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Determination of polycyclic aromatic hydrocarbon levels in serum by high performance liquid
chromatography with online solid phase extraction based on solvent induced phase transition
extraction L/U Dan-hua, RUAN Zheng, ZHU Hai-bao, XU Cheng-min, WANG Han, CHAI Jian-
rong, QIAN Ya-ling, TANG Hong-fang (Institute of Hygiene, Zhejiang Academy of Medical Science,
Hangzhou, Zhejiang 310013, China)

Abstract:

[Background] Existing methods for the detection of polycyclic aromatic hydrocarbons (PAHSs) in
blood have some shortcomings, such as complex and time-consuming operation, large consumption
of organic solvents, and few detected kinds of PAHs, which need to be improved.

[Objective] This methodological study aims to establish a simple, effective, and environmentally
friendly online solid phase extraction (SPE)-high performance liquid chromatography (HPLC)
method for the determination of multiple PAHs in blood.

[Methods] The separation effects of methanol-water system and acetonitrile-water system
on PAHs were compared, and the liquid chromatography conditions were further optimized.
The affinities of Hypersep Hypercarb column, Dionex InGuard HRP column, Hypersep Retain
PEP column, and Cis online SPE column for PAHs were compared to select SPE column and
determine valve switching procedure. In addition, the induction effects of different inducers
(dichloromethane, trichloromethane, and and toluene) were compared, and the effects of
different dosages of acetonitrile, dichloromethane, and inorganic sodium chloride on induced
phase change extraction efficiency were investigated by four-factor and three-level orthogonal
test. Methodological validation was performed by applying the established method to the
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determination of PAHs in blood samples of eight mechanical workers and six general people.

[Results] The Cy5 online SPE column showed good separation of PAHs when being eluted with methanol-water system. The results
of orthogonal test showed that 0.50 mL acetonitrile, 0.05 mL dichloromethane, and no sodium chloride were the best pretreatment
conditions. The linear relationships of 15 PAHs were good in the range of 1.00~50.00 ug/L, the determination coefficients were above
0.999, and the detection limits (signal-to-noise ratio, S/N=3) were 0.01-0.20 ug/L. The average recovery rates were 90.8%-107.0%, and
the relative standard deviations (n=6) were 1.6%-4.4%. The blood samples of eight mechanical workers and six general people were
determined by this method, detection rates of low-ring PAHs were high, and the detection rates of high-ring PAHs were low; three more
high-ring PAHs were detected in the mechanical workers than in the general subjects.

[Conclusion] The proposed method can simultaneously determine the contents of 15 PAHs in serum, and is simple, efficient, accurate,
reliable, and environmentally friendly. It can provide methodological support for exposure risk assessment and toxicology research of PAHs.

Keywords: polycyclic aromatic hydrocarbons; solvent induced phase transition extraction; online solid phase extraction; high performance

liquid chromatography; serum
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32.0 0.8 0 100 25.0 0.8 0 100
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EAR, B 5 LUNF MEMArK A ERECH TI/EH
LR AR E,

BB R A RS F%AK 50.00. 20.00. 10.00.
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50.00 pg/L i EARBIMESI AR ERZE (relative standard
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55 ZTFEIR ElJ3ATE

= = = G
1 = §=3.565x10°x+7.46x10° 0.9996 0.10
2 = §=5.188x10"x+5.69x10° 0.9999 0.09
3 % §=1.411x10°x+2.71x10° 0.9999 0.02
4 3E $=1.061x10°x+3.34x10° 0.9999 0.02
5 = $=8.845x10°x+1.79x10° 0.9999 0.03
6 K& $=1.265x10°x+8.37x10? 0.9999 0.03
7 B $=9.037x10°x+1.79x10° 0.9999 0.04
8  EH[E §=7.265x10°x+2.11x10? 0.9999 0.04
9 §=8.348x10°x+1.33x10° 0.9999 0.03
10 EH[pIKE $=7.540x10°x+9.84x10? 0.9999 0.03
11 EHKKE $=1.664x10°x+2.53x10° 0.9999 0.01
12 FH[a]EE y=1.392x10°+1.51x10° 0.9999 0.02
13 WEH[a, KR $=1.912x10°x+3.43x10° 0.9998 0.02
14 F3Hig, h, 13 $=1.065x10°x+3.52x10° 0.9995 0.03
15 EH[1, 2, 3-cd|EE §=2.044x10°x+1.58x10° 0.9999 0.20
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Fh. = 2H B9 0 AR B 4R S EE 49 51 79 91.3%~104.8%.
90.8%~101.2% # 93.2%~107.0%, RSD 43 5| /3 1.6%~4.4%-
1.8%~4.2% 1 1.6%~3.5%, R EERE RBif.

x4 FEARIAREIMRIEEE (h=6)

5.00pg/L 10.0pg/L 30.00pg/L
Z BRER ERE R ERE AR EKRE AR

%) E® (% =& (% =%
1 B 100.5 3.3 984 3.0 97.0 20
2 B 97.0 29 %.4 3.0 957 20
3 % 1035 4.1 983 4.0 9.7 20
4 I 936 33 9.8 35 985 26
5 & 99.9 41 975 42 955 23
6 WE 1011 25 9.1 29 9%.6 16
7 B 1048 3.9 973 41 97.7 26
8 Xl E 99.2 44 988 3.0 983 35
9 B 980 35 973 32 992 1.9
10 ZFEH (b HE 9.2 36 95.6 26 985 1.9
11 FHKKE 9%.9 16 942 26 973 18
12 FH(a B 957 2.7 1012 20 1070 2.0
13 WAEH[a, h) KR 913 34 90.8 1.8 952 2.0
14 XK [g, h, 13t 927 3.0 916 2.6 93.2 2.1
15 EiF(1, 2, 3-cdlBE 921 32 924 29 938 23
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2.5 AN

ML RKRIAE. 1B, 7. FEFRIF PAHs BIIQ H
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E ERER s oI B BA BRIBE B B BA

% % @& & % % @& @&
1B 750 11 ND 3.84 100 0.56 0.48 0.96
2 B 100 164 026 334 100 031 020 1.19
3 % 750 027 ND 041 100 0.6 0.14 0.42
4 3 100 117 033 1.57 100 0.55 0.44 1.64
5 & 125 ND ND 014 333 ND ND 0.10
6 WHE 250 ND ND 039 333 ND ND 0.10
7 & 750 114 ND 240 333 ND ND 0.09
8 X[ & 250 ND ND 1.77 0 ND ND ND
9 0 ND ND ND 0 ND ND ND
10 FEH [p] K& 0 ND ND ND 0 ND ND ND
11 RHF kKR 250 ND ND 0.03 0 ND ND ND
12 KH[a] BB 100  0.81 0.02 0.95 0 ND ND ND
13 WEH [0, h KA 0 ND ND ND 0 ND ND ND
14 ¥ (g, h, i3k 0 ND ND ND 0 ND ND ND
15 EiF (1, 2, 3-cd] EE 0 ND ND ND 0 ND ND ND

[F] ND J9Ria .
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MR, MERMMSLINE ; MAREMBLEAIEE, N
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ZREEANBNBFHERESH. TATIESHETE
BUEF, RAHREARADHEENENE, ZENA
EFMENEARNEERER, FAUERIELIKE
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B892 JMRIF PAHS, AT ABIRE K FIRME, B2k
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A $Efit PAHs TS/ D TREAR, EEARNEIFRAINKT
RS AT 2RI BRI 5,

S, ARBEIRHAFTNIESHETZEE 4.
FELSPE-BRIEBIERANGIESH, BIUUTET
BFNE ST FEEMITE L SPE- BURMBRIE 5%, £
T &R 15 7 PAHs & ERVEFRNE, HELLESHRRIM
BRI R AR B LRI SPE L, AARTMEE R, F28E
MAFIZEL, 7250 min RNER PAHs 3K 157, B
REAXRAKRNEAE T ERIEEINTHE, &£
BEESN. ERUEMFBERTEMNLS, JAFRE
ZRFRENEEXITENSEZMREH—TEN
HEFEZR,
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