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ABSTRACT

Polychlorinated biphenyls(PCBs) are halogenated aromatic compounds with the empirical formula Ci2H10-4Cla
(n=1~10), and are a mixture of possible 209 different chlorinated congeners. PCBs were widely used as dielectric
fluids for capacitors and transformers, plasticizers, lubricant inks and paint additives. Once released into the
environment, PCBs persist for years because they are so resistant to degradation. In addition to their persistence in
the environment, PCBs in ecological food chains undergo biomagnification because of their high degree of
lipophilicity. In 1970s, the worldwide production of PCBs was ceased and the import of PCBs was prohibited
since 1983 in Korea. In spite of these actions, many PCBs seem to be still in use. The environmental load of PCBs
will continue to be recycled through air, land, water, and the biosphere for decades to come. This study was
conducted to measure the concentrations of PCBs in the serum samples of 112 women by GC/MSD and GC/ECD.

The main results of this study were as follows.

1. PCBs were detected in all samples. The mean £ SD levels of PCBs in the serum were 3.613=0.759 ppb, and
median were 3.828 ppb.

2. The correlation coefficients of the concentrations of 13 PCB congeners were from minimum, 0.7913 to
maximum, 0.9985, and all was significant(p=0.0001). The correlation coefficient between the concentrations of
PCBs and p,p’ -DDE was 0.9641(p=0.0001).

3. There was a positive association between age and PCBs’ concentrations (simple linear regression ; R*=0.86,
ﬁ =0.08023, p<0.001).

4. There was a positive association between total lipids in the serum and PCBs’ concentrations (simple linear
regression ; R’=0.7058, £'=0.00486, p<0. 001)

5. For possible predictors of PCBs and p,p’ -DDE levels in the serum, age adjusted model (Y=8 ,+8 ,age+8 ,X)
was applied. For BMI, major residential area, wether to eat caught fish by angling, wether to eat caught fish by
angling(by parents in the past), fish comsumption, meat consumption, and dairy consumption, there was no
association. For total conception frequency and lactation period, there was negative association.
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Table 1. PCBs" Proposed Toxic Equivalent Factor (TEF) values
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IUPAC Congener TEF value Relative Potency range

<Coplanar PCBs>

126 3,4,5,3,4-PeCB 0.1 0.3-0.006

169 3,4,5,3,4,5-HxCB 0.05 0.01-0.0012

77 3,43,4-TCB 0.01 0.009-0.00008
<Mono ortho coplanar> '

118 2,4,5,3,4-PeCB 0.001 0.0004-0.000006

105 2,3,4,3,4-PeCB 0.001 0.008-0.00006

123 3,4,5,2,4-PeCB 0.001 0.00013-0.000018

114 2,3,4,5,4-PeCB 0.001 0.000045-0.000074

157 2,3,4,3,4,5-HxCB 0.001 0.00045-0.0000014

156 2,3,4,5,3,4-HxCB 0.001 0.0004-0.0000065

167 2,4,5,3,4,5-HxCB 0.001 0.0000055

189 2,3,4,5,3,4,5-HpCB 0.001 no data available
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AR} A M vacutaineroll NEH e H10ccE A
d2RE 45 Eaulr] AsiA 1500 rpm, 4T
o] A 25%F< AAEAIZ thgell, A
teflon—lined cap®] B3 A& FH3)A —25Cel
A P8 3a B At

2) 122 AA2)° (AOAC method)

AAE A 28] W 8l n—Hexane 10 ml
¢} F 4 Na2804 5g& 7tajA £33 oS
seperatory funnelolA 712 B2 sjuigict.
Methanol 3 ml< 7}8t th& Vortex mixero]A]
mixing= A]7] ©2- hexane—ethyl ether (1:1) 5 ml
2 713 vhE ohA] Vortex mixero 4] mixing2 A%
t}. O A] rotary mixerollA 2087 50 rpmeollA
mixingA17] thol] A8 E Aok AS5A 7
715 uks Besld ohg, oAl 99} 22 2Ag 23]
ESFSICE 38 A ZElEd £9ES & o
2-9ll, nitrogen gas stream 22 1 mlo] B& wW7HA
AZA AL, teflon—lined syringe®)] Florisil
catridge (Sep—Pak Plus Florisil Catridge, Waters)
£ AA% T2, n—hexane 2 ml& FHAT F,
11 ml etherZ £&XH Y 271 &Y 2~3 miE o
g A §E NS HolA 43t nitrogen gasE
AREEte] 1 mlo] @& W7HA AFAIR o 7kAE

[ Seru‘m n-Hexane 10mL
I anhydrous Na:SOas 5g

rSeperatory funnel 1

l

I: Organic Phase ‘
Vortex mixing l

methanol 3ml
rotary mixing

centrifuge ¥
Organic Phase ’
dry to lmi
i Nitrogen gas stream
( clean up Iﬂorisil catridge

Dry

Nitrogen gas stream

Samdle
(Iml)

Fig. 1. PCBs & p,p’ -DDE Assay Scheme for serum.

= A 452 EFPCBs, DDE 55 2 2 x589 AT 129

ZolE gy BAA 82 Zustgdn} olg s 37
& £43}3lo] <Fig. 1.>7 o] YeRAITh

3) ¥F49 ZF PCBs ¥4

@ EFE2 9 AoF (Standards and Reagents)

PCBs®] 7§7K congener specific analysis® 93k
PCB congeners 137§ (Table 1)¢ 100ppm
standardsE Cambridge Isotope Laboratories,
Inc(FF) ZF-H 247t 7Y s A A8

B oA T4 PCB congeners< TEF
(Toxic Equivalent Factor) value(U.S. EPA,
1994a) & 2AZ 5457171 %2 PCB congener&
Rk e =

Hexanes{(n—hexane, 95%, CH3(CHz2)4CHs,
F.W.86.18, J.T.Baker), MeOH(99.9%, CH3s0OH,
F.W.32.04), Iso—octane ((CH3)3CCH2CH(CH3) 2,
99.8%, F.W. 114.23, Fisher Scientific), Petroleum
ether (99.8%, MALLINCKRODT Chemical) & B2&
solventS< HPLC grade A eF2 A3ttt

@ EA7171 9 842

BAXNEZHE] PCBsE #4371 93 GC/ECD
(Hewlett Packard 5890 series—II gas
chromatography (GC) —~ECD (Electron Capture
Detector), U.S.A) 2t GC/MSD (Hewlett Packard
5890 series—II gas chromatography)& AHE3}S]
S v (0]3} GC/ECD) #-419f] ©]4-% column HP-
5ot}

Z} PCBs9 congenerS-2] Retention timeg ¢!
817] Y314 GC/MS (Hewlett Packard 5890 series
II gas chromatography (GC) <2} 5971 Mass
Selective Detector (¢]3} GC/MSD), U.S.A)E A&

Table 2. PCB congeners and [UPAC No

PCB IUPAC Mumber

3,3’ 4,4’ -Tetrachlorobiphenyl 77

3,3’ 44" 5-Pentachlorobiphenyl 126
3,3" 44" 5,5 -Hexachlorobiphenyl 169
3,4,4" ,5-Tetrachlorobipheny! 81

2,3,3" ,4,4" -Pentachlorobiphenyl 105
2,3,4,4" ,5-Pentachlorobiphenyl 114
2,3" 4,4" ,5-Pentachlorobiphenyl 118
2" ,3.4,4" ,5-Pentachlorobiphenyl 123
2,3,3 ,4,4" ,5-Hexachlorobiphenyl 156
23,3 44 55 -Heptachlorobiphenyl 189
2,3,3" 44" 5" -Hexachlorobiphenyl 157
2,3" 44" 5,5 -Hexachlorobiphenyl 167
2,2",3,4",5,5 ,6-Heptachlorobiphenyl 187
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PCB3l#E 2] FHE4L monochlorobiphenyl,
dichlorobiphenyl, trichlorobiphenyl, tetrachloro-
biphenyl, pentachlorobiphenyl, hexachlorobiphenyl,
heptachlorobiphenyl, octachlorobiphenyle] Z+z} 1
mg/l §5E2 E3HE PCB3IgE 54 o GC/ECD A
& = (Relative response factor) & 2zt #3t1
AzntE A E2lE 242 PCBEIEES o}
Peak areadll 2]5}o] F 8 AH&d 3, gAtgoR
A F PCBEEE T3t & $ 0 28 4~5 mg/l

Table 3. GC/ECD-Operation condition for Analysis of PCBs

" E 7S Bl A FFE, GC-ECDA U 2+ 5

E3 GC-MSDE o] &3] gelagith B e
A ALt GC-ECDS GC~MSD 242 Table 3, 4
o} 7},

4) Congener™ Z12bd 244 ol Ao &

ZkZ¥el PCBs congners 13719 %71 0.0, 0.02,
0.5, 1.0, 5.0 ppb7} HEE BZFLNL FH|3 }S
LT AP WH2.(2) F2) o W Ay
th 2 v Zbzke) Ak S 2 sl

s

Analytical Condition
HP-5(Cross-linked 5% phenylmethyl siloxane
Column Film thickness:0.5,m, Length:30 m, Phase ratio:160,
Column 1.:0.32 mm)
Carrier gas N2
Split ratio Splitless
Injecti
njection 250°C
port temp.
Detection
250°C
port temp.
Oven temp. Inmaﬁl Imt]allnme Rate("C/min.) Fmala temp. . Flnal‘
rogram temp.('C) (min) c) time(min)
prog 80 i 50 300 25
Ql Aroclor 540 AEvtETWT A2 T2
Table 4. GC/MSD-Operation condition for Analysis of PCBs
Analytical Condition
HP-5MS(Cross-linked 5% phenylmethyl siloxane
Column
30 m x 0.25 mm LD. x0.25,n F.T.)
Carrier gas He at 0.77 ml/min
Split ratio 1/10
Injecti
njection 300G
port temp.
Transfer line .
300°C
temp.
initial initial time o final temp. . . .
temp. rate(°C/min) , final time(min)
Oven temp. ) (min) (°c)
program 120 T 3 230 0
300 5
SIM mode .
Start time
(Solvent Group (min) Selected Ions
in
delay;3.5 min)
| 35 154, 153, 188, 190, 222, 224
2 10.3 222,224, 256, 258, 290, 292
3 15.9 256, 258, 290, 292, 326, 328
4 20.8 290, 292,. 326, 328, 360, 362
5 279 326, 328, 360, 362, 394, 396
6 319 360, 362, 394, 396, 426, 428, 460, 462, 498, 500
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Table 5. Recovery rate of PCBs

452 = PCBs, DDE ¥ 5 % 1

Sampl Concentration No.of  recovery rate
i Sample Tmons £5D.(%)
5 wll 5 958 £2.8
reR 10w/l 5 96.1 +1.5
PCB-126 3 g/l 5 95.1 +3.7
] 10 wg/l. 5 93.8 42.5
5 358 53

g3 PCBS«] AFEE
standards 13

R T PCBs
5 % PCB #773} PCB #1262

Qﬂ@ﬂﬂﬁuﬂﬂdoﬁm%ﬁ%Sﬂﬂﬁsﬂ
A AT AA) B 2.2) 7)ol we} Azl

St 11 A3 & PCBsY 3%
Table 59} 2t}
6) A% PCB %9 Predictorel #

(mean=SD.)&

SUEN

A, AHEFHAA S (body mass index;BMI,

kg/m?), AFE, A4E, FA4H, 54

T 3R

B Aol adl (At 3 7ke) K57, ol F, obAF A

3;]/\ D] O]:.O_ A B =z

dpzatas AR B AT 2

/\}x-l oZ 'r;% 6‘]-)

ZALE AAEY, 8% FUAHE
FAE S

7) A 4

7Fe ¥ el tiaiA] A&

9 Triglyceride

Table 6. Concentrations of PCBs congeners & p,p”-DDE

PCBs¢] &
itk 8% PCBs

=&Y A

131

Tof tial] HEvrel RFHAE AA
559 7153 Predictor9be] <1

WA 1Zeld e dA Tl = Ao,

24

5

PCBS&} or —DDE

j]_rz] 7—]2 O\- /“

(correlation analysis), 3|7

analysis) & ©]&-8t] A3t

A (regression

I o432 & 1

&% PCBs, DDE 5%
% 112 2] PCB congeners® pp —DDES] 5%
9] H#A) & Table 61 VFERN QT
PCB congeners?] Fd55= 3.6128+0.7592%
°ov, pp -DDEY HHEsEE

e Rojx
PCB congeners =4 3,4,4" .5~ TetraPCBY &

=7t 453
Hexa, Heptad] =432
=3

PCB¢] 1370 congeners®)

r1r r-[m

)lue [

1, A2
Atk

lo

35

o
B

Mo 4

<}

3.7657£0.8335%!

L =
- M

HlS2

[ |0
o ki

T2 FE B3 ow, Tetra, Penta,
Tt oAl e B

FE Aojo] A%

(Pearson Correlation Coefficients) ¥ #4 0.7913
oA Al 0.998574A R on, B el
(p=0.0001). PCB congener?] %9] A2} pp -

Percentile

Mean SD 0 b5 50 75 100

33 4,4 Tewa(17) 04625 00527 0333 0411 0471 _ 048 0564

Te 344 s-Teras1) 10708 01329 0708 09395 1099  1.134 1316
¥ Tetra 15333 0.1841 11101350 1570 _ 1620 _ 1.880
3.3 4,4 5 Penta(126) 03392 0.1028 0120 0288 038 0416 _ 0488

23,3 4.4’ -Penta(105) 00895 00273 0031 00756  0.1008 0.1094  0.1288

Pe 23,44 5-Penta(114) 0.1268 00399 023 0106  0.144 0156  0.183
nta 2,3 4,4 5-Penta(118) 05088  0.1582 0034 04385 0576 0625  0.737

2 344" 5-Penta(123) 01716 00525 0059 0149  0.194 0208 0255

P Penta 12359 03790 0324 10591 13993 15138  1.7918
C 33 4.4 5,5 -Hexa(169) 02023 0.0557 0052 0.164 _ 02185 0240 0295
B, 23344 5Hexa(156) 01020 00275 0034 008 01065 0.122  0.15
o 233445 Hexa(157) 0.0508 00135 0017 0041 0054 0061  0.073
23 44 5,5 -Hexa(167) 0.1523 00406 0051 0123 0162  0.183 0219

Hexa 05075 0.1367 _ 0.17 041 05425 0606 0733

e 22 34 55 6Hepta(187) 0.0916 00256 0.045 0072 0094 0111  0.148 _
e 233 A4 55 Hepta(189) 02445 00687 012 01935 0253 0296  0.383
Hepta 03361 00943 0.165 02655 03465 0407 0513

Total PCB Con. 36128 07592 1851 30431  3.8282 40612  4.8558
p.p’ -DDE 37657 08335 195 3125 3985 4195 5.1

Korean Journal of Environmental Health Society, Vol. 27(2)



132 UMy - ARES

PCB vs p,p'-DDE levels in Serum

2 3 ] 5 [

PCB (ppb=ugL}
Fig. 3. Correlation between PCB and p,p’ -DDE levels in
Serum.
DDES] 5% 3t BaATE 096412 FaaA7}t
F4Hp=0.00D). IﬂrEW PCB®] #=83%% pp —
DDES] SR ul5d P4 Hojx k. of
BAE 17 02 YehyS <Fig. 353 2tk

2. 8% PCBs, DDEaXet 5329 ZHROI
off Chit 412

D AT chae] durs 54

£ A7 AR 11296l e dua 53

(2%, A9, AFH) 2 k3¢ Table 7, 83 2t

A -+

24 FAHRIE FAE A F e S et
% AN 3429 A Table 99} Zo] 33]71 374¢)
33.6%F 713 w@stod, 539 AUt 110W F
2381 20.9%, 28] A$7 1792 15.5%, 48]
Q3971169 14.5%2] 0|30, 63] o]l
297} 982 8.1%, 13]Q) A$7} 8% 7.3%%
skt RREfol el e o Sn g 34
7} 10993 8892l 80.7%% AASRAOH, ol
©' 2D g Algol 2199 19.3%F X5

Z

=I<> st

N
FQZ 1o,
&

>,

TR AR SR E B, 2EEA
¥ X ¢ Table 107 2t

Holol the ZAE AUTI &7, FAFE A 7}
Aol chate] Ayt gergarel A Eel w43
& o A= RS ZARAT AHNEA YolA
kel 8’ 2 5o 0%, 2 18 Aol 14, Y

Table 7. General characteratics of the Subjects

Characteristics Category N N
20~29 6 5.4
30~39 31 277
Age(years) 40~49 52 46.4
50~59 20 179
60~69 3 2.7
Marital Status Unmarried N 36
Married 108 96.4
<100 4 3.6
Family Income( x 10° won) 100~199 19 170
200~299 42 375
300<= 47 420
literacy 1 0.9
Elementary School 2 1.8
Educational Level Middle School ’ 63
High School 50 44.6
College 46 41.1
Graduate School 6 54
Alcohol Yes 26 23.6
No 84 76.4
Yes 4 3.6
Smoking Stopped 3 2.7
No 105 93.8
<20 16 143
BMI(kg/m?) 20~25 79 70.5
25~30 17 15.2
Total 112 112
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Table 8. Residence and duration of residence
Duratiop(\year) )
-T
Category N T5< 15-25 7535 3545 35< x-lest
rural 54(48.2) 13(24.1) 24(42.6) 15(27.8) 2( 3.7) 1( 1.-)
tal 1(0.89 - 1 - -
.coas 2 . 089 *x?=21.319
Hometown | industrial - - - - - _0.006
urban 57(50.9) 7(12.3) 11(19.3) 19(33.3) 11(19.3) 9(15.8) p=0
Subtotal 112(100) 20(17.9) 35(31.3) 34(30.4) 13(11.6) |- 10( 8.9)
rural 37(33.0) 6(16.2) 13(35.1) 15(40.5) 5( 5.4) 1(2.70)
ma!or .coastal‘ - - - - - - bx27 200,
residental | industrial 1(0.89) 1 - - - - —0.125
area urban 74(66.1) 9(12.2) 18(24.3) 24(32.4) 14(18.9) 9(12.2) p=>-
Subtotal 112(100) 16(14.3) 31(27.7) 39(34.8) 16(14.3) 10( 8.9)

a : when rural and coastal is united as one category
b : when industrial and urban is united as one category

Table 9. Conception & Lactation

Characteristics Category N %
1 8 73
2 17 15.5
3 37 33.6
Conception 4 16 14.5
5 23 20.9
<= 9 8.1
Subtotal 110 100
Yes 88 80.7
Lactation No 21 19.3
Subtotal 109 100
Table 10. Total Duration of Lactation
N Mean SD Percentile
0 25 50 75 100
Duration of 80 188 199 0 7 14 23 1l

Lactation(month)

2~33"d A%l 24, F 13'd Aol 39, F
2~33 Y Aol 43, ‘F 4~6"3Y Avoll 53,
i 13 4 Bl 64, i 23] o) A Aol
TS FoIsila, A E A FE disto] 22
14, 24, 33& Fosifien, &2 o 7
st A& sitt. A (Fish) = vichgd, 9E
715, 270 - ¥R - 2olF, 2N - FR, FXE
EA, €A, 159 BxH) Y TFHS T

O 3T
=

T

Aol

e

Table 11. Basic Statistics of Fish, Meat and Dairy

Consumption
Percentile
SD
N Mean 0 25 50 75 100
Fish 111 14.6 7.8 1 9 13 18 42
Meat 112 12.5 4.9 39 12 15 30
Dairy 106 13.7 7.9 1 8 13 19 40

FF Meat) = A 1271, 417, 17, SF7H4A
=, Ae] 3%e getgon, FAEF Dairy) &
S5, 2E4, A=, e 2L Fekth

AAF, 57, TAEF] AFAN TS} & Table
113} g},

4) PCBs, DDE 559 7 2% 8915 3}9) #A)

PCB Levels in Serum vs Age

.
g .. ‘. . 14 *
['s ”‘0 g
], 1
g piatl
£ t*
8 s !
3 3 ot
2 ol
s ot
R
m
5]
o
gs -
20 30 40 50 80 70
Age

Fig. 4. PCBs levels in Serum vs Age

p,p'-DDE Levels in Serum vs Age

p,p'-DDE Levels in Serum (ppb=ug/L)

x 30 40 50 60 70
. Age .
Fig. 5. p,p’ -DDE levels in Serum vs Age
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PCB Levels in Serum vs Lipid

5
.:’; -.. o%er
4 o *F .
'l".'._..\
P

w

PCB Levets in Serum ( ppb=ugil)
~
° -
3

B I o T I et I

200 300 400 500 600 700 8O0 900

1000
Lipid{ug/di)
Fig. 6. PCBs in Serum vs Lipid
p,p’-DDE Levels in Serum vs Lipid

6
pry
? 5 . .e .
& R S
[ R
E o Tredn st .

4 vy el .
.% g ¢
c %
£ -~
2 i
E 2 LT 2 !
3 l
a
i — . , —

200 300 400 500 600 700 800 500 1000

Lipid{ug/di)
Fig. 7. p,p” -DDE levels in Serum vs Lipid

Ago) 27484 PCBY =) vl 571
33 = Y E Holx 9021 (Simple Linear
Regression;R?=0.8560, § =0.080231, p=0.0001),
p,p —DDE®S A% u|53 A3E Holx vt
(Simple Linear Regression;R?=0.7931, £ =
0.084781, p=0.0001). 554 o]l T AH S| A
= F7HE0] ZHAshE g oo Qi)

AYF 9 #AE JH=Z2 Jeldd <Fig.
4.>8) .

=4, 93 489 7} ¥8 % PCBS) $57b

Table 12. PCBs p,p” -DDE, age by possible predictors

K

- AT

B3 A F748t32 91 © ™ (Simple Linear Reg-
ression; R°=0.7058, 4 =0.004859, p=0.0001),
p,p' ~DDE® %% 853 AES wolx Yot
(Simple Linear Regression;R*=0.6574, § =
0.005149, p=0.0001). ¢] A= AF<) 3¢9}
B2 600 ug/dl ol E TR 5 9F
3HA FA 8= el E v ]l

BMI(body mass index), %], ZAA 35, ¢
FoAF, FF712L, \AIS Ea7] AFHARE A
H, 5743, FAEA# 9 PCB, pp -DDES] 5%
shel AeHdE olny] As) AHE BT AR
Hg Hgagn.

Oli_\?g‘]_;}_?(éﬂ- El’;i__!_‘% Y=4 o+/9 1age+,3 2X9‘]' Z‘—}E}'

QS A3 A7 PCBY FEo) YoJA= 7
717r0) FZr1gke| wil FEr) HAskE 2AE By
tHR?=0.8688, §=-0.003188, p=0.0474). p.p’ —
DDE?] s=ol lojA e F A}l 477]1to]
71l wet FEIb Zhste A4S w2
R?=0.7912, £ =-0.050154, p=0.0499;R?=
0.8117, £=—-0.006052, p=0.0043). o] da}= &
A8 $4-80] 442 Hule) PCBS} pp —~DDE7}
1A (excretion) ©] Bo] Eth= 7S 2lvjsh= 3
o2 gzgct

A% g B3t FoATHE FEAGI TAX]
oz TR Ao HodR S E17) 45
ol B, RRgo] wAlg E317)9] HF R thale]
AR E A3 AR =FoiFo WE pp ~DDE
o) FETo] Fo8 2ol E B Y THR?=0.7930, £ =
—0.1859, p=0.0432). ) U} 7kx| W4=¢] i3l PCB,
pp —~DDE 5 =87 d3E AASHE Table 129}
2,

PCB 4 pp ~DDES 555 AAQ3= 29U £ 7
AT AL AYT A A9 Frolw, A Ao £
71Z0) FAEFE Arske AES Wk vk,
BMI, A5, 2o]a3 PCB ¥ pp —DDEY] %

—_

PCB p.p’ -DDE Age

X Category N Mean SD Mean SD Mean SD

major Rural(0) 37 377005 07323  3.8092 0.7706 433 8.44
residential area Urban(1) 75 35695 07733 3.7443  0.8671 419 8.93
Jactation No(0) 24 37712 0.6465 4.0075 0.7583 44.0 8.09
Yes(1) 83 35340 07948 3.6612 0.8514 41.6 8.98

wether to eat caught No(0) 96 36117 0.7573 3.7630  0.8261 42.5 8.96
fish by angling Yes(1) 16 3.6195 0.7960 3.7819  0.9047 41.6 7.63
wether to eat caught No(0) 01 36120 0.7706 3.7602  0.8410 42.3 8.86
fish by angling(by parents in the past) Yes(1) 11 3.6202 0.6779 7.8164 0.7974 43.5 8.04
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o) Aerg e FRsA ek stk w7 L
QL BYEE F2I3 Aol S LhehA] 3tk

v.o &

Z o= PCRIFEEY SAAATNAN 742
PCB3I3rEE9 5457414 (Toxic Equivalency
Factor) 7} 947} $-78 Ay 22 Ex4ae 2t
PCBELS. PCBEAS] 322 BAJol 2J3te] e
x| G2l o)) Apo 7 Ql&o] B th-off PCBY]
TEERALE SASVHIST(TEQ 7L & 33 o
2 #AAe 27, 24249 PCREEHE 9] B EE £
EASAIF(TEQ & B4tsto] BAE |

of et 23 E2 A&l Alolrt gl Ao E &
24 lE=u] d¥H © 2 biphenyldl] X182 G475
7t NS E A AYE, EYCR T3 v
o7} Bu7|u 71&E 5 AEAURS AE5Fo] &
dojubs Ao 2 deiA Q). wipa] olg o]
congener’d & Hal& s} AA A0S ES IFFF
Z ¥} (environmental impacts) 7} tF27] W&o 37
A &% 7125 E PCBsY patterns PCBs &Y %
%29 pattern® th& A7t g} o|d ALE
pattern—comparisont] PCBs¢] @ %FF diAl
=3 % F7}9) pattern—comparisong E3hod
total PCBs®-& % a}ar Qo168

Congener—specific analysis¥ < PCBs9] 4
off gt A7)t Eds] WA E A A Re) 2 WA
g Z8Ao] gzt e ABHolth o83
7153 PCBs congeners 209%0|H o]= AA| 2 3}
AANBZ AEHT Y congenerS< oF 10099
Q18] z} congener® 542 724 4 of upgt zfo]
7 Qe Aoz odelA glok

PCBs A1 th3t #2884 94 (structure—
activity relationships:SARS) & 73 43§ ¥4
PCBs9] A3tera g 9 4932 g4X3%
(chlorine substitution) patterns-° we} 2 ajo}7}
Q= Ao 72 ekttt

2.3,7,8—TCDD (tetrachlorodibenzodioxine) 2}
isomer#}t & 4= 9= 3,37 4,4" —tetraCB ((UPAC No.
772 3,3 ,4,4" ,5—pentaCB(IUPAC No. 126),
3,3 ,4,4" 5,5 —hexaCB(IUPAC No. 169) 52
non—ortho coplanar PCBs | 2,3,3",4,4" -
pentaCB(IUPAC No.105)% 2,3,3,4,4" ,5—

= JA Y E2] EF PCBs, DDE ¥5 2 1 =&8%19 47 135

hexaCBs (JUPAC No. 156), 2,3,4,4" ,5—pentaCBs
(IUPAC No. 118) 59 mono—ortho coplanar
PCBs7} 40| £ congener® BEH = o &
coplanar PCBsE+< AHH(aryl hydrocarbon
hydroxylase) &4 % EROD(ethoxyresorufin. O—
deethylase) 4% Jehlw TCDDe| ZAETHst =
A3 (TCDD-like toxicity) & YehlE A2 4H A
t}. o]} o] ©]& coplanar PCBs& 4382 &4
g9l EAJof 2lo] PCDFs(polychlorinated dibenzo-
furans) @ PCDDs (polychlorinated dibenzo—p—
dioxins) 5 TF& HACs(Halogenated Aromatic
Compounds) &} f-A1et 548 Heh 7] Wil PCB
o) th3t E5AH 7} E3 ©]5 coplanar PCBSE F4
© % 3}o] PCDDs ¥ PCDFs 59 54% 7l AM-
%= TCDD toxic equivalents(TEQ : TEQ=
Slconcentration of congener X TEFD) ol &84 o] &
01 ;q b 9}5}.20~25)

o1& coplanar PCBsel o3t 2,3,7,8—TCDD
toxicity equivalency factors(TEFs) &2 544
Aol wet & ZolE Holx led dH2
3,3 4,4 ,5—pentaCB ¥ 3,3 ,4,4",5,5 —hexaCB%&
o disli HZ AAY TEFY B3k (mean+SD.)
£ 0.19£0.22 2 00531008909 7|&Ee] wx
HAW oy B4 A7d3 A2 E FHao] Safe?
7} & A A8 coplanar PCBse] TEF& b3 &
=S
3,3 ,4,4" ,5—pentaCB, 0.1; 3,3 ,4,4",5,5 —hexaCB,
0.05; 3,3 44" —tetraCB, 0.01;2,3,3" ,4,4" ,5—hexaCB,
0.0003; 2,3,4,4",5—pentaCB, 0.00005; 2,3,4,4" 5~
pentaCB, 0.0002.

S $PAEF PCBs &Fol thet #2144
o 93H o]F 1EA congenerge UE
congeners Kl #4 ¢ AE5Fo| & 5w maha
PCBs 24419 total toxic potency7t Hold o]
o3 & Z7lHE Qo2 A ok

0|9} el congenerd £ &7 F ARATN YEF
4, 54 Tl Ael7t 71 HFel & PCBs
25 4 98 HoE 93 Total PCBsS] 272 34
7} -k ol g} congenerd % B Rk F4
A L= 1 Qeh0

2 AR % PCBs¢) ZEH7h= 19804 B
At Bo) AgHEer) 32 AQREE gato s
PCBs®] Z5+3718 #3352} PCBse &H7&

A

v

golgl 2= ¢Jolth 1Ev o] F 198213 vkt So

TEAZAN AFTLg, AYE 9 FoE o

[5]
el
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2 83t PCBsE AE% vl 9leH 1995 173
3 5ol 24 AYUEE U o E F33td PCBs2
A5AS gl vl gy W

a3y o3 A7 e 25 PCBsE per-
chlorination?]# decachlorobiphenyl (DCB)E %}
ANA BB EZN UE FI7|D2ASEHE o3
7Hd& A S 5= glo) F &3 Fapol | = glgleH
w3l 7 A3F M= 2 congener'd AEEX EA
< 45 Qth

E Aol 3 PCBse} DDEEE+ %o &
Vo] wet, ® 8% AL w20t 5355 718
At U 3o} FR7Ie) FETE TR
ol = AAE B3tk o] AL excretiono] Ho &
F 5t 44 AoE Azhdrt

I8y, BMI AR, wA1e 7] AR, A
AH, 7S, SAEAF < PCB, pp ~DDE9
FTrole] A2 TSR] gt

A7 o) me} 27}t F7ekE A9 A7hE) B,
L&730] HFE FH0] Ho ZReTIt SU18
Sckn AZMATE ofWl Qe Ao E AL
317 Y3t gl o 2 Aut s Eok A 2o o
A 71 & HEE 53 S AMEE
b, o] W o R et FAo] o] Foix)7] FER
ot Aot S0 FEst Aol FEE AL F
To18) ARG S AR E ATt o)|Fo Mo ¥ A
o2 yzg

V. E

AN AEZAA HEZ EHAE PCBss
DDE= A<A Yol 2.2 73y, AUz {42
AL Az S ARt $Puete) 3¢ A
¢] PCBs¢ DDES] %& EF3stAY, 2 328
3= =Fo] A gl Aot o] 2 AT
A= Aol PCBs} DDEE A sle WS 2 &
sla 7 kS HrlEi, 1 FT g HEAAE oY
7HA] Zd oA BtolrgiTt

B oA = congener—specific analysisg &
f3to] ZIAREAAE N AR AN S g2
A7 Auk Q) oA 11279 FEFEE 249
A3} PCBs® H#EEE 3.613 ppb£0.759 ppb,
pp —DDEY H#5E¥E 3.766 ppb=0.834 ppb%
o0 PCBs? ==X & v]s=313 )

¥% PCBs% DDEsEYx Ao Z71ge] wet,

= 9% M)A $Et ¥ 25S F7h 294

- AES

3} FH7Ib] FIMEFE TR Vol A
g Bk wekA, 8F PCBs% p,po’ —DDES]
predictors 9%, 9% A2 5%, YA3F, £F
717k e &2 Vet

Iy, BMI, 3R], wA1s E37] AHAE, A
AR, SFA4, +AE44# 9 PCB, pp ~DDEY
Frole] AL FHEA sttt
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