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1 3 1 1 1 1 *2
N 100037)  *( 100193)
*( 100021 )
o HCl1 N / N
20 16
. 16 1.0 ~2.5 pg/kg
67.6% 62.5% ~92.3% . 20 \B- pp-
100% - 24 4- 2275 5- 8% 50%  40%
4 5.48 ~8.40 pg/kg( ) 3.86 ~27. 1 pg/ks( ) 1. 16 ~
18.3 peg/kg( ) 2.20~22.1 pg/kg( ) 6.91 6.10 5.53  3.44 pg/kg.
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2
2.1
AutoSpec Premier Agilient 7890 (
Waters ); GC 2010 ( Shimadzhu ) ( Electron capture
detector ECD) ; LABORATA4003 ( Heidolph ); KIL512/509] (
) o
(75 ~150 pm) (150 pm) ( ) 27 ml,
H,S0, 50¢g N 10% 100 ¢
10 mL N o
2.2
8 OCPs fa- ( aHexachlorocyclohexane o-HCH) 8- (BHCH) . y-
(y-HCH) .5- (8-HCH) .p p- (1 1-Dichloro2~ 4-chlorophenyl) 2~ 4-chlorophenyl) eth—

ene p p"-DDE) .p p'-
o p- (o pDDT) \p p-
HCB) 101 mg/L.
nyl PCB28) 2 2° 5 5—

(p p-DDT)
.7 PCBs

PCBI118) .2 23 4 45—

(2 2° 5 5 Tetrachlorobiphenyl PCB52) 2 24 5 5°-
4 5 5°Pentachlorobiphenyl PCBI101) .2 3~ 4 4° 5-

(1 1-Dichloro2+ 4-chlorophenyl) 2« 4-chlorophenyl) ethane p p”-DDD) .

50 mg/L o
12 4 4-

( Hexachlorobenzene
(2 4 4 Trichlorobiphe—
(22
(2 3 4 47 5-Pentachlorobiphenyl

(2 2 3 4 4° 5Hexachlorobiphenyl PCBI138) .2 2° 4 4° 5 5°-
(2 2 4 4° 5 5"Hexachlorobiphenyl PCB153) .2 2° 3 4 4 5 5"-

(227344 55-

Heptachlorobiphenyl PCB180) 2.0 mg/L o
10 mg/L ( Dr. Ehrenstorfer ) (
) s HCI( ) o
2.3
30 o 1~
3 mmo, 100 mg 15 mL 20 pL 1.0 mg/L 6 mL
4 mol/L HCI 60 C 16h" .
3 mL - (41 V/V) 5 min
- o 2 ~3 mL
N Na, S0, SPE 15 mL - (41 vV/V)
1.0 mL o
2.4 -
GC : 290 C; ; ( 99.999% ) 1.2 mL/min.
DB-5SMS( J&W 60 m x0.25 mm x0.25 pum) o 80 C 2.0 min 15 C/
min 150 C 15 °C /min 270 C 3 min 15 °C /min 300 C 1.0
min. 250 C; ( EI) 35 eV; 280 C;
( MID) ; 8000 V; PFK43 10000 .
3
3.1
N N 16 o DB-5 HT-8
Rix-CLPesticides2 VF5  VF4701. 30 m 16 o
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VF4701( Varian 30 m x 0.25 mm x 0. 25 pm) PCB153 o p’DDT

PCB138  p p”-DDD; DB5(J&W 30 m x0.25 mm x0.25 wm)  VF-5( Varian 30 m x0.25 mm x0. 25

pum)

o pDDT  p p-DDD PCBI38  p p -DDT; Rix-CLPesticides2

PCB138  p p>DDT.  HT-8(SGE 25 mx0.22 mm x0.25 pm) .DM-5SMS( Dikma 30 m x0.25 mm x

0.25

DDT

pm) .DM-SMS( Dikma 50 m x0.25 mm x0.25 pm)  DBSMS(J&W 60 m x0.25 mm x0.25 pum)
16 o pDDT  p pDDD.o p-DDT  PCBI153 PCB138 p p'-
3 o 1 3 16 GC-ECD o
T T [m]
- Jas VF-5MS
Lk BE 28 B i LB - .
g L0f M1 %2 = 8§ g s § %Py 23 =
i b 5 & 5 = Jhe iz A
g osr £ g 5 I BlPe o F &
~ 0.0F Wl LA i jﬁm A m B, X
1 1 1 1 1 1
17.5 20.0 22.5 25.0 27.5 30.0 325 35.0
¢ (min)
10.0 o]
= = £ = = a2 B VF-1701M$
75t ¥ N T B g 2
B S . B A & A
Z 50r = 5 o
5 2
g 25r )
e}
00F I 1 1 I I 1 i 1
12.5 15.0 17.5 20.0 22.5 25.0 27.3 30.0 325 35.0
t(min)
5.0F
401
230+
220}
= 1.0F
0.0
1 1 1 1 1 1
15.0 17.5 20.0 225 25.0 27.5 30.0 325
£ (min)
1
Fig.1 Chromatograms of target compounds separated by different columns
: aHCH( - ) B-HCH( 8- ) «y-HCH( y- ) S-HCH( 56— ) .p p”DDE(p p- ) .p p”-DDD(p
p- ) w0 p"DDT( 0 p— ) p p"DDT(p p— ) .HCB( ) \PCB28(2 4 4°- ) \PCB52(2 2° 5
5 ) \PCBIOI(2 2° 4 5 5°— ) \PCBI18(2 3" 4 4° 5- ) \PCBI38(2 2" 3 4 4" 5= ).
PCBIS3(2 27 4 4° 5 5°— ) \PCBI8O(2 2" 3 4 4" 5 5= )

Note: a-HCH( a-hexachlorocyclohexane) ~ B-HCH( B-hexachlorocyclohexane) y-HCH( y-hexachlorocyclohexane) §-HCH( §-hex—
achlorocyclohexane) p p”DDE( 1 1-dichloro2 4-chlorophenyl) 2 4-chlorophenyl) ethane) p p*-DDD( 1 1-dichloro2+ 4-
chlorophenyl) 2~ 4-chlorophenyl) ethane) o p”-DDT(1 1 1-richloro2+ 2-chlorophenyl) 2 4-chlorophenyl) ethane) p p’-
DDT(1 1 1-richloro2~ 4-chlorophenyl) 2~ 4-chlorophenyl) ethane) HCB( hexachlorobenzene) PCB28(2 4 4’-richlorobiphe—
nyl) PCB52(2 2° 5 5°+etrachlorobiphenyl) PCB101(2 2° 4 5 5°Pentachlorobiphenyl) PCB118(2 3 4 4 S5-Pentachlorobi—
phenyl) PCB138(2 2° 3 4 4 5’-Hexachlorobiphenyl) PCB153(2 2° 4 4° 5 5’Hexachlorobiphenyl) PCB180(2 2° 3 4
4 5 5°Heptachlorobiphenyl) .

3.2
16 POPs .
. 50 mL 1.0 mL HT-8
(30 m) DM-SMS(30 m) DM-SMS(50 m) DB-SMS(60 m) 16
. 16 0.02 pg/l.  HT-8

s1CH : DM-SMS( 30 m) PCB180 . DMSMS
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(50 m x0.25 mm x0.25um)  DB-SMS( 60 m x0.25 mm x0.25 pum)

. DB-5MS( 60 m) .
( ) . .

. 67.6% ~85.2%
62.5% ~92.3% .
3.3

2001 Covaci GCECD .

50 pL . HCB  HCH
. GC-HRMS
1.0 pg/L( GCECD) 0.20 ~0.50 pg/L
| 16 HRGC-HRMS
1 HRGC-HRMS

Table 1  Detection limits linear equation of target compounds obtained with high resolution GC-high resolution MS ( HRGC—
HRMS)

Compounds Selected ions LOD Linear Linear range Correlation
ompounds (m/z) ( pg’ke) equation (peg/L) coefficient
a- a-HCH 216.9145 218.9116 1.00 y=0.554x —0.054 0.50 ~ 100 0.998
HCB 283.8102 285.8072 1.00 ¥ =3.056x ~0. 198 0.50 ~ 100 0.999
- BHCH 216.9147 218.9116 1.00 y=0.494x —0.072 0.50 ~ 100 0.999
- y-HCH 216.9147 218.9116 1.00 ¥ =0.454x -0.058 0.50 ~ 100 0.997
o S-HCH 216.9147 218.9116 1.00 ¥ =0.452x —0.049 0.50 ~ 100 0.999
24 4
o 255.9613 257.9584 1.00 ¥ =4.038x —0. 009 0.50 ~ 100 0.998
2255~ 289.9224 291.9194 1.00 = 1.616x +0.012 0.50 ~ 100 0.999
PCB52 : : : y=1.00er0 : :
22745 3= 323.8834 325.8804 1.00 1.047
S CBI0l 3. 325. . y=1.047x +0.048 0.50 ~ 100 0.997
P= _ _ -
2 DDE 246.0003 247.9975 1.00 y=2.232x-0.593 0.50 ~ 100 0.999
23744 5- 323.8843 325.8804 1.00 =0.585x +0.010 0.50 ~ 100 0.997
PCB 118 323. . . y=0.585x +0. . .
P p- o _ ~
oD 235.0081 237.0053 1.00 y=0.457x —0.022 0.50 ~ 100 0.998
o p=- = _ ~
oot 235.0081 237.0053 1.00 ¥ =0. 134x —0. 486 0.50 ~ 100 0.998
22 4455- N
PeB 153 359.8415 361.8386 2.00 y=1.360x +0.011 0.50 ~ 100 0.997
P p= L _ -
[ 235.0081 237.0053 1.00 y=0.093x —0. 434 0.50 ~ 100 0.998
22344 5- _
B3 359.8415 361.8386 2.50 y=1.688x +0.009 0.50 ~ 100 0.998
22 344°55-
B IR0 393.8025 395.7995 2.50 y=1.091x +0.014 0.50 ~ 100 0.998
3.4 16 POPs
HCB HCHs  DDTs 5.48 ~8.40 pg/ke 3. 86 ~
27.1 pg/kg  1.16 ~18.3 pg/kg o
HCHs BHCH y-HCH 9.27 5.8 pglke

100%  85% . HCHs 18 yHCH  BHCH
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1

o vy-HCH B-HCH
o BHCH v-HCH oa-HCH 30% (
3.32 ug/kg) 6-HCH o
HCB 6.91 pg/ke HCHs  PCBs o
HCB POPs.
PCBs PCB28 PCB52
50% 40% 16  POPs 24% ( 2) 5 HCHs  DDTs PCBs
PCB28 1.70 ~21.3 pg/kg.
PCBs o
o 1.98,3% 1.12,2% = HCB (glke)
LT L= 691,12% ® o-HCB (ng/kg)
1.28, 2% | 32 3 = 7-HCB (ng/ke)
3.72, 6% — | i m f-HCB (ng/ke)
\ \ = pp/-DDE (ugkg)
6.61,11% \ 5.81,10% = p.p'-DDE (ug/kg)
= PCB28 (ng/ke)
= PCB32 (ug/ke)
7.62, 13% = PCB101 (ng/ke)
927, 15% = PCB118 (pg/ke)
m PCBI153 (ng/kg)
. = PCBI138 (ng/kg)
D60 20 5.42,9% PCBI80 (ug/ke)
2
Fig.2 Concentration of target compounds and percentage total concentration
4
HRGC-HRMS 16 POPs 16
POPs o
20 HCHs HCB DDTs PCBs
OCPs  PCBs 36.3  24.1 pgl/kg OCPs PCBs.
POPs
HCHs  PCBs HCHs  PCBs R
POPs POPs POPs
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Determination of Chlorinated Persistent Organic Pollutants in Infant Hair
by Gas Chromatography-High Resolution Mass Spectrometry

SONG Shu-Ling' HU XiaoJian® QI Peng' LI Song' TONG Ling' TIAN Qin' MA Xiao-Dong" ’
'( National Research Center for Geological Analysis Beijing 100037  China)
*( Applied Chemistry China Agricultural University Beijing 100193  China)
*( Institute of Environmental Heath and Relative Product Safety China Centers for Disease Conirol Beijing 100021  China)

Abstract  Infant hair is a good medium to assess the cumulative exposure level of infant in the mother’s
body. Chlorinated persistent organic pollutants were ubiquitous and with the highest volume concentration in
the human body. In this experiment 20 infant hairs were collected from Beijing. The sample was overnight
incubated in HCI extracted with the mixture of hexane and dichloromethane and cleaned up by a cartridge
filled with alumina and acidified silica. The final eluate was concentrated and 16 kinds of typical chlorinated
persistent organic pollutants were detected with gas chromatography-high resolution mass spectrometry ( HRGC—
MS) . The results showed that the detection limit of the target compounds in sample was 1.00 —=2.50 pg/kg
the recovery of surrogate in all samples was more than 67. 6% and the range of recoveries for target
compounds in spiked sample was 62.5% —92.3% . The positive rate is 100% for hexachlorobenzene B-HCH
and p p”DDE 85% for y-HCH 50% for PCB28 and 40% for PCB52. The concentrations of
Hexachlorobenzene HCHs DDTs and PCBs were 5.48 -8.40 pg/kg 3.86 -27.1 pg/kg 1.16 -18.3 pg/kg
and 2.20 -22.1 pg/kg respectively. The average concentrations were 7. 84 wg/kg for hexachlorobenzene
6.93 pg/kg for HCHs 5.53 pg/kg for DDTs and 3. 44 pg/kg for PCBs. The method and the analysis
results can be used to evaluate the accumulation level and cumulative exposure level of 16 target compounds
for fetal in mother’s body.

Keywords Infant fair; Chlorinated persistent organic pollutants; Gas chromatography-high resolution mass

spectrometry; Cumulative exposure
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