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Evaluationof Exposure Levels and Detection Rate of Hazardous Factors in the
Working Environment, Focused on the Aluminum Die Casting Process in the
Automobile Manufacturing Industry

Duk-Hee Lee - Chan-Seok Moon’

Department of Environmental and Industrial Health, Graduate School of Catholic University of Pusan

ABSTRACT

Objectives: This study examines exposure to hazardous substances in the working environment caused by exposure to toxic
substances produced in the aluminum die casting process in the automobile manufacturing industry.

Materials and Methods: The exposure concentration levels, detection rates and time-trend of 15 hazardous factors in the
aluminum die casting process over 10 years(from 2006 to 2016) were used as a database.

Results: The study found that hazardous factors in the aluminum die casting process were mostly metals. The rate for detected
samples was 70.6%(405 samples), and that for not detected samples was 29.4%. The noise for an eight-hour work shift showed a
49.7% exceedance rate for TLV-TWA. Average noise exposure was 89.0 dB. The maximum exposure level was 105.1 dB.
Conclusion: The high numbers of no-detection rates for hazardous substance exposure shows that there is no need to do a work
environment measurement. Therefore, alternatives are necessary for improving the efficiency and reliability of the work
environment measurement. Moreover, to prevent noise damage, reducing noise sources from automation, shielding, or sound
absorbents are necessary.

Key words: Aluminum die casting process, work environment measurement, detection, exposure concentration level, noise
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Table 1. Hazardous factors(17) in subjected work process

A
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=4 01] *}%—% AE= 20069 7Y 1D (EH)F
E1 20169 6H 30A(AR7])7HA] 10WEZF FAA S A
S|ALe] Gl tol AT FAgoA AAE At
A& AdE HPerlch

D ZAASH &S A3 gojgyo] &

SANAE FE2 25 177]0]™ Table 10 Yeff S
o f71E 9 11 EtEo] 147), f71EQAF 17) 0]
w, 28 9 peolxr} ZEEQh. MS-Excel spread
sheetZ A}-2-510] 20064 }4H7]5E] 20161 ARu7| 7
2] AZAF &dFE 05 tholsAE 2RO A A ZF

A3t =AANA RO SF=A, =A7|7F A AT}
5o ARnE drdE 01338}01 glolEHlo|AE 5
stk 2oz Hj_ |- SHEEY] LEE o] A
Azl A=A AE7|Tel B=H =
o, A7 S4E ﬂ%i%—‘?" Qe 54 2 A4
4713 B7} 5ol TRE ILA(MoEL, 2016)] w2t 4

Work process

Hazardous factors

No. of factors

Noise, High temperature, Aluminum and ite compounds (as fume), Copper(as fume),

Zinc oxide, Iron oxide(as dust and fume, as Fe), Nickel (as metal), Zirconium and its

Melti 14
elting compounds, Manganese & Inorganic compounds as Mn, Magnesium oxide, Titanium
dioxide, Tin (as metal), Lead and Inorganic compounds as Pb, Silica (crystalline quartz)

Injection molding 14 Factors of Melting Work process and Ethylene glycol (vapor and mist) 15
. Noise, Aluminum and its compounds (as dust), and Metal working fluids (as mixed

Sending 3

solvent soluble aerosol)
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Table 2. Analytic methods of workroom air for hazardous factors

Hazardous factors

Analysis method

Aluminum and Inorganic compounds (as fume or metal dust), Copper (as fume), Magnesium oxide,

AAS

Zinc oxide (as fume), Iron oxide(as dust and fume, as Fe), Nickel (Metal), Titanium dioxide, Lead
and Inorganic compounds, as Pb, Tin (Metal)Manganese & Inorganic compounds, as Mn

Zirconium and compounds, as Zr

Silica (Crystalline quartz)

Ethylene glycol (Vapor and mist)

metal working fluids (as mixed solvent soluble aerosol)
Noise

High temperature

ICP

FTIR

GC

Organic solvent extraction
Dosimetry

WBGT

2) B4y

el a gA felAER § S50 5
AR FolA] Bho] AEH AT AEHA &S A
22 THSI BY% ARE mFo] HA e Ao
2 Bosta BAH 2L Aejstt. =%
Fo ooyt setEd U BeHAA E7|E
o 4839t MoEL, 2016).
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1% 67, 28 15174, & 407, 52 1&
2 165 574719 F3dA7t HEE A rh(Table 3).
AR ABmHHASG 57470 FolA HAEES 70.6%
(@oszhslon, EHESES 29.4%((16970) 2 LrEbsiTh
g W AR A= 22 1513 £ 9 403] &
HolA BFE HEEHSS a5F 1159 dE82
64.6%(2107), EAEES 354%(1157)E YeERY

oh e 2011 R SAEJL A 119
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| 237 AL, AT T dE2 33.3%(24)
oln, BHEEL 66.7%(47) %tk 718k E

Al 523] ZA oA 3.8%(27)2] A
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&2 Uetflen HEH|&2 Table 59 th

3. RloIRtYE L E 52 Z0H|8
HF7 2 {7 ER HE

e S ATE 2T AT f7I3EER 15
(Bthylene glycol) ¥ F7|3}gHE7 122 E2 2 Table
Sofl ERote). AEnlES SeIAA AES Bl
TA0 BN B4R G BRES A5

24
Abstotd(F)olm, Atstut 1ulg-2 100%, AHskd H71
o F2 97.5%, dFuE 9 O SFEEESE)
86.9%, Al3told(F)o] 78.6% = A HA| 12F2] F7]3t
FEF T 4300] Ak o]k HEES Bk
Al Y45 9] & == ]S o] 0.0002 mg/m'
ol Zthx]7} 0.0007 mgm'ZEA] TLV-TWA= 10mg/m’
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Table 3. Detection of hazardous factors from 2006 to 2016 in aluminum die casting process

Group of hazardous factors (No.)

Year Detection Organic Metals Metal Working Noise High Mineral dust F{?g
compounds (1) Fluids 1) temperature )
(1) (1) (1)
Det. 0 : 2 20
2006 ND 2 0 2
Subtotal 2 2 22
Det. . 10 : 17 4 31
2007 ND : 8 . 0 0 8
Subtotal : 18 . 17 4 39
Det. 0 21 2 18 4 45
2008 ND 4 4 2 0 0 10
Subtotal 4 25 4 18 4 55
Det. 2 27 0 17 4 50
2009 ND 2 8 2 0 0 12
Subtotal 4 35 2 17 4 62
Det. 0 28 : 15 4 47
2010 ND 4 1 : 0 0 5
Subtotal 4 29 : 15 4 52
Det. 0 15 : 12 4 2 31
2011 ND 8 12 . 0 0 0 20
Subtotal 8 27 . 12 4 2 51
Det. 0 15 . 12 4 2 31
2012 ND 8 9 . 0 0 0 17
Subtotal 8 24 . 12 4 2 48
Det. 0 21 . 12 4 1 37
2013 ND 8 9 . 0 0 1 17
Subtotal 8 30 : 12 4 2 54
Det. 0 18 . 14 4 0 36
2014 ND 8 21 : 0 0 2 29
Subtotal 8 39 . 14 4 2 65
Det. 0 32 . 17 4 0 53
2015 ND 4 31 . 0 0 2 35
Subtotal 4 63 . 17 4 2 88
Det. 0 14 2 0 24
2016 ND 2 12 . 0 0 1 14
Subtotal 2 26 2 1 38
Det. 2 210 2 151 40 5 405
(3.8%) (64.6%) (33.3%) (100.0%) (100.0%) (45.5%) (70.6%)
Total ND 50 115 4 0 0 6 169
(96.2%) (35.4%) (66.7%) (0.0%) (0.0%) (54.5%) (29.4%)
Total 52 325 6 151 40 11 574
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Table 4. Detection rate in organic and inorganic compounds

Hazardous factors Sgg:) [?;e 3\?;; % g\g) %
Ethylene glycol 52 2 3.8 50 96.2
Magnesium oxide 7 7 100.0 0 0.0
Iron oxide dust and fume, as Fe 40 39 97.5 1 2.5
Aluminum and compounds, as Al (Metal Dust) 122 106 86.9 16 13.1
Zinc oxide (Fume) 42 33 78.6 9 214
Silica (Crystalline quartz) 11 5 45.5 6 54.5
Nickel 7 3 429 4 57.1
Copper (Fume) 41 14 34.1 27 65.9
Manganese and inorganic compounds, as Mn 7 2 28.6 5 71.4
Titanium dioxide 7 2 28.6 5 71.4
Tin, as Sn (Metal) 7 1 14.3 6 85.7
Zirconium and compounds, as Zr 13 1 7.7 12 923
Aluminum and compounds, as Al (Fume) 32 2 6.3 30 93.7
Lead and inorganic compounds, as Pb 7 0 0.0 7 100.0
Total 395 217 54.9 178 45.1

"Det. is Detection.
"ND is no detection.

Table 5. Exposure concentration in Hazardous factors
unit : mg/m’(1 day 8hr)

TLV

Hazardous factors No." CTWA AM GM GSD Min. Max.

Noise 151 80 89.0 88.8 6.39 62.1 105.1
High temperature 40 - 26.1 26.0 1.75 23.8 28.8

Ethylene glycol 2 (CI-OO) 0.1880 0.1880 0.0028 0.1860 0.1900
Magnesium oxide 7 10 0.0003 0.0002 0.0002 0.0001 0.0007
Iron oxide dust and fume, as Fe 39 5 0.0109 0.0074 0.0093 0.0004 0.0413
Aluminum and compounds, as Al (Metal Dust) 106 10 0.8642 0.5294 0.3698 0.0009 2.0278
Zinc oxide (as fume) 33 5 0.0009 0.0004 0.0013 0.0001 0.0065
Nickel 3 1 0.0006 0.0004 0.0005 0.0001 0.0010
Copper (as fume) 14 0.1 0.0001 0.0001 0.0001 0.0001 0.0003
Manganese and inorganic compounds, as Mn 2 1 0.0010 0.0010 0.0000 0.0010 0.0010
Titanium dioxide 2 10 0.0001 0.0001 0.0000 0.0001 0.0001
Tin, as Sn (as metal) 1 2 0.0001 0.0001 : 0.0001 0.0001
Zirconium and compounds, as Zr 1 5 0.0121 0.0121 : 0.0121 0.0121
Aluminum and compounds, as Al (as fume) 2 5 0.0040 0.0029 0.0037 0.0013 0.0066

"No. is number of detected samples
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