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Risk assessment of workplace silica dust hazard in ceramic manufacturing enterprises: A
comparison study of four risk assessment models LI Tian-zheng®, GUAN You-zhi®, CHEN Hao?,
LIN Yan-fa®, FENG Jing*, ZHOU Wei' (1.Department of Occupational Hazard Assessment, Shenzhen
Prevention and Treatment Center for Occupational Diseases, Shenzhen, Guangdong 518020,
China; 2.0ccupational Health Department, Longgang District Center for Disease Control and
Prevention, Shenzhen, Guangdong 518000, China; 3.0Occupational Health Department, Pingshan
District Center for Disease Control and Prevention, Shenzhen, Guangdong 518000, China;
4.0ccupational Health Department, Bao’an District Center for Disease Control and Prevention,
Shenzhen, Guangdong 518000, China)

Abstract:

[Background] Silica dust pollution is serious in ceramic enterprises. It is necessary to strengthen
silica dust control and protection in workplace through risk assessment.

[Objective] Through assessing the health risk of silica dust exposure in ceramic manufacturing
enterprises by various methods, and comparing the assessment results, the study aims to explore
the applicability of different occupational health risk assessment methods.
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[Methods] Four ceramics manufacturers were selected to carry out occupational health investigation and occupational health monitoring. The
health risks of silica dust exposure positions were assessed by the classification of occupational hazards in workplace (GBZ/T 229.1-2010), a
qualitative assessment method, and two semi-quantitative methods (exposure ratio method and composite index method) (GBZ/T 298-2017).
The assessment results (R) were standardized into risk ratios (RR) for comparison.

[Results] In enterprise A, the concentrations of silica dust in handyman, element inspection and grinding, glaze spraying, and trimming
positions exceeded the occupational exposure limit, with the maximum concentrations of 0.86, 0.87, 1.55, and 0.72 mg-m, respectively.
In enterprise B, the concentrations of silica dust in weighing, molding, dewaxing, and manual grinding positions exceeded the limit, with
the maximum concentrations of 1.5, 1.1, 1.9, and 1.0mg-m?, respectively. In enterprise C, the concentrations of silica dust in all positions
were lower than the limit. In enterprise D, the concentrations of silica dust in water jet cutting, ordinary cutting, edge grinding, cutting
and grinding, manual cutting, and simple cutting positions exceeded the limit, with the maximum concentrations of 0.48, 0.84, 0.96,
0.72, 0.60, and 0.60 mg-m?, respectively. By the occupational hazard classification method, the Rs of the unqualified positions were 3-4
and the Rs of the qualified positions were 1-2; transferred RRs were one grade higher than the corresponding Rs. By the qualitative risk
assessment method, the Rs of all positions were 4, and the RRs were 5. By the exposure ratio method, the Rs and RRs of all positions
were equal, and all were 3 to 5. By the composite index method, the Rs and RRs of all positions were equal, and all were 3 to 5. Except
the qualitative assessment method, the results generated from the other three methods were proportional to the ratio of exposure
concentration to occupational exposure limit, and RR for occupational hazard classification method <RR for composite index method <RR
for exposure ratio method.

[Conclusion] For the health risk assessment of positions exposed to silica dust in ceramic enterprises, the results of qualitative assessment
method are affected by the level of health hazards of silica dust, and the risk grades are the highest for all positions; therefore, its
applicability is limited. Combined with monitoring results, protective measures, and management measures, composite index method is
more practical and has better applicability.

Keywords: occupational health; risk assessment; occupational hazard classification; ceramic manufacturing enterprise; silica dust
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Table 1 Occupational health investigation and monitoring results in key positions in selected four ceramic manufacturing enterprises

= AT KIER
G o wogs EeAm FRURL mmes Detection
Enterprise Position Position No. Exposed Exposed duration/ Daily consAumptlon Work intensity RE D KMLESR /mg-m? E/OEL
workers unit AR ==
h-d?, d-week® Sample size Concentration/mg-m™
A ikt (Batching) 1 1 576, 6 t I 3 0.08~0.30 0.43
ZT (Handyman) 2 16 8~10, 6 t Il 6 0.24~0.86 1.23
73 (Grouting) 3 24 10, 6 kg I 6 0.07~0.50 0.71
RIERLEL (Roll forming) 4 18 10, 6 kg I 6 <0.03~0.62 0.89
#E (Encastage) 5 21 11, 6 kg I 6 0.18~0.63 0.90
& (Lower kiln) 6 17 11, 6 kg I 5 0.11~0.43 0.61
feﬁgiginspecﬁon and grinding a4 11,6 ke I 9 0.2170.87 1.24
158 (Glaze spraying) 8 16 11, 6 kg 1] 12 0.21~1.55 2.21
& (Trimming) 9 16 8~10, 6 kg | 4 0.08~0.72 1.03
EEEFTEE (Shaving and polishing) 10 18 89, 6 kg I 9 0.10~0.65 0.93
EE[k (Bottom rubbing) 11 4 10, 6 kg I 6 0.05~0.44 0.63
B 2 (Weighing) 12 1 10, 6 kg I 3 0.6~1.5 7.50
AZE! (Molding) 13 4 10, 6 kg I 3 0.6~1.1 5.50
B%E (Dewaxing) 14 1 10, 6 kg I 3 0.6~1.9 9.50
FTTE (Manual polishing) 15 5 10, 6 kg | 3 0.5~1.0 5.00
C $T% (Mud-making) 16 1 4,6 kg I 1 0.15 0.21
3 (Grouting) 17 5 8, 6 kg I 2 <0.03~0.35 0.50
{&BE (Bisque trimming) 18 3 8,6 kg Il 2 <0.03 0.04
7K (Washing) 19 7 8, 6 kg I 4 0.04~0.33 0.47
¥ (Glazing) 20 1 8,6 kg Il 1 0.42 0.60
&I (Repair work) 21 2 8, 6 kg I 2 <0.03 0.04
1558 (Glaze spraying) 22 1 8,6 kg I 1 0.50 0.71
EEJKK (Bottom rubbing) 23 1 1,6 kg 1 1 0.17 0.24
D 7K TIEDE] (Water jet cutting) 24 2 8, 6 t Il 3 0.12~0.48 1.60
Z@i)E| (Ordinary cutting) 25 4 8,6 t I 3 0.12~0.84 2.80
B4 (Edge grinding) 26 3 8,6 t I 4 0.12~0.96 3.20
IEIEEA (Cutting and grinding) 27 6 8, 6 t I 3 0.12~0.72 2.40
FIIE (Manual cutting) 28 4 8,6 t I 3 0.12~0.60 2.00
B 0E (Simple cutting) 29 4 8, 6 t I 3 0.12~0.44 1.47

UE] EEENEREAE ; HER/NTRHREN, BLHRE,

[Note] E is the maximum detection concentration; when the result is lower than the detection limit, £ is the detection limit.
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Table 2 Assessment results of silicon dust hazard in the selected four ceramic manufacturing enterprises
PRk R NN EARELEE N
N EMITEE - SEIEH0E
Occupational hazard L Exposure ratio L
e Qualitative assessment method Composite index method
classification method method
@ i N . SN Bizf
Enterprise Position o %? FZiAN E%fi Tz AR EIBIETE BYia]
4 2 Engineering Personal
Ws il nl AR @ﬁﬁg_ Dusting A% R RR HR ER RR HR E/OEL & & . Management  Daily ER RR
Grade Hazard Consumption Exposure control  protection
level measures  exposure
grade grade measures measures .
duration
A EE’H, 043 1.5 2 E t; = 4 4 5 5 2 3 5 2 5 1 1 4 2.09 3
Batching High High
Zu = =
Bk 123 15 2 E jt? = 4 4 5 5 4 4 5 4 4 1 1 5 240 3 3
Handyman High High
< §7 \g;
’i’(_ 071 15 2 g == i 2 4 5 5 3 4 5 3 3 2 1 5 2.46 4
Grouting Moderate Low
SRR A EE
»&Eﬁﬁg—_ 0.89 15 2 E e & 2 4 5 5 3 4 5 3 4 1 1 5 2.27 3
Roll forming Moderate Low
JEEs Ee ks
*E 090 1.5 2 g o= = 3 4 5 5 3 4 5 3 5 2 1 5 2.72 4
Encastage Moderate High
2 Ee2 é
T& . 0.61 1.5 2 E e '_J 3 4 5 5 3 4 5 3 5 2 1 5 2.72 4
Lower kiln Moderate High
HIOHTE _— -
. . pEi==4 =]
Element inspection 1.24 15 2 E N 3 4 5 5 4 4 5 4 4 1 1 5 2.40 3
o Moderate High
and grinding
5y &8
i . 221 15 3 g == & 4 5 5 5 5 5 5 1 2 1 5 2.19 3
Glaze spraying Moderate Moderate
& E8
gﬂ’A 1.03 1.0 2 g == & 2 4 5 5 4 4 5 4 3 1 1 5 227 3
Trimming Moderate Low
& & =3
1’¥m§ o 093 1.5 2 g =% = 3 4 5 5 3 4 5 3 4 1 1 5 227 3
Shaving and polishing Moderate High
EE =
IR ) 063 1.5 2 g o= = 3 4 5 5 3 4 5 3 2 1 1 5 1.97 3
Bottom rubbing Moderate High
= = =
B %ﬂ?;_ 750 1.0 4 E = 3 4 5 5 5 5 5 5 5 5 5 5 5.00 5
Weighing Moderate High
Fid] EE =
EE:"‘, 550 1.5 4 g =% = 3 45 5 5 5 5 5 5 5 5 5 5.00 5
Molding Moderate High
it = 2=
H’ME" 950 1.5 4 g =% = 3 4 5 5 5 5 5 5 5 5 5 5 5.00 5
Dewaxing Moderate High
e =
%I}TIE‘ . 500 1.0 4 g eF = 4 5 5 5 5 5 5 5 5 5 5 5.00 5
Manual polishing Moderate High
3 EB
C TR ) 021 15 1 g eF = 4 5 5 2 3 5 2 3 3 3 4 2.93 4
Mud-making Moderate Moderate
Sy Es
’Lﬁ, 050 15 2 g e® & 2 4 5 5 3 4 5 3 3 3 3 5 3.32 4
Grouting Moderate Low
& EE
UK o 004 15 1 g eF & 2 4 5 5 1 2 5 1 3 3 3 5 2.67 4
Bisque trimming Moderate Low
N 7] \EE 1
’ik_ 047 15 2 g o= & 2 4 5 5 2 3 5 2 3 3 3 5 3.06 4
Washing Moderate Low
pe =
J:*ﬂl 0.60 1.5 2 E e & 2 4 5 5 3 4 5 3 3 3 3 5 3.32 4
Glazing Moderate Low
] 8
4 . 0.04 15 1 E e & 2 4 5 5 1 2 5 1 3 3 3 5 2.67 4
Glaze adjustment Moderate Low
i =8
o 07115 2 e = = 45 5 3 4 5 3 1 3 3 5 267 4 4
Glaze spraying Moderate Moderate
=8
BE _ 02415 1 £ o 45 5 2 3 5 2 3 3 3 2 255 4 4
Bottom rubbing Moderate Moderate
IKTINE 2
D kﬂpgj . 1.60 1.5 B] E 7(2 o 4 5 5 4 4 5 4 B] B] 5 5 3.89 4
Water jet cutting High Moderate
E@EtE =
EEJEJ . 280 15 4 E #2 o 4 5 5 5 5 5 5 3 3 5 5 4.08 5
Ordinary cutting High Moderate
= - 32015 4 E KE F 4 5 5 5 5 5 5 3 g 5 5 4.08 5
Edge grinding high Moderate
HEEEA 82
]J%_“gl‘ o 240 1.5 3 E *E o 4 5 5 5 5 5 5 3 3 5 5 4.08 5
Cutting and grinding High Moderate
)k 1
FIR . 200 15 3 E *E o 4 5 5 5 5 5 5 3 3 5 5 4.08 5
Manual cutting High Moderate
25 2 4 =
BZE 147 15 3 g KE = 45 5 4 44 5 4 3 3 5 5 389 4 4
Simple cutting High Moderate
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