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ABSTRACT

Objectives: The purpose of this study was to evaluate concentrations in airborne total and respirable dusts in the cement manufacturing

and handling industries.

Methods: Fifty-three total dust and 42 respirable dustsamples were collected from 24 work places. Total dust samples were collected
using a three-stage cassette. Respirable dust samples were collected using a cyclone equipped with a 37 mm, 5 ¢m pore size PVC filter.

Results: The geometric means of the dust concentrations were 0.10 mg/m’ and 0.08 mg/m’ in total dust and respirable dust, respectively.
The Korean Occupational Exposure Limit(10 mg/m') was not exceeded, but the rate of exceeding the American Conference of
Governmental Industrial Hygienist(tACGIH) Threshold Limit Value(1mg/m’) was 16.7%.

Conclusion: When measuring the level of dust at cement manufacturers, the airborne concentration of respirable dust should be evaluated.
In order to protect the health of workers exposed to cement dust, it is necessary to actively consider strengthening the Korean Occupational

Exposure Limit.
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Electron Image 1

(a) Cement bulk
Figure 1. Shape of bulk sample analyzed by UHR-FE-SEM
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AMIE EdAR] i Hle2 4F2x(0)7} 60.8%
2 7P =9ka, Z4:(Ca, 19.9%), BHA(C, 6.4%), TF
A(Si, 4.5%), uF14|$ (Mg, 3.9%), d(Fe, 1.9%), &
Fu]5(Al 1.8%), 3HS, 0.5%), ZEK, 0.4%) <22
LERTH(Table 1).
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Electron Image 1

(b) Concrete bulk

Table 1. Atomic percents of element in cement bulk sample analyzed by UHR-FE-SEM

Element (6] Ca C

Si

Mg Fe Al S

Component Rate (%) 60.77 19.88 6.38

4.50

3.87 1.90 1.84 0.51 0.35
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Table 2. Atomic percents of element in concrete bulk sample analyzed by UHR-FE-SEM
Element o Si C Na K Ca
Component Rate (%) 63.81 14.29 11.53 5.08 3.80 1.32 0.17
Table 3. Chemical compositions of cement bulk sample analyzed by XRF
Element CaO SIOZ FeZO3 A1203 SO3 MgO Kzo TlOz PzOs MnO
Component Rate (%)  65.66 16.98 5.42 3.82 3.27 2.79 0.98 0.39 0.28 0.23
Table 4. Chemical compositions of concrete bulk sample analyzed by XRF
Element SlOz A1203 CaO Fe203 KzO Na20 MgO TlOz SO3 PzOs
Component Rate (%)  61.22 13.93 6.85 6.32 4.43 3.20 2.08 0.66 0.54 0.26
Faele BAARY Yo NS AROVEG8%  oldom, AME AFAAYe] JsER wEs
2 7P A dEbem, qFa(Si, 14.3%), (G, 0.085 mym'= A|HE A ZARARS] S22 =7} Al
S|
&

11.5%), 2t=2u]%(AlL 5.1%), YE
(K, 1.3%), Zr4(Ca, 0.2%) 2=

2(Na, 3.8%), Z+&
4= o|ItH(Table 2).

2)sheta 74 A8

W= AFAAl v oLt T Zfolst FA
o 9o]alx] oFokrk(Table 5).

DAHE Az Y FHIFALR 3EAEANY 5=

AHE EAA R 38ta] TAAHES XRFE B AHlE xﬂz o FHIAAR A YH 3 FEAR
ARt A3} Ca0o] ©F 65.7% HEE AASIAL Q%A A AR e T 22 A2 S5 7
Si0;, Fe:0;5 %= 508 HZEE UTHTable 3). shE %;—Et 0362 mg/m, AMIE FHFAGES] 7]

28| BAARE Si0,7} OF 61.2%2 7H =9k
11, ALOs, CaO, Fe,05 2= 502 7125 Jth(Table 4).

2.AHE M= S FHSAMAFL| I & 22 5
DAHME Az 9 HFAEEY T2 5=
207

AHLE A2ARYES] 7518w s 0207 ng/m

SR BT 0054 ngm R AHE A 2ARIGe] 5
w7} ABAR) vlE) EANeR fojaiA &
TE0 7 YERGTHp<0.05). ACGIH®] TLV(1 mg/m’)
22 Hat 16.67%0]%13L, AFE=E AHE A
ZAFAAO A 33.33%, AHIE FHGFAFdA] 12.12%
2 YEFGtHTable 6).

o

Table 5. Total dust concentrations by industrial classification (Unit : mg/m’)
Industrial classification N GM“(GSD*) Mean+SD* Min Max p-value
Cement production 14 0.207(7.042) 0.646+0.701 0.014 1.935
Cement handling 39 0.085(3.765) 0.268+0.605 0.012 3.092 0.226
Total 53 0.108(4.698) 0.368+0.647 0.0112 3.092
" N : Number of samples “GM : Geometric Mean
"GSD : Geometric Standard Deviation ¥ Mean£S.D. : Arithmetic meantStandard Deviation
Table 6. Respirable dust concentrations by industrial classification (Unit : mg/m’)
Industrial classification N GM(GSD) Mean+SD Min Max ER" p-value
Cement production 9 0.362(7.166) 0.908+0.907 0.010 2.950 33.33
Cement handling 33 0.054(4.650) 0.264+0.619 0.010 2.500 12.12 0.028
Total 42 0.082(6.015) 0.402+0.729 0.010 2.950 16.67

"Exceed Rate(%) :
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Table 7. Total dust and Respirable dust concentrations by sampling location

(Unit : mg/m’)

. Total dust Respirable dust
Location
N GM(GSD) Mean+S.D. Min Max N GM(GSD) Mean+S.D. Min Max
Indoor 35 0.121(5.214) 0.401+0.599 0.012 1984 26 0.102(7.070) 0.514+0.837  0.010  2.950
Outdoor 18 0.086(3.806) 0.303+0.746 0.012  3.092 16 0.057(4.401) 0.220+0.477  0.010  1.740

HAHE Az D HFALFS SHAAE £39
==

AHE Az 9 FHGARAES] SujollA WAt
2870 7|58 d HEL 0121 ngm(H4 0.012
mg/m, o] 1.984 mgm)o] i, 299 Exl 0.086
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2.9] 0.0568 mym' o= L}E}‘;b:} AHE Az 9 F
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Figure 2. Dust concentrations by process
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Figure 3. Dust concentrations by season
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f off
(2 Hr

4o ol

SHYAHE A=z D HIFAEZ AEdE £19 5=

Figure 3a:= A|RIE Az 9 HFALA] AZH
stof] whg FE219 7|8t E+ FEv 7o) 0.4057
ngm'E thE Ao vl FAHCE FOotA =&
29 1Y oH(p<0.01), Fig, 3b= TEAHEZ9] 7]
ST FER 5 > 7S > AL > B L0084y
Epton), I Apol7p AR Fo5t A= Astth

v.n &

%

TEAS R 7] F TEX, TFAAEX
3 w297tE pesta, 1 At o
et ANSRA St o] Fu
A3} AHE AZARYGe] FRA s|eHEE BE
L 021 mgm' o2, KOSHA(2007)9] AAT AJHE
AZAFGAS] 2EA 5% 0.83 mg/m’, 0.72 mg/m’of
v 3o S Bk ol 54 F3419] 27)
o] vt AAste] ¢ A2 Alm o 9%t
Aolo] ojgt A= WekAL. 2Fe] e Noto et
al.2016)0] 33t AFAT E7] A[HEFZ A
2R TEX19 75t 8d = 2.1 mgm ez o
Elt o, Mwaiselage et ali_l(2006)0] 3%k gxyY
ofof A 9] FEA 7|5t E FEE 132 ngm'E 9
et A4ds] £ o2 UET ol 57t
7 AAetg ol gt dElaEo] Aol AR
Aol gt HA Aol wE ApolQl Aom wekH
th AHE FgArGEe] S279 7188 sEe
0.09 mgm'e]%3l, Sung et al. (2015)-2 0.20 mg/n,
Jang et al.(2004)2 322 mym'oE B 1R} L2
Tl 2 Husielet ol @A HAYst
w310 54L& gotelqlal AddAHEY] S48 &
Aoz Hlates 229 Bt =S54 ot 2
o7 FA L

AHIE A=A 9 HGA e 3548319

Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 390-397

SENES

395

2
>
mII
0=
o
i
(]
N
ofy
A
>
io
H’
T
08!
N

A% AzAGA] F1skE @] 036 ngm oz Al
E FHFAIEe) 7ahEa 0.05 mgmol wla) &7
o, 7 Fo] X EAMCR Fola £E 4
Zolgtk. ol AME AEAAHA ALEE
¥

:[L

9] 72 Noto et al.(2016)2 0.40 mg/m’, KOSHA
(2007)- 0.26 mg/m, 0.36 mg/m' o2 2 A LA} 5
ARgE o g dhsstglth AHE FHFAGA A
Aot S FAAEXE 9] 79 Kim et al.(1999)
o] ZAYE ArFA A HAHT TFAARNY T
= 025 mgm'E WE3HY AL, Kim et al.(2002) 22
ZE AFIA 025 mgm, HEAFLA 0.77 igm o2 1
Sl TE T3 Q=9 79 Meijer et al.(2001)0] 4=
Yot 2 E ARl THEAEZA % 0.77 ngm'
o7 Hiuste] 2 AFAnETY 52 £5S Bk
12 Bae et al. (2013)9] A-A o] ofshd A7
E HFAEE a3ARX9Y ZIstEd sEE 0.09
ngm o2 Histo] & Aol & xpo|5 Holx] oyl
o} o= AL A2 AE H WAE O R pREIAL
ol BR8] F=TF WA vl WA FrhE Aoew

Rl

o

Of

ot 24 - A

W FHol VY A, AF 1T B, L4
& o
[¢)

¢

AR T AME Y HAreds dide®
Jeong et al.(2017)2] 0.05~0.15 mym'= FASE 4=
Zol ek,

A ZEHEAHE izt 2
$- ACGIHO A= 20079 97]5

ot

% A3te} A4
A, BE7A S8= sl st 2@t
Ao gl 1%olste] 1 Awlo] A e ®
SHEAHE tfste] EFHE10el digt TLVE

http://www.kiha.kr/



396 bis - MoF - Iy

10 mgm'of|A] 1 mgm' e 2 73}l o] 7|5 A|<&4
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