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Levels of Polychlorinated Biphenyls in Adolescents’ Hair from Gongzhuling, Jilin
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Abstract: Adolescents’(12-18 ) hair samples(n =23) collected from Gongzhuling Jilin were analyzed for 30 polychlorinated biphenyl
(PCB) congeners by gas chromatograph-mass spectrometer ( GC-MS). The distribution characteristics, sources and relationship with
genders of PCBs in adolescents’ hair were addressed as well. The results indicated that the detection frequency of PCBs were 100%
with average concentration of (68.85 +36.72) ng+g ™' and detection range from 11.66 ng-g 'to 127. 86 ng-g ™', respectively. This
region was contaminated to some extent. CB-28, CB-52, CB-87 and CB-82 were the major congeners which occupied 62% . Penta-
CBs were the dominant contributors (39% ), followed by tetra-CBs(29% ) and tri-CBs (18% ). The different distributions of PCBs
congeners in hair from other human tissues and the air are believed to be the fact that PCBs in human hair not only came from
endogenous dietary uptake of the contaminants, but also from exogenous atmospheric deposition. The results clearly indicated that these
pollutants mainly came from industrial pollution. When gender was considered, significantly higher concentrations for most of the

investigated contaminants were found in female compared with male.

Key words: hair; polychlorinated biphenyl( PCB) ; GC-MS; Gongzhuling, Jilin;source
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BOTFR T RS H E A A0 b 5
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BEAT I WS, T A 5% 4L # X Sk R o PCBs (¥ BF 57
AR AR

A 2 W R [ AR b X PR 85 e PCBs 5 4t Lk
BN TR E RS A 06T PCBs 5 K,
ABFFC M T iz IX 23 43 (12 ~18 &) F A4k Kk
W I PCBs 5 & J 20 A LA, IF 3 7 5 5 1k Bl
P, LU b J5 2 1% 4 X 0 X B B A 42 it 3 %
4.

1 MeS ik

L1 FZH 5

A IE e (At 2l REMERFAA) o
SRR (g, REAFRFAF); ¥ (6
whal,). T. Baker 7] ); Wk MR (L2 2L 36% ~
38% ,AbntAb L)) s IR IR (TR 2E 95% ~98% , K
A ER) 2 W] ) 5 b b R R AN (4 B 4l R
JGRE AL TWEFUIT ) s KB RR B (T4 4, 650°C
HeRs 6 h J5% B & M, REDCE R4 TR ) 5
Bl PR A A B (2 i 4, RE 2 0,075 ~ 0. 15 mm 130°C
HERE 18 h, J5 % B & M, 1 1o DY A6 2K 70 A7 R A
Al ) s RERS (4 BT 4, B EE 0.075 ~0. 15 mm 130°C Jit
K18 h, J5 2% B & H L Bl v LT ) s R
Ak JBE (3 A I (0 e S 7 305 A 0 P T 2 15 0 N VR R
T 1 ) 5 S8 B K A Milli-Q B 4liK.

PCB W &5 : 2 &I A (PCBs) W& 5 FF &
4 (IUPAC %= ) CB-8 28 52 44 49 37 74 70 66 60
101 99 87 77 82 118 114 153 105 179 158 138 126
166 187 183 128 156 180 169 3t 30 Fift [7] Ji {4

PCBs H.¥5 : CB-46,CB-143.

W#Hr:1,2,3,4-tetrachloronaphthalene (TCN).

L EFRUEIY I B 5€ E AccuStandard 2 7] .

{X %% . Varian GC 3800, Saturn 2000 JiT i {3 .
1.2 S8 59k
12,1 FF S SR B2 R0 T A 3

2009 F5 H TR A F0e i IX R4 12 ~ 18
LHEDERE S, B 12 4y, otk 11 4y, 3k 23
By CRFE R AT RE N 5O , B Sk R 2y 2 g, 70 36T
WG B, &

FESRIR G e R AN (1% ) W . 2518
KW ¥4 2= % 22 T 1R K 2B i g ,40°C 1 T 5 B8 1. 1y

Wb B2 BESCER 7 ] 779, FRICZY 500 mg 28 4k B ) Sk
%F 20 mL H R4 04 mL 6 mol- L™ " th R 1 3
mL FE CFe/ R T EE(4: 1) ,40°C 7K i & 1 4, Wit
WIREG, B AN, B 4 mLE bl " Tk
(45 1) FEH2 Ik, I A UM, 28 0 /K B IR 4k i 7K I
W ZE K AR 2 ~3 mL, i EATAE BN B AR IR R
TR PE AL ER (10% ) . BRPERENR . JC/K B BR BN 1, 15 %%
M2 mL ik &ke/ SR (1 1) P AE 7, 5 1] 2
mL 1F SR, FFE S 6 mL IE ekt , U B
JEFEA R A1 ~2 mL, B 2 Z WM, I A A% TCN,
e A0 U E A & 200w, 7% GC-MS 73 #r Il € .
1.2.2  GC-MS 525 41

ZB-5 MS ¥ fl A 95 B 40 %k (0. 25 mm x 60
m B 0. 25 pm ), JEAE I FE 270°C 4G I 2% i
J£ 320°C. FHR A7 : W) 4R AE W 80°C LR £F 1 min, BL 20
°C -min 'JFF 180°C J5, L 3 °C -min "' J} & 280°C ,
PREFF 15 min. AP FERE BEFERE N 1 wl, B8
ali A, I N 1.0 mL-min .

RS & F: EL 96, 8 T RE & 70 eV, i
250°C, iR HEIE B m/z Ry 60 ~ 550, 3% #5217
WA (SIS) |, JBualk s 1 , AR VL & &

1.2.3 R AR IE A R4 (QA/QC)

H T ORUERE dh 3 A I PR R W] SE I, R A a2 X
AL B 43 A7 i R vh n] BE AT R 975 %% ,23 Oy FE S 2 5 it
HEAT BRI b A — N G S R R AR SE G,
FE S I CB-46 1 CB-143 A Ay s i e e i (7]
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105% , AR BRAE I 25 0 14% . B4 ¥ 0 28 41k 2% 1 9
2R RIE 5 I a5 R ACE R B 2 0. 008 ~
0.093 ng-g "5 7V H B 4 :0.20 ~ 1. 21 ng-g ™.
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ng - g EGEJEHEN 11.66 ~ 127.86 ng - g @A
B4 CB-158 . CB-183 ., CB-156, CB-169 (¥ H
F AL T 50% . CB-28 . CB-52, CB-87, CB-82 j&3Lk &
i PCBs [ 3 B A A, &7 > PCBs 11 62% , % W i%
i X T /b 4 3k & A PCBs LA S [ fift (A SUIBE R Ol 2.
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%5 3k & bR UE S A (BCR397) | B9 1 Jd WA 4k
S BT O S Y DL b M X L 2 Sk
K PCBs 4LREAL, A AN 7] TN 1 py i 4 41
1 PCBs [ F4 & 4. Covaci 27 7 % Ee R . B 1)
J& WA s N pR AT LSRR B AT BT SO 8 Sk ke
1 PCBs 5 P 54141 PCBs 1O B fE T % L, % 31
&SR 1 PCBs 11 CB-52 4 55 W) 5 &5 T 0 i 4140 5 4]
Th B2 % B SRR A PCBs B 5 K P B 5 %
WY, 5 LR If R DA S AR 1 CB-138 il CB-156

s Dirtu 251 o B T R M X G 7 2 2R R A RL
BRI HL G K BF 7T % Wl DL A AR B w1 CB- 138
CB-153, CB-170 F1 CB-180 K 3=, ¥ 75% ;Altshul
e 28 g 2 [N A Sk & B I P PCBs JEAT X6 LLAF 5T
R, ARSI G B A 1) 8] 5 A& an CB-52, CB- 101,
CB-110 F1 CB- 149 & 3k & & & 5w, 5 5 S AR
PCBs #j CB-153 , CB-138 . CB-180 & /E g ih & &
. R WISk K K PCBs 1 fig g AN 7] T A4 9 4
U LT R TR 1.

# 1 PCBs [AEMAIK & RERMMLE /ng-g !

Table 1 ~ Concentrations and detecting frequencies of select PCBs in human hair/ng-g ™'

PCBe SFIE = SD (R # /% )

Lt (n =11) Btk (n =12) Hik Sk (n =23)
CB8 1.99 £0.41 (100) 1.66 £0.55 (100) 1.82 £0.50 (100)
CB28 14.18 £7.57 (100) 8.65 +9.88 (100) 11.30 £9. 10 (100)
CB52 19.82 £6.58 (100) 12.85 £6.39 (100) 16.18 £7.26 (100)
CB44 ND ND ND
CB49 0.54 £0.48 (100) 0.31 £0.22 (83) 0.42 £0.38 (91)
CB37 1.31 £0.41(100) 0.78 £0.33 (100) 1.03 £0.45 (100)
CB74 ND ND ND
CB70 2.70 £1.58 (91) 0.27 £0.54 (25) 1.43 +1.68 (56)
CB66 ND ND ND
CB60 0.92 £0.39 (100) 0.56 £0.21 (100) 0.73 £0.36 (100)
CB101 0.98 £0.44 (100) 0.64 £0.39 (100) 0.80 +0.45 (100)
CB99 1.07 £0.52 (100) 0.75 £0.47 (100) 0.90 £0.51 (100)
CB87 9.44 £6.95 (100) 4.87 £5.77 (100) 7.06 £6.63 (100)
CB77 1.43 £0.45 (100) 0.75 £0.33 (100) 1.08 £0.52 (100)
CB82 11.20 £6.92 (100) 4.40 £5.39 (100) 7.65 £6.95 (100)
CB118 4.04 £2.42 (82) 113 £1.50 (42) 2.52 +2.45 (61)
CB114 4.53 £3.18 (91) 1.88 £2.91 (42) 3.15 +£3.27 (65)
CB153 0.50 £0. 18 (100) 0.50 £0. 17 (100) 0.50 £0. 17 (100)
CB105 0.95 +£0.30 (100) 0.64 £0.28 (100) 0.79 £0.33 (100)
CB179 0.23 £0.35 (73) 0.18 £0. 12 (100) 0.21 £0.25 (87)
CB138 0.59 £0.37 (82) 0.21 £0.23 (50) 0.39 £0.36 (65)
CBI158 0.04 £0.15 (9) ND 0.02 £0.10 (4)
CB126 4.91 £2.33 (100) 2.83 +£2.26 (100) 3.83 +£2.48 (100)
CB166 + 187 0.62 +£0.49 (73) 0.55 +£0.52 (67) 0.58 +0.50 (70)
CB183 0.03 £0.10 (9) ND 0.01 £0.07 (4)
CB128 ND ND ND
CB156 0.19 £0.42 (18) 0.44 £0.68 (33) 0.32 +£0.57 (26)
CB180 6.55 £3.58 (91) 3.86 £4.42 (92) 5.15 £4.18 (91)
CB169 1.09 £2.02 (27) 0.86 £1.55 (25) 0.97 £1.75 (26)
Z PCBs 89.89 £28.02 (100) 49.56 £33.68 (100) 68.85 £36.72 (100)

1)ND %% A K th

BE b, # EOR IR B AR SR F 1A HOkE PCBs
[ R A EAT 43 288, T K WF SRS W 1) PCBss [ i A4 3 ok
2 ~ 75X PCBs. B 1 41t T Sk K A% it vh PCBs (1401
J 53 A, 0] LU HAE BT 43 AT () PCBs [ % 44 LAIG 4L
R PCBs 2 &, AR R & & B il > PCBs (1)
39% , Mok 2 DY SAR IR R R = SRR, Jr o)l

> PCBs [1129% F118% , i AR KA. 55 Zhang
AL N R R R A HLETS BB ST N 45 ) 45
w8, 5 E AL AE R PCBs“ 4R 40tk ” M
R XN AR Sk K PCBs BRI T T
WyG g X 5 B [ PCBs (4 A 7 A5 6. fE3RIE,
1965 ~ 1974 4 K% 47 710000 t PCBs, H &
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Fig. 1 Distribution of PCBs congeners in human hair
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M. Wl A s ik N PCBs (U&= 5 S BN E 1
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7 A AU R S B T x5 A
PN 412 PCBs 1) 84 AR BL, 356 B 2R £ 55 7] fg
Je N AR EE 241 40 PCBs 1 1 3ok 5. A b sk &
MR 2 Bal 5, 734 W A 5 Sk R
IR ) O R AT AT e, 3K AR A Y 1 5 G 0 4 F5 PCBs
IR Ty HEN SRR, BT LUK B 46 02 Sk Kk PCBs 1

VML TR 2 X A Sk S TT LA S — iR A
7 119 J5L LR BT A

(R S RAE S — Fh B i T BR8N AR 2 4 b
Bk 7] 1 52 59 4 Ay B 455 012 3% A0 BRI () X S,
TS A P 05 S R ) P 4 2B R R
(K15 WL F0 45 PCBs AR 75 5 4l W B 76 Sk % B g B 2%
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TR SR S K i) PCBs 28R m, B SRR
mm%%ﬁﬁ%%ﬁ?%??@%%“ﬁ*ﬁ
A6 77 CRAE S AHE 4 db) KA 84 Fi PCBs [ J% 14
BFE & W), kAP B2 LUK & AR PCBs 4 1, =504
b 41% , = HA 43% s BB ST 0 e 5UR S
DX A A AR RE R ORL 25 BF 84 b 22 S0 K 1)
%Wﬁn%%ﬁ%ﬁ%%%@ﬂﬂ%ﬁﬁ%ﬁm
PNTE L AP PN A NG E A& 5L S e IPN
A BL L DA SUIE S S L A R b 4R
R S ER &, U3 ~5S AN E,HE X
S PCBs (K FOA B A 46 g ) S04 U Sk
i PCBs J& 41 5 I 5% 3% A0 79 1 52 R 4 A 1 T

g
2.2 k% rh PCBs {13 BUR 5k 5 i) 56 &

L RE R A R — AN X, 5 A A AR
CER 2 R E R N FE ORI 2 AT LA B,
P B I 4 PCBs 1 & i i T 4, B 5 (wo
populations ¢-test) & W A [7] 1 5 2 ¥ PCBs £7 76 &
FEPEZER (P <0.05). K Fi 4518 5 Covaci 77 X &
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