¢ W3]
AFEXEE 29 - 776 ppme] WHol ANLeH, £ AN ARG AAF)
2% Corexit 95278t FAo] W¥toh. 6F FolAMe @3sa &A9 #
ol 71 "™ AAF 8o B oz FAo] 3 JdH=2Y §AS
AbEstE AlAFE 63 971 S0l Rl oS4 L dstFa &AY FF
o] ¥&FE AdAoz S4o A vEwy dAERITdAME AL
05% ol3tzAx AF §71v SHxAd g3l AAAFoZH Ao et
€ 2AstA 9%5&%% ¢ o A9 Corexit 95279 7-¢ 500 ppmA A 14]
ool AP EC] BF HAsIH o FdHes 540 }E AlA
& 89 ASole 500 ppmolA 24X B8 HE W= Fvpeigho] XA}
At ol AAE ulge2 ¥ o Corexit 95272 @719 A4 =EA
o] i Zgtu vls & AFoAM ALY 6F F-F 100 ppmoll A 72413
A= AALg JHAE A e 5 AN B AF9 A= AAHos
7Hd de] AHE SR QlE Corexit 9527H T 4o Wi H5& ol vl F
e  53AAE MRS dviste Aold. AT S4%9 &
A BEA Ao FAAAE ZAE o, 7HA3HA SHAA 2T
B AAFE 77 97t T2 AeH ¥ SAHE ZF3 AU



Table 3-5. 96 hour LCsp of dispersant concentrates on Juvernile

Limanda limanda

% hour Toxicity
Dispersant Name LCs . Effectiveness
ranking .
(ppm) ranking
Concentrate No. 3 111 4 7
Concentrate No. 6 258 2 6
Concentrate No. 7 141 3 1
Concentrate No. 8 40 6 5
Concentrate No. 9 776 1 2
Concentrate No. 11 93 5 4
Corexit 9526 29 7 3

2. vlA &g o] 88 SHAY

7t 5448 ¥y

HFHoE 4o FAA 6359 ANAFA dgd SAHALFS H3 AF
9 A4t v 50008l & @A FURF ofo] o] Fol HPAH
2 SAY VY $£&& 20CTE 243t Fvlal & F2o ¥ol 24ALF
< £ F 7S FFEHE 20x30x20cne) Az Fzol zHzh 20w}
A Yy 53 FAA AAF 6FWNo. 3,6, 7, 8 9, 13 dHEZA 9
A 5%y f A2 A Corexit 9527, 128l diZFo disl 571% 528 ¢
0] A ERN BABAA SHALFES AAEAT. ZE AE &4 48
Aol AGF s Agofoz wHE FUC

Y. 54438 2+

ojmf s 72l A F L nFE FAgAd =&2AZ B¢ #H4E 2x
Hol 447 YHY S FANAY] W Fdo] AHAsHEA AAAG.
iR gte] Fgox JdHZY GAZE TR AAF 63 9olA FAdo] Fdh
Aoz vty YX XojolA S4o] ¥ AAE 8= &9 292 =4
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o] ¥A] ¥kt ol Aole HEL SA 713 old o Hoz
B, v gl i@ 639 AAFN Corexit 95274 digh 9641 wb

AAbsEE 10- 183 ppme] WAl AAen, B AFdA MLFd AAE
o] &% Corexit 95278t FA4o] ¥en], o= YA Aojd g 54

=

0

AE3 4T Z2AUY. oS4 g3 a EA9 FFol EEFE A
Hoz =40l A Yebwch oluAFd WA dE 54 48 A
© 9A Aolst &3] dAAE dgkovt FAMG FEH £AE YERY
At

Table 3-6. 36 hour LCs of dispersant concentrates on Ruditapes

phili ppinarum
96 hour .. .

. Toxicity Effectiveness
Dispersant Name (;.;32) ranking ranking
Concentrate No. 3 61 4 7
Concentrate No. 6 189 1 6
Concentrate No. 7 28 5 1
Concentrate No. 8 85 2 5
Concentrate No. 9 63 3 2
Concentrate No. 11 12 6 4

Corexit 9526 10 7 3

3. 23U AY LFTHE o1& AL AsAAe] ¥ 4

7IEe2 294 AN e FE FEUAAAAZ Ao U= Aol
TR HAFHAYE HAE FS 2= FAGA 23d ZE
o A HE3A Huz 3o Hyses YEFE g AFHY 4
PiAA Ao € dydAMe SEES #ote, 2aF § 3% IFFE
ol g8t FAA Y AHHZ AT FFE A EHNAD & o
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AR HAEE 3% nF5S 47 2074 Y 7579 FAdAE &)
ol 1000ppme] FE=E Axdt 12AFT =FAAG. ol LEA
A3t e A 39 23U AEAA Ho 2AAA] ¥ 550 A
58 7 dvke M- 9 Aot AstPel o3 JFe mIF B
AL vls dude AH/E BAF 1 U dFa &AY 55Y B
AR} AAEF 7, 8, 1144 {5 XAb&o] A JeElYdn Q7] dEeld).
deHzu 2gF dHZ, & AL AMAE 33 6, 1Eln disa
& dHzZA §AE EFT AAMF 9lAME geHEnFoA AY FFS
FA ggon, ZnFH FrteldMe walea AV FUME5E 9
o] YetE FES EAHTable 3-7).

olith ¥ FEAAY FUI =F& ABHAT APAME &3l

& GAE AHREA F2 AAF 3 60 ¥ SAHS HAow 99 8] 1
dsez @2 548 At 500ppmelAM 72A12E xEA121 APdME
APT0e TEe] oYY 50 ppmollA T2AT =E2AZ AN E
o=AE AYELY Aol YerltH(Table 3-8).

22 o fx8ke ol RFHREL FHE Fodol HUE 2
AAZ o 7R AH HAEZEA Hez M 2 93s ¢A dd =
B Ao FAAE HXdd FAYPS HABE o] AFHELS
H2 sxodMe =3 & FEAAE F5E HAWE F5EA H
of R3S AAsA Hoz Mz ojgo] o3 XAstA gt

2 43727d 93ta g35r4ay SAE AHEde 558 FAAES
Z23d MY 2FFY AR ogd f & 4L AL & F UL
o, &Z, JdHZA {AE A $5F BAAE AP S AAse
Aol vtgAste A& HAFA

mlo

£



Table 3-7. Percentage mortality of three gastropods after 12 hours of

exposure at 1,000 ppm of dispersants.

Dispersant Name

1000 ppmol A 8] 12A12+%2] % XALE

SEELF 37te] 7231%
Concentrate No. 3 0 20 0
Concentrate No. 6 0 43 0
Concentrate No. 7 100 100 100
Concentrate No. 8 100 100 94
Concentrate No. 9 0 63 29
Concentrate No. 11 100 100 100

Corexit 9526 40 100 87

Table 3-8. Percentage mortality of two gastropods after 72 hours of

exposure at 50 and 500 ppm of dispersants.

A F %A ALE
Dispersant Name ZiF SEE 1T
50 ppm | 500 ppm | 50 ppm | 100 ppm

Concentrate No. 3 0 70 0 90
Concentrate No. 6 40 100 30 70
Concentrate No. 7 100 100 40 . 100
Concentrate No. 8 30 100 20 100
Concentrate No. 9 40 100 10 100
Concentrate No. 11 100 100 100 90

Corexit 9527 80 100 30 100

A4 - FHAASG 71 EXEY 54
L gxe $3 Aojo| i 715-FAHUA EFEY 54

7t 5449 WY
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A 71BARES AFATRAAY 7159 = 15) EFstA Az
dgon 7zt £zoA dF ABBL AFstd] FEEE AZF H F20
FUsAh AP R AAFZE FHAEA dAe £ XoE AEEA
o 24, 48, 72Xk WAL FE(TLm)E 57333t

N@ZAe FdA, AV, FEAD & FEA FAE AFo]
75cmelstel A3 vjxd 2719 ofE FHEAL AQMFE A&
dozA FAoY YA 29 D A5 oty gl o HAE
Folnz Ptk AGAAE 1F ol d €& FZAA AT FATF A
dallar R F23AA AZHALH £87IRFAE T FH Yol &
FAL AY ol AFEHE Yolg FA AU}t ¥FE FrE FEI
3t BEAA %75 mg/l o1dol FAHEE stch

U =449 25

FEARDAE 59 o] HEHD2 AAZ AFBAUANE F2A
A A SHUGE FRAAT FERSG T} A5F BAIHA
Egs40 BA A 28 SAAARTG £5 ol XD S423
ol o AW EFHAAL A% SAo) FHY FE Yk KRR

ZNEAAY EHAEAE 9D = gloy 94X g 49 dFFoz Ve
9 YAES vl sA B4, A e JEL 3t wsfAlel7] wEol)
gzt 2AE 71§9AY TRV 2 R YAHLE ¥ EAS
ZAHDZ & AT floJAe FAFQd dXe ¢S i Fe
3o EFES] 54& FA3NAUG

Aot FRAAZE EFE ERFO dE SA4ANEZAE Ul 7
¢] Table A-1~A-12& 39 ZHZAYRF< Atabia light E3F/A B¢=

o

u

5000 ppme < ¥FEAAXT XAlEo] ml$ ¥ty WA Arabia medium



E&# 9 Iran heavyE} /< A 24A3% w2 ASE7F 4000ppm &
T, T2A7He] WA AL FXE 3000-4000 ppm AbolE UElgdh ole
Arabia light EFFUA A F2d FAT z7lde Fa2ddy &
PRz ARgSn SHgAol Fr2 s HAH FFo W

g@3tes e 54EH] EARA F7] W AMARA GHo] o

e

dEFol UEtdA F& Ao 2 BT Arabia medium¥ Iran heavyE
A AFE 5 FEAA FE FAEAL Lo 7o AHHoR
P EA Hol AAtEEo] dEg oy B4 FE(TLm)7t 4000ppm A E
2 H13 E3Fe dFol He Aoz venth =8 4847 ojFd &
olF EIFFE AFFsd FFd EAste AR} vugdn HAAEE
24X o] HAEg A9 fARIR LY F5E FEAAAY TR we
=49 Aol A9 ATt

T FEAAVE EFE EFRRA U SHANDZHAME AFH
E379 BT R EFFY A€ ¥4XA FE7F 4000ppm F201A 2 C
T ERFY e BFAAEETL 5000 ppm ool ole AF

Be#d 2F 58 FE84AY 2 faddggoz #3540 &g

%9 #d0) AgPoz AR YA ANAZReY CFHA FS

fr

VS %2 JA02 st 2 385 A Fton ¢ ARys)
o FFo ESAste A=st W7l I 54 ¥A YEld Aoz n
At 48213 o) Fole EFFECl AFA dA Y HAFE A 9F

A F5Y FEIAEY FF @2 ZHANE A9 ol AY ¢l

$Ue ARY oF2 AT FAFAN UFRZ ASHE o)F
Z9 shpolg #7249 ANl 43 2 ANE FahE 1FF s



2 & A ASE Aue Y 7tFEdA dAF0 AE 7L e
JaAY 1llem, BEFTF 3lgelAot. 89 AL AdF9 FEAAI &7
g &3l U SHANPEFHE Yeld Table A-13~248 HE gA 9
ub7FA] 2 Arabia light £8F¢ 3% XA X271 5000 ppm ©] /3ol
QI Arabia medium, Iran heavy EFHUA A$E WFEXA FRo)
150ppmE 4] FA o vjg} & S4 & et

T3 AL F94 7Y A FIEAE FAHE0] oprinlo FAH
o] o}FE HAMIIE ¥l d & A2 A=RHY wadA {4 75
FAZY) AZAN FEfol dF LAY E FEANAES AL st WA
g st Ao o AU FoA7t Yo ¥ Aoz Btk Arabia light
TFHE FERALA FRET ARGt o] 2o g d o)

3] 2Rk} Arabian medium, Iran heavy EFdHFE AN&EH o2 F£Fq9

rm 2o

BgEAEH & HAANRR 48T ojFle FEHELE AHFAF3A

FFol sl T FEMA TR "E FAMY BHE A9
A T

F FEAAZ E3d EFF Y SHANE FHE BE AT
 E¢F BEF EFFA B MFAA FEE 150 ppm A=A 48
AZE o) Fo] 8 HAFE EJFT7E ARG A AU FF
3 FAAA F7E SAANREAAE AY vz

TYY AFxAs A 24D FFo HE F&Fol +HHA AN B
38 FolstA e RE FFE Yn7t de AHHEAN FI4E 7S A
A o77 A A el gEA Ued # &S A 3
o}
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4. AF FHAFA g FAd {FiHe 4

b 5449 U

o2 FFE FFE FEAAE AR £Fo2 BAARA

S A5 AHTRH g S A BN sl A& 55 w49
FTE A AE AFAE AFFATHY 21). 7IEY FAE B4 A3
AS dATE A6 1 - 49 S A AE2L A0 F )
Ao Hylo] JAsle & £ 9IS e 552 549 A
€ 893ty gtd. a2y g A 2AAEE 7§ dAd ¥
TEE 52 FYHH, Aol ARFed g £, FHo2 F
£E2 INEH: AAE AXNA 9. gdEA ol Kol = W
3 AEdoAEA gevdd E4E FFS fAdAY dFS 4
£ 4 9 ¢ & 7HAx A

Bocard®} Castaing(1987)0] <t g IFP 84 Fxe= F2 {£4
Ao BAEE&Y HAC FEHUY] W HYPEY FHZAHL
FA437] Astoq AM&dted A27tA dH el AN IFP 34 X
T Y "3 &Fo 510 EFHdtd EHAFA AREAE Y
T dAsty, @ 4A1o] A8 HE 1719 APyt A7 A
%322 Y AEY N o dgdHe AdAol 9o stw
Aol Ak

AzZtd d% 4 FAe 16 gd° &3 #x 8/ WA 1645
A dAGA T ZFA HAEE AANE F e A2goz Az
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Fig. 3-2. Flow-through dilution apparatus for toxicity testing with
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BEE AT 13 ARAND F Spm AR FAE S8 23 A4
Aod, 8/ WA 16709 %22 AFE TF E 5 s 2uF A4
g8 FEFEAUL. #Yd TIFHE dAFE FuFA UM IR S

st e RPUMAANE B¢ £ 4 Fzx=2
T 2R AT F5x2E FXNE AAA Hed, s 5 72z
4§ 9 100, 200, 300, 400mi/ming ZAsYH ¥E9 #fE A
282 A3t Turner Field Fluorometer2 AH H2L =y
=4, 83 F=xAe YEZE F4T5 Near UV lampE Al&sgn
350nmell A excitationA] A 410 - 550nm<e] Wide band®] A emission&
A3

APdEA A$+E AA AR Ado] £Hde P Axa
AEANA BEe] AW R AT AEHA BFL A FEE A}
F37] st B AT7dME 48429 AAF FA7 s
AAE g3 4IL & HNsAd. dFF 22 A9 A4

b

o
pa ]

H¢ Al§-9k 2ghu] Al SE 3080 Uld Ys) 4¥NE $A A%
FEAA ALSEAT. AP 48AT FTUd A Ao, YA
azle] AR AAE AEsAY. SH4AP g FHRE 22

fof
ol

T A olghbl o} A/ (Saudi Medium Crude)®t A A T o
Zjopat 2Hi ¢t ¥ f(Labuan Crude)o® FEAAE #F A& 4
] & (Exxon Chemical Co.)9l 5% 3 A A Corexit 9527& AM& 3}
Rk Ak fFAAY vl 10012 3Poy, Ao x 8147
(Ultrasonic Cleaner)& ] §3td 283 T3 EFANU F 5939
ot
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¥ =7+ A ¥ (Decreasing Concentration Test)d] 715X & HA
7] Slslel d5E=2 Al HIAEE 3 & 100ppm3 S0ppme 2 A
Astg o9, 84 A4 (Dilution Constant) DE Z+7t 05 - 1.5 W7t
HEE §48& 238 F 27 ¥ MR FA3dY. 5284
AgE Fis FALdA EFYE 54T F 24470 FA AABAL
o, o] ol ARG A+2Z A 24A 3 FL FAIFAG

Fea A¥FH A LCsoT A7l A% dATE A¥
(Constant Concentra- tion Test)S 24|t &< F7HA fFol dist
of BP3ct dATE 4L HA AP (Static Test)2 2 4 A3}
Aed T/ AF/E 25 10, 5, 1, 05ppme] TEZ 4% F 5 F
S ZrZ 200ty 2 Yo 27| e 1AL A, 64T ol F = 6
A BHo2 & NAE AFdyen AAE AAe FFAvtg
AASZAL. 7 FF LCso#kS Trevors(1986)9) At Zzaydg
ALgste Ao, v ZA4EHR HIE sty SHAASF
(Toxicity Index)& # Attt

U 54438 A3

FEANLAE B2 +4E vAS V1SS JHE FFo2 B34

e A4S ot gEA FRANAAY Hx A e & F=
o] 71gel #Foz 4=, ANRYFE AXNAN TR/ AFHeR 3
A3t Hrh B dFoAME A4 M FHHAE X | T
At olHd TEWE ABH A o 2% Aol AT FFHS F
NAA Y 4FE FAnA A

AZE A% JAMFAE FAlO 849 15 gAY Fxd sF
AA slFF F=ZAE FAEHA BHEo] E F AU FHHAFE X
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Aoty 2715 =€ 2oz A ArtA 4% fFd d + dgew,
AEAL BRE Bgsd 2 x99 WA v JedEs 933 AJa1E
& webst.

Fig. 3-33} 3-4& vl 2 F A $(Crangon hakodatei)ol 3t 2= o}ik

243 A9 Rt 989 8tA] st AT G A&

2
n

R
%
id
Al
flo
b

71 =9t SAAFDIZ Re Aol 27| AL
ol A Jetxked, 2715 %7t 60 ppm oS F Aol 4412 o
el A AAAZE Ak olel Hld) Z2hu]N$(Palaemon gravieri)s
PR A 27F 4AZE ojle] AR AlEtE FRWsY FAR VR
88 ppm, EAAF 12994 421z W= 30%, 24417 Fol= 45%7) A
Bt 23 48AF o= AAIL AbREtd AR} vl AT A
S vla =g A e

Anderson §(1981)2 EA4 A4 (toxicity index)®] Md& =P8t =2
Al B F& x=&A% #AIQYC] A FFsAY. 54X
TE ol&3to] 71&9] 48A17kol 96A1F A XM W(static test)e] ZF et
FEFAAY AAE NEE £ ded, @AY i FATY x5S
vl st fr§3tch

BALE B Mol B wet AR FF, FF, 23 5o 9
8 FE7F F487] wWEd 4% 5§29 A¥gEY AAsEs 4 JE
e Aol dwrdolny, ol AL 96AI7F o] HPdA ©e F=
2} Zick(Anderson, 1984). A e 71&9 F4 SHAFGA A9 A
S =4z ALY AAMERE dFsed AHLE FE e, A
Eo] 10 ppmell 293 =&FHE A 4 ppmel 5¥, 2 ppmollA 1093 =
ZHE A% L AAMEAAE 458 F A G 24d FFS 2
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Fig. 3-3. Dilution of dispersed Labuan crude oil and mortality of

Crangon hakodatei.
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Fig. 3-4. Dilution of dispersed Labuan crude oil and mortality of
Crangon hakodatei.
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Fig. 3-5. Dilution of dispersed Labuan crude oil and mortality of

Palaemon gravieri.
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I'ig. 3-6. Dilution of dispersed Labuan crude oil and mortality of

Palaemon gravieri.
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of 7] FALA & FTEY x2E W FYdE F o] XNALET
g owW @ BAE AR RAMNE EHYXFE o] 88t} oZEo] J}5
3tk S FY ALE Adtd A FEEs FHe x2U)5E9 A
A+E F3n A&t AE Fxd 5EE AMNsYu. Fig. 3-7& 1}
EAFA S 2L FxE FEd AAES U A4, v
AFAG7E R FRAA & XNAES Holm ¢}

50%9 AA&E Bole Fkd 2L vFEAFAL & 415 ppm, 2
FuA$7 959 ppme2A PlEAFE Al$rL AR ARHAY FEL
ANd3 A AN dAFE APAME olZ2RAFA 2 49 48h-LCs
7t 06 ppm, ZLElulA}$= 09 ppmo2A] 48X EA X4 2tz 288,
43.2 ppmo] 4t}

FHpo] Aol UF FFo ALY FEFS 4PAME 2IIFE 80
ppm, FxZ 100 ppmol A= 10%9] XAL&Wol Holx| ¥gtony 2z
60 ppm o}t E AAbgo] 5% wiolut Y YAFE APl
T vHRAFAS7E 2 ppm, 2SIt 24 ppme 24 UEIYA, G
SAAFAN s=ZAL AFR Aol A JER oldze A
T FEAA AL HFPESAA X 9%E s otbsir] A
T 7180 d# vx #Fa A¥ol Aoy AAAPYE 49E 2ol
3d  ASE dehdz ok 30N 55Y FEAANE 23 3
ol FAZA g dFgRTIe J1EY FFgo] AEHYLE ¢ F Yoy
7189 5 F ppmol A HS ARFY =FHolx FFE FaF Gl
BRZ F glomz {FRE BAANGAY Ade FAPA AEEAARA

A AR S dok Fe ¢ 5 ATk
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Fig. 3-7. Comparison of mortality and total exposure of Crangon hakodatei

and Palaemon gravieri by dispersed Labuan crude oil.
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A4 42

2 @74 dA FEyzte] BATH S AA d Holx 53 oy
de d4Q 3FE AFE ste HA ¥ A, A
AsHolAM 7 HAde B FeAAAd 9 s13td LS HA
stsf, WA EE FUlst 24299 e ARY £ IES $5F &
EAAGAE NLRA stfg. & ATFedME A FEAMLGAE 24
3t 53 E T AES FHAY F AANHez Yt 5F EAARG
40l ¥3 Aol ¥ 639 AF¥xAAE MNEdted 4FtA

e B2 NAFLE AFsld EA43 He& A A A
ZRoA TAG HFLGEA AA - FA AP 71FA FH3AC
2 AAES JASYE 5 F Yoz AFoE AAYE F U= 4T
2 713 RezA Aol BAZIP o F oAt wE A LA
FoAM AR 4 QA & ARl

2 7oA AL 632 S AY AAF 71Ed=s AHA A

2 e 9F 2 TR A E4EE 4PAME +4T A5 S BAL
o &F AeAP 71E0] AHUTAE JEo ¥ AeE XA A

At

HF 444D 6% A2 st GA, wAH T HFEE] R
AA S4E AAE A BAT HAAL T M FAH-5% ppme
el AU ol FEHAE AFAA 22 TAY F %A v=H
Aol aPstnzg & A7 AtE 5 F2AAE A EXde
2A FFAEAA AHAA 9SS vAAE vy #49E £ o
o1 g AT ZAE FEAT A Al ZUEHAHH £ 23 4A
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2 fHEAE AXHAS A FEHAMY FEE FAL ¢ F ppm
Axd B3] dEelt.

dd zzdloA Fate ARG Ade AR FAA BESA
Axso] ¥ Fxd e & ez sHyde 4ol t=dn &
F Atk B dFdM AN 200 nFHo o Asiaqle dgg A
ol d APdME d@3l5s SAE AT AFol SAHRL o2 A
AMAA olgg FEE = ASE ¢ F AU debA 2D AshAAE
FAEAAE ¢=A dEHEZAY 849 FAGAE AL F UEE ¥
9 A& ANFAY FAVIES EE2 vdY et US Aoz A}
g9,

olv] & %A e vtk Zo] FAYAY 22 HE FEAAAAY
AA SAEGE F79 54 Wi TAse Aojnz FHEAY 232
g Fol7] AaiAE F%AQA JAZAARE AXNEE AAE FHHF
ot ¥5Y FEAAC st BAE dfEol dA 2 $d A=
TS AFE AF AMolRrRTE 34 oF7F UAE F¥E wed
T AE & F A ol WAAA FHY NP Ao|7AR Lok
&S oulgicl A4 AXARH MY 2HT EHLE AEH AT 4
AN 2FA 7 28] ARt FreZe oA R P 2
g A olgEe dA7AHZ E o fHYUSME EAE {Fel 9
& A4S iyl YA F7 70 o BANSAETS £F F
EE AHde d&3n AAFe O UPREE 3} FEAAN A
AXE ARG F Axe AAME ZFooiwt & Rolrt.

—182—






—————



Faegd

FAE, 1994, FU A F2Ame A% wAAA AL 8

oz

L
1994. 10.

VA4, 1993, ¥ WAz A& MY, Mf 58 29-39.

29F, 1993 A3 e BAAL] FF A3 Af 58 2-10.

Atd, 19%. ASAH $5F FEUAAY Az WO oA i
2ARE EA. 93U wAE e =F. pp. 140.

o], 1994. NJYFZ 2RI E AT FAYH T AUy Ut
& 3=, 1994, 10.

AFRED, 1994. AFAFe] R VAN BRFAR.

B734, 1993 AFLAEA AA - A FHUS AT ASAE R BA

71E MDA B A7 B3A. 1993 12

Allen, AS. and Ferek, R.].,, 1993. Advantages and disadvantages of
burning spilled oil. Proc. 1993 Gil Spill Conference, p 765-772.

Allen, T.E, 1982 Oil spill chemical dispersantsiresearch, experience, and
recommendations.STP 840. AST M..

Anderson, JW., Kiesser, S.L., Beab, RM., Riley, R.G. and B.L. Thomas,
1981. Toxicity of chemically dispersed oil to shrimp exposed to
constant and decreasing concentrations in a flow system. In Proc.
of the 1981 Oil Spill Conference, API, pp 69-75.

Anderson, J.W., Kiesser S.L., McQuerry, D.L., Riley, RG. and M.L.

Fleischmann. 1984. Toxicity testing with constant or decreasing



concentrations of chemically dispersed oil. In Oil Spill Dispersants:
Research, Experience, and recommendations, STP 840, T.E. Allen
(ed.) ASTM pp 14-22.

Bates, R.L., and J.A., Jackson. 1984. Dictionary of geological terms. Anchor
Book, Boubleday, NY.

Berner, Jr., B.A., Bryner, N.P,, Wise, S.A., Mulholland, G.W., Lao, R.C., and
Fingas, M.F., 1990. Polycyclic aromatic hydrocarbon emissions from
the combustion of crude oil on water. Environ. Sci. Technol., 24:
1418-1427.

Bocard, C., and G. Castaing. 1987. Measuring the effectiveness of
dispersants in dynmmic testing by dilution. Appendix to IFP-report,
1987.

Bocard, C., G. Castaing, and C. Gatellier, 1984. Chemical oil dispersion in

_trials at sea and in laboratory tests: the key role of dilution
processes. In Oil spill chemical dispersants. STP 840. T.E. Allen(ed.).
ASTM p.125-142.

Bocard, C. and G. Castaing. 1986. Dispersant effectiveness evaluation in a
dynamic flow-through system:The IFP dilution test. in Proc. of
International Seminar on chemical and Natural Dispersion of oil on
Sea. Sorostrom, S.E.(ed.). IKU.

Bonn Agreement, 1988. Position paper on dispersants. Bonn Agreement,
New Court, 48 Carey Street, London WC2A 2]JE.

Bridie, A.L., Wanders, TH.H., Zegveld, W. and H.B. Den Heijde. 1980.

Formation, prevention and breaking of Sea water in crude Oil



emulsions, chocolate mousse. Marine Poll. Bull. 11:343-348.

Canevari, G.P. 1969 The role of chemical dispersants in oil cleanup: in
D.P. Hoult, {(Ed), Oil on the Sea. New York: Plenum Press. pp.
29-51

Canevari, G.P. 1979. Basic study reveals how different crude oil influence
dispersant performance. In Proc. of the 1979 Oil Spill Confoerence.
APIL. p.293-296.

Canevari, G.P. 1982. The formulation of an effective demulsifier for oil spill
emulsion. Marine Pollution Bulletin. 13(2):49-54. Daling,P.S. 1988. A
study of the formation and stability of water-in-oil emulsions.
DIWO-Report No.1.

Cormack, D. and J.A. Nichols, 1977. The concentration of oil in sea water
resulting from natural and chemically induced dispersion of oil slicks:
In: Proc. 1977 QOil Spill Conf., p-381-385.

Cormack, D., W.]J. Lynch, and B.D. Dowsett. 1986/87. Evaluation of
dispersant effectiveness. Oil and Chem. Poll. (3): 87-103.

Daling, P.S. and LK. Almas. 1988. Description of laboratory methods in
part 1 of the DIWO-project; a technical report. DIWO-Report NO.2.

Daling, P.S. and P.J. Brandvik. 1988. A study of the chemical dispersability
of fresh and weathered crude oils. DIWO-report No.l.

Delft Hydraulics Laboratory, 1982. Effectiveness of natural and chemical

dispersion of oil slicks; review and evaluation of measuring methods.

Delft report R1786-1.

—187—



Dutton, IM.(ed.), 1987a. Workshop on the role of Scientific Support
Coordinator (SSC) in oil spill response. Great Barrier Reef Marine
Park Authority Wdrkshop series, No. 12, pp 134.

Dutton, IM., 1987b. The case for more effective scientific support in oil
spill response, In: Workshop on the role of Scientific Support
Coordinator (SSC) in oil spill response. Dutton, ILM.(ed.), Great
Barrier Reef Marine Park Authority Workshop series, No. 12, p
87-96.

Edwards, D.T., 1993. Status of implementation of the OPRC Convention
and Resolutions adopted by the OPPR Conference. In: Proc. 1993 Oil
Spill Conf. p 646-653.

Etkin, D.S, 1990. Oil spill contingency planning: a global perspective.
Cutter Information Co. pp 118.

Fingas, M., 1. Bier, M. Bobra, and S. Callaghan. 1991b. Studies on the
physical and chemical behavior of oil and disper‘sant mixtures.
Proceedings of the 1991 Oil Spill Conference, March 4-7, 1991, San
Diego, California, pp. 419-426.

Fingas, M.IF'., M.A. Bobra, and R.K. Velicogna, 1987. Laboratory studies on
the chemical and natural dispersability of oil. In Proc. of the 1987 Oil
Spill Conference. API. p.241-246.

Fingas, M.F,, Munn, D.L. White, B., Stoodley, R.G. and I.D. Crerar, 1989.
Laboratory testing of dispersant effectiveness: the importance of
oil-to-water ratio and settling time. (in press). Graham,D.E.,

Stockwell,A., and D.G.Thompson, 1986. Chemical demulsification of



produced crude oil emulsions. BP Research Centre.

Fingas, M.FF.,, R. Stoodley, N. Stone, R. Hollins, and 1. Bier. 1991a.
Testing the effectiveness of spill-treating agents:: laboratory test
development and initial results. Proceedings of the 1991 Oil Spill
Conference, March 4-7, 1991, San Diego, .California, pp. 411-414.

Fingas, M.F., R. Stoodley and N. Laroche. 1990. Effcctiveness Testing of
spill-treating agents. Oil and Chemical Pollusion, 7:337-348.

Flaherty, L.M.(ed.), 1989. OQil dispersants: new ecological approaches.
ASTM STP 1018.

IPIECA, 1993. Dispersants and their role in oil spill response. IPIECA

report series, volume five.

IMO, 1990. ORRC Convention, pp. 40.

IMO/MEPC, 1994a. Implementation of the OPRC Convention and the OPPR
Conference resolutions: report of the OPRC Working Group, MEPC
36/14, pp 16

IMO/MEPC, 1994b. Implementation of the OPRC Convention and the OPPR
Conference resolutions: progress report, MEPC 36/14, pp 8

IMO/MEPC, 1994c. Implementation of the OPRC Convention and the OPPR
Conference resolutions : draft IMO manual on oil pollution - section
O, contingency planning, MEPC 36/14/1,

Kelso, D.D., and Kendziorek, M., 1990. Alaska's response to the Exxon
Valdez oil spill. Environ. Sci. Technol. 25! 16-29.

Klaeboe, H., 1980 OIl dispersants; review of effectiveness. IKU report
269/1.

—189—



Lee, J.E., 1993. Contingency planninng, contractor requirements and oil
pollution act of 1990 implementation. In: Proc. 1993 Oil Spill Conf. p
51-56.

Lewis, A., Byford, D.C.,, and P.R. Laskey. 1985. Significance of dispersed
oil droplet size in determining dispersant effexctiveness under various
conditions. in Proc. of the 1985 Qil Spill Conference. APl p433-440.

Lichtenthaler, R.G.,, and P.S. Daling, P.S., 1985. Aerial application of
dispersants-comparison of slick behaviour of chemically treated
versus non-treated Slicks. Proc of the 1985 Oil Spill conference APIL
pd71-478.

Mackay, D., 1987. Formation and stability of Water-in-oil emulsions.
DIWO-report no. 1, IKU.

Mackay, D., and W.Zagorsky, 1982. Studies of Water-in-0Oil Emulsions.
Report EE-34: Environment Canada.

Mackay, D., Buist, I, Mascarenhas, R., and S. Paterson, 1980. QOil Spill
processes and models. Report EE-8, Environment Canada.

Mackay, D., Chau, A., and Y.C. Poon, 1985. A Study of the mechanism of
chemical dispersion of oil spills. Environment Canada report

Mackay, D., Szeto, F., 1980. Effectiveness of oil spill dispersants:
development of a laboratory method and results for selected
commercial products. Institute of Environmental Studies, Publ. no.
EE-16.

Mackay, D. and P.G. Wells. 1983. Effectiveness, behavior, and toxicity of

dispersants. Proceedings of the 1983 Oil Spill Conference, February



| 28-March 3, 1983, San Antonio, Texas, pp. 65-71.

Martinelli, F.N., 1984. The status of the Warren Spring Laboratory’s rolling
flask test. In-Oil spill dispersants. STP 840. T.E. Allen (ed.). ASTM
p55-68.

McAuliffe, C.D., B.L. Steelman, W.R. Leek, D.E. Fitxgeral, J.P. Ray, and
C.D. Barker. 1981. The 1979 Southern California dispersant treated
research spills, Proceedings of the 1981 Oil Spill Conference, March
2-5, 1981, Atlanta, Georgia, pp.269-282.

McCarthy, Jr., I. Wilder, and J.S. Dollier 1973. Standard dispersant toxicity
test. EPA-R2-73-201. US EPA. p22-34.

Meeks, D.G,, 1981. A view of the laboratory testing and assessment of oil
spill dispersant efficiency. In Proc. of the 1981 Oil Spill Conference.
APL

Moller, T.H., H.D., Parker, and J.A. Nichols, 1987. Comparative costs of oil
spill cleanup techniques. In: Proc. 1987 Oil Spill Conf.

Motora, S., 1995. The significance of combating major oil spill incidents.
OPRC colloquium ‘95, Feb. 8-9, Tokyo.

MSA, 1988. The status of marine safety. pp 262

MSA, 1991. Countermeasures against oil spill accidents in Japan. Maritime
Safety Agency. pp 26

MSRC, 1993a. Evaluation of a toxicity test method used for dispersant
screening in California. MSRC Technical Report Series, 93-028.

MSRC, 1993b. MSRC workshop report: research on the ecological effects of
dispersants and dispersed oil. MSRC Technical Report Series, 93-014.

~191—



MSRC, 1994. Proceedings of the lst meeting of the chemical response to
oil spills: ecological effects research forum. MSRC Technical Report
Series, 94-017.

National Research Council. 1989. Using Oil Spill Dispersants on the Sea.
Washington, D.C., National Academy Press. 335pp.

Nichols, J.A., 1980. Test procedure for the assessment of solvent
emulsifiers in beach cleaning efficiency. Warren Spring Laboratory.

Nichols, J.A., and H.D. Parker, 1985. Comparison of laboratory tests and
field trials with practical experience at spills. In: Proc of the 1985 Oil
Spill Conference, API, p421-427.

Norton, M.G., Franklin, F.L., and R.A. Blackman, 1978. Toxicity testing in
the United Kingdom for the evaluation of oil slick dispersants.

Okimoto, T., 1994. Policy and systems for preventing marine pollution in
Japan. IMO/industry East Asia and Pacific seminar on contingency
planning for oil spill response, Hong Koﬁng, 23-25 Nov. 1994.

Payne, J.R., and C.R. Phillips, 1985. Petroleum Spills in the Marine
Environment: The Chemistry and Formation of Water-in-oil
emulsions and Tar Balls. Lewis Publ. Inc., Michigan, USA.

Payne, J.R., and nine others. 1991a. Dispersant trials using the Pac
Baroness, a spill for opportunity, Proceedings of the 1991 Oil Spill
Conference, March 4-7, 1991, San Diego, California, pp. 427-433.

Payne, J.R., and seven others. 1991b. Mega Borg oil spill dispersant
efficiency testing. Seattle: Hazardous Materials Response Branch,

National Oceanic and Atmospheric Administration. 39pp. plus

—192—



appendices.

Potter, S.G., Ross, S.L., and Oddy, L.C., 1987. The development of a
Canadian oil spill countermeasures training programme, Environmental
Studies Research Fund Report No 079, pp 24.

Rosaline P.de A.A., K. Mone, E. Gherardi-Goldstein, M.G. Nipper, and P.G.
Wells, 1987. Marine dispersant propersant program for licencing and
research in Sao Paulo State, Brasill. In Proc. of the 1987 Oil Spill
Conference. API. p289-292.

Ross, S.L., 1986. An Experimental Study of the Oil Spill Treating Agents
that inhibit emulsification and Promote Dispersion. Report EE-&7,
Environment Canada.

Rossemy, L.I, 1980. Laboratory method to test dispersant efficiency. In Oil
Dispersants. H. Klaeboe(ed.). IKU Report P-269/1.

Rycroft, R.]J.,, Matthiesson, P., and Portmann, J.E., 1994. MAFF review of

the UK oil dispersant testing and approval scheme. Directorate of

Fisheries Research.
Salinos, J.C., 1995. Regional cooperation in oil spill response in the
Mediterranean Sea area, OPRC colloquium ‘95, Feb. 8-9, Tokyo.
Scientifc Environmental Associates, Inc., 1995. The use of chemical

countermeasures product data for oil spill planning and response. Vol.

1. April 4-6, 1995. Leesburg, VA.
Smith, D.P,, 1993. The oil pollution act of 1990: a regional challenge, In:
Proc. 1993 Oil Spill Conf. p 836-837.

—193—



Smith, J.E. 1968. Torrey Canyon Pollution and Marine Life. New York:
Columbia University Press.

Sprague, J.B., J.H. Vandermeulen, J.H., and P.G. Wells 1982. Oil and
dispersants in Canada Seas: Research Appraisal and
Recommendations. Environment Canada. EPS-3-EC-82-2.

Stiver, W., and D. Mackay, 1984. Evaporation rate of spills of hydrocarbons
and petroleum mixtures. Environ. Sci. Technol., 18(11): 834-840.
Thomas, G., 1995. An overview of revisions to subpart ] of the national
contingency plan. In: Second International Oil Spill Research and

Development Forum. 23-26 May 1995. p. 294-208.

USCG, 1993. Federal On-Scene Coordinator’s report, T/V Exxon Valdez oil
spill, pp 570.

U.S. EPA, 1993. Use of chemical dispersants for marine oil spills,
EPA/600/R-93/195.

U.S. EPA, 1994, National oil and hazardous substances pollution
contingency plan: final rule. 40 CFR Parts 9 and 300.

Welch, J., and Yando, F., 1993. Worldwide oil spill incident database: recent
trends, In: Proc. 1993 Oil Spill Conf. p 811-814

Wells, P.G., 1984. The toxicity of oil spill dispersants to marine organisms:
a current perspeétive. In Oil Spill Chemical Dispersants. T.E. Allen
(ed.). STP 840. ASTM.



—195—






Table A-1. Mixed oil (No. 6 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) O(hr) | 24(hr) | 48(hr) | 72(hr)
0 10 10 10 10
No.6+Arabia light 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 10 10
3000 10 10 10 9
4000 10 10 10 10
5000 10 10 10 9
0 10 10 10 10
No.6+Arabia 100 10 10 10 10
medium
1000 10 10 10 9
(1:5) 2000 10 10 10 10
3000 10 10 10 9
4000 10 5 0 0
5000 10 0 0
0 10 10 10 10
No.6+Iran heavy 100 10 10 10 10
10 10 10 10
(1:5) 1000 '
2000 10 10 10 9
3000 10 10 10 10
4000 10
5000 10
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Table A-2. Mixed oil (No. 7 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)
0 10 10 10 10
No.7+Arabia light 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 10 10
3000 10 10 10 10
4000 10 9 9
5000 10 10 10 9
0 10 10 10 10
No.7+Arabia 100 10 10 10 10
medium
1000 10 9 9 9
(1:5) 2000 10 10 10
3000 10 10 10 10
4000 10 0
5000 10
0 10 10 10 10
No.7+Iran heavy 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 9 9
3000 10 10 10 9
4000 10 0
5000 10 0 0
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Table A-3. Mixed oil (No. 8 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
0 10 10 10 9
No.8+Arabia light 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 9 9
3000 10 10 10 10
4000 10 10 10 10
5000 10 10 9 9
0 10 10 10 10
No.8+Arabia 100 10 10 10 10
medium
1000 10 10 10 9
(1:5) 2000 10 10 10 10
3000 10 10 9
4000 10 5 0
5000 10 0
0 10 10 10 10
No.8+Iran heavy 100 10 10 10 10
(1:5) 1000 10 10 9 9
2000 10 10 8 8
3000 10 10 10 8
4000 10 2 0
5000 10 0
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Table A-4. Mixed oil (No. 9 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) Othr) 24thr) 48(hr) 72(hr)
0 10 10 10 10
No.9+Arabia light 100 10 10 10 10
(1:5) 1000 10 10 10 9
2000 10 10 10 10
3000 10 10 9
4000 10 10 10
5000 10 10 10 10
0 10 10 10 10
NOg*"‘:‘?‘a 100 10 10 10 10
mediim 1000 10 10 10 9
3000 10 10 10 8
4000 10 0 0
5000 10 0 0
0 10 10 10 10
No.9+Iran heavy 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 10 9
3000 10 10 8 8
4000 10 5 0
5000 10 0 0




Table A-5. Mixed oil (No. 11 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)
0 10 10 10 10
No.lll.’«/;rabla 100 10 10 10 10
t
‘& 1000 10 10 10 10
(1:5) 2000 10 10 10 10
3000 10 10 10 10
4000 10 10 10
5000 10 10 8
0 10 10 10 10
No.ll+2;?bla 100 10 10 10 10
(1:5) 2000 10 10 10 10
3000 10 8
4000 10 5 2
5000 10 0
0 10 10 10 10
No.11+Iran heavy 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 10 10
3000 10 10 9 9
4000 10 5 3
5000 10 0 0 0
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Table A-6. Mixed oil (No. 12 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) | 48(hr) | 72(hr)
0 10 10 10 10
No.112'+:\rabla 100 10 10 10 10
t
‘e 1000 10 10 10 10
(1:5) 2000 10 10 9
3000 10 10 10 9
4000 10 10 10 10
5000 10 10 10 10
0 10 10 10 10
No.12+/::1bxa 100 10 10 10 9
(1:5) 2000 10 10 10 10
3000 10 8 8 7
4000 10 5
5000 10 1 0 0
0 10 10 10 10
No.12+Iran heavy 100 10 10 10 10
(1:5) 1000 10 10 9 9
2000 10 10 10 10
3000 10 8 8
4000 10
5000 10 0 0
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Table A-7. Mixed oil (No. 6 + Crude oil ) toxicity for Flatfish

Samples Concentration No. of Survival
(ppm) O(hr) 24(hr) | 48(hr) | 72(hr)
0 10 10 10 10
No.6+Bunker A 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 10 10 9
3000 10 8 8
4000 10 3 2
5000 10 2 0
0 10 10 10 10
No.6+Bunker B 100 10 10 10 10
(1:5) 1000 10 10 8 8
2000 10 10 10 9
3000 10 10 8 7
4000 10 5 0 0
5000 10 0 0
0 10 10 10 10
No.6+Bunker C 100 10 10 10 10
(1:5) 1000 10 9 9 9
2000 10 10 8 6
3000 10 9 8 8
4000 10 7 7 7
5000 10 8 8
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Table A-8. Mixed oil (No. 7 + Crude oil ) toxicity for Flatfish

Concentration No. of Survival
Samples
(ppm) Othr) | 24(he) | 48hr) | 72(hr)
0 10 10 9 9
No.7+Bunker A 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 9 9
3000 10 7 7 7
4000 10 5 2 2
5000 10 1 0
0 10 10 10 10
No.7+Bunker B 100 10 10 10 10
(1:5) 1000 10 8 8 8
2000 10 10 9 7
3000 10 9 8 8
4000 10 5 1 0
5000 10 0 0 0
0 10 10 10 10
No.7+Bunker C 100 10 10 10 9
(1:5) 1000 10 9 9 9
2000 10 10 8 7
3000 10 10 10 9
4000 10 8 8 8
5000 10 7 7 7




Table A-9. Mixed oil (No. 8 + Crude oil ) toxicity for Flatfish

Samples Concentration No. of Survival
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
0 10 10 10 10
No.8+Bunker A 100 10 10 10 9
(1:5) 1000 10 10 10 10
2000 10 10
3000 10 8
4000 10
5000 10 0 0 0
0 10 10 10 10
No.8+Bunker B 100 10 10 10 9
(1:5) 1000 10 10 10 10
2000 10 8
3000 10
4000 10
5000 10
0 10 10 10 10
No.8+Bunker C 100 10 10 10
(1:5) 1000 10 10 8 8 .
2000 10 10 10 10
3000 10 10 9 9
4000 10 7
5000 10
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Table A-10. Mixed oil (No. 9 + Crude oil ) toxicity for Flatfish

Samples Concentration No. of Survival
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
0 10 10 10 10
No.9+Bunker A 100 10 10 10 10
(1:5) 1000 10 10 10 10
2000 10 9 9 8
3000 10 8 8 8
4000 10 5 1 1
5000 10 3 1 0
0 10 10 10 10
No.9+Bunker B 100 10 10 10 9
(1:5) 1000 1o > > ;
2000 10 10 8 8
3000 10 8 8 7
4000 - 10 5 3 3
5000 10 0 0 0
0 10 10 10 10
No.9+Bunker C 100 10 10 10 10
(1:5) 1000 9 > > ;
2000 10 10 9 9
3000 10 8 8 8
4000 10 7 7 7
5000 10 9 8 8




Table A-11. Mixed oil (No.11 + Crude oil ) toxicity for Flatfish

Samples Concentration No. of Survival
(ppm) 0Chr) 24(hr) 48(hr) 72(hr)
0 10 10 10 10
No.11+Bunker A 100 10 10 10 10
(1:5) 1000 10 10 10 9
2000 10 7
3000 10 7 7
4000 10 5 3 3
5000 10 0 0 0
0 10 10 10 10
No.11+Bunker B 100 10 10 10 9
(1:5) 1000 10 10 10 10
2000 10 8 8 8
3000 10 7 7
4000 10 5
35000 10 2 1 1
0 10 10 10 10
No.11+Bunker C 100 10 10 9 9
(1:5) 1000 10 9 9 9
2000 10 8 7 7
3000 10 9 9 9
4000 10 8 8 8
5000 10 8 8 8
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Table A-12. Mixed oil (No.12 + Crude oil ) toxicity for Flatfish

Samples Concentration No. of Survival
(ppm) 0O(hr) 24(hr) | 48(hr) | 72(hr)
0 10 10 10 10
No.12+Bunker A 100 10 10 10 10
(1:5) 1000 10 10 10 9
2000 10 8
3000 10 7
4000 10 5 4
5000 10 0 0 0
0 10 10 10 10
No.12+Bunker B 100 10 10 9 9
(1:5) 1000 10 10 10 10
2000 10 8 7
3000 10 8
4000 10
5000 10 0 0
0 10 10 10 10
No.12+Bunker C 100 10 9 9 9
(1:5) 1000 10 10 10 10
2000 10 8 8 8
3000 10 7 7 7
4000 10 9 9 9
5000 10 8 8 8
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Table A-13. Mixed oil (No. 6 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)
No.6+Arabia light 0 10 10 10 10
100 10 9 9 9
(1:5)
150 10 10 10 10
200 10 10 8 8
No.6+Arabia 0 10 10 10 10
medium 100 10 10 9 9
(1:5)
150 10 5 4 4
200 10 0 0 0
10 1 10
No.6+Iran heavy 0 10 0
100 10 10 10 9
(1:5)
150 10 5 2 2
200 10 1 0 0

—209—



Table A-14. Mixed oil (No. 7 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)
No.7+Arabia light 0 10 10 10 10
100 10 10 10 10
(1:5)
150 10 10 9 9
200 10 8 8 8
No.7+Arabia 0 10 10 10 10
medium 100 10 10 10 9
(1:5)
150 .10 5 3 3
200 10 0 0 0
No.7+Iran heavy 0 10 10 10 10
100 10 10 10 8
(1:5)
150 10 5 4 4
200 10 1 0 0
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Table A-15. Mixed oil (No. 8 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
No.8+Arabia light 0 10 10 10 10
100 10 10 10 10
(1:5)
150 10 10 10 9
200 10 9 9 9
No.8+Arabia 0 10 10 10 10
medium 100 10 10 10 10
(1:5) |
150 10 5 4 3
200 10 0 0 0
No.8+Iran heavy 0 10 10 10 10
100 10 9 9 "9
(1:5)
150 10 5 2 2
200 10 0 0 0
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Table A-16. Mixed oil (No. 9 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
No.9+Arabia light 0 10 10 10 10
' 100 10 10 10 9
(1:5)
150 10 10 10 10
200 10 8 8 8
No.9+Arabia 0 10 10 10 10
medium 100 10 10 9 9
(1:5)
150 10 5 5 5
200 10 0 0 0
No.9+Iran heavy 0 10 10 10 10
100 10 g9 8 8
(1:5)
150 10 5 1 1
200 10 1 0 0




Table A-17. Mixed oil (No. 11 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) Othr) | 24(hp) | 48(hr) | 72(hr)
No.l1+Arabia 0 10 10 10 10
light 100 10 10 10 10
(1:5) 150 10 8 8 8
200 10 9 9 9
No.11+Arabia 0 10 10 10 10
medium 100 10 9 9 9
(1:5)
150 10 5 3 3
200 10 1 1 0
No.l1+Iran heavy 0 10 10 10 10
100 10 8 7 7
(1:5)
150 10 5 2 2
200 10 0 0 0
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Table A-18. Mixed oil (No. 12 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)
No.12+Arabia 0 10 10 10 10
light 100 10 9 9 9
(1:35) 150 10 10 8 8
200 10 9 8 8
No.12+Arabia 0 10 10 10 10
medium 100 10 9 8 8
(1:5)
150 10 5 1 1
200 10 1 0 0
No.12+Iran heavy 0 10 10 10 10
100 10 10 8 8
(1:5)
150 10 5 0 0
200 10 0 0 0
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Table A-19. Mixed oil (No. 6 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)

No.6+Bunker A 0 10 10 10 10
100 10 9 9 9

(1:5)
150 10 5 4 4
200 10 1 0 0
No.6+Bunker B 0 10 10 10 10
100 10 8 8 8

(1:5)
150 10 5 1 1
200 10 1 0 0
No.6+Bunker C 0 10 10 10 10
100 10 9 9 9

(1:5)
150 10 8 8 8
200 10 6 6 5
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Table A-20. Mixed oil (No. 7 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) 0(hr) 24(hr) 48(hr) 72(hr)

No.7+Bunker A 0 10 10 10 10
100 10 8 8 8

(1:5)
150 10 5 4 3
200 10 2 1 0
No.7+Bunker B 0 10 10 10 10
100 10 7 7 7

(1:5)
150 10 5 2 2
200 10 1 0 0
No,7+Bunker C 0 10 10 10 10
100 10 8 8 8

(1:5)
150 10 8 8 8
200 10 7 7 6
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Table A-21. Mixed oil (No. 8 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)

No.8+Bunker A 0 10 10 10 10
100 10 9 8 8

(1:5)
150 10 5 3 3
200 10 2 2 0
No.8+Bunker B 0 10 10 10 10
’ 100 10 8 8 8

(1:5)
150 10 5 5 4
200 10 1 0 0
No8+Bunker C 0 10 10 10 10
100 10 7 7 7

(1:5)
150 10 8 8 8
200 10 7 7 6
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Table A-22. Mixed oil (No. 9 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) 48(hr) 72(hr)

No.9+Bunker A 0 10 10 10 10
100 10 8 8 8

(1:5)
150 10 5 2 2
200 10 1 0 0
No.9+Bunker B 0 10 - 10 10 10
100 10 7 7 6

(1:5)
150 10 5 1 1
200 10 0 0 0
No9+Bunker C 0 10 10 10 9
100 10 9 9 9

(1:5)
150 10 8 8 7
200 10 8 8 8
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Table A-23. Mixed oil (No. 11 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) 24(hr) | 48(hr) | 72(hr)
No.11+Bunker A 0 10 10 10 10
100 10 8 7 7
(1:5)
200 10 2 2 0
No.11+Bunker B 0 10 10 10 10
(1:5)
150 10 5 3 3
200 10 1 0 0
No.11+Bunker C 0 10 10 10 9
100 10 9 9 8
(1:5)
150 10 9 9 9
200 10 8 8 8
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Table A-24. Mixed oil (No. 12 + Crude oil ) toxicity for Rockfish

Concentration No. of Survival
Samples
(ppm) O(hr) | 24(hr) | 48(hr) | 72(hr)

No.12+Bunker A 0 10 10 10 10
100 10 7 7 7

(1:5)
150 10 5 1 0
200 10 2 1 1
No.12+Bunker B 0 10 10 10 10
100 10 8 7 7

(1:5)
150 10 5 0 0
200 10 1 0 0
No.12+Bunker C 0 10 10 10 10
100 10 8 8 8

(1:5)
150 10 9 8 8
200 10 8 8 7
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