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Objective: This study was carried out to  assess the 
status of workirig environments, to improve the working 
environrnerlts, and to be helpful to prevent occupational 
disease. 

Methods: The authors measured the noise level, 
concentration of dust, heavy metals, organic solvents, arid 
olher chemicals at 95 industries (22 working processes) 
by type of working process iri manl~facturirig industry of 
parts and accessories for motor vehicles and its engines 
f rom January t o  December 2003. Sarnples 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 niean noise levels 

provided the American Conference of Governmental 
Industrial Hygienists (ACGIH) Chreshold Limit Value 
(TLV) were shakeout u97.5 dB(A11. shot-blast 194.2 
dB(A)l, pressing 192.9 dB(A)I, crl~shing 191.2 dB(A11, and 
cleaning 190.6 dB(A)I. 

2. Mean concentrations of dusts were not exceeded 

to the TLV. But concentration on some points of  
processes as like welding (6.50 rng/m3), foundry (5.24 
nidm3) were exceeded. 

3. Mean concentrations of tieavy rrletals were riot 
exceeded to the TLV. 

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

5. Inlproving rate for working environnierit were 
significantly higher in industries with health manager than 
without (p<0.05), and by increasing the year of working 
enviroriniental measurement (p (0.0 1 ). 

Conclusions: The results suggest that working 
processes of exceeding to the 1 LV will be needed rapid 
improvement of the working environment, and also the 
others will be needed positive management of the 
working environnient. 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 

Hazards 

Noise Dusts Heavy metals Organic solvents Other chemicals 

Process (N =94) (N=65) (N"=39) (N'=33) (N"= 10) 

No. % No. 47r No. % No. C/C No. % 

Processing 
Pressing 
Cutting 
Injection molding 

Welding 
Bonding 
Grindmg 
Painting 
Cleaning 

Shot-blxt 
Foaming 
Assembly 
Solvent coating 
Printing 

Crushing 
Surface processing 

Fomung 
Moldlng 
Foundries 
Packaging 

Drying 
Shakeout 

N*: Number of industries 
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Table 2. Mean lioise levels by working process 
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Process N GM(GSD), dB(A) Min.. &(A) Max., &(A) 
Processing 209 86.1(1.1) 77.1 97.1 
Pressing 108 92.9(1.1) 77.0 103.0 
Cutting 52 87.0(1.1) 75.8 98.6 
Injection molding 86 8 1.7(1 .O) 76.2 89.6 
Weldiig 189 87.8(1 .O) 78.6 96.2 
Bonding 14 86.4(1.1) 81.3 92.8 
Grinding 41 88.3(1.1) 79.6 99.5 
Painting 22 85.4(1 .O) 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 I0 83.5(1.1) 78.8 93.4 
Assembly 30 1 84.2( 1.1) 74.6 105.0 
Solvent coating 9 83.6(1 .O) 79.3 90.1 
Pnnting 1 86.1 
Crushing 9 91.2(1.1) 82.1 99.0 
Surface processing 1 84.1 
Forming 10 85.2(1 .O) 82.5 87.6 
Modehg 3 87.4(1 .O) 84.8 88.7 
Foundries 8 88.5(1 .O) 83.3 92.6 
Packaging 3 87.8(1 .O) 87.6 88.1 

w i n g  6 8 1.7(1 .O) 79.1 82.8 
Shakeout 3 97.5(1 .O) 96.9 98.2 

h : 'dumber of points of nieasurernerit 



Table 3. Mean concentrations of dusts by working process 
--"- 

Dusts Process N GM(GSD), mg/m' Mm., mgl~n' Max., mg/m3 

Processing 
Pressing 
Cutting 
Welding 

2nd Grinding 
Shot-blast 
Assembly 
Foundries 
Shakeout 
Processing 
Grinding 
Shot-blast 
Painting 

3rd Cleaning 
Crushlng 
Forming 
Foundries 
Shakeout 
Shot-blast 
Pressing 
Cuning 
Weldmg 
Grinding 
Shot-blast 

Total Assembly 
Painting 
Cleaning 
Crushing 
Forming 
Foundries 
Shakeout 

'N : Nurriber of points of 111easurernent 



Table 4. Mean concentrations of heavy metals by working process 

Mn(DoF7!). Ni(L121, C r ( 3 3 ,  Cu(?4), 
zn(019,, Pb(%), Cd(7\4%-), Fe(%), 
AI(%?~]'ff)6] ?L?q, _$ 

Mn, Cro] 817H $;6i;(lgo 
1 71% Gj-23 -$a%$q lVi(437]), 

E%%44 Pb(327H), 4-4234 
Cu(317H) 2 61 W.  S+%94 $41 
%a 5 -1d3+57) 4 % 7 ] 5 $  34 
@ 3 2 w h b l e 4 ) .  

Heavy metal Process 
----- 

N GM(GSD), ~ng/m' Min., mgm' Max., mgm' 
-- 

Welding 8 1 0.02 15(4.637) 0.0#4 1.1497 
Mn Foundries 3 0.0144(12.588) 0.0008 0.0908 

Processing 
-- 

I 0.0003 
Welding 43 0.0013(2.721) 0.0001 0.0 199 

Ni Foundnes 3 0.0008(3.198) 0.0003 0.0029 
Processing 1 0.0023 -- -- -- -- 

Welding 81 0.0041 (19.828) N D t  0.1188 
Cr Foundries 3 0.0025( 1.42 1 ) 0.00 17 0.0033 

Processing I 0.0006 
p------p-pppp--- 

Welding 3 1 0.0024(3.648) 0.0002 0.0309 
Assembly 6 0.0006(1.292) 0.0004 0.0008 

Cu Foundries 5 0.0009(6.655) 0.0002 0.0238 

Drying 2 0.0003(1.226) 0.0003 0.0004 
Processing 1 0.0077 
Welding I 0.0017 
Assembly 6 0.0030(2.187) 0.001 7 0.01 1 1 

Zn Foundries 8 0.0 178(3.058) 0.0030 0.0702 

w i n g  2 0.0019( 1.200) 0.00 17 0.0022 
Processing 1 0.0028 
Assembly 32 0.0006(2.658) 0.000 1 0.0028 
Printing 1 0.00 1 

Pb Surface procesdng 1 0.0018 

Dry ins 2 0.Cm9(1.377) 0.0007 0.00 1 1 

-- 
Processing 1 0.0005 

-pp---p-p--p --- - 

Assembly 6 0.0001 r I ,327) 0.000 1 0.0002 
Cd Pnnting 1 0.0002 

Drying 2 0.000 1 0.000 1 0.000 1 
--pp-----p-p- -----p-p 

Assembly 6 O.W l(1.543) 0.002 1 0.0066 
Fe Foundne5 2 0.8054(1.207) 0.705 1 0.9200 

2 0.0021(1.180) 0.0019 0.0024 
- -  EYiins 

Welding 1 0.0059 
Al 

Foundnes 8 0.01 83(2.603) N Dt  0.060 1 

*i\l : Nunlber of points of measurement. -h D : Not detect 



5. 54% g$jslEft71gq1g1 3 toluene4 2$, $m%q a-(;methyl trichlomthaneq 1 3 5 ,  3XZ8q a 
s&s ethyl ketoneq 7%, 4 % ) + j  q 8 q n- q meth~lene chloride4 1 2 5 ,  EqZ3 
+-7]-$~j]q 4 4  1371 ",Fw3.l] hexaneq 1 4 ,  S 8 q a+ n-hexaneq 9 5 ,  -$71-$41 S 
4 98qi1 ~ O U ) ,  7)ZZ8611Aj e n  1 5 ,  1 %  11.1- Eq a q t o l u e n e q  135 ,  gq%%q 

Table 5.1 Mean concentrations of organic solvents by working process 
W(GM * GSD), ppm 

Organic solvent$ Processing Cutting Bonding Painting Cleaning Foaming Assembly 

Toluene 
-- 

X ylene 

Methanol 

Ethylacetate 

Acetone 

Cyclohexanone 

Ethanol 

Cellosolve 

Styrene 

V : Nurriber of points of measl ~rernent 
t MEK : hlethyl ethyl ketone, MIBK:Methyl isobutvl ketone, IPA:lsoprophyl alcohol. MC:Methylene chloride, 

1.1 .l-TCE: 1.1.1 -Trichloroethane 



methylethyl ketone4 9 3 ,  qq3-l -lg+$jq gq acetone4 9+, 8-l 714j-41q %jZ%57\ k37122 & 
q%$jq 3% methylene chloride4 2 ++lq -J+ toluene4 7 g q  -)%IS q@ %%g ~s~able5 .1 ,Table5 .2) .  
+, g+ toluene4 5+, 401 +$!qsq. Ef %$j6ilhj -% 

Table 5.2 Mean concentrations of organic solvents by working process 
N'(GM * GSD), ppm 

Organic solvents Solvent coating Pnnting Surface processing Forming Molding Drying 

Toluene 3 1 4 1 3 4 1 
(0.15 k 6.55) (0.07 k 7.55) (0.02) (0.03 k47.63) (0.07 k4.19) (14.40) 

Xylene 2 1 2 3 4 1 
(0.14k 6.69) (0.06 k 1.77) (0.03 k 13.07) (0.02 k2.68) (0.02) 

Methanol 

Ethylacetate 

Buthylacetate 

18 2 2 1 1 Ethylbenzene (0.03 k7.68) (0.0 1 k 1.76) (0.01 k 1.18) (0.01) (0.02) 

I 1  2 1 2 4 1 Acetone (2.74f 6.64) (0.04 2 I 39) (0.04) (0.02k 1.09) (4.972 83.55) (2.67) 

Cyclohexanone 

Ethanol 

Cellosolve 
- 

Styrene 

'C : Number of points of rneasurement 
'MEK : Methyl ett ~ y l  ketone, MIBK : Methyl isobl~tyl ketone, IPA : lsoprophyl alcohol, MC : Methylene chloride. I .1.1 -TCE : 1.1.1 - 
Trichloroethane 
N D : hot  Detect 
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Table 6. Mean concentrations of other ctlemicals by working process 

$3 ",Fma 7H4 +l;g E A ) % ) ~  

. g 7 q a  .*?. 
"1 713% 5 9  Dl+, 5 9 q 4  9977) 
Z], 109  0]+!0S 728)gl;f. 

4211 9571 7H3-l A)% 

%$ 547H(56.8%)0] 9l;f. 01 

7 1 8 4  $k$p-~k 5 9  p] 9 1071 
(34.5%), 5 9 4 1 4  9977)Zl 1971(52.8%). 
109  01AJ 257H(83.3%)2 qqga$ 
3 71301 zj+q z+gga 7H 
4301 %7)?i);tSd~@.Ol, Table 8). 

Other chemicals Process N GM(GSD), ppb &., ppb Max., ppb 

Bonding 2 0.43(7.72) 0.10 

T D I  Foaming 14 0.08(2.97) 0.0 1 

Solvent coating 1 0.01 
Molding I 0.1 1 

Bondmg 2 N D' 
Foaming 12 O.Ol(1.41) N D' 0.03 

MDI Solvent coating I 0.0 1 

Molding 
pppppppp 

1 0.10 
ppppppp 

Sulfunc acid Surface processing 4 53.17(18.05) 2.30 630.00 

Phenol 

pp-ppp 

Pressing 2 
Molding 1 

Formaldehyde Molding 1 50.00 

TUI : Toluene-2,4(2,G)-diisocydriate. MU1 : Methylerie bisphenyl isocyariate 
',Z D : hot Detect 

Table 7. Irnprovernent rate of working erlvironrlient by health manager, or not 

V e a l t h  manager No 

~m~rovement '---'--_, NO. (a) 
Yes 

No. 
p-value 

No 28 (54.9) 13 (29.5) 

Yes 23 (45. I )  31 (70.5) 0.0 13 

-- 
Total 
pp 

5 1 (1 00.0) 44 ( 100.0) 
---- -- 

p(0.05 by chi-square test 

Table 8. Irnprovernent rate of working environment by dl-~ral iorl of meas~rrernent 
~ ~ ~ ~ ~ - ~ - - ~ ~ ~ ~  -- -- 

Duration (veanl No. of industries No. of imtxovement p-value" 

Total 95 54 (56.8) 

p(0.01 by chi-square test for trerid 
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