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Application of two occupational health risk assessment methods for dust hazards in non-coal
underground mines TAN Qiang, GAO Ying, WU Yifang, MENG Qj, LIU Jianghui, NIE Yunfeng (Oc-
cupational Health Department, Hunan Prevention and Treatment Institute for Occupational Dis-

eases, Changsha, Hunan 410007, China)
Abstract:

[Background] The mining of non-coal underground mines may come into contact with various
types of dust, such as lead, zinc, copper, and non-metallic minerals. Dust of various kinds commonly
exists in all aspects of mining and selection, and is one of the main occupational hazard groups in
non-coal underground mines.

[Objective] To compare the application of two risk assessment methods in the occupational
health risk assessment of productive dust in non-coal underground mines, and to provide a ref-
erence for the selection of dust hazard health risk assessment methods and the management of
dust hazards in non-coal mines.

[Methods] A field investigation of the dust hazards of three typical non-coal underground mining
enterprises (lead-zinc mines, copper mines, and fluorite mines) was carried out, and the compre-
hensive index method and the occupational health risk assessment method from the International
Council on Mining and Metals (ICMM) were used to perform risk assessments. The comprehensive
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index method considers the following factors: dust monitoring data, the aerodynamic diameter of dust, hazard control measures, occu-
pational health management, daily usage, and daily exposure time to determine exposure levels. The ICMM method determines the risk
level based on the consequences caused by dust, exposure probability, exposure time, and uncertainty coefficient. Kendall consistency
test was used to compare agreement between the results generated by the two methods.

The results generated by the comprehensive index method were as follows: level 3 (medium risk) or level 4 (high risk) for silica
dust or lead dust; level 1 (negligible risk) or level 2 (low risk) for other dust (dust with free SiO, content < 10% and containing lead, zinc,
and copper, using other dust limit values for comparison), fluorspar mixed dust, fluorine and its compounds, zinc oxide, and copper dust.
The risk levels graded by the ICMM method were as follows: level 4 (very high risk) and level 3 (high risk) for exposure to silica dust and
lead dust, respectively, and level 1 (tolerable risk) or level 2 (potential risk) for exposure to other dust (dust with free SiO, content < 10%
and containing lead, zinc, and copper, using other dust limit values for comparison), fluorspar mixed dust, fluorine and its compounds,
zinc oxide, and copper dust. The consistency level between the results graded by the two methods was very high (Kendall W coefficient=

0.974, P<0.05).

For the occupational health risk assessment of productive dust in non-coal underground mines, the consistency level of risk
assessment results between the ICMM method and the comprehensive index method is very high. The ICMM method is more convenient
to operate and should be preferred in assessing health risks of dust hazard in non-coal underground mines.

non-coal mine; risk assessment; silica dust; graded management; occupational hazard
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Table 1 Occupational field investigation results of three companies
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79 0.37~1.37 mg-m~, E i LMK ESEE A 0.5~
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Table 2 Dust concentration and exposure limit in selected workplaces

#ig e EERERE BOME SRR gl A ) ]
53fiL(Job title) (Daily exposure N o AN G [Ty
(Workplace) time)/h (Dust type) (No. of data) 1AFfIKEESEEE (Range) RINLKREE(C-TWA) pIfiiEfbPR{E(PC-TWA) (Judgement)
EX=10N ) JP— N o
. ¥4I (Driller) 5 By (silica dust) 6 0.87~1.07 0.42~0.51 0.7 & 1&(Qualified)
(Fluorite mine)
KEET (B
ifr) (Ball 6 By (silica dust) 6 0.37~0.37 0.35~0.35 0.7 & 1&(Qualified)
B EE T (Crusher) 6 By (Silica dust) 12 1.07~1.17 0.50~0.52 0.7 &1&(Qualified)
Sk : e 5EA1 WIS
7+ L{Flotation 6 B Wfﬁi 6 0.6 05 0.7 &#8(Qualified)
collector) (Fluorspar mixed dust)
= A :
B RHALE ) (Fuorine 6 0.05~0.08 0.06~0.07 2 &1&(Qualified)

and its compounds)
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5fiI(Job title)  (Daily exposure . AR .
(Workplace) time)/h (Dust type) (No. of data) 1ZFfKESERE(Range) BIALRE(C-TWA) SIEAMPR{E(PC-TWA) (Judgement)
N7 (Lead-
gf] %I,L( 3% TS5 T (Driller) 4 By (silica dust) 6 1.03~1.13 0.62~0.68 0.7 &1&(Qualified)
zinc mine)
KEE T (Ball
DK:,E ) (82 4 By 2(Silica dust) 12 0.90~0.97 0.66~0.70 0.7 A% (Qualified)
milier,
8B T (Crusher) 6 By (silica dust) 6 1.23~1.37 0.62~0.70 0.7 &1&(Qualified)
7F 35T (Flotati H 4 (Particl t
L e 4 i 6 0.53~0.57 0.33~0.38 8 At&(Qualified)
collector) otherwise regulated)
A4 (Lead dust) 6 <0.008~0.012 <0.008 0.05 E1&(Qualified)
S (Zinc oxide) 6 0.02~0.03 0.02 3 & 1&(Qualified)
$FH(C " 4 (Particl t
A (COPPEr kT (Drillen) 4 S AL SRS 18 1.2~13 0.7~0.8 8 18 (Qualified)
mine) otherwise regulated)
74> (Copper dust) 18 0.003~0.02 0.002~0.01 1 &1&(Qualified)
skEE T (Ball E ¥y (Particl t
Eia T 4 e 6 0.5~0.6 0.4 8 &8 (Qualified)
miller) otherwise regulated)
A4 (Copper dust) 6 0.001 0.001 1 At&(Qualified)
L H 4 (Particl t
BB T (Crusher) 6 AP e e 6 14~18 0.8~1.0 8 &8 (Qualified)
otherwise regulated)
$A42(Copper dust) 6 0.02~0.03 0.02 1 &1 (Qualified)
7FIET (Flotati H 4 (Particl t
7% Flotation 4 fithd partices no 6 03~0.4 8 &#(Qualified)
collector) otherwise regulated)
£ (Copper dust) 6 0.01 1 &1 (Qualified)

[ 138 GBZ 2.1—2019 ( TEAFR B ERRRIIZMIRE 55 1 29 KFEEBERAER) , CTWA KT EINN TR IFRE(PC-TWA) BT, HI7E C-
TWA JiBHF; & RINHZMN LHBTEIAT 1 h, Y TIEHFNRE AT 3 & PC-TWA B, HITE A ERT EHEARR ERBATR; C-TWA. FaBT|a)iEft

REMEERAINEEHE.

[Note] According to GBZ 2.1—2019 Occupational exposure limits for hazardous agents in the workplace Part 1: Chemical hazardous factors, when C-TWA
is greater than the permissible concentration-time weighted average (PC-TWA), C-TWA is judged to be excessive; when the exposure time of each
job to dustis greater than 1 h, and when the concentration in the workplace is greater than 3 times of PC-TWA, the short-time exposure concentration

is judged to be excessive; the C-TWA and short-time exposure concentration are both qualified before the judgement is qualified.
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Table 3 Results of the comprehensive index method for occupational health hazards caused by dust in non-coal mines
ZS[EHF B4 (Hazard control measures)
MANEE emir  mamE RUAHABS MAKE RUDE
. . $&%(Vapor =) M:‘;;‘ AL rrRan . e _ Bismmed it B E XS
g i (lob title) EASFSES Bressurelor EHE &1 (Occupational FEHE =i HfER= i8l(Day E = R SR
(Workplace) (Hazard) i (Engineering (Emergency disease (Emergency (Occupational  (Daily exposure (ER) (HR) (R)
exposure protection rescue protective rescue health usage) : )
index) measures) facilities) equipment)  measures) management) R
="AF
(Fluorite  ¥T¥5 T (Driller) HY4>(Silica dust) 5 2 2 4 3 1 5 4 290 5 4
mine)
I*.JEI(BB” B4 (Silica dust) 5 2 2 4 3 1 5 5 297 5 4
miller)
BB T (Crusher) B4 (Silica dust) 5 2 2 4 3 1 5 5 297 5 4
N=PN V7AW
%1% T (Flotation BRES &%ﬁi
(Fluorspar mixed 1 2 2 4 3 1 5 5 268 1 2
collector)
dust)
FRENLED
(Fluorine and its 1 2 2 4 3 1 5 5 220 2 2

compounds)
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48R3
ESERP B =T H & (Hazard control measures)
HANRE \
st vapor  TEWHA  MAME RUMMBAAS WAKE RUDE isan AR
%8l T fEEAR 770 83 (Occupational  3EHE BE HEAR E/ o
B53{iL(Job title) pressure or = =2 P = i&)(Day TR DR IR
(Workplace) (Hazard) particle size (Engineering (Emergency disease (Emergency (Occupational  (Daily OEL (ER) (HR) (R)
exposure
exposure protection rescue protective rescue health usage) : )
ime
index) measures) facilities) equipment)  measures) management)
SBEEH (Lead-,
chm“ﬁe) FTEh T (Driller) B4R (Silica dust) 5 1 1 2 1 1 5 4 3 204 5 3
BKEET (Ball
miller)( Eﬁ':{:‘(Silicadust) 5 1 1 2 1 1 5 4 4 210 5 3
B F% T (Crusher) 742 (Silica dust) 5 1 1 2 1 1 5 5 4 215 5 3
Hftikpe
7#3% T (Flotation (Particles not
X 1 1 1 2 1 1 5 4 1 151 1 1
collector) otherwise
regulated)®
4> (Lead dust) 1 1 1 2 1 1 5 4 2 163 4 3
S (Zinc
oxide) 1 1 1 2 1 1 5 4 1 151 1 1
Htpd
$RH (Copper Particles not
i eeLis FTE5 T (Driller) ( ) 1 1 1 2 1 1 5 4 2 163 1 1
mine) otherwise
regulated)®
$R4 (Copper
dust) 1 1 1 2 1 1 5 4 1 151 2 2
Hthkpe
EKEET (Ball (Particles not
. . 4 1 1 2 1 1 5 4 1 176 1 1
miller) otherwise
regulated)®
$FE (Copper
dust) 4 1 1 2 1 1 5 4 1 176 2 2
Htipd
- Particles not
BFE T (Crusher) Ltherwise 4 1 1 2 1 1 5 5 2 195 1 1
regulated)®
R4 (Copper
dust) 4 1 1 2 1 1 5 5 1 180 2 2
Hthg
723% T (Flotation (Particles not
. 1 1 1 2 1 1 5 4 1 151 1 1
collector) otherwise
regulated)®
$H4 (Copper
dust) 1 1 1 2 1 1 5 4 1 151 2 2

[F ] a: 75 Si0, BE<10%, S1A. FFHIMA; bl H7E Si0, B E<10%, SN,

[Note] a: Dust with free Si0,<10%, containing lead and zinc dust; b: Dust with free Si0,<10%, containing copper dust.
222 1ICMM ETTHEZES B ICMM AR AR R
HRAL#HITIE G, TSR EREMRY LS. FRENE
IR DB AEESHREE. 5 X, EiRE e
(58 sio, B & < 10%, 230 ¥ AL, FEAHEM

= A
x4 R LKL EERREE ICMM JETEER

ICMM JEITHEERIENE 40

MERESRILR)  ERREGHEHE. AaRELEY.
AW WL RK AL AT A BRI K 507 7E XU

Table 4 Results of the ICMM method for occupational health hazards caused by dust in non-coal mines

Z|&](Workplace) B5IfiL(Job title) 1LE B EEZE(Chemical hazard) C PrE PeE U RR MPRZFEZR(Risk grade) RPLFE (Risk judgement)

AN (Fluorite mine) T4 (Driller) F5 2 (Silica dust) 15 3 6 1 270 4 JEE S HIXEL(Very high risk)

BKEE T (Ball miller) B9 22 (Silica dust) 15 3 6 1 270 4 JEEZRIXIER(Very high risk)

BYFE T (Crusher) FY 22 (Silica dust) 15 3 6 1 270 4 JEEZHIXFE(Very high risk)

7# 3% T (Flotation collector) EAEG ML (Fluorspar mixed dust) 1 3 6 1 18 1 A A ZRIXE(Tolerable risk)
FANEHEY)(Fluorine and itscompounds) 7 1 6 1 42 2 FBTEX L (Potential risk)
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e

Z[8)(Workplace) BI{iL(Job title)

LFHEREZE(Chemical hazard) C PrE PeE U RR MPRZEZR(Risk grade) RIBELFE (Risk judgement)

$BEEN (Lead-zinc mine) ¥JE5T(Driller) F5 2 (Silica dust) 15 3 6 1 270 4 JEE S HIXPL(Very high risk)
TKEE T (Ball miller) B9 (silica dust) 15 3 6 1 270 4 JEESHIXFL(Very high risk)
FFE T (Crusher) F922(Silica dust) 15 3 6 1 270 4 FEE S HIRPE (Very high risk)
SFIET (Flotation collector) ELftB#32(Particles not otherwise regulated)® 1 3 6 1 18 1 T B ZHI R (Tolerable risk)
A2 (Lead dust) 15 1 6 1 90 3 = XBE(High risk)
S 1LEE(Zinc oxide) 7 1 6 1 42 2 FBTEX L (Potential)
$RH (Copper mine) $TE5 T (Driller) H ¥ 4 (Particles not otherwise regulated)® 1 3 6 1 18 1 A AR XL (Tolerable risk)
$F4 (Copper dust) 7 1 6 1 42 2 BTEXPE (Potential)
EKEE T (Ball miller) H ¥4 (Particles not otherwise regulated)® 1 3 6 1 18 1 A AR R (Tolerable risk)
A4 (Copper dust) 71 6 1 42 2 FETERBE(Potential)
BEHET (Crusher) HAth#) 4 (Particles not otherwise regulated)” 1 3 6 1 18 1 T BB KRS (Tolerable risk)
A4 (Copper dust) 71 6 1 & 2 FBTER S (Potential)
S¥3% T (Flotation collector) EfB#)4>(Particles not otherwise regulated)® 1 3 6 1 18 1 A A BN (Tolerable risk)
$F4 (Copper dust) 7 1 6 1 42 2 FBTEXPE (Potential)

[ ]a: 52 Sio, B E<10%, FA. FHMA; b: 58 sio, &

B<10%, SR L

[Note] a: Dust with free SiO, < 10%, containing lead and zinc dust; b: Dust with free Si0,<10%, containing copper dust.
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