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Application of common occupational health risk assessment methods in vinyl chloride
manufacturing factories DONG Yi-wen®, BIAN Hong-ying!, WANG Xin-gang?, HU Wei-jiang®
(1.Department of Occupational Epidemiology and Risk Assessment, Institute of Occupational
Health and Poison Control, Chinese Center for Disease Control and Prevention, Beijing 100050,
China; 2.Department of Occupational and Radiological Health, Center for Disease Control and
Prevention in Bin Hai District of Tianjin, Tianjin 300480, China)

Abstract:

[Background] Nowadays, calcium carbide craft is one of the most widely used method in China’s
vinyl chloride factories. Nevertheless, the acute or chronic poisoning induced either by small
amount of vinyl chloride monomer (VCM) effusion during high-temperature processes or by
inadequate protection in specific operation positions like patrolling, maintenance, and kettle
clearing have contributed to a large fraction of VCM related occupational health problems.

[Objective] The study is conducted to recognize major exposure positions of VCM manufacturing,
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and understand the occupational health risk levels through the application and comparison of three recommended risk assessment methods.

[Methods] A total of 35 VCM workers from 19 major positions in 2 polyvinyl chloride (PVC) factories (factory B and factory G) in Tianjin
City were investigated through field investigation and individual sampling. The occupational health risk levels were subsequently
evaluated by semi-quantitative comprehensive index method, semi-quantitative exposure ratio method, and quantitative risk assessment
method for carcinogens. Also, methodological differences among the three methods above were tested by Kappa conformance test.

[Results] All the 35 workers were male and aged (40.04+1.03) years, with an average working age of 6.0 (4.0, 9.5) years. They were
assigned to positions such as VCM synthesis, polymerization, analysis, kettle clearance, material cutting, and machine maintenance. The
time-weighted average concentrations (Crwa) in positions like compressor operation, polymerization, VCM recycling, and paste resin in
factory B reached very high levels (60.90-71.30 mg-:m?) that were 6-7 folds of the national occupational exposure limits (Cor, =10 mg-:m?); the
Crwa in positions of preparation operation, internal polymerization, and synthesis controlling were 1-2 folds of the occupational exposure
limits. Meanwhile, the Crwa in factory G was not high, except the concentration in kettle monitoring and clearance position which was
as high as 438.3mg-m?, over 40 folds of the occupational exposure limit. The results of semi-quantitative comprehensive index method
demonstrated that all positions were at medium to high risk levels; the results of semi-quantitative exposure ratio method presented
low to extremely high risk levels; the results of quantitative risk assessment method for carcinogens showed positions in factory B
were at high to very high risk levels, and positions in factory G were at negligible to very high risk levels. The results of quantitative
risk assessment for carcinogens and semi-quantitative exposure ratio method were in a good conformance (k=0.632, P=0.002) when
CTWA 2 COEL-

[Conclusion] Positions involved in processes such as VCM synthesis, compression, polymerization, recycling, kettle cleaning, paste resin,
and maintenance are major exposure positions in PVC production enterprises. Their risk ranks are from medium to extreme high risks
according to differences in exposure level and workplace environment. Application of the three different risk assessments in a combined
way will certainly play to their strengths as limitations and advantages coexist.
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IHEEMK (vinyl chloride monomer, VCM) 1ER
FEENKIEE, FERAZEAEGHERZE (polyvinyl
chloride, PVC) o TEERAIFIRA, VeM 25 B&@ T PR
EHNER, FLURIAEF R R BRI Y, BRFTIESE,
VCM EE2R B ARTRE, HAIS MR AT, FTA
e K BT M B /B % L MAT AT %% 2 F1E 1987 &,
BT 928 JiE Bff 52 #1439 (International Agency for Research on
Cancer, IARC) Fh¥& VEMBTE 9 1 EEUEY) (A%R) & ;
2002 %, HEWR veM SHAVAFME REFINER L
Y 8 4, 2007 £F, IARC XY VeM IV BUE I BR B
A, 12 vem BVER L #3235 2 BT [ B /R A0 AT 48
iR, ERINKEMR IR, vem Zit A B AYER
WEBRWRBEAREERM Y, 101992 &, X|B%EE " &M
RKEHVCM R T A2 MBI TR 111.66/10 /7,
FAEMFMERE ; BveM B T ABFFEIETE
7 49.64/10 /5, & ERRRIEERY 44.44%, BBl RUMNIY
EMEENARRIRITRFERRLZIN, vem BRE
fih 2 5 AT ERMAT AR T N EFENE- R
X F 9, BB, VCMIEA—TZ R4, 2R EBUE
Y, ERIE &R UHE. S, MERFENREEER
=B, 0%, HEREERSINRL X TG
(occupational health risk assessment, OHRA) {E g — IRl
BRIEFIER EENFE, B ZNAFERTI
XS Tfh, = FAINEEIFRE RN XA 8

AT X2IFEE. T 5T XL IFG A R E PR R
52BZRaNITEES, BUERZEEEEONR
RERIDT—, SENMHIZMNRZSEEE
BEFNAZRENE, TRENNBIEFEERR
M 122 T GBZ/T 298—2017 { TIEIZFRL BB ERAE
BN BEN T EFEAS) =) (IR “ARE”) B
FNEM. ¥TENEENRITEAEREHERT
BE IR, B, BT 3FpvcEF= ke
VCM E SIE R SN TIR A, S EXKERFTT
iR, NiGEREM A BRI B RS IFA X E R IR 4
Bhtl, AR RAIRED REENEEE5 G5B
h. T SIEMELEE R EERUE X IFEET K E
™ 2 &R PvC Rl R EE S AR R AL FF R XU B A

1 WREFE
1.1 W&

FEEVREF 2 K Pvc EFF I (BB MG )
o vemERE A R EMEL T A (35 A) ER
AR Ko
1.2 A%

121 BRI DPEDNZEES 2 REWVHWTZRE. K
LB TR, BAIPIRHERE R, NMASIF B RERE R [
SRR IR DA BIREE BT E,

122 Z=SEMBIEE  #KIEGBZ 159—2004 ( T1F

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8) 799

PSSP AEEYRENAIREDNTE) " 3 vem &
e T A (35 A) FFEMNMERFE, RIEFIE © K&
A 100~150 mg- 1R * AYE M R B ERE R R (£E ske
pocket pump B¢ K R, M ESEE 50~500 mL-min™?)
A& F T ARk L&, #ROFAMELE, LURE
0.05Lmin" ELRER MBI — AL (8h- 1),
KEMRIEL 10519 35 A, BA3IDIDR),

123 EEEINS A8 GBZ/T 160.46—2004 (T
EFFMESEZYRNE IR RMERLEY)
PRI -[SE e EFEITVCM IR ; £ 1E GBZ
212019 TR PR B E AR EALIRE 5150
D HFEEERR) M, vem BB E IR P T IFR
E (permissible concentration-time weighted average,
PC-TWA) (BIRBERE, BFF : RE) 7910mgm?
1.2.4 MFTHEZE RAFEELGEEE FEE
b LB N E 2 BUE MBS T A XS veMm AR fE L
TAFREXBE TG, RIEIARCHK vem i E 91 285
=Y (AR, EEinE P PRAINUEEERES
HBERMEDRBE VCM B EF R (hazard rank,
HR) N5k ; FEELFEIREUEIZMELR (exposure
rank, ER) fRERAT A PR S HESDIHAELE
LFHENTEE ; ¥ SEAEEER ER N AR IEFR
B RREIFMIRE (£) SHENAIRIZMIEE
(occupational exposure limit, OEL, F8%F PC-TWA) i#
ITEEER, LA C/Con RARE NN ERFZR ; LA EFR
FhHE 2 XS T E B X TEER (risk, R) BLAAT
R=VHR-ER ITEEEH, HESRERF6 R RAAXIAIX
CERAITERIIE. FEESSIREENEESE
fih b EE I LA R BXE 1~5 2 AR AT B EEXBG. KX
fo. PEXPL. B XBEMRSXES M ER, EEX
T2 P 1A A AP BY B RN B BN A XIS (inhalation
of excess personal risk, IR) & 1d A T IR= (IUR-d-te/t.)
T8, IUR : B N RUNXPLE, BN (pgm?)
d: DAEMFIE, pgm?® ;e BT, &6 &
BHEE®, F. RWERSBHONQ A EZ KF
(1x10%) thREREEMNTFEXNEBRENLLE, Bk
EAENEREN D RITEFITXRERHE Y, &
EHUEX T AR XPEHE IR 1o

1.2.5 =M AR A=K EERN
RERFIEARTE—H, FLEFESIAXPEEEX—H]
RHITL IR, BEKEWE W WIARAZEURKEL
{E (risk ratio, RR) R 5 AN QIS EN R #HITIRELN,

BP RR= M E FHIER /R E R PCFR S8 BXRA
59 %%, B RR{E<0.2. ~0.4. ~0.6. ~0.8. ~1.0 73 7!
IBA 1% (AT RBRR) . 24k (EXFL) . 3% (FREX
). 42k (M) . 54 (thEXB) ; BAIERR (Y
BT REKRE (FEM : KE) (time weighted
average concentration, Crwa) , 1§ 28 R IZAt AL T AK!
PDATA (<Con M= Cor) » HEFRIZMKFEEER
73 B3 = XS 3T A 75 A BUATE L RR FRFHIT AT
palile
£ 1 EEBUENRITGEPNNRERAE

Table 1 Risk category of quantitative risk assessment for carcinogens

BXERE DR KEXSRE RPEFR
1.0~ 7z FIRBE XS
1.2 55 RS
1.5~ ey hEX
3.0v = =R
>10 Rig REXK

1.3 HitFESR

ZERFTR A SPSS 20.0 IERRERIT IR 1T 240 LA
xts IR ZEB DB TR ; Cua RERHIEIESY
&, LAFRAIER. M9 (LEEAR T £ ; Kappa K IEET,
R 2B MBS, EXBG. REXBG. & X RE X
RAFLRTE, DRI IFHARAEN M, 1§
KB, KENZSZFENIREN : k>0.75 R —H MR
4%, 0.4<K<0.75 Rin—HUELF, 0<k<0.4 R —H %
%, KSORT—HMEE,

2 2
2.1 HFAELER

BT 5G[ HLUBEZEEF VM. TZARKS
WHEBARNERIE, ERUREFEETERT,
FZREFHUERNFTE VCM, E = E R I I1AY 35
BT ANIABEM, Fi#879 (40.0421.03) ¥, TiE96.0
(4.0, 9.5) Fo, BEFFEIRMETIEREIY 48ho
BhIPHERE. RZ20KHE. MARSIF B RERIEIF IR 2
2.2 ERHEENLE

ZERETR, B EENIMET. BEIMET. vem
EUR T, MMAEMEIH GBS, AR IEMRE
(10mgm?®) Ne6~71F ; BEHIIMET. RERNRT. &
B E AR T itk B8 RE, YARERN1~2
E. G MILBAKZMKTERS, BEEZEZ2THEE
BRMNERN, GwXE438.30mgm?, ZIEERN40R
& Htsd Atk FIETFER A MR E, W3R 3.

www.jeom.org



800 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8)

R2 BREWHIFER. 28R MERF A&
fERER
Table 2 Protection measures, emergency response facilities,
and pesonal protective equipment usage in two factories

SN U ok i Rz B HRIRHE MEBIF A RERER

B 1LEHBEHNKE LPEERNSEFERES LTIABERBZ2
FIRG EALr 5. EEHEE. M
2. BRI B 2. FENRBUMSRSERERR  SOSHMHFEA
BHXIRE | 2. INZ 1AL B R BH B AR
SAVBRNES 3. [ BigVeM BopiREEE  TIERRT=SIFRES
BAEN RREE .EHIEMR. #iFOE
4EE, EER 4T BREHFHANKE, B MESEHFA®
MEEERE YRERKEEHIRETL
i, SRR 5. PIEEECE ARSI IINY
RESRERMY
6. TR M SEIR

G 1LEMERR LAEERNIEFERNS
SEFRE ST

LTAHERBAZ2
. BEEHEE. M

2REABSE 2 VoM HiRERE SOBABBER
EMREAR 3 BEEHEREE 2 MAfELNABRE
el L EBERERETE, (3N TERRSTFRE

.2mENRNE EEXKRRUREESEAN

M. IORHECEIF R ER S F 12 2% 5 VEM N R
FIME. EENIME. BEIMEERM R T 3~5 4,
ZRMU T ARRPLLE R TR~ RS M FRE I 40
2.5 EERENMITFGHER

& 18 A% A Y R 1 veM TR N i R AV IUR
4.4x10° (ug'm®) *; ERNIRIE(RETEERREER
e (2018 FEE) ) I IE K 2018 ERETHE RMLK
BHEEMALLTIE, BEARNITBELERER, B
ERMUELTARTFES~RESXMRZE, G &Rl
Rl T A F o] 288 ~ RS X 2ial, Tk 4.

&3 ARSI T ALK FHIERETE
Table 3 Individual exposure levels and exposure durations of
workers at different positions in two factories

B EHER, £ ERIRNE A g RILZ IR Cruw/ (mg-m”) $EfbATIE]/ (h-d™)
5. SRR 2 RIE TN B VCM ZE ] VCM R3¢ T 7.01 6
[E4aHIMET 71.30 3
2.3 ¥EBEAIICERRITEE mEFE  RAMAT :
o o o EomloMET 22.00 6
2REWHI VM IR T, PERRT R SEAR - — 2
TRFEZBN. BFANVREF, BE0BESIF thit i) BREIMNET 8.50 2
M 2RIEIGHE (ZN 24 mE. NaTsR) F5&4%, IERRT 330 4
N . . o BN TFET 7.01 6
WER 24K ; MECH. EZEIMEIT R vem ElUk T Vc;@m oo \
*DE%;%%I% CE/COEL Eﬁ%—, E.ﬁ\{Z'SBE?FFéﬁ’@EE R gﬁjz_gﬁm%gfgﬂ ﬁﬁEEE?'EWEéI 10.50 2
W BAERAIFEIRALR, WERALTF 3~4 K28, IRIEA HRAESMR T 60.90 3
N . [— [Ty = & ISR b
Rt ERRIEHR, ERET, SRMUTANRKKE ¢ =HH A;iii i j
= E3 .
~ B RA
BT T~ BXRIE. T4 BATH ExmsT 438.30 2
2.4 FESIEMLILEZEXPS T LSS AAIMET 221 2
LRET, 5 F A ITEE (n) 840 hBIR R o ’
NEHECH T 0.81 4
2 < kS - . [13] a - 47 -
{lL’ E?ﬁmtbmt CE/ (COELf) [fjjl;q:{E\E?, f_40/ ZETFZZIEE f)‘(i%iﬁf@l 0.94 6
tw (168-ty) /128] IR E(E, H(Ita I48hBY, fA ERTE RREET 0.92 a
0.78, ZLLELLITRG, MR BIERR. RiFD  CElvem: RZBRE ; o 1 HEIIFSRE,
R4 =R ERXEITG S ZRNITGERLCE
Table 4 Results of three occupational health risk assessment methods
s FEBEERECE FESEMILEE TE 2 BUR NI
=1 AR S
HR ER R MBEHR HR G/ (Conf) ER R TR t/F t/F  dlugm IR XU ER
B VCM & T 5 2 3 R 5 0.90 3 4 = 5 81.7 7.01x10°  18.9x10" =
[EZatoMET 5 3 4 = 5 9.14 5 5 i) 6 81.7 71.3x10°  230.4x10" B=
REMET 5 3 4 = 5 9.01 5 5 =) 9 81.7 70.3x10°  340.7x10" RE
EewloMgT 5 3 4 F=3 5 2.82 5 5 =3 11 81.7 22.0x10°  130.3x10" R=
REWET 5 3 4 =3 5 2.91 5 5 =) 2 81.7 22.7x10°  24.4x10" R=
RREIMET 5 2 3 rhis 5 1.09 4 4 = 5 81.7 8.50x10°  22.9x10™ =)
IEAigT 5 2 3 rhis 5 0.42 2 3 rhis 4 81.7 3.30x10°  7.11x10" =
BEONMTET 5 2 3 ==[=3 5 0.90 3 4 = 12 81.7 7.01x10°  45.3x10" BRE
VeM Bl T 5 3 4 = 5 8.67 5 5 ] 15 81.7 67.6x10° 546.1x10" RE
SREERBET 5 3 4 = 5 1.35 4 4 = 13 81.7 10.5x10°  73.5x10" R=
R BEsME T 5 3 4 =3 5 7.81 5 5 =3 10 81.7 60.9x10°  328.0x10" R=

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8) 801

HR4
=N N FEBLEIEIE FESEMIEE TEEBURN TG A
ik R AR 3
ER R RM%EL HR G/ (Cmf) ER R RKHER t/F t/F  dugm IR KSR
G HIERRT 5 2 3 s 5 0.07 1 2 1% 9 81.7 0.52x10°  2.52x10" s
ERIMET 5 2 3 =af=3 5 0.13 2 3 this 6 81.7 1.01x10°  3.26x10" =
EEERET 5 4 4 = 5 56.19 5 5 i8] 4 817  4383x10° 944.2x10" R=
AR&IMET 5 2 3 R 5 0.28 2 3 =oF3 2 81.7 221x10°  2.38x10" rhis
FEDHT 5 2 3 R 5 0.08 1 2 1K 2 81.7 0.62x10°  0.68x10"  TJZABE
NAEEHI T 5 2 3 rhZs 5 0.10 2 3 =oF+3 5 81.7 0.81x10°  2.18x10" hs
RGBT 5 2 3 rhZs 5 0.12 2 3 ===+3 6 81.7 0.94x10°  3.04x10" =
MR EET 5 2 3 R 5 0.12 2 3 rhs 3 81.7 0.92x10°  1.40x10" &

UE] ER FHEMER ; HRAREFL ; RANBIEE ; G A MEEAIRE (Cun) 5 Con MERIRRIRERE ; FARRETF ; t NEFUBRTIHYTE,
F ;02018 FREDFEEREFILEEM 8L7F ; d W MEEMFIE, ugm? ; IR ABUERARAUNILE [4.4x10° (pgm?) o

2.6 =FhXPLIFEELERILE

R 5 B = FhER b 62 B KU T 75 JE R T (i 45
R " HHNRERETR, HRMIEEAKFEN <OELEY,
FEEEMILEEEREF EERRIBIEER K
4 & (k=0.158, P=0.004) , 57E & BE X f T A 45
RBHRMA—BMEE (K=0.161, P=0.165) ; FEELR
BENEERESEERENMITEEER—HMHRE
(k=-0.310, P=0.001) ; HBI{IIEAMIKT N> Cor BT,
TESAENIEREFTEEFMILBEZLER. €2
BN I ESE R —HI4E9ER E (k=0.000. -0.121,
P<0.01), M¥ESEMILEEERS TEBEXK
A ER—EMEF (k=0.632, P=0.002),

=5 Z=MEREERITG 7S E TGS RELER

Table 5 Results of comparison of three occupational health risk
assessment methods

FEELS HTEE AL EEBEX
Cwa  BIUBHR Ei=507 thE% %
RR 4K RR %4 RR EFR
<Con VCMNET 0.6 g 0.8 = 1.0 is=3
RREIMNET 06 HZ% 0.8 = 1.0 it
BOHTETL 06 0.8 = 1.0 =]
RIERIET 06 06 % 0.8 =
TR T 06 B 0.4 1K 0.6 rhas
BRRIMET 06 B 06 % 0.8 =
AREIMET 06 HZ%E 06 % 0.6 =of=+3
FIEDT 06 H%E 0.4 1% 02 TR
PnHEEEI T 06  HZ 06 W% 0.6 this
ERHEET 0.6 HE 06 % 0.8 =
MamEET 06 iz 06 % 0.4 1
>Con  EFEMIMET 0.8 = 1.0 1RE 1.0 h=
REMET 0.8 = 1.0 ®&& 1.0 h=
EomlsMET 0.8 = 1.0 1’5 1.0 wm=
RENET 0.8 = 1.0 H®E 1.0 R
VCM [Elig T 0.8 = 10 %5 1.0 bise=
HiAEIMET 0.8 = 1.0 ®BE 1.0 wm=
BEEERET 0.8 = 1.0 H®E 1.0 wm=
AREENET 08 =) 0.8 = 1.0 [ 4=)

GE] Cor : BV IEARPR(E R EERD PC-TWA (10mg:m?) o

3 itig

H202E 2 G, FEVCIMER WV ZMEERES
BUFERRER 30 mg-m> I8 PC-TWA BY 10 mg-m?,
RPMEBRBLGEZIZTEBMUBERAESRAEN 2
AR T AFRPRIRBRA, TEZFAHERE VM
MRFAMERHERNLECSKBR L. KARE
™, VCM B (BE) M. Wik, 2 BE. TEL
SHBERNEFIEPERIRMN. TERREE
fE. &M, . TR B BFEETZHRERE.
B EIMER Ve ZIERIRE, FiSEM TEf S
VCM K ERBIT, BB EBATER EE 5178 KR A E
FHXERIX, REEREELREFE X,

EINm AR KA, KEREfMvem, E5
K R U0>13.95mg'm™ (5ppm) RIIEARERR T
M. RAE (BBRFMERTR) . FFEFLE1L. BFIRSE AT 4RAR
&5 Hsu 2 PU X TF vem BUNR SR (G R E
7, VCM & it o] S B0\ R I 5 PR 2= R AL ER BT A9 7K
g0, FHIER/NRBNEREWEN SR B IR LN
BE RS AL T LN A B %, Anders ZF 22 (Y
MRERE, viM R R 2B SRERRKLE
MIAT BB RERRELERI, RESHBERER
MMBFREREIF R E T4, XAIRES RO EB IR IE
[ & A TG AT AR A BUR M, HIE R LN AIRhE
%, Mundt 2 23 F 1973—2013 & {a)%t 35 KILZE R
9951 % TH# >1 FHIZA AR BT R. LI
fil NBEh L4 63 AT IME B & 36 7 AT 4R, B
FFeE. FFMEEREAE S THMERE X BIE (TRt
Ttk 9 2.87, 95% CI : 2.40~3.40) ; 20104, HE &
EMEX X347 BVCMEZERBE THERMNMA R LM, #
=R E veM SRR FIRT A AR EERRER £ -
RRIFEF 29,

www.jeom.org



802 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8)

At , iIR%! PvC E =1l A BV E s iR Al R L T
BRQIT RN E R, A5 DR A B hiEn
=X BT AR BT 19 Fh vem 1E R s (U T R XS
Wil FRER, NBIEWNIRET. RESHI. 0k
FE B T5F Cun<1/2 Con IR, HF¥ EEiRALLEE
XEEREBEETFTHRTFFEELSEIEETHER ;
VCM IR T, RN BIMET R E O TR TXHM
Crun &TF (0.5~1) Cor [BIRYRIfiL, HiZfH/KFEBE T
EZFMEERS AR ENNEIRE (BIRER
2mgm?), FEEZMILEZEXNCEFRELF EE4
BRATHHERE— TN ER. XKRAKRERFTSR
BEEXR, BRAFERIVERERENG, B HEHT
75 AW Koppa I AR BRI A—HME ; £
il REBIERT, NBREIMET. EHETIIMET.
VeM BN T, #iAEIME TS, H¥ T EFMELEE
HRRERBESTFEESBBIEER—1NE
2, FARIEG 75509 Kappa 103045 R 2RI A —F0E
HKE REBERBUT/LR . (1) ¥ EEEMELEE
BIER DR EZEMH C/ (Corf) » H Crun BARBIZE R L
EMRENTE, M = (I0>Co) » ME2I
HY¥ FEEMILEZTHRERSTHEEESEIEY
EERNEAMSE ; ) MIHBEELI, K CGwa X
fIZERERN. BFk. RIBHIFEERERNE
HNBERIBENETESH TRRIRITMEH. REE.
it BREFN, XMEFFEEEESEHTHE
HNERTEHEETFUIZAEESRNNEGR, EEEE
ERNEM E BT R AN ESLIEMELR ;
(3) U IIHIAELERER, RATAFEHME
PhEOE. BhsEmAEHFAm, FLEFEEINEE
REWERT, @i M B R e K RBREEHAN
ANERBUEYRE, XURE CuwCon BY, ¥ EE
SEETHLEESHERRN RITEFENXIE
KBS TH EEFMILEEZERN— N EERR,

TE B HUE XL ITG AR IR BB IUR. 328K F (d) .
THE (t) MZMXHNESEREEGHREIRATE. MK 4
SR, [APEMKTES. TREBMEEXG
ERRE XA, ZAEERTHEBEH T
RERIER AT REFRETENREER, 4
M 22 Kappa Ko I FE AN, H Crua<Cor BY, EEHENX
MITGEREFEELEIBEE. FEEZMILEE
HER—HMEE ; MH = Con Y, F2EUENX T
HERS¥EERMILEZER B4 (k=0.632,

P=0.002), XFJAES 35 BRI RAVFURAENT &EH,
BY¥EEEMEES EEBVENRITAIATE R
A ENLENFEERRAERLERNEME L
BEFEEX.

SRR, ZMRRTEGEZRRNBESRR
Mo FESRMILEZERERE, B5R C/Con T
MSBERRSHRR, BEG X SRR AIHE
TIRAFAT ; EEBUENLITEZER FEEY
X B SR R AR 54 1A SE e IXUBS 4 A0 XL Pz S B B R
TSP AR RETIVER R EME@ESEE ;
FEBSERIEHEERRE TN EEYIFHERR. BRILT
EEERR. MEIFAmERB R RN SRR L
%, HIESHZRAER AL Hit, £HFE
N EENEM ENEAERFEESGIENE.

SE

[1] BRF. RCERIFRRERITEHNMRERE L] . ©I
B, 2019 (20) : 69-70.

[ 2] RAPISARDA V, LORETO C, MALAGUARNERA M, et al.
Hepatocellular carcinoma and the risk of occupational
exposure [J] . World J Hepatol, 2016, 8 (13) : 573-590.

[ 3] Overall evaluations of carcinogenicity : An updating of IARC
monographs volumes 1 to 42 [J] .IARC Monogr Eval Carcinog
Risks Hum Suppl, 1987, 7 . 373-376.

[4] KERE, KER, HES, F. A B EMTAMERS
YK 1] . BEMR, 2017, 46 (6) : 950-955.

[ 5] FEDELI U, GIRARDI P, MASTRANGELO G. Occupational
exposure to vinyl chloride and liver diseases [J] . World J
Gastroenterol, 2019, 25 (33) : 4885-4891.

[6] #HE. [ZHEFL T AR ZAITME D] £ EB
KF, 2009.

[7] XB%RA . RIEMRWEMIZIE T AMERITRFAEH
=[] BRIV 5@#RR, 2002, 18 (6) : 20-22.

[8] WARD E, BOFFETTA P, ANDERSEN A, et al. Update of
the follow-up of mortality and cancer incidence among
European workers employed in the vinyl chloride industry
[1] . Epidemiology, 2001, 12 (6) : 710-718.

[9] FEDELI U, MASTROANGELO G. Vinyl chloride industry in
the courtroom and corporate influences on the scientific
literature [J] . Am J Ind Med, 2011, 54 (6) : 470-473.

[10] FEDELI U, GIRARDI P, GARDIMAN G, et al. Mortality from

liver angiosarcoma, hepatocellular carcinoma, and cirrhosis

www.jeom.org



#5455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8) 803

among vinyl chloride workers [J] . Am J Ind Med, 2019, 62
(1) : 14-20.

(11] BEM, B, =G, & ZMHERLEERS TGS
FENERAESERWVHNAMRR L] . F/ES, 2017,
29 (10) : 1003-1008.

[12] REE, B, 18, F. =MRNOITEEEAE_FER
BERRER L (@ BRI LRI A (] . ApeEssmh DA R
J&Z+E, 2016, 34 (8) : 576-580.

[13] TR EEERRER I BENIFEZASN
GBZ/T 298—2017 [S] . b : FEFREL AR, 2017.
[14] TEGFESHPAEEY R MR RENE © GBZ 159—

2004 [s] . bR : AR HihRk#t, 2006.

[15] TEIMESESYRNE KR EMERCEY
GBZ/T 160.46—2004 [S] . b7 : FEVRE SRR, 2004.

[16] TIEZFMBERRRUIEMIRE £189 . kFEBER
% 1 GBz2.1—2019 [s] . At : HEIRA LR, 2019.

[17] fAIBRER, E¥ESE, BRo®, 5. [ FH = E EPA IR N KPQIT(H
RETHE 3 REL K TR R X (] . FIE5ER
\VE#, 2017, 34 (1) : 53-57.

[18] SK3EHE, B . R BERXEITES EFRERMNA (M] .
IR AREEWR, 2016 & 1-29.

[19] KETMREREZRS . KETBRERERKRIRE (2018

FE) R]. X2 REWIEERRERS, 2019.

[20] FRULLANTI E, LA VECCHIA C, BOFFETTA P, et al. Vinyl
chloride exposure and cirrhosis . a systematic review and
meta-analysis [J] . Dig Liver Dis, 2012, 44 (9) : 775-779.

[21] HSU YH, CHUANG HC, LEE YH, et al. Induction of fibrosis
and autophagy in kidney cells by vinyl chloride [J] . Cells,
2019, 8 (6) : 601.

[22] ANDERS LC, LANG AL, ANWAR-MOHAMED A, et al. Vinyl
chloride metabolites potentiate inflammatory liver injury
caused by LPS in mice [J] . Toxicol Sci, 2016, 151 (2) : 312-
323.

[23] MUNDT KA, DELL LD, CRAWFORD L, et al. Quantitative
estimated exposure to vinyl chloride and risk of
angiosarcoma of the liver and hepatocellular cancer in the
US industry-wide vinyl chloride cohort . mortality update
through 2013 [J] . Occup Environ Med, 2017, 74 (10) :
709-716.

[24] LANG AL, CHEN L, POFF GD, et al. Vinyl chloride
dysregulates metabolic homeostasis and enhances diet-
induced liver injury in mice [J] . Hepatol Commun, 2018, 2
(3) : 270-284.

(4Rtg TR ; BEMRAE T i)

XA E (9545

(I 5JRES) HIEA

E & B ERN MR RS R BRI
REAKFEIENER, KF &
=23 BMNTES
BEERBAN Z4ERBREA

. JEOM) , BIal KFAFIHIE AR S

SR s) HiERQ

SEEIEREEE MBI =10 F
X2, FERETBORESE 1’EU LR AMBHEEEREANR,
AERW, HEIEE WL
EENRE. (FE. REZREBE— D
&, ULHRD (303520 E5) INBELR.
REHIER “HIFSER

- SR -

EZ” (4

www.jeom.org



