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Quantitative comparison of six common occupational health risk assessment models for small
printing companies XU Qiu-liang, ZHANG Mei-bian, ZOU Hua, YUAN Wei-ming, LI Fei (Institution
for Occupational Health and Radiation Protection, Zhejiang Provincial Center for Disease Control
and Prevention, Hangzhou, Zhejiang 310051, China)

Abstract:

[Background] There are more than ten kinds of occupational health risk assessment models
in the world. Each model has its own advantages and limitations due to its different technical
principles. Different models may generate inconsistent results of risk assessment towards a single
hazard. At present, there are few reports on the differences among various occupational health
risk assessment models.

[Objective] The purpose of this study is to understand the differences among six commonly
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used occupational health risk assessment models, and to provide references for the formulation of relevant standards and for the
methodological study and application of occupational health risk assessments.

[Methods] The printing and laminating positions of seven small printing companies in Zhejiang Province were selected as study subjects in
2019. Because they were exposed to the same risk factors, the inherent risks of both positions were estimated by comparing occupational
hazard concentration ratio (the ratio of hazard concentration to occupational exposure limit), and then were used to determine the
accuracy of results calculated by each risk assessment model. Six common occupational health risk assessment models (i.e., U.S. EPA
model, Singapore model, UK COSHH model, Australian model, Romanian model, and ICMM model) were used to assess the identified
occupational health risk factors of the selected printing and laminating positions. A quantitative comparison of the risk assessment
models was conducted using risk ratio (RR) to verify the accuracy and analyze the parallelism and correlation of the assessment results.

[Results] The average xylene and ethyl acetate concentration ratio of the laminating positions (0.33+0.40) in the selected seven printing
companies was greater than the ratio of the printing positions (0.08+0.07) (P <0.05), thus it was the basis for judging the accuracy of
model evaluation results that higher inherent risk of xylene and ethyl acetate in laminating positions than that in printing positions.
According to U.S. EPA model and Singapore model, the mean RR of xylene and ethyl acetate in laminating positions was higher than that
in printing positions (P<0.05), which was consistent with the inherent risk of the two positions. The assessment results of other models
failed to distinguish the risk difference between the two positions. The parallelism analysis results showed that RRys. :pa=0.65+0.34,
RRuk cosui=0.50£0.15, RRsingapore modei=0.36£0.15, RRaustralian moder=0.34£0.15, RRicum=0.3410.08, and RRromanian=0.201£0.10 (P <0.05). The
correlation analysis results showed that the concentration ratio of each occupational hazard in the laminating and printing positions of
the seven companies was correlated with the RR of each model (P<0.01), and the correlation coefficient was the largest for RRysepa model and
RRsingapore model (r=0.761 and 0.792, P<0.01), and the smallest for RRuk costt moder (r=0.330, P<0.01). The correlation analysis results also
showed that there was a correlation between RR of each model except that between RRy:s.epa model aNd RRux coski model; the correlation
coefficient (r) between RRuy:s.epa model aNd RRsingapore model Was 0.601, the values between RRysepa model and other RRs were <0.5 (P<0.01), and
the values between RRsingapore model aNd Other RRs were greater than 0.7.

[Conclusion] Both U.S. EPA model and Singapore model have better assessment accuracy and strong correlation with the field survey
based occupational hazard concentration ratio. U.S. EPA model and UK COSHH model are relatively independent, while Singapore model
has strong correlations with other models.

Keywords: printing industry; occupational health; risk assessment; model; quantitative; comparative study
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Table 1 Transformation of risk assessment results of U.S. EPA
model and UK COSHH model

EE epAiEHY B5[E| COSHH R HY

U.S. EPA model UK COSHH model
EEEH RPLER EHIFR RPEFR
Hazard quotient Risk grade Control grade Risk grade
<0.1 1 — —
0.1~0.5 2 cs1 2
0.5~1.0 3 Cs2 3
1.0~2.0 4 cs3 4
>2.0 5 Cs4 5

UE] cs - RV EEITHIS %o

[Note] CS: Calibration strategy for occupational hazards.
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Table 2 Basic information of occupational hygiene and risk factor levels in seven printing companies

o VAR ERRRNRELE (REKT SR ZAIRENLE)
TAHE BiEftdE/h BRI/ F Occupational hazard concentration ratio (ratio of hazard concentration

RS RIIL Maximum . - LR
0 Number  Daily exposure to occupational exposure limit) Evaluation
Company ID Position ¢ k . length of = . = —
of workers duration service/year * 22P7S —HE Z#BZE R TH result
Benzene Methylbenzene Xylene Ethylacetate Acetone Butanone
| AN
Eﬂﬁjfﬂk ! ENRI (Printing) 4 8 1 0.10 0.02 0.07 <0.01 <0.01  <0.01 ai%
Printing company 1
£ % (Laminating) 2 8 4 0.10 0.03 0.07 0.14 0.02 0.01 a8
EDRI Rl 2
| int A
Printing company 2 ENRY (Printing) 5 8 1 0.10 0.02 0.07 0.06 <0.01  <0.01 518
£ % (Laminating) 3 8 2 0.10 0.03 0.07 0.14 0.02 0.01 =
| AN
Eﬂ.ﬁjfﬂk 3 ENRY (Printing) 2 8 1 0.10 0.02 0.06 0.25 <0.01  <0.01 &ait&
Printing company 3
£ 4 (Laminating) 2 8 3 0.33 0.02 0.10 1.49 <0.01 <0.01 ZFZEEIBIT
ENmIidl 4
| int A
Printing company 4 ENRY (Printing) 3 8 1 0.10 0.02 0.04 0.12 0.02 0.01 S
2% (Laminating) 3 8 1 0.10 0.02 0.07 0.33 0.02 0.01 a5
| AN
Eﬂ.ﬁjfﬂks ENRY (Printing) 6 8 1 0.10 0.02 0.07 0.21 0.03 0.01 =
Printing company 5
274 (Laminating) 4 8 2 0.10 0.02 0.07 0.40 0.02 0.01 e
ENRI
ﬂ_ﬁJ_u—_lLe ENRY (Printing) 2 8 1 0.10 0.11 0.06 0.04 <0.01  <0.01 =
Printing company 6
£ % (Laminating) 1 8 1 0.10 0.02 0.62 0.78 <0.01  <0.01 ai&
ENRIT
H.EJ.JL A7 ENRY (Printing) 6 8 1 0.10 0.06 0.06 0.01 <0.01  <0.01 =
Printing company 7
2% (Laminating) 3 8 1 0.10 0.27 0.06 0.26 <0.01  <0.01 aig

®3 TRENRIEAVENRI RIS & R ALK PR FARE L EID(ELL R

Table 3 Comparison of mean occupational hazard concentration ratios of printing and laminating positions in seven printing companies
R EREZRNRELLEY{E (Mean occupational hazard concentration ratio)

BIiL

Position S B ZHRE R FR AR TER ZHRENMZBZE
Benzene Methylbenzene Xylene Ethyl acetate Acetone Butanone Xylene and ethyl acetate
ERRIBIML (n=
ljﬁj.ﬂm (r‘7 .7) 0.10+0.00 0.040.04 0.06+0.01 0.10+0.10° 0.010.01 0.005+0.005 0.08+0.07°
Printing position
S (o
AL (n=7) 0.13+0.09 0.06%0.10 0.15+0.21 0.51+0.49 0.01+0.01 0.008+0.007 0.33+0.40

Laminating position
[Fl a: 58&KILR, P<0.05
[Note] a: Compared with laminating position, P<0.05.

2.2 B ERRAFITHERE SR R EE LR REL MINRIRE R HE GO RRIYER TENRIX
221 FNAMRENPESSUERIEIOE SEAEIRIE  fI (P<0.05), 5RMIEHRNIERT. HithSEEREE
UMEGRU_RR ZERIERRIEK4, EEEPA XOHRIKMUMESRAURNNCESR.
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R4 7 REDMIEWARFHRPGITEIRERELLE (RR)
Table 4 Risk ratios (RR) of six risk assessment models of seven printing companies
BIfiL RR meen iz RR st RR = coshn m RRmxrymsm RRzspmRm RRicm
Position RRys. epa model RRsingapore model RRuk costH model RRaustralian model RRgomanian model RR\cmm model
o (— A
EU‘EJ,'%{M (TEFIZF%DZ'MZ'EE) 0.79+0.31" 0.34+0.09" 0.40£0.00 0.30+0.10 0.20£0.10 0.30+0.00
Printing position (xylene and ethyl acetate)
P —— ﬂ
BaRl (CREHNZRZE) 0.97+0.07 0.43+0.07 0.40£0.00 0.33+0.10 0.23£0.10 0.31+0.05

Laminating position (xylene and ethyl acetate)

ENRIFUME SN (6 FXLEF)

bedef
L I L o 0.65+0.34
Printing and laminating positions (six risk factors)

0.36%0.15"

0.50+0.15"" 0.34+0.15™° 0.20+0.10°™ 0.34+0.08™°

CE] X : EEESRAILLE, P<0.05; a1 5XEEPAERILLIR, P<0.05 ; b | SHIIIMIRELLIEL, P<0.05 ; ¢ : 5ZEE COSHHRAELLER, P<0.05; d :
S5RAFIERLLIL, P<0.05 ; e : ST LRIMERLLIL, P<0.05; f: 5ICMMERLLER, P<0.05,

[Note] X: Compared with laminating positions, P<0.05; a: Compared with the U.S. EPA model, P<0.05; b: Compared with the Singapore model, P<0.05; c:

Compared with the UK COSHH model, P<0.05; d: Compared with the Australian model, P<0.05; e: Compared with the Romanian model, P<0.05; f:

Compared with the ICMM model, P<0.05.

222 FNMERTEERNTITESER 7RI
R E & KL 6 Fh XL E FBI RRIJME : SEE EPA
=8 RRIYME (0.6520.34) Tx K, HIXFIR[E COSHH 1&
2 (0.50+0.15) , FRAFINIEEY (0.36£0.15) « ;B K
F P 4= 8 (0.3420.15) F1IcMM R BY (0.34+0.08) , &
ORI #EA rRR1Y{E (0.20+0.10) T/ (4 NERZ (8]
PR LLER, P<0.05),

223 ANMBEENTGEREX ST MRSALE
HEXRERFRELES SEERREIYFEEX

% (P<0.01), RELLES RRemeenmn T RR s BY
X RBEBRA (r=0.761. 0.792) , 5 RRzmcosnnizz HY
/1N (r=0.330) . ZHRERREJAXMEDINERER !
RR 2mernmnS RRzmcosnmn 2 [B)TCAE XM, HhEIRE
RRIBIITFE—ERIMEXM (P<0.01) ; RRemeun S H
IR B RRBIBIAE X REIR /N, 5 RRymugen I r B
0.601, SEHMZEE RRIYr{BEIY/NF 0.5 ; RRumumrn’S
HMEE8 RRIBIWY r (B ARTF 0.7,

&S5 AMERKICLLESRELERAMIRE XL EREXE 2

Table 5 Correlation analysis between risk ratio and concentration ratio and between risk ratios of six models

I (ltem) RR smemn i RR srmiszian RR @ cosnnn RR sz RR=spmmm i1 —"
N RRys. epa model RRsingapore model RRuk costH model RRaustralian model RRgomanian mo: del RR\cmM model

RR zmernizn (RRus. epa model) 1 — — — —_ —
Rtz (RRsingapore mocel) 0.601% 1 — = — _
RR s cosn a5 (RRuk cost model) 0.095 0.714° 1 — — —
RRmxsimmz (RRaustralian moder) 0.468% 0.889% 0.804% 1 — —
RRz 5wz (RRromanian moder) 0.373? 0.815° 0.661° 0.943° 1 —
RRicwm iz (RRicvm model) 0.496% 0.705% 0.732? 0.703? 0.445 1
SREELL{E (Concentration ratio) 0.761° 0.792° 0.330° 0.537° 0.495° 0.444°

[Ela: P<0.01;b: 7 RIEAEIRIFNE & 51 6 T KL R FIRE LB

[Note] a: P<0.01; b: The concentration ratio of six occupational hazards of printing and laminating positions in seven printing companies.
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MATER RRIEAMRIEARTUEL | ES

R K+ ZBR ZEERVER WV B R X B i T EN R 54
i, EEEPAREL, IR THE SR RRYE
= TENRIRL (P<0.05) BILER, MEMRERER
IMmMB AR ER ; PJREREREEEPAIR
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WENRIRAI TIE3 N B G, fFLEIMAMAE. 40
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I, #R4E GB 3230—1997 (BRI 4 KA FIZ AT A K b
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TITE3FEHIMAR. FRHM. £85Z HFEERK,
P ABERBARERUERNL (IBMEPE) . AARF
EEEPAREER, FINMIEEY, HE COSHHIESR, JBXK
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