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A Study on the Status of Working Environment by Type of Working Processes in Manufacturing
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Objective: This study was carried out to assess the
status of working environments, to improve the working
environments, and to be helpful to prevent occupational
disease.

Methods: The authors measured the noise level,
concentration of dust, heavy metals, organic solvents, and
other chemicals at 95 industries (22 working processes)
by type of working process in manufacturing industry of
parts and accessories for motor vehicles and its engines
from January to December 2003. Samples were
measured and analyzed by regulations of Korea Ministry
of Labor, manuals of National Institute for Occupational
Safety and Health (NIOSH) and Occupational Safety and
Health Administration (OSHA).

Results: Results are as follows.

1. Major processes exceeding mean noise levels
provided the American Conference of Governmental
Industrial Hygienists (ACGIH) Threshold Limit Value
(TLV) were shakeout [97.5 dB(A)]. shot-blast [94.2
dB(A)], pressing [92.9 dB(A)], crushing [91.2 dB(A)), and
cleaning [90.6 dB(A)1.

2. Mean concentrations of dusts were not exceeded

to the TLV. But concentration on some points of
processes as like welding (650 mg/m3), foundry (5.24
mg/m3) were exceeded.

3. Mean concentrations of heavy metals were not
exceeded to the TLV.

4. Mean concentrations of organic solvents and
chemicals were not exceeded to the TLV.

5. Improving rate for working environment were
significantly higher in industries with health manager than
without (p<0.05), and by increasing the year of working
environmental measurement (p<0.01).

Conclusions: The results suggest that working
processes of exceeding to the TLV will be needed rapid
improvement of the working environment, and also the
others will be needed positive management of the
working environment. Health managers must be
recommended to employ in the workplace, and further
studies for relationship between working environment
and health effects for the workers must be carried out.
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Table 1. Distribution of hazards exposed by manufacturing process
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Hazards
Noise Dusts Heavy metals Organic solvents ~ Other chemicals
Process (N=94) (N'=65) (N'=39) (N'=33) (N'=10)

No. % No. % No. % No. % No. %
Processing 37 394 18 217 1 26 1 30 - -
Pressing 29 309 1 1.5 - - - 1 10
Cutting 17 18.1 | 1.5 - - | 30 - -
Injection molding 17 18.1 - - - - - - - -
Welding 36 383 36 554 27 69.2 - - - -
Bonding 7 74 - - - - 11 333 | 10
Grinding 16 17.0 15 231 - - - - - -
Painting 8 8.5 2 31 - - 12 364 - -
Cleaning 5 53 1 1.5 - - 8 242 - -
Shot-blast 3 32 4 6.2 - - - - -
Foaming 3 32 - - - - 5 152 6 60
Assembly 39 415 | 1.5 8 205 4 12.1 - -
Solvent coating 3 32 - - - - 7 212 1 10
Printing l 1.1 - - 1 26 2 6.1 - -
Crushing 7 74 8 123 - - - - - -
Surface processing 1 11 - - | 26 | 30 2 20
Forming 4 43 2 3.1 - - 2 6.1 - -
Moiding 1 11 - - - 2 6.1 | 10
Foundries 4 43 5 17 5 12.8 - - -
Packaging 2 2.1 - - - - - - - -
Drying 3 32 - - | 26 l 30 - -
Shakeout 2 21 2 31 - - - - -

N": Number of industries
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Table 2. Mean noise levels by working process
Process N GM(GSD), dB(A) Min., dB(A) Max., dB(A)
Processing 209 86.1(1.1) 77.1 97.1
Pressing 108 92.9(1.1) 770 1030
Cutting 52 87.0(1.1) 75.8 98.6
Injection molding 86 81.7(1.0) 76.2 89.6
Welding 189 87.8(1.0) 786 96.2
Bonding 14 86.4(1.1) 813 928
Grinding 41 88.3(1.1) 79.6 995
Painting 22 854(1.0) 80.2 89.9
Cleaning 12 90.6(1.1) 80.2 99.8
Shot-blast 9 94.2(1.1) 85.0 98.7
Foaming 10 83.5(1.1) 78.8 934
Assembly 301 84.2(1.1) 74.6 105.0
Solvent coating 9 83.6(1.0) 79.3 90.1
Printing 1 86.1 - -
Crushing 9 91.L.1D) 82.1 99.0
Surface processing 1 84.1 - -
Forming 10 85.2(1.0) 82.5 87.6
Modeling 3 87.4(1.0) 84.8 88.7
Foundries 8 88.5(1.0) 83.3 926
Packaging 3 87.8(1.0) 87.6 88.1
Drying 6 81.7(1.0) 79.1 828
Shakeout 3 97.5(1.0) 96.9 98.2

‘N I Number of points of measurement
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Table 3. Mean concentrations of dusts by working process
Dusts Process N GM(GSD), mg/m’ Min., mg/m’ Max., mg/m’
Processing 50 1.24(2.17) 003 3.10
Pressing 4 1.26(1.14) 1.08 147
Cutting 1 040 - -
Welding 171 1.55(1.75) 0.17 650
2nd Grinding 28 1.34(2.15) 0.08 3.63
Shot-blast 6 1.63(1.39) 1.16 2.6l
Assembly 1 111 - -
Foundries 4 1.88(5.69) 0.14 524
Shakeout | 441 - -
Processing 5 0220242 007 0.69
Grinding 3 2.06(1.37) 143 247
Shot-blast 2 249(2.24) 141 439
Painting 3 2.07(1.86) 1.13 390
3d Cleaning 2 391(1.16) 3.53 434
Crushing 19 0.37(3.84) 0.02 217
Forming 3 241(1.75) 1.36 4.18
Foundries 6 1.77(2.16) 0.63 366
- Shakeout | 8.37 - - o
Shot-blast 55 1.06(2.51) 0.03 3.10
Pressing 4 1.26(1.14) 1.08 147
Cutting | 040 - -
Welding 171 1.55(1.75) 0.17 650
Grinding 3l 1.40(2.10) 0.08 3.63
Shot-blast 8 1.81(1.58) 1.16 439
Total Assembly 1 1.11 - -
Painting 3 2.07(1.86) .13 390
Cleaning 2 391(1.16) 3.53 434
Crushing 19 0.37(3.84) 0.02 217
Forming 3 241(1.75) 1.36 4.18
Foundries 10 1.81(3.18) 0.14 524
Shakeout 2 6.07(1.57) 441 8.37

N : Number of points of measurement
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Table 4. Mean concentrations of heavy metals by working process
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Min., mg/m’ Max., mg/m’

0.0004 1.1497

0.0008 0.0908
00013272 0001 0019

0.0003 0.0029

ND' 0.1188

00017 0.0033

0.0002 00309 -

0.0004 0.0008

0.0002 00238

0.0003 0.0004

00017 00111

0.0030 00702

00017 00022

0.0001 0.0028

00007 0.0011

0.0001 0.0002 o

0.0001 00001 )

00021 0.0066

07051 09200

00019 00024

ND' 00601

Heavy metal Process N GM(GSD), mg/m’
Welding 81 0.0215(4.637)
Mn Foundries 3 0.0144(12.588)
Processing 1 0.0003
- © Welding 43 00013(2.721)
Ni Foundries 3 0.0008(3.198)
, _ Processing 005 - -
Welding 81 0.0041(19.828)
Cr Foundries 3 0.0025(1.421)
Processing 1 00006
B Welding 31 0.0024(3.648) a
Assembly 6 0.0006(1.292)
Cu Foundries 5 0.0009(6.655)
Drying 2 0.0003(1.226)
o Prosing b owm )
Welding I 0.0017
Assembly 6 0.0030(2.187)
7n Foundries 8 0.0178(3.058)
Drying 2 0.0019(1.200)
B e R -
Assembly 32 0.0006(2.658)
Printing 1 0.001
Pb Surface processing I 0.0018
Drying 2 0.0009(1.377)
- Procesing 1 00005 -
Assembly 6 0.0001(1.327)
Cd Printing 1 0.0002
Dyig 2 om0l S
Assembly 6 0.0041(1.543)
Fe Foundries 2 0.8054(1.207)
. Dying 2 000ILISY
Al Welding 1 0.0059
Foundnes 8 0.01 83(2.®3L7

*N - Number of points of measurement, "N D : Not detect




% WAz - ol9E o B 2YY

5. 3T &d== RIIEX H

g Ld

S714A19 AL 137] AATA
A EAHD glon, 7FFHAA

hexane £

tolene®] 2%, AHEA 9] A9 methyl
ethyl ketone®] 7%, 2349
14%, 24549

toluene?| 15&, AAFAY S L1I1-

Table 5.1 Mean concentrations of organic solvents by working process
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Q
RS

trichloroethane$]  13%, ¥HEA <]
< methylene chloride®] 12%, ZH3F
o] 7% nhexane®] 9%, 718

F9 A toluene?] 13%F, Q1{FAL

ot oxl o

N'(GM +GSD), ppm

Organic solvents  Processing Cutting Bonding Painting (Cleaning Foaming Assembly
Tolue; 3 ] 2% 30 18 7 1
B 006+539)  (1506)  (287%1610) (055+1363) (040+411)  (0.13+364) (046+10.94)
Xolens | 2% 28 9 7 1l

Y - 002)  (006+380) (0321242) (0294395)  (0.04+232) (001 +526)
I 24 20 7 7 11
i-Hexane 029  (265+1340) (0.05+266) (0.14+739)  (1.78+5380) (036 14.83)
MEK' 1 18 B 8 1 7
M (1233)  (039+449) (0.12%611) (0.12+4.60) ©.11) 060+327)
MIBK' I 6 19 13 2 9
©01)  (001£305) (040+949) (043+1594)  (0.03+355) (0.12+599)
[PAS ] ] 5 10 3 |
(0.59+328) (069+646) (0.09+2.15) (10.74)
3
~ Methanol ) - ] ) (1.78+4.68) ] o
. ] ] 2 ) ) 8
MC (1.79+1.13) (1.58+6.20)
|LI-TCE' i I 6 2 4 2
- (1446)  (034+345) (832+4122)  (0.11+268) (302+1.19)
1 14 T 5 5
Bhylacetate - (146)  (020£507) (217£646) (091F4.16) J (003+2.72)
7 T 5
Buthylacetate - (0024345 (080+817) (032+237) - -
I 26 20 6 6 1
Ethylbenzene ' 001)  (002+369) (013+838)  (006+395)  (001+422)  (001+550)
Acetone - 1 24 23 5 6 9
A 060)  (1023+12.16) (10401899) (2029+2846) (420+877)  (0.75+0.64)
10 9 2
n-Pentane - (136:£1070)  (030£2.07) (11.24+259)
A ] 12 7 2
n-Heptane (272+548)  (0.04+1.80) (3.50+4.14)
Cyclohexanone - - - - - - -
- 5 -
Ethanol ) ) ) (1491 £202) )
. 3 2 5 1 2
Trichloroethylene 5 ;3 4 11 - 0241125 (220+331) (100)  (159+122)
]
Cellosolve i - ) - .16 ), ) - -
3 2
Styrene (005 149) 0.11£1386) - -

"N - Number of points of measiirement

TMEK : Methyl ethyl ketone, MIBK :Methyl isobutyl ketone, IPA:Isoprophy! alcohol, MC:Methylene chloride,

1.1.1-TCE:1.1.1~Trichloroethane




Trichloroethane
"N D @ Not Detect

BFEAY 2F2 55 A2Ge] THE AGE Ao H 5 97

7% methylethyl ketone®] 9%, oty Z8FAO HG acetoned] 9%, X 7EAY FAEEIt REVES 2

2|54 9] A4 methylene chloride®] 2 &8¢ A% tolened] 729 F3E 3 AL I ThTable 5.1, Table 52).

2, APFA AS lened] 5%, o] ZAHNAY EE FRA &

Table 5.2 Mean concentrations of organic soivents by working process

N(GM=*GSD), ppm
Organic solvents Solvent coating Printing ~ Surface processing  Forming Molding Drying
31 4 L 3 4 1
Toluene (0.15+6.55) (0.07+7.55) (0.02) (0.03+4763) (0.07+4.19) (1440)
Xvlene 21 2 ) 3 4 |
y {0.1416.69) 006+1.77) (003+13.07) (0.02+2.68) 0.02)

, 6 4 2 1 1
n-Hexane (1.99+439) ©.01) i (0.04+15.90) (ND") (8.08)

t 8 2 1 |
MEK 0.10£337) (157+3.99) - - 0.12) (052)

9 2 l 1
t - -
MIBK (021361 0.03251) 001) (ND")
+ 6 4
IPA 089+333) - - (0.19+397) -
Methanol - - - - - -
. 7 I I
MC (2.141+297) ) (8.00) . 0.34) )
9
.
LLITCE (0.14:+367) ‘ ' ‘ ‘ '

At - - - - l
Ethylacetate B (0.05)
Buthylacetate - ) - - - -

o 18 2 - 2 1 ]
Ethylbenzene (0.03£768) (001 £ 1.76) (001 £ 1.18) (001) 0.02)
Acetone I 2 ] 2 4 ]

(2.74+6.64) (004+1.89) (0.04) 002+1.09) (4.97+£83.55) (267)

, 3
n-Penianc (167+262) - - - - :

, 3 2 -
n-Heptane (351 +12.06) (002 1.16) - - - -

2
Cyclohexa.none - (048i 172) - - -
2 3
Ethanol - (072-+446) - - (023£15.03) -
. 17
Trichloroethylene (055+2.70) - - - - - B
Cellosolve B } B B B B

o (1l 3
Styrene (022+249) - (1.82+19.24) -

N : Number of points of measurement

TMEK : Methyl ethyl ketone, MIBK @ Methyl isobuityl ketone, IPA : Isoprophyl alcohol, MC @ Methylene chloride, 1.1.1-TCE :
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FUds|Est A Jon, HE A Ao ake 2
Ao MDD} 14MZ ZAAESFT & MAE Ao = 5 nuk 107)
A wgron, 7k S EAEE = 7} 705%2, 2ABA) nAY (345%), S A 9d7A] 1970(52.8%).
Z71EE 20 AYET2 gtk o dv A H1%ET FAFA & 109 o 25M@®33%E FPBEE
(Table 6). EHp<0.03, Table 7). A A 71zl AFE AARA A
ok AYSASAES HAS 7T AEo] F71ektHp<00l, Table 8).

o

-

Table 6. Mean concentrations of other chemicals by working process

Other chemicals Process N GM(GSD), ppb Min., ppb Max., ppb
Bonding 2 043(7.72) 0.10 1.80
TDI Foaming 14 0.08(2.97) 0.01 1.10
Solvent coating | 001 - -
Molding I 0.11 - -
~ Bodng 2 - ND' : :
Foaming 12 001141 ND’ 0.03
MDT Solvent coating ] 0.01 - -
Molding | 0.10 - -
Sulfuric acid Surface processing 4 5317(1805) 2.30 630.00 B
. Presing 2 24503 20 300
Phenol )
Molding | 14.90 -
~ Formaldchyde  Moldin - I Cos00 0 -

TDI: Toluene-2.4(2 6)-diisocyanate, MDI : Methylene bisphenyl isocyanate
‘N D : Not Detect

Table 7. Improvement rate of working environment by health manager, or not

Health manager No Yes
Improvement\ No. (C/T N - (%) — pile
No 28 (54.9) 13 (29.5)
Yes 23 45.1) 31 (70.5) 0.013
T 5L (1000 44 (100.0) -
<005 by chisquare test
Table 8. Improvement rate of working environment by duration of measurement
7 ~ Duration (years) ~No.ofindustries No. ofimprovement pvalue*
<S5 29 10 (34.5)
59 36 19 (52.8) 0.00017
210 30 25 (83.3)

 Toa 95  54(568) o
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