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ABSTRACT

PCBs [Polychlorinated biphenyls] are halogenated aromatic compounds with the empirical formula CpoHo,Cla(n=1
~10), and are a mixture of possible 209 different chlorinated congeners. PCBs were widely used as dielectric fluids
for capacitors, 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(Hewlett Packard 5897 Gas Chromatography-Mass Chromatography
Detector) and GC/ECD(Hewlett Packard 5890 series-II gas chromatography-Electron capture detector, U.S.A). The
main results of this study were as follows; The mean and standard deviation of serum PCBs were 3.613, 0.759 ppb,
respectively and median of it was 3.828 ppb. The correlation coefficients of the concentrations of 13 PCB congeners
ranged from 0.7913 to 0.9985 and were significantly correlated between each items(p=0.0001). The PCB concentrations
were positively associated with age(simple linear regression; R’=0.86, $=0.08023, p<0.001) and with total lipids in
serums(simple linear regression; R?=0.7058, ﬁ=0.00486, p<0.001). The age adjusted model (Y= + Biage +B,X) was
applied for possible predictors of PCBs levels in serum. For BMI(Body Mass Index), major residential area, and fish,
meat, and dairy consumption, there was no association with PCBs levels. Also, there was negative association for the
number of pregnancy and lactation period with PCBs levels.

Keywords : PCBs, Serum, Predictor, Concentration
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‘ Serum J N-hexane 10 ml

anhydrous Na,SC, 5g

’ Separatory funnel

1 methanol 3ml
vortex mixing
hexane-ethyl ehter(1:1)
[ Organic phase } 5L
s —  vortex mixing
rotary mixing
l centrifuge

LOrganic phase J dry to 1 mL
e DY Ny gas stream

1 Fiorisil catridge

dry to 1 mL
by N, gas stream

’ Sample 1mL }

Fig. 1. PCBs assay scheme for serum.

Table 1. PCB congeners and IUPAC No

PCB TUPAC Number
3.3',4,4'-Tetrachlorobiphenyl 77
3.3',4.4',5-Pentachlorobiphenyl 126
3.3'.4.4'.5,5'"-Hexachlorobiphenyi 169
3,4,4',5-Tetrachlorobiphenyl 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
2,3,3',4,4'5,5"-Heptachlorobiphenyl 189
2.3,3'4.4',5'-Hexachlorobiphenyl 157
2.3'4,4'5,5"-Hexachlorobiphenyl 167
2,2'3.4',5,5',6-Heptachlorobiphenyl 187

Zh2t FJehA] AHSk.

B JFo|A] F418F PCB congeners- Safe™7}
Toxicology(1990)ell 233 PCBs®| proposed Toxic
Equivalent Factor(TEF) value®$ ©72 F457}
(TEFy’} 32 PCB congeners-S AA3I{c}

Hexane(n-hexane, 95%, J.T.Baker), MeOH(99.9%.
Sigma), Iso-octane(99.8%, Fisher Scientific), Petroleum
ether(99.8%, Mallinckrodt Chemicalys- E-= solvents
& HPLC grade A|9FS AH3-31ict,

Table 2. GC/ECD Operating Condition for Analysis of PCBs

Analytical Condition

Column HP-5(Crosslinked 5%  phenylmethyl
siloxane Film thickness: 0.5 pm, Length:
30m, Phase ratio: 160, Column 1D:
0.32 mm)

Carrier gas N,

Split ratio Splitless

Injection port temp. 250°C

Detection port temp. 250°C

Oven temp. Initial  Initial Rate Final Final
program temp. time  (°C/ temp. time
Oy (min) min.) (°C) (min)

80 i 5.0 300 25

@ #A717) 2 $AEA

A A B2 EE PCBsE £4317] 918l Hewlett
Packard 5890 series II gas chromatography-electron
capture detector(GC-ECDYS- AM3-319] 2w FA o] o4
3} column- HP-S(crossinked 5% phenylmethyl siloxane,
film thickness: 0.5 um, length: 30 m, phase ratio: 160,
column LD: 0.32 mm, Hewlett Packard)o]©}.

7} PCBs?] congener52} retention timeE E2i3}7]
2l&)A] Hewlett Packard 5890 series Il gas chromato-
graphy(GC)2} 5971 Mass Selective Detector(GC-MSD)
£ ARgstdct.

PCB 313122} A=k%--2- monochlorobiphenyl, dichlo-
robiphenyl, trichlorobiphenyl, tetrachlorobiphenyl, pent-
achlorobiphenyl, hexachlorobiphenyl, heptachlorobiphenyl,
octachlorobiphenyle] 7tz I mgy/l =2 3% PCB
sl EEA 9 GC-ECDoA 2] Abdl) 7H-4-=(Relative
response factory2- 7+ 843 chromatogrameliA] #-2]
9 zhzke) PCB3RRIE-S 3bo} peak areacl] 2l3}ed T
E ARES O, gAlgke e F PCBs 55 T3
o}, = stHo = 4~5mglQl Aroclor EFE3 9
chromatogram® Al &2] chromatogram& ®]iL %3}
™, GC-ECDIA vhe- 2 peakE-$ GC-MSDE )4
sei sjalstlet.

B oA #4838 GC-ECDS} GC-MSD F71-
Table 2, 33} 2=},

4) Congenerq 734 = o Ak B4

z}z}e] PCBs congners 1371 5 %=7} 0.0, 0.02,
0.5, 1.0, 5.0 ppb7} HEE iso-octanesll HAAIAM &
4ol e ukE ohgel T3 AA W) F2)
o ufe} Axelsledet. L =& Z2e) congener peak
area®] V|5 o|-3led AL sl
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Table 3. GC/MSD Operating Condition for Analysis of PCBs

Table 4. Recovery Rate of PCBs in the Serum

Analytical Condition Sample Concentration, No. of Recovery Rate
Column HP-5MS(Cross-linked 5% phenylmethyl siloxane ng/! Samples  Mean +5.D.(%)
30 mX<0.25 mm L.D.X0.25um ET.) 5 5 95.8+2.8
- - PCB #77
Carrier gas  He at 0.77 m//min 10 5 96.1x£1.5
it rati 5 951+37
Split ratio /10 PCB #126
Injection 300°C 10 5 938+25
port temp.
Transfer line 300°C 512a0 Zo)
temp. 5) :6‘] g F7%

Oven temp. Initial Initial Rate Final

Oy Final time

program temp. tme (°C/min) temp. (min)

(°C)  (min) (°C)

140 1 3 230 0

300 5

SIM mode  Group  Start Selected Tons
(Solvent time
delay; (min)
3.5 min) 35 154, 153, 188, 190, 222, 224

10.3 222, 224, 256, 258, 290, 292
15.9 256, 258, 290, 292, 326, 328
20.8 290, 292, 326, 328, 360, 362
279 326, 328, 360, 362, 394, 396

31.9 360, 362, 394, 396, 426, 428,
460, 462, 498, 500

A n R W R —

Table 5. Concentrations of PCBs Congeners in the Serum

% PCBsY 3988 &43)}1A} PCBs standards
13%% % PCB #777% PCB #1262 Al=3led iso-
octane2 2 ZFZt Spg/isl 10 pgl T2 3MAAA]
LS A THEe] sk AR FAU3 AR uby
(2(2) Fzpel ot A=lsldd. o As Jd-& pCBsY
3]4&(meant S.D.)S- PCB #77-2 958+28, 96.1+
1.5%8 2™ PCB #1262 95.1+3.7, 93.842.5%%c}
(Table 4).

6) % PCB 5=2] Predictorl] A3+ AT 24}

a2, AlAZAA4>(body mass index; BMI, kg/md),
7159, A9, 4, 9, A AERE, Aol#
AT It 71 &5, o F, oHF A3 34 o
%) 5 7V =E8<de) AN AERALS Al
3, 9% FI2EE 2 Triglyceride 4315 3%

(unit: ug/l)

PCB Mean D Percentile
0 25 50 75 100
3,3'4.4'-Tetra(#77) 0.4625 0.0527 0.333 0411 0471 0.486 0.564
Tetra 3,44 5-Tetra(#81) 1.0708 0.1329 0.708 0.9395 1.099 1.134 1.316
subtotal 1.5333 0.1841 1.110 1.350 1.570 1.620 1.880
3,3',4,4',5-Penta(#126) 0.3392 0.1028 0.120 0.288 0.384 0.416 0.488
2.3,3'4,4'-Penta(#105) 0.0895 0.0273 0.031 0.0756 0.1008 0.1094 0.1288
Penta 2,3,4,4',5-Penta(#114) 0.1268 0.0399 0.023 0.106 0.144 0.156 0.183
2,344, 5-Penta(#118) 0.5088 0.1582 0.034 0.4385 0.576 0.625 0.737
2'3,4,4',5-Penta(#123) 0.1716 0.0525 0.059 0.149 0.194 0.208 0.255
subtotal 1.2359 0.3790 0.324 1.0591 1.3993 1.5138 1.7918
3,3,4.4'5,5-Hexa(#169) 0.2023 0.0557 0.052 0.164 0.2185 0.240 0.295
2,3,3',4,4' . 5-Hexa(#156) 0.1020 0.0275 0.034 0.082 0.1065 0.122 Q.15
Hexa  2,3,3'4.4'5-Hexa(#157) 0.0508 0.0135 0.017 0.041 0.054 0.061 0.073
2,3'4,4'5,5'-Hexa(#167) 0.1523 0.0406 0.051 0.123 0.162 0.183 0.219
subtotal 0.5075 0.1367 0.17 041 0.5425 0.606 0.733
2,223,455 6-Hepta(#187)  0.0916 0.0256 0.045 0.072 0.094 0.111 0.148
Hepta 2,3,3',44' 5,5 -Hepta(#189)  0.2445 0.0687 0.12 0.1935 0.253 0.296 0.383
subtotal 0.3361 0.0943 0.165 0.2655 0.3465 0.407 0.513
Total 36128 0.7592 1.851 3.0431 3.8282 4.0612 4.8558
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1. 85 PCBs s

GC/ECDZ. &43} % 112%2] PCB congeners®| 5
xo| A, BFAA}, HoNGL, 22, AHEATE Table
sell Vel

PCB congeners 52| 3= g3kl 3.6128 ng/l,
EEHA7L 07592, F5E 3.8282%.

PCBY] % ¥t TF o7 o Foz A9A
ez Zrlsledsd, ol dide] ik FEet ¥
58 Fg Bl

PCB congeners &ol|A] 34,4'5-Tetra(PCB #81)2]%%
=7t U538 B2 e ¥9.2, Tetra, Penta, Hexa,
Hepta®] £AE 557} wole & Baloth

PCB®] 137} congeners®] F% Ape]o A A 4~
(Pearson Correlation Coefficientsy= |4 0.7913¢]] 4
o 09985711921, 25 frelstadehp=0.0001).

2. §= PCBs ST2 &A= WHe0lo) chst dt

1) A7) duky B4

B el QoA 11296 g duty EAE
ohe-¢] Table 67 22t}

A3 e 40e07) 1129 & 5299) 46.4%=2 7V WSt
ond, 307 319 27.7%, S0eh7F 2004l 17.9%,
200071 64921 54%, 607 359l 2.7%% AAlskAL
gleh, AEAE p|&o) 49, 7] &2 108H LR
96.4%% xpX3ldet. 715:¢] YL 3009H ot
297t 4789l 42.0%2 7HF B, 200~2995H1<]
Ao} 429l 37.5%, 100~ 1997H1) 497} 19984
17.0%, 1005t401817} 4821 3.6%= 2|35}, 8H
$520 Almuy | E9] 97t S0H22AM 4.6%E,
=) 797} 46732 44.1%2 FEEE AH| sl e
o, kg ZFo] THel 63%, HEUFe] 64l
54%% )RSk, Z2Fo] M OR 1.8%, F3to]
9l 0.9%3 23Kt 258 = AUl 208
23.6%, SFZ 1A = 7397t 849l 764%% A
Asidct. o) A4 ekl S8 A4t 105

Table 6. General Characteristics of the Subjects

Characteristics Category N %
20~29 6 5.4
30~39 31 27.7
40~49 52 46.4
Age
50~59 20 17.9
60~69 3 2.7
Subtotal 112 100
Unmarried 4 3.6
Marital Status Married 108 96.4
Subtotal 112 100
<100 4 36
. 100~199 19 17.0
Family Income 5 5g9 42 37.5
(X 10"won)
300< 47 420
Subtotal 112 100
[literacy 1 0.9
Elementary School 2 1.8
Educational Middle School 7 6.3
ucational - pioh School 50 44.6
Level
College 46 41.1
Graduate School 6 54
Subtotal 112 100
Yes 26 23.6
Alcohol No 84 76.4
Subtotal 110 100
Yes 4 36
. Stopped 3 2.7
Smoking
No 105 93.8
Subtotal 112 100
<20 16 14.3
2 20~25 79 70.5
BMI(kg/m")
25~30 17 15.2
Subtotal 112 100

el

] 938%% 2AIBk 7V wsken, Shb S
o] 49l 3.6%, WITHE %] 34 2.7%E A
apdct. AAFARPBML kg/m)] 75 20013 25
uleb @AHR) 47 7998 70.5%2A 7P Bt
], 25014k 3eRb E@AIFFEE Blth)Rr] A 173
Q] 15.2%, ‘15014 200]7bAAF)NR] 347t 143%F
21284 v}

B ool AFaabe A7EAIAE] WLlgt o
AEoln] YT 71F o) 300de] W Aol
1 e, dEolael A5t 46.5%2 B
o wekd ol Aw dulel s e 4 gl A
Z+Ei},
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Table 7. Residential Duration by Area

Sun Young Min er al.

Duration (year)

Category N 15< 15-25 25-35 35-45 45< K- Test
rural 54(48.2) 1324.1)  24(426) 15278) 237 1(1.9)
coastal 1(0.89) - 1 - - 5 .
Hometown industrial - - - - - X=—201§Jl69
urban 57(50.9) 70123)  113193)  19333)  11(19.3) o158
Subtotal 112(100) 20(17.9)  3531.3)  34(304)  13(11.6)  10(8.9)
rural 37(33.0) 6(162)  1335.1)  1540.5)  2(5.4) 12.70)
maijor coastal - - - - - -
residential  industrial 1(0.89) I - - - - X;fg'fggb
area urban 74(66.1) 9(122)  18(243)  24(324)  14189)  %(12.2)
Subtotal 112(100) 16(143)  3127.7)  39(34.8)  16(143)  10(8.9)

* when rural and coastal is united as one category.
®. when industrial and urban is united as one category.

2) A5

AFEE Ao Em ugke] AR o|gf LFsl
297} 574l 509%2 7 weksl efelgbn &
g3t 757 5499 482%S AAEI e, ©oj&ole}
I SR A= 199l 09%c}. AR 551 A
FAPZE AR Heleial -S43t 7971 749 66.1%S
AABIG L, wEolek S8 A 379l 33.0%,
‘T e g Sgt Algtol 199l 0.9%%]r}.

AFH3 AF77Ee] IAE B, AR R T4
A el M AFgE 7]7ke] v Ak(*=21.319, p = 0.006,
FE AFAGE ol mAxYog 89S A9
o]y ATHAAE M& = Mg Zatel] AR alat
o] ¥ wWliog Ayzige}) & idfo] & wx
FYAYE ME 5] BARYGLR o]Far] ARt
737} w7 witelelar A

3) g4l A 5

FA Akl AR Q3] 3hE gek & o
213150 739, Table 82 #ro| 337} 3743l 33.6%
2 7P wsked, 53lq] A9 1104 F 2399l
20.9%, 233l 7337} 1733 15.5%, 439 7337} 16
]l 145%2] wolglem, 63 oAkl A7t 9=ial
8.1%, 1319 73$7} 843l 7.3%E Ioic) B 5%
o Holl A= cofreta diddr A9t 1099%F 88"l
80.7%% AA18l91om, o] elal digaiabgte] 21
Hal 193%2 2|81}

T3 AR 71zl % HE, BEwale) B
FoFAL- Table 92} 7t}

Al Eelofu} o] WAIZ Ear)E 28] A=
7971 11089] &=l F 1679l 14.5%H.0, 87

Table 8. The Number of Pregnancy and Lactation Frequency

Characteristics No. No. of subjects %
| 8 7.3
2 17 15.5
3 37 336
Pregnancy 4 16 14.5
5 23 209
6= 9 8.1
Subtotal 110 100
Yes 88 80.7
Lactation No 21 19.3
Subtotal 109 100

Table 9. Total Duration of Lactation

Percentile
N Mean SD
25 50 75 100
89 188 19.9 0 7 14 23 111

3 2] o= 97} 9689 85.5%F x5

=3l HAe FRNe] WAdF 23S gelsE] Wy
d A97F 10799 SRl F 119el 98%sien, 1
PA] o2 797 10171 90.29%%] T}

4) 2] Akt

Alelo) tigt AR AT} $F, FAIE A 71
o taled At g Skl AFulEel 13 HH A
AHFE 2ARRE. Al glold 9bLql
Aol 0", Y 13 Aol 1d, Y 2~33d
At 24, T 13'd Aol 3", F 2~33y
At 44, T a~63Y Al 57, WY 13
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Table 10. The Status of Fish, Meat and Dairy Consumption

by Month
Percentile
N Mean SD
25 50 75 100
Fish 111 146 7.8 1 9 13 18 42
Meat 112 125 49 3 9 12 15 30
Dairy 106 137 79 1 8 13 19 40

PCB Levels in Serum vs Age

Js
? s »* *
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- 4 offe
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1 v r
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Fig. 2. PCBs levels in Serum vs Age.
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o}, AR (Fishyi= vhegA, BI85, 94)e] - 1

2« Folf, 2 - 25, %——%‘—"é-‘?r(fé}i] F2], 5ol
Exd)e] Faks g3 Alolw, SfFMeatys HA7I,
2|37}, @3], SR E, Ase] s ek
o FAEF(Dairyys _8:—31] )z, e
ek Falga). o] Al 7149 HeEEEe Table 10
4 e},

5) PCBs %9 1 AA 2qlE7e] WA

A xol #AE = Jepid Fg 29
2}

o] F713E% pCBY Fx7} vidEiA F7hst
a7 9)x= 3e)E Ko 9Jrk(Simple Linear Regression;
R2=0 8560, f3 = 0.080231, p =0.0001).

554 olAke] T ZoM= PCB F52 F7hEol
ashe FelE w2 o

=3}, Fig. 3ol B5o] A3 A2 357 &+
£ pCRe| F57} vl#HsIM S7181aL 9l Simple Linear
Regression; R®=0.7058, B =0.004859, p=0.0001). °]
Ao E dele] A%el vl IAE 600 pg/dl oAl

PCB Levels in Serum vs Lipiid

6
o
B
¢
2 5 .
E .; Pl I *
E 4 ‘?. *
»

EY LU Y

Iy
(2] F
£ 3 .o.'-
] L3 ]
]
iy
@ ? I
(8]
a

1 T T T
200 300 400 600 600 700 800 800 1000
Lipiid (ug/dI)

Fig. 3. PCBs levels in serum vs lipid levels in blood.
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Table 11. PCBs levels in serum, Age by Possible Predictors
PCBs(ug/! Age
Variable Category N (/) £
Mean SD Mean SD
. . . Rural (0) 37 3.7005 0.7323 433 8.44
major residential area
Urban (1) 75 3.5695 0.7733 41.9 8.93
. No(0) 24 37712 0.6465 44.0 8.09
lactation
Yes(1) 83 3.5340 0.7948 41.6 8.98
wether to eat caught fish by No(0) 96 3.6117 0.7573 42.5 8.96
angling Yes(1) 16 3.6195 0.7960 41.6 7.63
wether to eat caught fish by No(0) 101 3.6120 0.7706 423 8.86
angling(by parents in the past) Yes(1) 11 3.6202 0.6779 435 8.04
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Table 12. PCBs' Proposed Toxic Equivalent Factor (TEF)

Values
TUPAC Congener TEF  Relative Potency
No. Value Range
126 <Coplanar PCBs>
169 3.4,5,3,4-PeCB 0.1 0.3-0.006
77 3.4,5,3,4,5-HxCB 0.05 0.01-0.0012
34,34-TCB 0.01  0.009-0.00008
<Mono ortho coplanar>
118 2,4,5,3,4-PeCB 0.001  0.0004-0.000006
105  2,34,34-PeCB 0.001  0.008-0.00006
123 3,4,5,2,4-PeCB 0.001  0.00013-0.000018
114 2,3,4,54-PeCB 0.001  0.000045-0.000074

157  2,3,434,5-HxCB 0.001  0.00045-0.0000014
156  2,34,5,3,4-HxCB 0.001  0.0004-0.0000065
167 24,534,5-HxCB 0.001  0.0000055

189  2,34,5,3,45-HpCB 0.001 no data available

*From: Safe.”? Toxicology 22, 51-88.
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