SR B A S| K|, M273 M45(2017) ISSN 2384-132X(Print) ISSN 2289-0564(Online)
Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 302-312
https://doi.org/10.15269/JKSOEH.2017.27.4.302

Original Article

2 MEZE Y = SXIC| RQIA 2

RHelA - 2R - 2l

LERAZE Y4

>
rid
23
1
B>

A Study on Exposure to Hazard Factors in Furnace Worker in
Ferro-Alloy Manufacturer Factory

Wonseok Cha - Boowook Kim™ + Byungsoon Choi

Occupational Lung Diseases Institute, Korea Workers’ Compensation and Welfare Service

ABSTRACT

Objectives: In this study, an evaluation of the working environment of furnace workers was performed and the work-relatedness
of the occupational diseases were examined

Methods: In this study, two electric furnaces at a single casting business site producing manganese-based iron alloy were selected,
and occupational exposures to hazardous substances were evaluated for furnace workers and furnace worker assistants.

Results: As a result, total dust concentration were 0.407 ~ 3.001 mg/m’ and respirable dust concentration were 0.196 ~ 0.584 mg/m’.
The highest concentration of crystalline silica was 0.079 mg/m’. In the case of Masato and Sosuckwhoi crystalline silica, they
contained 90.85% and 4.17% respectively. Manganese concentration was the highest at a 0.205 mg/m' maximum. The average of
black carbon is 11.56 ;g/m’ and the maximum concentration is 604.23 y:g/m'. PAHs concentration was the highest at a 78.301 yg/m’
of naphthalene. The concentration of carbon monoxide was 18.82 ppm(total average 3.89 ppm) during pouring, and the maximum is
131 ppm. The formaldehyde concentration was 0.003 to 0.007 ppm.

Conclusions: It seems that conditions in the past were worse, since casting has recently been performed only twice per day for
about 20 minutes, reducing the amount of pouring, and local exhaust systems have been installed one-by-one. In addition, it was
judged that the past exposure levels were higher considering the points measured on the back-side due to the risk of damage to the
individual samples. It was found that operators could be exposed to high concentrations of crystalline silica, and that they were
also exposed to high concentrations of metal(fume) and carbon monoxide during pouring. Therefore, there is a risk that
occupational diseases such as lung cancer and COPD may occur with long-term work in such a process.

Key words: chronic obstructive pulmonary disease(COPD), ferro-alloy, furnace worker, lung cancer,
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(c) Slag separation and sosuckwhoi embrocation (d) Masato embrocation in runner

Figure 1. Pouring by furnace worker
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243 HIANRE AF st X-Al 2EE47](D8
Advance, Bruker Inc., Germany)E& AMg-3] 233
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= of dEsiaitt. g
g Ade R SAL At 183 A
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o

FE NEsE 28 =X RolflelAt == 305

4. Rtz X2

AE513} PGMS50-5P, Yes-plus & Z1}= 7]7]19] &
gomES ol 4 AUNE] §7 A2Ae B0
), =3 9] ZFA-LS Sigmaplot 10.0(Systat Inc., USA)S
Agstee.

. o1z ot
Lo 5=
Table 12 ¥ A4 Aol A 6 Bt
(2010-2015) A 2AHABAZAH AT A 0] T
(#)9] =S trehdl Aol B3] FEs B 013

NYMOE MEEER -Z7)2(1 ngm)o] Hs)A=
wIoroL), u|at A QAR 713 3l(American Conference

Table 1. The results for the concentration of metals in furnace worker for the past 6-years

Concentration(mg/m’)
Sampling site Year Job Sampling time(min)

Mn Fe Pb
2010 Furnace worker 365 0.0046 0.0229 0.0034
Furnace assistant 365 0.0051 0.0100 0.0041

. Furnace worker 369 0.0040 ND" ND

Furnace assistant 369 0.0079 ND ND
Furnace worker 368 0.0283 0.0294 0.0019
No. 1 Electric 2012 Furnace assistant 368 0.0079 0.0046 0.0022
furnace 013 Furnace worker 368 0.0046 0.0100 0.0008
Furnace assistant 368 0.0165 0.0055 0.0020
Furnace worker 368 0.2150 0.0634 0.0027
2014 Furnace assistant 368 0.2563 0.0574 0.0016

Furnace worker 365 0.0664 0.0175 ND

201 Furnace assistant 365 0.0959 0.0241 ND
Furnace worker 362 0.1190 0.0673 0.0070
2010 Furnace assistant 362 0.0521 0.0358 0.0084

Furnace worker 366 0.0893 0.0292 ND

2ol Furnace assistant 366 0.0520 0.0111 ND
Furnace worker 368 0.0330 0.0322 0.0018
No. 2 Electric 20 Furnace assistant 368 0.2731 0.1148 0.0023
furnace 2013 Furnace worker 364 0.0106 0.0078 0.0009
Furnace assistant 364 0.0278 0.0205 0.0008
Furnace worker 366 0.6022 0.1949 0.0026
2014 Furnace assistant 366 0.3529 0.1310 0.0054
Furnace worker 365 0.6505 0.2002 0.0000
2015 Furnace assistant 365 0.1422 0.2414 0.0000

"ND: Not detected
Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(4): 302-312 http://www.kiha.kr/
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of Governmental Industrial Hygienists, ACGIH)2] &4
(Respirable fraction) =2 7|%(Threshold Limit Values,
TLV)Ql 0.02 mgm'E °F 6v Zdstglon, 5974
(Inhalable fraction) *=27]&2] 0.1 mgm’ E3F 235}
th W7Ee] HI X 0.6505 mgm' g IgL-FhH
w=27]%9] 2/30]0, ACGIH 334 w=%7]|%0] v|a|
oF 308 23St do Hi HE= 02414 ngm'2
UG FE =E7|EY 120019, HE i e
0.0084 mgm'=z 1EE-ZH =729 1/60|3c}.

2. IS EN 0t
) FEZ, 3FHEA, 2RY Far4t

Table 2= F8%, TFAEA, 243 Falt4te
FEE Uehd otk YA 24 F TR v=
= 0407~3.001 mgm, TFA A HEE= 0.196~
0.584 mgm'= Yetytth 2439 F2atAe #Ha 5
TE=0079 mgmo 2N 18 -EH -Z7]5(0.05 ng
/m)& ZIstH, ACGIH =27]%¢l 0.025 mgmES

Table 2. The results for the concentration of dust and crystalline silica in furnace worker

oF 3uf ZI}oh= w2 FEACH

pAESL AN Flo= AAY FElatakl AP0
90.85%, 4.17% d+-3-=o] 91tk
) =& (F)

Table 3> H4(F) =& YeRH Aot &%
(¥) & Y7ol Hof 0205 ngm'o2, N8 LE-FH

27121 ngm)e /509, ACGIH 534 w=27]%
2l 0.02 mgm'S oF 108), TYA w2729 0.1 ngm’
< ou) Zalslgth Mo Y HEl 0270 mgm' o
2 peLEER 27|20 5 ngme] 1/180]3)1, o]

Fasel HrE o WAY AEEA ekl
3) QArshe A

Table 4+
18.81 ppmOo.2 118

(Unit: mg/m’)

Sampling
Sampling site Measuring point Time Total dust Respirable dust Crystalline silica
Start End (min)
No. 1 Electric Furnace worker 08:19 14:10 341 3.991 0.584 0.079
furnace Runner side 1.5m 08:14 14:44 392 1.214 0.227 0.040
Furnace worker 08:48 14:00 310 0.407 0.196 ND*
No. 2 Electric Furnace assistant 08:52 14:00 307 0.621 0.215 ND
furnace Runner forward 5m 08:37 14:49 367 0.475 0.169 0.003
Runner side Sm 08:34 14:49 369 0.194 0.104 ND
Office - 08:40 14:46 368 0.144 0.104 ND
"ND: Not detected
Table 3. The results for the concentration of metals in furnace worker (Unit: mg/m’)
Sampling site Measuring point :;T(plﬂi;g) Mg Al Mn Fe Zn Pb Si
No. 1 Electric Furnace worker 341 0.031 0.136 0.205 0.270 0.014 0.001 0.000
furnace Runner side 1.5m 392 0.013 0.044 0.105 0.070 0.009 0.001 ND
Furnace worker 310 0.004 ND” 0.053 0.026 0.007 0.004 0.000
No. 2 Electric Furnace assistant 307 0.005 0.007 0.089 0.037 0.019 0.001 0.000
furnace Runner forward Sm 367 0.003 ND 0.063 0.065 0.012 0.001 ND
Runner side Sm 369 0.002 ND 0.039 0.013 0.003 0.000 ND
Office - 368 0.001 ND 0.024 0.008 0.006 0.001 ND

"ND: Not detected
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HEE M=y &8 =Sl ®ellelxt == 307
Table 4. The results for the concentration of CO, NO, in furnace worker (Unit: ppm)
. .. Total working co NO, Pouring time Co NO,
Sampling site . . :
time(min) AM Range AM Range (min) AM Range AM Range
No. fl Electric 344 389 0~131 0006 0~0.9 37 1881  0~131 005 0~0.9
urnace
No. 2 Electric 310 151 0.1~119 0 0 20 313 04~119 0 0
furnace
14
120
~ = 104
£ 100 g
a =
g . g o
g g
s} S 6
£ 604 £
s ]
£ 0 £ 4
o $)
0 A_A_A_AJ 0
080000 100000 110000 120000 130000  14:00:00 08:00:00 10:00:00 11:00:00 120000 130000 14:00:00
Time Time
(a) No. 1 Electric furnace (b) No. 2 Electric furnace
Figure 2. Real-time airborne carbon monoxide concentration in furnace worker
Table 5. The results for the concentration of Black carbon in furnace around (Unit: pg/m')
. . Total working Concentration Pouring time Concentration
Sampling site . . :
time(min) AM Range (min) AM Range
No. 1 Electric furnace 445 11.56 0.06~604.23 37 47.93 0.49~604.23
(Runner side 1.5m)
5 TAIZE =F7](Short-Term Exposure Level, F 2 Al SEAAAS] FE7F F45] F7eke AS
STEL)9] 1/11 $=30|ick E3, 21 == 131 ppm I 4= =, AA AJAE B s 11.56
2 NIOSH 27} 1=27]%(Ceiling) 2] 3/50]gith. H7|=2
2% &9 AA AAARE Bt 5= 151 ppm, o
=9 2 Al == Bat 3.13 ppm, 3L Fks= 119 600
ppm ©]ith. ~ 500 1
Figure 2= QAlsebae] AN 528 el 21 5 |
A, ARFA ] HEEAY FH2] 59 7|E A% g
- _ - 8 300 -
M= &HE E= | ppm OJstz YERROW, 7 3
A9 A QastEre BEsh A8 FRE Ae 0 )
g?l—%]— -)'\— %q— N WM
0 b

4) Bha 17
Table 5= A7]2 159 &2 & 1.5 moj|A] g4
AR AAZE HEE vebdth. Figure 38 W &
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Figure 3. Real-time airborne black carbon concentration in

furnace worker
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Table 6. The level of formaldehyde concentration in furnace around (Unit: ppm)
Sampling
Sampling site Measuring point Start End Time Concentration
(min)
No. 1 Electric furnace Runner side 1.5m 08:14 14:44 392 0.007
No. 2 Electric furnace Runner forward 5m 08:37 14:49 367 0.005
) Runner side 5Sm 08:34 14:49 369 0.003
Office - 08:40 14:46 368 0.014
Table 7. The results for the concentration of multi-gas concentration in furnace around (Unit: ppm)
. . Total working Pouring time
Sampling site Type of gas time(min) AM Range (min) AM Range
co’ 89 1.59 0.76~5.88 20 1.937 1.23~5.88
No. 1 Electric co” 89 351.15 332~390 20 344.25 333~390
furnace .
(Runner side 1.5 m)  Arsine 89 0.02 0~0.23 20 0.09 0~0.296
TVOCs 89 0.60 0~0.96 20 0.65 0.6~0.71
" MoEL-TWA(CO) 30 ppm, STEL: 200 ppm
*MoEL—TWA(COZ) 5,000 ppm, SEL: 30,000 ppm
o)A, EF AY Al FEL B 4793 g B R4 220 AARE QARShERL, olAHERERL,

o of suj Zrletglom, A1 SEL 60423 pgm
o] itk

5 ZEYY 3=

Table 6 &8 2] A] 7|2 F¥ 225 =9
FEE UEtd Zolth ZEUYS|E FE= 0.003~
0.07 ppmO. & TEw-EH 1 Z7]20.3 ppm)2] 1/401]
Tro =yt

6) 718k 72482

ofZAl, EFUA A

3H&E(Total Volatile Organic

Compounds, TVOCs) =5 YEH Zlo|tt. dArS)

g

e ¥t 1.59 ppm, o|ARSFERA

SEE W

2+ 351 ppm, ©}2Al HE+= H 0.02 ppm, TVOCs
A2 AA
AQAZE erel B wEet 2 A9 A B 5

=71 Aol

FEE P 0.6 ppmol Atk 7k

7) PAHs
Table 8-> &% &Y Al A7|=2
7

FH PAHs9| 5=

Table 7% H7]= 229 &84 F 1.5 mojA ¢ E Uehdth. 72 1380A= 37 5 vzgdl
Table 8. The level of PAHs concentration in furnace around (Unit: mg/m")
Sampling
Sampling site Measuring point Time NAP"  FLU" PHE'  ANT' FLN'
Start End X
(min)
No. 1 Electric furnace Runner side 1.5m 08:14 14:44 392 0.078 ND' ND ND ND
Runner forward 5m 08:34 14:49 367 0.044 0.005 0.022 0.017 0.004
No. 2 Electric furnace
Runner side 5m 08:37 14:49 369 0.022 ND 0.008 0.006 ND
Office - 08:40 14:46 368 0.011 ND 0.005 0.003 ND

“NAP: Naphtalene
"FLU: Fluorene
*PHE: Phenanthrene
$ ANT: Antrancene
'FLN: Fluoranthene
IND: Not detected
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ogal 9 Y AY A BT FEE AR,
2 72l A U7k U, ok 5 ceksiol, w
7B 0.004 mgm, | 0.61 ngm), FHER(EE
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Lﬂﬂal-‘: FEF9 2H =Z(Apostoli et al., 1988)
5 /e g £HA FEFY w5 & =F
°ﬂ s A= Sk =% S04 TAEE &
< AR whet k2 AR |, ofdd, W3k, A,
El a4E 5 EPJ’??M] Uepdth & A
=Bl °J2Hi %

ME T

220l A HHAYEITHIARC, 1984). 2 Lo A H7|2 1
3 293 dASES s AA ZAAIZH3E.89
ppm)o]l 3 &8 % Hot H%(18.81 ppm)7} oF 5
v Eokeh =3k AQAlRR ST gyt F
T HA AYGAIZHLS6 pgm)el vls EF F F
FE(47.93 pgm)7h oF Suf ==l T olfe
FAo| MEEAY &9 &8] Ao vl &%
A & LE=e] el A WAysh] wiolth
L 8AIZF 7FEEAE(Shr- TWA)C 2 =4 W BEAg)
249 et S45(F) = 1R o)tk

Z|L ol A5 Aol st 8AIXE 7H Bt
FEE FASHARE @7 kE 52 SeE0 S8

i-lZi—?F:lJi-ﬂ
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Kol dFEa ok B ATolH EPTEL 3% 8
A7 28 % 1-2slel(ale oF 1417 30%) £
Zu] Be @ 22l ABo| Tt Age
13]o] 204 A== @AV 5k F a5 F1 7k
=4 =39 ffFE2 o] 20 Fetol o]FofXith

AR AEEo keFo] AV IAsE A
- wEy g Hof, v "EF Fol HAE ¢
ol B Eol= o dFEHe= AT A=
It Collins et al., 2003).

2 Aol EFEo dAS R A e A8
T &7 es 2 A = et ey YAkt
S I 2Rl gk S ET) Abaof vlE) of
2408)] =of 41A| Z= 5w (Turner et al., 1999), LAFs}
s a2 Rlo] Asto] 7t 2 EAF LI 2]

(Carboxyhemoglobin, COHb)S FAJsl=t] 4%,
H 5 Zo] 4k @AgFo] =2 7|32 HA £32o]
£ AFEITHEPA, 2010). COHb7} 4~5%0) &3l 9 7
T 9 o2 ER5H=H|(EPA, 2010), NIOSHO| A=
=5 Ake] COHb 28 5% o]stz F-A|5H7] 918 ¢
AVsFEFA 9] 8AIZF & 7|20 2 35 ppm, AA IO
200 ppm< ATET QITHNIOSH, 1988). Eat, ]2
At ot 2 A% (Occupational ~ Safety and  Health
Administration, OSHA)o|| A &= UAISFEFA 9] 8A|7F =
7|22 2 50 ppm, A= 200 ppm ] 7| E
(Probable Effects Level)2 & A& dta Qich

A2 Holl 7= FFFS sk, A9 =
o]
H

=
22
I
o
pac
i)
re
g
-
-
>
T
oft
ofd
1o
Hom

[e)

N
COPDE o)y id FUE F3e dApgEa
U 7k B ol o) SolA g 9%
olut ul7ked ) S RIS AL 5
7 s AAb A &34 1 BAEA B F =
ALYEVO)S] e 1ZFEV)Y el Uxg
(FEV/EVC)0] 70% u]5he: ahbel. COPDE] gl o
FBHAITE AR 90% ol ol A Flo] Felsh, HE
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FAHAA COPDIL ABHA L btk M YA &
ozt §7] P RIRARE, W, Fol, 25 &
AL FERE 1), 2% B 2§ ol 9

CH(Trupin et al., 2003; Hnizdo et al., 2004; Matheson
et al, 2005). T]e] FnloJokzAtel jahH AA|H o
2 19.2%, B]EAXANA A 31.1%2] COPD7} 242
acle] ofsf WAYst= Aoz FAE i (Hnizdo et
al., 2002), "] §H-8}3]o) A= COPDY] S/ E= 7]
5 ] 1020%7} 1A 1w wiolely AR )
FtH(Balmes et al., 2003). 7] EX%= COPD2] & &
Q1o 2 v3 A =u|(Kennedy et al., 1985; Becklake et
al., 1987; Meijers et al., 1997; Coggon et al., 1998), &<
S EEER T e
& zes}e] COPD7} HHa¥eks Aow olastaL olrk
E3L T F= A E 71%Y(Health and Sefety Executive,
HSE)o] A= COPD #H49] 441w AlEL 494 w2
o 7118 Ao Bl A FH(R] BHEA 8L
S5 A =E271EE 4 ngmolA 1 mgm'= 73kl
of 3k " Aol A|7)¥ Ae]o](Cherrie et al, 2013),
2L S-E e A= COPD7E 24 aofi/dol &
ol weHMoGL, 2013), 971/ COPDe gt
wifo] SHEI e AAolt
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