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( Agilent ); HGC24 ( )5 MilliQ ( Millipore

) ( )

Cis (50 pm Agilent ) N ( TEDIA ) ; ProElut
Na,SO, (6 mL 1000 mg DIKMA ) (PCB28 PCB30 PCB52 PCB73
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99% (HCH« B vy &) . ( Aldrin) . ( Dieldrin) . ( Mirex) . ( Heptachlor) .
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2.2
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100 mg/L -18 C o 22 50 puL 5.0 mL
4 C o
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. Agilent J&W DB-35ms (30 m x 0.25 mm x0.25 pm) : 70 C
2 min 20 °C /min 180 «C 10 °C /min 280 C 5 min;
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Fig.1 MRM chromatograms of mixed standard of 22 persistent organic polutants ( POPs) (20 ng/mL) ( a)
and one pregnant woman’s serum sample ( b)
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1 22 N -
Table 1 GC-MS /MS parameters CAS number and IgK of 22 POPs
1" 2 .
. Transition 1 Collision energy Transition 2 Collision energy CAS No. gk,
Compound Ry((min) (m/z) (eV) (m/z) (V)
o-HCH 8.608 181.0/145.0 12 181.0/109.0 30 319-84-6 4.26
PCB-30 8.808 255.6/186.0 20 257.6/186.0 20 3569392-6 5.69
BHCH 9.559 181.0/145.0 12 181.0/109.0 30 3198549 4.26
r-HCH 10. 161 181.0/145.0 12 181.0/109.0 30 319-86-8 4.26
Heptachlor 10. 461 271.6/236.8 20 273.6/236.8 20 76448 5.86
PCB-28 10.477 256.0/186.0 26 258.0/186.0 26 7012375 5.69
e-HCH 10.874 181.0/145.0 12 181.0/109.0 30 6108407 4.26
PCB43 10.986 289.9/220.0 28 291.9/222.0 28 35693993 6.34
PCB-52 11.153 289.9/220.0 28 291.9/222.0 28 74338234 6.34
Aldrin 11.244 263.0/193.0 30 263.0/191.0 30 309002 6.75
PCB455 12.689 289.9/220.0 28 291.9/222.0 28 33979-032 7.62
PCB401 13.052 323.9/253.9 28 325.9/255.9 28 37680732 6.98
p p"-DDE 13.877 235.0/165.0 20 235.0/199.0 20 72559 6.0
Dieldrin 14.123 263.0/193.0 30 263.0/191.0 30 60574 5.45
p p”-DDD 14.229 235.0/165.0 20 235.0/199.0 20 72548 5.87
PCB418 14.622 323.9/253.9 28 325.9/255.9 28 31508-00-6 6.98
PCB453 14.894 359.8/289.9 28 357.8/287.9 28 35065274 7.62
p p~-DDT 15.149 235.0/165.0 20 235.0/199.0 20 50293 6.79
PCB438 15.900 359.8/289.9 28 357.8/287.9 28 35065282 7.62
PCB204 17.229 357.8/287.9 28 359.8/289.9 28 74472529 8.91
PCB-80 17.688 393.8/323.9 30 395.8/325.9 30 35065293 8.27
Mirex 19.696 272.0/237.0 20 271.9/116.9 40 2385855 7.01
* ( Quantitative ion) ; PCB: Polychlorinated biphenyl; HCH: Hexachlorocyclohexane; DDT: Dichlorodiphenylirichloroethane;
DDE: Dichlorodiphenyldichloroethylene; DDD: Dichlorodiphenyldichloroethane.
20 C .
1.0 g C 0.5 ml. LGy . 0.5 ml
C18
6 mL 5% - ProElut Na,SO,
4 mL 50 C 200 pL o
2.5
(TSL) (Tg) (TC) t
TSL (g/L) =2.27 xTC + Tg + 0.623
TC 386 g/mol.
3.1
Ces .
2 - (k) (1) 4
15
C18 Y
Cis o ( SPE) Cis
13 16
°© C18 CIS
o Cis (Ry) 6~13 min
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Table 2 Correlation coefficients of analytes and recoveries and LOD of the method
Added level
2 ng/mL 20 ng/mL *x .
LOQ Regression Corre_]a_tlon
Compound il i coefficient
Recovery RSD” Recovery RSD” (ng/mL) cquation (%)
(%) (%) (%) (%)
Aldrin 78.4 8.6 84.2 8.4 0.13 y=8.19x -1.44 0.9990
Dieldrin 97.9 8.2 86.3 7.4 0.15 y=0.22x+0.03 0.9921
Heptachlor 76.1 6.4 96.3 4.7 0.03 y=31.76x +12.12 0.9992
Mirex 86.3 9.4 88.2 5.7 0.13 y=21.19x +2.74 0.9947
p p~-DDD 114.1 11.9 96.6 6.2 0.08 y=13.14x -2.35 0.9972
p p”-DDE 87.0 5.5 86.1 5.9 0.12 y=1.84x+0.31 0.9965
p p~-DDT 101.3 6.3 76.1 7.2 0.05 y=19.39x +6.79 0.9991
o-HCH 84.6 10.1 85.2 8.7 0.12 y=11.26x+5.21 0.9987
B-HCH 78.4 10.5 83.5 8.4 0.11 y=8.64x +2.44 0.9979
y-HCH 82.5 10.2 103.8 5.7 0.09 y=45.79x -2.65 0.9965
e-HCH 89.3 12.4 96.2 10.2 0.12 y=4.74x +3.35 0.9976
PCB28 92.3 7.5 94.3 6.8 0.04 y=166.02x -51.17 0.9992
PCB-30 84.9 5.0 92.7 6.6 0.05 y =105. 84x -23.70 0.9991
PCB-52 111.7 12.6 96.3 9.4 0.07 y=61.96x —2.56 0.9991
PCB-73 108.2 8.2 96.6 4.3 0.02 ¥ =207.43x +26.19 0.9993
PCB401 92.4 10.5 96.4 8.8 0.06 y=33.30x +4.97 0.9986
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2( Continued to Table 2)

Added level

2 ng/mL 20 ng/mL i . Correlation
Compound L?QL Regre:_s ron coefficient
Recovery RSD" Recovery RSD” (ng/mL) equation (%)
(%) (%) (%) (%)
PCB418 87.5 10.2 92.4 7.3 0.09 y=39.75x -3.64 0.9987
PCB-38 84.2 10.1 89.3 7.7 0.09 y=37.39x +5.99 0.9981
PCB-53 92.8 9.5 77.5 4.7 0.06 y =46.36x +3.12 0.9985
PCB455 108.3 5.5 99.3 3.9 0.12 ¥y=9.83x-1.17 0.9982
PCB-80 91.9 12.8 94.8 7.3 0.10 y=29.04x +4.36 0.9995
PCB204 87.3 11.3 89.6 7.6 0.12 y=22.66x —6.52 0.9942
*n=7 % *S§/N=10.
3.4 MSPD LLE SPE
MSPD.LLE  SPE 3
( MSPD) - Yao " - -
Bergonzi ' ( SPE) - o
11 >, PCBs ( ng/mg lipid)
3.482 ng/mg lipid. 3
o 3 3 > PCBs( ng/mg lipid)
o Bergonzi 10 4.0
22 35k — T Median
= ; T 3482
76.1% ~114.1%  74.3% ~122.2% = &0
Bo M
4.3% ~12.6% 5.1% ~17.6% Yao " 5
( - — ) — 2.5
"5 < PC25
R = a0 A PCso
& ¥ PC75
135 : .
MSPD-GC-Q0-MS/MS LLE-GC/MS SPE-GU/MS
(Yao et al, 2005} (Bergone el al, 200%)
3 3 > PCBs( ng/mg
" lipid n=5)
° Fig.3  Distribution of Y PCBs mean concentrations
3.5 ( ng/mg lipid n =5) with the three methods
38
3 N N 25% 5%
( 3) . 32 Each box shows the median as a triangle the 25th and 75th
reentiles as ¢ . The straight line ks the al
ﬁ—HCH PCBs B—HCH 474 ng/g percenti es. as a box e straight line marks the actua
.. 18 concentration.
lipid Masuda (564 ng/g
lipid) ; Y PCBs 118 ng/g lipid Voorspoels " (237 ng/g
lipid) Tan (29 ng/g lipid) .
3 38 (g/L) (X+SD n=3)

Table 3 Total serum lipid ( TSL) levels ( g/L) of 38 pregnant women and the contents of persistent organic pollutants in these
samples (X +SD n =3)

D
Samples Total( cgh/olljsterol TIi(glgy/cLe)Iide Total (5;1;[}-31 lipid ( ng%;(]:i]f)?d) ( ng/_: ﬁ?l(‘])
1 1.930 1.259 6.262 106 £7 ND
2 1.937 1.297 6.318 97 £5 ND
3 2.015 1.246 6.442 ND ND
4 1.961 1.189 6.262 ND 496 +26
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3( Continued to Table 3)

Samples Tolal( cgh/o[l‘f):stcrol Tri(g}gy/(f)ride Tolal(s;liril lipid ( nE/gP(iI]i? d) ( ng /_gH(lllill d)
5 1.852 1.093 5.920 147 £6 574 £33
6 2.285 1.623 7.434 95 £8 245 +17
7 2.026 1.342 6.565 ND 488 +16
8 2.204 1.604 7.230 71 £4 ND
9 2.038 1.208 6.457 ND ND
10 1.937 1.272 6.273 104 +4 ND
11 2.224 1.540 7.210 ND 399 +16
12 2.177 1.387 6.952 ND 541 £23
13 1.891 1.054 5.970 123 +11 ND
14 1.841 0.990 5.792 138 £ 10 ND
15 1.930 1.157 6.160 107 =7 621 £20
16 2.057 1.272 6.565 ND 428 £17
17 1.976 1.233 6.342 ND ND
18 2.196 1.355 6.964 107 =8 ND
19 1.814 0.786 5.526 182 8 ND
20 1.984 1.131 6.257 ND ND
21 2.309 1.604 7.467 98 +4 ND
22 2.057 1.348 6.378 132 £6 ND
23 1.976 1.195 6.304 1156 ND
24 1.891 1.003 5.793 126 £5 ND
25 2.022 1.240 6.411 125 ND
26 2.328 1.719 7.778 113 ND
27 1.918 1.029 6.006 ND ND
28 2.401 1.943 8.017 92 ND
29 2.123 1.412 6.854 104 ND
30 1.845 0.927 5.585 147 ND
31 2.282 1.674 7.476 95 ND
32 1.879 0.901 5.678 111 ND
33 1.814 0.920 5.528 107 ND
34 2.189 1.463 7.055 119 ND
35 2.293 1.655 7.483 144 ND
36 1.976 1.189 5.906 157 ND
37 2.069 1.284 6.604 120 ND
38 2.224 1.514 7.185 ND ND

: ND

Note: ND Not detected.
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Determination of 22 Kinds of Persistent Organic Pollutants in
Serum of Pregnant Women by Matrix Solid Phase Dispersion
Procedure and Gas Chromatography Coupled to Triple
Quadrupole Mass Spectrometry

ZHAO Peng' SHI Jia-Wei" > LI Ji-Ge*> XU FenFen' GONG WendJie’ QIU LiXiao'
'( Jiangbei Center for Disease Control and Prevention Ningbo 315020 China)
*( Key Laboratory of Health Risk Appraisal for Trace Toxic Chemicals of Zhejiang Province
Ningbo Municipal Center for Disease Conirol and Prevention Ningbo 315010 China)
*( Cixi Center for Disease Control and Prevention Ningbo 315020 China)

Abstract A method was developed for the simultaneous determination of 22 kinds of persistent organic
pollutants ( POPs ) ( Aldrin Dieldrin Mirex HCHs DDTs and PCBs) in serum of pregnant women by
matrix solid phase dispersion procedure and gas chromatography coupled to triple quadrupole mass
spectrometry ( MSPD-GC-QQQ-MS/MS) . The serum samples were blended with C,4 adsorbent and eluted by
n-hexane. Agilent DB35MS column (30 m x0.25 mm x0.25 um) was used to separate 22 kinds of POPs
with high sensitivity and satisfactory resolution. The identification and quantification were achieved by using
electron ionization in positive ion mode ( EI +) with multiple reaction monitoring ( MRM) . The results showed
that matrix-matched calibration curves with good correlation coefficients ( R*> > 0.99) were obtained in the
concentration range of 1. 0 — 1000. 0 ng/mL. The recoveries of the spiked samples at 2. 0 ng/mL and
20.0 ng/mL were in the range of 75% to 115% with the RSD lower than 13% . The limits of quantification
( LOQ) for 22 kinds of POPs were <0.15 ng/mL. Liquiddiquid extraction ( LLE) and solid phase extraction
( SPE) were used to compare with the MSPD method by spiked serum and the efficiency of the methods
mentioned above was evaluated by determining the concentration of POPs ( ng/mg lipid) . Median value
obtained by MSPD method was the closest to actual concentration and the dispersion of all data was minimal.
The method was successfully applied to the simultaneous determination of POPs for quantification and
confirmation in human serum.

Keywords  Matrix solid phase dispersion; Gas chromatography coupled to triple quadrupole mass

spectrometry; Persistent organic pollutants; Serum
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