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A study on employees’ skin exposure to polycyclic aromatic hydrocarbons and health risk in a petrochemical industrial park.
GUO Jian'?, LUO Xiao-jun'’, GUAN Ke-fan'?, LV Yin-zhi"?, ZENG Yan-hong', MAI Bi-xian' (1.State Key Laboratory of Organic
Geochemistry and Guangdong Key Laboratory of Environmental Resources Utilization and Protection, Guangzhou Institute of
Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China; 2.University of Chinese Academy of Sciences, Beijing
100049, China). China Environmental Science, 2022,42(11): 5427~5435

Abstract: In the study, skin wipe samples were collected from four typical skin parts (forehead, palm, forearm and shank) of 30
volunteers (15 men and 15 women), who work in a Petrochemical Industrial Park in Maoming City (a typical petrochemical city).
The concentrations of 15 polycyclic aromatic hydrocarbons (3.5 PAHs) in wiping samples were determined by gas
chromatography-mass spectrometry (GC-MS), and the human exposure doses through skin exposure and hand-mouth contact were
calculated. The concentration of X;;PAHs in skin samples ranged from 21 to l.9><104ng/m2. The PAH concentrations exhibited
significant differences among different skin parts (P<0.01) with the order of forehead > palm > forearm > shank. PAHs are mainly
composed of 3~4rings. Although no statistical difference was observed in } ;5 PAHs between female and male, the daily dermal
absorption doses of PAH (DADy.,) was significantly higher in female [41ng/(kg-d)] than male [28ng/(kg-d)]. The hand-mouth
exposure dose [0.34ng/(kg-d)] was negligible to compare with the dermal absorption dose [34ng/(kg-d)]. The bared skins contribute
to 88% of dermal absorption dose. There was no obvious non-carcinogenic risk but risks of skin cancer were higher than the
acceptable level (1x10™) for 7% staff, indicating potential skin cancer risk.

Key words: polycyclic aromatic hydrocarbons; petrochemical employees; skin exposure; health risk
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1.1 HRXE
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SKFERFERT A R KBRIE(CE P RN KHEY
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S J5F 20mL 1E i+ R EE B (R EL R 3:1).
ERIERY(E-d10. FE-d10. B-d12. FE-d12.

T FF[ah]E-d14). FERDAHEB R HEBEE S,
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Rtx-5MS(30mx0.25mmIDx0.25um,SHIMADZU) i
T4 8. A ERT N T AGEE 80C,7H
Smin,PA 4°C/min FHEZE 310C,{£E 15min.16 FH
¥ PAHs 570 FHREYI RS R H PR 4 0.08~6.6ng.
HZEAFEEPEREFBEEB B, ZE R 9
NEERELES T, AHRBRED AR 15 #
PAHs(.3 1),%3)8 T US EPA A4l 55341 i) PAHs
E4Y).
1.4 FERIESES

KT RIESERHE R T RS ES R TR
nE R TRPI(E-d10. FE-d10. FE-d12. FE-d12.
T &I [a,h] B -d14,100ng) FIBEFE N FRQ-BUEE . Xt
BE=%-d14,100ng).5F 12 MR 1 AREETA,
[ Bt EE A R S A 1 AN R (R A1)
BRI RR S, 20 MRS — AN E IR E R
IEAREE, RN TR EBITIRE.

SRR 5 BT 4 A IR (n=3) ERInFR
H(n=3)XF 5 FREMLRIETRYIF 15 F PAHs B irit
A Y1(20ng) [ E AT R [ W R $E s e = B
bR 28 F0 8 0 A 41 B[R] 3R A JE -d10:(62+7)%,
3E ~d10:(89+8)%, i ~d12:(106:12)%, £ -d12: (107+
11)%, —#F[a,h] B -d14: (109+13)%; Hbrib S W7E
5N BR 4 B [ 28 R TE M (6127)%, JE (54+8)%, 5
(81£7)%, FE(105+12)%, B(97+5)%, % . (113+4)%, T
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(1134)%, 2 3 [a] B (113+7)%, J& (107£6)%, % 3 [b]
R B (115+6)%, 2 FF [k] 7 B (110£7)%, & ¥ [a] tE
(113£6)%, & 3 [1,2,3—cd] B (107+8)%, — # [a,h] B
(107+7)%, 2K 3 [g,h,i]FE(107£6)%.
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A, .. =0.00798106 x BW*® x H*?"  (3)
A, oo =0.00844673x BW ™ x H¥  (4)
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AAP:C;, RF PAHs B4k i HIWRE ng/m”;TEF, 8F
PAHSs B4k i FIEEME U B H T,15 Ff PAHs B.4A ) TEF
HIER. B 7. JE. RE. B, m4 0.001E.
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USEPA # B XU &l 43 4 : 7T 4 52 B0 MR 7K F
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2 #Rfhe
2.1 BB EE PAHs M-S 8 R4 BT

M3 1 7 I,k DahA & BghiP 7EFE 5 R
H4h,HoAth 13 F PAHs F A RIRE M H.3~4 3
PAHs HI) HERFIIR B E T 5~6 3F PAHs, X 5%
KBS 5 KRR AL AN AR Tk X KSR IR+
i1 PAHs BFU4% R —20 kBB T 1sPAHS
MREEEA 21~1.9x10* ng/m? T it B &, A F &8
RLZ ARy sPAHs IREHHFERERERERE
B F 4 #7,P<0.01), R I A4 B 3k >F E > & >/
(B D),HEREHEED IR 3.6x10°~1.9x10%170~
1.7x10%,49~1.6x10°,21~490ng/m?, # [ (] JL 47 “F 13

W R 6.7x10%,630,200,91ng/m>. A4k R T8 5 K
Jok & A7 B Z1sPAHs 3R B E m T K Y R
fir,.2sPAHs 3K & B v 3L (B 3k ) 55 6 ¥ B AR B 4L
(INBR)Z I8 (LTS3 IR BEAE 2 44 74 5. B AT R,
HERBWEKEASRK PAHs, KW AH HMH
R& FOUR /D B Rk PAHSs FIR M BB ITR B, &1 10
RYE A B D> SALIE R RIS RY(SVOCs)
W8 B AR, 2R BOKSAH SVOCs
P Gong 0t Ak B BRIERBE S P AR
FREREHITHREREAANFE-FEIE
>Hik.Cao It £ HBEE . £ IRBEIEEEI B2 k3
RESMMARERAFENREER THLXE
AMREMRBHEFREE. SREERESE
BT R A A HIE R Tk SR TR %2 Tk &R
FHHARP FEYREMEZLNEDEENE
Figf2. M PAHs A% I FAEM Tk gtz ix—
REERXVRELFEREMANBKNER.B
ST T AFEIAL PAHs RERIRNE
2% 7.8x10*ng/m?(16 # PAHs)®*. 2.2x10*ng/m?(9
#f PAHs)®’LHe Atk B TFESAN PAHs WE R
42 NEEX.

F1 15 PAHs MEHREREEE
Table 1 Concentration and detection rate of 15 PAHs

YI ] B K (%) WEFERE%) WRE T B R R E)(ng/m?)
4 ACY 3 100 24 2.8~5100(520+960)
= ACE 3 49 1.0 <MDL~330(23+59)
# FLU 3 100 3.5 0.71~590(76+130)
El PHE 3 98 15 <MDL~2760(330+580)
B ANT 3 94 1.2 <MDL~220(25+46)
P FLT 4 98 11 <MDL~1700(250+390)
% PYR 4 99 21 <MDL~6900 (4501200)
FH[a]E BaA 4 21 0.22 <MDL~130(4.9+17)
)3 CHR 4 78 1.2 <MDL~320(25+51)
(bR BbF 5 68 7.7 <MDL~12000(170+1100)
EIF[KRE BkF 5 28 40 <MDL~3500(88+390)
KI[a]tE BaP 5 79 9.9 <MDL~5600 (220:+780)
ZHH[a,h]E DahA 5 0 0 <MDL
BiF[1,2,3-cd]tE IcdP 6 15 0.47 <MDL~980 (10+90)
KI¥HF[gh,ilk BghiP 6 0 0 <MDL
15 # PAHs #REM Y.1sPAHs 0~100 0~24 21~19000(2200+3700)

#: MDLZA 77 8 i fR(method detection limit).

B MY sPAHs WETEE S HIH 33~1.3x10°,
21~1.9x10*ng/m?, #8 B2 5 JL {7 7 35 3 B h 490,
570ng/m>. [F] — WAL FE R KX sPAHs IR EHRILN

ZH>BHE )EBREER IR EHEEHS
(#i3k:P=0.19,F-%:P = 0.52, 58P =020,/ jg:P =
0.48).
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Fig.2 Composition of ring-PAHs in different parts and gender
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FHHBK, BERILA 3 >4 31>5~6 K, bl 43 51
K 15%~83%,4%~73% F1 <MDL~81%, ¥ 35 {8 43 7]
H(50 % 16)%,(36 £ 16)%F1(14 £ 16)%.FRBL HHAL 4
I PAHSs H) TR B &K T H A EBALINP<0.05), At
WAL Z AR PAHs ARB A HFEERENER;

P2 B PAHs ARIAFERERER.
BT PAHs EABREEKITEZ LT T KER
KA AR A ROE B DT RE AR MR B
7 8 R IR HSR IR B, — 2 VR A REf8
A N5 RR B 45 3, B8 b, 2 SUR I R EREAT EERA
1534,
2.2 PAHs MBERREF-OZMBENE

30 Z AT 15 F PAHs AR kS H 9%
ABDADim) REF-OEMEHFHREANE
(DAD,)) 75 Bl 4> 54 17~69,0.10~0.92ng/(kg-d), /LT
EHEAFIHR 34,0.34ng/(kg-d), FiEHEL 100 1,
B W, A% PAHs M RBBRAETS,2F-1

B 25 AN BT BB A
x % :
0K P <001
= 60 —|7
©
& °
2 S0t
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Fig.3 Gender differences between PAHs skin exposure and
hand-mouth exposure

BE— 3t B TR R EAL LI FE)M
A Y W Bz Fok R AL ) DADyerm 43 M7 T 401,48 8% 3B AL
038 #z SB AL B) DADgerm V8 B 23 7 A 16~65,0.86~
14ng/(kg-d), /LI FME S F A 29,3.6ng/(kg-d), 5
A7 B DAD germ B3 B T R EBAL(P<0.01), & I
TURRZE 2> BIK 88% N 12%. B L] I, BAR A A4 EE
B AL 1 2% T AR L1 (86%) K T4 8% FRAL(14%), ¥R 5%
B R~ AN R KR PAHs I EEHALXEEH
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BXZK(PCBs). % IREXKEE(PBDEs)Y5 §e i 2 5 &7
iz TR B B AN R, PCBs 1 PBDEs 758 i 3547 9 STk
KTBELA Bk PAH WS T H AL AL PAH
WEIANMREZRERIHERHEERR.Fi.
B ERE N R WM A E R PAH BARE X
.

Xt 30 Z R TARMERZ B DADgerm K
DAD g 37 T 41 3), DAD germ S DAD oo B F K
>4 K, B L DADgem HITEE 50
17~53,27~69ng/(kg-d), LA F 35 E 73 H A 28,41ng/
(kgd), I & B £ 7 & & £ B (P<0.01); 5 &t
DAD, K16 E 43514 0.10~0.92,0.10~0.87ng/(kgd),
JUT 3448 2 714 0.32,0.36ng/(kg-d), B8 B R FEAE
BEHNERP=044).

2.3 PAHSs MR AT

2.3.1 BRI 30 LALRT 6 F PAHs
f HI JEEHR 9.5x10°~1.2x10 2 IR R THIE
FRANF- OB R B AR B HHEBE XK, X5
B FE X FARATIHBRNEREEIL S Y
(VOCs) BB EBENRH AL E —HHI<
DP7 253 30 & A4k A TR RIZK G HI A8 5
) DT R 2R 44T FT 40, B k2 R B HI (BB A (HLgerm) A0
F-PEMBEZEDN HI ESN(Hpm)N Hlow FI5TER
BAANH 97.2%F 2.8%(FK 2);#8 5 W AREFALE HI
{EL S 1 (Hare) 1A 40 268 W B2 K BB A2 ) HI {H AN
(HLeover) X Hlgerm FITTERZ 3510 94.7%F0 5.3%,55
# 2 M BE M ER(P<0.01); B HI ER
F(H] germ-mate) P HEBZ K HI B S (H] derm-femate) X
Hlern FITTRRZEE 5120 51.9%H1 48.1%,F5& Z B AR
FHEEENZEREP=0.89);EHF-OEMBEN HI
B (Mo mate) L HEF-DEAMREYN H EE
N (Hlorar-temate) ¥ Hlora FITTERZE 5351 4 46.0% F1
54.0%,8 Z B A FFEBERZERP=0.74).

2.3.2 BUEREIT 30 AR 15 B PAHs

i TEC Y& 1.1~510ng/m?, JLATF 948 % 30ng/m>.

A R 58 0 e Bz R BR AL B9 TEC Y6 Bl 4 3 R
6.7~3.6x10° F1 0.038~22ng/m>, JL1A] 918 4% Bl Sk
160 F1 2.5ng/m’, Fi# 2 |8 7575 B3 P 2 R (P<0.01);
BHMZERERE TEC CES N 1.1~410
3.9~510ng/m’ JUATSFHMER S 30ng/m?, FiE 2 AR
HESBEMZERP=094930 ZALET 3~6 ¥}

PAHs [ TEC EEMFTEE D HIA 0.5% 0.5%.
98.5%F1 0.5%(F 4)RETERE 20.9%H 5 ¥
PAHs FIER T 98.5%HIZ0E KR, I ik STk R
H 9.3%HIH4% BaP TTHR T 90.8%MBUE XK, 1X 5
BRIL = A 93 i K b PAHS FIBUE RS ARABL R B
THRZE L) 20%[H 5 3F PAHs F#R T 481 70% K BU%
N@IBS].

£2 FRKIEE. REWRMERS HI EREHKRK
Table 2 Contribution rate of HI value of different exposure
routes, exposure parts and gender

%5 HIRE (%) gl FIRE(%)
Hlgerm 97.2 Hlgerm- 51.9
H:[tml de; mdﬂm derm-male
Hlgra 2.8 Hlernr-female 48.1
Hlgo, Hlpare 94.7 Hlym Hloral-mate 46.0
mcover 5.3 HIorLl-fimnle 54.0

30 ZAMRET 15 F PAHs ) CSR {EE N
9.0x107~1.3x10™ CSR HIFHME N 2.3x107° Hp &b
Frl 2 B0E KK FERK R THEA 93%,4
FARTBZBORE XK K 8B RA THEN 7%.5
ALt CSR RS FA 9.0x107~1.1x107
2.0x10°~1.3x10*, F & 2 B REFEAE B E M E R P=
0.94).30 & A4k & T 15 F PAHs i) COR Y. 24 4.0x
10°~4.7x10°,COR M P38 K 7.5<107 39 Tl 8%
2 BB RS K .

E WS R S RRH, AR X IR
X # PAH R 5308 RKR/K P LRSS 0+ EHig
FRALTIEEX A 0.5km K JERH) PAHs MR
B EBUERK K 1.2x107C% Dk T A4 TV E
X Skm A1) 3 Fr/veE )LER A\ PAHSs [ BUE XU N
2.2x107M0 eh F 9T = g g s E S U BT
R % e W, i B ok BRI b X A 4k Tk HERU
VOCs BUEXK 258 1.1x107,9.3x107°~1.7x107%,
2.2x107°~4.4x107 2.6x10* . T AL E X, 10 EH e
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# PAHs £ 5 RIZUE K h 1.2x10°L H it A ik
TLHER ) PAHSs ¥5 42 10 SN 452 B2 H W
BRI B B P L, R B R AR B
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