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Characteristics of Size Distribution and Fugitive Emissions of
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ABSTRACT

Objectives: This study was performed to measure and evaluate the concentration, size distribution and fugitive emission of
particulate matter from process operations at foundries.

Methods: Particle matter was collected from three foundries, and samples were also collected from a background site for
calculating the fugitive emission concentration of the foundries. For the collection of the samples, a Nanosampler cascade
impactor was used.

Results: The concentration of TSP in the samples collected from the three foundries was 0.675~1.222 mg/m3, PM; was
0.525~1.018 mg/m3 and PM»s was 0.192~0.615 mg/m3. The mass size distribution was bimodal or monomodal with maximum
peak at two stage(size 2.5~10 um). The mass median aerodynamic diameter(MMAD) was 1.80~3.98 um. The fugitive emission
concentration of TSP varies in the range of 0.65 to 1.21 mg/m3, which exceeds the emission standard of fugitive dust(0.5 mg/m3).
Conclusions: Particle concentration and size is an important industrial hygiene factor to protect foundry workers. Furthermore, the
presence of high emission of particulate pollutants has a significant negative impact on the ambient air of the study area.
Therefore, it is important to improve both the process and prevention facility in oder to reduce particulate pollutants in foundries.

Key words: cascade impactor, foundry, fugitive dust, particulate matter, size distribution
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Table 1. General characteristics in this foundries
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Atolell HARA] Al - g AdE Aol e HI,
SY, HS 5 37} A4S diide= AAstgch
Table 101] Uekd whel Zo] 2 AYAES 6~12

=/49] IA(scrap iron)S ©]-&sto] 7G| =2

&5 E 4%, 98 5 FEANLS~S /)AL
7 aea Ao, A4 84 5 WA S A
A Z+F 7N APE] BEES S kst Sl &
3], AFAEE] qFRT}E Aol BE FAo] gAY W
oAl FAlel =L ek EZE, 7| eHE A
A7) Gall, FEA A 52 d7EAIE R §
7heo] qlew, WE PMe a7 AE Eol

r&lJ-ul‘l

o R 7| (bag filter) W A

HJ site

SY site HS site

Industrial classification

Building area 3,364 m’
Scrap iron 6 ton/day
Amount of material
Moulding sand 1.5 ton/day
Emission facility EIC and HS
Air pollutants
Prevention facility Bag filter

Manufacture of machine equipment

Steel foundry Steel foundry

496 m’ 497 m’
12 ton/day 6 ton/day
S ton/day 3 ton/day

EIC and HS EIC and HS

Bag filter, AC tower Bag filter, AC tower

*EIC : Electric induction furnace, HS : Moulding sand
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1. PM EhAigf

Table 20| LFERW bhe} o] 7t ZeEAleiake] 1
2R WA
2 ol gslo] PM WIS AT Ak HI 7.52 B/
d, SY 1520 E/4, HS 7.13 E/do2 vehgth o
S FEAQAS dIBARANA 7 3%

Ul B} AL§eETH EPA AP-42)

Table 2. Discharge amount of particulate matter

g 4Fo s Faqtuo wiEAde sk
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Table 3= HEAH(BG) E 37

SY, HS)olA A{F" PMo] gt

TSP/PMi¢/PM,.s/PM1/PMo.s/PMo.1

b,

==
[¢)

. .
Emission factor

Dust emissions(kg/day)

Process (kg/ton) HJ site SY site HS site
Melting(Electric induction) 0.05 0.30 0.60 0.30
Sand grinding/handling 0.27 0.41 1.35 0.81
Core ovens 1.11 6.66 13.32 6.66
Pouring and casting 1.40 8.40 16.80 8.40
Casting cleaning 0.85 5.10 10.20 5.10
Casting cooling 0.70 4.20 8.40 4.20

Sum 25.07 50.67 25.47
Working days per year 300 days 300 days 280 days
Annual dust emissions 7.52 ton/yr 15.20 ton/yr 7.13 ton/yr

‘US EPA AP-42

Table 3. PM concentration for local background area(BG) and three foundries

Size fraction(mg/ m’)

Location
1(> 10 ym) 2(2.5~10 pm) 3(1.0~2.5 pm) 4(0.5~1.0 pm) 5(0.1~0.5 pm)  back-up(< 0.1 pm)
BG 0.003 0.007 0.003 0.005 0.004 0.001
HJ 0.204 0.403 0.156 0.124 0.247 0.089
SY 0.150 0.333 0.071 0.062 0.046 0.012
HS 0.242 0.517 0.208 0.112 0.104 0.046
PM concentration(mg/ms)
TSP PMi, PM, s PM, PMo s PMy.1 Coarse
BG 0.023 0.020 0.012 0.009 0.004 0.001 0.014
HJ 1.222 1.018 0.615 0.460 0.336 0.089 0.763
SY 0.675 0.525 0.192 0.121 0.058 0.012 0.554
HS 1.230 0.988 0.471 0.262 0.150 0.046 0.967
Ratio(-)
PM,o/TSP PM.s/TSP PM,/TSP PM,.s/TSP PM,.1/TSP Coarse/TSP
BG 0.86 0.54 0.40 0.19 0.03 0.60
HJ 0.83 0.50 0.38 0.27 0.07 0.62
SY 0.78 0.28 0.18 0.09 0.02 0.82
HS 0.80 0.38 0.21 0.12 0.04 0.79
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Figure 1. Characteristics of mass size distributions of particulate matter in local background area(BG) and three foundries
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Figure 2. Emission concentrations of fugitive dust in three
foundries

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 30-37

dxte=d dEx A H|MHE

Am

o 35

FIH

HS 0.15 mg/m’ 12|31 PM,,2] %% HJ 0.09 mg/m’,
SY 0.01 mg/m’, HS 0.05 mg/m’ S8 7}7} Upepytet.

v.n &

2 FEANEES PM ST V08 S
of agstn, YAH PM FE= ﬁ‘i}’ﬁ,ﬁi 47
2.5~10 ym G4 7P =9k on, Hits = TSP
1.042 mg/m’, PM,p 0.844 mg/m’, PMys 0.426 mg/m’,
PM,; 0.281 mg/m’, PMys 0.181 mg/m’, PMy; 0.049
mg/m’ 5O & UElith TSP ¥= 5 4744 7|9
L gFHOoZ PM), 0.80, PMys 0.39, PM; 0.26,
PMos 0.16, PMy; 0.04% Uelton, E3]|, 94 1 1
m oozt AKcoarse) P o] 0.76 0% Hl*ﬂ%l
AH(fine=PM,) F R} o =A Yepsth §hH, F
AFQAe] PMEE4a2 TSPS ¢ Phee et al
(1997) 2.94 mg/m’ % Liu et al.(2010) 1.64 mg/m’ 1
2ly EEARZA AL Park et al(2003) 1213
mg/m’ 9 Andersson et al.(2009) 0.58 mg/m’ SO &
HuEa 9ot
YA B2 2A9BG)Y H$-
7] & YAFEZL S BEEEA] olikyg

UFERSE © o (Whitby, 1978), MMAD} o, 3+
A 7] A=t AekA] e A fARRE A
H Y rk(Lee et al., 2003; Park et al., 2015). FEA}
O g o4y E= PAPOoR ARIPER o
Folstg o, %’%ﬂoi 2 A2 FHollA 2
& peaks UERHAL Sl D}. stH, FEFE] 4
2HYA; FYolA F FE peakE UrEHHUW
8, 23, AN A= l&%‘ 1ol mhe
Qo= GAY BE2E stk
et al., 1997) Tl S8R
0.4 ym ¥ 5 pm FL 5o A 7474 peak =
3 TiA 54& Holm, + 5 BAVHE
(abrasive blasting)A] =] ?J,Z]- oo gl &
(melt) X F==FY(pour) ZHFolA UF x3
gk nAgRF G MY ETt 22 Ao Hily
1 th(Douglas et al., 2008). 54 PM2 4713
oAl mAYA} e gk, dAnp T E2A At
oA 2P =2 HAE= EAAE HolBE
(Willeke & Whitby, 1975), FEH=9 2 48§, F

o
o oflt

flo

Mr 2
oﬂ.’. = K e

y

oo 4o off P>m£mIOIalFﬂi£

http://www.kiha.kr/



pAl

36 uEs - o - 2EY

o

& oA YA Hael §9, £Ae Sl
2 ko] Wy B4 1

O
© A ZAo] A 9] £°1<>b_ EE_ Z1ojo] %%_1 2
Qg ZWEE B4 PMY WA} YT
E4e BE fAR Ao FREc a2

HAbH A o] it WiE e YAFEE TSP 1.02
mg/m’, PM;p 0.82 mg/m’, PM,s 0.41 mg/m’, PM,
0.27 mg/m’, PMys 0.18 mg/m’ 123 PM,, 0.05
mg/m’ o8 77 Yt £3], TSP 529 4

9 BE AIFelH BlAAe] EGEEOS
mgin') & ZHs RO etk w3, g7l
ATHAGYY D2UANE AT+ gk 4 o

Z9%)(Cp) 2] FEE 0.15 mgm’'2 7}YsH=d), o]
A835k HQox= H 0.89 mg/m o7 7| %3t
= A2 et ARl A Bl EE = PM
HA ol & & 7 dom, FEAITEA 9
l"“‘ 71d ZARALE Ol A PMye 121~146 llg/m3
25 59~87 pg/m’ o8 ZEFAo R 9y 2l
oﬂ L P EE E R S
= B 317} QJtk(Sathe et al., 2015).

B2orowE AN rle _OL
o
23

l‘ﬁ_»urﬂ

_YLJR

v.d B
2 AL FaFRe ) FEAATS B
o= cet YUEE AHESo] PM = W ulAkw A
o warEg UFY SYoR soky A, b
e Age 9o

1) gAY HAsT TSP 1.042 mg/m’, PM
0.844 mg/m, PM,s 0.426 mg/m’, PM, 0.281 mg/m’,
PMos 0.181 mg/m’, PMy; 0.049 mg/m’ S o2 U}e}
Ytk E9), 473 1 im 7|&22 Xt YA H(coarse) F
o] 0.76 2.2 uAYAt FHHETE =4 YEbEth

2) YHEE B2 o4ty Ee YA B2 5
AFAE thk ApolE Helou, FEAOR vA¢d
2 @At 2Rt G4 B & 5% peak7}
Uelydtth =3 MMADS 1.80~3.98 pm, 0, ZFe
4.96~6.98% G2 W9l YJAHE 5A0] e

3) vlibEZ]e] HiEsEE YHEE TSP 1.02

http://iwww.kiha.kr

mg/m’, PMj 0.82 mg/m’, PMys 0.41 mg/m’, PM; 0.27
mg/m’, PMys 0.18 mg/m’, PMy; 0.05 mg/m’ SO &
UEbstth 53], TSP 7|E0 2 BE AFGAollA] vl4t
A2 9] 585205 mgm’)E st

ghd, H A ATo A= PMof| o3t AH Al &
224} 2ol tisl AFA Fou, AT FEAETHA
T xZ3E W2 Yujo] AQEASHAA TEAE
o AZT S deti FE mAHA FEAAY
o] PM Ao} BlAblE A3 T2 St S
ol wheets nhedsty] 9%t 7xAae &8 &
Us Aol

References

Scholz RC, Slavin TJ. Control of silica exposure in
foundries. American Foundry Society; 2007. p. 1-3

American Conference of Governmental Industrial
Hygienists(ACGIH). 2007 TLVs and BEIs based on
the documentation of the threshold limit values for
chemical substances and physical agents and
biological exposure indices. Cincinnati, ACGIH,
2007

Andersson L, Bryngelsson IL, Ohlson CG, Naystrom P,
Lilja BG et al.. Quartz and Dust Exposure in Swedish
Iron Foundries, Journal of Occupational and
Environmental Hygiene. 2009;6:9-18

Bae HJ, Nam MR, Lee SM, Jung YJ, Shon BH et al.
Exposure Assessments of Chemical Risk Factors to
Airborne Contaminants in Foundry Process. Journal
of Environmental Science International 2015;24(5):
699-708

Delfino RJ, Sioutas C, Malik S. Potential Role of Ultrafine
particles in Associations between Airborne Particle
Mass and Cardiovascular Health, Environ Health
Perspect 2005;113(8):934-946

Donaldson K, Li XY, MacNee W. Ultrafine(nanometer)
particle mediated lung injury. J Aerosol Sci 1998;
29(5/6):553-560

Douglas EE, William AH, Thomas JS, Thomas MP.
Ultrafine and Respirable Particles in an Automotive

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 30-37



Grey Iron Foundry. Ann Occup Hyg 2008;52(1):9-21

Eryu K, Seto T, Mizukami Y, Nagura M, Furuuchi M et al.
Design of inertial filter for classification of PMy;.
Earozory Kenkyu 2009;24:24-29

Furuuchi M, Eryu K, Nagura M, Hata M, Kato T et al.
Development and performance evaluation of air
sampler with inertial filter for Nanoparticle sampling.
Aerosol and Air Quality Research 2010;10:185-192

Kim TH, Ha HC, Jeong CH, Seo JY, Piao CX et al. The
Status of Maintenance of Exhaust Fans and Bag filters
in Melting Processes in a foundry industrial complex.
J Korean Soc Occup Environ Hyg 2007;17(3):
212-223

Korea Occupation Safety & Health Agency(KOSHA),
Study of Reformation about Working condition
Foundry Postprocess, Report, 2000-69-318; 2000. p.1

Lee KH, Yang HJ, Hu CG. Size distribution of ambient
aerosol measured at a coastal site in Jeju island,
Journal of the Environmental Sciences 2003;12(10):
1043-1054

Liu HH, Yang HH, Chou CD, Lin MH, Chen HK. Risk
assessment of gaseous/particulate phase PAH
exposure in foundry industry. Journal of Hazardous
Materials 2010;181:105-111

Ministry of Environment(MoE). PRTR report of chemical
substance emissions. 2015. p.26

Ministry of Environment(MoE). Standard methods for the
Measurements of air pollution. ES01302. 2016

O'Shaughnessy PT, Raabe OG. A Comparison of Cascade
Impactor Data Reduction Methods. Aerosol Sci
Technol 2003;37:187-200

Otani Y, Eryu K, Furuuchi M, Tajima N, Tekasakul P.
Inertial classification of Nanoparticles with fibrous

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(1): 30-37

u0

FEAlEel ARAEN AYRE U bl Ay

(i)

Am

o 37

AL
e

filters. Aerosol and Air Quality Research 2007;7:
343-352

Park JH, Jang MJ, Kim HG. Mass Size Distribution of
Atmospheric Aerosol Particles with Nanosampler
Cascade Impactor in Jinju City. Journal of
Environmental Science International 2015:24(5):
679-687

Park YS, Roh YM, Kim HW, Han JG, Ahn YS et al. A
Study of Respirable Dust Concentrations and Quartz
Contents in Foundry. J Korean Soc Occup Environ
Hyg 2003;13(1):90-97

Phee YG, Roh YM, Lee KM, Kim HA, Kim YW et al.
Analysis of Quartz Content and Particle Size
Distribution of Airborne Dust from Selected Foundry
Operations. J Korean Soc Occup Environ Hyg
1997;7(2):196-208

Sathe AJ, Desai VGM, Chate VR, Hosamani S. Air
Pollution Monitoring & Control at Foundry Clusters
in Belgaum-A Case Study. Civil and Environmental
Research 2015:7(5):63-69

Suh JM, Bin W, Jang SH, Park JH, Choi KC. Characteristics
of Size-segregated Mass Concentrations of Indoor
Aerosol Particles in University Buildings. J Korean
Soc Occup Environ Hyg 2014;24(4):453-461

US  Environmental Protection Agency(US EPA).
Compilation of Air Pollutant Emission Factors.
AP-42 5" ed. 1995

Whitby KT. The physical characteristics of sulfur aerosols.
Atmos Environ 1978;12:135-159

Willeke K, Whitby KT. Atmospheric Aerosols: Size
Distribution Interpretation. J Air Poll Cont Assoc
1975;25:529-534

http://www.kiha.kr/



