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Abstract

For the recent years, considerable efforts have been made to rationalize the techniques of research and monitoring
of biological effects of marine pollutants such as heavy metals, polychlorinate biphenyls (PCBs), organochlorine pesti-
cides, polycyclic aromatic hydrocarbons (PAHs), organophosphorus pesticides. This study was designed as a part of
efforts to investigate the biochemical pollutant markers for diagnosis of marine pollutions by the changes in lipid
components of the flounder (Paralichthys olivaceus) in Yellow Sea of Korea.

Hemoglobin levels in serum of cultured and wild flounders in Yellow Sea were significantly lower (5—15% and
20—25%, respectively) than those of wild flounder in Pohang. Triglyceride (TG) contents in serum of cultured flou-
nders in Yellow Sea were 10—40% higher than those of wild flounder in Pohang. Total and low density lipoprotein
(LDL)-cholesterol contents in serum of flounders in Yellow Sea were significantly 10—15% and 30—35% (cultu-
red), and 10—20% and 20—25% (wild), respectiVély, higher than those of wild flounder in Pohang. Atherogenic
index (AI) and T-Chol/PL ratios in serum of cultured and wild flounders in Yellow Sea were significantly 20—45%
and 10—15%, 6—35% and 15—35%, respectively, higher than those of wild flounder in Pohang. These results
suggest that near-coastal waters as well as neritic waters of the Yellow Sea might be affected by pollutant input.

Key words : Flounder(Paralichthys olivaceus), heavy metals, organophosphorus and carbamate pesticides, Yellow Sea,
triglyceride(TG), LDL and HDL-cholesterol
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H29 F58 T3l g AgEHoz ¥ I
Ao 24, =AY §3LEY 4, FF9 F AR, 2
wo] g2 2 A ol 93 HF FHLYe] HstHo
AU Pol WE FANEY] QYEAIL AAEHA dFE L
Atk HA5Fe cHEBH2A F3l TS50 PCB T
F194A 5% 2 s BE 5 FANEA 9%
oM AY A ¥%E rhsde] AFHL Yo HE ¢
ot Ne Fx oz AT YA HdF5HA f7e
FEARE A4 FE L dx, 53] AdtdMe
A FHol kgt Fse FAoR st g LEY
g7t 24 $eHa ok wekd ool dst 2 ¥
A 53 FhAde] wolAA FANEY A FH
7t A 98& 22 Uk

¥ 290 A% Y A Do FFE F=
Ae Fo1y g 2HAT oM HEE LFAR
22X FE e AWt Ui Be d7E] AP
Qe 299 ARE AHEHY] HaiMe £ - 30| &9
33 B4 A5 He) tid W st A, ® S 98
E Aol dA Y & glojok et A dY AT
91 Qe Ae2ME oY FHd 28 goA (acetylcho-
linesterase s AChE)Y  F-E ¥ ZYoj 28| 2toAl (butyryl-
cholinesterase ; BChE), 2]l wgzX 24 ¢l (metallo-
thionein), MFO(mixed function oxidase), NEIE P-
450 RxEAAolA (cytochrome P-450 momooxyge-
nase) 5o Biso| Qi I9 AChEE 4sgHoz 7}
2 228 A7 AGEHQ op g FH(acetycholine) & 7+
FE# s BAZA §7]¢4 (organophosphorus pestici-
des) EE 7tohutH|o] E(carbamate) ol 9J3iA 1 €40l
foFH g oA ST g HY2HY ARZA AHEH o
%l.q_u—ls)_

B AFE fuode Ads g Ay edAR
ARL 9§ T1xdTFEA, Felatr X (Paralichthys oliva-
ceus) ) g B)3te & F2 W (hemoglobin) ] §FE
2430 8L Bdle 339 il §Fe &A%
1 AAYREe 2N FAAA(triglyceride : TG), UAZ
(phospholipid : PL), AY=z]¥dH(low density lipop-
rotein : LDL) % 2% ¥ ¥ (high density lipoprotein

2/ 4m3ter3i)

'HDL) - E¥2H 29 FFE Bt Age 239
Agte] 45 597 38}A4(atherogenic index) & H7}
3, w3te] AXE FLHE A A Q3 FH2HES
H|(Chol/PL ratio) 5& ¥43te edmstel #AE ¥
i - Grpstaat g,

ME Y

1. gx| A2

B Age) A8 @R A& (Paralichthys olivaceus)
Fig. 1014 E& nie} Zo] AP Aaete] X2H(So-
san), 23 (Poryong), ¥-2H(Puan), %3 (Yonggwang) Al
AR FA A (A 22.5-31.0cm, AZF 350-550
g% 93 (Yonggwang), 3 X (Kyougpo)lA AH§ 24
A AR (A% 32.5—36.5cm, AF 600—800g)<, 18
T YRFe e9=st vud 3L Fate] 3 (Pohang)
A AAF AA YX(AF 24.5-32.0cm, AF 370
-6509) < 747 1995 58 ~74Atelo 7ulf 4 T+t
o Mg

Fig. 1. Sampling stations of the flounders in May-July
1995.
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(benzocaine : 4-aminobenzoic acid ethylester) & ol&-&
o gafste] BIAAZ ok, WA mFE(BH A 5
emA A MY FHM d3)E FAIE AP,
AYe gL Ao AT BT F 700XgAA 10
Bt 948259 434E 8814 (sodium beparin,
100,000 units)& ¥ 1mld 0.05ml A2 CBCH (co-
mplete blood cell count, S4AHAP ] Yol —70Ce &
4 - REJUA BAo] A3 T
2) ¥ 2 28249 2

Y 2289 dAFE 2Hse] 43 84(1.15% KC/
10 mM phosphate buffer+5mM EDTA, pH 7.4)¢l| 3]
—70Cq 54 BESG} o5 24 &L Galgani
(1992)¢] HyY o2 ¥FYh & 4 x4 1g8&
3 og, 73 AAHHEE4(0.1M TRIS buffer, pH 8.
0)ol 2uj o] $FEAo R 187 #As}F -, 10,000
Xgoll A 2087t a2 str) of of A= Wi 4
Z9E AR

3. ChY Biako| X3
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min) & AHEEle] BREEAE AFEEt 525nmol A &%
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29512

4, 224 sEel &Y

gojzo| FuZedly FFe rdy AL JE
A% (Sigma, Co.)& AH&3te) CMGH (cyammethemoglo-
bin)ol 93 ZAstgth. HAA Al@#e| Drabkin’s&4 &
zZt NEHY smlY ¥ the, goleg 2 Y 200
ztzt A7VE &, 1587 420X BAEh AEFER
AEAN%}Y] FFLAE CMGC FE49E 0, 2, 4, 6mlE
Zzt Ag ol Y Darbkin’s&4-& W= 6, 4, 2, 0
miS A7 ¥, s} go] 1587 A ¥R
o] W ¥ HrIaye FFe 0, 6, 12, 18(g/d)7}
"ot 2 & grIEyl AEAS FFLdd g
Drabkin's &8¢ z7oz 3o 540nmolA F4EE
24sto] & AFA) 3o ARI 2V FFS HF
25312

5. 54 % olnjzel 5%

339 FAANEEAN EzFY A2 =(triglyceride |

Mz old

ARe 98 4Y o@AR BB 3T

TG) 9 ##Fe TG EA 2K(Sigma, Co. )& AHIE T A
A g% 104, FF8(300mg/dl) 10p¢} diZ(blank)
24 go] 24 109l TGREAIY 1.0mI8 & F71ste &
EFE F 37C FRAONA 5¥3F wHE-8te, 540nmelA
FBEE 243 oy Ao e EfSYAYI=(TG) Y
e FF3AT

w3t 9124 (phospholipid : PL) 9] &#2 Ames(1966)
o] wh®d) met F7)918 AL, 970 1258 &3
of X AY gFog At AN HE ) 2E
£ 32kl H)(Ch/PL molar ratio) £ Calderini ¥ (1983)
o) wpro)of wheh A4kt h

169 F#H(mg/d) = (A FH=/2F4NY FEE)
X 300*
*EF2THM=(TC) RF8Y) %

6. ZHAHE &z £H

1) 32268 &F

%9 2Zo2HE ¥ Rudel §(1973)9] W
206 wa} g-phthaldehyde™ &2 Z33}AT

2) P¥u - H S FF

8359 AYEZ|EDW(low density lipoprotein |
LDL) ¥ ok 2] ke (high density lipoprotein : HDL)
-2y 229 #F A& LDL- FH2HE(BLF Eiken
Co.) 2 HDL— ¥ AHZ(HDL-555 Eiken Co.) Z%34&
ZNEA kS AHE3le] 239t WA LDL— 228 E 2
e 84 0.1ml, EFEF 0.1mlE AHB ¥, o
716] BLFAEAIS 1, II, 1S 244 4.0mB Yol 527
F E§ oS, AN 2587 HAF 108 oWl F
£22 g22 3o 650nmolA FHEE 233d o
Ao we} LDL— Zd 28 &9 FFE FF3t

LDL— 28 2HE(mg/d))=0.DI —0.DII/0.D A-OD
B*X ¥# ¥%%%(LDL+VLDL)**
*EFEHo| BLFAEAY [, 1§ 42 & §4=8 5
A% Yeht ODXE ¥AF 1=0D A lI=0D B
** x9] £AF AE, BE AT A Al

9 HDL-Zd2H g9 3= ¥4 03mlE AlF#
o ¥ o7|4 HAAYG 0.3mlE ¥l & FFHE e,
Agolx 1087 A3 F 700X golA 1083 94E
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}ech 2 F 439 504, ¥FEA(100mg/d) 50y,
Wz2A F74 50p0] HDLEMAIY 30ml4E H7hst
I F A F 370 32 F20M 587 7He3ly 555
oY ¥FBEE FA3A g Aol wet HDL— E# 2
HEe Fake AF3A.

HDL— €# 2HE(mg/d] serum)= (79| §4=/F+4
ko] FFE)X100*
*HDL— 28 2HE EF 899 5%

7. SUBERF(ADS] At

&9 78125 (atherogenic index ; A+ Haglund %
(1991)¢) Hy2ve] wre} ohg Ao el At %
ZH2HE9 FFeN HDL-ZH2El 29 FF2 As)
I, o] 3¢ HDL-Zg2e89 FFo2 Ug @& 59
AgAr2 It

5432 4(AD) =(T. cholesterol-HDL-cholesterol)/
HDL-cholesterol

8. EMZnte| BAXMa

BE 4827 e §A At P FFUAE A
AREL, 2 FY freAd HAE Student’s t-test
(Steel 5, 1960)222 A&t

1. =224 & v|m

AL GUhY Ahe 9t 2 =HEY Sartig
e Foll a3 9L Fu gioh Ao FHRQ =
2278 (hemoglobin) & FM22M WS FoF J8e @
DL gk mEk oo frIzNe e uXe
HFede 9&S Hey] sistel HlEA QUET} B
Fat T3] AJAY YAE dxToR 3o Mg
FH R AT QX YAF RI 2 FFg FA
Hlwste] Htch(Fig. 2).

Fig. 204 E& uie} o] Magte] 9%, A% F9 #
A gAle] dAhFe) guFanly o] gzl T
A A bxe] gdFe sngane e vH &
Ao stk Bt B At Aty FAA
|Ae g frIznle] FaH3.78+0.94—4.19+
072 g/dl serum) 2 A gxo] FAFe HrI2w

4/ A333et3A

o #(3.21+£0.23—3.45+0.41g/dl serum)®] ZTF
o2 AHEE B 2P AL dA FAFY
2249 $24.34+0.58g/d] serum; 100%) e} ¥
A0 YXe 5-15%, AAN YAE 20-25% 9 FAE
vestoh
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A 4 & Ut AME ¢ F ik 3 2 2
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&gl 295 AA ke AME & £ Ak

T AR, AL)9 AL Ao FdFe 3
rgaile o] FAMEY Y A Yx9 HAZ
9 FrIanle] FFEl froFog vtk AR AlR
o 2899 fgedd 7IQdske vt & Aoz #
9H 28E o] EAe REAES B4 THE 9
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Fig. 2. Comparisons of hemoglobin levels in serum of

cultured and wild flounders in May-July 1995.
*p{0.05 ; **p{0.01 compared with wild fioun-
der in Pohang.
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Y2 FY Ak A HgeHH QYAR #F AT

YA =(TG) S T3S vlwstd BH Fig 3% Zoh
Fig. 3oll4 B upe} o] Faote} X3 Y9 TG
gl i) Ajajote) Fob Mak 9 5o FAF FA
AZ9 TGY F#ol %94(p0.01-0.001) .2 #£3
£ Bt opg o] FA BX o TG T Aate
AXY 9% 3o AN @A TG FFETG JA &
dHog FYT A FH2 dA EFFY TGH
3% (285.80+ 36.10—363.70+ 33.90mg/dl serum) &
HEToR AHEE Felet L3 AN dxo BHF
TGS ##(265.30+ 21.47mg/dl serum ; 100%) ©H]
10—-40% 1 HA T, AA Y29 TG etz
e feHQ sl otk Ax FA4t 9x9 TGY
Fko] AA4t @ae) TGY T HE felHee o
T AME FAFA(TR) Y £4L P Lgute A
29 H&F Foo] 1 9] Y& ALR dod.
Aol #AG]l FAT G TGY o] AAM |
A9 TGY FHFRG FFHOE Friv AL FHH
Atge] #F FofRivh ofJst 5% éitﬂ&i = q
o2 AZtdrh wetA AlRe HAF T AFHL
FROKDE B3 5% %NME Zo] F4A4
o A FHE g & S wek ohlgt Au| (&%) o
e §49 AAdE FA 7148 &+ U Hez @
gE o] Azt §(1993)2 YT FAFSHE (4]

kAR HIEE) %S TFATR P4 oY $EF ol
S o gk,

g% 444 A7
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. Comparisons of triglyceride (TG) contents in se-
rum of cultured and wild flounders in May-July
1995.

**+5(0.01 5 ***p{0.001 compared with wild

flounder in Pohang.

3. ZA|AE|EC g vist

olujFe A uz} FH2HE FFl zol7t &
ok oz}t FoA AME A MR FH2HES
o] 3, AAL THEG AP 2 ¢ ZH2H
¢ 43t e Aog &R Urh oY Fy2H)
E& A wel, a8 2 ¥ u EH2HE
9] Yago) t=27] Yoz wodd, by edwrt
Had AL Fate Y A YAE dRLoR
3te] AMaQte) ¢ E AAA YR 8HFY FEY>
HE, LDL ¥ HDL- 32629 g3, 12ln $9733
A)4=(atherogenic index) & ¥]aL3}o] BH Table 1% .

Asigte] P Y9 EHFY FIZY2HEY TF
(345.3+ 20.4—395.4+ 42.2mg/dl serum) % A4 4
Ao AF FEe2689 $H(414.0+ 16.1-424.
0+ 35.9mg/dl serum)°] HZTOE AHEE Faldt £¥
9 At gx)9) YT FFY 2 §F(305.9+
35.2mg/dl serum ; 100%) W] FAA A& 112.9-
114.6%, AA3 YAE 1353-138.6% 24 Pt
%F 15%, AQAe oF 35% AR FZY2HES Pl
e AHE ¥ F A

E3 Maicte] 9% 2 AXo AAs dx @ Rk 2
B gat gx9 FE2H2HEY L ¥ 2
A x| e] FEY2HEY FF] vE FHoRZ Fi
(p€0.05~0.01). ol&|T ATl & o Mt ¢4 2
At 99 FFH2HEY FFo| ¥&7) 3= EAE
AHgedolvt Alg, 2 &5 T AT 9HF #A
7 9& Ao gdd

YT FH2HEFTAN AEE IET EHF
5o A WyAR 487 Y= ¥ (LDL) -
Y 2E 9 FF Wil M= AFed FFS ¥t
3] $jste W QYErt ¥ FE X A
A8 dZToE st Aty 44 2 AN bx
8745 LDL- F¥2HE FFE &4 - vuste] Hgt
ok AEjQte] A bxe] AT LDL-ZY2HE
§%(260.5+ 35.5—292.0+ 29.1mg/d] serum) 2 A
A gA9 83F9) LDL-Z8 28 &Y #§3(296.7+ 27.
7—305.5+ 41.1mg/dl serum)°] WZF O A& F3)
o ¥3e] A |x o] ¥H¥F LDL-ZH2HEY ¥
#(240.5+ 30.2mg/dl serum s 100%) Wy} A9} %2
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Table 1. Comparisons of Total, LDL, HDL-cholesterol contents and atherogenic index in serum of cultured and wild

A3 -

flounders in May-July 1995

E

[+]
£

294

A AR - FE

Stations Total cholesterol LDL-cholesterol HDL-cholesterol Atherogenic
(Area) (mg/dl serum) (mg/dl serum) (mg/dl serum) index
East Sea
Pohang(W) 305.9+ 35.2 2405+ 30.2 35.52+ 4.54 7.61+1.24
100.0% 100.0% 100.0% 100.0%
West Sea
Poryoung(C) 350.0+ 40.9* 291.04 20.5* 20.47+2.10 10.89+ 2.11%*
114.6% 121.0% 83.0% 143.1%
Puan(C) 305.41 42.2%* 292.0+ 29.1*% 32.52+1.71 11.16+ 2.10%*
129.3% 121.4% 91.6% 146.7%
Sousan(C) 345.3+ 204 265.5+ 30.2 33.73+2.34 9.24+ 1.95*
112.9% 110.4% 95.0% 121.4%
Yonggwang(C) 347.0+39.5 260.5+ 35.3 32,00+ 3.12 9.84+ 2.10*
113.4% 108.3% 90.1% 129.3%
Yonggwang(W) 414.04 16.1%** 296.7+ 27.1* 41.96+ 4.12* 8.87+1.71
135.3% 123.4% 118.0% 116.6%
Kyougpo(W) 424.0+ 35.9%** 305.5+ 41.1* 45.52+ 4.54*% 8.31+1.41
138.6% 127.0% 128.2% 109.2%

C : cultured flounder s W © wild flounder

*p{0.05 5 **p<0.01 ; ***p{0.001 compared with wild flounder in Pohang,

Ab gXE 108.3-121.4%, A9 @A 1234-
127.0% 24 ¢4ke 10-20%, A4+ ¢ 25% 3
EY IDL- 24 2H &9 o] gt AME ¢ 4 3l
ek,

olde] #ZHUAHE ¥ LDL-FH2HEY ] 2
B A vl HGrigte £ o fRToE AHEE FI
WA At FA 2 At dx)o AA#A &
AZb Avhs AME & & dnh 53] Ay FA
HART d4t d2l9] 34 24HE 4 LDL- 844
E9 o] IR Frhe AME 23 Y 240 #AE
bHedE WiAE & ik

SH AAUIA 22 E 1A anti-cholesterol
factor) & A4 (longevity factor) 2 %27 HDL
~ZH2H &9 FFE wwste EH(Table 1) A3t
o A gAjol) HjF 2T ALSE Ee] AAL
g, 18x 9% ¥ AX9 A9 Adt |A9 Y

6/ A5 7ee)A

%9 HDL— 4289 3tgo] FofHoz Frie A
& ¢ F UAHp0.05-0.01). HDL-ZF2HEL &
F(exercise) ¢\ o F ¥ A(fish protein) 2 A-F2(fi-
ber) 9 Al QA F2 FriEle Aoz dEA
2o AN GA7F EEFe] AjHoE L& Wk of
Yz} sz HolAk&el| o AL XS HolZ A3t
17] dEoz worech

4. SYHEIX|Re| H|W

AEE IHT TAEEY AAEFTIN VISR
g A WEARE gF FYHEASF
(atherogenic index : ADA #lA& HFLHe TS ¥
7et7) Yete] vlmE QEEst G Bt ¥39) Apdit
A& Q2T 3o Mool o4 B A4d4t bR
FUASAF(AD S A - v w3t 2 Table 13 #th

Table 1914 B upe} o] Xsjete] G2 ¥ 9]
FA4845(0.24+ 1.95-11.16+ 2.10) ¥ AAA



AEF IS AT A QAR ¥ AT

29 FUAA4(8.31+1.41-8.87+1.71)¢ HRT
o2 AHEE EY At Ao SHAGAF(7.61+ 2.
115 100%) oyl FA YA 121.4-146.7%, A
A EAE 109.2-116.6% 24 AMajote]l gAM Pije
719 AL 28 4 ArHpd0.05-0.01). 134
7 At AT e s 28 4 Qo

5. CIX|Hol| cHEt Z|AE|EH|2) 4|

BA A =33 T ke Aoz 48l 9F
Ao g FZg2HE9 FFH(T-Chol/PL ratio) & Al
Azdd B JAo] HEAA B2 A AE 2 F
& 5 9, T G F 2t o AxFe] &
Fatololl 313 Aol AT & Utk 2y ¥E
ey matel B gle UAHY UF ZE2HEY
&-ku) (T-Chol/PL ratio) & ¥l dte] B Table 29} 2.

AMajote]l ¥4k YX)9) T-Chol/ PLHI(3.4+0.4—4.3
+0.4) 2 2494 Y29 T-Chol/PLEI(3.7+ 0.4~ 4.3+
0.3) HZZoE Algste E8otey X34 g9 T-
Chol/PL¥|(3.2+ 0.3 : 100%) t™hH] Y24t YA= 6—35
%, AFA GAe 15-35% 1 F7hEo] At HA9
MAZR AFe EAZ 9 Zeg ddd. mehy
S 94 B Bof B xE ALY HE 5o oF &4
77k dgkaidle) o F ak ojlel Zejge] 29 vt
AT & Aoz s

2 ¢

HUed AG-g g YA 29AE HAY 7%
A7l Ao el Az Mal(ke )i dA
(Paralichthys olivaceus)©] BN AAQLEE A Hrjsl
Ack Asiete] %4 F AAA gAY ddFe HrI2
slo) ghge Tl X3e] ALt WX vl 44 5-15
% @ 20-25%9 Aol UERIA Agjete] s
(M 2 AU g0 A48 & & Adth
Asfote] FAA gA9 BHFY FHANA(TG) Y FI=
2o} 2t WA ¥HFY TGY F%F W] 10-40
% FeHe g

Mgty ¥ E A Yo BAFY FIY2HE
o e T3P AN PAo YT FEY2HEY
e o] A g2e 47 10-15% ¥ 30-35% 14
FOA, Maiete] ] @ 2 Yol ¥HF9 LDL-
Y28 E9 FFE 42 10-20% ¢ 20-25%4 F
otch m& el At W), 281 9% ¥ AXY A
soke] xp¢iat Yx|o PdFo HDL- ZH2HE T3
o] A&ete] FAAF YXof HjE foHoz Egch A
Ab ¥ x|o] HDL—- 28 2H &9 S7te 250 ol F 9
A(fish protein) T A#A(fiber) M JsiA F=
7HHE Aoz 48A 7] g7 AN GAvt *F
ol JjHoz B Wit ojya} dzu Holagd 9

Table 2. Comparisons of Total cholesterol and phospholipid contents, and T-Chol/PL ratio in serum of cultured and

wild flounders in May-July 1995

Stations Total cholesterol(T-Chol) Phospholipid (PL) T-Chol/PL
(Area) (mg/dl serum) (mg/dl serum) ratio
East Sea
Pohang(W) 305.9+ 35.2 100.0% 953+ 12.4 100.0% 3.2+0.3 100.0%
West Sea
Poryoung(C) 350.5+40.9* 114.6% 91.9+102  96.4% 3.8+ 0.4** 118.8%
Puan(C) 395.4+42.2**  1293% 92,0+ 6.0 96.5% 4.3+0.4***  134.4%
Sousan(C) 345.3+ 204 112.9% 97.4+7.6 102.2% 35+0.1 109.4%
Yonggwang(C) 347.0%39.5 113.4% 101.5+10.1 106.5% 3.4+04 106.3%
Yonggwang(W) 414.0+16.1*** 1353% 95.5+ 6.1 100.2% 4.3+03***  1344%
Kyougpo(W) 424.0+ 35.9*** 138.6% 115.1+5.9* 120.8% 3.7+ 0.4* 115.6%

C : cultured flounder ; W © wild flounder

*p{0.05 5 **p{0.01 ; ***p{0.001 compared with wild flounder in Pohang.
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B AL AAE Yol2 AEE §l7) WELE HodET:
T At 4 & AAN A9 FURIArE
29 A4 QX HASAS, ] 44 20-45%
2 10-15% ot A3ty FA dxe TE
LT 93 AdY dAE A HAFHE 2ge Awst
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