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Abstract: Currently, there is sufficient evidence of carcinogenicity of parent Polycyclic Aromatic Hydrocarbons
(PAHs), and their methylated (Methyl PAHs, MPAHs), heterocyclic (Heterocyclic PAHs, HPAHs), halogenated
(Halogenated PAHs, XPAHs) and oxygenated (Oxygenated PAHs, OPAHs) derivatives are also proved to be more
toxic than their parent compounds. However, most of the studies focus on the distribution characteristics of them in
various environmental media, and few studies have measured their levels in human body fluids, especially in

serum. Most of the pretreatment methods for extracting PAHs and their derivatives from serum focus only on one
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or two types of PAH derivatives. To fill this gap, this study optimized the pretreatment methods by comparing the
recoveries of different liquid-liquid extraction of extracts, solid-phase extraction columns and eluent volumes to
detect the total of 68 PAHs and their derivatives (five types of substances including PAHs, MPAHs, HPAHs,
XPAHs, and OPAHs). Results showed that the extract was carried out with 3 mL of acetonitrile + 1 mL of ethyl
acetate : dichloromethane : n-hexane (20% : 40% : 40%, volume fraction), and cleaned up by elution with a Florisil
solid-phase extraction column and 10 mL of a 1 : 1 mixture of dichloromethane and ethyl acetate was combined
with GC-MS/MS analysis to establish an analytical method for 68 PAHs and their derivatives in serum with high
sensitivity and accuracy. The developed method exhibited a limit of detection ranging from 0.007 to 1.3 ng/mL.
The method recovery was between 60% and 140%, with accuracy ranging from 50% to 150%. This method was
successfully applied to determine 29 PAHs and their derivatives in the serum of workers in a petrochemical
industry. Ultimately, 11 PAHs, 7 MPAHs, 5 HPAHs, 3 XPAHs, and 3 OPAHs were quantified. Among the
measured compounds, concentration of 2-methylnaphthalene was the highest (50 ng/mL), followed by 5-
bromoanthracene (36 ng/mL). The method is well-suited for analyzing PAHs and their derivatives in human serum

and can be effectively utilized to investigate the health impacts of them on humans.

Key words: serum; polycyclic aromatic hydrocarbons and their derivatives; pretreatment method optimization
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LSl LS 45 MRM(m/z) ~ PREEE/min  ISTD {X#EEH R/ (ngmL") R HR/(ng'mL™)

%* Nap 128.00>102.10 7.49 8 0.28 2.13

& Ace 153.00>152.10 14.718 1 0.048 0.5
il Fle/Flu 166.00>165.10 17.12 1 0.02 0.93
i Phe 178.00>152.10 21.549 11 0.27 0.96
< Ant 178.00>152.10 21.791 1 0.022 0.17
W Flut 202.00>200.10 27.176 1 0.72 0.86
3 Pyr 202.00>201.10 28.173 1 0.74 0.94
ESIHMES Blclp 228.00>227.10 32.937 1 0.75 0.79
I [a] B Blala 228.00>226.00 33.956 1 0.19 0.29
PAHs J& Chr 228.00>226.10 34.108 13 0.007 0.08
I [b] T BbF 252.00>250.00 38.725 1 0.9 0.94
I E BjF 252.00>250.10 38.817 1 0.94 0.99
I[P BKF 252.00>250.10 38.817 1 0.94 0.99
HIf[e] BeP 252.00>250.10 39.816 1 0.60 0.63
FIf[a]ik BaP 252.00>250.10 40.016 1 0.85 0.87
29 [a,h] R Db[a,h]ant 276.00>274.00 43.776 0 1 0.72 0.73
EiFF[1,2,3-cd] ek In[1,23-cdl]p  276.00>274.10 43,6580 1 0.71 0.73
# I [ghi]dE B[ghilp 276.00>274.00 445100 1 0.85 0.86
JE K Any 152.00>151.20 13.925 1 0.20 0.26
2,7- LSS 2,7-DMNap 156.00>141.00 12.899 1 0.93 5.50
1,3- A 1,3-DMNap 156.00>141.00 13.195 1 0.86 7.02
14-ZFHEZE 1,4-DMNap 156.00>141.00 13.658 1 0.03 1.14

MPAHs

1,6,7-= HiJkZE 1,6,7-TMNap  170.00>155.00 16.618 1 0.02 3.12
1,4,6,7-0 FF 325 1,4,6,7-TMNap  184.00>168.90 19.381 1 0.016 1.82
7,12- " HIEER I [a]E 7,12-DMb[ajant  256.00>241.10 38.726 1 0.084 0.11
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3-FEAR R 3-Mcholant 268.00>252.10  41.4010 1 0.71 0.75
MPAHs
2-HIHEZE 2-MNap 142.00>141.10  10.155 1 0.14 2.73
LN QL 129.00>102.10 8.919 3 0.49 0.67
g e Indole 117.00>90.00 10.064 3 0.64 1.58
4-FHE R R 4-MDBF 182.00>181.10  17.958 2 0.06 1.60
TR IRy DBT 184.00>152.10  20.939 3 0.24 0.36
4-FEE R IF Iy 4-MDBT 198.00>197.00  23.053 3 0.53 1.6
5,6- A IR 5,6-BQL 179.00>178.10  22.801 3 0.45 0.6
3- T3k R IRy 3-MDBT 198.00>196.90  23.491 3 0.04 0.05
HPAHs P g CBZ 167.00>166.10  22.855 3 0.23 0.3
4,6~ FFE SR mEmy 4,6-DMDBT 212.00>211.10  25.1 3 0.07 3.12
1,8- T F AL IR e 1,8-DMCBZ 195.00>194.20  25.399 3 0.52 0.52
3- b g 3-MCBZ 181.00>180.10  25.03 3 0.68 0.68
2,8~ FHE IR ey 2,8-DMDBT 212.00>211.20  25.798 3 1.3 1.3
1,4- - F SR e 1,4-DMCBZ 195.00>19420  26.68 3 0.13 0.13
2- ORIy 2-NDBT 229.00>182.70  30.384 1 0.29 0.29
7-FEEZR I 012 IF[2,3-d] W) 7-MB[b]nap[2,3-d]T 248.00>247.10  35.784 1 0.03 0.07
9-5%j 9-Cl-Fle 165.00>164.10  17.121 5 0.069 0.66
2-1R%j 2-Br-Fle 165.00>164.00  24.144 5 0.17 0.17
9-/2-5 3k 9-/2-Cl-Phe 212.00>176.10  25.788 6 0.55 0.55
1-/2-5008 1-/2-Cl-Ant 212.00>176.40  25.987 6 0.4 0.40
1,2-Z9)E 1,2-Br2-Any 310.00>309.50  26.376 5 0.035 0.33
2,7-—&7 2,7-CI2-Fle 199.00>163.20  26.433 5 0.09 0.09
3-IRAE 3-Br-Phe 256.00>176.10  27.728 6 1.2 1.2
9- IR 9-Br-Ant 258.00>177.30  28.21 6 0.74 0.74
1,5-Z 5 & 1,5-CI2-Ant 246.00>176.10  29.613 6 0.49 0.49
9,10- — & 9,10-CI2-Ant  246.00>176.30  29.615 6 0.43 0.43
XPARS 9,10- 453 9,10-C12-Phe 246.00>176.30  29.884 6 0.78 0.78
2,7-IR%) 2,7-Br2-Fle 243.00>163.10  30.61 5 0.09 0.09
3-UREE 3-Br-Fle 282.00>201.10  33.018 5 0.66 0.66
9,10- PRI 9,10-Br2-Ant 336.00>176.20  33.641 6 0.66 0.66
4-JREE 4-Br-Pyr 201.00>200.00  33.765 7 0.22 0.22
9,10- —¥R3E 9,10-Br2-Phe  336.00>176.20  33.967 6 0.087 0.087
1R 1-Br-Pyr 280.00>201.10  34.052 7 0.021 0.02
1,5,9,10-PU &R 1,5,9,10-Cl4-Ant ~ 316.00>244.10  37.393 6 0.69 0.69
1,6- iR 1,6-Br2-Pyr 200.00>199.30  39.341 7 0.12 0.13
B SidF)s! 7-Br-BaA 306.00>226.00  39.354 5 0.037 0.037
9-%j R 9-Fluo 180.00>152.20  20.589 10 0.037 0.27
R AntQ 208.00>151.80  25.459 12 0.65 12
OPAHs
2RI R Benzanthrone  230.00>201.00  34.68 1 0.85 0.85
TIORIFIRI DBF 168.00>139.10  15.46 2 0.72 1.9
Je-d12 Pyr-D12 264.00>260.20  40.2520 1
%-d8 Nap-d8 136.00>108.10 7.42 ISTDS
JE-d10 Ace-d10 164.00>162.20  14.577 ISTD9
bR 9-%jHi-d8 9-Flut-d8 188.00>160.10  20.505 ISTD10
3E-d10 Phe-d10 188.00>160.10  21.438 ISTD11
T R-d8 AntQ-d8 216.00>188.10  24.861 ISTDI12

BC- IR IR 13C-DBF 180.00>150.10 15.48 ISTD2
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VA, SEEL T 53 H bR RS2 1 478 55 IX PR AR AL
(4 R 2 A i A BRI AR M AR AR PRI R, A
RHE R TR SEPAHS ISR ELEE /7, [FIIT ks> 1 445
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PEPAHsH IS BE P Mt , [0 S T v o (] B Lk 4l
IR D B (R HE AR =), MPAHs AT B2 R AR B AS 2
[l R NI E L &S g A S LN T = vy Ao
Prt [l n] Be i i IR, 1X R I C 18 TE AL FRIX
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ASEIN I PRI A0 A5 P A H 26 R0 Hp 7 2500 1k P
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FEZE(50 ng/mL), HIKFE5-IR# (36 ng/mL). iX 351k
HEYE TR FEPAHs, (NS B3N AN TS &
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K F 4500, TR i 22, HLAE AP P AR A0
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mxFFSMABRE 205 REEAGTED,
MPAHs ¥ i 57 59K B f =, XPAHs I &R IR
Z o MIOPAHSs )it Sk B e fiK o S PR B 2 105 e I
HATEYI SR IR E AT, S8R EE
KA, OPAHSHY H A5 /b, WO o Sy FE B A1 1
HAT Amin i on £, B A OPAHs /L.
TMMPAHSsJF &K 5 I i, 3 22 R AMPAHS A2 £ 7
TN AR R AETS e o BT 7T B, T i Bl 2R 27
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Table 2 Detection rate and concentration of PAHs and their derivatives in serum samples

Y5 % SRR o H /% HP AT R /(ng'mL ) i H/(ng'mL™)
%* 100 16 0.22~170
JE A 54 0.47 0.13~15
e 32 0.25 0.25~16
% 29 0.46 0.46~9.5
E 57 0.99 0.48~36
i 86 3.4 0.09~14
T 36 0.26 0.43~1.2
2 50 0.63 0.47~20
HRIH[c]FE 11 0.4 0.4~1.9
R [a] 25 0.14 0.14~0.4
J& 57 0.14 0.042~8.7
3.,PAHs 23
2-F%E-ZE 89 50 1.4~260
2,7- -2 82 15 2.7~120
1,3- SR 75 18 3.5~210
1,4- 2 68 1.8 0.57~28
1,6,7-= HIHEZE 29 1.5 1.5~40
1,4,6,7-PU F %625 21 0.91 0.91~32
1-F1 3£ -9H-7j) 25 0.6 0.6~190
> MPAHSs 88
R 86 3.7 0.33~51
15 e 82 8.3 0.75~59
4-F R IR 57 1.7 0.8~73
TIORIREGy 50 0.2 0.18~7.3
R ORI Ey 43 0.025 0.025~2.9
3 sHPAHSs 14
9-#%i 89 3.3 0.7~37
S5-I 86 36 0.25~120
1,2- 5 I 11 0.17 0.17~1.9
3.XPAHs 39
9-%j i 43 0.14 0.14~19
B 61 15 0.6~15
TORIER IR 39 0.95 0.95~20
3 ,OPAHs 2.6
SAll 167
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