SR AA A SES| K], M257 M[25(2015) ISSN 2384-132X(Print) ISSN 2289-0564(Online)

Original Article

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 166-173

http://dx.doi.org/10.15269/JKSOEH.2015.25.2.166

IYE HBAIAES 375 2

Ang - Y58 - myy'
qiretoldiskm BT, g rerotstm Bt

Exposure Assessment of Airborme Cobalt in Manufacturing Industries

Jae Hong Kim - Jong-Hyon Jung' - Young Gyu Phee'

Graduate School of Public Health, Daegu Haany University

1Faculty of Health Science, Daegu Haany University

ABSTRACT

Objectives: The purpose of this study was to evaluate cobalt concentrations in airborne inhalable, total and respirable dust from

manufacturing industries using cobalt.

Methods: To compare cobalt concentrations, three types of dust samplers(a 37mm closed cassette sampler, Institute of
Occupational Medicine(IOM) sampler, and Aluminum cyclone sampler) were used. The analysis of cobalt concentrations was

conducted using AAs based on the NIOSH 7300 method.

Results: The geometric mean of cobalt concentration in total dust was 1.47 pg/m’, and the rate of excess of the Korean
Occupational Exposure Limit(KOEL) was 10.0%. The geometric mean concentrations of cobalt in super alloy manufacturing
industries were higher than those in plating industries, and molding operations showed higher exposure levels to cobalt than did

other operations.

Conclusions: The rate of cobalt concentration in inhalable dust from super alloy manufacturing industries exceeding the
Workplace Exposure Limit(WEL) as recommended by the Health & Safety Executive(HSE) was 7.1%, which means proper work
environmental management is required through wet work environments. Given that molding operations had higher cobalt
concentrations, it is necessary to apply measures such as local exhaust for reducing airborne dust in cobalt manufacture industries.

Key words: cobalt, concentration, exposure
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Table 1. Airborne cobalt concentrations in total dust
(Unit : pg/m’)
Classification N GM™(GSD") Mean+S.D." Min Max ER p-value
Super alloys 14 6.490(2.50) 10.157+0.01 1.500 40.600 14.3%
Work type . 0.026
Plating 6 0.046(80.19) 2.484+0.01 0.001 10.400 0.0%
Industrial Semiautomatic 11 1.236(37.17) 7.382+0.01 0.001 32.800 9.0% 0.790
Classification Manual 9 1.806(23.13) 8.433+0.01 0.001 40.600 11.1% ’
Plating 6 0.046(80.19) 2.484+0.01 0.001 10.400 0.0%
Mix & weighing 5 7.443(2.72) 12.200+0.02 2.900 40.600 20.0%
Process . 0.163
Molding 5 6.736(2.46) 10.2400.01 3.70 32.800  20.0%
Finishing 4 5.221(2.90) 7.500+0.01 1.50 13.900 0.0%
Total 20 1.466(27.86) 7.855+0.01 0.001 40.600 10.0%

N : Number of samples
~GSD : Geometric Standard Deviation
SER(Exceed rate) :

http://iwww.kiha.kr

“GM : Geometric Mean
* Mean+S.D. : Arithmetic meantStandard Deviation
Number of samples over WEL/Number of samples x 100
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(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max ER p-value
Super alloys 14 5.392(16.12) 39.486+0.11 0.001 431.000 7.1%
Work type ) 0.038
Plating 2 0.001(1.00) 0.001+0.01 0.001 0.001 0.0%
Industrial Semiautomatic 11 1.589(48.74) 42.927+0.13 0.001 431.000 9.1% 0.125
Classification Manual 5 2.549(82.44) 16.120+0.01 0.001 31.200 0.0% ’
Plating 2 0.001(1.00) 0.001+0.01 0.001 0.001 0.0%
Mix & weighing 5 2.549(82.44) 16.120+0.01 0.001 31.200 0.0%
Process . 0.125
Molding 5 12.521(7.25) 90.360+0.19 4.700 431.000 20.0%
Finishing 4 4.798(1.50) 5.100+0.01 3.300 7.400 0.0%
Total 16 1.842(50.05) 34.550+0.11 0.001 431.000 6.3%
Table 3. Airborne cobalt concentrations in respirable dust
(Unit : pg/m’)
Classification N GM(GSD) Mean+S.D. Min Max p-value
Super alloys 14 0.127(48.35) 2.022+0.01 0.001 8.600
Work type . 0.136
Plating 2 0.001(1.00) 0.001+0.01 0.001 0.001
Industrial Semiautomatic 11 0.026(49.60) 1.455+0.01 0.001 8.600 0.174
Classification Manual 5 0.582(35.83) 2.460+0.01 0.001 5.000 '
Plating 2 0.001(1.00) 0.001+0.01 0.001 0.001
Mix & weighing 5 0.582(35.83) 2.460+0.01 0.001 5.000
Process . 0.326
Molding 5 0.026(92.40) 2.021+0.01 0.001 8.600
Finishing 4 0.134(35.89) 1.475+0.01 0.001 5.400
Total 16 0.069(53.07) 1.769+0.01 0.001 8.600
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Table 4. Ratio of cobalt concentrations in total, inhalable and respirable dusts

Mean of cobalt

Mean of dust

Classification No. of samples concentration(zg/m’) concentration(ng/m’) Ratio*(%)
Total dust 20 87.855 0.430 2.043
Inhalable dust 16 34.550 0.677 5.103
Respirable dust 16 1.769 0.181 0.977
* Ratio : (Mean of cobalt concentrations/Mean of dust concentrations)x100
(0.001 pgm) =o= FA Hepgom, g= WEL = Al SAA el A
T= APEA A T = U
37 FEAY ZLEY = HE
HNZIFAHAEAY ALEY 5% Bt =S 8ok, AT 37 F 2N U =
37 F RN W ZLEY Vg see LEO vlgS s dHEy FYFEA o
007 pgm' o2 Uehton], 4FEEt 2PFYE W TLEY 0[RS S10%E vetou], F2
o] 0.13 pgm o= =gYdF 0.001 pgmEr; =4 FHE Hl&2 2.04%, S5 W ZLE H&2
Bhtoy I Ao7f FAHLR {FofShAl gkskrt 0.98%= 2H1 = {th(Table 4).
(Table 3). EFAEZ W TLEC] 3t =F7|EL
A S A ool a5 HWE o I 2. 37| & FYE S0 &2 0|x[= 22l
o, AGFEE 7IskE a2 2H(0.58 pg/m)o 37 & FAEE FEo FFE vAe fdom
L7k WA AFR1(0.03 pym) Rt A YEbg o AF, 2AAFH, 2R, TR 25 55 W =
I Ao7h AH LR FofSHA kil FHERE SHZ|ZA] Aloj& =g SHHESR 5Ho thEa] e
=% 9 AIRH0.58 pg/m), 715(0.13 pg/m), /3%(0.03 Ae AAIRE Y FE7F SIYE g8k 9%
pg/m), =5(0.001 pgm) &2 A HERE W o A= Aoz e TH(Table 4)
Table 4. Factors affecting airborne cobalt concentration
Dependent variable Independent variable B t-value p-value Rlﬁgﬂie
Industrial classification
Super alloys -0.591 -0.158 0.877
Plating Reference group
Work type
Semiautomatic 2.364 1.334 0.212
Manual Reference group
Airborne cobalt Process
concentration Plating Reference group 0.488
(g/m) Mix & weighing 2.820 -0.788 0.449
Molding -2.359 -0.662 0.523
Finishing -3.199 -0.912 0.383
Content(%) 1.801 1.048 0.319
Temperature(C) -2.396 -1.615 0.137
Relative humidity(%) 1.122 2478 0.033
Capture velocity(m/sec) -2.871 -1.622 0.136

http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 166-173



V.1

[l

HEL 9a7]E Co, YAME 27, YA
58.93, = 1494°C, = oF 3100C L H]EL
8901ch. A7k % FWES] FFE 23 ppm Holw],
4= FollA= 0.1 ppb, EF Fol= 21 100 ppm
742 E3FE o] itk AFRe] AL Aelo] IULE
2 oF 1.2 mgo]al, wofl 14%, 280l 43%,
A= Az grEol den, HERl B
100 pg A 5o QthLee & Jung, 2002).

IPES ATt 4909 wEYRE 3 F &
5 edsEs 5Ele B, Wrst poe
E §47} Tbsolth 53712 $Y8 TREL 7)
o] HHd Auof oalf AA=TE= AN ZEFAN
Apo] SILEE= Hazof mEslo] dfAAlazof o3 =
Z = tH(Evans et al., 1993). ILEQ] RS 535 &
SE A9 ool GAu AR e WS
EaHe the 5427 7155 cHInaba et al, 1979).
FE| A7 =& W o] s4o] ety o]
SWE A% AFHE TEARY ohe thol
= 3u sopo] FAshe 2RAksh 23] BAL]
T 3lH H} Qlth(Lahaye et al., 1984; Sherson et
1990; Auchincloss et al., 1992). T3+ IHE Oﬂ =
F¥lo} WAoR FUM HY AREEH 4
& ﬂ]‘ﬁ(Hard metal pneumonia)o] FutHE 4 Q1

5 ET_E]— 7] zl 7}&01—1:1 %*% 3

(Bech et al., 1962). ?tH, FHE w=Fof oJ5}o] 4
| e o] FRE Eo|7 IgEe}t 7|WA Q] I}
Wuke- vl ¥ o] 9lrk(Kusaka et al., 1989).

ojgft AL o= TLE thet A4 x
E71%S SEuEHERE ofyE AlA Zh=ollA A7
sho] Telska Slck. S-eluete) A9 e A
d

il

J‘.&' ofd

[*]

qge AFESE st AYH wE27|Ee I
EFS 27 9 Fof it 8AIZE Ht7 e AR 0.02
ngm'= AAta Herge & 22 ®V|5hy, 732
of gt 7= ¢l (MoEL, 2013). 9]=r9] A9 ]
I ACGIHO| A= Wohy] BERE SEo|4= doby

o] glxglont A}%*Oﬂﬂit FUEA 2 =del
A3 FESFI(ACGIH, 2015), AJA R 7A7]7H(World
WHO)AFSE = A A +t7] -

(International Agency for Research on Cancer, IARC)

Health  Organization,

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 166-173

TLUE FIAAES 37| & ZLE =487 1N

= QA W3t PEEAL Growp 2BE EFAH
(IARC, 2013). ®3h, F=oA= IAYEE A&
(Sensitization) 2 A A3}3L QS WH(HSE, 2011), ¥
A% BFIIS BTl e PR TR
AUTHISOH, 2014). o|Ad FALEOS] 2 g3 %=F7|
oHU]'

B O

%
U

Zoll tha Azl At A%l 4
2 gastel AAgse HFe ABsAL 517t
WES peigel] uek S - )N HEES F
SAS Ao kEYE ST o
= ggolth ofef £ elo] Ak

e}
ol
Jo

F

ol
—_

o flr

1o
S

fl

i

rd

Eode A orlr oo nZi

o] Her et al. (2005)01 =3yt

24 i‘i‘JE %E 1.30 pg/m'y} H]S2Rt 250
O

= Her et al.(2005)°] =83 SYAAEX U IZLE
o] 7188 H%(0.20 pg/m’) Rrls thh = S
o|¢lo} o= it AP, AMERF 9 2 5
94 zpol &2 FSErh E3F STES w27|E 23HE

THE LEIS o JA 23FFHTlA, 2 B
Eﬂgih Fagol, dHEEE AgeAolA T

Asto] ol aiFE= AF, AAFH L Aol
THIE TRAES TFE RET FEL BEE ¥
T ATE Q5 Hro w-gHo] QD Ao
k.

http://www.kiha.kr/



172 2%4% - 358 - 2GR

N
i ofN
shid
m e

T

Y ZYE & ulge) 4
o] wlgo] 5.17%2 S8 )
2 TR W TAE wE(.
A v ol 4 2 B
the o2 dA -2vet +f
FE2 H7lst
o FUHEAL A5t 2

A1oA ) o

=
W oy
~ jins
ST ox

12 L fo X o
- o0
ofl 3
oS

M o~
ot
Jo
o
o
Hi

e

ol

S

=
ool e e o Y oX 2

» 0
o
A
£ o
mw

- 2
bl
ol
o
K
L
|m

ol
FI‘F
P
O
rd
Hu
T
R
oy
H
My ol
©o|m

i
m

off

H1

=2

of

09,1 ul

B Hr froox MOl T oo
pads
o

Elojof 1, 4, Wi U ATEHNA L 2o
A Aol&mel HA §A7 Wl Ao @
whei)

2 Age] Agon et

o] AAAOZ 38/MAaRE HIE 0o XA
N AR A] BT AT % S
wEn oy Sdss AL o 57t 9
o= Atz

fr o e o
0}‘,{ ()
1o

»

e i
re

-

rr

Hl

i

ul

)

ul
Do)
1A
o
filo
=
ox
20
il

1A
o

S TR0 S}
1y

B
_E
N
i3
o=
i,
32
iy
i)
I
s

4o x :
<
o
H
e
|

o do ox by m e B fF X Hoox o\ Ar

Y
ro
N
B
2
=
> ol
il E
o
>
)
2 o
o ol
—_ =
o
O
i
£

http://iwww.kiha.kr

References

American Conference of Governmental Industrial
Hygienists(ACGIH). 2015 threshold limit values for
chemical substances and physical agents and
biological exposure indices. ACGIH.; 2015. p. 22

Auchincloss JH, Abraham JL, Gilbert R, Lax M,
Henneberger PK, Heitzman ER, Peppi DJ. Health
hazard of poorly regulated exposure during
manufacture of cemented tungsten carbides and
cobalt. Br J Ind Med 1992;49:832-836

Alexandersson R, Atterhog J-H. Studies on effects of
exposure to cobalt. VII. Heart effects of exposure to
cobalt in Swedish hardmetal industry. Arbete och
Hélsa 1980;9:1-21

Bech AO, Kipling MD, Heather JC. Hard metal disease. Br
JInd Med 1962;19:239-251

Cobalt Development Institute(CDI). Production statistics
[Accessed 2013 June]. Available from http://www.thecdi.
com/cobalt-stats

Domingo JL. Cobalt in the environment and its
toxicological implications. Rev Environ Contam
Toxicol 1989;108:105-132

Elinder CG, Friberg L. Cobalt. In: Friberg L, Nordberg GF,
Vouk VB, eds. Handbook on the toxicology of metals.
Vol 2. 2nd ed. Amsterdam: Elsevier Science
Publishers,; 1986. p. 211-232

Evans P, Fairhurst S, Campion K. HSE Toxicity review 29.
Cobalt and cobalt compounds. London: HMSO.;
1993.p. 45

European Chemicals Agency(ECHA). Cobalt and its salts
[Accessed 2013 June]. Available from http://echa.
europa.eu/view-article/-/journal_content/title/echa-to
-condute-a-preliminary-study-and-hold-a-webinarOo
n-the-use-of-five-cobalt-salts

Her Y. Yun CS, Yang WH, Song YW et al. The study on
occupational exposure limits of cobalt, Ministry of
Labour; Korea.; 2005. p. 127-154

Hogan TJ. Particulates. In : Fundamentals of Industrial
Hygiene, 4th ed, by B.A. Plog, Itasca, Illinois,
National Safety Council, 1995. p. 175-178

Health & Safety Executive(HSE). EH40/2007 Workplace
Exposure Limits: Containing the list of workplace
exposure limits for use with the Control of Substances
Hazardous to Health Regulations. HSE books;
Norwich.; 2011. p.32

Inaba J, Suzuki-Yasumoto M. A kinetic study of
radionuclide absorption through damaged and
undamaged skin of guinea pig. Health Physics 1979;

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 166-173



37(4):592-595

International Agency for Research on Cancer(IARC).
IARC Monographs on the evaluation of carcinogenic
risks to humans, Vol.86 Cobalt in Hard-metals and
Cobalt Sulfate, Gallium Arsenide, Indium Phosphide
and Vanadium Pentoxide[Accessed 2013 June].
Available from http://www.crios.be/Cobalt/specific_
classification/IARC.htm

Japan  Society for  Occupational Health(JSOH).
Recommendation of occupational exposure limits
(2014-2015). J Occup Health 2014;56:401-420

Jo KA, Lee MC, Park SS. The survey on use and
distribution of chemicals, Korea Occupational Safety
& Health Agency(KOSHA); Korea.; 2010. p.36-38

Korea International Trade Association(KITA). The import
and export status of cobalt[Accessed 2013 June].
Available from http://stat.kita.net/stat/kts/pum/Itemlmp
ExpDetailPopup.screen?p_code=2605

Kusaka Y, Yokoyama K, Sera Y, Yamamoto S, Sone S,
Kyono H, Shirakawa T, Goto S. Respiratory diseases
in hard-metal workers: an occupational hygiene study
in a factory. Br J Ind Med 1986;43:474-485

Lahaye D, Demedts M, Vanden Oever R, Roosels D. Lung
diseases among diamond polishers due to cobalt.

Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(2): 166-173

ILE HBALT

H o~

OH

7l & FLE =&HIt 1713

B

Lancet 1984;1:156-157

Lee YH, Jung MH. Metal and Human.; 2002. p.142-157

Ministry of Employment and Labor(MoEL). Exposure
limits for chemical substances and physical agents
(MoEL Public Notice No. 2013-38).; 2013. p. 27

Ministry of Employment and Labor(MoEL). Industrial
Safety & Health Act.; 2015. p. 47

National Institute for Occupational Safety and Health
(NIOSH). Particulates not otherwise regulated,
respirable 0600, In manual of analytical methods, 4th
ed, NIOSH, 1998. p. 1-3

National Institute for Occupational Safety and Health
(NIOSH). Particulates not otherwise regulated, total
0500, In manual of analytical methods, 4th ed,
NIOSH, 1994. p. 1-4

National Institute for Occupational Safety and Health
(NIOSH). NIOSH manual of analytical methods, 4th
ed, Elements by ICP; 2003. p. 1-9

Scansetti G, Botta GC, Spinelli P, Reviglione L, Ponzetti C.
Absorption and excretion of cobalt in the hard metal
industry. Sci Total Environ 1994;150:141-144

Sherson D, Maltbaek N, Heydorn K. A dental technician
with pulmonary fibrosis: a case of chromium-cobalt
alloy pneumoconiosis. Eur Respir J 1990;3: 1227-1229

http://www.kiha.kr/



