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Current Status of Environmental Hazards of Iron and Steel Foundry Operations in Korea

Young-Gyu Phee - Hyunwook Kim ™"

Dept. of Industrial Health & Environment, Industrial Safety & Health Bureau, Ministry of Labor
Dept. of Preventive Medicine, College of Medicine, The Catholic University of Korea”

Foundry workers are potentially at risk for occupational
disease due to exposure to various hazards. This study was
carried out to evaluate current status of environmental
hazards in the iron and steel foundry operations in Korea.
Data were gathered from the work environment monitoring
reports from 46 regional labor offices and 95 work environ—
mental monitoring institutes. A total of 4,947 operations in
229 plants were extracted from the reports and were
analyzed with no data modification. But data on non ferrous
metals, manufacture of steel products, and steel wire were
excluded in this evaluation. The foundries were classified
into eight operations; melting, pouring, molding, sand treat-
ment, coremaking, shakeout, finishing, and miscellaneous.
The results of this study were as follows;

1. The foundry workers were exposed to noise, mineral
dust, heat stress, gas and vapors and metals. Among these
hazards, high rates of non-compliance were found in
noise(27.6%) and mineral dust(10.3%).

2. Mean levels of noise ranged from 84.8 to 91.0dBA.
Statistically significantly higher noise levels were found in
the finishing compared with other operations. The highest
mean non compliance of 58.8% was found in finishing
operations.

3. The mean levels of WBGT were 23.1C in melting and
20.4C in pouring, with statistical significant difference
between two operations. No exposures were determined to
be in excess of the Korean occupational exposure limits for
WBGT index.

4. The average concentrations of total mineral dust were
1.70, 1,55, 1.60, 2.32, 1.35, 2.35, 3.23 and 0.90mg/m’ in melting
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pouring, molding, sand treatment, coremaking, shakeout,
finishing, and miscellaneous, respectively. Dust concen—
trations of finishing were statistically significantly higher than
those of other operations. But the non compliance rate of
shakeout operations was the highest among operations.

5. Six different kinds of metals were found from melting
and pouring operations. The average concentrations of
chromium and lead in melting were statistically significantly
higher than that of pouring operations. But the mean
concentrations of iron, zinc, cadmium, copper and manganese
measured at two operations showed no statistical significant
difference. And the non compliance rates were low in both
operations.

6. Foundry workers were exposed to mixtures of phenol,
formaldehyde, isopropyl alcohol, and methanol in molding and
coremaking operations. The mean concentrations of phenol
and methanol were comparable for both operations, but
slightly higher values were obtained in molding than core-
making. The non compliance rate of gases and vapors was
very low, indicating that the average exposures were below
the Korean occupational exposure limit.

7. It was found that worker exposures to noise were
highest in large scale foundries and were lowest in small
scale foundries. Dust concentrations in small foundries
having 30-49 employees were higher than those of foundries
with more than 50 workers.

Key Words : Foundry, Operation, Dust, Gases and vapors,

Heat stress, Noise, Metal
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Table 1. The general characteristics of the iron and steel foundries

Size of employees

Area Total < 5729 3049 50-99 100-199 >199
Seoul 2 09) 313 1(04) 1 04)
Kyung In 70( 30.6) : 41(179) 13( 5.7) 8( 3.5) 3(13) 2(0.9)
Gang Won 3 13) 104 1(04) 1 04) 10.4)
Chung Cheong 27( 118) 104 10( 4.4) 10( 4.4) 5(22) 1(0.4)
Geon La 1( 48) : 9( 3.9) 1 04)
Kyung Sang 116( 52.5) 69(30.1) 23(10.0) 10( 4.4) 10(4.4) 4(1.8)
Total 229(100.0) 522) 131(572) 49(21.4) 23(10.0) 13(5.7) 8(3.5)
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Table 2. The levels of noise by foundry operation
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. . Mean(dB GM '(dB Non
Operations N iSD((jr ) (GS]())) Range(dB) compliance rate(%)

Melting 271 84.72°+3.23 84.65(1.04) 70.70- 91.40 2.95
Pouring 47 85.44°+4.55 85.31(1.06) 66.40- 94.30 426
Molding 357 85.14°+4.69 85.01(1.06) 54.10-104.00 10.36
Sand treatment 48 84.77°+3.92 84.68(1.05) 75.00- 95.50 8.33
Coremaking 47 85.21+4.51 85.10(1.05) 72.70- 96.40 14.89
Shakeout 237 88.90°+4.04 88.81(1.05) 69.20-101.60 34.60
Finishing 427 90.99°+4.36 90.89(1.05) 75.00-101.30 58.78
Miscellaneous 29 88.30°+4.91 88.16(1.06) 79.70- 98.00 41.38
Total 1,463 87.44+4.99 87.30(1.06) 54.10-104.00 27.55

* : Number of operations, 1: Standard deviation
F: Geometric mean, § : Geometric standard deviation

a, b, c:

the same letters are not significantly different
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Table 3. The levels of WBGT from selected foundry operations

. Mean(C) GM(TC) ) Non
Operations N £SD (GSD) Range( C) compliance rate(%)
Melting 112 23.10'+3.81 22.79(1.81) 13.20-40.70 0.89
Pouring 6 20.42'+1.38 20.38(1.07) 19.50-23.20 0.00
Total 118 22.97£3.76 22.66(1.18) 13.20-40.70 0.85
* 1 p<0.01 by student' t-test
Table 4. The concentrations of total dusts by operation
. Mean(mg/m) GM(mg/m) ; Non
Operations N £SD (GSD) Range(mg/m) compliance rate(%)
Melting 300 1.70%1.28 1.10(3.26) 0.01- 8.31 2.00
Pouring 58 1.55%1.29 0.88(4.39) 0.001- 4.92 0.00
Molding 564 1.60%1.16 1.26(2.22) 0.01-13.68 5.08
Sand treatment 71 232%42.34 1.53(2.87) 0.01-11.85 12.99
Coremaking 118 135%1.15 1.07(1.99) 0.12- 8.42 5.04
Shake out 250 235%1.61 1.75(2.52) 0.01- 9.73 20.40
Finishing 366 3.23%42.64 2.32(2.51) 0.03-18.73 14.48
Miscellaneous 20 0.90"+0.76 0.47(4.57) 0.01- 2.60 5.00
Total 1,753 2.07°1.84 1.43(2.74) 0.001-18.73 10.27
a, b, ¢, d : the same letters are not significantly different
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Table 5. The concentrations of gases and vapors in molding and coremaking operations

w4 EEE vlws] By L35l
AEp<0.05)2 H(p<0.01) EF 0.005mg
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LB,

. Gases and Mean(ppm GM(ppm Range Non
Operations Vapors N ﬁ:S(]%p : (G(é)]g) : (pprfrgl) compliance rate(%)

Isopropyl Alcohol 33 11.58 + 46.58 1.24( 6.76) 0.04-268.11 0.00

Molding Formaldehyde 105 007+ 0.13 0.03( 4.19) 0.00- 0.87 0.00
Methanol 119 1547+ 33.56 521( 4.63) 0.07-293.23 0.84

Phenol 50 007+ 0.16 0.02( 4.58) 0.00- 0.83 0.00

NH; 4 0.54+ 0.60 0.11(15.52) 0.00- 1.12 0.00

Isopropyl Alcohol 10 419+ 9.82 0.29( 9.90) 0.04- 30.68 0.00

Coremaking Formaldehyde 38 002+ 0.02 0.01( 3.13) 0.00- 0.08 0.00
Methanol 14 2525+ 49.17 3.68( 8.75) 0.17-167.69 0.00

Phenol 48 020" 036 0.04( 6.01) 0.00- 1.66 0.00

* 1 p<0.01 by student's t-test, T: p<0.05 by student's t-test



Table 6. The concentrations of metals contained in fume from melting and pouring operations

. Mean(mg/m) GM(mg/m) Range Non
Operations Metals N +SD (GSD) (mgm)  compliance rate(%)
Cd 12 0.14 =~ £0.48 0.001 (2.36) 0.00 -1.67 8.33
Cr 141 0.005 + 0.02 0.002 (3.62) 0.00 -0.17 0.00
Cu 45 0.006  £0.02 0.001 (4.52) 0.00 -0.13 2.22
Meltin Fe 100 0.65 +£1.25 0.13 (6.66) 0.002-6.40 2.00
citing Mn 260 002  +0.05 0.004 (5.11) 0.00 -0.61 0.00
Ni 14 0.003  +0.00 0.001 (4.06) 0.00 -0.01 0.00
Pb 47 0.005 "£0.00 0.003 (2.82) 0.00 -0.03 0.00
Zn 34 0.02  +0.05 0.007 (5.28) 0.00 -0.23 0.00
Cr 26 0.002  £0.00 0.001 (2.50) 0.00 -0.007 0.00
Cu 19 0.0007 £0.00 0.0004(2.88) 0.00 -0.004 0.00
Pourin Fe 13 033 £0.69 0.07 (5.34) 0.005-2.19 0.00
ouring Mn 30009 +0.02 0.002 (4.05) 0.00 -0.13 0.00
Pb 16 0.001  £0.00 0.001 (1.96) 0.00 -0.003 0.00
Zn 7 0.01  0.01 0.006 (4.50) 0.00 -0.04 0.00
* 1 p<0.05 by student's t-test, T: p<0.01 by student's t-test
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Figure 1. The non compliance rate of noise and dust by size of employees.
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