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SUMMARY

The purpose of the study is to develope a treatment technology for the sediment dredged
from a coastal fishery farm containing organic pollutant and heavy metals and its reuse
technology after the removal of pollutants and the conditioning. The details of the study
are followings, 1) investigation of physico—chemical characteristics of the sediment dredged
from a coastal fishery farm, ii) treatment of organic pollutants contained in the sediment,
as well as heavy metals, iii) reuse technology of the sediment, and iv) evaluation of risk
assessment of the sediment on the marine life. The results from the study are
summarized like followings. For the experiments, the sediment was taken from a shell
fish, Scapharca broughtonii, farm near Jinhae bay. The sediment sample was significantly
contaminated with organic pollutants and some heavy metals including Cadmium and
Chromium. The surface of the sediment was quite rough and porous, and the main
component of the sediment was SiO, but the sediment contained some mineral materials
including MgsFe(SiOy)3, FesAl(SiOs)3, KFeO:, FeAlOs, NaxZnSiOs;, NaAlSiOs,. The main
components of the organic pollutants contained in the sediment was cellulose(2%),
hemi-cellulose(27%), total sugar(3%), and lipid(3%). The biodegradability of the organic
pollutants was enhanced by adding of compost as an inoculum, and ultrasonic radiation,
and could be effectively stabilized by aerobic liquid phase composting process. In the
continuous stabilization process, the hydraulic retention time(HRT) required to remove over
70% of the soluble COD was just 2days. The heavy metals contained in the sediment
could be effectively removed in the bioleaching process, and the energy source for the
bioleaching organisms, Thiobacilli, sp., was FeSQOs The proper level of TS(total solids)
and HRT in the modified sequencing batch reactor were 2% and 2Zdays, respectively.
However, the contents of heavy metals in the sediment after the bioleaching process, which
was analyzed by US EPA 3051 method, was a little high, specially Pb and Cr, but the
contents, analyzed with the Korean standard methods for soil, were satisfied with Korean
pollution concerns for soil in first class area. The wastewater discharged from the
bioleaching process was strong acidic, around 2.5 of pH, and the contens of heavy metals
and suspended solids were high. The bioleaching wastewater could be treated to meet

their discharge permits by the neutralization, flocculation and sedimentation process, and

_ix_



the proper flocculants were alum and ferric chloride. On the removal of red tide
organisms, the effectiveness of the sediment material after the bioleaching process was
better than that before the pollutant removal process. By the conditioning with some
chemicals such as CaO, the effectiveness could be significantly enhanced, which was higher
than that of yellow clay. The cation exchange capacity (CEC) of sediment was around
15.4(meq/100g), which was higher than that of the yellow clay, and the sediment was also
effective on the removal of NO; and PO,”. The risk of the sediment material on the
marine organisms was not high as appreciable as after the treatment for the removal of
heavy metals and organic pollutants, but it depends on their dosage in the coastal sea.
This indicates that the sediment could be applied for the relief of red tide, as well as the

improvement of coastal water and sediment quality.
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¥ 2-1-2 Binders and Reagents Used for S/S Projects

Binder or Reagent Number of Projects
Cement 47
Proprietary reagents 22
pHospHate 14
pH controls 12
Fly ash 10
Lime 10
Sulfur 4
AspHalt

Other organic used include granular activated carbon and organopHillic clay.

A project may use more than one binder or reagent.
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FA35H o PAHsE Agilent 6890 GC/5973N MSD (30m long, 0.32 mm inner d, 1.0 ym
film t, Supelco)o. 2 A3t th. PCDDs/DFs 42 Agilent 6890 GC/JMS 700D MS with
column of SP-2331 (60m 1, 0.25 inner d, 0.25um film t, Supelco) for DDs/DFs and of
DB-5MS (60 m 1, 0.25 ym film t, J&W)S o] &3ttt <A HAE U FallEd F=317]
#8fA4 SD Extraction Method (His et al., 1997)d <JsiA F=39th. =4 EHAET JEY
#W2 SEM¢F XRDE o] &3t A8ttt &4 HAE il Fal&d =387 fl8iA SD
Extraction Method (His et al., 1997)e 9alAx FE3t9 0w, SDMAA &= FE& A Al
2 FE57] YA AxRAE:E (1:1/g/g)S 8A1ZF vortexAl 1 & A4 E2] (3000rpm) %

ot

Aol AL gt AFA ARS8 A oFS A8 Benzo(a)pyrene (Sigma)S AFgstgith =4
HAE gEo 3 B A3 A5+ v WHo R FR|Edn. WA 77 50ge]

Eol AMAAEES Mosta TFol & ¥ oA dxeon, Ax3 FES AIAHAE

o
AL Sl AAAN G Z29S s vAsHA EAE Ao A EE Holderdl =% ¥
< 5 Carbon tapeE €l Fi JFdedA "t " E Holders 7|71l YL
Manualel @z SEMS A Ath XRD #41& 9ste] wAlstAl E9 & A& ¢
Holderel WA HA =% 22 Fskth  flol #2 Holders sttt © i ¢S 7ste] A&
7F Doj A A Al g ARZ AYA 7171l ¥l Manualdl el XRDE A At
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¥ 3-1-1 Microwave ¢ #% Z7 ( EPA 3051 ®49 )

Ramp Temperature )
stage power (max)| power(%) _ pressure ) hold(min)
(min) (C)
1 1200W 100 2:00 300 160 0:00
1200W 100 3:00 300 175 5:00
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E 3-1-2 259 AAY ¥ 48 =4
Trial Amplitude (%) Energy Input(]) Sample volume (mf)
0% 0 0 100
30 % 30 2,033 100
50 % 50 7,494 100
70 % 70 12,347 100
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Lipids

Ethyl ether 200ml, 24hrs in Soxhelet Drying & weighing

Total Sugar

Water 250ml, 2hrs in 150°C oven Filtering & TOC

Hemi-Cellulose

L
500m| of 2%HCI, 5hrs in 150°C oven Filtering & TOC

Cellulose

1000ml of 2% H,SO,, Shrsin 150°C
oven

> Filtering & TOC

Others (protein, lignin, humus, and so
on)

By calculation

ag 3-1-1 #7158 B A% A%
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AP 3-1-3 4 A 3 wkg-7]
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A (kg)
2.96
2.59

b

=
=

HA4E (kg)

T
NR

A

49.5

9.60
12.24

6.64
9.65

Run 1

o4.4

Run 2
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# 3-1-4 &8 &7E

ot B 1< o) 5= vl = 22,000m>©] % 1< 7 5= vl = 22,000m>] 3}

o BOD COD SS BOD COD SS

° (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
AAAA | 300]3} 40°] 3} 30°] 3} 40°] 3} 50°] 3} 40°] 3}
7AAe | 600l E 700] 3} 60°] 3} 80°] 3} 900] 3} 80°] 3}
Ao 80°] 3} 90¢] &t 80°] 3} 120] 3} 130¢] 3} 120¢] 3}
SdlAe | 30018t 40°] 5 3001 5 30018} 4001 3 30018}
B B g e | man (gL /L) |(mg/L)| (o) ' (i) |(m)

(mg/L)| ) (mg/1)

%74 |5876.8/0.5018}| 2013} | 10]8} (0.50] 8k 0.020] 8k 0.20] 8k 0.10]8} | 2018} |300]8}| 40]8
7} 15.876.8| 2013} | 10018} | 5¢]3} | 3¢]8} | 0.1]3} | 1¢]3} | 0.5¢]3} | 109] 3} |60°] 8} | 8e]&
t |5876.8] 2013} | 10013} | 50l &t | 3018t | 0.10]8F | 10]8F | 05018k | 10013} |60°] 3} 8o] 3}
£ 15.876.8| 2¢]3} |100]3} | 5e]a} | 3¢]8} | 0.10]3} | 1¢]3} | 0.50]3} | 10] 3} |60°] 3} | 8°]5
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4. TAHHEY A2 &S AT AT

7t 2AHAEY AZES A% A2 R F2/AE ALA AT

FAEARS AETARY, 4 T AL AAA So29 ABE Hsy oARE
Brketo) 99l e FHEARES FAAL ol gake] AalAle] AgkelgelA] 20034 1290

AHAskAnt. e, & Aol dEzdoz AMEY FE= KA, MAA A 2Z25FE 60cm ©]

AlEE XRD # EDSE ol&3dhe] wAsiglon, Folusts

JE
o
)
g
S
=
o
b
o
5
5
5
0
o
o
)
ko)
b
a
=
=

X
CEC)& unbuffered salt extraction "WHOo®E ZA3Art. pHE A7 AE=E &y o=
4390 WA, EY Al 25T Hgo] 1 10 ZFAH)o] HEE E3ste] 14152t
a4 5000rpme = A4EE sFiTh ololA FE S 0.45um membranel® AE T
Zy 7S At SR, I 2 (loss on Igition, LODS =43 a1, 100um, 200um,

2mme] AE o g3tel EFA RS YFREE Lopugih

(2) g P AAgd SAHHHEY HxAE AA 2434

o]}l

7hH Hz A& %

& Agetgl, 9% wWode 2

Al el {20415 FATHGEOmL Al @ ol 20mL =9 /2 wiAE 2L, 16mL Al g #ol+=

°F 8mLE Y¥). FHFATEHANA AR Cochlodinium polykoidesE A8 @l HFs}
Ko AT Mg 20~25¢ Atolol AFEA HFsdh. A Edtaa WS ¢ A E
2h2=23(250~300mL) 1070 S/ Wi Eud vhd 4 Fehaa kel £ FRFE WY
T /2 WFHS 100~150mLA = Dk deel v & AFSFER A Sepaae] ¥
oAx HFE (5~10%) e F wjFAelA FF7] 141 : 10DZ #j gttt o 7o AFEg wj#| =

D=
f/2(Guillard and Ryther, 1962; Guillard, 1975) ¥Wi*|& o]&3atth. o] WA= 1L ZHep==0
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950mL o] ¥H(GF/Filter) 3t 39} & 3-1-69 47}%] 9] stock solutione YL % o33l 3|2
1L7FA] 2E 3 121 ColA 1587 AutoclaveE: Z8 & 283 Wzhstol A AR EE 31
Q
[¢)

o Aol ARERE A= ] JhAG = 3000~3500 cell/mle] AT
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¥ 3-1-5 Cochlodinium W =4

24 A x Zal
= = 23T
Z & 5000lux©]
d = 33%
pH 3
BT 14L:10D
LIRS /2 WA (Si7g FA <))
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E 3-1-6 £/2 media AZYH

Quantity Compound Stock Solution Mola;ir?};nﬁggigqon in
1 mL NaNOs 75 g/L dH:0 883 x 10* M
1 mL NaH.PO;+ H,O 5 g/L dH:0 363 x 10° M
1 mL ¢! /2 trace metal solution -

0.5 mL s” /2 vitamin solution -

%" % £/2 metal and vitamin Solution(Guillard and Ryther, 1962; Guillard, 1975 %)

_41_



dad P AAE 2GR FES qAoR fi 4x4% A

X
fol
A=)
Ll
)
o2l
ol
ol
R

ot T 7FA 9A=E71(< 100um, 100um < f < 200im)¢] FAEAE FEM, K)E 08
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AR w3} B, AHAel % Qu, AAA Fhel oJF A, WIA(Ca0) Tkl A,
Az BE golo] e %, HAx BE olo] BE HxAALES o] Fo| B AT
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Aok H7FAI(Ca0) o] d3dFS Hrlslr] $1ske] 100um ©lste] A E X &Y IFEE 7}
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Hog HAzAALDHE AA T},
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WA 7| H A Qo] “EoF Jxb A7]7 Aol & W S AEEs 4 &
Z B¥ oo wE A4S Hrier] fske] 100um oldte] FAEAE, FE AEINETA
HAE, 448 FEEAES AL FYFS 1g/100mlE 2AZA AT Az FE Zold
2 AzAAEE] o] Lolr7] 915+e] 5em, 17cm, 29cm Zeolo] £718 FuH|she] wjok
& AxAES 879 Aaxl Fowa golA kel “EF 4 A7) AFeA e e
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FAAF = 200um olste] FAEAEI FES AgEgoen, L£xE 20TE F438A0h
Ao AFR3 NOs ¢ PO ¢ H%7F 100pM o]8t& mj$- romz ZHEAE FE H7HA
AAZEE §E5HE NO; 9 POS ¢ %S WA EAsgt. FHAHAE, dAd =457
5 KIE, dA2e KIE, MIE, dA2d MI3E, MgO, CaO 59 A5 FHAIHI
ol NO; ¢F PO, 9] v%E =48ttt 50uM, 100pM NOs, PO &S ks 524 9}
blank ©] <]
o] 7HA] A B(FAEHAE, €X8s TAHAE, KFE, 4488 KFE, MIE, 4423 M

S E, MgO, Ca0O) 2g% & 7} vialel ¥ 2+ 20mLA S 7217 @Atk vy A 170 (Blank) 9

HEAA FHETE vlads HAYdS FHSAT. 50mL vial NS EHIF

ol

vialol & ZE49 @tk 447 5oF 300rpmel A AEst G482 (5000rpm) 3 % 0.45um
membrane2.2 o3| FAHAAEH 9& NOs & PO/ 9 22 A4tk 50uM, 100n

atdth 50ml vial 1970E EHIgE § 18719 wvialel 3% 5179 €A% F2AAE 2H7 2g4
Fal 50uM KNOz €9 20ml¥ & ¥t wwA 170(Blank)®] vialol= KNO; &=t ¥l
k. MgO< CaO7F H7l=+= A5+ EYS 16g, H7HAIE 04g AoAA S2ZA7F F 2g0] H
5 gt 4A3F b FIEH(300rpm) A ¥ A 2] (5000rpm) gt $, 0.45um membrane o=
BajA NO; FEd FAANIR wet Z4890. PO A7 2FAE 50uM KHPO,
&d 20mlE AFEstR e NO;s o w93 Wiz A3s Fdstant. ©=3 100uM NOs

PO, &AG o] &3 AT g9 Frwk delslu Yuxs O S A

NO; &9 27|52 % 7FA(100uM, 10mM as N)& F4ddlo] 2 wtsEe 495 7}

7t skt EYAE 25g(100um<f<200um) ZF NO; &4 25mLS 770¢] 200mL AHzt

Tt F 1479 8235 FAd 10, 30, 40, 60, 80, 100, 1203k n¥F3}S)

H(25C). dAEdS YPA R ste] AT HS 045m Aoz ASE T FTAHAAFTHS o] &3)A

NO; %5 2Asdtt. PO, €99 27|%%E ¥ 7Fx(100 uM, 10mM as P)2 %4 3}o]
ZI:

ottt dmA A ddAgLS NO; &Hs 7hxa AAe A
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A =52 TAHAE ARE 0, 5 10, 20, 50, 100% = 3]

AR, PR &S AAY

Aot 7t FroA we-AE A = 27 0, 5, 10, 20, 30, 6027F =EFA1Z F apd A S
gl L, Sl w73 26472 A AAEke] DAY BANA =dEd AEE
S ek I HH=E F2 AEdE 2Ed 2 (Benzo(a)pyrene =)o =FAZ T

2EY 2~ 2208 BaP® 3}9Y, Isochrysis

4
)
ol
-
2

2E# 2o th3k wk8-7] 2 (kinetics)S A

il
et

galbana, Tetraselmis suecica, Paeodactylum tricornutum, Chaetoceros gracilise BaP 5%

(0, 50, 500, 5000ng/g)l 5A17F =% (adsorption/absorption)A] 7l ¥ ol Fojsto g HolAy
o] BaP #AE 84 (vector)7} A Atk olu HolAEZFFL FEd HolAE 20L/100L

A%rz 39
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¥ 3-1-7 ¥4 F71249 Y2 PAHs (polyaromatic hydrocarbons)$
54 F AFBAANN Adel B AFHL Hol: eH 5
a b c

PAH ri(;s (l\glj (Eép) (mz(;i) LogK, p\lfzjsol?rl
pHenanthrene 3 101 340 1.29 4.46 6.8x 10"
Anthracene 3 216 340 0.07 4.45 2.0x 10
Fluoranthene 4 111 250 0.26 5.33 6.0x 10°
Benzla/anthrancene 4 158 400 0.014 5.61 5.0% 107
Pyrene 4 149 360 0.14 5.32 6.8x 10"
Chrysene 4 255 488 0.002 5.61 6.3x 107
Benzolalpyrene 5 179 496 0.0038 6.04 5.0x 107
Dibenz[a,hanthracene 5 262 524 0.0005 5.97 1.0x 10"
Benzol g,h,i]perylene 6 222 _ 0.0003 7.23 1.0x 10"
Indenol 1,2,3-c,d]pyrene 6 163 536 0.062 7.66 1.0x 10"

(*Mp: melting point, "bp:boiling point, “Sol:

octanol:water partitioning coefficient)
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aqueous solubility, Yog Kp: logarithm of the



# 3-1-8 Ad4 Alsxd #H=x

BaP =% ez st 2 Asr=
(431) (G643 (Zkzt 45°31)
11714 (£ 0.5) 2C/4 25 (£ 05T
1.026871.0274 1.026871.0274 1.026871.0274
000 400 300
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U SAEHE0] A= A nAE &4
o]l IFH Ao HAH=S AMFse] Adss 4L AFdATHe Fa3 ATEorE
o

FHsn k. o d AFE /5 L A% F ANBE| IS ol Wi XL

-

, A= e Brteke Lol AgEn. AEe fsiA

|-
k=1
g A=z FAFEa glon, oA 7T oA e Hels sh= A ™ol vk I
% o

FE FHH gk AZHEAE HIEY AFgd ez st dHe Uiie frledEsde
E=Ao] FetE 733l 4294 (hydropHobicity) S Holx, webs AEA L f7] 2 7Z3HA

A
HAZshs 540 Ao A HAAE AES AFu 7IE AEACd vla] HA LdLded =&
ok OAl =] AAFNA B AE v d5e FEe AAEe
= Aot ol E ARHAFEC]l AFHsHA d
t}= Zojt} (Mailhot, 1987; van der Ooster et al., 1988; Rasmussen et al., 1990). o]& g ¥

o e HAYM AT/ FFAES WAR el 29Ad ANy FAAYS Hu Yw

e frlede) Fa FAY

A

(Geffard et al., 2002a,b; Wang, 1998; Akcha, et al., 1999; Chu et al., 2000, 2003), ¥ <19
Ae 7o B gis] EHAES WiNE ste] MEAEE =AY E daE 29

Asid HHEE S skl

AEHEo] FAHEY Ao HXE A
AEHES] fald H7l= AE #AAe] d&S T4 A% (environmental realism)<S =
=

Ed FQ % (priority species)S Aoz <9l&el Hrow S Hrlets

A
A

£ O

(Okay et al., 2000; Chu et al.,, 2002, 2003; Geffard et al., 2004; Jo et al., 2004). ©] 7%
BEe 5459 gaoz @tk ur SoldQ) wyew Bapr 4 AAd nAE g
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(1) 1% 24HA8e] 84098d % 2 29 - 3575 54
Asw oo AN AT g ANEA FAelF 2 AN AR HAEe Bl e
A )z e ® 3213 2. ARD 4 9429 BF F4EL 6455%, CODE
20,559mg/kg dw, TKN<2 894mg/kg dw, NO;-N=2 0.49mg/kg dw, NO3-N-& 2.93mg/kg dw,

TP 12mg/kg dw 24 f71& @] =t T559 45 Hdge Cde 401mg/kg
dw, Cr< 97.53mg/kg dw, Cut 50.38mg/kg dw, Fet 52,819mg/kg dw, Pbi 40.26mg/kg
dw, Zn 131.13mg/kg dw oIttt olA& EYd 2 7I+H vluste] Euf Cde 497
Egedtd 7€ 7 AS e 71ESQ] 1omg/kg dwell Blsf oF 38f x9kem, Cref 4571~
9] 7]F dmg/kg dw ETE 208) o] =itk WHH Zn & ESS G I|IERT WEdTh

B oAFolA AR FAEHAE  FaE dEEAY fL9dEHEE Tk VR
PAHs(polyaromatic hydrocarbons)+= 363.09 ng/g dw$l 3L, dioxins< 1197.63 ng/g dw, 18 il
LDPCB+= 0.13896 pg TEQ/g ©lith. AHAlE A3t= i 3-2-29F #oh

Aol TA HABY ARG A B s AA AAL ol gFe] BAL B

_54_



s Ay, FAEAES JARHS AR gFd o JdthARRl 3-2-1). F=AEHA
Na& E@”é‘]’% MggFe(SiO4)3,

MAIXRD) SiO7F FAEe]l olRem, Al Si, Fe,
A 7hed= B

FegAlg(SiOzl)S, KFQOQ, FeA1204, NaQZnSiO4, NaAlSiO4 %9/] %
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¥ 3-2-1 ddolF FAE Jx A% (@9 me/ke dw)
EgedfuE
= A B C g5 A B C
7} u
& (%) 6456 6152 6758 | Cd 160 345 7.0 15 12
COD 21,670 18295 21,712 | Cr 11411 8525 93.23 4 12
TKN 1064  6.70 950 | Cu 5142 4932 504 05 3.0
NO;-N 045 055 047 | Fe 48398 49,823 60,236 - -
NOs-N 678  0.99 10 | Pb 353 453 402 100 400
T-P 1.2 1.6 08 | Zn 159 1321024 300 800
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¥ 3-2-2 A7 =4

HEe)

7] L

dEd FF

PAH Dioxin DLPCB
Species ng/g dw Species ng/g dw Species pe-TEQ/g
NaP 0.25 T4CDFs 116.3344 #07 0.007866
AcPy 0.87 P5CDFs 134.3438 #31 0.000152
AcP 1.00 H6CDFs 142.5281 #123 0.000081
Flu 18.99 H7CDFs 111.525 #118 0.003651
pHA 17.20 O8CDF 70.44375 #114 0.000773
AnT 6.87 PCDDs 622.4573 #105 0.001282
FluA 31.22 PCDFs 575.175 #126 0.103163
Pyr 39.65 - - #167 0.000072
BaA 18.84 - - #156 0.005924
Chr 22.36 - - #157 0.002337
BbF 26.33 - - #169 0.013496
BKF 20.26 - - #189 0.000167
BaP 24.11 - - - -
InP 62.04 - - - -
DbA 13.41 - - - -
BghiP 59.68 - - - -
)Y 363.09 )Y 1197.63 )Y 0.13896
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3% 3-2-6 COD AA g 253 AAg F=o FF
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(2) EHFAEY FHE F7ILdEZY AAHY/5HITH A

7h) &% <R3t 243
14 28 WE7|E ol&ste FAMAEAES wEAE A Es Fristy] 98 FAHAEAE
400g, &A1 300ml, =FF 300mS Tkl 14 Zebaze Yo
& TCOD¢, SCODg, SS, VSS, pH, ORP2] ®W3&S A9t Ad-S 43 v =33
Fow 1 AxyE gy gk a9 3-2-7& At w2 TCOD9 ®WEE veldl= 3o
24 %7] TCOD¢= 11153.4mg/ ¢ o)™ Alzko] Ayel wet TCODc7d 74
t}. o] TCODo AAL&Z yepw 17 3-2-89F o whg 13U F9o AALELE oF
325%0lAtk. 17l 3-2-99l4 %7] SCODc7F °F 520mg/ £ ©] i & SCODcr= 117mg/ 4 &
M SCODgE #Aadts FAS Bolx 18 3-2-10014 SCODgE oF 77%¢ AAES e
Atk 93714 SCODe AAE]l & 77%E TCODe AAE 325%HTE e S Hol=d o
FE P = EASk= COD7E wafEo] 97 &&4 CODE ASEASFS dAAZ & o A
Al SCODere]l AAEL olBt} o] =9d Aoz gy WA 7t & SS ke JAH
o2 Z7teteE FAE Holw %7] SS#H2 oF 172g/¢, HF SS 2 oF 333g/ /4 ZH HHEA]
ol WSS AA SIS 934% otk WEeY ndEE FHo] gle AEHA nd 29
s Sk = ol MAE st S e S dngei (1 3-2-10). 1™ 3-2-120]
A A Zrell W2 VSS #2 SSeob mlRvMA R Frbeke A4S Holw VSSe AA e
&S Helth, wEEAZke] wE VSS/SS WaheS Aghe] a8 uwpel dubd o
2 fAaste A4S Holw(1y 3-2-13), pHE 7.7~-82 & Ad Wl Ao dAH3AY. L3
ORPE= ®H&&E W9 4bst 34 HHlE 7hsste HEEA AREEsd 217 3-2-149F 2]
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(W) Y& WE 771E ¢S 249
du] td3t e daE wEeR 57 S WSl =HAHAEY SR T S

S ZH7F 1028 11 5% sto] 3714 oA 10943 &4 e s wh3AZTt. FAHAE &

[*]

= - H L
TR AAA FgFS vA = A& HA WS 27| 93 Aol a9 3-2-15
o] = SS(suspended solid)®] WS YEMAA=d wHgo] P we} SSo|l= T3 gt
2 Ay er f7=

F=o Wslo] mAl= Pl wHERd Aow
AbsEeh wbd 19 3-2-1690 4 VSS(volatile suspended solid)&= wHg-o] Xsig o] wa} =7}
Sho] #FHAT. WHgo] IR o w PHL oA Mo FSlo] gllerm R VSSe
7t AEY] 7R SAE = o o]ydt VSSe FUteE FAFEAEC] HAEY 7H
AFEE I S ofm it 19 3-2-172 WEE Ao whE CODe| WstE HojFr A3
L& ¥ol7] 93] TCODSt SCODE 10, 20v] =2 3|Al&te] A4t om 72t g Anj &
=S4 3] Algel g BHAE ARSI L A3 105 349 4§ TCOD7ZF %71
3200mg/ £ ol A FAH o ® Zhasto] 9Uo] At Aol A whef 2500mg/ ¢ = Ak o=
oF 22%9°] TCOD AAES 9wt} w3k 19 3-2-182 18 3-2-173 vlz7EA 2 WESA]
Zre & CODe| W3tE HoFm A HewE =o]7] 93] TCOD® SCODE 25, 50vH

2 3Aete] Ao 4 MueERE ST 3 AR e BAAE ARESEA
I A3 12 E51e 49 TCODE Hat 6,200mg/ 2 oA 4200mg/ ¢ = 7H2~3Fo] 32.3%<2] Al A

of @3l d 3-2-18). o] A} ZHE FAHEHEY 34 A3} H| & o

& oA o5 TCODY AANEE T7He & 7 s o= 7149 5%
IFS- g 8o S7ksl7] wWiEdd Ae® FaEn, ¥, SCODe A$-& 1:5 e 49 %
7] 3t 420mg/ ¢ A HE H 100mg/ ¢ mIRFO R FFASte] of 76%C] AAES AS F A
ATk 102 sAAe B 7] 700mg/ £ oAl A HF oF 120mg/ ¢ & FHasto] of 83%2] AA
S 48 F AT ARHo=R 12 FAHgA TCODS 32%7F A A=A olw] SCOD
= 83%9 AAES el aokdy. FHEAEY] f71E T 30~40%°] a7t 1
A kA7 o] FojM Tt & ¢ glew wekA TCOD 32%9] AA&S SHAsE 49
: B 4 g9lal, olu] SCOD AAER 83%E wAHEA=E] HAsE 9
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kg 717 ERF 2mg/ ¢ B B At 29 3-2-2004 = dEYoRd Hao AAES

UEhAY. 27 sk= 1 29 Ae= A3 A v de] 7] F= 3mg/L oA 1.8

mg/ ¢ % 1: 5% w38/ oA 2mg/ 02 FATE Uehie] 1:5% W F Ul UL 582
Bee & 4 gtk olgel AuE ackw E 3237 2k HMEe] FAHUFE

TCOD AA Gl 32%004 2%2 Fastdrh. §71% Bu4d 2922y 38 §71%
g 30~40%2 Wl =& TCOD AAEE walowd FHHAZe 445 Mgo] 2 5
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M

#® 3-2-3 FHu&E /UE B

Dilution ratio

1:2 (9days) 1 :33(13days) 1 :5 (9days) Expected

TCOD removal (%) 32.3 32.5 22.0 30740

SCOD removal (%) 83.0 77.0 76.0 -

* Estimation from organic matter composition (based on dry matter)
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Efficiency parameter '
Metal R na valid pH
X log K’

Cu 0.27 1.24 0.90 77 15 < pH < 8
Cd 0.03 -0.007 0.91 37 15 < pH < 8
/n 0.17 -0.38 0.90 35 15 < pH <8
Pb 0.06 -0.19 0.87 36 15 < pH < 8
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SS COD T-N T-P Pb Cu Cd Fe Mn /n Cr
(mg/1) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
195 12 30.27 12 1.145 478 0.106 2,651 8.88 24.9 1.681
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St MgsFe(SiOy)s, FesAlo(SiOy)s, KFeOs, FeAl,O4, NasZnSiOs, NaAlSiOy 59 FE o] &4

3 b4 Btk Qo 2AEAEe] B4, Cayd®el Fol B ustid o A4
E o 5RRE oAP), AFe) 5o §%% dAsn Az oY @ Aold Eur woele
I AR E TR, 2003; gk, 2002). el ojstH, A FAERS FAHAEERE 2olE

R

AEY 2486 FRE Ca’ 7t AFE 2 sl52EE AP), d(Fe) 5o 55 ofAs
_)r:

29 2 "W HARE ouEtsE 7]5o] AUtk

- 207 -



AR 3-2-2 24 HHES ARANA FHAA

- 208 -



AR 3-2-3 R ARAEN A EUAA

- 209 -



®3-2-THE X &

=74 ] TAE A= gGE
<100pm % 92.1 73.0

Size 100pm<f<200pm % 2.1 4.3
distrubution 200pm<f<2mm % 37 8.0
>2mm % 2.1 14.7

Water content % 70 25
pH 8.30 6.53
Conductivity uS/cm 4482 64.6
CEC meq/100g 15.36 8.65

LOI % 11.3 8.0
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¥ 3-2-8 £4

HEH} FES EDS 4 ZF

Sediment g E

Elmt Element(%) Atomic(%) Elmt Element(%) Atomic(%)
Na K 3.04 4.56

Mg K 1.59 2.26 Mg K 2.36 3.03
Al K 9.52 12.19 Al K 27.43 31.77
Si K 22.45 27.62 Si K 45.88 51.05
K K 2.44 2.16 K K 2.31 1.84
Fe K 8.97 5.55 Fe K 19.24 10.77
Cu K 3.71 2.02 Cu K 2.97 1.46
Ca K 30.75 26.51

S K 0.62 0.67 7/n K 2.45 1.17
Cl K 16.90 16.46 As K -2.63% -1.10=
Total 100.0 100.0 Total 100.0 100.0
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@ Md £484=9 Hx8E AART H7)

@ A8 dA 27

(o]

1% 3-2-1259 19 3-2-126004 H= wpey o], FHEAEN FE YA ASFE A
A ALl =X 100um o]t FAHEAES AFEA Hi 93%°] AAES HERHE,
o] Ayt= FE AANE0~97%)% & Atol7F gith. W3 REGAIZFo] oA E AAES
Z718t. #AEAEY FEE FA5 wg shgekskew Cochlodinium polykrikoides®

79

rlo

ARFY ATl 8 Aot gtk ARE FUSA @x /el £ 6] Solgd

Cochlodinium polykrikoidesS 20% A% 7}eFeksktt.
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£ 3-2-9 SAHAHHEY A "E HJxzAAES W

245 (%)
A& k8- A] 7H(min)
100um < f < 200pm < 100pm

10 36 72

AEA = 30 44 77

60 51 85

10 33 70

A FAHAEAE 30 41 75
60 48 87
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& H7tA

AEHE CaO7F H7FEWH Hz2A AL 10+ Fol 90%, 1AZF Fo 99%0l 7}#] o] 2= =
Z7FATHE 3-2-10). 2y MgO7l H7hsEd 9318 AAL] Fa
ol A= Algte]l Aol we} HAxAES] FAdo]l Wol =g e Fodstes AEo|
=EQTh 53] B &30 wol ®melrh. w3 pHIF 86~95 BE7A ezttt MgOE

7S We) pHE CaO 291t} o E=%ohpH 8.6~10.0)

M

il

- 221 -



E 3-2-10 MgO¢9} Ca09] H7to| e HxZAAE W
FAAE A Zx=A AL (%)
HE-8- ANH(min)
FA S MgO CaO
10 77 69 90
30 83 I16) 98
60 93 91 99
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& AE FYEF
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&0l 60% § 73~93%= ATl mokth v #F A ZeE &40 ®ol Hol Udx
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A 7HA(Ca0) 3
=AHAEN FE FYFE 06g/100ml2 Lgstar, H7pAQl CaO2] S 5%, 10%, 20%

X
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# 3-2-12 H7HA(Ca0) Hl & Wt B E HEAA& W3

A2 A £ (%)
A& Al ZH(min)
5% CaO 10% CaO 20% CaO

10 51 70 75

M3 E 30 58 73 85
60 63 7 92

10 68 76 85

KIS E 30 73 33 92
60 76 38 100

10 65 78 83

TAEAE 30 71 34 94
60 78 91 96
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HE £X Zo

a9 3-2-127¥% & 3-2-130A4 H& viel Zo] =9 o7t ZoHd4E AXRAATES Tt
gttt witpol A Hz7F HAsE Zol= 3m olWolal, Cochlodinium polykrikoides T 53]
Im o] zlojol E=Agth. o] AFAINE= HAA uirelA A5 Aol u AP HolA 9
Aot Z2AY T o 42 AAZES dS F A S BHAFEH AzAAA FHAHEAE F
A&Fo] #3 AFAA HAH FdFFo] 06~1.0g/100ml A= k7] wizoll, 2A virfo| A F

QA @AY (Im?) AT FAHHE 71Fo2 6~10 kg/m’o] FEHE Ao HAsi)

H
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F 3-2-13 Ax BX ZHold mE HA=AARLY W3

H2=A 7 & (%)

Al & Hh-8-A] ZHmin)
5cm % o] 17cm %l 9] 29cm % o]

10 72 34 38

TAEAE 30 7 91 92
60 85 92 94

10 90 92 95

1 e 30 98 98 98
60 98 99 100

o 10 80 90 -

{:{f g?:;%% 30 87 94 -

60 93 96 -

10 70 85 -

;;22 30 75 90 -

60 87 93 -
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19 3-2-128 Azt ©WE NO; AAE W3
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¥ 3-2-15 A7 @WE POS BE wE
= & (mg/L)
22 A
0% 108 & 0% = 60E = 15217 &
5l e 3.1 1.34 1.214 0.941 0.836
A E 3.1 1.32 1.151 0.836 0.788
BHAE 3.1 0.83 0.695 0.647 0.697
9 A= 3.1 0.94 0.829 0.724 0.706
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@ ME F4HH2Y A< +2MD &5 H7L

D TAHAELY JE EA
¥ 3-2-16°14 HE= He} o] F=AEAHE 9 CEC, pH, Conductivity7} & E &9 H]3] =&
dl, 53] CEC7} 154meq/100go.2 S ES} dA2st FAFAERT AN =4 YEy)

==
RLN

AEH =3 FES €423 o CECe #HaHAT
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A T CEC(meq/100g) pH Conductivity (uS/cm)
TAEAE 154 8.45 4363
dAg s FAHEAE 2.00 6.83 397
K&E& 8.65 6.53 65
dAg s KIE 1.95 6.61 69
M E 6.75 6.66 40
A2 MSIE 1.20 6.68 44
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O F2A9 4ulm

3E 3-2-1794 B+ vpe) Zo] FARAEN FEZRYH §59 NO; w5+ 107~184uM=
Fo folglth o AnE NOy AALPNA AAGEES ANT W &9 dFL M 5 9
g F A4 menrd wA ANE 5 U 9] BE FAAEYH §3HE POSBE

B 49uM olstE AFol Ao FFL wAA ot ),
¥ 3-2-182 50uM NOs, PO/ &S 71x 1 s A AP Aot FHAHHEL NOs
Al &I, FEE POSE 7o g ARG oW AYE A ¥e =4
HHE53 FE= 53~81%2 NOs & Al AL, 76~100%2] PO,/ & AAZT A 5e dA7
atwl o g3t gl NOy, PO AA&o] 25 #2dn. o, I3 MFEZ NO; S A7
e ASe dodor AALe] 27k EF MgOl Ca0E H71de Wl NO; AIAES
09l 7}7As13, POS AIA &S F7kat A #Msksh Al §lsit),

¥ 3-2-199]+= 100uM NOs , PO, a8 7 AAE AALNEY AFES JEFRT 1000
M NO;, POS €4S 73 AN AAAFAA NOs, POS 7t AAAHE AFe 500MS
AbEES ool vz dAg el WrbAe] L wszeAl ek
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¥ 3-2-17 EHAHAE, FE, A/MAZEEH €25 E NOs, PO

FHA 7 NO; (1M) PO,” (uM)

FHEHAE 10.7 2.70

QA3 FHEHE 163 1.30
K3 &= 184 0

Ax 2P KIE 127 0.65
M3 & 13.0 0

Ax 3 MIE 11.2 4.90
MgO 0 0
CaO 0 0
Blank 0 0
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NOs3- PO,
FHA £F e 5 cone . 5 oo
N "ﬂ‘ii‘(jﬂf? AAE©) | ii‘(;&f? A A & (%)

TAEHAH = 9.50 81.0 12.1 75.7
FHAEAHE + MgO 72.3 0 0.010 100
TAHEAHE + Ca0 52.3 0 2.60 94.8
dAxgs FAHAEHE 13.6 72.8 21.1 57.8
dxelst FHEAE + MgO 58.1 0 0.480 99.0
dAelst =AHEAE + CaO 57.0 0 0.490 99.0
K3 & 15.2 70.0 0.020 100
K& + MgO 63.3 0 0.430 99.1
K&E + CaO 60.2 0 2.21 95.6
dA el st K E 23.0 54.0 22.9 54.2

dAgs KIE + MgO 63.2 0 -
dA s KIFE + CaO 53.2 0 0.310 99.4
M3 E 235 53.1 0.310 994
M3E + MgO 50.2 0 0.490 99.0
M3E + CaO 50.0 0 0.450 99.1
dA e M3 E 12.1 76.0 37.1 25.8
g8 st M3E + MgO 59.8 0 0.280 994
g8k M3E + CaO 485 0.030 0.310 994
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¥ 3-2-19 &4 £Fo B2 100uM NOs, 100uM PO ¢ AAEE

H) o
NOs3~ PO,”

A fjpi) A7 £(9) fjj@ A7 £(9)
FAH AR 17.70 82.4 17.93 82.1
FAEHE + MgO 86.2 138 0.087 99.9
FAHHE + Ca0 118 - 427 95.7
AN )G 2HHAE 17.8 82.2 34.7 65.3
A e g FAHHE + MgO 112 - 0.680 99.3
A2 FHAHAE + CaO 126 - 1.02 99.0.
K3 = 22.7 773 0.040 100
K3E MgO 103 - 0.610 9.4
K3E Ca0 144 - 451 955
A28 KFE 31.9 63.1 499 50.1

dA 2 s KEE + MgO 103 - - -

A2 e KFE + CaO 103 - 0.560 99.4
M3 & 31.8 63.2 0.420 99.6
M3 E MgO 116 - 0.950 99.1
M3E CaO 125 - 0.840 99.2
A e MIE 20.7 79.3 50.47 495
A2 MFE + MgO 101 - 0.350 995
A2 MFE + CaO 102 - 0.460 995
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=
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Adsorbed NO3-(%)

100

80

—e— 100uM NO,
- O-- 10mM NO,

a9 3-2-130 A HHEN A NO3s &

)
O O
O .....
T T : I
o0 80 100 120
Time(min)
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Adsorbed PO, (%)

100

—e— 100uM PO,
-0+ 10mM PO,

60 80 100 120
Time(min)

2% 3-2-131 EHFHHEANAY POS FALS &=
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w

__O_H

Plo

®

2% 3-2-1323% 1% 3-2-133°] YER

e

49

=
_EH

Ho

Langmuir,

=
=

PO’

], o}2] Freundlich

Hol 2§

Freundlich

nlog Cy, + log m

log Cs

= H

Yelbdth m2 Freundlich <o, n

olw] Freundlich? #2] 34 4=(R)= 0.99 o]

=
=

. PO/ = (mmol/L)

F golo] welgli NOs
wot,
of i}

B

ojnem, o

)61-

[€]

A

ol

, PO &3 wkgo] Freundlich 5

+ NOs

Q]
=

Al O
- =

= Freundlich

o
o1 7] M

o)

11 Freundlichd &2 Hg o

Hom g

ELEEES
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Adsorbed NO3(mmol/kg

40

1 2 3 4 5

NO3 in solution(uM)

29 3-2-132 FHHH S Y NO; 55§
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Adsorbed PO4(mmol/kg

80

(@)
(@)

N
(@)

N
o

1 2 3 4
PO4 in solution(uM)

a9 3-2-133 FAHAEN Y POS 52E5F
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FEAurgo e pH 43FS thdst 7] NOs, POS #EdA Af Rt A

=2 &z

£ g9 pHel wel A Ewe] Ashi Wyl el We pH W9l2~127h A=,
il a9 3-2-11343% 19 3-2-135¢] el ler. pHoll & &3
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100

80 -
é:: [ ] Y L ¢
™ |
o 60 o
< o
U v
g O O v
8 40 ~ v v
< v
® 100uM
20 - O 1mM
v 10mM
O T T T T T T
0 2 4 6 8 10 12
pH

¥ 3-2-134 A 7FA (100uM, 1mM, 10mM)¢ NOs3 7|5 =4 A pH

Mool e FHae W
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100

[ J [ J
[ )
80 - O o °
=~ O
9\_, )
< 60 - O
O
(al v v O
v
D v v
2
8 40 ~
yo]
<
20 ® 100uM
O 1mM
v 10mM
0 T T T T T T
0 2 4 6 8 10 12
pH

14

a9 3-2-135 Al 7FA(100uM, 1mM, 10mM)< PO %715 =o|A pH

Mool e FH&o Wy
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(2) MA8 E4FH=Y AF A= ANE B}

b EEHAEY AFYE AR P}

AEAEY Frled=2d2 A ZAA Ydetlidd. delM = A5
So] Ao ALE3 FAHEAE total polyaromatic hydrocarbons &2 363.09 ng/g dw$i
3, dioxins 1197.63 ng/g dw, —18) 1 LDPCB: 0.13896 pg TEQ/g ©lth. PAHel ois)A
= POPEA ATFH7F 9& benzo(a)pyre (BaP):= 20 ng/g dw® H] % QXS yEh
Attt Geffard et al. (2002a,b, 2003,2004)& Add=4 F PAHE 7oz = FA9

32

G MAE dde] ATE YAFAEE, ATAN FE 2P VAL BEo} A
A5%% 59

30 ng/g o1l Aol e vlATT wus B AgolNe] A4 23
Be &% 363 ng/gd Rl AWML FRF = &

LDPCB9] 4% 0.13896 pg TEQ/gel4 dioxin< 1197 ng/g= Ho Hald Hrigido=z
A, 53 dioxin® AwHoz gAle] A% WA FFL MAE adlow dal o4

Ao glo], & Aol AR E FAEAEC AE fsid B =4

o
e
o
=
%2
dlo
o
£
o
=
=

al
o},

facs

a% 3-2-136= Ad FEEO 24 s diE nl&)d, =7 e Aol
2= FEFS 2ARE Ao R, JFe] Ay D-FAAl AAAQ BAMA (His et al, 1997)
o] EdAE FAet Aok B A FEo FAS HAag wpRATIte AN =E
AR T E =555 v & J9FS weves AEs HoFa vy, A Ad F=&59
S AP ALSEe] ALAZl FEF (Pacific oyster, Crassostrea gigas)® W-$¢A=
stripping method (NFRDI, 1997)el <&l FE3ta S #jdAye] JFs HAgrH(1d
3-2-136). vl WA= G3dS DY FAS BAAA HA o] Bt o] dwkHow Hried uf,
!

o] 5 HolA kL, 50%-°] el A

T EE T 2AAAEEE EHE Fo % 2FolE Btk (P < 0.01). Ruk AASE f3) profile
oA 20%= =% 10 B folst ztolE Hol7] Al (P < 0.01), o]F 9dFd o A

S WeFa, 100% EANNE AAAFRE A AP NPEAL wol F
H

50%91 A E 108 =& o] FRE 79 tiie] QA P Boln 9ee

Lo

- 250 -



Percent normal larva

20 -

Minute after exposure

a9 3-2-136 =&V mE FF FAY v v A= G
(O: control, @: AAFEY 5%, [1: A F&9 10%,
B A2 F&29 20%, O A FE2Y 50%, €42 F&9 100%)
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@ FAHEAHES FABEY A vA= AHA

B2 ol FaAlEAe] AW FAHS ALAHoR YU, & AFds FRER AT
7} 24l kinetic profile> plateaus @/dsti AATHLH 3-2-137). = Ls =A== 27| 4
ShxE Kol o]F A9l steady state concentration®] YFAFS  H AT Steady state
concentration®] FEo} X EHAI7FS A AT AFA AE] A A A
g glow 4A Advk. A A kineticsE 7l Esto] el % vbES dAAxo] HAxpA &
HE4¢ NRRS A3 ItHE 3-2-20). =2 BaP2o %3 ujAdolA
= Aeld Zgdsteq A3 AolE BT diEFtolA 13120 NRR
1012 Yehged o2 FAES] AMS2E oA 7]Qe Aoz fsa At o]

& #AE 71FOE BaP FE7t AARFE 44 2EA2E FAAL 0

I

106, 110, 92 & 71 A HF 83= uetd, Ax A3 247 Fhdes A4S v ol
& A st SUHEFE S A, M =2 solAM = 107, 63, 57, 57, 545 A A
4007 verd, AgF 9437 A4S BoFa itk W EE S elimination kinetics
A WA=, dd 2EHAE wrol A dAsE JgE Fes AAA 2%

3|5o] Erbsstthe Aeolv, dAAH oz = v, Fal=de dd A= AL A=

kinetics?} A#std, 7= FH =S B-HE S Ho|u, o] steady state concentration
ANRANAME =EsEe ZEe 7|7t 93] ZAEDS dAlsta v A28 WA st o
=
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35000 -

w
o
o
o
o

25000 - 0 nalg
20000 - —&— 50 ng/g
—&— 500 ng/g

15000 -
10000 -
5000 H

—&— 5000 ng/g

Tissue concentration (ng/g dw)

O O O
\J \J \J

O
\J

0 10 20 30 40 50
Day

a9 3-2-137 Z=9 BaP kinetics (bioaccumulation & elimination)
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¥ 3-2-20 #= (Crassostrea gigas)®] =29 A B= YA

ZEH L F3

(Neutral Red Retention)

Bap Day after exposure
Cone . 0 1 3 7 14 21 23 D28™
(ppb)

Control 131 127 128 123 120 108" 101 89
(0) (6.06) (6.31) (5.61)  (8.49) (6.80) (18.69) (6.94)  (5.59)
- ~ 126 132 106 110 92+ 83 78

(3.72)  (9.06) (20.21) (8.66) (7.65)  (7.63)  (10.58)
=00 ~ 124 83" 67" 70 68 57 53

(7.64) (15.03) (7.64) (5.74) (4.93)  (6.91)  (5.00)
=000 107" 63" 57 57 54 40 39

(10.42) (15.28) (2.89) (5.77) (10.41) (11.53) (6.25)

*Benzo(a)pyreneconcentration of vectoring algal culture. Twenty liters of which was
supplied to 80 L of oyster culture to make 100 L of total culture volume during the
alga-vectored chemical exposure, using Tetraselmis suecica, Isochrysis galbana, an
dpHaeodactylum tricornutum pre-exposed to the chemical concentrations for 24 hr. ** D
represents day after depuration.

+ First appearance of statistically significant decrease from control (P<0.05) in the Sigma

Plot Software. ++ First appearance of statistically significant decrease from control

(P<0.01).
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@ Aol FAA=S FAAAZ vA= A&

9 321385 AARAZTE A WSAZTE Q904 54 F 4 APPAR AEES
wolx g, ® 4w Avt AR/ fAELel ABA VAL JFEe BN o B
& Qge HAYE AL woln vk AANA TALIE B, 0% FELANE O

2T, 5%, 10% HETS AANHORE Folg Aol F molX g3 Y& Wim Ak T

100% AR FANE, A% 30% JEe] AEES wolw Atk oAE FAsHon 2 o 4
ge ouE Y. A Ba, AdfaEdel Aol WAL A AAe AAure ¥
BAAe £8el U B JFe nATn A8S P 5 A s, dolrt FHEAH

=9 Ae2 AdMATe] F§ES AsA7I= H 7@ ta dded ¢ A §Hr] wjZelth
olH g A (FAAH 23 S HS A 9l 271 AZAE o] F-9] Al e
A A7F dasty. 9 3-2-138¢] 2AEEO] §A49 AE DIl Jden, A= A
EAA R WAL E 2F 2 sld. AdwEsEd

aaEets 2 Gy 2

S
AFARAE Fdatr] AsiA 71 TG v A= G gk A7 BEEojof & d8A
2

of gtk 1Y 3-2-138% FE FANF WAL FABAY PR, FYN AFTFRA
o) RANFARAAAE 2R B AP Y FRE FRS AFEY 0GB
wEE mAold fUd FAe 274G 29ld B FAS weltd Utk odF A
S AR el A deke Autz dehtid, 4 498 ade odRdel o Auua

] (Bard, 2000), HE 4 o2 ATPE AR3:E FalE2d AANH R P-glycoproteine] wj 7i &}
= HF =A"AFF 9 MXR T-50] i, olF AEFAoAY Augt el x=FE AT
MFEW 7122 2 cytochrome P450° )3k 2 Ao BAEE A=

AdA o2 mAo] Hl] SAo] FrtstAY, A29) 5A4S fFEstnz, AAgolsgoR 49

4
L
LS
ofo
-
o
il
i)

“intracellular defense mechanism”S FAdstA drh. 2 7[4S T A= Azl a4
Ae Tod Adow HriEw, o] AN FAe Ay wAo] I B Uk &
sk A 2dA o 2 Glutathione-S-Transferaseo] 2]&| A4 w7 %= conjugation ¥WF-8-©] 9o
o, olglgh #AFL AL A% LAEH w52 dojip= whgolH o= HL AL
o Awrzel &S Ftdvy HriEY. adol: &ETskal Aol A YEhde bk 32
o] A &HAA AL AA AYE Fa A A AdE 7 AFS HAFo], AEH<
Ao de] A A= AZAALES HoAFa ok o] A= oF FA F A

UERT 9l
29 3-2-1399) AE mA% @zel gAel talA A@AelA BaPE 0, 50, 500, 5000
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ol E A7

A 713, ol &S § %359 stripping methodel 2

sto 24 BaP s=7F A4 v A

NFRDI ¥

S
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ng/g BaPOﬂ /\}-%% 11‘40] /(g%
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Larval survival (%)

60

D
o

N
o

10

Minute after exposure

20

30 60

19 3-2-138 #ZH ¥ (Crassostrea gigas)d A& U3 =4
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0.30 -
—O— Intact control
—e— 50 ppb
—— 500 ppb
—&— 5000 ppb

—

N

ol
L

—

N

o
L

0.10 -

Shell length (mm)
o
o

0.05 -

0.00 - . . . . . . .
0 2 4 6 8 10 12 14

Day after hatching

¥ 3-2-139 Larval growth of Crassostrea gigas from different
spawners stressed with different concentrations of benzo(a)pyrene for
28 days and then conditioned for maturation-induction withoutthe

chemical for another 28 days. (For the benzo(a)pyrene treatment to the oyster,

concentrations of the chemical were exposed to the spawners by "algal vectoring method”
in which the spawners were fed 3 species of algal foods grown under 4 concentrations of
benzo(a)pyrene, 0, 50, 500, and 5000ppb. Maturation of the spawners was gained by
raising temperature to 25 0.5C from the previous temperature regime of 20C. The
culture of the oyster larvae continued until first appearance of an eye-spotted larva from

any cultures.)
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0 3 6 9 12 15 18 19°
NA 5 348 275 243 199 143
500 486 (5.6) 79 (14.3
(x10") (33.4) (23.9) (12.4) (11.2) (22.1) (143)
AZEE (%) 100 97.2 69.6 55.0 46.8 39.8 28.6 15.8

42.6 199.3 218.6 246.3 2014

3% 76 (3.6) 86.0 (4.8) 97.9 (6.
) 5o (148979 60 (7.5) (8.0) (9.4) (7.8) (8.9)

4as (%) 0 0 0 0 (0) 25 (0 3201 39 (02) 42 (02) 6.0 (0.4)
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@ HIAY GEE#E) 3 E] 489 key staged] WA= #3014
1% 3-2-11402 AgetA EHAE] FAAEN g dsid S BHolFa gtk o]7]elA Con
S AA9 HItglol AMSFRIe R AMSS AE Hola Qrh. Condl A@A ALSAA 4
2 E 3119 intrinsic stressoll 93t ~Ed 2~ A= AIZEe] A el tEo] 100, 100, 89.67,
5867, 253, 18] il 43%= YELYTE  olugt A ALY A =F T SAHREH 2
ot AEe] AoldFol GEtd F Utk HolA AP oYyE HAsE] fsA FolE
st gt A3 &= ALV APelAte A o= AAA 2EH2S Adw #d

gk AP Condll HlaiA] AHAA 2Eg 25 F& oz yehta gl o2l 2E

¢

s R 533 AolE Holil Ugs Hola v 53] AFE= 75 3 100%1 A=
Ak 5 10413 o] FFE] Conell HlIs|A @A 2feo]& Hola glom (P < 001), &%= 25

[e]
'J.:!"
2 50%00 M= AFEF 20413 o] - H-E MR A Fol% Afe]E Holal glenw (P < 0.01), oV
Gk 2polE Hola vk =FA0AIZE o] = M HALste], g-euet e AFe] A9

AeletA] &S A5 A4S ALEAES Bdvds AS BHolFa 9l
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3

—o— 25%
—O— 50%
—— 75%
—0— 100%

Survival (%)
5 8 8

N
o

o
o

10 20 30 40 50
Hour after exposure

a9 3-2-140 FAE AEY w2 #rrEn RFRAA FAAd g AE
A3MA. (100% AAL elutriate A =AM Aelg EEAZD 20 gol JADHeHFE ¥
200mLE HHE T FeoA 247F WAFE §2A7 F AFH A7 T gRE s sE
7vste]l Aol &=Fo] 200mLe]l HANE WE VEoR o« QERTENEH AFoE FA
4 fojdS Role A EE URT AAV AgoR FAA o4& B (P<0.0D).
LAk Ht+ SEM.)
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@ AYdA HAHEl FAY key stagedl " A& 934
Ao AHEd HAES vAgd HAE vaA] AEo tdt Yalde> dAF s
1% 3-2-1412 HT-ST % HT-YC Azld HA=9 A= fAsids 2ol Aot F49] A
E&2 YEd HT-ST Agd AsldS =& % 10 Altel 2z 2354 100, 100, 100, 100,
100%, 20l 95, 100, 97, 94, 97%, 30l 72, 75, 37, 13, 5%, 40l 41, 15, 7, 3, 0, Z1&] 3L
500l 9, 0, 0, 0, 0% = YERTE Solgk A HT-STO 4% %7] 2023t ¥4 dx
T-oF AE ztolE HolA FdAY, 238E EAA Fod glo] ot F& AAE Ho FI
ool g A2 HT-YC AgFolX%= fFAFeA vetst. HT-YC A2 5 HT-ST A g
ToF 22 WHoewR Huds u, fsid FA= 102elA 7 s 100, 100, 100, 100,
100%, 20+l A 95, 99, 98, 96, 98%, 30+l A 72, 61, 42, 8 1%, 40-+°lA 41, 11, 3, 1, 0%,
5024 9,0, 0, 0, 0%= ettt Ao AapEAeA Held HAEo] Ay HA4
o Hlg] dA% Agads BAvs F £33 ALSS A E S (intact control)9F Z7] o=
71702 1AM FoA flAY, e FoAd glol AR dixtel vl oftF =2 X
5 Ete AMES AuEAgstd dxlddA Add ouE 7Hdn (Jo et al, 2005). AR
A3E Choy et al. (2005)9] B oAk wdd = Qvt. o]2f3t A4S FABHTA o= &
ol 5AgEo] o3 =47 54 (toxicity) ©] dASHA &the AS R &= g o]
g M S oS s iste dadte 2 AFdA AbsT AT gA A@TolN 54 F
7hehe AlA A frolst Al Srbstar Atk Aolth. thAl #El, Aol fsid e S7HA
= AEEE A 219 @4 (culture intrinsic)ol A H]EH AT B 4 3t} (Choy et
al., 2005).
A HT-ST % HT-YC Ad Aol Aol we} of3re] zol= glou,
o w Aod HAES AYHA & Tl e Fo% FAE Eoew, HT A+
v AESNAAA e 23E BRI 3-2-142). o]y gk AR s FAAW e AYH
3t HwHA B W, AW om HT Ao A= faide] sttt H7 & &

= AN Ae TAGAS AT ARl = u AAE ddst=d FAE HE ¢ des
o]

O
[e5

it
2L
o
N

WA ¢ gl 54 S3ES SHAUAGACd Soldor s v & 7] wEolth
Ao Agd A HAE diE AHYaES FAHe2 FE59 sediment elutriates
do= s, T3 A% (dilution) HAXE 25%=2 A4 2 HAA 48 HAHE]
Aol M = e e XEY EA =4 A dvkes Aotk E3 IF AAes B
& 254 (hydropHobic)o] Zstm= ApAdefel Al Aoz ole]gk 42 (dilution)el 231
LI F gle FAERE HAE AygAdEe] AAAHe wX= G mnd How H
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Aot "AGE (microtoxicity)ol tisiAlE F9 <5
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Survival (%)
Survival (%9)

0 10 20 30 40 50 0 10 20 30 40 50
Hour after exposure Hour after exposure

a9 3-2-141 AZ2<S HT-ST ¥ HT-YCE AHFHAL A HE YgaA &
%, A A9 elutriate @ AW HLE 29 5778 FF. 227 HT+ SEM
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