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Association between polycyclic aromatic hydrocarbon hydroxy metabolites in urine and
blood routine indices of downwind residents of a coking enterprise ZHANG Chao, ZHOU
Xiao-lin, ZHANG Ting, MENG Qian-gian, XUE Zhen-wei, LIU Zhan-qi, AN Quan, LI Wei-bin (State
Environmental Protection Key Laboratory of Environment and Health, China Institute for Radiation
Protection, Taiyuan, Shanxi 030000, China)

Abstract:

[Background] Polycyclic aromatic hydrocarbons (PAHs) are persistent organic pollutants which
originate from barbecue, tobacco, smoked food, and pyrolysis and incomplete combustion of
organic compounds such as coking coal and petroleum, and can induce malignant lesions in the
body. At present, discussions on PAHs mainly focus on occupational groups, and there are few
studies on whether there are exposure risks for residents around polluting enterprises.

[Objective] The study aims to investigate the association between PAHs internal exposure levels
and blood routine indices in a non-occupational group.

[Methods] In July 2018, an epidemiological survey was conducted among 255 villagers living downwind
of a coking enterprise in Shanxi Province, and their blood samples (n=255) and urine samples (n=255)
were collected. The blood routine indicators were detected using an automatic blood cell analyzer.
The PAHs hydroxy metabolites (1-hydroxynaphthalene, 2-hydroxynaphthalene, 2-hydroxyfluorene,
9-hydroxyfluorene, 1-hydroxyphenanthrene, 2-hydroxyphenanthrene, 1-hydroxyperene, and
3-hydroxybenzo[a]pyrene) were analyzed by high performance liquid chromatography. Multiple
stepwise linear regression analysis was conducted with blood routine indices as dependent variables
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and eight PAHs hydroxy metabolites as independent variables after adjusting for sex, age, body mass index, smoking, and drinking.

[Results] A total of 255 residents were surveyed, including 62 males and 193 females. The abnormal rates of mean hemoglobin
concentration (24.31%), lymphocyte ratio (19.22%), monocyte ratio (16.86%), hemoglobin contentration (13.33%), mean
hemoglobin content (12.55%), and neutrophil ratio (12.16%) were relatively high. The detection rates of PAHs hydroxy metabolites
1-hydroxynaphthalene, 2-hydroxynaphthalene, 2-hydroxyfluorene, 9-hydroxyfluorene, 1-hydroxyphenanthrene, 2-hydroxyphenanthrene,
1-hydroxyperene, and 3-hydroxybenzo[a]pyrene were all above 85%, and the median concentrations were 0.98, 0.57, 0.33, 8.13, 0.11,
0.13, 0.14, and 0.18 umol/mol (in creatinine), repectively. After adjusting for selected confounding factors, multiple linear regression
model showed that the levels of 1-hydroxynaphthalene and 1-hydroxyperene in urine of the surveyed population were negatively
correlated with the hemoglobin content (P<0.05); the levels of 2-hydroxynaphthalene and 1-hydroxyperene were negatively correlated

with the ratio of lymphocytes (P<0.05).

[Conclusion] A low-dose exposure to PAHs in non-occupational populations may lead to early hemogram changes.

Keywords: polycyclic aromatic hydrocarbons; hemoglobin content; lymphocyte ratio; multiple stepwise linear regression analysis
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PAHs A E & BURM MR TN, HWEFRREMR R
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Waters-2695 iS5 URAEEIE(Y [BIEHE  Phenomenex
ODS# (250 mmx4.6 mm, 5pum)], ZKARMKIN (FFER
BF, FE), 28amAR SN GEREY, RE),
1-32EE 2-REE (BRERE, vE), 1-FEIE.
2-FREEE. 9-$EZ). 3-F2EFRFH (0] B (Toronto Research
Chemicals, I E K), 2- & 7j (Aldrich Chemistry, 3=
&), 1-F2EEE (Dr. Ehrenstorfer GmbH, {Z[E), B4l
ERES. B- FIERVEEEELES (Roche, f2[H) , ZhFZ (0.1mol/L) ,
BERHN - BEFRZE VAR (0.5mol/L, pH=5).
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1.5 FRIEFESR
151 FRIFEIME B 2mLERIFE 5L B- B RIERER
FEREALIE, 37°CIERKAT R, RBREEE O, #
TEIMEER, ZEERIRRERTRER 400 FEEES,
BOEN EERHITERRED T, XREF 1-72E

www.jeom.org



#4545 523 & % | Journal of Environmental and Occupational Medicine | 2019, 36(12)

1127

£ 2-REE 2-REY.9-REY. 1-REIE -
HEE 1 BB - BREXH o tEsMPAHs IR E R
BEEYEITIM,

1.52 SEEFEG RopBABAKNRE, XRBAEE
FEBR, IR 0.6 mL/min, HEEE © 10uL, FNHEL]
HIZ2F AN 0<t<ldmin, 60% (AT D%, BRE)
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0] & $3E & A EpiData 3.0 BRENERN, KHSPSS 2-1REY 252 98.82 0.18 0.33 0.58
190 IEHTHI 340 IERBRERAIMMAE (%) 7727
e e __ . . 1-BEIE 246 96.47 0.06 0.11 0.19
Ko MEARARRMES D BN RBIYR+ITEER 2 BEFE 255 100.00 0.07 0.13 0.26
7, PAHS (=4I K TR RIRMIERS 975, 4 17k
3-FREXH [0 254 99.61 0.13 0.18 0.29
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2.3 MEMIEIRER

EWMMEMIBIRQNERNTK?2, REXEKRT
10% BIFEAT D B B P M T QRE (24.31%) « #HE
MABLLER (19.22%) . BIZABBLLE (16.86%) . M E
HRE (13.33%) . FHMAEHS 2 (12.55%) . 4
FIAAREEEER (12.16%) o
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M FIERR SEETE B L IEE =/ME =AE BEAK BEE (%)
B4AEEL (10°/0L) 4.010.0 6.26+1.81 0.37 15.21 25 9.80
MAEERE (g/L) 58 : 1207160 ; & : 110150 128.81+16.36 36.57 175.97 34 13.33
FHMAIEREE (pg) 26~34 28.96+3.79 16.64 74.58 32 12.55
FHMTERRE (g/L) 310~354 323.4443.79 261.14 857.65 62 24.31
TAREER (10%/0) 5B :4.0755; & :3.575.0 4.5310.62 0.49 6.64 10 3.92
LTHRRAETR (%) % 140750 ; % 1 35745 20.38+20.30 0.30 50.94 21 8.24
PRI ZRREEL (10°/L) 2.0°7.7 3.5541.42 0.03 11.50 20 7.84
FRMERIARRRELEE (%) 45~77 55.97+1.42 32.00 80.71 31 12.16
BiZAAEER (10°/0L) 0.12~0.80 0.3740.59 0.04 6.68 13 5.10
PIZARRELLER (%) 3~8 6.92+2.05 0.32 13.21 43 16.86
WEARREEL (10°/L) 0.8~4.0 2.1240.71 0.14 456 12 471
HEREELE (%) 20~40 34.2318.56 13.30 56.65 49 19.22
n/)\iREK (10°/L) 125~350 232.61%67.17 20.10 439.87 8 3.14
/R ERR (%) 0.12~0.21 0.25+0.24 0.02 3.82 20 7.84
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MIEASE r -0.170 0.270 0.250 0.026 0.201 -0.045 -0.196 0.171
P 0.013 0.693 0.712 0.708 0.773 0.512 0.004 0.808
WO R r 0.143 0.003 0.131 0.130 0.074 0.250 -0.191 -0.138
P 0.037 0.962 0.058 0.057 0.281 0.717 0.005 0.045
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b=t b SE t P 795%0
TR LR
=8 139.998  7.718 18139 <0.001 124.774 155.223
R -4967 2420 -2.053  0.041 -9.741 -0.194
FH -0.998 0916 -1.090 0277 -2.804  0.808
BMI 0.197 0189  1.044 0298 -0.175  0.569
R 4A 0.121 0219 0555 0580 -0.310  0.553
/%] -1.179 0899 -1.311 0192 -2.953  0.595
1-FEE -1756  0.669 -2.627  0.009 -3.075 -0.437
2-FREE 0432 0349 1238 0217 -0256  1.120
2-8#EY 10.347 10334  1.001  0.318 -10.037 30.731
9- 12587 -0.208 0220 -0.944 0346 -0.642  0.226
1- 7R EIE -0.629  7.284 -0.086  0.931 -14.998 13.740
2-FRESE 2231 3.056 0730 0466 -3.798 8259
1-FREE -13210 6366 -2.075  0.039 -25.767 -0.653

3-FREXH 0T 5.695 5588 1019 0309 -5.329 16.719

it b SE t P %
TR a3
HE 37.802  4.418 8557 <0.001 29.088 46.516
MR -0.620 1.356  -0.458  0.648 -3.294  2.054
i -0273 0502 -0.544 0587 -1.263  0.717
BMI -0.038 0.105 -0358 0721 -0.245  0.170
5 -0.055 0.123  -0445 0657 -0.296  0.187
0% 0.693  0.501 1382 0169 -0.296  1.682
1-7FEE 0.156  0.207 0.752 0453 -0.252  0.564
2-FREE -0.809 0349 -2318  0.022 -1.498 -0.121
2-FEY 3.801 5.996 0.634 0527 -8.026 15.627
9- 1287 -0.039 0131 -0300 0764 -0.298  0.220
1-12EEE 3.061  4.101 0.746  0.456 -5.029 11.151
2-72ESE -1.859 1.694 -1.098 0274 -5201  1.482
1-REE -10.652  4.978  -2.140  0.034 -20.472  -0.832

3-FREXH [0 2734  3.044 0.898 0370 -3.269  8.738

CEIEZSWME: M5 1=8M4, 2= ; Fif : 1=18~30%,
2=31~40%, 3=41~50 %, 4=51~60%, 5=>61 %, IR/A : 0= K%
M, 1=1~101R /d, 2=11~204R /d, 3=204R LA £ /d ; TR : 0= FIR
B, 1=1~2 /% /[, 2=3~4 % | [, 3=4 RLALE / fElo

3 g

FE B AT =S RENEIFREY, PAHs BEE
E5, 2 BriARAAR. PAHs BREFIVEUE. B
RTER, RITRFIAELERRPINABHE RS 7
2/ PAHs, AI R E B MR. BEBE. FhE. BEE Y,
X, PAHs X B HEE, Burchiel & W i
TRA LI PAHs BB R BINEIER, FIES 1. B ME
A DNA TR (7, BN EH IR B 8L, Jedrychowski & 114
B 5T IE SR 22 4745 ik PAHs ] BES AR LR THAERYIR
=, B8 L RETRERET,

XTIRIE T BT PAHSs 75 2R 1550 BY 5 0 BT = BR A (R
BIIMERK T, BRTFIEMERRANES, IMBEK

Dl BT=MWE : %5 1=8%, 2=&M ; Fi8 : 1=18~30%,
2=31~40 %, 3=41~50 %, 4=51~60 %, 5=>61 %, I/ : 0=
JA, 1=1~101R /d, 2=11~201R /d, 3=20 R A L /d ; P& : 0=FIX
B, 1=1~20K% /8, 2=3~4 R /8, 3=4 R E /A,

FHARREEK R MALFRREEKF, REKKRH
PAHs 32 B YI1E N A R B EVARSYEITION,
AIBIRE AR R TI, VB IR BRALK PAHS
MR REKTFE, KALE, 1- BEER ZEATR
A ANAEER AL A B PAHs IR BITM ), RIEBHR
REAFRF 1- BEEREZZHEMER (KA. £7ES
18%) B9, AR AP PAHS IBILIEFiE
BRA, HENNGEERRANERZE, TEERRI.
RN A RBBEER Y, AL, 1- BEEER
PAHs A Z BRI EYIREYIRI BB BIR . J9 /bR
BERABHNEGFRBE RN NNMEER MW, NiX
ERERZHEERE T YMIENEMITEYIRESE

www.jeom.org



#4545 523 & % | Journal of Environmental and Occupational Medicine | 2019, 36(12) 1129
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AAFTIER1-FREE 2-BEE 2-BEZ%. 9
REZ, 1-REIE. 2-BEIE 1-BER. 3-BREX
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B EAKFRTFIBIRE Y IREN 2013 F57140 B 3E
R R EE R PAHs NEEE KT (95793.09 1.11.
0.19 umol/mol) , EFEBARTFFE/L S " @RI
FIERNIRIRAR I EINE R PAHs HEE KT (9518
9.19. 9.11, 1.36 umol/mol) , T J1 0155 9 7£ 2009 T
KEHIERESHHA LN E R PAHs BRI
HKF#HIT TS, 524850, 255 1-BEIE 2- 8
BB K HETIEREST ARTHHIRNER
1 KT (1- 2 EFE5 5179 0340 0.61pmol/mol, 2- 57
E779 5179 0.34, 0.85pumol/mol) , 3- R EFKH [a] EE
BT XEHEHNRNERREKTFE (955179 0.002.
0.001 pmol/mol) o

KFRE O IEIRITEIMRBYTEL T AL L
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FEH, TEE I REPELTAREEM PAHs 5
RXFESMNE M 11 R EF R AR A B4 & B ik A
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KA AN, KRBT SREPAHs, BaEEE
AV BENEH IR MR EIRTS, KEMIEDRER
BEEAS. AR RABETEAEL TXEAIE
BV ABE, HERFPRBIFY1-BEE, 1- REEOH
KESHNAMOEEESEEMEX (P<0.05), IBTRK
HAZR B TR = PAHs IRIE AR O] 5| A AL AR &
ERHRG, FMAER S SRR,

HAERE S 2 E XS AP T A SNE Mk EARRE T
BIEREEZHRZNARP LI, SPEEHH
PAHs AISBEF TAMBARATEHS, KIEH
EMREER, SR 1- REEKFEEIEREX, &H
RABREMEMRARRG, WATABERT 2-FEE,
1- BREERHKFESHAKE AL EE X (P<
0.05), SHLER—, FI8ER A T PAHs TEAA/ ST
FEEMFE Y5 ONA RN E SR INEY), N
ZIDNARGEE S, MTINHIDNAKINE BR, 1E S
HEAEAERTIATL, SIMKEIRE T PAHs 7]
RIBHE A EERIZ S, FHaEREIEREE
YIREBEBE M 2 RN EFASIAER, SHAMBEMRER

515, ThRER £ifh, EREARLERT,

JEERA ABHRSTI E R B T PAHS FTRES BNLIA R
FMRAVPHACKE TR, HXRAFRRA PAHs &2
EME R =) S U A 4R DNA RN E SRS Y,
R AR ERE, H B EEEE R MEIDH &
ERRE, BRIAARRET =), ARAT—F
BRI PAHs e H 2 B A ) S LA ZARE DNA 45
BYRER B BRIEX .
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