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ABSTRACT

Objective: The purpose of this study is to identify the kinds and exposure levels of health hazards in the metalworking process in
relation to acute poisoning accidents caused by methanol in 2016.

Methods: The number of industries, workplaces, exposed workers, regional distribution, and exposure level of health hazards in
metalworking process were investigated based on employee exposure assessment database provided by KOSHA (the Korea
Occupational Safety and Health Agency), which was collected from workplace hazard evaluation programs in Korea. Exposure
metrics for methanol were assessed by RCR (risk characterization ratio).

Results: The numbers of processes, workplaces, and exposed workers of metalworking, which include CNC (computer numerical
control) were 25, 14,405, and 169,102 respectively. The numbers of samples of chemical hazards including methanol were
91,325, and it was found that workers in metalworking were exposed to 249 kinds of chemical hazards. There were 16 kinds of
special controlled substances including beryllium. It is estimated that the number of workplaces involving CNC process was
2,537, and the number of exposed workers was 27,976. In CNC process, the total number of workplaces handling methanol was
36, and 298 workers were estimated to be exposed. There was no exceeded that surpassed the OEL and 49% of samples were
below the limit of detection. Methanol exposure concentrations in Gyeonggido Province were statistically significantly higher
than in other areas (p <0.0001).

Conclusions: In the metalworking process including CNC, there is exposure to a wide variety of health hazards. There was no
sample exceeding the OEL for methanol. Therefore, it is necessary to recognize the limits of the employee exposure assessment
system and urgently improve measures to prevent the occurrence of events like methanol poisoning.
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Table 1. Summary of exposure assessment results in 25 metalworking processes
Process PZ(;?:S N.O' of total No. of No. of N Ch;mlcal hzzar(; : No. of
business places  samples No.o 0. Of eXpose 0.0 0.0
(KOSHA) business places  employees samples chemicals
Drawing 15004 139 788 78 711 319 29
Forming by rolling 15008 78 438 70 476 204 9
Border process 16016 27 158 15 251 87 18
Shaving 18003 3 11 3 15 6 3
Polishing 18012 113 706 98 649 462 55
Cutting 19013 90 708 69 772 300 22
Surface grinding 19017 83 408 78 425 279 37
Cylinder grinding 19018 43 319 36 587 215 29
Lathe 19022 749 3,412 604 3,158 1,781 52
Milling 19024 552 2,557 445 3,854 1,645 73
Shapping 19026 1 7 1 10 2 1
Side milling 19028 18 74 10 59 40 15
Metalworking 19029 6 32 3 64 20 11
Mechanical working 19030 2,508 21,471 2,195 *47,767 12,652 117
Mechanical working & A/S 19031 667 5,062 531 *15,420 2,944 79
Other processing 19032 4,960 49,369 3,658 *9,099 31,866 209
Base processing 19033 985 11,307 611 *16,968 6,761 162
CNC 19037 2,537 15,725 2,252 27,976 9,121 78
N/C 19038 710 4,226 574 *6,919 2,211 49
MCT 19039 579 3,303 525 4,779 1,823 43
Double-sided processing 19065 5 21 3 22 11 4
Washing removerl 28000 69 1,492 56 7,782 1,357 77
Cleaning 28045 1,889 15,605 1,625 *13,975 13,508 152
Methanol washing 28051 44 153 43 249 127 12
Organic solvent cleaning 28052 396 3,815 385 *7,115 3,584 102
Total (}471:421(5);) 141,167 (B:(g)?é) 169,102 91,325 (249)

* Estimated number of exposed workers: Work environment measurement DB the number of workers multiplied by the average
number of workers in other processes
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Table 2. 7 Classifications of labor force at business place in metalworking process

Chemical hazard factor

Classification busirll\i:z.s ([))t;aces No. of samples .No. of No. of NO..Of
business places samples chemicals
<10 workers 4,432 22,766 3,850 15,035 166
<50 workers 6,715 46,115 5,421 27,170 188
<100 workers 1,709 21,214 1,416 13,634 180
<300 workers 1,151 24,741 991 16,393 167
<500 workers 172 6,776 154 4,381 110
<1,000 workers 129 9,502 119 7,499 134
>1,000 workers 97 10,053 91 7,213 118
Total 14,405 141,167 12,042 91,325 -

Table 3. Classification of chemical substances in the metalworking process according to the Industrial Safety and Health Law

Authorized  Specially hazardous Substance of permissible

Chemical No. of samples chemicals chemical exposure limits
Beryllium & compounds 1 o
Arsenic & inorganic compounds 62 O
Vinyl chloride 21 @]
Chromium(VI)compounds 2 @) @)
Lead and Inorganic compounds 547 o O
Nickel(Insoluble Inorganic compounds) 347 ¢) @)
Benzene 183 @) )
Cadmium and compounds 159 ¢) @)
Chromium(Vl)compounds(Water insoluble
inorganic compounds) 47 © ©
Chromium(Vl)compounds(Water soluble) 62 ¢) @)
Lead chromate 3 0 O
Trichloroethylene 1026 @) )
Formaldehyde 355 0 O
1-Bromopropane 315 @)
Carbon tetrachloride 68 ¢)
Ethylene oxide 77 O
Antimony trioxide 42 @)
Epichlorohydrin 3 0
Sulfuric acid 504 O
Dimethylformamide 47 )
Toluene-2,4-diisocyanate(TDI) 40 @)
n-Hexane 914
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Table 4. Exposure characteristics of chemical hazards in the CNC process

No. of total No. of Results of exposure assessment
No. Chemical hazard business  exposed  No. of Std. RCR %
places employees Samples  N"8¢  AVERZe oy 0D —10% <50% =100% >100% (*OFL)

1 Diethanolamine 55 398 188 0 ~ 0.049 0.00 0.00 186 1 1 - - 0
2 Dichloromethane 14 57 32 0~ 12.76 1.14 3.10 26 3 3 - - 0
3 1,1-Dichloro-1-fluoro ethane 4 8 12 0.00 0.00 12 - - - - 0
4 Methyl amine 1 2 1 0.00 0.00 1 - - - - 0
5 Methanol 36 298 104 0~ 11674 8.14 1832 51 39 13 1 - 0
6 Methyl ethyl ketone(M.E.K) 4 28 17 0~ 0373 0.05 0.11 14 3 - - - 0
7 Methyl isobutyl ketone 8 37 23 0~ 0.339 0.07 0.11 14 9 - - - 0
8 Methyl chloroform 1 2 4 0.00 0.00 4 - - - - 0
9  1-Bromopropane 2 6 6 0 ~ 2.457 0.42 1.00 4 2 - - - 0
10 Styrene 2 6 6 0.00 0.00 6 - - - - 0
11 Acetone 6 33 18 0~ 5514 0.52 1.36 11 7 - - - 0
12 Ethanolamine 353 2721 1056 0 ~ 0.615 0.00 0.02 1,010 38 8 - - 0
13 Ethyl benzene 7 33 19 0 ~ 0.350 0.04 0.09 14 5 - - - 0
14 Ethyl acrylate 1 3 0.00 0.00 2 - - - - 0
15 2-Ethoxyethanol 2 1 0 ~ 0.390 0.07 0.16 4 2 - - - 0
16 2-Ethoxyethyl acetate 1 0 0.00 0.00 4 - - - - 0
17 2-Butoxyethanol 12 120 45 0 ~ 0.159 0.00 0.02 44 1 - - - 0
18 Ethylene glycol 23 206 90 0.00 0.00 90 - - - - 0
19 Isobutyl alcohol 2 5 8 0 ~ 0.351 0.04 0.12 7 1 - - - 0
20 Isopropyl alcohol 13 183 42 0~ 17480 0.57 2.73 35 7 - - - 0
21 Methyl acetate 2 50 11 0 ~ 0378 0.06 0.14 9 2 - - - 0
22 n-Butyl acetate 3 50 15 0 ~ 0.0706  0.03 0.02 11 4 - - - 0
23  Ethyl acetate 1 4 2 0 ~ 0.067 0.03 0.05 1 1 - - - 0
24 n-Propyl acetate 1 1 1 0.39 0.08 1 - - - - 0
25 Isobutyl acetate 1 4 2 0.00 0.00 2 - - - - 0
26 Xylene(o,m,p-isomers) 8 83 31 0~ 0.577 0.06 0.13 19 12 - - - 0
27 Toluene 15 119 47 0 ~ 2330 0.28 0.55 23 24 - - - 0
28 Triethylamine 3 44 10 0.00 0.00 10 - - - - 0
29 Trichloromethane 1 3 2 0.00 0.00 2 - - - - 0
30 Trichloromethane 15 74 46 0 ~ 3491 2.48 6.28 16 24 5 1 - 0
31 Stoddard solvent 13 164 80 0 ~ 18.09 3.62 5.39 33 39 8 - - 0
32 n-Hexane 8 158 36 0 ~ 20.94 2.00 3.92 18 13 5 - - 0
33 Heptane 5 53 14 0 ~ 1.055 0.14 0.36 12 2 - - - 0
34 Copper(Fume) 29 69 61 0 ~ 0.037 0.01 0.00 26 32 3 - - 0
35 Copper(Dust & mist) 23 168 65 0~ 0.743 0.11 0.18 14 27 20 4 - 0
36 Lead and Inorganic compounds 5 22 12 0 ~ 0.002 0.00 0.00 7 5 - - - 0
37 Nickel(Metal) 4 8 7 0.00 0.00 7 - - - - 0
38 Nickel(Soluble compounds) 1 0 1 0.00 0.00 1 - - - - 0
39 Nickel(Insoluble Inorganic 1 0 2 0~00004 000 000 1 1 - - - 0

compounds)
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No. of total No. of Results of exposure assessment
No. Chemical hazard business  exposed No. of Std. RCR %
places employees Samples ~ \OMES  AVEREE o O 0% <50% <100% >100% (*OEL)
40 ﬁ?;‘gjzzz& Inorganic 154 88 246 0~0266 000 002 159 85 2 - - 0
41 Barium and soluble compounds 1 14 5 0.0001 ~ 0.00 0.00 - 5 - - - 0
0.0002
42 Magnesium oxide 1 5 2 06(?(1)145‘9N 0.01 0.00 - 2 - - - 0
43 Zinc oxide(Fume) 22 37 40 0 ~ 0.298 0.01 0.05 13 27 - - - 0
. . 0.00142 ~
44  Zinc oxide(Dust) 2 10 4 00146 0.01 0.00 - 4 - - - 0
45  Aluminum(Metal dust) 20 180 55 0~ 0.99 0.17 0.25 13 41 1 - - 0
46 Aluminum(Welding fumes) 1 2 4 0 0.00 0.00 4 - - - - 0
47 Titanium dioxide 7 20 17 0 ~ 0.0026  0.00 0.00 15 2 - - - 0
48 Tin(Metal) 3 7 5 0 ~ 0.0024 0.00 0.00 3 2 - - - 0
49 Tron oxide(Fume) 219 334 404 0 ~ 2.632 0.17 0.38 55 298 50 1 - 0
50 S;’rz;gui‘;‘i fnorganie 2 12 3 0~00014 000 000 2 1 - - - 0
51 Chromium(Metal) 37 39 78 0 ~ 0.0018  0.00 0.00 50 28 - - - 0
52 Tungsten(Soluble compounds) 3 17 0~ 0.0125 0.00 0.00 6 - - - 0
53 Sodium hydroxide 1 1 2 0.014 ~ 0.058  0.04 0.03 - 2 - - - 0
54 Potassium hydroxide 10 174 62 0 ~ 0.1463 0.03 0.04 5 57 - - - 0
55 Hydrogen chloride 1 2 4 0 ~ 0.0004  0.00 0.00 3 1 - - - 0
56 Phosphoric acid 3 3 5 0 0.00 0.00 5 - - - - 0
57 Nitric acid 3 1 7 0 ~ 0.0062 0.00 0.00 6 1 - - - 0
58 Metal Working Fluids 1896 20481 5344 0 ~ 14305 0.13 0.10 709 1,756 2,714 161 4 0.075
59 ?fj;ael (}?;‘;e“r‘;‘tg) Fluids 38 190 76 0~05344 016 010 - 14 56 6 - 0
60 Particulates 34 158 72 0~ 3.8376 030 0.54 7 63 2 - - 0
Particulates(no more than
61 30% crystagline silica) 2 5 3 0.376~0.475 0.43 0.05 - 3 - - - 0
Particulates not otherwise
62 regulated(no more than 1% 7 48 20 0~ 11699  0.33 0.14 2 17 1 - - 0
crystalline silica)
63 Kg;‘;b?:sgiltlio%h“ SPECISs, g 67 42 0~09495 038 024 2 4 25 11 - 0
64 Welding fumes and dust 162 349 282 0 ~ 3.66 0.33 0.36 16 207 58 1 - 0
65 Fibrous glass dust 4 58 10 0.381~3.401  1.20 1.07 - 1 7 2 - 0
66 f;:l‘;‘t‘ges not otherwise 2 15 6 0~1070 038 050 2 3 1 - - 0
67 Methanol(code different) 2 10 6 0 ~ 25.902 6.86 11.15 4 1 1 - - 0
68 Gypsum 3 17 6 023 ~ 1.363 0.62 0.49 - 4 2 - - 0
69 a-Alumina 1 6 2 0.013~0.125 0.07 0.08 - 2 - - - 0
70 Ethyl acetate 1 3 6 0~ 0314 0.14 0.15 3 3 - - - 0
71  Oil mist 2 2 4 0~ 0.12 0.06 0.06 1 3 - - - 0
72 Carbon black 2 9 3 0.314~0.463  0.00 0.00 - 1 2 - - 0
73 Pentane 1 3 1 0.22856 0.23 0.00 - 1 - - - 0
74 :iz(sisz?;?rg’ 1o 3 3 8  0011~0903 028 028 - 4 4 - - 0
75 Graphite 2 3 3 0.066~0.252 0.19 0.11 - 1 2 - - 0
Graphite(Natural& Synthetic,
76 Except Graphite fibers, 5 12 10 0.016 ~ 0354 0.10 0.06 - 8 2 - - 0
Respirable fraction)
77 (R};Z‘gf‘rzz(lesyf‘;;i‘:f;;) 7 21 12 0045-0914 029 029 - 7 5 - - 0
78 Mixed oranic compounds(EM) 40 358 127 0~ 04188 0.01 0.03 79 39 9 - - 0
T L am e
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Table 5. 7 Classifications of labor force at business place in CNC process

Chemical hazard factor

Classification Nf)' of No- of No. of No. of No. of
total business places total samples .
business places samples types
<10 workers 861 3,637 765 2,164 49
<50 workers 1,202 7,039 1,068 3,923 59
<100 workers 297 2,503 263 1,389 40
<300 workers 140 1,881 124 1,258 49
<500 workers 16 445 14 231 9
<1,000 workers 15 134 12 85 9
>1,000 workers 6 86 6 71 4
Total 2,537 15,725 2,252 9,121 (78)

Table 6. Classification of chemical substances in CNC process according to Occupational Safety and Health Act of Korea

Hazard e
Lead and Inorganic compounds 12 @) @)
Nickel(Insoluble Inorganic compounds) 2 @) @)
Trichloroethylene 46 @) @)
1-Bromopropane 6 @)
n-Hexane 36 0
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Table 7. Exposure characteristics of methanol in CNC process by province
Province ‘No. of No. of exposed No. of Average Min Max
business Places employees samples (ppm) (ppm) (ppm)
Seoul 13 117 46 4.36 0.00 30.9
Gyeonggido 11 83 33 24.49 0.00 116.74
Gyeongsangbukdo 3 49 7 0.67 0.00 1.73
Daejeon 2 20 6 0.00 0.00 0.00
Daegu 1 1 2 0.00 0.00 0.00
Chungcheongnamdo 2 18 4 0.00 0.00 0.00
Chungcheongbukdo 2 7 3 0.00 0.00 0.00
Busan 1 1 1 38.90
Ulsan 1 2 2 0.00 0.00 0.00
Total 36 298 104 10.19 0.00 116.74
H 2 ARGV BES ACE Ut W7 9 AR g3 ARol] tEd] Ao S4L were
NFolRE BHel3 Wast Qrk 20149 ZRUA A W) FANGS YEITIE B 5 gtk AgHoR
5 el digt 54 2 P w2 @S 2 2Ysl] & uf Figure 104 H= vie}k o] A7=9
Al 2 A71mef fFIstaL 9low 9] ZLRAE = Afe wiEZol tiet 20149 FALHE S A
SHI e A AR R 27 AR S| HatA digtel SAE ARl e #uk ofyet thE A
7} 91.47 ppmo| 3l om, =& Fhe 116.74 ppm 22 = Hop gk =& Ht w20 oA AR

Z7]4(200 ppm)9] 50%5 =33t oz LpERGT)
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A% oz BEH9

12
rLIEE
HU

99.8

99 A
98

95
90

80
70

® Gyunggi-Province
O OtherArea

50 A

Probabiity, %

30 A
20 A
10 A
5

24
1] o

0.5 T T T T T
0.0001 0.001 0.01 0.1 1 10

100 1000

Methanol Exposure Concentration, ppm

Figure 1. Cumulative probability plot of methanol exposure
concentrations in Gyeonggido province and other regions.

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(2): 230-239

o5t =

o
71’?:-:

2 9 THp<0.0001).

N
oy
»
N
Ok
Ok
0
2
x
_?-_
_|(')L

P
2 T

> 12 I

>

ﬁ o,

27 Z% DBA 2l
NC 7o) AMgale
| 2740] 2ax F4
oloE A%

e

o flo 4
fr )
0

=
2
o

%

=

hl

U s
7V 54

e

w~ |0
fal
fu

-
op

ol
-

N
N
ofl T

Ir o

Jo 110_1', 1pr
o Lo

(U o

2
-

oft
ol
>
=

my <4 oft o
ox flo Jp
o,

{
o
u
> il
(2 oo
il
O
Ll
_>1_4
ot

o
o
2
[
filo
i3

) O,

ey
fu
bu
é
gﬂ
jz

4
to
u
2
jau)
.m

i)
i

-H2 R I oet
Eilﬂli EZER
Foz wob=gie

7hroll Al pH %Xl Xﬂ(lDH FA) dg=

& A t]oer2-0l(CAS No. 111-42-2,
-,—] A E 71 2] 3l(American Conference of
Governmental Industrial Hygienists, ACGIH) A3, 7t}
A=)} of ERZo}Tl(CAS No. 141-43-5, ACGIH =
3 w3 4%

o
)
=2

8,
th
2
o ruﬂ

=

o w o 1o HIOfo %0 HT omX
O

off

f
fu)
o d
159
2=

fm

2o <51 Z(Korean Metal Workers” Union,

http://www.kiha.kr/



238 o[xfjet - 2SS - SHHE

Table 8. Chemical hazards of metalworking fluids in CNC process

MWFE MWF Source
CAS No.  Chemical hazard Component Manufacturing Germany Classification
possibility  plant  Lroduct DB KMWU T yiig veriom
prohibitive vQl .
111-42-2 Diethanolamine 0 Manufacturing Product DB manufacture VI.G.S VSI IGM_Pr*o h pH Adjusters
Plant ibited substances  (pH Improver)
substance
75-09-2 Dichloromethane 0 Product DB Tapping Oil
1,1-Dichloro-1- . .
1717-00-6 fluoro ethane ) Product DB Tapping Oil
71-55-6 Methyl chloroform o) Product DB Tapping Oil
106-94-5 1-Bromopropane o) Product DB Tapping Oil
prohibitive  VKIS-VSI-IGM_Sub .
141-43-5 Ethanolamine o) Manufacturing Product DB manufacture  stances with limit pH Adjusters
Plant o (pH Improver)
substance values
Manufacturin VKIS-VSI-IGM_Sub
111-76-2 2-Butoxyethanol o) Plant € Product DB stances with limit Coupling agent
values”
107-21-1 Ethylene glycol o) Product DB
78-83-1 Isobutyl alcohol Coupling agent
67-63-0 Isopropyl alcohol Coupling agent
79-01-6 Trichloroethylene ) Product DB Tapping Oil
8052-41-3  Stoddard solvent 0 Mamll)tie;fltturmg Base Oil

* VKIS-VSI-IGM_Prohibited substances (MWF acc. to DIN 51393 for Metal working fluids)
" VKIS-VSI-IGM_Substances with limit values / concentration limitsCMWF acc. to DIN 51385 for Metal working fluids)
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