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Application of three semi-quantitative occupational health risk assessment methods in
automobile manufacturing enterprises YE Wei-ping, ZHANG Cheng, LIANG Jiao-jun, MAO Ge-
shi, CHEN Zhen-long (Occupational Health Department, Wuhan Prevention and Treatment Center
for Occupational Diseases, Wuhan, Hubei 430015, China)

Abstract:

[Background] Occupational hazards such as dust and toxic chemicals in the production process of
automobile manufacturers will adversely affect the health of workers.

[Objective] This study applies three semi-quantitative risk assessment methods in GBZ/T 298-
2017 Guidelines for occupational health risk assessment of chemicals in the workplace to
assess the occupational health risk in automobile manufacturing enterprises and explores their
applicability.

[Methods] Judgment sampling method was used to select four out of six automobile
manufacturing enterprises in Wuhan City, Hubei Province to conduct occupational health risk
assessment for the main positions exposed to occupational hazards, and the results of three

ARRER
SKEH CHIL BB TR E SO ER L R
51254R53PFR) , E-mail : mbzhang@cdc.zj.cn

b= ||
ERBULITEFEGCRRZETA
(131031109000160010)

EE BT
MHEF (1984—), B, i+, FEEIT ;
E-mail : 13377881745@163.com

BEEE
B3R, E-mail : 77785338@qg.com
FlEhR

Wi BaEs
REBH

TR
2019-08-30
2019-12-30

XEHS  2095-9982(2020)02-0150-07
FESES R13
XEFER A

»5|F

HEHF, Kk, RHE, F. =M E2R0
BRI G A E A E B E RIS LY
WA D] HFESRIES, 2020, 37 (2) :
150-156.

> A5

www.jeom.org/article/cn/10.13213/j.cnki.jeom.2020.19596

Funding
This study was funded.

Correspondence to

CHEN Zhen-long, E-mail: 77785338@qg.com
Competing interests None declared
Received 2019-08-30

Accepted 2019-12-30

»>To cite

YE Wei-ping, ZHANG Cheng, LIANG Jiao-jun,
et al. Application of three semi-quantitative
occupational health risk assessment methods
in automobile manufacturing enterprises(J].
Journal of Environmental and Occupational
Medicine, 2020, 37(2): 150-156.

> Link to this article
www.jeom.org/article/en/10.13213/j.cnki.jeom.2020.19596

www.jeom.org



#4455 J2 3 &% | Journal of Environmental and Occupational Medicine | 2020, 37(2) 151

occupational health risk assessment methods were compared and verified.

[Results] The major occupational hazards of the four automobile manufacturers were welding fume, grinding wheel dust, manganese
and its inorganic compounds, nitrogen dioxide, toluene, xylene, methyl ethyl ketone, butyl acetate, butanol, and isopropyl alcohol. The
results of exposure ratio method showed that the melt inert-gas (MIG) welding positions of companies C and D were high-risk positions.
The results of index method showed that the spot welding and polishing positions of the four companies and the MIG welding positions
of companies A, C, and D were medium-risk positions. The results of composite index method were the same as the index method.
When exposure concentration (EC) was less than 1/2 of the relevant national occupational exposure limits (OELs), the risk index (R) of
the exposure ratio method (1.694+0.433) was lower than those of the index method (2.344+0.317) and the composite index method
(2.327+0.317) (P<0.001). When 1/2 OELs < EC<OELs, there was no significant difference in the R values of the exposure ratio method
(2.966+0.138), the index method (2.916+0.206), and the composite index method (2.924+0.195) (P>0.05). When EC > OELs, the R of
the exposure ratio method (3.398+0.289) was higher than those of the index method (2.802+0.283) and the composite index method
(2.887+0.279) (P<0.001). The consistency of the assessment results between the exposure ratio method and the index method was poor
(weighted Kappa=0.118, P<0.001), that between the exposure ratio method and the composite index method was also poor (weighted
Kappa=0.136, P<0.001), and that between the index method and the composite index method was excellent (weighted Kappa=0.977, P<
0.001). For positions with EC exceeding OELs, the three assessment results were all above medium risk, consistent with the determination
results of OELs. The manual spraying positions were evaluated as negligible-risk positions and low-risk positions by the three assessment
methods, inconsistent with the results of occupational health examination.

[Conclusion] The three semi-quantitative risk assessment methods can identify key positions with occupational health hazards, but the
results for the manual spraying positions are conservative. Because the results of the three methods are related to EC, it is suggested to
choose appropriate assessment methods according to the EC of target occupational hazardous factors.

Keywords: occupational health; risk assessment; automobile manufacturer; semi-quantitative assessment method; exposure ratio

method; index method; composite index method
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Table 1 General occupational health information in four automobile manufacturers in Wuhan
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PR SR g TN
Il Annual production T A%K =3y R Dail B2 ek R AR Uatiat i
Enterprise capacity/10* Workers Position Materials v Daily v Operation Protective measure
. exposure work
vehicles usage
hours days

RIR FI/#8% SmEEX, AR

A 25 4681 . — 9.5 - 5 X . o .
Spot welding Manual/semi-automatic General ventilation, personal protection
MIG & JRez a5 ol 5 FT BEREX, AR
MIG welding Welding wire ’ E Manual Local ventilation, personal protection
= _ os  _ g FT STEN, AR
Polishing ’ Manual General ventilation, personal protection
FIHE s os a5 FT SEER, DB
Manual spraying Paint ’ Manual General ventilation, personal protection
542 A= N PN

5 s e B _ ys  _ g dE® SEER, N ABH '
Spot welding Semi-automatic General ventilation, personal protection
MIG 12 o322 05 alk 5 FT BEREX, AR
MIG welding Welding wire ’ J Manual Local ventilation, personal protection
18 _ e _ ¢ FT STEER, PR
Polishing ’ Manual General ventilation, personal protection
F IR S 1o 1 s FT STER, NABH
Manual spraying Paint ’ Manual General ventilation, personal protection

c . ay SR _ 5o _ 5 FIseEm SEER, AR
Spot welding ’ Manual/semi-automatic General ventilation, personal protection
MIG (& 72 aa 2l 5 FT BEREX, AR
MIG welding Welding wire ’ E Manual Local ventilation, personal protection
= _ so  _ s FT STER, NABH
Polishing ’ Manual General ventilation, personal protection
FIHE s oo L s FT SEER, DB
Manual spraying Paint ’ Manual General ventilation, personal protection

b s T _ oo g FIokaE® STER, NABH
Manual spot welding ’ Manual/semi-automatic General ventilation, personal protection
MIG J2 o322 106 o 5 FT BEREX, AR
MIG welding Welding wire ’ J Manual Local ventilation, personal protection
FIH% S B o = STEER, PR
Manual spraying Paint ’ Manual General ventilation, personal protection
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0.001) , IE¥ES S EIBEUETLER Z BINVER TS
ITFERENX (P=0.107), 2 1/2 OFLs < EC<OELs B, $&flitl
{BE7ERY R /9 2.966+0.138, 3EHUERI R /9 2.91620.206, 4R
BIEHCERI R 2.92440.195, =Fh AT EE R 2 (8]
HNESTHITEEN (P>0.05), X EC>OFLs B, 1Efif
EL{E ARY R /9 3.3980.289, $5¥MARY R/ 2.80240.283,
FEEIEHUEMI RN 2.887+0.279, ERILEENRES T
EECEME A% (P<0.001) , IEECE S EEIEECE
SR ZEINERTAITFERNX (P=0.401), WE 1,

xR2 =MFESRUERRITGAENENT 4 OSFBEFEE IV FERIFRERRMTGERELE
Table 2 Comparison of grading occupational health hazardous factors by three semi-quantitative occupational health risk assessment
methods in four automobile manufacturers in Wuhan

o Ko 2k EbtbEE 1BHOE SEEEE
A~ - .
(= B SEES Detected OELs/ Crus/ HR  Exposure ratio method Index method Composite index method
Enterprise Position Hazardous factor R mg-m? mg-m?
sites ER R ER R ER R
£,rE pi=n PR
A N . EE#}_@I 21 4 1.305+0.982 3  2.238+0.625 2.572+0.320 2.340 2.650 2.309+0.107  2.631%0.059
Spot welding  Welding fume
_%{%ﬁ . 21 5 0.084+0.017 2 1.000 1.414 2.340 2.163 1.974 1.414
Nitrogen dioxide
2 VD AN
MIG 12 ) EEJ;*EI 9 4 0.811+0.542 3  1.778+0.441 2.290+0.316 2.343 2.720 2.343+0.100  2.651+0.057
MIG welding  Welding fume
ERETAEY
Manganese and its 9 0.15 0.046+0.068 2 1.778+1.093 1.817+0.536 2.466 2.233 2.312+0.186 2.149+0.085
inorganic compounds
_'%%ﬁ‘ . 9 5 0.093+0.043 2 1.000 1.414 2.466 2.233 2.168 2.082
Nitrogen dioxide
% IVES EE/IN
ﬂ'l’_%. E/§b%i 6 8 1.300+1.620 3  1.500+0.837 2.063+0.541 3.129 3.064 2.727+0.225 2.858+0.116
Polishing Grinding wheel dust
FIBE mE
Manual 9 50 <0.03 2 1.000 1.414 2.280 2.135 2.057 2.028
R Toluene
spraying
X_yIE:Inzf 9 50 0.992+2.010 2 1.111+0.333 1.479+0.195 2.188 2.092 2.004+0.060  2.002+0.029
7% =
LT 9 200 0.328+0.418 2 1.000 1.414 2.188 2.092 1.984 1.922
Butyl acetate
TR
9 300 0.127+0.212 2 1.000 1.414 2.280 2.135 2.057 2.135
Methyl ethyl ketone
s;fnol 9 100 5.333+11.305 2 1.111+0.333 1.479+0.195 2.188 2.092 2.004+0.060  2.002+0.029
S8 2 2
B SRI% ) EE#J,@:': 12 4 0.531+0.290 3 1.750+0.452 2.270+0.324 2.512 2.745 2.352+0.119  2.656+0.068
Spot welding Welding fume
_,ﬂﬂjﬁ, ) 12 5 0.043+0.017 2 1.000 1.414 2.512 2.241 2.154 2.076
Nitrogen dioxide
MlGrE VEE 2
= . EE#J.@:': 3 4 0.767+0.158 3 2.000 2.449 1.648 2.223 1.694 2.449
MIG welding Welding fume
SENETNEY
Manganese and its 3 0.15 0.016+0.008 2 1.667+0.577 1.805+0.338 1.648 1.815 1.641£0.092  1.810+0.051
inorganic compounds
_,ﬂﬂ:'%. ) 3 5 0.021+0.007 2 1.000 1.414 1.648 1.815 1.534 1.752
Nitrogen dioxide
]y an
ﬂ,gA E/.%%Ei 8 2.832+2.660 3 1.833#0.753 2.302+0.490 2.724 2.859 2.523+0.183  2.302+0.490
Polishing Grinding wheel dust
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P AL EA $EHK GATENCA
A o
=312 ey BERXR Detected OELs/ Crwa/ HR  Exposure ratio method Index method Composite index method
Enterprise  Position Hazardous factor A m? mg:m?
sites ER R ER R ER R
FIBR mx
Manual 3 50 <0.03 2 1.000 1.414 1.919 1.959 1.769 1.414
R Toluene
spraying
flz2F S
3 50 <0.05 2 1.000 1.414 1.842 1.919 1.707 1.848
Xylene
A =]
CHT R 3 200 0.205+0.174 2 1.000 1.414 1.842 1.919 1.707 1.848
Butyl acetate
T
3 100 <0.3 2 1.000 1.414 1.842 1.919 1.707 1.848
Butanol
&8 JER 2
C a . Eal;%@:t 8 4 1.025£1.316 3  2.000£0.926 2.397+0.539 2.727 2.859 2.556+0.190  2.397+0.539
Spot welding  Welding fume
__ﬂﬂﬁ%, . 8 5 0.046+0.329 2 1.000 1.414 2.724 2.334 2.305 2.147
Nitrogen dioxide
=] =0 7N
MIG 2 . Eal;@i 4 4 5.975+4.055 3  1.494+1.014 3.197+0.613 2.904 2.952 2.962+0.166  2.980+0.084
MIG welding  Welding fume
SERETHNNEY
Manganese and its 4 0.15 0.455+0.601 2 3.500+1.732 2.581+0.671 2.904 2.410 2.946+0.222  2.426+0.092
inorganic compounds
fﬂﬂ:%. . 4 5 0.082+0.043 2 1.000 1.414 2.904 2.410 2.494 2.233
Nitrogen dioxide
NS BE /N
ﬂrg. E/.Ebrgi 8 1.43320.777 3 2.000 2.449 3.129 3.064 2.904 2.952
Polishing Grinding wheel dust
FIBR mE
Manual 3 50 0.092+0.775 2 1.000 1.414 2.280 2.135 2.057 2.028
. Toluene
spraying
ZHE
3 50 1.420+0.956 2 1.000 1.414 2.188 2.092 1.984 1.992
Xylene
A 1=
CHTHR 3 200 42.767+14.745 2 2.000 2.00 2.188 2.092 2.163 2.080
Butyl acetate
TER
300 1.770+0.461 2 1.000 1.414 2.280 2.135 2.057 2.028
Methyl ethyl ketone
TE 3 100 2.527+0.523 2 1.000 1.414 2.188 2.092 1.984 1.992
Butanol
FIAE e
D Manual spot i = 18 4 2.661+1.330 3  2.722+#0.669 2.837+0.350 2.954 2.977 2.903+0.119  2.950+0.061
. Welding fume
spraying
_%ﬂ:ﬁ . 18 5 0.122+0.014 2 1.000 1.414 2.954 2431 2.466 2.221
Nitrogen dioxide
MlGrE V=D N
® . EEIJ;J,@I 6 4 4.950+2.487 3  3.833%0.753 3.378+0.333  3.107 3.053 3.196+0.090  3.096+0.044
MIG welding Welding fume
SERETNHEY
Manganese and its 6 0.15 0.118+0.119 2 2.667+1.155 2.276+0.478 3.107 2.493 3.019+0.175  2.457+0.071
inorganic compounds
_,ﬂﬂﬁﬁ_ . 6 5 0.123+0.015 2 1.000 1.414 3.107 2.493 2.643 2.299
Nitrogen dioxide
]y an
HEA E/.Eejgi 8 4.733+¥3.523 3 2.667+1.155 2.788+0.586  3.129 3.064 3.023+0.205  3.010+0.101
Polishing Grinding wheel dust
FIBGE Mm%
Manual 6 50 <0.03 2 1.000 1.414 2.280 2.135 2.057 2.028
i Toluene
spraying
ZEX
6 50 <0.05 2 1.000 1.732 2.188 2.562 1.984 2.440
Xylene
7 =
CETH 6 200 1.547£1.548 2 1.000 1.414 2.188 2.092 1.984 1.992
Butyl acetate
SR
6 350 <0.47 2 1.000 1.414 2.280 2.135 2.057 2.028
Isopropyl alcohol
At
Total 292 1.857+0.628 2.40110.349° 2.302+0.375°

UE] HR (BEDR SR HERER R I XISTERR (1= A1 RIRRPG, 2= NG, 3=HERPG, 4= XPG, s=RENE ;ja : SEMECETELLR, P<0.001,
[Note] HR: Hazard rating; ER: Exposure rating; R: Risk; 1=Negligible risk; 2=Spot risk; 3=Medium risk; 4=High risk; 5=Very high risk; a: Compared with exposure

ratio method, P<0.001.
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Figure 1 Risk levels for different concentration levels of target
hazards by three semi-quantitative occupational health risk
assessment methods
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