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Respiratory Health of Foundry Workers Exposed to Binding Resin

Jung Keun Choi', Chang Ok Rhee’, Do Myung Paek!, Byung Soon Choi?,
Yong Chul Shin?, Ho Keun Chung?

Department of Preventitve Medicine, School of Publie Health, Seoul National University!
Industrial Health Research Institute?

The effects of resin on the respiratory health have been investigated in 309 workers
from four iron and steel foundries and the results compared with those from 122
workers who were not significantly exposed to resin gas and silica dust at the same
industries. Phenol-formaldehyde resin was used in the core making and molding
processes and workers were exposed to their decomposition products as well as to silica
dust containing particulates. The subjects were grouped according to formaldehyde, dust
and other gas exposures, and smoking habits were considered also in thé analysis.
Standardized respiratory symptom questionnaire was administered by trained
interviewers. Chest radiograph, pulmonary funtion tests, and methacholine challenge
tests were done. Environmental measurements at the breathing zone were carried out to
determine levels of formaldehyde, respiable dust and total dust. A

Foundry workers had a higher prevalence of symptoms of chronic bronchitis with
chronic phlegm and chronic cough when exposed to dust. Exposure to gas was
significantly associated with lowered FEV: and obstructive pulmonary function changes.
Exposure to formaldehyde and phenol gas was associated with wheezing symptom
among workers, but FEV: changes after methacholine challenge were not significantly
different among different exposure groups. When asthma was defined as the presence of
bronchial hyperreactivity with more than 20% decrease in FEV: after methacholine
challenge, 17 workers out of 222 tested had asthma. Fewer asthmatic workers were
found among groups exposed to formaldehyde, gas and dust, which indicates a healthy
worker effects in a cross-sectional study. The concentration of formaldehyde gas ranged
from 024 to 043 ppm among studied foundries. The authors conclude that
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formaldehyde and phenol gas from combusted resin is probably the cause of asthmatic
symptoms and also a selection force of those with' higher bronchial reactivity away from

€Xposures.

Key words: phenol-formaldehyde resin, foundry, asthma, airway obstruction

oNoE

o
rd

clokdt 27 falelAlel H2EE FEF
ZASAANE A=7HA Zd@AE Ajte] o
A 4 9len, 2 F 5§72 Agto] Aot
AR SR 9% A, FF &
(fume) Soll 213 H&, A =& A 7| BAY,
et 3545 35, HAETA A 5o FEF
A ZEAEAA TS A2 BuHT Y
t} (Andjetkovich -5, 1992; Johnson 5, 1985;
Low =, 1985; Tossavainen, 1976). 3] FEA}el
E3eE resinS TF7] A3} LAY FF 8
Q F9 2, FEAF 7Fd Ao resin o] EFHA
A Felskae FUA A1RAG, 24, 9
o 59 3§ AFE 7= AR 4
=] 32 )l (Holmstrom 3} Wilhelmsson, 1988 ; Wil-
helmsson 3} Holmstrom, 1992 ; Becher -, 1989).

FEZAANA resinS Zf o) HEE £ ¥
ZalAlo) 799 YE fARED T, A
S 3 Fole dase] FY7 FE| A E
2= =2 317 A5t AHERr) resin ol 4] A
e a7l ES 2 ES FYsp] At 29 S
A zsle FAH A F2 BAPIE= AR, £
9] Z FES AFsl= FAHA 239 9
g AlAtshe 73 Aol A resin &2 313 A e
g FEAE 71E3t] Sxke) 23§ A AEkA
v, 23 288 Fzke FE2FA SAA A
2t F8ol =AE AES FYE o LAY}

o]# &t #il7}~ % formaldehyde 2} phenol &
ANEe] Heg AFs A JBETS oA
= AR AFA 7hzelrt o]l Fel F2 Al

)

Lol 93 7 BA] 5 2 st HAF FY
A HAg o 357 ARS FEdiAy o5
A7 4 o)t} (Bernstein 5, 1984). Yutd 2 2 for.
maldehyde ¢} phenol'—,?_— T} At ol 4] 2] ’% '3‘%
7] BEel b AFEFAH PR FF o 7]
7 olst 2 2E A AF7} HA der 1
A w50 AV Al F2E A aerosol
e zhe glAlR ko 2 EA) sl Aol 3
5 71BAE A A ER7MA] =dEte] H A,
Hg, FA 7B 59 TF7) RS do
4 F JdE AR 4 Ut (Karava 5,
1976; Hendrick 3+ Lane, 1977). ©]21%} formal;
dehyde of} th3} AT F2 7F-FA A B2l
I A Tz Gzt 3F7] A A4
o & o] Fo{Fic}. L
FEZTAAME 3 AgAe] A E Al
o} glo] Al % F% Foll F2H1, o] 9 A
23 3o W& formaldehyde 52| 7}2e %
FAl 23 o FEFFAA B 4
£ A B 7tE Fte]l FE FAE
gout, A REe] resino] A7 FEALE A3
= A] formaldehyde 2} phenol o) Z2 wy FAE
o] FEFA A LAz AA e I Al B
37} 53 ¢l e} (Bresson F, 1978; Cockeroft 5,
1980). A o) Eof gt Biafgo WA=
AAFH 357 Aoldl Az Azl ofF o)
FojA 3 Q1A ¢t & ATl 317 4%
fral 7tz FA] F2E = FETAY PR 4
oA £F7] A dovle= fAsdEHd F4A
Y& motsle] o) g FEIH ZEAES
3%7) A% e & 71E3k32 3Hsdch 53] Res
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fﬁ*}%}ﬂ_ 93k 19927 39 3E 1993
Q7px) 24, HE ,;% b AR 4R F
T 2RAEE dAes 2Asds & <
FoAE FEA ofe] ¥4 F wTA e
3 290 ZREE Z2}, 23, £38, YA
o} 2. 9] AbF-A, 7}"]_“]"/('1 23 Ex) e A
2rae 2eAsel TPHdth & 224 &
= ea2olgiont, COr 28 HA 22}, F3t
A AR e} & AAlsle] Ada) 219 S wpat
st olAaze] e T2A, A7l st
7t ag 7'i°i Bk e 3704 olale) Al AY
Jix} 2 2] 95 81 E7.1%)) HF 2T
= QA=

ZA 432 F2 ey s Es
FARE QAL gl om, 2 Al 1 9l
Ak 7)) FFol} AEA AR E P4t 9
sith. A} Abgl% 33& Zalle] phenol-formal-
dehyde resin®he 4L FEALE A}431T 9o
v, & "}‘ﬂ’gﬂl/ﬂ—‘r} phenol-formaldehyde resin

o) g4} o]ole] CO» 23 AL BEA o2 o]
Folxl 9\13111]-
2 O Hid

FEFAE A4l Aol g lgshed
2Adge A o] g FAl F2
th. AR FAAAE faagle] FHE
Zzgy glenzg Taxc e molsly fifs
gl @& ZE @S EFdl7] ¢l formal-
dehyde 9} ¥2& A8t 7% formal-
dehyde & NIOSH (National Institute for Occu-

pational Safety and. Health) 34 A &® ‘Method
35002 o] &3l FAsIH L F A EFE 29
Aett 3715 854 213 & 412 NIOSH
FAA Y ‘Method 0600°, ‘Method 0500 o]
S3lo] FAlol SRS, AESFE 27 2070
<} 17780} e}

Frafl8]le i FEFH JNH R TEE
2 R v FEFS THI] A5k 2FA
i =) 2] e, 3 2R 29EH, o

I A g3 A S aietez B
QAT HAAR AFA 4N A S oZ FA
H 3F7] Falolel et FE ARE 2o
ME2E PRED s, o] Aok oAl A7A
ZyAtel| Al 3 %3] o)7d-& 24 8h= Delphi W
< A&k

22AEe 37 4 £2F Yokl 913
o] BMRC (British Medical Research Council,
1960, 1965)2} TUAT (International Union Against
Tuberculosis)2] *é%(Bumey = 1987)L ulEl o
B 5F7) 34 AEAE AAsted A4 W
Hezg AF At W8 713, 7k, &
2 AH, 7k 99d 52 257 49 387
Agte] AY, AP Fo] TFEUH AEA
ZALe} A oAt 2 A& A d et )

#H7]% ZAH= ATS(American Thoracic So-
ciety, 1979, 1987, 1991)ell A A 3}= wlel o}
2 A &g HA HARE 33 o)A HEE A4
st} AL A1) ") Al Fol o715 HAV
25 AXsidnh AAke #H71% Ak B

18 AslaL Al S BAE ol A A

nE

2 2% A e Aol A Aldskact AAA

3% o] 4 Fofulxl EahedAt ol 4t gl
271249 AaR AF 5 A olate] 9l
£ ASE BHIA Asteict 52 FAL

Syl w715 HAb)el F2 AM4-E = Bal-
dwin 5-(1948)2] s &} F2] we} o &3] o
u] A o &e} A E (% predicted FVC)E A
Absled ew, Berglund - (1960)2) 128 FA] el
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oz} o= g 123 HJANE(% predicted
FEV)E AAstgct AHES ZHablzle d&
Chest A1¢] Microspiro HI-298 3 ¥ 2 Fukuda A}
2] Spiroshift 500-& A}-4-3}3i ).

Fol2s A4S BAF Lotnr] $Astel
712 LA Aj 83kl o} (Ivangelo 5, 1984
; McNutt &, 1991 ; Palmeiro %, 1992). £ &)
Ab Hadel] 2R TRAME Foll frall 7kl
25 F L z23, 94, LA 1 9 F
2H R e AFA s, 2YTA e 223
2227& AR ZAAkskct AAbe AA Ay
F5 ARgsle] 71 27AE A& F-oll methac-
holine & o) &3le] 7| fA FEATE ZASHA
o} A Ao AAHo] YA A T &
F7] Z24] 9l ASE 125mg/ml 5] Dos-
imeter Nebulzer (Devilbis, S and M instrument
company)s AH&$-ste] 59 FUF 90&, 180%,
589 w75 Algstdct. o] W Ay
A7t 23 ol 52 AAsA Al 4
o3 7HAbx)2} v w3}e] methacholine 7o 3
FEVi (Forced Expiratory Volume in 1 sec)?} 20
% o] Wzt FA5a W gl Ate
2.5, 6.25, 12.5, 25mg/mlE A2 FYstn
AAsledch 715 HAleh SHE 557 o4
°] & 7&‘T°ﬂl: 55 25mg/ml & TUF
W o2 F47 Foll FAlslsict. o] W 713
7 ALAE 20 % oA} FEVio] Z}A43le] A& AF
o Aol sl A1, 13, 8, A 99
T 52 3F7 $Ae] et sAaEE AF
HA] o 72 Atale ).

FEA 2w B4 3 2EAPT Aq=7HA
FA28le] 3% F27 gone 493 %%H
253 §0) Y43 1A 2 A%

n)AE dge deladt FHALAE A sgs}

ZAAF AFdAFe) formaldehyde F 2452
Zzu oA HF 024+0.10ppm 22 3] 87]
2z (ACGIH TLV; 0.3ppm) °olstdot, 24
A 2 FAR71 043 £034ppm 2.2 S S5
238l gl on, theo g 23R A7) 0.26
+0.16ppm & vehfi el 384 £A FESE
& ZAEA] 1,18 £ 0.30 mg/ m3, 23 F-4] 0.6] +
0.34mg/m3, YAFA 0.51 +0.23mg/m3, 24}
9} Aol el R4 034 +0.17mg/ m*o =2, F
A7) e R R} 3EA FAle] B e
2 et 371F & #AsEe A4
A 1.16 +£0.37mg/m3, 235 243 +1.25mg/
m3, YAIRA 7.10 £3.54mg/m3, Fx=FA
2.90 £ 0.31 mg/m3 2, VA ¥-A7} & B4 EA
Z25 1 9%t

B PAR , &3, 9A, A9
A2 resin o] £3H FEAMAA EA S 7t
o} B2, F4 L8] A= Th2el 7]}
X EZzFy EgFoz BE3qr) 3 ol
HFsA A TFEFA e} AMFEA SRS
wEzFo 2 BEslgc) 1 A3} 309go] F=
Fog 1229e] v|ZEF o RiFsc} F2
To 2% Ao Z2= 3 gl dF 223
E2 1 9eE 2 faltdE FEEL
£ v}, o] & thA| FE3Fe] FAHEA 9} 7Eo] phe-
nol-formaldehyde resine] E&H FEAHE 200~
400Cc 7}g9A] HA3H= formaldehyde 2} phenol
Zo AA F2FE 224 18295 formal-
dehyde F2F o2 EFsiach 1 ¢ 3oy
A4, Fz, LA} 2] 1400TC RES T4
Foza B3l 7kl 45 ST o By
e 7 Boll ZFREE 224 23298 Tk F
2Foz EF3t4ct o] 5 1057 A
formaldehyde 273} 7}AZ2F o2 ZEE

o

%‘Z}', }_'33
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o] #5853},
dd FAoE UG 5F7)el9) JFL olu

7] $15ke] B7] FadRbe WAl FAAE Bol F

AFo 2 M FATH TEale] EFatect

=
Atz =3

2 X20f 12 A3 thatze

2AH A 22AEY 37 A% )
A 4044, =p7} 4742 A Z2AL) o
ol 74 @sten, 25717k @A 754, o
A7t 64rdolgich 2 F2EE B Q7R
o] odubz] A& Table 1 ol A 2)3}ict.

TRAIZS FoF 53~66 A1 7F02 By Eg
204 AAole gAeh fralLdel F2HE ¥
A F FAFA A B8 Rl AR o4 &
2A7E kot F2gqle) mhE o), A%, 2
717, FAE, FAg Fo7 Aol& gl

Al

Ol

Tl A A9 (wheezing)o], A Z 2T = 35
3% (dyspnea)o], 7tAZ 27 e b B
3k (chest tightness) ZAko] n|ZE g 73} v]ws}o]
53] =7 Jebsch(Table 2). 2 9ol WA 713
s ubA vlllE T2E T gE T 5o v E
Z T viste] EA4) veht gl

3 Fe] A FATNA A sl 9
A 718e] MFAT vlste] A vehdtx gl
o] Az|ql =vkA 7B PG FAE HoiFz
Ak 28v EEFEE vk deEe F49
wE zjo] 5 Holx| 9k gt

4. H7|s ¥ 7| 2K RUHAL

Table 304 o] H &3] diy] A
HEgF% £ T2 v E2F L5 100% 2 4
o} A Wl F3haL glont, FA 22Ate] A

- formaldehyde, #3], 7}IAZ 2 78 v Z 2 7

3587|584 N
Hlsle] x4 Aol zHas]e] g} 53
ZgPde A EghS o, formaldehyde 22 slaZopel o= ou] R4 A %
Table 1. Genenal charecteristics of study subjects
Formaldehyde* Dust™ Gas™ No-exposure
Male  Female Male  Female Male  Female Male Female
Number 102 80 192 117 143 89 93 29
Age (year) 38.8 46.7 41.2 47.3 40.5 47.1 39.6 50.9
(10.0) (6.3) (10.6) (6.3) (10.3) (6.8) (11.2)  (10.5
Height (cm) 166.5 153.9 166.2 1534 166.5 153.6 1669 ~ 1554
(6.3) (4.8) (6.2) (5.0) (62 4.9) (57 (749
No smokers (N) 22 77 36 133" 26 85 20 25
Smokers (N) 80 1 156 2 117 2 72 4
Smoking amount 10.2 0.0 12.5 0.3 12.4 0.4 12.4 1.0
(park-year) (10.1) ©.2) (12.0) (3.3) )] (3.8) (12.6) ( 3.9
Tenure(year) 8.3 6.1 7.6 6.5 8.1 6.0 7.4 5.9
(7.0 4.1) ( 6.6) (4.6) (72 4.3) (7.2 (42)
( ):sD

* workers exposed to gas from heating resin-coated sand around 200~400C

** workers exposed to dust

*** workers exposed to gas from melting and pouring melted iron of around 1400°C
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Table 2. Clinical symptoms by exposure and smoker group (unit: %)
Formaldehyde Dust Gas No-exposure  No-smokers Smokers
Chronic cough 12.2 11.4 11.3 9.1 83 12.9
Chronic phlegm 22.7 22.5 22.2 159 15.5 - 251
Hemoptysis 1.7 2.0 1.3 34 2.1 2.6
Dyspnea 28.2 30.0 21.7 16.4 335 30.3
Wheeze 10.5 8.1 8.3 6.7 4.7 10.3
Chest tightness 13.3 15.8 16.2 ) 8.2 13.2 15.1
Table 3. Lung function test results by exposure and smoker group (Mean + S.D.)
Formaldehyde Dust Gas No-exposure ‘ No-smokers Smokers
FVC* (% pred.)
Male 102.4 + 18.1 1023+ 188 1019194 1053+£19.2 999 +194 104.2 £ 18.9
Female 101.0+17.3 .102.5+17.2 100.6 £16.8 100.1 + 24.1 101.9 +18.5 106.3 £ 274
FEV* (% pred.)
Male 90.3 £ 15.6 918 +16.4 899 +15.5 94.3 £ 18.2 90.8 +18.8 932 +16.6
Female 92.5+ 14.2 942+ 146 92.7+142 94.3+20.3 939 +15.8 104.3 £ 16.6
Decrease in FEV) with methacholine challenge (%)
Male 7.7 +10.3 8.1 +103 80+ 9.6 79 +£10.4 62+152 8.5+ 8.8
Female 7.7+£10.3 7.5+10.7 7.4 £10.1 7.5+ 7.0 7.6 +£10.6 7.0-+

FVC* : Forced vital capacity
FEVI™: Forced expiratory volume in | second

vl E 27T} 34% 7} 4] 9ot vbd o
A 22 Sl Z2EH u|E27 7 2
ztolE Holal glAl gkt

T A& ) 1 2% % = FEFH | ER
T EFA 100% o] & wAa glovt, F2F
v E27E v W3S W= =Y A gekd
e s Rolx sl $d TEAE FE
ToA v FRTER} | 2k %7 FHaEe] 9le
o, B3] 7}AEZ 0] A9 4.4% 9] 2}o]E Bo|
I olgict vk oA TEAE-L A7) slde)

Methacholine 5o F2] 7 A}x]2} saline § <
T2 HAAE vlazste] W3 1 23S AT
o S22 B B2 vl F2T Th

Z Aole ot FAd M= X F2T0)
Aol A& formaldehyde F &0 v] E 273 H]
wste] vpi & 1 2] A2 2l

Fdo @& #7715 A4 A dAME F
dire] ¥IFATETG ol &) v ¥ A A
% o} dl &= oinl 1 23 %71 25 ok 28
1} methacholine 5o F | 282 7ZtAE YA &
22} 2 FATNME 85% 2 v FATY 6.2%
o v]ale] o] & ZF4E Ho|a AUt

5 XMAle| g
A =A BAFAF S methacholine 7} =) §2
=2

ZAAE FAN R 222760 A Agsld e, olF
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172 (7.7%)0] saline 5o X2} 8] 23}o] methac-
holine & %¢33}91S ul] 20% o} 1 ke 1A
£ Holo] AEA MY 22 7|A, 7, A,
=3, 7t 49 5o 2§57 A4S 543
AAlo 2 AgkE|odet, 2} v F 2T B3]
RE Z2 e HAe fHgo] BT ygith
w3 FARP A vl FARE) Ao f &)
9k} (Table 4).

6 5% Z25= R3200 5 HIls % A4
Z 0] 0jx|= 29!

2 AT et 557 4B Lo
£ 4ALQd F2ET QE FEFY 22AE
& A falrks 5 39 el 5
Aol E2H T e & F87 BHAAE 7]
Soll e vlAE AR B v, 4, Al

A, F499 5 MU 808 2T T F
7133 AE foishe A9A Fal sl v
A= dS shefstdet mat Al AbdAE S
Azo] 9l TEAEE 8308 goli ] $15}e]
Al 23ttt

BAE 7% AR A 28 A
53] AgA fa aalst dde] glovt 1%
& YA 24 olddx fralzbiel F2A] &

23HA ZtasheE Ao g vehgr) 53 1289
S FA& 37 ANeAQ 841 o)l E #
s 7txe] Z2E = A FFashd, 2R Yol
AFE Fofsi Aaste ez dehd, 58
TR TEAEAAAN Fel7tiel e FEE F2
1238k0) ZtAsle] | 28] Zashe 713x I
AL et o2 Boyxlc} (Table 5).

9 7)Ao A A g Fo

Table 4. Prevalence of asthma by exposure and smoker group (No (%))
Formaldehyde Dust Gas No-exposure No-smokers Smokers
Number 142 198 25 111 111
Normal 132 184 170 22 101 104
(93.0) 92.9) 93.9) (88.0) 91.0) (93.7)
Asthma 10 14 3 10 7
(7.0 (7.1 (6.1) (12.0) (9.0 (63)

Table 5. Muiltiple linear regression analysis of lung function test results

Personal facters

Work factors

FvC* » height™*, age™, sex’ none

FEvVi™ height™, age™, sex™, lung disease™ gas™*

FEV1 %** height™*, age™, sex™, lung disease™, tenure™, gas*
smoking amount™*

NFEV: %*** lung disease®, age* none

*p<0o1)  =(p<0.05) *(p<0.001)

*: Forced vital capacity
**: Forced expiratory volume in 1 sec
**: Percent predicted FEV:

=**: (FEV (after saline) — FEV1 (after methacholine)) / FEVI (after saline)
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A1} u|isted methacholine §FojA] At o &
st | 23E e o] et e 8
Arche #Ho) glow, #A8l FEFTHe A
AH 557 A7Fsl e g Aol ¢
At

Jab FAF Foll AR FAQ A 7}
el A 71 AL FAS ol Aol A= A
o2 FA=FgeH, Agdaglegs A2}
o] gladch ghst AAle) Fakal AL fro
g AFE Hols AMdH 852 gl 2y
8 22 & formaldehyde 27} adste] gl
Aoz Pt o 9o 3 FAE AWt
8l Ao, ks deEt AR 2gigA
89l F B4 E29} 593 AFAE bl
t} (Table 6).

b &t

FEIA TRAEANAMNE FEA Z23E
Fre| At Al o3t A Fe] FE Ao ol
Arojg] o} Al F¥ato] ofuie} ofE $F7]) A
g fd el o8 Hr)s Folr) AT

UeE o] AFelA AAIF ot 2 e =
225 FAoR UAR 4 FA7} A2 AN
o] 9lo] sl 8l Eo] oA Asle 28
AolAE Z2dch B 24} iAol 44 F

EZALE A, F, 7k, 53] FEA e 4= res-

in9] A 7ol A A ol g thE A
2AEE FHsiAl F25 3 9lsdc) phenol-
formaldehyde resin-& FE-374 el A 714 Bol A}
4 E resin o2 R FAL 2~4%F 4o A}
£3}31 9lr}. formaldehyde ¢} phenol-2 H-w)
L H(FAR 2 30:94) = E§ste] HEc) g}
A FEALE 200~400C 2 7Fdske] Toid vt
Z3e oF 1400C 9] HEE Fol A3 A=
7% F 2 formaldehyde ¢} phenol, U4F3}EbA
AbsterA, oheFE5gtE, ammonia 59
Feh7trt wASE AR RaEx gld
(NIOSH, 1985; Schoenberg 5-, 1975).

Resin 8] ed4A]of WA= F8 7V~ Z for-
maldehyde ¢} phenol-& 47| & 5381 §A4
I o2 71BA $EFE oA HAE LA
A7) AR w3l A ook (Henrik 5, 1985). o]
2] &} formaldehyde ol 2] F 2+ Alg]A el 4] &
resino] 3 £A& AHE-Fe 2 TS
o= 345 AN PVC 3%, 5 3%, 7}
2 B4, A, AA 34, IFAFE 3, 171
Al, A8, &5, AR A, ASA oA ok
A AREEI T o] AA F2E22Ag7T gk =
T EFod, wbiAl, 7 E To2 FE AdH ez
Abslo] dj7] e.cdolvt AW 3 edEAe] HaL
k. g E AFe| 23 FEFHES FE
phenol-formaldehyde resin& AF&3lx gl.or),

2 9}l = urea formaldehyde, urea phenol for-

o}

N
S op o L o

(0

Table 6. Logistic regression analysis of respiratory symptoms

Symptoms Personal facters Work-related factors
Chronic phlegm smoking amount**, age dust*

Chronic cough smoking amount*, sex dust™

Dyspnea none none

Wheeze none formaldehyde*
Chest tightness none dust™

<01 =(pP<0.05 **(p<0.001)
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maldehyde, urethane, furan, furfuryl alcohol,
epoxcy resin go] AH&-H 7| % &}, resinef W&
Frafl 23 = vheFsint.

Formaldehyde o] Z2A] F249x2 0.17 ppm
o} FEoA 0% AV} Z2E =2 5 4]
2w, oo} Zh2 F oA 7]7ke] At Folle 3
S5 A E3A €k 0.41ppm S FEoA
= B8 ZAMS 348 53, 4.9~31 ppm 9
WEEe] Rt Aok Z4] S22 AFo)
et e A 9loh(ILO, 1985; Witek %,
1987). &3} formaldehyde 7} v <}, 1355}, Fgt
T 4o e EAE BuEy 9o (Ber-
tazzi -, 1986, Partanen, 1993), 5] 85X & &
waojot gl FAo] ALH T 9} B A7
of| A =izt &4 43} formaldehyde & ¥x =
ZAPRAo) 4] 043ppmoE 3L % (ACGIH
TLV; 0.3ppm A2, 1994)8 Z3}sla 9low, =
P37} 28R 024ppm 22 32556 24
st glgich ey Aigkd &3 A7) 4 F
o2 &7 g AEe FEo] 48 Uz B}
AR o2 o]FoAx gl AelelA FA=HY
7] W Eell, FAA] 32 AL AA] Z2EE 5
Eed S E F5H

2 32| g A2 formaldehyde 2} phenol ©]£]
of Fa)HAbe £ FA7 v)e i) A E
o] theFl frafaclel $E ZzE o glow, o
18t F 2 o] v Z- 2T o) H)ste] H A gk
3 1 Z8ko] 3~5% wgich w3k whA 7 Hx| o
< velde 94 slellel abAd 713 So] FAle)
FEFANA v Z2 70 wlste] EoroH, Fo)
AAY A, 7t E9ge] FAERE F2T
A=A Jdeldoh £33 3 A R4S A)lsle] o
2] thekdt falaqle] Z2E weislds o v
715 Ao F8 dQez: ok 1400T Y AE
& Yo FYFLZ resino] A LAYt
formaldehyde, phenol 5-¢] 7}A9} F<& &3] Ao
w7k A Al 290w Ao E )
B o] resin 2 200~400C & 7}9& o 1A 5}

<+ formaldehyde, phenol 52| 7}2~& 7|5 7+
A9 F23% 892 vehix ggter o714
£ 1400°C ol A resino} ¥ w ©]$ o) gk 4]
< 9 744 o5 28 sl wA s, o)2id
FA19 FAAES A& Alztsle] F28A] 71A
A4 Z2EE wbE, 200~400C 2 JMdEks &
2o} 2R FAREL 2470 2hyl S
A atar 2o b A x 7 atgd sl Zlo] apo]
g A e g falal Ao g ks

H 7% zhadl o} §38) 1 2= (FEV)H 1 2=
£ (FEVi%)9] 7}ar) 7taZ 2o} dgte] gl oy
(p<0.001), 53] ANA 715 Ao A Fal |
Z2&9 il S APl dlelA
(p<0.05), FEFANA AdAal 7tx Z2
b SN w7 Aol s dod e AE H
wAsle] 31 Qe taZ R F 88 A0
fralesleges F5 fsA]q 2AstE HS,
SO:¢} 22 254 fel7lert F2 G2 AoR
B35l 3 gl ow (NIOSH, 1976), L &lol FEA}
resin 42 B¥ WA 3} formaldehyde vt phe-
nol 9] 7}27} 123 (FEV)3} 1 28 (FEVi%)
ztao] delo g wesc) B AP AE pa
ut FEo 2 Z g ZEx Adhe] ¢l #
AR 7yxae)l FA7re] AAEAe-S A sA] 53}
AT o] FAld A 414
A EaEe Zleofl A zls}ed
5 7 Eu Sz AA7R] PEE shesAdel
2o Ao A= g)r}(Schoenberg &, 1975;
[LO, 1983). == g oleist EX7 formal-
dehyde, phenol 59 7}l A F2== 735
- 1@ o) AFE foisba, w3 ol E
Az A4 7B EE 29T 5 de AL
2 Bz},

g, ¥z, 71 Soll 22 ol v HFET
o vlsted vbAd Zlel o} whAd 1A T kA
A FAE o5 Po] T4, 0|23 A 7]
BAY FAEL Fd o)z F2 FAEF29
Ado] Qe AR FAH A} ol A8 v

Jo e
2
e
ik
Y
e

N

—282—



ZANA FEZA ZEAEANA A 71BA o
o] ¥A yvehta ol Ao A3t vt
(Alexandersson %, 1982; Johnson 5, 1985).

HAA e ZAtel A9 Nunn 5(1990)2] FA}
o] ¢)5}H formaldehyde 7}2~el] ZZA] 26 % o] A
FaEgoen, uERFe 20%d ulste] Fr}
Ho] 9SS B3t glvh £ ZAtelAE AT
o] alcti @3t T E2A7} formaldehyde F2 7o
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3. Resin®] ®£&H FEALE 719 4] wAsl= for-
maldehyde £} phenol 59| 7}*£i—— Ay F
9 A 24} 1“1_9} Qg _1;3_0]
vt AA 7] 3= 2l
< EZ2 04 Blii:’“ﬂ B]5P°:1 ‘:‘]'—?r A

rﬂ ¥

vhehtal glom, olejqh AL AHE Ad
22a150] xR T2 2 el AT

==

2} 9} (Healthy Worker Effect)”} 9J-&-& A
A&}

ACGIH. 1993-]994 Threshold Limit Values for Chemi-
cal Substances and Physical Agents and Biological
Exposure Indices, Cincinnati, ACGIH, 1993

Alexandersson R, Birgitta K, Goran H. Exposure to
fromaldehyde : Effects on pulmonary funtion. Arch of
Eviron Health 1982,37(5) :279-284

Andjelkovich DA, Mathew RM, Yu RC et al. Mor-
tality of iron foundry workers. J Occup Med 1992 ;34
(2):391-401

ATS. Snowbird workshop on standardization of spiromet-
ry. Am Rev Resp Dis 1979, 119:83]-838

ATS. Siandardization of spirometry-1987 update. Am
Rev Resp Dis 1987, 136 1285-1298

ATS. Lung funtion testing: Selection of reference values
and interpretive strategies. Am Rev Resp Dis 1991
1445(5) 1 1202-1218

Baldwin EEdF, Cournand A, Richards DW. Pulmonary
insufficiency, 1. Physiological classification, clinical
methods of analysis, standard values in normal subjec-
ts. Medicine 1948, 27 : 243-278

Becher H, Wieslaw JC, Elzbieta F. Lung cancer, smok-
ing, and employment in foundries. Scand J Work En-
viron Health 1989, 15:38-42

Berglund E, Birath G, Bjure J et al. Spirometric studies
in normal subjects, 1. Forced expirograms in subjects
between 7 and 70 years of age. Acta Med Scand 1963
s 173: 185-192

Bernstein R, Stayner L, Elliott L et al. Inhalation ex-
posure to formaldehyde: An overview of its toxocol-
ogy, epidemiology, monitoring, and control. Am Ind
Hyg Assoc J 1984:45(11) : 778-785

BMRC. Commitiee on the aetiology of chronic bron-
chitis. British J Ind Med 1665, 1960

Bresson JR, Dupouy M, Prost G et al. 4 case of
asthma in a foundry worker caused by the ashland
process. Archives des Maladies Professionelles 1978 ;
39(6) :418-420

Burney P, Chinn S. Developing a new questionaire for
measuring the prevalence and distribution of asthma.
Chest 1987.:91(6) : 79s-83s

Cockeroft DW, Cartier A, Jones G et al. Asthma caused
by occupational exposure to a furan-based binder sys-
tem. J Allergy Clin Immunol 198066 (6) : 458-463

Hendrick DJ, Lane DJ. Occupational formalin asthma. J
Occup Med 1977.34:11-18

Henrik N, Helena K, Matti T. Formaldehyde asthma-
rare or overlooked? J Allergy Clin Immunol 198575 :
91-99

Holmstrom M, Wilhelmsson B. Respiratory symptoms
and pathophysiological effects of occupational ex-
posure to formaldehyde and wood dust. Scand J Work
Ewviron Health 1988, 14 :306-311

ILO. Encyclopaedia of Occupational Health and Safety.
3rd ed., Geneva, 1983, pp. 112-114

Ivangelo F, Warren V, Fillery, Charles ER. Bronchial
challenge with formaldehyde gas lack of bronchoc-
onstriction in 13 patients suspected of having formal-
dehyde-induced asthma. Mayo Clin Proc 1984,59:
295-299

Johnson A, Moira CY, Lonia M et al. Respiratory
abmormalities among workers in an iron and steel
Joundry. Br J Ind Med 1985, 42.:94-100

Karava R, Hernberg S, Koskela RS et al. Prevalence of
preumoconiosis and chronic bronchitis in foundry wor-
kers. Scand J Work Environ Health 1976, suppl (1) :
64-72

Knudson RJ, Lebowitz MD, Holberg CJ et al. Changes
in the normal maximal expiratory flow volume curve
with growth and aging. Am Rev Resp Dis. 1983, 127
725-734

Low I, Mitchell C. Respiratory disease in foundry wor-
kers. Br Ind Med 1985;42: 101-105

McNutt GM, Schlueter DP, Fink JN. Screening for oc-.
cupational asthma: A word of caution. J Occup Med
1991;33(1):19-22

NIOSH. Recommendations for Control of Occupational
Safety and Health Hazards. Foundries. Washingtons,
1985, pp. 3-125

NIOSH. Criteria for a Recommended Standard. Occu-

—284—



