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SUMMARY
[. Title

Biomonitoring using squid in Korean offshore

II. Necessity and Objectivity

Common squids (7odarodes pacificus), which is a species to have
an 1 year life span and migrate around Korea peninsula, were analyzed
for three metal (cadmium, zinc and copper) and persistent organic pollu-
tants (26 organochlrine compounds, 21 polychlorinated biphenyls, 24 poly-
cyclic aromatic hydrocarbons, 3 butlytins) in order to elucidate a specific
accumulation of the heavy metals in various organs of squid with a dif-
ferent size and sex. In addition, it was needed the guideline on the long
term monitoring using squid in Korean offshore

. General Scope

- To select the specific species of squids for monitoring and the
sampling area

- To know histophysiological characteristic of squid organs

- To check characteristic accumulation of contaminants in squid or-
gans

- To biomonitor the contaminants using squid in Korean offshore

- To compile database of contaminants in squids

- To propose the guideline on the long term monitoring using squid in

Korean offshore

I'V. Results
(1) Histopathology



Ovary is characterized by an accumulation of mature eggs. The
follicle cells proliferate and form a folded epithelium, which is sur-
rounded by vascularized connective tissue. The mature testis is a com-
pact mass. It contains spermatid as well as earlier sperm stages. Liver
(digestive gland) is the largest gland of the cephalopod body. And it has
a tubular structure and contains only little connective or muscular tissue.
The tubules of digestive gland are terminally enlarged and covered with
a single-layered cylindrical epithelium with a brush border. Liver consists
of liver cells stained haematoxylin and a lot of lipid droplet with large
vacuole. Normal liver cells contain well-developed mitochondria and re-
ticulum etc. But abnormal cells of squid showed some ruptures and the
breakdown of organelle. Skin of cephalopods consists of a transparent
epidermis and underneath a dermal connective tissue layer. The epi-
dermis consists of a single layer of columnar epithelial cells and some
mucous cells etc. The dermal layer below the epidermis of the skin
have a lot of pigment cells. Gill has primary filament and secondary fil-
ament (lamellae). The following cells are identified and described: epi-
thelial cell and, mucose cell etc. Simple epithelial layer consists of squ-
amous epithelium contained nucleus. Mucous cells were AB-PAS negative
and globular in shape. The stomach has muscularis, which consists of
longitudinal and circular muscular layers. And it has an undeveloped
submucosa and a well developed muscularis mucosae. Its mucosa displays
primay and secondary folds lined with a cuboidal or columnar epithelium

and numerous acidic mucous secretory cells. The luminal surface of the



stomach has longitudinal folds. They are covered with a epithelium and
contain numerous mucous cells.
(2) Metals

Common squids (7odarodes pacificus) collected from East Sea
were analyzed for cadmium, zinc and copper in order to elucidate a
specific accumulation of three heavy metals (Cu, Cd, Zn) in various or-
gans of squid with a different size and sex and those difference in dif-
ferent offshore (East Sea and Yellow Sea) of Korean peninsular.

Sex and size of squid had no relationship with the concentration
of heavy metals in various organs. Among the organs, liver revealed the
highest level of all metals, while mantle showed the lowest
concentration. Copper was detected higher in liver and gill than other
metals due to the existence of hemocyanin containing copper in blood.
Compared to copper and zinc, cadmium had the highest ratio (L/M) of
the metal concentrations in liver versus mantle, even though it had the
lowest level in all organs than other metals, representing that cephalo-
pods constitute an important source of cadmium for cephalopod predator.
In liver with highest metal concentration among four organs of squid,
copper showed no difference among study area (EJ; Jumoonjin of East
sea, EP; Pohang of East sea, YS; Yellow sea). However, zinc concen-
trations were lower in EJ than in EP and YS, while cadium showed
much lower concentration in YS than in EJ and EP.

(3) Persistent organic pollutants
Organic contaminants such as PCBs, DDTs, HCHs, CHLs, BTs,

and PAHs were analyzed in the same samples above. Most of the organ-



ic compounds showed higher concentration in liver than the other
organs. The levels of POPs was as follows; PAHs>BTs>DDTs>PCBs»>
CHLs>HCHs. Due to the redistribution of POPs to gonad of female squid,
POPs concentrations in liver of male squid seemed to be higher than
female squid. There was no relationship between size (body length) and
OC concentrations. Although seasonal difference in POPs accumulation
were observed, further study is more required to make sure the differ-
ence significantly. Except BTs, most POPs showed significant correlation
with lipid content due to their high octanol-water partition coefficient.
The composition of DDTs, HCHs and CHLs in liver of squid suggested
that there is no current input source of POPs in this region. In mantle,
most POPs except CHLs showed significantly higher concentration in
Yellow Sea than in East Sea (Jumoonjin), while, in liver, only CHLs and

DDTs showed higher concentration in Yellow Sea.

V. Application of the Research Outputs and Expected Effects

(1) To use as scientific data to determine the reduction of discharge of
contaminants from Korea peninsula to offshore

(2) To know the status of contamination in Korean offshore as squid can
be collected anywhere around Korea

(3) To accomplish the biomonitoring system of contaminants from coastal
area to offshore through the analyses of contaminants in offshore species,

squids.



(4) To utilize as basic data to know the change on the contaminant status in
dumping sites off Korean peninsula

(5) To use as basic data in food safety assessment
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Table 2-2-2-1. Concentrations (ng/g lipid wt) of organochlorine compounds in cephalopods worldwide

Location Species Year Organs ZDDT® ZPCB* ZCHL? ZHCH* Reference
European flying squid - -
Central Adriatic (Todarodes sagittatus) 2002 Edibe 6130 249~386 Perugini et al
Sea Common cuttle fish tissue d 178~ 182 (2004)°
(Sepra officinalis) n
Broadtail squid 305~1017 338~1287
(lex coindeti) (573.1) (721.9)
Adriatic Sea Horned octopus - Liver 29~1755 370~2444 Storél(l)lo (SE' al.
(Eledone moschats) (23L.2) (709.2)
Spider octopus 66~874 432~1103
(Octopus aluti) (297.2) (667.3)
Common squid
Japan Sea (Todarodes pacificus)
Seto Sea ‘fggjg cuttle fish 1991-1993  Liver 50~310° Yamade 5t ol
: White cuttle fish
East China Sea (Sepioteuthis lessoniana)
320-1300 540-1900 68-310 34-140
West of Japan 650) (730) (125) (913)
Common squid ~ : 54-120 200-290 32-64 12-64
East of Japan (Todarodes pacificusy 199772001 Liver (95.5) (210) (53.5) Gz ~ Ueno et al., (2003
; 340-940 730-5600 150~-530 5.3-10
Sagami bay 600 (2450) (305) .8

a o

: The mean concentration of OCs is presented in parenthesis.. ° wet weight basis concentration.
: PCB = sum of CB28, 52, 101, 118, 138, 153 and 180, ZDDT = sum of p,p’ -DDE, pp’ -DDD, pp’ -DDT, op” -DDT
: ZPCB = sum of CB 8, 20, 28, 35, 52, 60, 77, 101, 105, 118, 126, 138, 153, 156, 169, 180 and 209

. ZDDT = sum of pp’ -DDT,pp’ -DDE, op’ -DDD, p,p’ -DDD, o,p* -DDT

: ZPCB = 85 peaks including 117 major congeners and isomers (Tanabe et al., 1994b)

: ZPCB = 85 peaks including 117 major congeners and isomers (Tanabe et al, 1994b), ZDDT = sum of pp’ -DDT, pp’ -DDD, p,p’ -DDE
X CHL = sum of trans-chlordane, cis-chlordane, trans-nonachlor, cis-nonachlor,oxychlordane, XHCH = sum of e¢-, -, v -HCH
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Figure 2-2-2-1. Migration route of squid (7odarodes pacificus)
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Figure 3-1-1-1. Sampling sites for squid (7odarodes pacificus)



Table 3-1-1-1. Information of squids used for this study

_ No. of No. of i
Area Size  Mantle length(cm) Tissue analysed
sample male/female
East Sea Small 7.3 (6.0~10.5) 20 no discrimination mantle, whole body
(Busan/Daema-do)  Middle 21.8 (20.5~22.3) 10 M:7 mantle, liver, stomach, gill,
F:3 ovary, testis, nidamental gland
Large 25.4 (24.0~29.5) 10 M:3 mantle, liver, stomach, gill,
F:7 ovary, nidamental gland
Yellow Sea M:22.98 (21~24.3) 20 M:9 mantle, liver, stomach, gill
(Taean) F:23.95 (22.3~26.6) F: 11
East Sea M:22.56 (21.7~23.5) 20 M: 12 mantle, liver, stomach, gill
(Jumoonjin) F:25.25 (22.7~26.7) F:8
East Sea M:22.65 (21~23.5) 20 M: 12 mantle, liver, stomach, gill
(Pohang) F:25.25 (22.7~26.8) F:8
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ZA#RFL 93 AxE Figure 3-1-2-19] Jehidch 2880
73 BEE 7 7B FAREE AR Y3t WA, LFAE AHFE-S}
o Z} 71#e SR 548 AFY F, FES e Bouin’s solutiono]
U 10% FH4x=Td {9E& AHEstd dedA nAP¥H. dxuA
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3] & (Dissection)

3 A (Fixation)

4 Al (Washing)
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gt 35 (Infiltration)

¥ v} (Embedding)
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Al 7 (Flattening)
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4 A (Washing)

|

d A (Staining)
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% ¢ (Mounting)

|

7 7 (Examination)

Figure 3-1-2-1. Histological method



a3l3 Mayer's hematoxyline 2 dFAS AAg & g3 LAqA ¥
TEoz g433E AA xyleneodld FWAPE A $ Canada
balsame.g %314t}

ERAx8n 73 (TEM)e ZARXE AFL FJ&d 3 23&
1 mi WY =7z kA A% 0.1M phosphate buffer (pH 7.2)2 5A]
71 25% glutaraldehyde &40 2 4CoA 2~4A1Zt F<9 HFIAIHAL 1
A9 =7 AW phosphate bufferz of 1083 83 A3 & 1%
osmium tetroxide (OsO)Z 4T oA 2417 I F34 sQqth. 1Fo)
Zyd %3¢ (0.IM phosphate buffer® ] 3s}lx ethanolg o] &3l AL
oA 158 7Z1AoZ WAMZ 943dted Epon 8120 Eujsiich Eujd
zAe =7 0.5 e semithin sectionz} 70 nme] ultrathin sectiong 3}
t} Ultrathin section& copper grid (200 mesh)o| -&@] uranylacetates} lead
citrate 4oz o]FFME FIHAHAERZ (EM-1200EXI, JEOL)L.
2 #F3A
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WEEAHAZN AEE -80CHdA FAAZRAIZ F RAPEES
o] &3t EEAAT FEWYP-e Canli and Atli (2003) BAH-& <F
ZF HPEtY ALEstAT AXRAR OF 0228 HF3] SHA FES
A8 a3z FAiHMerck, Germany)s g AiAHMerck, Germany)g 7zt
Z} 5ml, 1ml ¥ FH7ieted G5} LG RAAM wE] MAHHAR HEZEE
71(Teflon bomb)oll Al H#A]A 180ColA 2A17t F&3HTH o] o &
Ho] A FHIA HA AkE Woe FAELNS &AF © FHrletd
Sofo] ERad wW7A wEsgrh FE0] B3 ARE FHUEHARD A
€9L F2AU F, 0N HA3E o] &3ted ndx Z&od:d(HDPE)
oAqx HF ¥3 1mz INF F FAFESI=e TFEAY]
(ICP-AES, Optima 4300DU, Perkin Elmer, 3%=71Z3stAjdaTd)=E
ol&std AFAHAY EMsIAS w AFuick 279 ®FAF(Dolt-3,
Tort-2, National Research Council Canada) % 271¢] dlg}lA|§E 9F
of A&t L =AM BEAIAT Ft=F, 7E 2 oo EFEA

e



. F7IEEE 4
7k 1 9aAYE, RIS HE B4
A42A0l AW F/ExASFEES] B4 AA g9 494 =
o]Fo] Zck 1) §wiFE 2) AstgFvy ZZrtEa#HE 3) HPLC
A 4) 7 71EA. B2 e Figure 3-1-4-1 o] Yo
T4 Azxd 240 ARE H0CHA EA43 A F434 JEF 50
g7t EFsY FEES AAS FH 200 ml JFzavaoz 16A7 F<¢
£ Soxhlet) F&3dch F& A HAENIFES o WREEEZ
& AR Hrlste gFgg Faked AHREan. F2d vgzadg
10 ml & 2H3Y AWFFE SAHs e AL, UHAe 5712
2-3 ml $£E0E FEF H ATy APIInEIHE PA I
A ] 10 g, &Fvv 0% 28 10 g e
A 5% 23 20 g FFINMUEF 10 g €22 AP0 FAA
2 F, 329¢ BP AR Yol: 100 ml dFzaveer §3
AN §2dL FE7)|E oj&dte ¢ 1ml 2 &S § %, HPLC A
A& vt HPLC #AAgAo g WEFANSE FAT F AEFAR A
F2E FYs AR AR £Yg Berh oW ARHE oF
2 Ygzedue Aanh A/ 2 F £3de $37)2 ¥5@
F x2gdador §ujE X3 SWiAHE AgE vt A
05 ml 2 ¥&FAZ ¥ JAAZEIYRZT YR ZFLHE Frheln
Fol| JteaZetEad® uio]de] &A
NAeARFED IS EF28%E e GC-ECDY GC-MS2 ¥
gty stzzzvtEadg g HEFHE Table 3-1-4-1d] el



1 fr1F43EE B

Aol AW frI1F4eEES 42 Shim (20002)9] W&
mston, 4. AF E4ste AR IA U9 SHAR o|FoIH
(Figure 3-1-4-2) : 1) A)5¢] 4k & (acid digestion), 2) &wj3Z (solvent
extraction), 3) %3} (derivatization), 4) A (clean-up), 5) 7]7]&E 4]
(instrument analysis).

52 Az"9 240 AEE 50ml ZIzzPd JAEHH
0.5~2g¥ wo} f7|FAEAES EAser AHHT Alg7t @3 ¥
AR o] YEEZEASA tripentyltin (0.8 pg as chloride)g ¥& %
50% (viv) G4k 10ml 2o} 3087 wxdic). #x)7} Ui 0.1% tropo-

T F
¢ E50lEH. F2dE Algt 4000rpmeA 1083F A& A %
mle] {718 FE& 15ml f2 Ad@d A4 vt AQBY FE29L
ALzt olgielA 25pZ2 FFHE W7tA &9E dEEd ¥ n-¥A
2mlg o] &ujE x&3c). of7jo] 2M propylmagnesium bromideE 250

pl @3 1537 vortex= 4jojF i 2087+ A%} 0.4N 3412 4ml 3

loneol 3§ dichloromethane& 20ml ¥ i1, vortex® 43L& X 34

7bete]  wke3}z] ke propylmagnesium bromideE FA3IA)Z] Fo
4000rpmo| A 1023 A4S & #7188 v]S& 4mle] n-35E AHE-3)
o 12g &4 F284 " TG AA" ANEs AL7tE ofy
oM &S F W FEE FTFHFAZ F, URIFEZE tetrabutyltin (40
rg)S ¥ GC-FPD (gas chromatograph - flame photometric detector)=
4%t stxmzviEad s AEx214L Table 3-1-4-19) Ve AT



Table 3-1-4-1. Instrument and operating condition for analysis of
organochlorine compounds, polycyclic aromatic hydrocarbons and butyltin
compounds

Organochlorine  compounds

m Column : DB-5 30 m X 0.25 mm X 0.25 ym Film)
s Temperature Program

100C [5C/min, lmin] — 140C [1.5C/min, lmin]

— 250C [10C/min, Imin] — 300C [5min]
= Detector temp. : 300C

» Injector temp. : 275TC

m Carrier gas : 1.2 ml/min for He

» Make-up gas : 40ml/min for Argon:Methane(95:5)
= Injection port temp : 300C

s Injection mode : splitless

= [njection volume : 2 pl

= Detector : Electron capture detector

Polycyclic aromatic hydrocarbons

GC condition
s Column :DB-5MS (30 m x0.25 mm X 0.25 pm Film)

m Temperature Program :

Initial @60 C (2 min)
Ramp (6 C/min to 300 )
Final @300 € (13 min)

m Carrier gas : He 1.0 ml/min

® Injection port temp. : 300C
s Injection mode : splitless
» Injection volume : 2 pl
MS condition
» Interface temp. : 280 C
» Scanning range : 30~300 amu, 2cycle/sec
= [onization voltage : 70 eV
» Monitoring method : Selected lon Monitoring




Table 3-1-4-1 (continued)

Butyltin compounds

m Detector : Frame photometric detector equipped with
a tin mode filter for 610 nm
m Column : DB-5 (30 m X 0.25 mm X 0.25 ym Film)
= Injection :
splitless (splitter closing time: 1min), Volume - 2pul
w (Gases rate :
Helium (carrier gas & make up gas) 35ml/min
Hydrogen 170ml/min
Air 100 ml/min
Column head pressure - 28 psi
m Oven program :
Injector 250 °C, Detector 225 €

Initial temperature 50 C (held for 2min)

then 10 C/min to 150 € (held for 2min)
then 10 C/min to 280 C (held for 3min)




Freeze dried sample
Surrogate N
Standards -

Soxhlet Extraction

“ Lipid Contents
Si/Al Column Chromatography
HPLC with Size Exclusion Column
GC Internal -
Standards _
GC/ECD, MSD

Figure 3-1-4-1. Schematic diagram of analytical procedure for
organochlorine compounds and polcyclic aromatic hydrocarbons

Freeze dried sample

Surrogate N l
Standards -

Digestion with 50%(v/v) HCI

Extraction with CH,Cl, with
0.1% tropolone

l

Derivatization with
propylmagnesium bromide

l

Clean-up with Florisil
GC Internal N
Standards l

>

GC/FPD

Figure 3-1-4-2. Schematic diagram of analytical procedure for butyltin
compounds '
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el MY LFGEHHE S T AT 29 F A
FL 93 ANFATAEFATL, 19904 E9E FIN T
A AL BEEE ZAMSIHAT o] HuAd AAME JIFE F
(Class Cephalopoda)e & 29%o]™ (Table 3-2-1-1), o] Zoll& 107§9] o}

E 7M1= 3L A o] E(Order Sepiodea)mt 4F<Q A oj&(Order Teuthoidea)
a8 8709 ot E 7tRE EoE(Order Octopoda)e} 3 Eo] 3=l

sl e Ao e EEUY ¥ ¢ /7
of wel 7+9 A ojZH(Family Sepiidae)e} . %) o}=H(Family Sepiolidae)7} )
o, EFEFHU gl ALAEgE Fo] TR dods 5o
ulg} #H<tolE(Suborder Myopsida)e} 7) ¢to}E(Suborder Oegopsida)o. =
o]t HtolE e OAl EEFHY Sl 499 F3ol e E
7|3 (Family Loliginidae)7} gle.w, 7ligtel & o= thale Zagrr do
™ v @ Ao} (Family Enoploteuthidae), glodA A= u] Zo|7} 2524
o] 60%7} ¢t H¥e A2 Aoz (Family Ommastrphidae), 80%S ¥+ X
2ju] @ A o] ¥ Family Thysanoteuthidae)7} ¢lc}.
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AME o] 2 Fo] Y Aoz JAHYT AT, olFAME 42
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2ol e wmuk ol (7, 1993 A= 7, 1998, A T, 1997
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2, SR UEY 2y oflg A AN 2AE AT NEARE AE
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Table 3-2-1-1. Distribution and physiological characteristics of
the representative squids collected off Korean offshore
Ll Ea] 2XxAY A7) A2l Zlo)
&z Ao] Sepia F=0d)eh), %J%(E—* el Mg AHdl38em 15~100m
lycidas A 2L, 440
nopzte Ao Sepia =g, A tiH) %lE—(Pf—Tr—J A} HA 7S 25m~293m
appellofi e ek Fr A%h) ZHjllcm
323 Sepia ‘?}%(‘Ehﬂ) ‘QE—({Z”‘J = 2}6.5cm A5 A4S
misakiensis R
EHRHR A Sepia Q}i‘(‘a’ A8, %l%(’ﬂ g5 A 2F20cm A8 s
pardex ¢h, F2(FH 4dgh
193t e o] Sepia g0 AMslehusha ), 9= FHd20cm dat AAA
longipes FEF 94U, FF(ER 4
AvlE e Sepia 3=, dE(o)upe}s], X ul,deh 2k10cm 28 Qe
tenipes T3 Fajagt
2319 Ao Sepia A20g, A3 ﬁ ?_P) A B(E 7, }18cm 10~100m
esculenta FaAEZF Agh, 2L
2e % ﬁ £0)
Hl53he A of Sepia S0 A 39D, dE(E A e 2k10cm AX A
madokai R EEL)
Az1e. A Sepiella B2(AAh), ‘:—.JE—(E Al # j20cm 0~50m
japorica .5
LA Euprymna (A, g3, %Js'-(z% deh Hul4cm A A4
morser
FoUALA Rossia T(Fs HY %l%(%— 5 #th8cm 30~980m
pacifica «h
=393 Sepiola (A, g8, S3(8s), 4=} 28 ge 200~400m
birostrata A %‘-‘?‘;?‘Sﬂ‘l‘l) d%(17P°l
= EFAZS TR
SHEE7 Loligo A FZ dAghgeieh), ¥ Hj40cm 100m
bleekeri (A4
FEF Loligo beka @5 (A3, dR(FRA o) 7cm A4
<D, S Ak s A V&)
IRk Loligo (A, dE(FIGH 4 10~-15¢m atd
Jjaponica b, (G, 52k
WutEE 7 Loligo 5}%(‘@611 °}) ?—lw’i‘:(‘“‘ Ajalgte #d}10cm At
sumatrensis Fardshsi )
) E57) Loligo (gt Eal e 2,38 & F tf40cm 15~70m
chinensis oh), AR (FEF ), %i‘(%—zl
31,380
23 EE 7] Loligo edulis  &=(23)3h), %J%(Ew’?.f\l = # t40cm 30~170m
?.
HEZEF7 Loligo edulis ?‘lﬂ‘f(‘a‘ﬁﬂ eh, ?—J%(’ﬁ ‘a‘-r il ] t]40cm Aty o
budo S F2(F¥dM X
3By Sepioteuthis 81-%(211 —;—E_ £ z 33l g9, FHt))36cm 0~100m
lessoniana E(E& 25 e
ufl & A o] Wataseria 61:‘{-(%6]1) E(Z 22 59) b 7em 200~600m
scintillana +7]:6cm
Ao Aof Todarodes (AL, dEFAD 2] d150cm 3
pacificus :100~200m
u}:20~50m
A gln] 23 o] Thysanoteut g, dro] [ F )} 100cm 2lke] &
his rhombus 3 770cm 94
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2) 7+
Bds A wE g dAFPY] dFEYLE FHol o

(Figure 3-2-2-1, Figure 3-2-2-3, A). zt¢e] #2 Hl Y733
S A Yo 95 AYMEE FAAHI, olEL2 &£FY &
TAAG g3 A2 Ad¥gH o] 9o, haematoxylined] 3}A 4
AR AEL Ak it o] FEAG ANHeg FAEA (Figure
3-2-2-3, B,O). WA A¥IZ3H 4FEY UAEE] AB-PAS <
Axkgoz Jeldxl ftovt (Figure 3-2-2-3, D), AW S44
2S5 R4gd (Figure 3-2-2-3, E). W EAFHoz oy gdd 7t
F N g Role HAEY mAlFxe Wsle td Zo
95% o©’4-& AAste AT AAY TAZE HF Yo AALEET} =
3oge wAg A4 AHEe] qF o nF EX3H, Y T
T A=} 52 o]d gAFe] EAEL YU AEHE vEE
zgo}, A2XA T AE AV|dEsco] FEHAUGY (Figure 3-2-2-4,
A). 43 5% wute] A ZHAEE @A W AALEZE AZE A
of His] wgtom, MEA W AEiAV|BEC] 2FdHEe A& HAF
o} (Figure 3-2-2-4, B,CO). dd#, AWdL Agdd AP FHF=E7}
fREL At A} (Figure 3-2-2-4, D).
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3 eFe o g8

Aoje] FT W HREAE W upEZd A} JonH
(Figure 3-2-2-1, Figure 3-2-2-5, A), =ZA RZRH 933
AFY F Fog FEHEH, 493 vgFde g JAEd=
De9lx, AIF o de IHTo] FEH U FHIFL =ATH
o3 & o, 7IAGCZRY GFY AFIYIUE 748 vuy G
FZzolth. AFFde v Avd qiuugo 4 TEE
AAHZE LA FHE BTk JAF o 2H5FL 2HFY
Wako] 4z thg FFI5H FEIFTY F FoE FAHEU, 28F
& FAsE IAF oo WFe]l ME AZg of: gl (Figure
3-2-2-5, BO). ¥} Hal e HAZG A¥Fo] AB-PASH &
kg€ st (Figure 3-2-2-5, D), 25933 A sie 193
] & wgo] B} (Figure 3-2-2-5, D,E).
4) o}7}m

P A7 L] kg Ateld] Fa #$ 474 Lz (Figure
3-2-2-1) ¥Rz Ao Je B2 F4 AdE Az ded
(Figure 3-2-2-6, AB), Zt A9 #Hoez FXo e AFEL 71A
th 2ol N@e AIAE, HAAE Fo2 FAAH Utk AL
= Aggola gdyde H& X3 9o (Figure 3-2-2-6, C-E),
o & AB-PASe] ¥AwrE& uvehdTh stARL HAAEE EHLF
o7 FXYPeNE BAHM, AB-PASH] W3] #FHA sttt (Figure
3-2-2-6, F)
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5) )

Y& Ashpl AASE, BSE Fou Py
(Figure 3-2-2-1, Figure 3-2-2-7, A). $9 HYUFEFL uA=S
ot FHHo2 WIH] gom, BA7 FHHA @t
olth (Figre 3-2-2-7, BO. A%etEe 2837 %5 Apole]
By BYY £42Y 2HFoR WBF ARF0] i BT ofF
AUY THHL THY 2830 F dYso] glon, 5L gnzy
H 232% 8422z FANT Wz 22258 Y3 a4
FuT o T4 995l glen, Fuhe W ¢l vehdth Figure
3-2-2-7, BD). 9, 23te] JPH oz welsts FHYAFL TR
AB-PASe] ¢AdREE& HAFH} (Figure 3-2-2-7, E).






FE£E5Y F8& A7RIY wE2Y d7zbd g L38 F
74 =2 BIgE (X 234 (digestive gland), 7r3)#
(hepatopancreas) -2 1t (liveneo g wWHalgeh B dAFdxs oA
AeAole sl Mg AFHez A7Hold 33 (1993)e) & AepstA
Aol A Wy s@ge] e} o] 7S 7t (iver)o.2 HY3Hch
B AT o d7&e dFEAE ALE dele A7AE HHd
7187 (o; 2314, 73S 22 AR, ol 7MY TS
T E ¥
=1t Zo] 60 ~ 105cme] o2 A¥eAolE Arlwo] &
gEo] 1A ol ¢dgFHe] EVMEdAeH, A7t Fof ZBE FH
&AMl FEo] AFEHZAF AN ZH Mt Fa& BHS 44
Atk F¥2Aole FTF 218m ANE BYeH, £ o] zz
7, 3ntEld FAHUAG LA Holes BT 2B54mEHN FHH
dZol Z47} 3, TuiEld FAEC Z VIWEE EMENY. ATFNTEU
BAHAY RE M9 FF&EAEE Appendix 1o vrehf ot
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7  Alsex)d X 54

Z33 gyeqoldres zt 7jBdE 4AFH FH YoM F
9] HAgFo] o7t YEANE Lolry] 9t FARAS A}
o, % {3t FHolE Holx tHpr0.05). 2YHER XA,
2718 TEHRE AN dee AFRojnt ol 33 YA
NN BE A FE{YC] 200iY] BARES o8t Has ok
2005 7€ 109 IR AAANAMY Z+ =ZUPE 4 J|@EMe 7
z24& HAPHY ZZAXE Table 3-2-3-19} Fig. 3-2-3-1¢] e



Ribe=g
o) F Y= ZM(Nautilus macromphalus)®] 73%, & AW Faz
(total burden)e] AgryS A3z M (digestive gland)o] ZFH3sz Y
tHBustamante et al., 2000). £3] 7}=H& &= AW H3F9 96%, of
A 88% zEla FEE ST%E AZHd FHAT TA]
(cuttlefish, Sepia officinalis) w3 Jt=F (715%), F2]42%) 18z
o}1(40%)2] HFHES A3tde FHstPcHMiramand et al, 2006).
a8, B dd AMEE R A AT pacificus) A 71@AA Y F
Ztel Bl AR @A vetgtew, =3 FFANA A27H
&o] FAMRLA 12-1.9%)3  ¢A(0.3-10%) A
A gt EmF B A7 AREEHA deAoje ddNeEA
3 A2 FEFEE et Ad F 3 A A
< T TSI FUVILEEZY AYguE>
gt 2F A3 #EAA FEEY & IF vlE, AHVH
gqA H& FF, 2 AFE T FEFS WE V1Fe] FAR g8 &
olel gl WE FEAIOIZE YEIYA &2 Aoz #ddd. ofF
g g5 A e FFE FEEEA AAA A7t e THE FEF
9] AFd A ¢lgriMiramand and Bently, 1992; Raimundo et al.,

2004).
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Table 3-2-3-1. Concentration of heavy metal in each organ of squid
collected from East Sea (Guryong-Po) (pg/g)

Size  Tissue/Organ  Sample Zn Cu cd
small whole body 10 85 + 6.3 31+ 17 2.8 = 0.90
mantle 10 74+ 17 21473 10 % 047
medium liver 10 221 + 131 989 * 1119 198 =+ 239
gill 10 98 + 20 199 + 820 9.8 * 133
stomach 9 104 + 18 48 £+ 16.3 4.9 = 2.6
mantle 10 5 + 96 13+ 63 10 £ 0.90
midamental 2 78 +42 67 £13 017 + 005
ovary 2 135 + 11 112 + 38 010 + 0.01
testis 4 98 + 35 13+ 26 003 + 0.02
large liver 10 194 = 111 792 £ 830 155 = 109
gill 10 87 £ 20 164 £ 86 95 + 11
stomach 10 109 + 11 53 + 23 26 = 1.7
mantle 10 49 + 99 13+ 65 050 = 0.25
midamental 2 52+ 12 67 £ 17 084 % 11
ovary 2 126+ 12 60+ 06 087 + 12
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v =278 B 54
3+ Q A ol(cuttlefish, Sepia officinali)g ©1-43te] <]Fet o] u}
249 HEW8E A A7 (Miramand et al, 2006)¢] <&},
s 109 (1F920] 33cm)o] HAL o) 234 (digestive gland)of) A
=

o] 2z&EnE AA (187193, 2lanyt B F9 Fxel zokc). o] &
H23E ZegoE 4F V1L HoE 34 5t Yol Ey 37
S¥zs FPgee 22 ¢ Aokn BREHt A 5 1909 AT

o o3tH &= sG] EEste HAodE I MATLE YA
, AFA| 7] me} AR (FAR], 7Y), AT 99), FAT GL=
oAk agEg, B a7l AREHARN £ Ao (Wa 5%
of; 7.3cme 7€ AFFHJLnZ s FHHFA M Ao i
HA71E L3RS W 39 FH JFHAAN FATLE o UfERe=
FAHANY. A= B A7 AHEH 42Fo Aae FY 2o
2RE 4%, 3% d3oZ FEHAAAN, £F Ao BF FHEH
I JPAH 228 F Ue ST AT W] UAALE & F A
o olEdt dle g Q] ZVY wE FFEY FEAo)e UYEA &
£ Aoz HAdHHFigure 3-2-3-2). 2o} AAE o]&3 & A9
ME A7l & FF59 AuBAE etz ggith. (Raimundo et
al., 2004; Storelli and Marcotrgiano, 2004). 121}, Miramand et al. (2006)
o Ao Al wje}, zt ®3g {4 (hatchling), 805, BE, T DA
€ a717F 3743l bt AW S5 =7 438 SUkete Ao zRH
2 ole F3t F e ofddl F¥ ssEREH FE5S ME S22
zHITE AS & F7 AT 2Es @2 AHRUHYL 3 o
Fu Zolzt Tamzb de Ao ZAold dagle]l o= Al A
ARYaE FE59 FENRE Fiod 5P ogY=E setg
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liver and the size of squid
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Table 3-2-3-1lo] Yetdl uiel o] BE FFEHL oA 7}
F wL TEE 293 YgFRHAAN P EL FEE BAFAY FF
2 AE =279 BARIC] BF 2L 5] YERETH

T 3% ol7tudlM g FF59 v o & FEREE
HAS A& Ide FATES ALuS 9 FHEAJoldol#}
I e HLE 7HAR e, drlde FEvt AFE Utk 2y
FAFZ2ANY dRFxAME 72 FE7F 1055 me/ge o= AW 10
N 2F Z= M =& S noF9rHBustamante et al, 2000). E A
TFolMe FZHLZHE AL AASA G EA Aol 3t
2 T FEE dR2AobdY FEFo] wje Hoe Aadn 2

g

ol Bol B2t opjr] ZYYHE ¥ FEZ T} A

I FFE T A% AFHAAA M £ FEE HAE 94
= ofgolAnt. otde FE 9 A AEo|l FHded oA IFFAHY
daz2A 74 =2 F5HoAE 7182 474 a2y, F5He 3
gge zrh (Figure 3-2-3-3). ol diaE H45Yio|7|e AU
NF ZHFE AAA FE B5 3-30 wglg, oFdL 20-200 1g/ge] T
=S WolA 33 gl 2-HAAT, o FEHAE HAAH
54E dovle AeE ¢4uA At (Law et al, 199D). o]8jg 54 S
TolFEE 7S e ALE 48 WEE XL (metallothionein, MTs)
< 98 FFAEAA ASHAct (Amiard et al, 2006). 2y, F5F/
Z 5934 ATEAR BEy) (Loligo forbes)= FE| s} ol ds)



1000 ¢

G [ " o

R34 | Cnm D QO o

§ 100 E oo :;#“’?9"9' °

s g .-@. o o o A Small

N i ] " o Middle
m Large

10 I 12 v aaeal L s sl 1 2t cennl L L L 2R R
1 10 100 1000 10000
Cu («e/g)

Figure 3-2-3-3. Correlation between copper and zinc concentration in all

organs of squid

MTs7} fr=5# tHCraig and Overnall, 2003). A2 Ao BF7)9}
72 e A ojE(Teuthoidea Naef)e] w<to}=-(Myopsida Orbigny)el] X3t
Heg fFAMG AES5A4S JHTa PR e Ao EF ol 94
o EA4& e MIs7h 2] fr==A fstoset gddn. a2 3
F TRFEAANY AAFAE dolMe Lexd ok ofdel] g A
E4< 7l As 2B gE A=71Fo] EAdE g 4%
o]xt}. Bustamante et al. (2002)o] <J3ld t}d3dl FEF(Fe Ao,
F75, deAoa, #Fojme] Astdd Jt=F w:Ee vigExed
At} A (metallothionein-like protein, MTLP)#}¢] Atst@d A o)A} MTLP
L3y Jl=F Fx7t moldFE Aadte AFE ERAFUAG o2
HEH FEFFe vEEXNedHA:E ©E ™Y FE& Adeyd
(metalprotein)o] & Aoz Fa¢rt ol2d T A gisjrxE= o}
ANAE A3 #AFHA= dgtoy, LAY Jl=FES vgEXed
(10kDa -16kDa)# +AgE #A4&-& 7kxl g ufg H2 gito] 2

R

ir e



55, o] 70kDao] = @Ay AZHo A Uve AT+EHst
4 5 91 (Tanaka et al., 1983; Finger and Smith, 1987).

7IEFS B ZFA & d4E v 433 ¥ Fx3
<€ HAFU (Table 3-2-3-1. 28, T35 554 dojAMe
T2 9 ofdel Hg] & Hol4de HAFUT A da EFAXA 743
T2 FrE FAFHE 7t Uiver, L3 718 24 &35+ 952 (mantle,
M X e F=r] LME ALdsHd ot (5%, did; 3.9, 397 7 (74,
6DR T 7t=F (200, 310)0] Fato] ula] ztol] vl IFHOZ 3
= EAL ¢ 4 Utk Miramand and Bently (1992)% 23} (Eledone
cirrhosa)s} 7+ Q. Ao} (Sepia officinalis)o) Y] T-8] = olde HI£3l oz
ZFEE5E vl vlA9 Fl=Fo] 53] Tt Hlg] A3 (digestive
glandell A HFHow ZFHHe EHL Hustgoen, o of=
Bustamante et al. (1998)2 &G ENANM FEF/F7F LS TRz
7HEE olFdl & d94%8<& FIEa v Busifny £3, L2578
A FIEFQ 1o Qs AFo A Ao ek kA it
A= Y FPFHUG (Storelli et al, 2006). WHO (1989 7t=F 9
9 F3| 8444 (Provisional Tolerable Weekly Intake, PTWDE 7 pg/kg
body weight/week= A|Qt3ltt. 2 A7 AHRZRE LA o] 1hoAe]
7IEE 25 100 g/ge 2 A3 HEAFS 70 Kgo.2 7HAsH 43
of 4.9g%t A= WHOZF AJAg PTWI gholl o|2A drh. dA7A =
WellAe 240 & ol &3 AFY 437 A o] FojA A &L ]
ng FAE Ao gty #AGHTh FAvh, AFEF AR HIMEEA
LA WA of&e] I AT (o] T, 1998 A T, 1998, Mo} A,
200D 0] o]FojRa glovg, 5 AF/MTUAdNME AFARAI A

5

=8 sejste) AuE ool & Rolu.

Hol A wt=A] Fl=Fo] &



. o8 d799 FxHa

1 2pd= dFolA A HOR ZoAold HEFEE UE FF
Folo FF& FFFES vns} (Table 3-2-3-2). & FEHA
T AFzFo} Bty HlE) A3l7l (digestive gland)oll Ay =2 &9

Z5° #Afel 25 =4 FFHUD otdH Jl=FL FolH 2

(O. vulgaris$} O. bartran), F-elv Z5% 713 (L. opalescens) A 713 =
& Ex =2 Jehy o). Bustamante et al. (1998) E% oA ¢gheA
s AFE 53l 12359 FEFRE A B4Y 29 22 Folg
A Ao gEBAE FE& FEA 3lo] 184 o] Rol& B A
9 LAAEE AAH Fr, £ 2L A YodAMTRE FHFY F
w2} FEHo FFEY & srAole Fo wE HASAA we o
2A veidtn 2adg. gdutdez AXMY F5F (Folf, e
A&7} oalE (FeAojF)d Hls) B} 52 FFE FEE UEUNU
th Fo deidE AAZRFAME o= FJE L& L BIeH, o
237 5 FL FFE FEE Rolv 7|#FY FAV F FACAA AA
e Hlgo] w9tV WELEZ AlmETh AAod W JEY 7=
Tanaka et al. (1983) 3 Ichihashi et al.(2001) ¢ @371 Y3,
B AT AREHZ B 4o Aojrt dEARG =g daAME

Lt EL FEFES BAFAUTH

ir

-



Table 3-2-3-2. Comparison of heavy metal concentration in squids
according to species and geography (unit; wg/g dry weight)

Species Site Tissue Zn Cu cd Reference
N New D.G. 515-963 78-174 28-61 Bustamante et
macromphalus  Caledonia W.B. 26049 73£20 16.0+6.5 al.(2000)
Australi Finger and
N. gouldi STIN DG, 8504353 3664240 3294299 8
coast Smith(1987)
Portu,
0. vulgaris coitese D.G.  197-14600  138-3160  195-759  Raimundo
et al.(2004)
M 58.3-120 12.4-995  0.134-10.8
O. vulgaris A D.G.  1440+398  2520+705 49.8+9.97 Miramand and
Mediterrane
W.B. 150450 26070 12401 Guary
-an Sea
M 60.6+298  26.2+205  0.08+004  (1980a,b)
L opalescens M"Y DG, 2534130 539043240 8494519
California .
south M and
L. opalescens . X D.G. 460200 8,440+3,150 121+57.8 Flegal
California
cuforn 1975)
O bartrani OO b6, 1674547 1974214 287+201
coast
E. cirrhosa f}':g“s“] DG.  581£17.9  467£202 230146 pgiramand and
anne M 104397 1724102 0244001  Bentley
W.B. 234420 122411 5362109 (1992)
S officinalis ~ English D.G. 534+7.93  319+151  12.9+0.34
Cch
annel M 624098  9.09+102  008+0.02
W.B. 13446 59+1 1.34+0.03
B f th Miramand et
s officinatis ~ 2 % M DG 14004500 60010 95+5
Seine al..(2006)
T, pacificus L sq0-100  12naka et
- padtict al(1983)
Hokkaido Ichihashi et
7. pacifi ' 13-16* 2.7-34*  0.04-0.08*
pAGICUS— yapan M al.(200D)
T. pacificus East Sea This study
(small size) M 74+17 21+7.3 0.9910.47
iddi
(middle 2214131 989+1119  198+239
size)
M 56+9.6 13463 0.98+0.90
(large size) L 194+111 793+830 155+109
M 49+99 13465  0.50+0.25




uh g £X 54

Z} ZaE& dig] dgE Aolg UeAE gotry] 47 2FHd
s =okgh, wE9zr A0, 25, 75, 90%)E xAIEHc  (Figure
3-2-3-4). =3 HFaH} WEASFE Table 3-2-3-3¢), HFE=R F
T4 = oA frelgE2 Table 3-2-3-49) 29 t)

T Af, AFLAMe T3 FEIAA AP Ao
22 g, oprtEleAE Al AYGdA 2T FoAdA FEACE HAF
Atk olde A%, RTNE Azt 23 YeME S5 XA
L %S HQL, BdAME s FEIol OE AQd v 22 @S
HAZQTh o2 =g AL gFHdAe HgE Rolg RoF
A gort, opiule}t YoM E Fa EFo] & & HAL, TelA
Aol AJFe] Fe g HAFUA

el wal 2 vyt 8RN WE TE HolE Hole diE Ji=
olglx, 2o e 7+ (B3] FEA; 108 pwg/g, A3l 23 nelg. &3 =X
g 163 we/gelAwt vebgtth IdE Fa4d (R4 auid, divie §
3) Ao ME txAd ¥5F JI=FY F=v 155 198 wig (F
W3 Zzt 10ete] m@aEghe s etk (Table 3-2-3-2). a8=
et M3l FFE T2 X 7P F Aole BxFHAA Y 7t
B sxolnz X% AVEYHPANE xA4AY Jl=F AR
Fog 7I€eor & dart v AgHAH-
gl g o FFEY T2 FY AQUAME AT F

EWIE HoFo] T AMadAe ol AUAT F7F fldH
(Table 3-2-3-5). adE=2, o3t HF5Z: EF L9 AFJE 2
3 2ol AW FFEY Tx Wyl AYZ HuE el oA
B} o F2 AXNAZ AHEE F & RAETa Yzl

fr

d

ofl

Hﬂ
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Figure 3-2-3-4. Comparison of metal concentration according to sampling
area in each organ (Copper) (Center line of box means median, while
lower line and upper line of box mean 25 % and 75 % value of all data,
respectively. Lower line and upper line of error bar mean 10 % and 90
% of all data, respectively. Dot outside error bar mean data over 3

times standard deviation from average value)
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Figure 3-2-3-4. Continued (Zinc)
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Table 3-2-3-3. Average and \variation coefficients of metal
concentration according to sampling area in each organ

Cu Zn Cd
YS EP E] YS EP E] YS EP

average 7.47 10.03 9.99 66.15 81.78 65.73 017 015 016

Organ  statistic

Mantle
CV(%) 22 42 23 13 9 5 47 67 45
average 197.1 253.1 141.3 118.9 1085 128 25 28 59
Gill
CV (%) 28 30 30 23 48 12 33 30 25
average 38.2 403 46.7 78 775 1543 1.2 04 18
Stomach
CV (%) 25 40 28 63 19 17 53 38 109
average 578.1 4321 6125 197.3 323.3 348 1076 23.3 1625
Liver

CV (% 101 44 39 74 29 48 103 48 53

* EP; East Sea (Pohang), YS; Yellow Sea, EJ; East Sea (Jumoonjin),
5 CV; Coefficient of variation

Table 3-2-3-4. Significance level in the difference of metal
concentration in organ between each sampling area

Cu Zn Cd
EJ* YS* EJ YS E] YS

Mantle YS 0.03 0.00 0.75

EP* 0.03 0.99 0.98 0.00 0.90 0.95
Gill YS 0.01 0.65 0.73

EP 0.01 0.00 0.70 0.21 0.00 0.00
Stomach YS 0.88 0.99 0.13

EP 0.13 0.31 0.00 0.00 0.31 0.00
Liver YS 0.48 0.02 0.01

EP 0.96 0.32 0.00 0.85 0.11 0.00

* EP; East Sea (Pohang), YS; Yellow Sea, EJ; East Sea (Jumoonjin)



Table 3-2-3-5. Concentration of range of heavy metal in seawater
around Korean peninsula (' means average concentration.)

Area Location Concentration Reference
3 F4 3
%%L_Zf%if Cu : 1.6~5.8 (nmol/kg) FA4t. 1997
Southwest of
Cu : 0.94~2.83 (nmol/kg) Bruland, 1980
East sea
Cd : 0.005~2.988 (ug/L)
Bast sea o malor  Cu: 0.08~24.55 (ug/l) M5} o]Ql%, 1998
Zn : 0.21 ~ 35.12 (ug/L)
Cu : 0.29~0.79 (pg/L)
24kt Zn @ 0.24~1.70 (pg/L)  olUH T 1995
Cd : 0.01 (ug/L)
Changllang . 5.35-6.45 (nmol/kg) B8]k T2, 1995
Estuary
yvellow sea Cu : 1.57~9.44 (nmol/kg) gF=s]okd 74, 1988
Cd : 0.018~0.050 (pg/L)
ofikak Cu : 0.23~1.15 (pg/L)  =sFAF4, 1993
Zn @ 0.06~0.99 (ug/L)
Cd : 0.018~0.028 (ue/L)
Yellow  xjgimbzx] A9 Cu : 0.42~0.79 (pg/l) S| YATA, 1997
sea Zn : 0.37~1.66 (ug/L)
Cd : 0.52 (pg/L)
AP A Cu @ 2.09 (ug/L) o)A =, 1997
Zn : 13.65 (ug/L)
west coast u . 0.69~0.78 (ug/L)
(g 20 © 0.80~1.74 (pg/L)  old% &, 1995

Cd :

0.01~0.05 (ue/L)




4. F7129=4 (POPs) 5= 54
B A7 BAslejxl POPsE thdat ) pentachlorobenzene,
hexachlorobenzene(HCB), pentachloroanisole, 4 Z¢] hexachloro hexane
HCHs; a-,p-,7-,0-type), 7 29 chlorodanes (CHLs; «-chlorodane, 7y
—chlorodane, oxychlorodane, heptachlor, heptachlor epoxide, dis-nonachior,
trans-nonachlor), aldrin, dieldrin, endrin, mirex, endosulfan I1I, 7 Z¢] DDT
9 oA}x2  (ODTs; op-DDE, pp-DDE, op-DDD, pp-DDD,
op-DDT, pp-DDT, DDMU), 21 9] polychlorinated biphenyls
(PCBs), 3 =¢] butyltins (BTs; monobutyltin, dibutyltin, tributyltin),
24 =9} polycyclic aromatic hydrocarbons (PAHs). ¥-Alglojzl ®nE
POPs zkg+= Appendix 29} 3o vehfigich AEE W B & w5710
ng/gol’de] k& =<l HCB, HCHs, CHLs, DDTs, PCBs, PAHs, z18]: BTso|
el AAEcE E-SEE BaiAITKowrE B8 fVILEERES AW
Mol Fxet A ARl F2 FABAE RAFAo A
Ao g v Kows 7He f7IFAsRES fold oAz vdeidA] a4st
t} (Figure 3-2-4-1).
1IApdz ol AR A, 271, 22 A& oA 7 7 8%t
BE9 $=& Appendix 20 #E35ck 2 F dEAA U 23 3E 9, o}
7h], 5ol fAl 35HE @ FAIE Table 3-2-4-1 (nglg dry whz}
Figure 3-2-4-2 (ng/g lipid wt)el] Jehfich
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Table 3-2-4-1. Sample information and concentration (ng/g dry wt)
in squid of East of Korea

Size lipid

Organ Sex DDTs PCBs CHLs HCHs PAHs BTs
(Season) (%)
Whole bod
Small 0¢ body - 142 134 116 134 033 106 86
il (n®=10)
WY Mantle @100 - 124 88 885 064 055 75 16
Vantle (15 M 130 107 110 09 027 65 25
antle (n=
FF 145 720 679 112 025 59 19
. somach oo M 70 B1 285 626 211 24 &2
(Jarlg? F 531 804 558 09 025 475 15
ot , M 428 222 125 240 168 227 723
Liver (n=5)
F 449 158 116 206 629 216 97
_ M 125 107 971 215 018 141 196
Gill (n=5) n
F n.a. n.a. n.a. n.a. na. n.a. na.
M 149 540 48 114 009 63 41
Mantle (n=5)
F 141 637 541 092 042 53 67
M 839 239 150 355 218 147 26
Stomach (n=5)
Large F 710 849 540 126 039 142 25
(October) , M 536 325 206 373 109 210 87
Liver (n=5)
F 525 245 13 310 123 261 148
, M 4l2 170 751 213 945 206 227
Gill (n=5)
F 252 454 264 647 48 165 190
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various organs of squid with three different size(M; mantle, W.B.; whole

ovary, T; testis, S;

O;

G; gill, N; Nidamental gland,

body, L; liver,
stomach)
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7y 23 EXEA

ool 2L LFGEAY YA W FL AFALEA B
POPs RUBH A7l FasA o]&=Hol ok (Ueno et al, 2003a;
Yamada et al, 1997). ztolAa 2zt 31§89 Hx& PAHs (53 -294 nglg
dry wt) > BTs (17 -227 ng/g dry wt) > DDTs (158 - 325 ng/g dry wt.) >
PCBs (116 - 206 ng/g dry wt.) > CHLs (20.6 - 37.3 ng/g dry wt.) >
HCHs (1.68 - 12.3 ng/g dry wt)so2 yelgdt. {7424 3FE 5
DDTset PCBs o] 3o g2 2 =€ AZd9 L9 Suruga Bay
oA B 4] AE (crustaceans, fish, cephalopods, coastal fish) (Lee
et al, 1997)ell A Bl oy}, o A&, Gulf of Alaska, Bering
Sead| 4] 2§13 H walleye pollock (7heragra chalcogramma)E o]-&3F AT
(de Brito et al, 2002 X%E & A7 FAA A Uekstot olsh 2
o] F-Foprlo} fJaj el DDTso} PCBs sES A AFE AAZ
FE EFoRoAHAA F FjtEe] BHEASA ALHL AMEHIIY
AHdS 2 wrgeta Aok GEF Aol A ¢ PCBs AME-#HE A AlA
PCBs AMg-#e] 12%E 2A&tv] (Breivik et al,, 2002), o] F A% H]go]
AFFHoz FYso] ¥& 52 Yed Aoz wad. DDT 3%
=9 AF, WFEe ofrlo} FrlolA 20-30 Aol FAHoR ALES
FARASFAE EFstL FHolv FFRAY R0 A&EFHOZE AMRH
T Qe Ao FAHHL U (de Brito et al, 2002). 2822, FH S
o] RLEEHS WMEA PFsle FAE Ad 0] AN 2 ¥x
©] PCBs¢} DDTs H&L Fa ¥ Adoziy F 3FE] FHATH
AHEH o mE AEAY {7 S AlALE T

= T A AelM AFE 2o U] POPse] =& &
T AFB}Ed ws] AFHor Fe FIFE RYo (Table 2-2-2-1).

-
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fr



Adriatic Seadlx AFAE FHHFW H&FA9 PCBs v=v £ @7NA
EAE ZoAo] R Fro HE Hd 108 o]F =A JE
oo (Perugini et al, 2004), k=AM Fx& 28] o439 F% F
z< vehfiich (Storelli et al, 2006). Q& Az AZs Y 2
Sagamy Bay, 12]31 2{Aolel A= PCBse]l Hagtel @=e T dn
oF Zzh o 3 o} 8u) AEE HL FEE RJoW, T SFEAME
E AFAYEY & FEE BT & AFT uiek 2ol dEL
PCBe] AMxzozA 1 AMgZ (15287 - 31,124 ton)e &= AL
(2,927 - 6,142 ton)e] 5u} o]l Aoz RuHYch (Breivik et al,
2002). wepx e AT HPoA e FHFez w2 PCBs v o
Boxe e PCBs AL #S wtgsls Axz Alggch dE Sagamy
Bayel 4] DDTE& w9 && %%=(730 - 5600 ng/g lipid weight)s v}e}
WAtk o] 9L 10,000 ton o]4e] DDTE wISFsAY WAAD Fa
ol7] &4 & F=7t vehd Aoz qAZG. sARh F DDTsoA
pp’ -DDT7} A8t e g (pp’ -DDT/DDTs < 10%)z3RE HZ
9 F9& gle Aoz FaHJrt (Ueno et al, 2003a). A, dEE
o ® g& 9 e}y Zo)AMe] PCBse} DDTsEEE o3 F3A
duch dA Jyeiged, o HBEY & & Lol Fd " 5
o] #8o] F dojd F SlomE olE FFEo| Wy IHHHE o=
F39c

U A4 2 (FZA 70 g8 52 B4

AR Ay & POPs ¥5¢ xlo]2 Ry 3] 20059 79
% 104l fAE 2719 2ol AP F4HUT (Table
3-2-4-D. 240} A9 FEE AmEd, 104¢ AP A9
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POPs wx7} 7€) AP 2709 POPs ¥=XT w4 Yeut. 74
7 109 HAFE FA FeAo] AxFAA e POPs 28§ AWTZFS
Z RESY W =€ 47 o5 2ok PCBs : 291 nglg, 383 nglg ;
DDTs : 517 ng/g, 607 ng/g ; CHLs : 55.9 ng/g, 69.6 ng/g ; HCHs : 3.91
ngl/g, 20.1 ngl/g ; PAHs : 530 ng/g, 392 ng/g ; BTs : 169 ng/g, 162 ng/g.
o|g} o] F IFY H2A UxHAA9 POPs & AWFFo=E
BEF = A 93] 1098 AP o7k 74l AHE 279
i ¢ ¥& T5EE U Ao ol2d AL A Ao A
T FYsA #EHUAY 2y B AFdAME SAE £33 Y
E3NEE EMEHRHY Qi 2o Ael POPs x| g AA
H zolg FTAFHE AWl oEe] Jed, od e Re
2 F7} 9437 8% Aoz #AEJLh whdH, Ueno et al (2003a2)2]
Aol PCBsE A9k POPsel &3 AHAY FF2 gle AR
Husgen, FdatA PCBs wx9 AMZA Aold dis) AR A7
ATAY el EAstE LELLE st 4 W PCBse = W3}
0E AA=2 sAstAct

POPs¢] Ao w}& xlo]E Yolx 7] 98] DDTs, PCBs, CHLse] &
=5 Hug A% FHo] ¢HEY di =& AEFE JEieH,
HCHse= t& sgeEdes t2A dutde 23S RAFAT AgEgs
o2 FFEIHF vE 9N FIo] FARH w2 FEE Ho Fed,
olZgt AL oAl AAAx&E A4 (gonadsomatic index, GSI
BALZFF(EFTHF-BANEZTH L0 3 o= Hx MyHo|d 4
At T AN o] A AT (Baek et al, 2006)e] <3t £
AN HPeolst ARl TARE 109 Atele] 71zt B 53R
of vl ¢ALE o =2 GS e BRAFA =gt &3 A2 A



AWeteto] £ AAALRT 3 8 7 =9%th (Moon et al, 2006). o]
= FAC " gHo] F FHAA AYATt RAEe FAV} dHHL
2 B39 A AYadqAY & AWTFS 1T w POPse] AW
Z Feie] AeEEo]l gAY Ay Ao AR SHHREN,
AN E T FL2 2HAAMY Frrt 3 v FdFHoz @
Uelhgd & e ZAeE o=tk Hudson River Estuary¢] o,
Microgadus tomcods o] &% QAFdME FH Aoolie PCBs¢}
PCDD/Fs sx=7} &R Aodxe sxro 2-58 o A Jewt
(Marc et al, 2004). o]ZA FAH dFdAA £ F=7F Yede olfe
AR oM Ee XA POPsEo] thg ZFoA & (QFA4)d] HolH 7]
W Zojgln dwst4r}. Fisk and Johnston (1998)8] dAqM®= £ ¢
o A9} Zo] fFAE el WE zeolE Uedt AR o] & 33
Eo) H]3] @& BTse Figure 3-2-4-1oj A YEld ups} o] th& POPs
EAdE 2 2% B AANF T€7 108 2F 23] ¢
L e HAFAT

o. a71d % 54
HHoz Y YE F olFAME POPse &9 Ex7] A
7] Atolell FL& 4R TAZE vdepdoh A& A< el AfdE ddo
(bluefin tuna)el A ¢] POPsol] #3t AFdAM= =77 F71ge] wat
PCBs, DDTs, CHLs ¢] ®sx (ipid weight basis)= ZF7}8t4d. ol
o]& E3 =& F4& (uptake rates)d FW 4} AW A3t A}
olo] POPs7} Hyeel ==atesl 71 Alde] Hasy] wEod
(Ueno et al., 2002).

S, 20059 749l = FIAQHAA APH Ao ARG

(2



A7l wWE POPs FEE uwlwsdpd (Table 3-2-4-1), &8 2 A o]
DDTs (8.86 ng/g dry weight), PCBs (8.85 nglg dry weight), CHLs
(0.64 ngl/g dry weight), HCHs (0.55 nglg dry weight)e] Ha¥ T+,
s 27Aoje] DDTs (7¥3 10¥€9 HFzh 895 ng/g dry weight),
PCBs (8.89 ng/g dry weight), CHLs (1.04 ng/g dry weight), HCHs
(0.26 nglg dry weight) H 5=} FASEE T Ueno et al. (2003a) <A
270l A9 POPs =7} &9 Ho] (17-26cm)9} F<Jgt Aol7l e
B33k vl 9lch Bustamante et al. (2000)2] o] 9sld A=
3 & i ool F¥ 4T =g HIAH ol wE 43
3] wE AW FEESS FHee o2 WY adyE=, V&9
Ad7Zde B 47 ARERE HFo B o 199 2 3 wE 4
&8 713 deAoe FVILEEA JddAE AV (5T do], &
52 FADY BARNe] 5] LAFES WE AT W wEgsE]
wzoll, Z7le] W& POPse] v& F&FL vng ez #AdHU 3t
A, 2718 % vlad X x BTse Figure 3-2-4-2¢) Jehd AXE ot
€ POPs 33EEFAE th2A 1084 AFdE ¥ 2AoME 288
o =A JEEo

o

o

o

3

Jm

. 238 ¥=

zZ3Z o] wg& POPse] £2& A¥ry zhA 718 &L POPs
52 Yelit (Figure 3-2-4-2). duidgoz AEx o POPs:
59 & IAAL WE ARgFo] &5 POPse] FHFL Fol
Zlt}. Spaice and Hamelihk (1982)= ©J7¢] A=} (biological membrane)
ol Aol F7hgel wet XA FEY Fogol Ik K
239 ofF (Wu et al, 200129 olz} s FE-FF (Tanabe et al.,



1994b)oll M= JA] A wrgteFo] E-& ZF A POPs7t A HEHUL-
ol FIdAA SFES EEHH 54 wEd oAM= A
gteko] EL 7ro] Y% ZUEH dFe] Bo] o]gHAT} (Ueno et al,
2003a; Yamada et al, 1997). 273oje] z+ ZZF o) £2x@ DDTs, PCBs,
HCHss} Awhstekste] A@@AE 2 r’=0.90 (zX0.001), r’=0.87
(2X0.001), 1*=0.75 (X0.00D)o.2 o] ATTAE Vet 3, CHLs
= o8 ABAS Bgot (X005, B2 POPsst HlmPAL o A
Hog ve 7k 1*=0.33}¢ Vet

vl POPs 3ItE&59 2A4vl&
D odE FY9AL

8 e o] 7ho A POPso] zAu]&-& Figure 3-2-4-3¢ e}
ok % DDT 3tgke] thst DDT metabolites (DDE¢} DDD)eo] Hl=
0.55-0.66¢] W= eyt o]x ¥ DDT metabolitese] & Hl &L &
=9 9] =g DDT frdel A& ovdtt. &4, HCHs com-
pound= o)AAA F a-, F-, y- and o¢-HCHe] =zAul= ZZ
15-29%, 51-62%, 18-21%, 2-3%= 4] G-HCH7} 7} $Astgen, 87
Zd A oz Alg=HolA A technical HCHo) M9 o-, £-, 7- and
& -HCHe] z=Aulg (55-70%, 5-14%, 10-18% and 6-10%)3} 2 x}ol&
el itk Western North Pacificell A 9] MejA] A7FZATe] 9stH 7o
= ¥4 H3) «-HCHE p-HCH=Z @gA)7]e Al F8o] o} 3)
%< HCH 3989 24& dizez 2 vdstn Yot (Tanabe et
al, 1984). 18jmz Ao Ao} koA & o«-HCHe} & @-HCHY =
Aule F9 g Wl p-HCH7L doide s go| EAFS 9rsy,









ol o] dF s{¥o2 HCH compounds7} HEd F 23 Azte] 33

S-& elt) CHLso|A trans-chlordane (TC)3}frans-nonachlor (TN)¢]
Hl-& (TN/TC)&= 3.86-4.010.2 eldt}. s]%37d o2 A2l CHLs
9] WZo] Yold uwje] TN/TC ratior 0.15-0.45F =2 veh}i, AJzto]
AgsS TN & EHEAH02 A 1 vlgo] F718HA @t (Iwata
et al, 1993). 28j=2 CHLs T3 HCHs¢} viz7tR2 37 Fo2 e
3 oW Aol B ALE A
2) 279 A H

Zt2F A TBTY thAMIEo] B 2 Hls] £A #ZHALS

1}, DDTse] EXo|Ax= DDTY thARbEo] A #FEHZA ¢ko} DDT7t
TBTo] s A a8 B&Fe RAFt (Figure 3-2-4-4).






Hh B W

3 9=uolMe POPs BEsEd ExUz 2 WEASES
Table 3-2-4-2¢ UEIAIT slw¥z 7t g¢8o da] zzo
Figure 3-2-4-5¢] YR AT}.

) s=dn

71 @& FEE HQl HCBE A3t EE 3FEdA FHolx
T Al MEs 50 % ol WMEAFE RoFo] 7 sHolX TY F
o] 270 10vlalE EH3IATAE Txo Ao 433 =& AAIL
A< &4 F IA

SPSSel| A1 ¢] ANOVA FAI71HE ol&3te g Fxjolo
oA Fo4Fg Ayugitt (Table 3-2-4-3). ETHXE L& =
T3 B CHLs FFES AT ZE SHEM FalRt Aol
AFE AN § 52 FEHS RAFAUT (p<0.05). ¥HA Zhol A
+ CHLs9} DDTso| A5tk f-9g zlo]E HAFon, Futdie Fd
A FMET AsfdA o & FEHS RAFUT 2Fd g b2
A sEAIE Hole offd Hsixe Boh 22 nEo] dad AoR
aetEn AR, FHolx B AT Asjs|o] FIET FdHoR
712 GEAA ] 2= A& F UM F x2F 25 5
AN EL e B FFEL YUA

X 5% FIZA Y X3 Bohai e HZ F&3F AgLA

F

o2 93 Beijing, Tianjin 18] Hebeix]d oz XE 109E9 w47}
3 on (Wan et al, 2005), Wang et al (2005)e] 3¢ w=
e Agk F Fa diF FHAYEYRE Bohai o] dfr]E X
A9 & EA423$E (polybrominated diphenyl ethers)e] ¥%=Zkg& H

053
jﬂ



of o] A9 2qlo] 43| WS APHL YL & & YUk 2
dEz B A7e ABe Yoz By A7 BUHYS Fid 3F
199 2@ JPe 7E3 2Atelol Ba4S BHI BAF
oz BUHLt. V= FU B4 F9 POPs FFEE U@ A7
5o GRoN Al oBA TN FUstel AYZF Hli
b5 s

e s

e

2) 24 ¥u

z} POPs 3}3tE¢] xAnH|7} Figure 3-2-4-39] Yelyglt. oj&
FEE Fo| A PAHse} PAHse] %Awle zZ+zh PCBse} PAHse] 7]gd]
g 1 ZAu7E @A 2ok PCBsel 79 dntzow A83tso
FE9 FH wEt PCBsell AftE @49 AFrh utAA Hof
ZAHI7b viA A 5w, PAHse] 7 d4arld B HF7Iddd et
PAHsE o|F& 2471 FEEY 2=AvIVl vidA dd. az2g B 4
TFollA ZALEO A T s xe] PCBs¢} PAHso| 2AWIE XM E Hlas}
o2A Fag Ao fdse o FFEEY Vdo] NE FAREA
thsf Ars s gt

olgg HmE YA 21 Fof PCBs9} 24%¢] PAHse] ¥=ghs

A3 F s3] ABBAE FIAATE olEF FAS M 4ty
o8 ol AE&HXE Pearson ¥ (FEgL ¥laE xe g4il
Spearman ¥ (£9ghS ¥IAE o83t {FoFEES F3Urh Table
3-2-4-4e] wz=w 7+ ZAA9 PAHs sjHE2 F A 7]do]
A Aoz vl o, PCBs 31382 11 R RFdA A2 o
ZAHE Bo T s9d 599 PCBsel 71 lolA AolE B
At

£ .

v

t o

N



Table 3-2-4-2. Average and standard deviation of POP concen-

trations (ng/g lipid weight)

Mantle Liver Stomach

EJ YS EJ YS EJ YS

HCB 49 =05 64 + 08 22 + 102 322 + 8.6 11.0  20.3
(10 %) (13 %) (46 %) 27 %)

HCHs 43 + 16 68 = 26 40 £ 255 189 + 107 232 183
(37 %) (38 %) (64 %) (57 %)

CHLS 11 =11 11 = 14 95 =+ 22.2 669 + 216 30.7 225
(10 %) (131 %) (23 %) (32 %)

DDTs 77 + 13 361 = 219 642 =+ 227 2755 =+ 1215 1170 1700
17 %) (61 %) (35 %) (44 %)

PCBs 7% + 12 131 + 59 505 + 132 651 =+ 328 368 1422
(15 %) (45 %) (26 %) (50 %)

PAHS 215 = 77 283 = 50 480 = 316 360 + 138 1013 1008
(36 %) (18 %) (66 %) (38 %)

BTs 185 £ 91 307 = 108 617 + 1007 120 =+ 105 602 1684
(49 %) (35 %) (163 %) (88 %)

Numbers in parenthesis mean the coefficients of variation calculated
by average divided by standard deviation. EJ; East Sea Jumoonijin,
YS; Yellow Sea

Table 3-2-4-3. Result of ANOVA using
POP  concentrations between East Sea
(Jumoonjin) and Yellow Sea

p—value Mantle Liver
HCB 0.00 0.06
HCHs 0.02 0.06
CHLs 0.94 0.02
BTs 0.02 0.16
PAHs 0.03 0.29
DDTs 0.00 0.00
PCBs 0.01 0.24
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Figure 3-2-4-5. Comparison of POP concentrations between two
sampling areas (Center line of box means median, while lower line
and upper line of box mean 25 % and 75 % value of all data,
respectively. Lower line and upper line of error bar mean 10 % and
90 % of all data, respectively. Dot outside error bar mean data over

3 times standard deviation from average value)
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Figure 3-2-4-5. (Continued)
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Table 3-2-4-4. Spearman correlation in composition of PCBs and PAHs

between East Sea (Jumoonjin) and Yellow Sea

p—value Liver Mantle
PCBs 0.07 0.31
PAHs 0.04 0.81




B Ao 2A1EZ T2, FtEH, ofde] dEd FAEdd A4
A7 8Fx 7]&2 Table 3-2-5-1o] Jeld ZAAMEH Jl=F] thsfiA
% A= YA FE ofdE AQdE e FHEFT alzsids
oA 2+ %FL AFFLIFS 10-80w) (Table 3-2-3-3) =3}
e Aoz etk AR duile] 2 HA3te YFEFL J|Fo]
sz A AN AV Q= Aoz HAAT. W WHO (1989 7}
cFeo] AUF3-LAFH3A (Provisional Tolerable Weekly Intake, PTWI)
& 7 pglkg body weight/weekZ A|¢tslgc). 2 A4 AAZRE A4eH
o] ZHAM9 FI=F FEE 100 g/gez Fu HIFAFL 70 Kge=z
7R3t dFdel 49g7 AF= WHOZE AAE PTWI gkol] oj=4
gt A, & 9459 AS 2 FEVIEe] ¥a s HEes A
AstA ¥7] WE 5EF FAE oI AE &€ AL

LA

U frIedER

ZHEAHATLNA UL PCBse] tEd JUFgAMFHT
(Acceptable Daily Intake, ADD-L 90ng/kg/dayo]™, ol QAo] zZhoA
o] YRFEE 20ng/g wet wt(100 nglg dry wtat 48 80%o=
ez o T0kgel A4 A9 3F 315g oS AdAsfor 7IEA
£ @A HEZ 27o] AHAE F3 PCBsoll o3t A 9EFL gle A2
2 a5k =3 DDTADL 100 ng/kg/day)y} HCB(ADL 600
ng/kglday) 9A] 2ol AHE T 3 9F2 s Aoz ddHA
th dE FAENAY PCBs AFIHEFE7IES 05 ppmez B AT
A FRFEEE oBT W FE RAFIT



Table 3-2-5-1.

Comparison of Maximum Residue Limit of

toxic

metals in fishery products and seafood in different countries.

Fre

7

ey

=

ue
e

05 ppm QA FE 233
itol s F (Mol F ¥

A7 A

0.4 ppm (F F2)
0.3 ppm (¥ F£&
(Aajatol sl 5F, Fit

F ool ® A9

1.0 ppm (W"EFL) o3}

0.5 ppm Y¥IFAE

1.0 ppm Zde], 3z}, Wge]

% 18%

2.0 ppm ditelal)F
(A7 £3h,
WEAFHE 7FEF -
dE5dd (BE7]S),

o] (BE7)F)

15 ppm 75
1.7 ppm &, &%, 9%

0.2 ppm Yykol &

04 ppm W5l &
11F

05 pon #1425 (Al
A|2)):

15 ppm ©]=}#HF

10 ppm FE&F (W%
A <)

20 ppm HAF(BE7E)

3 ppm A&AHF
4 ppm #, %, W

0.05 ppm Y¥to]F

01 pom W3] 591 5 95

05ppm #A4HF (AZFAS
A £])

1.0 ppm o] o=l

1.0 ppm F&5F (W3

A <)




Table 3-2-5-2. Comparison of Maximum Residue Limit of POPs in
fishery products and seafood in different countries.

2eEH 22 71%

= - - -
PCBs o] F 2.0ppm
! DDT, DDE o7 5.0ppm
an Dioxins ANFH T oF gR 0.5ppm
& PCBs S48 X8 At} T o Feoh gAF’ 3.0ppm
gt Dioxins Al ol F7, Z8le B4R 0.5ppm
& PCBs 39} off, @59 @z HF, SHdFEx #4HE" 1.0ppm

T AR

w =& : http//www.cfsan.fda.gov/~ acrobat/haccpdx5.pdf
ol B. : http//www.jetro.go.jp/en/market/regulations/pdf/foodadd2004apr—e.pdf

tfok : http://food.doh.gov.tw/chinese/ruler/hygiene_standed_e. htm

Table 3-2-5-3. PTWI and PMTDI of toxic metals and POPs in
Japan

58% 198 #3183 (mghkg) #F JECFA

Elements (mg/kg bw) 8% (55kg) 4 (60kg) 27}
cd PTWI? 0.007 0.055 0.06 2003
Hg PTWI 0.005 0.039 0.043 1978

MeHg PTWI 0.0016 0.013 0.014 2003
Pb PTWI 0.025 0.196 0.214 1999
Zn PMTDF 0.3-1 16.5-55 18-60 1982
Cu PMTDI 0.05-0.5 2.75-27.5  3.0-30 1982

PCBs not established 1989

PCDDs PTMI 70" 128.3" 140° 2001

PCDFs PTMI 70" 128.3" 140" 2001

Co—PCBs PTMI 70" 128.3" 140° 2001

* pg/kg, ! Joint FAO/WHO Expert Committee on Food Additives, ?
Provisional Tolerable Weekly Intake, * Provisional Maximum Tolerable

Daily Intake
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6. 3= Q3 HA 9 BrILARYHH AFA
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HA 2AUd A2 O 542 7ok gk

D &= g3 F WA A4
(@ £4A AR 7+

Q) A Foz o g FIE
@ 1a o3t &2 4
(G LPEAL AIFER &

L)

a8z Yo} e 535 /AN, IR E Autd 43 A5
A H 2FgEAY FZol Uig ou Ar EHS T (APE EX
HEZo2 HNAAYL 240 FAME dPE FHd AHsuA
o] E4L 713 <& Q Ao), Todarodes pacificus)7t AR = At

b ZAPIZE
Ao Aoy FHL Idez A go 2R vid 2AE
AAEHE olg4ez Id¥E A8E FHY 5 ok AR, A7
of dag A7HlE skl 3d FL FHolx Sdd ¢ W Ax F3Ps}
A A% Aoz APtk 53 A HRAY 3 ddolAde] F
Aggtz A8 9EA {4l U AAQA FAARZA Al
AE 71 AaAE b 3ddl & A A FPHE A 44T Ron-

F

Jim

rﬁ-
=

t}. 2AFArY =), Asex), A, AAS
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o

g A7ans) J1Ee A7ARE Sl B L)LY
Aol HolE AW LATA FEF AN Ax A5sl FYyHE
oJFUTT FAA Holdth FAe] HAF 2HoE FIFEH F
924 2% o] 478 Aoz ARHAT Aewd YNE FIE
& Folz} vehdA @gkon}, frle el gdolNE dextolst
Hog folatA gkort, BFRNME Hol® HJFAch

qeus 346 dstdde 10 cnolge] 9dole z 2He
1§43 2ol 2719 Aol BAYC] AW M} AsE Ao
By, §71298Ad datdle A7H FAdd 42 s ool
Wal 37lo] A T =HL o§F 5 UL o= W B
Aol 1008 & Z4EAE W) 433 & HBATE BJon=, 3
g B4 AASE 09H ol 4oz & Aoz AN

2}, 3} Ay

F7IHEAL 3 2HAA dAEAE & JJeug A} F 7
T ME AL o 2Hd=Z YE & B4 A7A dFRAFHAA
of 3%t} FEEAe A {FA =(Certified Reference Material,
CRM)¢} 3tA #43te] QA/IQCE F3ystodot strh. HA AWy 2 &
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Appendix 1. Data of metal concentration in all samples analyzed during this study
Appendix 1-1. 1xpdx HEASE

Size Small Medium Large
Body Mantle Body Mantle Body Mantle
Sample No. weight (g) length (cm) Sample No. weight (g)  length (cm) Sample No. weight () length (cm)

1 21.5 10.50 1 - 21 1 - 24
2 14.6 9.20 2 - 215 2 - 25.5
3 8.60 7.30 3 - 22 3 - 24.2
4 16.6 9.10 4 - 22 4 316 26
5 14.4 8.80 5 - 20.5 5 387 25.3
6 9.91 7.30 6 - 22.5 6 248 26.2
7 8.80 7.10 7 - 23.2 7 257 25.5
8 144 8.30 8 288 23 8 304 24
9 9379 7.80 9 219 22.1 9 490 29.5
10 6.16 6.20 10 239 21 10 425 24
11 7.49 6.90
12 6.34 6.00
13 10.7 7.60
14 2.29 6.70
15 2.26 6.00
16 6.83 6.40
17 7.39 6.80
18 5.89 6.20
19 6.06 6.00
20 6.33 6.60
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Appendix 1-2. 231d s AMEAF

Area EJ YS EP
Sample No. B.W.(g) M.L.(cm) Sample No. B.W.@g  M.L.c) Sample No. B.W.g ML. (cm)

1 318 23.5 1 322 23.2 1 430 29
2 266 23.0 2 353 24.7 2 500 28
3 339 24.0 3 354 24.3 3 400 26
4 422 26.5 4 295 23.2 4 380 26
5 436 26.3 5 340 25.0 5 370 25
6 351 24.5 6 330 23.4 6 400 25
7 468 26.8 7 377 24.2 7 480 27
8 497 26.7 8 455 26.6 8 450 26
9 360 255 9 348 24.3 9 350 24
10 319 23.6 10 316 23.7 10 240 22
11 234 21.7 11 293 23.3 11 550 29
12 261 22.7 12 217 21.2 12 400 26
13 295 23.0 13 329 24.0 13 330 24
14 281 22.5 14 292 22.5 14 350 24
15 251 225 15 275 215 15 380 26
16 264 22.7 16 313 23.3 16 400 27
17 298 23.3 17 359 25.0 17 300 24
18 236 21.0 18 313 23.7 18 320 23
19 235 21.0 19 258 22.3 19 310 23
20 328 23.0 20 295 21.0 20 370 25

21 490 26
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Appendix 1-3. 1x}d =% Cu

Whote Nidamental

Sample No. Sex Mantle  Gill Stomach  Liver Ovary Testis
body gland
ERTTEES) - 182 - - - - - - -
2% i} 2 - - 918 - - - - - -
23 orujr) 3 - 93 - - - - - - -
2 ghul 4 - - 18.0 - - - - - -
B otuigy 5 - 266 - - - - - - -
BA otul} 6 - - 22.5 - - - - - -
BAF gjch 7 - 298 - - - - - - -
B guir} 8 - - 25.2 - - - - - -
A oBa gud 9 - 270 - - - - - - -
& F4 gt 10 - - 26.0 - - - - - -
S A gt 11 - 338 - - - - - - -
HAF okule} 12 - - 30.1 - - - - - -
B ohulg 13 - 582 - - - - - - -
2k ghubek 14 - - 214 - - - - - -
22 g} 15 - 756 - - - - - - -
B gruitt 16 - - 26.9 - - - - - -
B opubrt 17 - 320 - - - - - - -
B2 ¢rni} 18 - - 58.6 - - - - - -
B guit 19 - 31 - - - - - - -
B}y ohubr} 20 - - 34.2 - - - - - -
iz 1 F - 9.85 164 58.0 184 76.0 139 -
iz 2 M - 13.6 241 52.4 453 - - 15.7
tule 3 F - 153 245 37.2 587 57.2 85.8 -
% divlx 7 M - 18.7 190 65.2 1197 - - -
& dvlz 9 M - 16.9 201 63.4 520 - - 14.5
S fjulx 10 M - 20.6 364 54.3 3838 - - 11.0
ol % 12 M - 21.9 232 - 465 - - 104
03 2 F - 7.59 170 33.6 147 - - -
3 5 M - 5 52 53.2 1832 - - -
03 14 M - 4.63 132 15.1 667 - - -
ol 5 F - 12.9 293 53.9 1525 - - -
HrtE 8 F - 10.6 297 108 2692 79.1 60.9 -
ol 17 F - 28.8 222 36.2 188 55.4 60.0 -
) ouy1 F - 159 217 385 578 - - -
= & 9 M - 10.9 141 431 1403 - - -
° gy 11 F - 12.6 66.7 46.3 344 - - -
iy 12 M - 7.25 101 43.1 280 - - -
iy 15 M - 16.5 87 41.4 135 - - -
¥ 19 F - 6.43 111 82.0 548 - - -
iy 20 F - 8.26 111 39.0 234 - - -
Ny divfzeA A3
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Appendix 1-4. 1zxpd% Zn

Whole Nidamental

Sample No. Sex body Mantle  Gill Stomach  Liver gland Ovary  Testis

2F opupct - 76.3 - - - z - z -

B4 gugd 2 - - 38.5 - - - - - -

2 oruje} 3 - 48.3 - - - - - - -

2 gtk 4 - - mr - - - - - -

Bl opnpr} 5 - 815 - - - - - - -

By gtk 6 - - 805 - - - - - -

2} gupct 7 - 80.7 - - - - - - -

2} oiujc} 8 - - 85.7 - - - - - -

A B g} 9 - 87.2 - - - - - - -

5 FHgwmgL - - 86.4 - - - - - -

S 2 gugll - 86.9 - - - - - - -

B g 12 - - 79.7 - - - - - -

2 gt 13 - 94.4 - - - - - - -

B4 g 4 - - 83.6 - - - - - -

2 gt 15 - 89.3 - - - - - - -

24 gupct 16 - - 88.6 - - - - - -

22 gupet 17 - 80.4 - - - - - - -

B ouigh 18 - - 89.9 - - - - - -

B4 guptt 19 - 73.5 - - - - - - -

2 Qw20 - - 79.3 - - - - - -

dinls 1 F - 617 104 118 171 108 136 -

dnls 2 M - 637 101 110 119 - - 103

s 3 F - 69.2 109 125 136 48.0 135 -

= tulE 7 M - 594 106 100 137 - - -
2 ke 9 M - 626 112 103 207 - - 97.6
° Wrls 10 M - 560 110 109 532 - - 96.2
yrls 12 M - 59.6 107 - 128 - 94.8

Wy 2 F - 489 958 110 158.2 - - -

Wy 5 M - 463 436 986 300 - - -

Wy M - 372 895 618 325 - - -

Yol 5 F - 664 101 106 212 - - -

Yo}z 8 F - 569 109 121 205 51.5 135 -

giole 17 F - 630 857 933 65.9 53.3 118 -

2] 031 F - 527 114 119 145 - - -

& 0y 9 M - 464 968 122 444 - - -

° e 1l F - 437 488 113 269 - - -

0y 12 M - 416 753 107 243 - - -

ua 15 M - 421 647 112 75.9 - - -

0 19 F - 82 8L8 107 118 - - -

& 20 F - 420 910 901 161 - - -

Ny detzdA A
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Appendix 1-5. 1x}d = Cd

Whole Nidamental

Sample No. Sex Mantle Gill Stomach  Liver Ovary  Testis
body gland

Hab ofuiril - 2.63 - - - - - - -

F4b grujc) 2 - - 0.29 - - - - - -

B opubgh 3 - 111 - - - - - - -

B ohutc) 4 - - 0.76 - - - - - -

B4 gt 5 - 4.2 - - - - - - -

B2 ot} 6 - - 0.71 - - - - - -

B ough 7 - 3.29 - - - - - - -

2% guit 8 - - 0.4 - - - - - -

A By gulg 9 - 2.82 - - - - - - -

& A kg 10 - - 0.81 - - - - - -

S ma otpig 11 - 2.73 - - - - - - -

B otubg) 12 - - 142 - - - - - -

B otuith 13 - 3.83 - - - - - - -

B guie) 14 - - 1.65 - - - - - -

= ghule} 15 - 2.84 - - - - - - -

B2 ¢} 16 - - 15 - - - - - -

B okub) 17 - 2.08 - - - - - - -

B oupe} 18 - - 1.09 - - - - - -

B2} gkuigh 19 - 1.99 - - - - - - -

B opulo} 20 - - 1.32 - - - - - -

el 1 F - 0.11 2.55 581 38.7 0.14 0.1 -
dule 2 M - 0.14 3.49 3.64 70.5 - - 0.02

olx 3 F - 1.07 492 2.76 95.8 0.21 0.11 -

= HolE 7 M - 122 6.11 8.37 190 - - -
& ol 9 M - 12 8.33 6.18 974 - - 0.06
S diolx 10 M - 3.14 47.2 9.02 817 - - 0.02
Hex 12 M - 147 5.76 - 69.0 - 0.03

a2 F - 0.74 5.86 2.79 79.8 - - -

a5 M - 0.45 3.78 2.71 381.2 - - -

o8 14 M - 0.26 9.75 2.54 144 - - -

ks § F - 0.79 12.1 3.36 295 - - -

otz 8 F - 0.42 7.13 6.46 357 1.59 0.02 -

Wwle 17 F - 0.81 2.93 3.16 40.4 0.09 172 -

=) a1 F - 049 388 1.73 159 - - -

& a9 M - 0.38 135 1.74 249 - - -

© o 11 F - 0.37 421 431 126 - - -

g 12 M - 0.17 4.00 1.35 76.4 - - -

0y 15 M - 0.9 5.42 161 52.3 - - -

oy 19 F - 0.44 4.78 1.93 96.8 - - -

o3 20 F - 0.24 2.21 0.75 97.4 o3 - - -

HE: et A
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Appendix 1-6 2xpd %= Cu

Sample No, Sex Mantle Gill Stomach Liver
1 M 8.47 292 239 45.6
2 M 7.89 122 358 17.2
3 M 5.72 186 387 29.3
4 F 7.61 167 277 380
5 F 4.67 252 269 45.7
6 F 10.7 181 375 42.5
7 F 7.60 138 690 52.2
8 F 6.82 199 196 53.4
9 F 9.01 220 283 484
10 M 8.37 198 1038 35.3

E‘I 11 M 3.86 170 328 28.6
12 M RO6 228 G606 45.1
13 F 7.12 193 479 33.9
14 M 7.81 128 632 41.5
15 M 541 160 896 26.8
16 F 10.4 155 366 3.4
17 M 8.23 173 2873 43.1
18 M 7.38 188 471 30.5
19 M 7.26 343 519 44.7
20 M 7.06 250 281 30.7
1 M 8.39 203 272 43.8
2 ¥ 6.01 362 246 27.6
3 M 11.9 246 522 28,0
4 M 4.59 98 868 26.9
5 F 815 203 490 75.9
G F 5.64 229 394 66.0
7 M 20.7 - 210 33.8
R F 11.3 207 284 42.3
9 F 8.10 337 447 64.4
10 M 6.82 267 514 G7.2

YS 11 M 14.6 221 313 51.5
12 I 105 - 622 42,6
13 F 17.9 232 263 29.0
14 M 892 223 769 28.2
15 M 7.45 375 235 27.9
16 ¥ R.04 352 425 30.3
17 F 15.2 314 584 28.8
18 ¥ 8.67 311 721 26.7
19 F 7.86 158 254 301
20 M £.91 219 207 32.0
1 F 12.9 i 898 40.3
2 M 104 200 358 56.3
3 M 941 132 321 41.0
4 F 114 125 816 55.0
5 M 14.2 200 301 40.3
6 M 12.6 151 474 56.8
7 M 10.8 200 740 79.0
8 M 13.3 129 578 62.6
9 F 12.8 150 618 57.4
10 M 10.7 140 330 29.0

EP 1 2 .82 50 1033 389
12 M 5.39 76 502 29.5
13 M 9.25 58 1058 48.6
14 M 9.59 131 433 488
15 F 10.0 158 598 30.8
16 ¥ 905 153 6456 323
17 M 9.08 191 R58 50.4
18 M 7.53 123 287 38.6
19 M R.17 97 606 33.8
20 ¥ 6.72 162 RY0 58.1
21 9.64 143 508 52.1
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Appendix 1-7. 221 d % Zn

Sample No. Sex Mantle Gill Stomach Liver
1 M 74.6 146.63 283 239
2 M 85.0 150.6 304 358
3 M 59.3 150 247 387
4 F 0.6 143 310 277
5 F 66.5 158 276 269
6 F 75.8 147 329 3775
7 F 82.4 137 3.7 690
8 F 62.3 136 2.7 196
9 F 76.6 145 36.7 283

EJ 10 M 65.2 140 125 1038
1 M 61.2 9.6 115 328
12 M 605 9.6 165 606
13 F 62.1 98.9 129 479
1 M 68.4 91.6 134 632
15 M 68.7 87.1 121 396
16 F 542 96.8 108 366
17 M 58.5 85.3 119 2873
18 M 633 9.5 115 471
19 M 63.1 87.2 116 519
20 M 54.6 86.9 47.9 281
1 M 63.9 68 822 272
2 F 835 66.1 902 246
3 M 745 727 69.0 522
4 M 75.3 511 69.2 668
5 F 79.0 80.5 833 690
6 P 32,0 719 847 394
7 M 97.8 - 848 210
8 F 838 56.2 732 284
9 F 85.9 62.9 914 447

YS 10 M 76.4 67.6 96.0 514
1 M 76.0 68.6 79.6 313
12 F 85.4 - 685 622
13 F 86.3 148 841 263
14 M 80.2 155 938 769
15 M 86.0 157 412 235
16 F 85.5 232 65.3 425
17 F 89.5 152 707 584
18 F 82.9 147 480 721
19 F 85.9 143 87.9 254
20 M 76.0 153 86.1 207
1 F 60.6 116 162 898
2 M 64.6 137 173 358
3 M 65.8 133 148 321
4 F 65.7 119 142 816
5 M 64.0 139 165 301
6 M 63.7 129 164 474
7 M 60.1 129 199 740
8 M 684.6 158 214 578
9 F 64.6 u? 131 618
10 M 68.9 127 132 330

EP 1 F 616 90.9 160 1033
12 M 64.8 109 171 502
13 M 618 109 166 1058
14 M 66.1 121 162 433
15 F 705 134 96.0 598
16 F 72.9 137 17 656
17 M 63.6 152 171 858
18 M 66.6 115 136 287
19 M 72.0 118 160 606
20 F 67.5 135 121 890
21 F 70.2 134 149 508
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Appendix 1-8. 2xpd = Cd

Sample No. Sex Mantle Gill Stomach Liver
1 M 0.16 2.19 0.82 103
2 M 0.25 2.15 0.67 116
3 M 0.18 2.88 0.68 127
4 F 0.14 1.55 051 127
S F 0.28 2.43 0.93 155
6 F 0.1 271 0.89 69.4
7 F 0.35 4.22 248 542
8 F 01 1.88 0.78 86
9 F 0.1 2.24 0.78 179

E 10 M 0.18 2.92 149 241
J 11 M 0.15 3.31 1.66 42.7
12 M 0.1 L79 0.39 325
13 F 033 177 132 78.2
14 M 0.16 4.09 2.06 716
15 M 0.14 2.55 120 70.2
16 F 0.1 2.26 0.84 75.2
17 M 0.17 3.76 2.39 58.9
18 M 0.08 1.84 138 40.8
19 M 0.1 137 2.02 20.8
20 M 0.09 2.00 0.57 134
1 M 0.39 3.58 0.68 47.7
2 F 011 2.16 0.42 12.9
3 M 0.08 2.02 0.29 106
4 M 0.08 1.69 0.36 134
3 F 012 318 0.48 22.6
6 F 0.07 2.02 0.46 12.3
7 M 0.39 - 0.42 13.7
8 F 0.13 3.76 0.49 30.6
9 F 012 3.55 0.50 176
Y 10 M 0.22 3.98 0.79 29.3
S 11 M 015 1.85 071 39.7
12 F 013 - 0.53 38.7
13 F 0.27 3.45 0.22 314
14 M 0.13 2.39 0.32 26.9
15 M 013 356 033 26.2
16 F 0.05 153 0.28 8.29
17 F 0.07 2.09 0.23 23.0
18 F 0.07 3.61 0.20 8.56
19 F 0.09 2.21 0.32 235
20 M 0.16 3.37 0.45 28.9
1 F 0.16 34 1.33 244
2 M 014 7.99 0.94 70.7
3 M 015 4.61 L16 101
4 F 0.13 5.6 132 115
S M 0.08 5.53 1.04 84
[ M 0.12 5.64 1.68 119
7 M 0.19 7.07 10.0 206
8 M 0.19 8.69 1.62 125
9 F .18 6.39 110 116
10 M 0.28 5.24 2.27 292
EP 1 F 0.14 486 142 180
12 M 0.08 7.12 1.02 75.6
13 M 0.08 354 188 186
14 M 0.05 7.52 0.81 95.2
15 F 0.16 5.00 0.83 142
16 F 0.10 4.19 1.41 148
17 M 0.26 7.32 1.46 282
18 M 019 7.09 1.81 170
19 M 0.24 6.6 171 423
20 F 0.07 4.36 0.73 135
21 F 0.29 5.74 170 105
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Appendix 2. POPs concentration (ng/g dry wt) in the different size of squid
from East of Korea (2005)
size small medium large
organ WE M M S L G T o N M S L G
sex m { m f m f m f m f f m f m L] f m f
Tipid (%) 142 124| 13.0 145) 72 53| 428 449| 125 77.2| 124 268 123| 149 141} 84 71 | 536 525| 41.2 252
Pentac nd 0.13| 003 nd 059 021| 336 220| 0.09 na | 021 032 005 008 007) 055 017{ nd 1.62] nd nd
HCB 0.30 nd 027 033| 180 032 560 614| 037 na | 0.44 084 032| 028 0.26| 118 044{ 793 nd 506 148
a-HCH 0.13 nd 0.06 0.09| 057 nd 107 124| 018 na | 015 015 016 nd nd nd nd 091 250| 240 085
#-HCH 012 055] 011 003 nd 025 nd 403| nd na | 030 056 0.21] 0.09 009 132 nd 7.86 6.43| 447 190
7-HCH 0.08 nd 007 007| 114 nd 042 102) nd na| nd 015 nd nd 022| 08 039| 209 271| 237 0.96
&-HCH nd nd | 004 nd [ nd nd | 013 nd nd mna| 020 005 nd { nd 011 nd nd | nd 0.69| 021 118
Total HCH 033 055( 027 025 211 025| 168 629! 018 na | 065 081 038 009 042] 218 039| 109 123| 945 4.88
a ~chlordane 047 029] 034 030] 129 021 633 551| 060 na | 391 nd 036 036 033] 092 033| 127 899| 588 185
y ~chlordane 015 0.09( 017 013| 110 010 276 214( 019 na | 0.06 040 0.13] 014 012} 0.7t 036| 457 3.62| 270 093
cis-nenachior ud  01l4| 032 o0l8] 131 02t} 25 27| 046 na | 010 044 Q17| €16 013} 065 O0l4] nd 372} 281 089
trans-nonachlor 063 nd nd 043} 172 034{ 109 870| 0.78 na | 037 107 046] 036 031} 116 039} 18.2 135! 863 245
Oxychlordane 005 001| 010 008{ 019 nd 142 156| 012 na | nd 023 004] 012 004} 011 0.04] 151 118{ 092 036
Heptachlor 002 012/ 003 nd | nd Ol| nd nd | nd na{nd 008 005/ nd nd [ nd nd | 031 nd 035 nd
Heptachlor epoxide 003 nd nd nd 0.65 nd nd od nd naj 007 nd nd { nd nd nd nd | nd nd nd nd
Total Chiordane 134 064 096 112| 626 096 239 206| 215 na { 451 223 121] 114 092] 355 126| 37.2 308| 212 647
Aldrin nd nd nd nd 024 nd ad 038 nd na nd nd nd nd nd nd nd 0.47 0.59| nd nd
Dieldrin nd 015) 013 014 nd 020| 135 145) 030 na | 011 016 nd 022 021]| 0.78 023 230 254| 174 082
Endrin 0.32 nd nd nd 225 nd 267 248| 101 na | 100 151 038 nd nd 032 0.09| nd 1.69| 088 048
mirex 0.02 nd 008 003| nd nd 045 070} 007 na | nd 010 nd | 001 001} nd nd nd 053] nd 0.12
Endosutfan ) nd 011} 016 011 059 002] 123 053{ 019 nao | 018 036 034 nd 0.06] 0.06 0.04] 026 0.32| 030 0.06
endosulfan || 032 019] 016 008) nd nd | 071 nd | 025 na | 020 wd 010l nd nd fwd nd | nd nd | nd  nd
0,p’-DDE 0.81 019 028 017) 166 038| 167 231( 033 na | 0.24 097 019 028 0.11] 044 027 L10 L19| 140 060
p.p™-DDE 414 382| 524 268| 139 292| 819 479| 579 na | nd 605 L74] 299 2.84| 958 357] 11l 87.8| 565 1.20
0,p’-DDD 100 049| nd 029| 216 0.75| 583 6.83| 084 na { 077 179 069] 026 048 139 044 181 13.3| 643 163
p.p’-DDD 223 094 142 l05{ 660 117| 335 321| nd mna | 100 333 133} 088 095| 433 134| 821 626 313 886
0.p"-DDT 115 085 nd 079] 509 102| 186 124| nd na | 072 208 086/ 069 060 282 073 194 149| 128 365
p.p-DDT 456 263 313 178 734 150| 8L8 505 404 na | 151 6.14 232 nd 093] 419 171 850 57.8| nd 117
DDMU 033 014| 087 062 nd 068 nd 788| nd na | 085 213 061] 057 056 163 0.70| 9.54 8.21| 617 218
Total DDT 142 9.04| 109 737| 368 842} 223 160 110 na | 489 225 7.74| 568 6.48] 243 8.76| 327 246.| 116 27.7
CB8 026 110] 024 038 nd nd 194 404) 015 na | 065 114 034 029 032{ nd nd 4.44 9.26| nd nd
CBls nd 118} 036 036| 446 nd nd 410 nd na | 027 052 027 044 079} nd nd nd nd 387 108
828 023 061} 032 013) 311 107] 253 225) 031 na | 025 040 0.20] 011 015] 187 056) 819 476] 172 189
CB29 nd 033f nd nd | nd 020 nd 100| nd najnd 014 nd | nd nd | 018 nd fnd nd {nd 011
CB44 0.25 0.18| 011 o0l0o} 237 062| 152 191| 027 na | 0.19 037 004} 009 015| 194 0.77| 315 197| 087 086
CB52 0.40 010| 077 028| 146 03%| 871 819| 031 na | 028 117 nd | 007 018]| 068 017! 169 Ind| 342 167
CB66 0.26 0.10| 017 nd nd nd nd 151 nd na{nd 038 nd | nd nd | nd nd nd nd 185 nd
cBs? 066 0.27| 039 0.22( nd 030| 367 294 042 na | 036 1.07 035 018 0.13| 059 0.26( 543 3.75| 243 085
CBlO1 116 036| 103 043]| 192 027| 116 880 065 na | 043 178 064] 032 029| 062 024| 117 9.25| 100 207
CBI05 nd 008 nd 013 052 ndd} nd nd 172 na | 041 nd 029 010 nd 042 nd nd nd nd nd
CBl10 098 044| 059 042| 312 094] 562 403| 1.06 na | 086 173 064 034 048) L50 051| 104 7.58| 557 nd
CB118 nd 062] 101 050 nd 029} nd 208} nd na| 028 182 nd 043 040{ 091 025| 194 121| 760 224
CBl28 048 025| 045 036) 071 nd 572 nd 059 na | 061 090 045 015 014] 043 014 7.46 558( 447 1.09
CB138 229 107) 148 089} 337 055 224 180) 178 na | 0.98 294 124} 059 058] 174 070} 20.7 214} nd 3.97
CB153 109 099| 245 140] 396 0.75| 397 27.2| 166 na | 153 377 203} 115 123 274 0.83] 514 400 261 689
CB170 110 016 015 0.09{ 031 nd 213 263| 013 na | 008 030 011} 005 0.08| 023 nd 398 261| 162 038
CB180 127 070 1.06 053] 244 nd 161 120/ nd na | 028 128 063{ 037 036| 116 0.79| 218 0.10| nd 2.02
CB187 0.76 032 043 045| 076 018| nd 433[ 066 na | 037 080 034] 014 014 nd 016| 100 640| 485 119
CBIg5 603 nd | 002 001 nd nd | 213 054 001 na | nd nd nd [nd od [nd nd | od nd nd nd
CB200 nd nd nd nd [nd nd | nd nd | nd na|nd nd nd | 00l nd | nd nd | nd nd nd nd
CB206 002 nd | nd nd | nd nd | 044 048 nd na | nd nd 00l nd nd [ nd ndl| 036 0l12] 004 002
CB209 031 nd { nd nd } nd nd [ 046 072 nd na | 015 004 nd { nd nd { nd nd | 103 074] 065 0.06
Totat PCB 116 885] 11.0 6.79| 285 558| 125 116§ 971 na | 800 205 7.59| 483 b541| 150 540) 206 136 ] 751 264
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Appendix 2. Continued. (2005)

size small medium large
organ wWE M M S L G T (o) N M 5 L G
sex m f m f m f m f m f f m f m f m f m f
lipid (%) 142 124] 130 145| 72 53 | 428 449 125 77.2( 124 268 123| 149 141] 84 71| 536 525| 412 252
Naphthalene(NAP) 22 19 27 20 135 97 41 23 51 na 72 127 84 20 22 55 67 2% B 4 39
2-MethyINAP 48 43| 64 37| 485 192 88 51| 76 nd 71 126 108| 34 38| 158 183] 74 79| 68 88
1-MethyINAP 24 19| 22 11 182 59| 34 26| 41 nd 38 85 44| 16 24| 72 123| 32 59| 32 54
Bipheny! 18 nd 14 13| 81 67| 47 32| 32 nd 20 36 27| 14 15| 43 54 58 44| 29 40
2,6-DimethyINAP nd 22({nd 09|52 33|19 25| nd nd 13 22 18| 15 13 )| 34 71} 33 45| 22 32
Acenaphthylene nd nd nd nd | nd nd |22 nd | nd nd nd nd nd|nd ond | and nd |21 11| L0 nd
Acenaphthene nd nd nd nd nd nd 16 nd nd nd nd nd nd | nd nd ad nd 23 17} 08 nd
2,3,5-TrimethyINAP 72 114} 29 19| 139 81| 109 lo6! 56 nd 57 83 58| 38 36| 64 47 103 148 162 90
Fluorene 30 40} 13 13| 41 30| 63 64| 25 nd 32 37 25| L7 L7 | 24 34) 46 63| 64 41
Phenanthrene(PH) 340 203| 1L2 19.4| 29.7 17.8| 386 534 363 nd 371 545 168] 180 69 | 366 10.7| 245 455| 443 363
Anthracene(ANT) 10 05|03 04} 07 06| 49 67| 17 nd 11 17 09)04 03|05 03| 70 28} 16 06
1-MethylPH 109 54| 34 nd | 118 S5} 129 131) 150 nd | 105 174 46} 19 20| 40 21| 91 138; 159 118
Ftuoranthene(FL) 55 25| 33 38| 52 23| 451 464 47 nd 68 135 42§ 32 32| 33 35 432 599] 364 188
Pyrene(PY) 1o 15|18 08| 56 18} 117 54| 47 nd | 118 114 90| 14 13| 20 16| 116 142} 155 84
Benz[a]ANT 07 05| 05 05| 47 26} 07 11 12 nd 45 11 07106 05|19 26| 07 19} 08 12
Chrysene 16 12| 29 40] 32 18 305 371| 32 nd 22 89 32| 41 28| 41 24| 449 435] 282 137
Benzo[bJFL nd nd [nd nd{nd nd |07 nd|nd nd{nd nd nd|nd nd|nd nd |08 nd | nd nd
BenzolkIFL nd nd [nd nd |[nd nd | 04 nd | nd nd {nd nd nd|nd nd | nd nd | 03 nd | nd nd
BenzofelPY nd nd {nd nd | nd nd | nd nd| nd nd nd nd nd | nd nd[nd nd | nd nd nd nd
BenzolalPY nd nd | nd nd | nd nd [ nd nd | nd nd {nd nd ndf{nd nd|nd nd|[nd nd| nd nd
Perylene nd nd nd nd | nd nd [ nd nd | nd nd nd nd nd|nwd nd | nd nd | nd nd | nd nd
Indeno(1,2,3-cdIPY nd nd nd nd [ nd nd | nd nd | nd nd nd nd nd|nd od}nd nd | nd nd | nd nd
Dibenzofa,RIJANT nd nd | nd nd|[nd nd|nd nd| nd nd|nd nd nd|nd ndfnd ndfnd nd | nd nd
Benzolghilperylene nd nd nd nd | nd nd |04 nd | nd nd | nd nd nd fnd nd ] nd nd§nd nd nd nd
24 total PAHs 106 75 65 59 294 175 227 216{ 141 nd 169 275 151 63 53 147 142 210 261} 206 165
16 total PAHs 78 50 49 50 188 127 184 179} 105 nd 138 222 121) 49 38 106 92 171 210} 159 123
MBT 1 nd nd nd | nd nd | 23 12 nd nd [ nd nd nd | nd nd | nd nd |8 12 nd nd
DBT 36 nd nd nd nd nd Is 38 nd nd nd nd 12 nd nd nd nd 26 38 43 25
TBT 39 16 25 19 42 15 55 47 196 nd 17 2 18 a1 67 % 25 53 98 184 165
Total BTs 86 16 25 19 42 15 723 97 196 nd DY ] 31 41 67 2% 20 87 148 | 227 190

140 -



Appendix 3. Data of POP concentration (ng/g lipid weight) in all samples
analyzed during this study (East Sea, liver) (2006)

Location EJ (liver)
Sample 1D 1 2 3 4 5 6 7 8 9 10
Lipid (%) 27.1 32.0 213 3L6 32.0 23.0 50.4 28.1 42.0 43.0
mantle length (cm) 23 22.6 25 22.5 23 21.2 22.5 22 22.5 22
body weight (@) 252 275 348 265 292 257 271 251 273 242
sex male female female male female male male male female male
Pentachlorobenzene 13.0 0.00 0.00 24.3 11.3 9.39 0.00 0.00 0.00 -
HCB 134 23.7 224 14.0 32.2 3.23 33.7 215 299 -
Pentachloroanisole 6.25 6.75 4.46 238 327 2.45 9.67 0.00 12.2 -
a-HCH 3.90 3.98 6.58 311 20.2 22.7 16.1 2.34 112 -
b-HCH 85.2 0.00 0.00 0 0.00 112 219 190 35.0 -
r-HCH(Lindane} 8.81 105 10.2 185 14.2 0.00 0.00 179 8.03 -
d-HCH 0.00 0.00 2.24 3.68 213 110 274 221 2.19 -
Total HCH 97.9 14.5 19.0 25 36.6 4.9 40.7 244 56.5 -
a-chlordane 274 29.1 373 301 339 643 37.0 439 336 -
r-chlordane 156 122 9.04 127 16.1 3.03 144 18.7 164 -
Oxychlordane 0.00 231 2.86 132 3.98 136 3.16 340 3.39 -
Heptachior 0.00 0.00 0.00 0.00 0.00 7.23 15.6 0.00 0.00 -
Heptachlor  epoxide 0.00 0.00 0.00 0.00 1.89 117 0.00 0.00 0.00 -
cis-nonachlor 115 14.0 8.32 144 9.72 0.00 831 8.23 111 -
trans-nonachlor 26.2 387 216 456 36.1 7.98 40.3 46.7 40.5 -
Total CHL 80.8 96.3 79.1 104 102 50.0 119 121 105 -
Aldrin 5.53 3.96 3.76 1.68 0.00 0.00 137 3.28 147 -
Dieldrin 18.8 11.0 8.36 11.6 164 7 12.9 12.3 132 -
Aldrin+Dieldrin 24.3 15.0 12.1 13.3 164 7 14.3 15.6 14.7 -
Endrin 0.00 5.86 10.7 0.00 20.3 106 10.1 11.6 14.8 -
mirex 141 1.22 0.00 1.49 1.05 2.21 0.21 0.00 0.45 -
endosulfan i 6.03 271 3.65 5.56 431 144 1.76 2.36 114 -
o,p’-DDE 2.37 1.96 1.96 446 114 23.3 2.29 345 153 -
p.p’-DDE 155 327 164 331 254 515 237 352 314 -
o,p’-DDD 26.8 90.2 57.1 38.9 90.8 1.24 70.5 102 748 -
p.p’-DDD 115 323 197 180 282 72.7 185 274 236 -
o.p"-DDT 489 108 0.00 1060 155 12.0 0.00 0.00 19.7 -
p.p’-DDT 165 0.00 2.78 374 0.00 79.3 0.00 883 135 -
DDMU 45.7 328 435 106 84.3 6.29 17.9 17.3 218 -
Total DDT 558 786 466 1040 729 246 513 757 681 -
CB18 0.00 0.00 12.9 15.7 15.3 0.00 16.2 29.6 4.69 -
CB28 10.6 124 15.6 0.00 22.6 39.3 22.6 36.1 8.43 -
CB29 314 0.00 0.00 0.00 0.00 0.95 1.20 0.00 154 -
CB44 45.0 17.7 28.2 22.2 348 4.07 114 26.2 184 -
CB52 0.00 60.8 38.2 58.7 8lL2 32.8 0.00 58.5 245 -
CB66 101 495 721 40.2 280 24.9 223 0.00 270 -
CB87 0.00 10.6 144 14.0 0.00 237 8.03 145 126 -
CB101 16.2 19.6 285 279 26.5 99.8 384 424 24.9 -
CBLOS 0.00 0.00 155 0.00 0.00 0.00 6.27 0.00 114 -
CB110 199 282 29.3 276 274 338 211 32.3 26.2 -
CBl18 325 346 34.2 58.0 35.2 433 315 524 472 -
CB128 115 11.0 10.3 231 13.9 0.00 7.97 152 15.6 -
CBl38 29.0 514 432 85.0 484 10.9 405 754 76.8 -
CB153 68.5 101 .66.7 90.5 875 177 81.7 148 111 -
CB170 2.08 8.31 8.44 7.53 344 0.00 531 572 712 -
CB180 30.9 58.0 25.7 546 38.1 8.69 389 5838 515 -
CB187 9.59 188 155 144 16.4 0.00 8.68 218 17.8 -
CB195 2.50 0.00 353 0.00 0.00 0.00 0.00 0.00 0.00 -
CB200 2.30 0.00 0.00 041 0.00 29.2 0.00 0.00 0.00 -
CB206 0.66 0.65 138 2.10 153 0.00 0.00 0.00 0.00 -
CB20% 32 0.00 0.00 422 481 0.00 2.66 134 319 -
Total PCB 388 594 464 546 737 339 365 618 490 -
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Appendix 3. Continued. (East Sea, liver) (2006)

Location 8 (7D

Sampile ID 1 2 3 4 5 6 7 8 9 10

Lipid (%) 27.1 32.0 213 316 32.0 23.0 50.4 28.1 42.0 43.0
mantle length (cm) 23 22.6 25 22.5 23 21.2 22.5 22 22.5 22
body weight (g) 252 275 348 265 292 257 271 251 273 242

sex male female female male female male male male female male
Naphthalene(NAP) 146 65.6 57.6 176 45.6 82.8 38.1 57.7 36.3 -
2-MethyINAP 89.7 316 131 132 6.04 8.86 23.6 49.9 13.7 -
1-MethyINAP 122 215 179 520 16.9 136 425 241 14.8 -
Biphenyl 125 6.57 515 13.7 6.51 7.40 6.92 8.21 4.67 -
2.6-DimethyINAP 3.30 3.16 4.99 9.23 3.97 5.04 1.96 198 174 -
Acenaphthylene 3.50 310 2.30 2.98 4.49 5.54 1.88 6.67 3.09 -
Acenaphthene 214 222 344 344 1.94 2.07 197 2.53 139 -
2,3,5-TrimethyINAP 9.63 16.6 9.03 2.21 7.40 115 8.04 10.3 6.35 -
Fluorene 118 6.07 8.74 111 6.82 7.98 1.75 6.36 7.15 -
Phenanthrene(PE) 20.8 318 325 245 27.8 21.7 321 38.1 331 -
Anthracene(ANT) 7.29 '9.10 5.78 8.86 13.8 11.0 9.57 228 123 -
1-MethylPE 4.16 7.50 7.48 5.85 6.87 8.45 7.25 13.6 7.90 -
Fluoranthene(FL) 548 68.8 70.6 87.8 70.1 66.2 654 117 78.0 -
Pyrene(PY) 76.3 19.5 316 69.6 211 159 116 29.6 22.4 -
Benzla]ANT 3.50 375 107 2.70 4.82 3.96 177 3.29 178 -
Chrysene 86.2 60.7 113 174 236 70.7 107 147 95.1 -
BenzolbIFL 1.26 1.25 1.64 1.40 5.05 1.08 0.74 2.23 0.98 -
BenzolkJFL 0.44 0.59 0.44 0.45 2.03 0.47 0.22 0.79 0.26 -
BenzolelPY 0.49 0.38 0.95 0.70 2.83 0.00 0.27 047 0.14 -
Benzola]PY 0.39 0.13 0.28 0.00 0.56 0.32 0.14 0.00 0.13 -
Perylene 0.37 36.0 1.61 0.00 1.63 114 0.32 9.92 0.34 -
Indenol1,2,3-cdIPY 0.00 0.22 0.28 0.00 0.33 0.23 0.08 0.23 0.14 -
Dibenzola,hJANT 0.30 0.34 0.00 013 1.03 0.38 0.15 0.25 013 -
Benzolghilperylene 1.23 0.91 0.00 0.57 0.50 4.02 0.09 2.95 0.46 -
Total PAHs 647 397 399 1238 494 356 369 556 342 -

MBT 131 0.00 0.00 344 0.00 0.00 0.00 0.00 - 0.00

DBT 309 0.00 0.00 590 0.00 0.00 0.00 0.00 - 0.00

TBT 1581 448 296 1767 94.9 162 24.8 120 - 841

Total BTs 2021 44.8 296 2701 94.9 162 24.8 120 - 84.1
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Appendix 3. Continued. (Yellow Sea, liver) (2006)

Location YS (liver)
Sample D 1 2 3 4 5 6 7 8 9 10
Lipid (%) 478 34.2 58.4 50.2 32.0 62.0 27.8 28.3 38.6 454
mantle length (cm) 278 215 24.2 24.7 24 25.7 26.2 25.5 24.5 24.2
body weight (g 502 467 328 370 326 360 385 372 364 322
seX female female female female female female female female female female
Pentachlorobenzene 44.0 26.4 ~ - 0.00 11.40 5.75 0.00 - 0.00
HCB 36.9 38.3 - - 32.5 39.6 14.1 32.2 ~ 32.0
Pentachioroanisole 6.16 3.08 - - 4.76 8.57 0.00 0.00 - 5.36
a-HCH 0.00 243 - - 0.00 6.82 0.00 6.25 - 0.00
b-HCH 0.00 0.00 - - 0.00 0.00 25.7 0.00 - 0.00
r-HCH(Lindane) 233 159 - - 0.00 134 6.96 7.34 - 20.6
d-HCH 0.00 263 - - 0.00 0.00 2.21 0.00 - 0.00
Total HCH 23.3 21.0 - - 0.00 20.2 34.9 12.6 - 20.6
a-chlordane 198 18.2 - - 28.2 145 274 27.0 - 20.5
r-chlordane 109 7.08 - - 10.3 7.49 3.90 15.4 - 5.84
Oxychlordane 0.00 4.22 - - 0.00 6.55 0.00 0.00 - 0.00
Heptachlor 246 0.00 - - 0.00 0.00 0.00 0.00 - 0.00
Heptachlor epoxide 0.00 0.00 - - 0.00 0.00 0.00 0.00 - 0.00
cis-nonachlor 6.46 6.79 - - 9.55 5.38 5.74 10.0 - 0.00
trans-nonachlor 24.6 19.9 - - 54.9 235 16.6 38.0 - 17.0
Total CHL 64.2 56.1 - - 103 57.4 53.7 90.4 - 43.3
Aldrin 4.07 154 - - 1.48 0.99 241 6.71 - 481
Dieldrin 8.99 9.67 - - 10.6 10.3 9.19 12.4 - 8.09
Aldrin+Dieldrin 13.1 11.2 - - 12.0 11.3 11.6 19.1 - 12.9
Endrin 0.00 0.00 - - 0.00 0.00 0.00 0.00 - 0.00
mirex 2.14 0.67 - - 445 1.67 2.18 5.17 - 1.09
endosulfan Il 0.38 2.44 - - 0.00 0.00 0.00 0.00 - 0.00
o.p’-DDE 30.2 18.3 - - 337 27.1 8.65 68.1 - 30.0
p.p-DDE 612 564 - - 1613 726 635 1789 - 628
o,p’-DDD 175 161 - - 549 234 151 566 - 176
p.p’-DDD 859 866 - - 1274 515 1031 1208 - 925
o,p’-DDT 113 58.3 - - 774 4.1 354 135 - 77.6
p.p™-DDT 391 175 - - 545 249 146 666 - 277
DDMU 70.6 50.2 - - 223 59.4 59.9 279 - 83.3
Total DDT 2251 1893 - - 4314 1854 2067 4711 ~ 2197
CBI8 59.8 0.00 - - 2.76 0.00 0.00 0.00 - 0.00
CB28 141 124 - - 24.2 0.00 9.31 0.00 - 16.0
CB29 0.00 0.00 - - 0.00 0.00 0.00 0.00 - 0.00
CB44 8.27 6.53 - - 22.9 117 18.1 40.1 - 121
CB52 23.8 20.9 - - 476 19.0 13.7 132 - 59.7
CB66 438 424 - - 129 25.6 66.4 302 - 46.3
CB87 9.71 134 - - 228 16.1 11.2 194 - 8.98
CBl101 245 22.3 - - 60.0 29.7 211 43.0 - 16.2
CB105 4.4 0.00 - - 18.7 5.88 0.00 22.0 - 0.00
CB110 15.8 18.3 - - 435 17.1 195 48.9 - 0.00
CB118 335 385 - - 84.6 34.1 314 62.5 - 22.3
CB128 8.61 5.32 - - 16.0 7.68 5.86 194 - 6.52
CB138 429 371 - - 110 487 38.7 81.2 - 25.2
CBI153 109 90.5 - - 174 93.6 73.7 146 - 61.5
CBI170 5.89 321 - - 138 570 6.06 113 - 2.63
CB180 114 169 - - 307 84.0 167 171 - 76.8
CB187 12.3 9.14 - - 28.9 12.7 8.92 258 - 9.14
CB195 0.00 1.04 - - 274 1.06 157 3.90 - 0.00
CB200 134 0.00 - - 0.00 0.00 0.00 0.00 - 0.81
CB206 1.03 167 - - 235 0.00 145 3.06 - 134
CB209 131 2.38 - - 346 1.54 5.58 4,54 - 3.03
Total PCB 534 494 - - 1113 414 500 1136 - 369
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Appendix 3. Continued. (Yellow Sea, liver) (2006)

Location A& )
Sample ID 1 2 3 4 5 6 7 8 9 10
Lipid (%) 47.8 4.2 58.4 50.2 32.0 62.0 278 28.3 38.6 454
mantle length (cm) 27.8 27.5 24.2 24.7 24 25.7 26.2 25.5 24.5 242
body weight (g) 502 467 328 370 326 360 385 372 364 322
sex female female female female female female female female female female
Naphthalene(NAP) 24.3 245 154 594 56.5 195 414 644 25.0
2-MethyINAP 291 2.60 5.65 6.87 5.33 19.1 8.07 36.1 5.58
1-MethyINAP 447 7.45 6.38 9.30 20.0 408 14.6 28.3 5.79
Biphenyl 4.52 4.64 2.06 2.96 6.37 2.70 383 8.09 4.69
2,6-DimethyINAP 213 141 1.79 1.65 1.98 1.44 133 2.33 118
Acenaphthylene 2.95 2.05 212 284 4.02 367 2.55 384 339
Acenaphthene 112 1.20 2.23 111 3.02 1.65 1.00 215 1.39
2,3,5-TrimethyINAP 10.2 6.44 757 6.93 6.05 5.79 5.28 9.41 8.52
Fluorene 138 7.30 149 141 793 6.68 4.28 6.60 129
Phenanthrene(PE) 344 26.1 4.2 36.1 28.2 26.7 226 311 301
Anthracene(ANT) 8.05 8.95 7.53 5.69 25.9 6.82 8.23 18.2 4,90
1-MethylPE 186 135 12.7 17.0 16.0 131 8.00 17.8 111
Fluoranthene(FL) 144 119 93.5 118 122 102 89.8 138 105
Pyrene(PY) 36.4 334 22.7 346 424 28.0 815 413 256
Benz[a]ANT 848 3.27 19.2 27.3 4.00 192 8.07 5.33 4.30
Chrysene 771 93.6 734 85.6 68.1 84.7 61.7 99.6 89.0
Benzofb]FL 0.60 142 0.64 0.81 112 0.59 178 160 2.49
BenzolkIFL 0.00 0.61 031 0.31 0.41 0.27 0.55 0.31 0.38
BenzolelPY 0.16 0.95 0.50 0.36 0.84 0.35 0.93 0.42 0.85
BenzolalPY 0.00 013 0.42 0.13 0.22 0.06 0.00 0.66 0.33
Perylene 7.30 6.97 0.00 0.00 123 0.19 0.88 10.6 56.6
Indenol(1,2,3-cdIPY 0.00 0.13 0.22 0.15 0.00 0.13 0.00 0.00 0.09
Dibenzo{a,hJANT 0.15 0.13 0.00 0.15 0.00 0.00 0.21 0.00 0.00
Benzolghilperylene 011 0.13 0.63 0.19 0.37 0.13 0.74 0.47 0.11
Total PAHs 402 366 324 431 423 367 367 526 400
MBT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
DBT 351 0.00 0.00 98.6 0.00 0.00 50.5 58.4 0.00
TBT 415 64.3 89.3 126 0.00 320 120 80.5 0.00
Total BTs 76.6 64.3 89.3 225 0.00 320 171 139 0.00
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Appendix 3. Continued. (East Sea, mantle) (2006)

Location 3 @5 =3
Sample ID 1 2 3 4 5 6 7 8 9 10 €3]
Lipid (%) 14.2 154 15.1 15.1 16.9 15.9 15.0 15.5 11.8 15.3 5.75
Pentachiorobenzene 2.09 0.90 1.38 135 1.61 157 1.50 1.96 197 1.29 0.00
HCB 482 5.06 4.68 5.85 4.15 4.38 5.09 4.45 5.63 4.80 110
Pentachloroanisole 1.66 1.85 2.32 161 1.61 147 2.21 175 2.05 2.08 7.51
a-HCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b-HCH 3.99 5.87 2.79 6.45 2.53 2.74 2.63 215 2.72 2.94 232
r-HCH(Lindane) 0.86 0.84 0.57 0.45 0.87 1.03 101 0.96 0.72 0.00 0.00
d-HCH 0.00 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total HCH 4.86 7.20 3.36 6.90 3.40 3.77 3.64 311 3.45 2.94 232
a-chlordane 3.83 4.02 3.93 3.70 385 4.22 414 3.94 474 443 120
r-chlordane 153 162 2.08 213 0.00 2.25 211 137 219 179 6.68
Oxychlordane 0.00 1.05 0.73 0.00 0.00 0.41 0.40 0.31 0.45 0.41 0.00
Heptachlor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Heptachlor epoxide 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00
cis-nonachlor 1.26 1.65 1.29 141 118 174 138 132 127 119 0.00
trans-nonachlor 2.68 3.65 2.69 329 3.77 3.78 321 346 354 268 120
Total CHL 9.29 12.0 10.7 10.5 9.02 124 11.2 104 12.2 10.5 30.7
Aldrin 157 1.29 1.18 1.61 1.70 1.37 1.89 1.81 1.29 0.98 27.2
Dieldrin 0.00 0.00 3.10 2.21 211 2.24 2.10 146 2.08 2.04 0.00
Aldrin+Dieldrin 157 129 4.28 3.82 3.81 3.62 3.99 3.27 337 3.02 27.2
Endrin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mirex 0.00 0.20 0.00 0.00 0.07 0.19 0.00 0.17 0.26 0.00 0.00
endosuifan I 2.34 197 151 2.45 1.98 211 2.03 1.97 231 117 0.00
o,p'-DDE 177 191 148 1.96 2.49 2.66 2.45 2.23 241 3.09 7.21
p.p’-DDE 36.6 454 326 42.6 394 58.8 40.0 42.0 49.3 315 222
o,p’-DDD 3.94 216 339 3.38 3.23 4.05 413 3.99 4.74 3.93 675
p.p'-DDD 2.58 0.00 3.29 1.40 1.67 3.95 317 172 434 447 334
o,p’-DDT 7.85 7.99 6.51 7.33 7.42 10.7 7.58 6.24 7.94 7.49 949
p.p-DDT 3.05 0.00 4.65 0.00 0.00 5.71 0.00 0.00 9.05 3.90 128
DDMU 14.0 15.6 125 18.2 18.1 19.0 15.7 165 18.1 15.2 316
Total DDT 69.8 73.0 64.4 74.8 72.3 104 73.0 72.7 95.9 69.5 1170
CBI8 0.00 0.00 0.84 0.00 0.00 121 0.46 121 181 124 5.93
CB28 224 2.78 1.68 3.32 3.30 3.39 193 190 2.50 27 146
CB29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CB44 7.03 9.23 9.30 10.4 9.87 8.74 8.87 7.32 8.27 6.51 145
CB52 2.46 2.24 3.88 3.42 4.71 391 3.05 174 1.66 1.36 438
CB66 20.9 219 22.6 278 11.8 10.8 17.3 0.00 19.0 17.0 0
CB87 0.00 0.00 0.00 0.00 0.00 5.29 0.00 2.97 0.00 0.00 0.00
CBl101 0.00 0.00 2.59 3.38 3.85 3.96 2.54 2.30 324 199 144
CB105 0.00 1.55 132 2.16 1.70 0.00 0.00 172 0.00 0.00 0.00
CB110 345 2.48 3.27 4.01 364 511 3.27 3.72 4.37 2.80 54.2
CB118 2.76 381 3.70 4.85 391 6.69 391 4.40 5.49 3.40 158
CB128 167 188 2.04 196 2.20 3.06 2.24 2.28 3.20 2.05 320
CB138 5.39 7.33 5.35 6.99 6.83 9.43 6.05 6.16 9.09 5.42 0.00
CB153 11.0 16.0 117 15.4 12.0 17.1 12.6 15.0 16.6 12.3 0.00
CB170 0.00 127 129 0.00 1.20 0.00 132 0.00 108 0.00 3.69
CB180 484 5.86 3.04 411 389 7.10 4.58 5.30 6.31 5.45 338
CB187 155 2.29 116 1.86 1.67 2.79 1.60 1.76 247 135 5.22
CB195 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00
CB200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CB206 0.00 0.15 0.00 0.18 0.00 0.19 0.16 0.15 0.00 0.19 0.00
CB209 0.00 0.71 0.68 0.71 0.64 097 0.76 0.69 0.87 0.93 0.00
Total PCB 63.3 86 74.5 91 71.2 90 70.6 58.7 86.2 64.7 368
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Appendix 3. Continued. (East Sea, mantle) (2006)

Location 3 ()5 3
Sample ID 1 2 3 4 5 6 7 8 9 10 )
Lipid (%) 14.2 154 151 15.1 16.9 15.9 15.0 15.5 118 153 5.75
Naphthalene(NAP) 58.0 118 55.3 102 435 46.2 52.0 53.6 539 50.1 505
2-MethyINAP 7.95 310 9.21 275 711 7.96 8.07 8.12 7.25 6.83 80.4
1-MethyINAP 5.04 14.6 5.78 12.9 4.25 4.90 5.25 4.56 5.23 47 51.4
Biphenyl 3.88 6.42 411 5.61 3.20 3.55 3.65 3.22 3.97 323 19.3
2,6-DimethyINAP 3.07 6.01 3.69 5.92 2.84 2.54 342 2.83 437 3.25 104
Acenaphthylene 0.75 1.36 0.75 1.69 0.70 0.64 0.76 0.92 0.78 0.61 8.21
Acenaphthene 0.82 2.64 0.84 0.90 0.62 0.46 0.78 0.43 0.84 0.55 386
2,3,5-TrimethyINAP 4.16 449 5.52 6.36 3.36 494 5.07 3.94 5.32 3.51 10.6
Fluorene 3.68 7.24 4.22 7.46 3713 3.75 3.58 445 4.28 3.86 135
Phenanthrene(PE) 15.0 199 14.2 22.5 133 14.7 15.5 15.7 15.8 16.1 4.2
Anthracene(ANT) 3.32 197 1.03 2.03 1.01 135 116 153 157 1.46 411
1-MethylPE 252 2.33 2.64 3.52 2.35 2.86 254 341 319 2.55 7.49
Fluoranthene(FL) 23.7 376 21.4 421 215 21.2 20.6 271 224 241 58.5
Pyrene(PY) 404 76.1 6.77 90.5 218 149 19.7 316 20.0 339 104
Benz[a]ANT 2.43 2.46 1.56 3.50 3.67 2.46 2.45 2.51 299 244 26.6
Chrysene 25.3 13.0 316 337 50.6 19.7 238 25.2 19.6 204 54.1
BenzolbJFL 0.82 0.28 0.73 0.35 1.09 0.30 0.44 0.58 0.36 0.76 2.66
BenzolkIFL 0.34 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00 0.00 1.45
Benzo[elPY 0.30 0.00 0.33 0.37 0.70 0.22 0.00 0.32 0.00 0.26 121
BenzolalPY 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.72
Perylene 0.32 188 0.24 0.99 0.29 2.78 3.56 347 0.67 0.79 2.66
Indend1,2,3-cdIPY 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Dibenzola NJANT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 145
Benzolghilperylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 121
Total PAHs 202 347 170 369 186 155 172 194 172 179 1013
MBT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DBT 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

TBT 257 418 122 131 221 333 159 214 602

Total BTs 257 418 122 131 221 333 159 214 602
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Appendix 3. Continued. (Yellow Sea, mantle) (2006)

Location A3 () 5=h _
Sample D 1 2 3 4 5 6 7 8 9 10 A8
Lipid (%) 128 164 12.9 10.0 142 11.7 11.1 111 10.8 9.9 451
Pentachlorobenzene 000 175 0.00 7.33 0.00 5.11 5.62 10.2 5.33 5.14 0.00
HCB 6.78 546 5.76 6.87 6.05 5.60 7.50 7.78 6.21 6.41 20.3
Pentachloroanisole 243 238 3.65 3.03 158 2.54 248 1.94 1.30 170 7.53
a~-HCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
b-HCH 199 315 2.80 513 2.09 172 2.65 7.54 391 2.80 18.3
r-HCH(Lindane) 5.02 254 2.32 5.29 2.28 147 6.88 3.06 2.40 2.54 0.00
d-HCH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total HCH 701 568 512 104 4.37 3.19 9.53 10.6 6.31 5.34 18.3
a-chlordane 228 174 241 0.00 2.92 0.90 232 183 2.35 191 7.72
r-chlordane 094 031 0.90 1.46 133 0.55 0.75 325 1.00 0.85 4.54
Oxychlordane 0.00 0.0 0.26 0.00 0.19 0.17 129 0.00 0.14 0.22 0.00
Heptachlor 0.00 0.00 2.22 0.00 0.00 0.00 0.00 8.99 0.00 0.00 0.00
Heptachlor epoxide 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
cis-nonachlor 132 066 0.45 1.03 0.56 0.71 1.02 176 0.74 0.42 0.00
trans-nonachlor 261 106 0.74 211 3.50 182 197 4.32 321 2.43 103
Total CHL 714 377 6.97 4.61 8.50 4.16 7.14 49.4 7.44 5.83 225
Aldrin 386 295 3.68 4.04 3.33 2.80 3.39 5.15 2.87 3.80 23.0
Dieldrin 0.00 198 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aldrin+Dieldrin 386 493 3.68 4.04 3.33 2.80 3.39 5.15 2.87 3.80 23.0
Endrin 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
mirex 058 0.10 0.38 0.29 0.32 0.11 0.19 0.48 0.19 0.38 0.00
endosulfan Il 296 1.05 0.69 0.00 1.08 0.98 1.40 0.00 0.00 0.00 0.00
o.p’-DDE 611 472 459 17.1 225 9.66 452 113 6.94 7.08 11.7
p.p’-DDE 146 86.8 68.1 219 464 162 133 324 283 147 346
o,p’-DDD 148 594 8.86 11.2 12.7 7.75 8.00 18.5 12.3 8.00 778
p.p™-DDD 211 898 7.90 7.58 0.00 2.05 19.7 438 259 118 362
o,p'-DDT 0.00 000 19.1 431 43.7 214 0.00 99.2 81.0 348 136
p.p’-DDT 0.00 0.00 241 211 279 5.52 0.00 202 156 34.0 439
DDMU 431 246 29.9 534 95.5 35.0 289 0.00 57.3 4738 328
Total DDT 231 131 163 373 666 244 194 698 623 290 1700
CB18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.2
CB28 000 203 2.78 0.00 2.89 2.74 0.00 2.64 2.21 2.46 218
CB29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CB44 16.9 128 16.1 20.5 19.5 135 14.7 511 17.6 25.3 168
CB52 822 477 0.00 432 476 3.88 1.75 0.00 7.79 5.92 51.9
CB66 202 136 16.0 334 27.7 6.25 176 128 47.5 513 971
CB87 0.00 0.00 0.00 0.00 0.00 7.03 0.00 0.00 0.00 0.00 0.00
CB101 2.4 157 193 2.57 7.38 177 145 4.95 3.83 297 15.6
CB105 000 112 0.00 2.28 364 155 1.56 15.3 0.00 0.00 0.00
CBL10 111 470 327 5.84 10.3 4.4 6.11 143 6.99 5.35 65.5
CB118 645 4.38 291 7.08 5.70 4.95 6.28 8.04 6.90 4.67 137
CB128 2.82 194 1.60 2.69 3.09 2.68 1.63 39 2.84 316 357
CB138 7.70 5.12 343 9.27 135 643 7.66 204 9.93 4.65 0.00
CB153 165 121 108 215 218 16.1 16.2 2.71 184 16.8 0.00
CB170 1.40 118 183 1.38 297 1.62 1.86 1.90 1.58 1.83 433
CB180 202 165 7.32 155 303 110 20.1 18.6 18.7 124 539
CB187 2.01 123 120 242 2.78 2.06 1.66 2.85 2.60 147 9.87
CB195 018 013 0.00 0.00 0.29 0.14 0.26 0.00 0.16 0.00 0.00
CB200 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CB206 027 034 0.42 0.31 0.00 0.00 0.00 0.00 0.00 0.39 0.00
CB20% 283 000 0.00 3.22 0.89 0.00 111 0.49 0.00 0.00 0.00
Total PCB 119 84 70 132 157 86 100 275 147 139 1422
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Appendix 3. Continued. (Yellow Sea, mantle) (2006)

Location A3 ()55 A8
Sample ID 1 2 3 4 5 6 7 ) ) 10 S
Lipid (%) 128 164 129 100 1d2z 117 111 111 108 9.9 451
Naphthalene(NAP) 9ls 104 13 115 950 119 864 922 730 101 529
2-MethyINAP 154 178 145 106 126 150 978 809  6.39 9.86 64.3
1-MethyINAP 667 131 107 68 711 812 675 610 540 6.41 244
Biphenyt 362 373 428 450 545 500 437 364 352 433 239
2,6-DimethyINAP 332 367 343 324 272 577 284 326 298 379 158
Acenaphthylene 130 08 166 122 124 202 104 074 073 0.74 3.20
Acenaphthene 084 036 092 048 114 169 100 047 073 0.64 5.27
2,3,5-TrimethyINAP 572 473 584 547 604 720 594 471 481 6.11 268
Fluorene 526 462 560 599 566 750 449 510 428 574 176
Phenanthrene(PE) 195 169 229 199 176 235 198 186 174 20.0 419
Anthracene(ANT) 149 1.09 1.55 1.22 197 169 130 139 149 121 152
1-MethylPE 454 358 324 503 410 456 433 548 416 453 9.88
Fluoranthene(FL) 398 347 525 533 345 386 390 440 368 4538 718
Pyrene(PY) 48 450 988 682 273 392 458 193 383 473 821
Benzla]ANT 496 275 549 533 435 423 506 415 357 5.00 233
Chrysene 175 165 211 267 158 202 185 268 172 234 422
Benzo[bJFL 080 095 103 101 083 066 060 092 073 144 154
BenzolkIFL 000 027 059 06l 000 066 000 000  0.00 0.00 110
BenzolelPY 031 044 059 048 028 085 069 053 037 057 1.98
BenzolalPY 000 000 000 000 000 000 000 000 000 0.60 154
Perylene 050 000 029 074 045 033 000 581 034 0.57 351
Indenol1,2,3-cdIPY 000 000 000 000 000 000 000 000 000 0.00 0.00
Dibenzola,;IANT 000 000 037 000 031 044 000 000 034 0.37 0.00
Benzolghilperylene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88
Total PAHs 258 275 392 33 244 306 258 251 222 290 1008
MBT 000 000 000 000 000 000 000 000 000 0.00 0.00

DBT 000 000 000 000 000 000 000 000 000 0.00 0.00

TBT 170 356 402 284 242 508 379 152 286 205 1684

Total BTs 170 356 402 284 242 508 379 152 286 295 1684

148 —



	오징어를 이용한 한국외해역 오염모니터링

	제출문
	요약문
	SUMMARY
	목차
	제1장 서론
	제1절 개요
	1. 연구 목적
	2. 연구 필요성 및 범위


	제2장 국내외 기술개발 현황 및 과학기술정보
	제1절 기술개발 현황
	제2절 국내·외 과학기술 정보
	1. 국내
	2. 국외


	제3장 연구개발 수행 내용 및 결과
	제1절 실험방법
	1. 오징어 채집 및 해부
	2. 조직 관찰
	3. 중금속 분석
	4. 유기오염물질 분석

	제2절 연구개발 결과
	1. 오징어 실험대상 종 선정
	2. 오징어 조직병리 특성
	3. 중금속 농축 특성
	4. 유기오염물질(POPs) 농축 특성
	5. 수산물 안정성 평가
	6. 한국 외해역에서의 장기오염모니터링 지침서


	제4장 연구개발 목표 달성도 및 기여도
	제5장 연구개발 결과의 활용계획
	제6장 참고문헌
	Appendix
	Appendix 1. Data of metal concentration in all samples analyzed during this study
	Appendix 2. POPs concentration (ng/g dry wt) in the different size of squid from East of Korea (2005)
	Appendix 3. Data of POP concentration (ng/g lipid weight) in all samples analyzed during this study (East SEA, liver) (2006)


	List of Table
	Table 2-2-2-1. Concentrations (ng/g lipid wt) of organochlorine compounds in cephalopods worldwide
	Table 3-1-1-1. Information of squids used for this study
	Table 3-1-4-1. Instrument and operating condition for analysis of organochlorine compounds, polycyclic aromatic hydrocarbons and butyltin compounds
	Table 3-2-1-1. Distribution and physiological characteristics of the representative squids collected off Korean offshore
	Table 3-2-3-1. Concentration of heavy metal in each organ of squid collected from East Sea (Guryong-Po)
	Table 3-2-3-2. Comparison of heavy metal concentration in squids according to species and geography
	Table 3-2-3-3. Average and variation coefficients of metal concentration according to sampling area in each organ
	Table 3-2-3-4. Significance level in the difference of metal concentration in organ between each sampling area
	Table 3-2-3-5. Concentration and range of heavy metal in seawater around Korean peninsula
	Table 3-2-4-1. Sample information and concentration (ng/g dry wt) in squid of East of Korea
	Table 3-2-4-2. Average and standard deviation of POP concentrations
	Table 3-2-4-3. Result of ANOVA using POP concentrations between East Sea (Jumoonjin) and Yellow Sea
	Table 3-2-4-4. Spearman correlation in composition of PCBs and PAHs between East Sea (Jumoonjin) and Yellow Sea
	Table 3-2-5-1. Comparison of maximum residue limit of toxic metals in fishery products and seafood in different countries.
	Table 3-2-5-2. Comparison of maximum residue limit of POPs in fishery products and seafood in different countries.
	Table 3-2-5-3. PTWI and PMTDI of toxic metals and POPs in Japan

	List of Figure
	Figure 2-2-2-1. Migration route of squid (todarodes pacificus)
	Figure 3-1-1-1. Sampling sites for squid (todarodes pacificus)
	Figure 3-1-2-1. Histological method
	Figure 3-1-4-1. Schematic diagram of analytical procedure for organochlorine compounds and polcyclic aromatic hydrocarbons
	Figure 3-1-4-2. Schematic diagram of analytical procedure for butyltin compounds
	Figure 3-2-2-1. The internal features the common squid, todarodes pacificus....
	Figure 3-2-2-2. Photomicrographs of gonad in the common squid....
	Figure 3-2-2-3. Photomicrographs of liver of common squid....
	Figure 3-2-2-4. Electron micrographs of the liver of common squid....
	Figure 3-2-2-5. Photomicrographs of skin in mantle of common squid....
	Figure 3-2-2-6. The external features and photomicrographs of gill of common squid....
	Figure 3-2-2-7. Photomicrographs of stomach of common squid....
	Figure 3-2-3-1. Distribution of heavy metals in various tissue and organs in the squids with different size...
	Figure 3-2-3-2. Relationship between heavy metal concentration in liver and the size of squid
	Figure 3-2-3-3. Correlation between copper and zinc concentration in all organs of squid
	Figure 2-2-3-4. Comparison of metal concentration according to sampling area in each organ (copper)...
	Figure 3-2-4-1. Correlation between the concentrations of POPs and lipid content
	Figure 3-2-4-2. Persistent organic pollutant concentration (ng/g, lipid wt) in various organs of squid with three different size...
	Figure 3-2-4-3. Composition of POPs in different organ and sampling area
	Figure 3-2-4-4. Composition of BTs and DDTs in various organs of squid...
	Figure 3-2-4-5. Comparison of POP concentrations between two sampling areas...



