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Distribution of S-phenylmercapturic acid and 8-hydroxy-2’-deoxyguanosine in urine of workers
exposed to low-concentration benzene WANG Kun, WANG Tong, ZHOU Yan-hua, PU Yue-pu,
ZHANG Juan (School of Public Health, Southeast University, Nanjing, Jiangsu 210009, China)
Abstract:

[Background] Benzene is a recognized carcinogen. With the development of production
technology and the improvement of labor protection facilities, the concentrations of benzene in
the air of many workplaces have been far lower than the national occupational exposure limit.
However, a large number of studies have found that low-concentration benzene still has an
impact on the health of occupational populations.

[Objective] This study is conducted to characterize the distributions of S-phenylmercapturic
acid (S-PMA) and 8-hydroxy-2’-deoxyguanosine (8-OHdG) in urine of workers exposed to low-
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concentration benzene.

[Methods] A cross-sectional survey was carried out to enroll 206 employees who took part in occupational health examination from a
benzene-related automobile factory in Yangzhou from 2018 to 2019, including 120 workers in the automobile painting workstation as
the exposure group and 86 office workers as the control group. The occupational exposure data, health examination data, and peripheral
blood and urine samples were collected from the subjects. The blood samples were examined for routine blood test indicators. The
urine samples were examined for the level of S-PMA by high-resolution quadrupole coupled with time-of-flight mass spectrometer, and
the S-PMA level corrected by urine creatinine was taken as an internal exposure index. The contents of lipid peroxide malondialdehyde
(MDA) in serum and 8-OHdG in urine were detected by colorimetry as indices of oxidative damage of lipid and DNA. After adjusting for
sex, age, body mass index, smoking, and drinking, the effects of benzene exposure on peripheral blood and oxidative damage in workers
and the correlations of S-PMA with 8-OHdG were analyzed. Multiple linear stepwise regression analysis was conducted with 8-OHdG as a
dependent variable and S-PMA and possible influencing factors of 8-OHdG as independent variables.

[Results] Benzene release mainly occurred in the processes of paint mixing and painting in the automobile factory. Although the benzene
concentration of each benzene exposure workstation did not exceed the national occupational exposure limit, the medians of urinary
S-PMA, serum MDA, urinary 8-OHdG, and the abnormal rate of red blood cells of workers in the exposure group were 12.21pg-g” (in terms of Cr,
thereafter), 11.19 umol-L*, 169.18 ng-g™, and 10.0%, respectively, higher than those in the control group (4.80 ug-g*, 9.08 umol-L*, 91.43 ng-g*,
and 2.3%, respectively) (P<0.001 or P<0.05). After adjusting for smoking-related factors, the levels of S-PMA and 8-OHdG in the exposure
group were higher than those in the control group for both smoking and non-smoking subjects (P<0.05); only for the non-smoking
participants, the MDA level in the exposure group was higher than that in the control group (P<0.05); there was no significant difference
in the abnormal rate of blood routine indicators between smokers and non-smokers. The results of Spearman correlation analysis showed
that 8-OHdG was positively correlated with S-PMA (r=0.488, P<0.05). The results of multiple regression analysis showed that the level of
S-PMA in urine was positively correlated with the level of 8-OHdG in urine [b(95% Cl)=9.942(9.337-10.547), P<0.001].

[Conclusion] Under occupational low-concentration benzene exposure, the level of S-PMA in urine of workers is still increased, there is a
positive correlation between S-PMA (a benzene exposure marker) and 8-OHdG (a DNA injury marker), and oxidative damage is increased,
indicating a relatively high health risk.

Keywords: benzene; S-phenylmercapturic acid; oxidative damage; malondialdehyde; 8-hydroxy-2’-deoxyguanosine
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Figure 1 Production process flow of an automobile painting workshop
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EH70AN, THE16 A, TEMNEXEREEFIFERT
16, ZMASXRAT M. FiR. HAEEH. VBB
MNERBHERITFEENX (39P>0.05) ; ZHitHK A
FE)945.0%, =mTFXIERA (25.6%) (P<0.05) WK 1o
2.3 MEMOELER

FfhsA T ARV M/ MR ITEUR FXTERA
(P<0.001) ; {THREITEABIF B =R 10.0%, =TI
A (2.3%) (P<0.05) ; HRMEMIEHEREEEN

FHEFHITFRX (3 P>0.05). K2,

2.4 [R#& S-PMA. 8-OHdG Mm% MDA 7k

1EAm2A T AFR S-PMA. 8-OHdG. MDA ZRESH T,
R 5 51 /9 12.21 pgg?s 169.18ng-g*. 11.19 umol-L?,
¥EF3ERA (39P<0.05), ZfRLH T AFRAS-PMA
SEEI 1.24~230.21ugg?, EFH S BT ARF S-PMA
>100ug-g*, HBITERIZASERE, IR 3.
2.5 ABENAEREZEFHAABENSIERIENE

ER A ABER, #HA04H T AR S-PMA. 8-OHdG
RERAIEN 15.3 pg-gts 182.7ng-g*, XTIRA D HIA
43puggt. 81.2nggt; RIRMAABEH, #ZimsH T AR
S-PMA #1 8-OHdG R EH i1 $%9 10.8 pug-g™ 155.3ng-g?,
STEBLH 759 4.9 pg-g™. 105.0ng-go TERIAS IR IR

ANEEh, $ZfiM4E S-PMA 1 8-OHAG R B = T XTI BE4H
(P<0.05) ; ¥ZALARARIAANEE MDA TKE S TXTHR
£H (P<0.05), MEMFEXRERMS FREABEHE
FEHITFRX (3P>0.05). WK 40

K1 ARMNRASAOFFHEREFZ AR
Tablel Comparison of demographic characteristics and lifestyles
of participants

TE =2l (n=120) X$ERZH (n=86) 2
Variable Exposure Control X/t P
1481 (Gender) * 0.502 0.602
it (Male) 93 (77.3) 70 (81.4)
% (Female) 27 (22.7) 16 (18.6)
Afﬁgflj\y/eiw (Pas, Prs)] 33 (27, 47) 32(28,38) -1.420  0.156
ﬁ;%ﬁi/ :‘f;:: G 24.43+4.26 23.46:3.19  1.658  0.099
TG 4A (Smoking) 8.114  0.004
2 (Yes) 54 (45.0) 22 (25.6)
Z (No) 66 (55.0) 64 (74.4)
| #
?ﬁﬁ f’;/m f/years 0355  0.837
o~ 16 (29.6) 8 (36.4)
5~ 18 (33.3) 7 (31.8)
10~ 20 (37.1) 7 (31.8)
= #
I;i;i?/ ?nl?kfg/\fl'ume/packs BEET oty
<1 46 (85.2) 17 (77.3)
1~2 8 (14.8) 5 (22.7)
TE (Drinking) * 1.824  0.142
2 (Yes) 47 (39.2) 25 (29.1)
7% (No) 73 (60.8) 61 (70.9)
kb3 #
I;ti/rﬁﬁfii{'nf/years EEE e
o~ 15 (31.9) 7 (28.0)
5~ 18 (38.3) 14 (56.0)
10~ 14 (29.8) 4 (16.0)
1= | b g S #k
ﬁfkﬁ;\lfiﬁl\ffg frequency BlE SEE
<1 20 (42.6) 16 (64.0)
>1 27 (57.4) 9 (36.0)

CE] . DEARBHLLR N E, EEXEHEMLR N tE # | ¥
RN (ML /%) o
[Note] *: Statistics include x? value for comparison between categorical
data, as well as t value for comparison between quantitative data.
#: Data are presented in number (proportion/%).

®2 WAANBMEMENERSBLERILER

Table 2 Comparison of blood routine test results and abnormal test results between two groups

HM{E (Result) [(xts) /M (Pas, Prs)]

BEAK (BE=X /%) (Abnormal results)

b=l
Index Al (n=120) SFERLH (n=86) vz p A (n=120) SR (n=86) o
Exposure Control Exposure Control
B 4ARRITHER (WBC) /x10%L" 6.41+1.48 6.19+1.55 1.027 0.306 2 (1.7) 4(4.7) 0.283
LTHARAITER (RBC) /x107-L" 4.87 (4.62, 5.09) 5.15 (4.89, 5.33) -4.998 <0.001 12 (10.0) 2(2.3) 0.031
I ARRE T (NEUT) /x10°L7 3.47+1.07 3.58+1.10 -0.759 0.449 3(2.5) 2(2.3) 1.000
/MR (PLT) /x10%L7" 196.00 (163.00, 233.00) 234.00 (208.75, 267.25)  -5.541 <0.001 4(3.3) 1(1.1) 0.392

UE] « : ESHHERNELLERRA t18%, RED

FRHBEIBILL IR A Mann-Whitney UTRSS ; # © 53 SEZRHBIAILLER, KA Fisher FEH1R 00,

[Note] *: t test is used for comparison between the data of normal distribution, Mann Whitney U test is used for comparison between the data of skew

distribution. #: The Fisher's exact test is used for comparison between categorical data.
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K3 HARMNREKRH S-PMA. 8-OHdG KM%z MDA iRFE
Table 3 Levels of S-PMA and 8-OHdG in urine and MDA in plasma in participants
4 (Exposure) (n=120) SFBBLH (Control) (n=86)
3EFF (Index) z P
25 (Range) M (Pas, Pss) %86 (Range) M (Pas, Pss)
S-PMA/pgg’ 1.24~230.21 12.21 (6.88, 17.08) <LOD~33.43 4.80 (2.09, 8.20) -6.714 <0.001
8-OHdG/ng-g" 30.59~2444.26 169.18 (142.11, 305.24) 27.96962.67 91.43 (55.38, 195.83) -4.984 <0.001
MDA/umol-L* 2.76™52.55 11.19 (7.90, 16.07) 3.46™25.23 9.08 (6.79, 11.48) -3.646 <0.001
[’ (Note) ] LOD : #&MBR (Limit of detection) o
R4 BERBEREZGEHFRIIR S-PMA, 8-OHAG, MDARERIMEMZ H=R
Table 4 Levels of S-PMA, 8-OHdG, MDA and abnormal routine blood test results after adjustment of smoking in participants
& UE (Smoker) (n=76) RIEYA (Non-smoker) (n=130)
$84% (Index) — . — -
$Zfid (Exposure) (n=54) BB (Control) (n=22) V4 P $Zfi (Exposure) (n=66) X$HE (Control) (n=64) z P
S-PMA/pg-g (M (Pss, Prs) ] 15.3 (8.7, 23.1) 43 (2.9, 6.9) -5.028  <0.001 10.8 (5.5, 13.8) 4.9 (2.0, 8.8) -4.196 <0.001
8-OHAG/ng-g " [M (Ps, Pss) ] 182.7 (149.1, 346.9) 81.2 (51.5, 184.7) -3.768  <0.001 155.3 (133.3, 274.1) 105.0 (56.2, 203.8)  -2.771  0.004
MDA/umol-L*[M (Pss, Pss) ] 11.5 (8.6, 16.1) 10.1 (5.1, 12.8) -1.523 0.128 10.7 (7.6, 16.1) 8.8 (6.8, 11.1) -2.906  0.006
HAMITHEEE/%
Abnormal rate of WBC/% 1.9 13.6 — 0.073 1.5 3.1 - 0.616
TR R /%
Abnormal rate of RBC/% 1.9 45 — 0.503 15 0 — 1.000
AR BRI R B /%
Abnormal rate of NEUT/% g G - O2LE e e - g
MNMRITE R EER /%
Abnormal rate of PLT/% 3.8 45 — 1.000 3.0 0 — 0.496
=1=0

UE] * @ DEEAEBHABILLBER A Fisher {58108,

REET

EHE] M EL IR A Mann-Whitney UIRLS, Zrit859 218,

[Note] *: Fisher’s exact test is used for comparison between categorical data, and Mann-Whitney U test is used for comparison between quantitative data,

with Z value as statistics.

2.6 S-PMA 5 8-OHdG BytEX 452 4

R LA B, LLS-PMA RIE AR, 8-OHAG 194
YT in BB = B (S-PMABY{E <60ugg?), S-PMA S
8-OHdG E2IMIEMEXXF (r=0.488, P<0.05),
2.7 1Zf848 8-OHAG D FRIFE

1EARZA PR & 8-0OHdG BIZKFTEFIE . A, IR IHEE
WA BRI EHEER, HPFIR 39761 5.
MR RS> 10 5. TR, EM TS > 9 FRIARE

FR&H 8-0HIG & 255 (P<0.05), T3 50

K5 $EfitZH 8-OHAG M9 7R HHIE
Table 5 Distribution of 8-OHdG in exposure group

T8 PAES A% 8-OHdG/ng-g"

Variable Category  Number  [M (Pss, Pys) ] 2IH P

1451 (Gender) B (Male) 92 164.2 (1415, 280.7) -0.704 0.481
M (Female) 27  180.1(143.8, 360.7)

FE /% (Age/years) 22~ 66  153.2(133.1, 236.9) -3.297 0.001
3961 54 2153 (153.4, 416.3)

R4 (Smoking) 2 (Yes) 61 1755 (148.1, 332.7) -2.274 0.023
7 (No) 59  155.1(133.3, 274.0)

i}ﬂoﬁfn ?;/m Ee/years ~ 20 173.2(149.2, 323.6) 8.367 0.015
5~ 20  157.2 (136.4, 180.9)
10~ 21 303.8 (178.0, 657.6)

#R5
TE ParS A%t 8OHdG/ngg’ JH P
Variable Category  Number  [M (P, Pss) ]
SHREE /8
Daily smoking <1 51  175.3 (148.4, 305.7) -0.925 0.355
volume/packs
=2 10  306.1 (139.0, 893.3)
%8 (Drinking) 2 (Yes) 54  222.4(153.5, 346.9) -2.207 0.027
% (No) 66  153.2(133.2, 216.1)
bk 3
LA,’E_E&/ * ~ 19  182.8 (149.6, 339.8)
Drinking time/years
5~ 19  223.2(157.4, 305.7) 0.283 0.868
10~ 16 216.8(151.2, 419.7)
BFRERH
Weekly drinking <1 24 171.0(148.7, 317.9) -0.689 0.491
frequency
>1 30 2289 (155.0, 389.7)
LA
%MIW/. F 0.25~ 77  157.4 (134.1, 273.0) -2.575 0.010
Exposure time/years
9~42 42 206.0 (149.6, 503.3)

[F] FLE R ZHE R 5IFF Mann-Whitney U 1030F0 Kruskal-Wallis H
(k) 10538, FItED BN ZEMHE,
[Note] Two groups and multiple groups of data were tested by Mann-
Whitney U test and Kruskal-Wallis H (K) test, respectively, with Z
and H value as statistics.

P — N =4
= B R

2.8 1Zfih4H 8-OHAG
EIVEP il

LA 8-OHdG 7K 3 g [i7 PLS-PMATRE. FE.
MR AERY. RERM. RAFH. SHRES.

MERNZTEIEERD

TR =
X BB,
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BEIE. WBEFH. SRAICERSAEM TRERNE
BEHTEZEMZF L OTDN, KM S-PMAKTES
8-OHdG K2 IEMEX, TAE. AR TIeZ 8-0HdG /KT
HEREZR, b (95%Cl) 535179 57.791 (17.851~97.730) «
2.844 (0.831~4.856) (P<0.05), W%k 6,

X6 HEfit4H 8-OHAG A EXMARNZ &M ZE S BT
Table 6 Multiple linear stepwise regression analysis on the
influencing factors of 8-OHdG level in exposure group

52 (Variable) b Sp t P 95%Cl
=& (Constant) 27.952 17.226 1.623 0.107 -6.170~62.073
S-PMA 9.942 0.305 32.562 <0.001 9.337~10.547
%8 (Drinking) 57.791  20.163 2.866 0.005 17.851~97.730

TS /

Exposure time/years
DE] BT ERWE © 0=FIE ; 1=TE.
[Note] Assignment of drinking: O=non-drinking; 1=drinking.

2.844 1.016 2.799 0.006 0.83174.856

3 e

Bai, & BohtE = ANIESMS B PI%
BN E, FE RN SEREESLER TR
Wizl RE, REWRTHEMEREEMRAKERE
fih, (ORERZMNEEERNZ X T, RAFRITZ
AEPWHITEE, 2z BUREEEFIEFR~
X, Rl TANENRR AN EZNERIEM, Z
REERE. AR R NREBRAZAELTEIKITE
B, ERUTS[E®, EXAFFEFREIRY BEBXM
Eo BATAWERETOE. FEERIFAA, &8
EHIE FlFME S EXEEREERTE. XF
EREXRZREN—BEFESIN, GRRAAMH
T RRFEMIRE <3.5mgm? BT ARSI RNBEE
=, FREKIBERENS, Eolgeih Kk 7 R
‘R, MREEWRES LR RA SRR
A FER, RIMERENZRHFNFE - VX FR
SN, FL AU B RN A ARG N =S A
RIRER R R AR 22,

RIS NZFE, KBS REERFR 5
MUK HE, MERRBRE REEFE D R BRA KR SE
RiZftE, S-PMA BEENAARANTFREMITEM.
GBZ 2.1—2019( LIFZPR B E AR IZAIRE 5 1
o WEBERR) @ HMET S-PMAE YA
[RENTSERES I 100 pgg* A Crwa=6 mg-m=,
Cs=10mg-m?, EEBF T DA IMih=HTF S-PMA
AR R E R R AP = S PR BVER W AR E
DA 25 ug-gt B Crun=1.6 mg-m>. Cse=8mg-m?31%, &

ERFEESURPIYIFERKEN33mgm? BT, R
FIS-PMA A 45 ug-g o, RERR A, ZREFIE
FIEM T AFRBE S-PMATRE [M (Ps, Ps)] 5912.21
(6.88, 17.08) pg-g*, XTHBLHA 4.80 (2.09, 8.20) ugg?,
Hrp#giBHE 58 TARKS-PMAEET 100 pugg”, H
FRARRRE S-PMA KRBT BRIV iZAt PRE, Xl
BESHEEEIMIUEM TIRE X, RIES-PMASS
SERENAEXMYE S GBI TS sh B {a il E
HE 9 0.165 mg:m*, 1EARLA IR IZA K FE FER
R TF,

mEM 20K EBINEQIER, SIYERTFZ
RN HE R RN, UERRA, FXiEMEHR
S mREAERNRI A BAEITERIRE, HREL
4HRE. Mn/)viR. SRR AR S I 4R AE RO 2K B B, 40
BEY EMEREMKES T 3.25mgm* 8, B
SHfE. LT4RRE. M/ iR, FRMERIZERE. ME AR, LT
EH e MIMEMIEIFITEEAR TR ; AXEMRET
0.325~3.25mg-m> B, B4R, M/)\vik. MEIEH 300
EHEATITEREA R TS, MR Z AR RS, RE
FWEMRARSYE, KEFZEMERERNREWLERTH
BB EER 5 REN, REMAIRE T ERRERRE
filBy, TARAIHBELERE TN, —IEERIT
RERREZM, FREZEER (0.032570.325mgm?) 5
AT ERAEX D, MBS A MYRE
A REET 0.325 mgm3 By, IEIAIITEEEET
b%. B RKAE, RAX (3.25mg:m?) 28d 5,
HEME/ N BI LT AR T B PR AR 28 ANHA SR & Bl i <A
T AL M/ MR SR TFXIERAE, BX%
U B 4RREA] PRI AERE T BN B PR, H— T AR LI
ZAA T ATARTHERERSTXRA, XY
RERBHZEMARET, U] USRMERSSE, #
TR AT BE R IR R IRl TR R T A MRIBIRF
HAZR T ROk TETo

FIFANES £ B BEET ZMHI5 4
BGHAIRE, ST/ MAEUWKEMR IR 2>,
ENEEERNHE, EPBIERER. EBHHDNA
BRI, S RAR & TR IZ AR A BHK DNA SR
WG KFEREFA =Y, FRH 8-0HIG KF R AN
IR IEHADNA R (A I E MR E Y Y, El Batsh Z 122
S ARRE T ENE, KIARIME8-0HIG KFHTF
NHRAE, XSARMARER—H, BREREXEZR
=5 DNAE L I1E. BIEIERME, MBS
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KN 8-OHAG 7K FAIEE I0 B34, AR BN EN IR E
5 8-OHdG 7K T B9 IE 48 3% 3% R, Franken % B0 & I,
8-OHdG 5 % - R TNA#EER (trans, trans-muconic acid, tt-
MA) 2IFHE%, FRH 8-OHAG 7K T FE tt-MA 7K A1 i1
MAS. t-MAF] S-PMA B RN A R EISTR, AR
X} 8-OHdG 5 S-PMAHITIE X DT &I, MEZIEMEX
XHR, KAS-PMAKF EF, 8-OHIG K FHE EFHi8
%, MDA EHEFRTFIERAET ANV RNNEF™
¥, 7] RERIRABE R AW RLBIZE , El Batsh F ) %
Wz TE SRR RIS MDA K = F 3R 4H,
S5XRMRER—H, BRRRERIZEMESIERR
HELHRG, ZERBSEMHAR P fiallflna
RS R —Ho

Bal, 0N EEREER L RIFHERE, $ET
ZBREER. X, SAREEEZMRTAPURE
S-PMA 5 8-OHdG 2 1EHE X, FIRNMRINIHAMERE
XA E, UKREERI &MY MDA FI DNAR(A =4
8-OHdG & ERVIENN, WAARMEE(RRERZM T, Kix
A —ENRREXK, F=EEmst, FXIE
SERANHRG. MERNSERMS, REMENRER
Wi RENZEMNEFEE, SEHEFTERAM
BRI R — T IR R, MURIPKEEMEKER
BIERA A BFRVER LR
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