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— Abstract —

Lung Function in Workersat Small Foundries

Se-Yeong Kim, Jung-Il Kim, Ji-Hyeon Jung, Suk-Hwan Choi, Kap-Yeol Jung

Department of Occupational & Environmental Medicine, College of Medicine, Dong-A University

Objectives: This study investigated lung function in workers exposed to dusts, fumes and noxious
gases at small foundries.

Methods: Lung function was measured in 148 male workers from 12 small foundries and 202 unex-
posed male workers. Pulmonary function tests performed included: forced vital capacity (FVC), forced
expiratory volume in one second (FEV 1), percent of FEV1/FVC (FEV 1/FVC%), maximum mid-expira-
tory flow (MMEF), peak expiratory flow (PEF), and forced expiratory flow at 25, 50, and 75% of
expired FVC (FEF25, 50, 75)

Results: Mean values of all ventilatory indices except FEF25 of foundry workers were significantly
lower than those of controls. Specifically, following stratification by smoking habits, all ventilatory
indices except FEF25 of foundry workers were significantly lower than those of controls who smoked;
however, there were no significant differences observed in any ventilatory indices between nonsmoking
exposed workers and controls. The results of multiple linear regression analysis indicated work duration
as asignificant predictor of adecreasein FVC%.

Conclusions: This research indicates that combined occupational exposure to dust, fumes, and gases
in small foundries is associated with a reduction in lung function. Smoking may also contribute to respi-
ratory abnormalities. These results suggested that foundry workers should be required to undergo period-
ic lung function tests and-in addition to not smoking, efficient use of personal protection equipment
while at work is recommended.

Key words: Lung function, Foundry workers, Smoking
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Table 1. Genera characteristics of study subject
unit: Number(%)

Character Non-foundry Foundry
(N=202)  (N=148) Pvaue

Age (years)

20~29 18(8.9) 16 (10.8) 0.179*

30~39 36 (17.8) 26 (17.6)

40~49 44 (21.8) 46 (31.1)

50~59 88 (43.6) 54 (36.5)

60< 16 (7.9) 6(4.1)
Height (cm)’ 1684+6.1  168.3+50  0.906
Weight (kg)" 675+109 675+74 0963
Smoking status

Never 66 (32.7) 36 (24.3) 0.092*

Ex-smoker 10 (5.0) 14 (9.5)

Smoker 126 (62.4) 98 (66.2)

*calculated by chi-square test, ' values expressed as mean+
S.D, *calculated by independent t-test.

Table 2. Genera characteristics of foundry workers based on job category
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unit: Number(%)

Character Furnace (N=32) Molding (N=48) After processing (N=68) p-vaue*
Age (years)
20~39 5(15.6) 15(31.3) 22 (32.4) 0.002
40~49 5(15.6) 13(27.1) 28 (41.2)
50< 22 (68.8) 20 (41.7) 18 (26.5)
Work duration (years)
<10 10 (31.3) 32 (66.7) 50 (73.5) 0.000
10< 22 (68.8) 16 (33.3) 18 (26.5)
Smoking status
Non smoker 12 (37.5) 16 (33.3) 22 (32.4) 0.876
Smoker 20 (62.5) 32 (66.7) 46 (67.6)

*calculated by Chi-square test.
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Table 3. Results of pulmonary function test by smoking habits
between foundry and non-foundry workers

Non-foundy  Foundry
(N=202)  (N=148) Pvaue
Total
FVC (L) 4.4+0.6 43+06  0.027
FEV: (L) 35+05 33+05 0.004
FEV./FVC (%) 79.6+46 775+6.6 0.001
PEF (L/sec) 91+15 87+16 0019
FEF: (L) 76+14 74+16 0.368
FEFso (L) 42+1.0 37+11 0.000
FEF (L) 1.3+05 11+05 0.001
MMEF (L/sec) 33+0.9 3.0+1.0 0.000
Smoker group
FVC (L) 45+0.7 43+05 0.005
FEV: (L) 3.6+0.6 33+05 0.001
FEVJ/FVC (%)  793+47 764+72 0.001
PEF (L/sec) 9.3+15 89+17 0037
FEFs (L) 7.7+15 75+18 0569
FEFso (L) 42+1.1 36+12  0.000
FEF (L) 1.3+05 11+05 0.000
MMEF (L/sec) 34+0.9 29+10 0.000
Non-smoker group
FVC (L) 4.2+0.6 41+06 0.859
FEV: (L) 34+05 33+05 0.820
FEV/FVC (%) 80.2+45 79.7+47 0555
PEF (L/sec) 87+14 83+12 0162
FEF: (L) 74+13 72+12 0335
FEFs (L) 4.0+0.9 39+10 0611
FEF (L) 1.3+06 1.3+05 0.835
MMEF (L/sec) 33+0.9 32+0.8 0403

FVC: forced vital capacity, FEV1: forced expiratory volumein
one second, FEV1/FVC%: percent of FEV1/FVC, PEF: peak
expiratory flow, FEFs, 50, 75: forced expiratory flow at 25, 50,
75% of expired FVC, MMEF: maximum mid-expiratory flow.
*calculated by independent t-test.
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Table 4. Results of pulmonary function test by smoking habits based on job category in foundry workers unit: Mean+ SD
Furnace (N=32) Molding (N=48) After processing (N=68) p-value*
Smoker group
FVC (L) 4.2+0.5 4.4+0.6 4.3+0.5 0.382
FEV: (L) 33+05 34+0.7 3.3+05 0.498
FEV./FVC (%) 76.1+45 75.2+9.9 77.4+58 0.305
PEFR (L/sec) 9.0+14 85+19 9.0+16 0.477
FEF (L) 79+16 71+21 77+16 0.219
FEFs (L) 36+08 3.7+15 37+11 0.952
FEFs (L) 09+04 1.1+0.6 1.1+05 0.328
MMEF (L/sec) 27+0.7 29+13 29+10 0.542
Non-smoker group

FVC (L) 39+07 4.4+0.6 4.2+0.5 0.155
FEV: (L) 3.1+06 35+05 34+05 0.123
FEV./FVC (%) 78.6+4.9 79.8+34 80.3+54 0.423
PEFR (L/sec) 84+11 84+14 82+12 0.842
FEF (L) 73+16 7.3+09 70+12 0.734
FEFs (L) 36+10 4.1+0.8 40+1.1 0.147
FEFs (L) 1.1+05 1.3+04 14+05 0.100
MMEF (L/sec) 28+09 3.3+0.6 3.3+09 0.067

FVC: forced vital capacity, FEV1: forced expiratory volume in one second, FEV 1/FV C%: percent of FEV /FVC, PEF: peak expira-
tory flow, FEF25, 50, 75: forced expiratory flow at 25, 50, 75% of expired FVC, MMEF: maximum mid-expiratory flow.
*calculated by kruscal wallistest.

Table 5. Multiple linear regression* by related variables of pulmonary function test

DV \Y; Ji SE p Adj.R®
FVC (%) Work duration -0.251 0.076 0.001 0.292
Molding 0.086 1.180 0.942
After processing -0.581 0.773 0.454
FEV1 (%) Work duration -0.152 0.085 0.076 0.217
Molding -0.766 1331 0.566
After processing -0.755 0.873 0.389

DV: dependent variable, 1V: independent variable, 3: regression coefficient, SE: standard error, FV C%: percent of forced vital capac-
ity, FEV 1%: percent of forced expiratory volume in one second.

*adjusted for smoking status.

Reference job category is furnace.

F= TR THY 21 B kA 4 At 34 = 3749 A9 dEVt SeleE SAoE MyE u
delvit g2, 24 FA v 2ol vEa &4 2t FA7E Az e g whebA i) 2Eat
A dF a7l exAolr 3 22 jioh 59 134 7F 4, ¥, formaldehyde, 7}~ ol ®sshA &3
o 7V AE He 249 frelitte 23 2312 =2H7] WEe Aoz Azdn. =3 =AUt
F= A A TS 3o STl e dat Aol SAA ool fldlE vk ¥ e o
stga, opfWle dER, EELHEE, 4% U3 MRS AR By FAE A A5 B
T A% 5% s, 2PdAME dAsR{, E5¢ Hed wEeE T8 st BRA HF Al
dis|= & ofye} opflzks =AYl Wghe o]aZ At
2 d3e 5 4% #7184 71 F=E 5 sl = @ellA dEet Aol Byd Knudsonol 9@
A wAe FellAl 24 5& Fof sk 231 8+ 52121 FVC(%)3 FEVl(/ £ FEUFRE Fate
A B m=2En. & ATl &alrAe Z=A IAEA S sl FVC(%)e 27da7t ol @ Wgol
ARol B mobx HRtHor 2§, FAE] FAEG ¥ A3L(p=0.001), FEV1(7)01]/\1E SHAFTE A
7l AF7E e A HIAT dAHow FAER o3& HATHp=0.075). °l& &a} =ZrANA 2
A7) Akl FoA Aot §et. oA LyfR F Tl wgt FVC, FEV 7 folatAl 2ag dad+



istxidetdolstsx| H 23 # H 3= 20114

o} vt AFto|th? | 1078 9] Folxell FEFS U
Aoz 3 AFolA FAHEZ FERF wEk FVC,
FEV 7} 28l 7Hastaey” . =gk 22007 9] 335
4839 BFEZE oz Hr |5y FRER Tk
H sl s W FEV1%, VC, FEV; ¥ MMEFOA =
T A 3l TR wet ghdte A3 RoRle
t 1 FdAE MMEF9 #ago] 74 =3of?. 18
U O APy 2 A7 25 T AT (crosssec-
tional study)e]7] wj&o| ZFASF] e FHEN =
259 #7155 74 #AE 3= ofdu

712 U AFelM = s dake A3 9 A
A4, AR sHE 55 81T F JAY =AY
FHEAFH(2010)°] Hushe WY o2 Fio] gl
Atk ®EH 2 A9 #H7
(ATS, American Thoracic
A B A FE(2010) oA
AsHA AT, 33 o]
o A AT} @Al Y& A
R BE A Y n5s
aE EY F UEE HUg Yoo ng AE
Ae ArA T AlsE

AT FeETd SEAL HxE ZEAE YL

2 3 THEAL Agto]7] wiiel QITBAE WSHA A
B gle Aol . ATt HeE AR

J d H2ds == 02 5 Al @

d e 2

L ooy off
I
ol
ol
rir
ol
=
<

At o Aol taiAe ole =
W Ae a2 Be 847 97 ARE B
& EE AP 5 9] mEeln, o] AN ¥
22w FEFANY wEo] Wy A4 AAge
g0lo] B 5 gomz Av} F2YARAE 5 AL

T st 21, F 7k
A

w3l & A% fellked S FREE 509
AT FETH SEAEC H7eE BrkskiT
= A 59 o1 5091 mIRke] kA

o d7ls AxEE FVC, FEV,, FEV/FVC %,
PEF, MMEF® &7] FVCe 25%, 50% 2 75%A1%4
oAlMe] Har]7|F<Q FEFY, FEFs 2 FEFsE 5%
ato] FEAY REwH HluaE H 2R 6]
2k FEAY wE o] v Hls]l FEFxE A
A 7Y el Aastah. tidAE
FAToN A FEFSE A|9)e &
SHA 7} wE:wo] vl HlE] fostAl kARt
= BE #71% AR Fod Aolrt gl
FVC%, FEVi%E TE5HUFE 053]
A Algstdle o 2Fdsr Sl wel FVC%

H

2 i

#7150 AstE FEZA 2AA F1H H7 S
HAAPE A Eojok sl A3 g3t 557 BT
o] o] HAdET},

]
K

rek

=
L

1) Oxman AD, Muir DC, Shannon HS, Stock SR, Hnizdo
E, Lange HJ. Occupational exposure and chronic
obstructive pulmonary diseases. a systemic overview of
the evidence. Am Rev Respir Dis 1993;148(1):38-48.

2) Cohen RA, Patel A, Green FH. Lung disease caused by
exposure to coal mine and silica dust. Semin Respir
Crit Care Med 2008;29(6):651-61.

3) Wilson D, Takahashi K, Pan G, Chan CC, Zhang S,
Feng Y, Hoshuyama T, Chuang KJ, Lin RT, Hwang JS.
Respiratory symptoms among residents of a heavy-
industry province in china: prevalence and risk factors.
Respir Med 2008;102(11):1536-44.

4) Takaro TK. Manufacturing Sector. In: Rosenstock
L (eds) Textbook of Clinical Occupational and
Environmental Medicine. 4th ed. Elsevier Inc. Pub.
Philadel phia. 2005. pp 239.

5) Koo JW, Kim KA, Chung CK. The effect of silica dust
on ventilatory function in foundry workers. Korean J
Occup Med 1998;10(1):94-104. (K orean)

6) Wang ML, McCabe L, Hankison JL, Shamssain MH,
Gunel E, Lapp NL, Banks DE. Longitudinal and cross-
sectional analyses of lung function in steelworkers. Am
JRespir Crit Care Med 1996;153:1907-13.

7) Lofstedt H, Westberg H, Selden Al, Rudblad S,
Bryngelsson IL, Ngo Y, Svartengren M. Nasal and ocu-
lar effects in foundry workers using the hot box
method. J Occup Environ Med 2011;53(1):43-8.



8) Lofstedt H, Westberg H, Selden Al, Lundholm C,
Svartengren M. Respiratory symptoms and lung func-
tion in foundry workers exposed to low molecular
weight isocyanates. Am JInd Med 2009;52(6):455-63.

9) Jalloul AS, Banks DE. The Health Effects of Silica
Exposure. In: Rom WN(eds) Environmental and
Occupational Medicine. 4th ed. Lippincott Williams &
Wilkins Philadel phia. 2007. pp 365-87.

10) Karava R, Hernberg S, Koskela RS. Luoma K.
Prevalence of pneumoconiosis in chronic bronchitis in
foundry workers. Scand J Work Environ Health 1976;2
supple 1:64-72.

11) Zhang M, Zheng YD, Du XY, Lu Y, Li WJ, Qi C, Wu
ZL. Silicosis in automobile foundry workers. a 29-year
cohort study. Biomed Environ Sci 2010;23(2):121-9.

12) Low I, Mitchell C. Respiratory disease in foundry
workers. Br JInd Med 1985;42(2): 101-5.

13) Cockcroft DW, Cartier A, Jones G, Tarlo SM,
Dolovich J, Hargreave FE. Asthma caused by occupa
tional exposure to a furan-based binder system. J
Allergy Clin Immunol 1980;66(6)458-63.

14) Zammit-Tabona M, Sherkin M, Kijek K, Chan H,
Chan-Yeung M. Asthma caused by diphenylmethane
diisocyanate in foundry workers. Clinical, bronchial
provocation, and immunologic studies. Am Rev Respir
Dis 1983;128(2):226-30.

15) Malo JL, Zeiss CR. Occupational hypersensitivity
pneumonitis after exposure to diphenylmethane diiso-
cyanate. Am Rev Respir Dis 1982;125(1):113-6.

16) Nemery B, Van Leemputten R, Goemaere E, Veriter C,
Brasseur L. Lung function measurements over 21 days
shiftwork in steelworkers from a strandcasting depart-
ment. Br JInd Med 1985;42(9):601-11.

17) Xu X, Christiani DC, Dockery DW, Wang L. Exposure-
response relationship between occupational exposures
and chronic respiratory illness: a community based
study. Am Rev Respir Dis 1992;146(2):413-18.

18) Gomes J, LIoyd OL, Norman NJ, Pahwa P. Dust expo-
sure and impairment of lung function at a small iron
foundry in a rapidly developing country. Occup
Environ Med 2001;58(10):656-62.

19) Lofstedt H, Westberg H, Selden Al, Lundholm C,
Svartengren M. Respiratory symptoms and lung func-
tion in foundry workers exposed to low molecular
weight isocyanates. Am JInd Med 2009;52(6):455-63.

20) Choi JK, Rhee CO, Paek DM, Choi BS, Shin YC,
Chung HK. Respiratory health of foundry workers
exposed to binding resin. Korean J Prev Med 1994;
27(2):274-85. (Korean)

21) YI IS. Report of The Census on Establishments (2009).
Statistics Korea. Dagjeon. 2010. pp 38-81. (Korean)

22) Standardization of spirometry, 1994 update. American

HME S o2 FE=3F 22X Hols

Thoracic Society. Am J Respir Crit Care Med 1995;
152(3):1107-36.

23) Occupational Safety & Health Research Institute.
Pneumoconiosis Quality Control : Pulmonary Function
Test (Translated by Kim SY). Korean Occupational
Safety Health Agency, Occupational Safety & Health
Research Institute. Incheon. 2010. pp 119-33. (Korean)

24) Knudson RJ, Slatin RC, Lebowitz MD, Burrows B.
The maximal expiratory flow-volume curve. normal
standards, variability, and effects of age. Am Rev
Respir Dis 1976;113(5):587-600.

25) Kuo HW, Chang CL, Liang WM, Chung BC.
Respiratory abnormalities among male foundry work-
ersin central Taiwan. Occup Med 1999;49(8):499-505.

26) Zuskin E, Mustajbegovic J, Schachter EN, Kern J,
Doko-Jelinic J, Godnic-Cvar J. Respiratory findings in
workers employed in the brick-manufacturing industry.
J Occup Environ Med 1998;40(9):814-20.

27) Neghab M, Choobineh A. Work-related respiratory
symptoms and ventilatory disorders among employees
of a cement industry in Shiraz, Iran. J Occup Health
2007;49(4):273-8.

28) Mwaiselage J, Bratveit M, Moen B, Mashalla Y.
Cement dust exposure and ventilatory function impair-
ment: an exposure-response study. J Occup Environ
Med 2004,46(7):658-67.

29) Hnizdo E, Vallyathan V. Chronic obstructive pul-
monary disease due to occupational exposure to silica
dust: areview of epidemiological and pathological evi-
dence. Occup Environ Med 2003;60(4):237-43.

30) Lee PN, Fry JS. Systematic review of evidence relating
FEV: decline to giving up smoking. BMC Med 2010;
8:84.

31) Tager IB, Sega MR, Speizer FE, Weiss ST. The natur-
a history of forced expiratory volumes. Effect of ciga-
rette smoking and respiratory symptoms. Am Rev
Respir Dis 1988;138(4):837-49.

32) Ross MH, Murray J. Occupational respiratory disease
in mining. Occup Med 2004;54(5):304-10.

33) Hnizdo E, Baskind E, Sluis-Cremer GK. Combined
effect of silica dust exposure and tobacco smoking on
the prevalence of respiratory impairments among gold
miners. Scand J Work Environ Health 1990;16(6):411-
22,

34) Marine WM, Gurr D, Jacobsen M. Clinically important
respiratory effects of dust exposure and smoking in
British coal miners. Am Rev Respir Dis 1988; 137(1):
106-12.

35) Myers JE, Garisch D, Myers HS, Cornell JE. A respira-
tory epidemiological survey of workersin a small
South African foundry. Am JInd Med 1987;12(1):1-9.

323



