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ABSTRACT

Objectives: Coal-fired power plants feature diverse working conditions, including multi-layered employment
structures and irregular work cycles due to outsourcing and non-standardized tasks. The current uniform
occupational environment measurement systems have limitations in accurately assessing and evaluating these
varied conditions. This study aims to propose alternative measurement and assessment strategies to supplement
existing methods.

Methods: Major domestic coal-fired power plants were selected as the study targets. To prepare for the study
and establish strategies, work processes were identified and existing occupational environment measurement
results were compared and analyzed. The study proceeded by employing three strategies: specific exposure
groups (SEGs) measurement, continuous monitoring, and supplementary measurements, which were then
compared and discussed.

Results: Previous exposure index evaluations (5,268 cases) indicated that crystalline silica, a type of respirable
particulate matter, had detection limits below the threshold (non-detectable) in 82.6% (4,349 cases) of
instances. Exposures below 10% of the exposure limit were observed at a very low concentration of 96.1%.
Similar exposure group measurements vyielded results where detection limits were below the threshold in
38.2% of cases, and exposures below 10% of the limit were observed in 70.6%. Continuous monitoring
indicated detection limits below the threshold in 12.6% of cases, and exposures below 10% of the limit were
observed in 75.6%. Instances requiring active workplace management accounted for more than 30% of cases,
with SEGs at 11.8% (four cases), showing a higher proportion compared to 3.0% (four cases) in continuous
monitoring. For coal dust, exposures below 10% of the limit were highest in legal measurements at 90.2%
(113 cases), followed by 74.0% (91 cases) in continuous monitoring, and 47.0% (16 cases) in SEGs. Instances
exceeding 30% were most prevalent in SEGs at 14.7% (five cases), followed by legal measurements at 5.0%
(eight cases), and continuous monitoring at 2.4% (three cases). When examining exposure levels through
arithmetic means, crystalline silica was found to be 104.7% higher in SEGs at 0.0088 mg/m’ compared to
0.0043 mg/m’ in continuous monitoring. Coal dust measurements were highest in SEGs at 0.1247 mg/m’,
followed by 0.1224 mg/m’ in legal measurements, and 0.0935 mg/m’ in continuous monitoring.
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Conclusions: Strategies involving SEGs measurement and continuous monitoring can enhance measurement
reliability in environments with irregular work processes and frequent fluctuations in working conditions, as
observed in coal-fired power plants. These strategies reduce the likelihood of omitting or underestimating
processes and enhance measurement accuracy. In particular, a significant reduction in detection limits below
the threshold for crystalline silica was observed. Supplementary measurements can identify worker exposure
characteristics, uncover potential risks in blind spots of management, and provide a complementary method

for legal measurements.

Key words: coal dust, coal, crystalline silica, periodic measurements, quartz, risk assessment, SEGs,
supplementary work environment measurement, work environment measurement

LM B2

Aetste ot Agto] 7|l Sle sfstouAE
AHAE AA A7 A= HEA7] = EHTA o]
o o] 7ol dmAdu], Ede, ERl, 7], @54

A2 7tAY {50l Bl A=R7F A"ste] Rt A7)
£ A & S8l olof wet fueke] AFdst 3t
oA At 3 o A EJE ARiol). 15t
Aetetedd 2 202197 Sy TE= 5 7t
& 815(32.8%)2 ARt UE THU(FER S
2 A5t ot

olg% Agtaledart vt HAALHA &
2 AP, Aak A Ho] At 7|2
taL QIARE, A7) 4L oA Thefet RofiQlRE
HiESsr| e st} SRR, S54% IRk, At
Iz, 7IAAAEE 5ol I FafdAREelH 1L FollA
T AgrS YEE ARESE] "o S84 &Xlo] 7MY
Foigh QIRtolal, wiEol AFSFSAHNA S T
9] Yt AX|otal Ut APAES AHY A
4 29 - 33 T PRI Al vy 2
o Aer BEXa AMetfo] =E=X|5 A
v 2] 9 AgH] A9 5 HIABAY Aol is
L9 RofijlRtel =EE 7hsAdel =t (Hicks &
Yager, 20006). Agt 2313t AetAjjo] FEsl= olf+=
Agto|= AR 2o 15 YHEEE 239 |4
T4t dhRElo] Q7] wiEoltt. 2R FE AR =
A dAA(nternational Agency for Research on
Cancer, IARC= QA LAEHQ IF 12, HlT
AFA YA E7FE 21 2] (American
Governmental Industrial Hygienists, ACGIH)+ <!
A HA JAEER] IF A2E AAsk QU 97

Ut A@s ol 24 el AFReIAl S

o

Ol

ol

v

[¢]

l
fllo o

Conference  of

www.kiha.kr

23 W A7 = B9 1AR ERFsta ot
(IARC, 2012; ACGIH, 2020; MoEL, 2020). Est, 4
Sl A AAEE R o HaAoA Mg
2231, A, 289 FEHAR S, A gH
Z3%Kchronic obstructive pulmonary disease,
COPD), =%, H4] 59 AZFgHE dovl= ¥l
2 HuEgich

AeteteddA s T o ot vid 23] ZHQist
AERS AASk itk shARE @ge] EdAQl Ay
Ut 11 olf= 3 FH Y thed 1gxRet &
JF717F LF5HA] 2 v P A}, ZAFAAl AR
et TheFe Mert Sl A B4 " etk vy, &
JATHY FodA 4 ¥ = AE7HE A9
o= ARSI HAL Aol EAI7L gle AR
Q1A 4= Qlo] ARl AFH oA - o) FF &
A7t 2 4 Uk olF Tk U AT AFol=
Aeisleddaoa 289 AR A £Xlo]
LE7|ES ke 15k kE APV BEiEI
AJokBird et al, 2004; Hicks & Yager, 2006;
Engelbrecht et al, 2012; Kwon et al, 2020; Lee
et al, 2021). L2} Agksledd i AAIRL 7|&
2dehg &4 AfoMs =& 23 A9 BHilEZA|
oy 9, &A% AL +27|F 1% ulgto] 81.2%
AETA vt 54.9% ZIHE Wi F2 LES2FER
Ao g ZALEAHLee, 2020). webA] 9 o]z gt ARl
H Ayso] de=Aof tigk EARS Ak, 4

it

oteiaaac] A9 54 NSk Beb 24
W A o] £ A7) F8 Fxoju], 1A
Q7 BEE thew 2k

AR, FAR=ZE 15 (similar exposure groups,
SEGs) 54 A& &4 27 AFEE =Y & A
= R AR

Journal of Korean Society of Occupational and Environmental Hygiene, 2023: 33(3): 375-383



A, FASH AFo R F39 AHAY B7HE &
3 1= ASHworst cases)?] 24| WYL EE
Stct

AR, B3 ZAATH 54 H=o = JIeEF7t
7F E7Fs e WA A O s &7 - B7Fskal 7iQl
LE 37t $49 dHAE B3l

. Chat e
1. AT

AT e Soldel (P 2 B) vFol &
1, oA ngTET o6 AUy WL old
9 SY4 Rt WAE 7T o] AR Bt
0 AAHQ Asg Telol AV e el g

==

AerstEbd Az Aot o A dY A
Ab TR WA wlo|AF AL R oSt 2y
go] Q= 00EHAE e 2 sttt & A=
SErAA9] HA (IRl T EAAEA(AE BA
AR iAol disiA A5 APstd o, I
A4S HF=E ol= A VY AAAE ez
AAste] A9 AEAES Eo|A} sk FAIAQI
HSF2 (Table 1)3} Zth

x °
L

Aotet & Aeb & B4 YoM AEE A
(F7=t 567, ordH gt 337)5ke] =187 HKorea
Laboratory Accreditation Scheme, KOLAS)OA Q1%
= B2 AAloA iyt okfaS BASIGH Y4
XL ulZABEAEE 3] (American Society of Testing
Materials, ASTM)®] 378A1%<Q1 ASTM D6349-13%

Table 1. Summary of research subjects

UEL SESEET MU 7t T2 Ao et S 377

ASTM D6357-19°1 Wt Algs A% 3 w4 52 HA=]
S AXA ICP(inductively coupled plasma)Z £
Asioitt. 28E FelAkE NIOSH 7500 Al&Hol et
Al XRD(X-RAY Diffractometer)Z 245} tt. 354
ERL 4 m 50% cut-pointE 7HAESE 5 m 5=2] 37
mm PVC Filter7} Z2HE dFu|E APRIEES °]85

2.5 LPM R0 =2 AR5 AF gt gt B2 Als
AF F AZR7190A 24417 AZ%E 3 0.01 mgZHA] 573
7hset HBZ ol8slo] FFEA sigleH, 2789 Rt
AR NIOSH 76029 w2}t FT-IR(Fourier transform
infrared spectroscopy)® #4353t} &4 A= <42
2+ 2571 13 30 em oHeld 6ARE oV 7K R ZHFE
Y202 siglon, LEpE HIE 25 HAH o= XY
A7 AFE WAoot HAARE AHF7](personal air
sampler)®] FFE A (calibration)2 A& AF A - Fo
217} 33] ol AAfsle] fF ol TE oA FAasl}
Ack. B SRR s A BEE FAsHoH
RS o]F1 QJA] gttt wEbA HE HlojE=
71 AF LR Aagdyt BEHAE AASHH.

1) S 0l 8 & Maf 8

AerstEHds @S netslr| Qo Aes ges
Argote ARtstEddAo] gt 7|2 RARE SHlT
AgstEEAds AR FofA g L EFES
AR g8l T =5, PHEATE AR, =Y
- 9] shertg, B 7|He] gHojA] € #HH WS
ZASILE AT diA hd 4] st A EA E A
TRZES FEcty] Yol FE 397H20199~20219)
770 AetSEa R R o] AAegEY AIe RAL-
4519

Subject of research Major processes

Major hazards

@ Fuel process: Coal handling, coal storage, * Mineral dust such as coal dust and crystalline
coal transportation, coal blending facility, etc. silica

@ Power generation process: Facilities that
produce electricity using boilers and turbines

000 Coal-Fired
Power Plants

® Environmental facilities: Desulfurization,

» Volatile organic compounds (VOCs) such as
benzene, toluene, etc.

» Metals such as arsenic, mercury, lead, nickel,
etc.

denitrification, and flyash treatment facilities

@ Planned preventive maintenance work:
Regular OH (overhaul) work conducted

during non—peak power periods

» Gaseous substances such as ammonia
» Welding fumes

» Other organic compounds such as cleaning agents
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Table 2. Classification of similar exposure groups
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5 AuEd A4 34 A45,2680)E 7Iees 4
%A m|9to] 82.6%(4,34971), 1% w9t 3.29%(169
), 1% °1’d~10% =I5t 10.3%(5457)= 2rdehd &
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96.1%% ZAEAT. &7|Es 297 S 11
o] AthFig 1). A 7 AA 34 14(4,0667)E
7IEe® HAEWA vdo] 0.3%(127), =&71% 1%
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Process Main duties

Workplace Similar exposure group

Coal handling, coal storage,
coal crushing, coal conveying
and transportation facility

Fuel process

efwz\?;?iron Operation and maintenance of
gprocess boiler/turbine facilities

Operation and maintenance of
dust collection equipment,
flyash treatment

Environmental
process

Unloading area, storage area,
conveying facility, blending
facility, crusher, pulverizer

Boiler facility
Turbine facility

Operation and maintenance of
dust collection equipment,
flyash treatment

Operators, mechanics, electricians
heavy equipment operators
sample analysts

Power generation technicians
operation supervisors
electricians, mechanics

Operation supervisors
heavy equipment operators
electricians, mechanics
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Fig 1. Comparison of crystalline silica exposure indices by power plant units
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ﬁ]ﬂoﬂ 2789 FEHAre dol 5.6% S
2+ 4 913!, o]+ Hicks & Yager(2006)2] A+
ﬁﬂf°1 2.3%~6.1%%} H|&5E 202 SR e

H 2AY fEA 2 A Agol dlsf &
8~108 A 372 & & St AR JRd
B LS Si(53.4%), Al(23.8%), Fe(6.3%), Ca
(5.6%), S(4.0%), Mg(2.2%), K(1.4%), Na(1.3%), Ti
(1.1%), P(0.5%) +=A2 =A Ve

3. HOtX =X 77}

EfnEo] HetEAdof gt /HAA R} A HA|= AF
=gk vl 2y JHQAE AREETEE 0.0631
mg/m’(0.0263~0.0977), A¥YA|ZEE= 0.0824 mg/m’

Table 3. Analysis results of crystalline silica content in imported coal by country of origin

Coal type Number Source country Percent (%) Remarks
Bituminous coal 11 Russia 55.94
3 USA 62.02
Colombia 44.34
32 Australia 52.69 , ,
_ i Excluding South Africa
Subbituminous coal 4 Russia 54.67
3 USA 35.35
20 Indonesia 51.81
6 Australia 45.56

Table 4. Work environment measurement results for planned preventive maintenance work

Hazard Number Min. Max. Mean SD*!
(mg/m’) (mg/m’) (mg/) (mg/m’)

Coal dust 10 0.1256 0.5760 0.2330 0.1312
Crystalline silica 7 0.0010 0.0061 0.0030 0.0021

*1: Standard deviation
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Table 5. Comparison of exposure levels for coal dust and crystalline silica among workers

Min. Max. Mean SD*!
Hazard Number (mg/m’) (mg/ ) (mg/m’) (mg/m’)
Coal dust 123 0.0123 0.5150 0.0935 0.0685
Crystalline silica 118 0.0002 0.0239 0.0043 0.0046

*1: Standard deviation

Table 6. Comparison of measurement results for area sampling in rest areas

Hazard N Min Max Mean SD*!
(mg/m*) (mg/m) (mg/ ) (mg/m*)

Coal dust 51 0.0023 0.3675 0.1139 0.0797
Crystalline silica 3 0.0040 0.0096 0.0059 0.0032

*1: Standard deviation

Table 7. Work environment measurement results for planned preventive maintenance work

Hazard N Min Max Mean SD*!
(mg/m’) (mg/ ) (mg/m’) (mg/m’)

Coal dust 10 0.1256 0.5760 0.2330 0.1312
Crystalline silica 7 0.0010 0.0061 0.0030 0.0021

*1: Standard deviation
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E2 £F07 YETtHTable 4).
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Fig 2. Comparison of exposure indices for SEGs
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Table 8. Comparison of exposure levels for coal dust and crystalline silica among workers

Hazard N Min Max Mean SD*
(mg/m’) (mg/m’) (mg/m’) (mg/m’)
Coal dust 123 0.0123 0.5150 0.0935 0.0685
Crystalline silica 118 0.0002 0.0239 0.0043 0.0046
*1: Standard deviation
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