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= Abstract

In the plywood manufacturing factory established in 1979, female 3 workers who had exposed
to adhesives containing formaldehyde for more than 48 months of duration suffered from eye, nasal,
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oral, throat and skin irritation and dyspnea as chief complaints,

The actual level of the exposure to formaldehyde were not estimated when the exposed workers
started to have above symptoms. The environmental monitoring of workplace was measured on April

25, 1990, and the concentration of formaldehyde revealed 0.2 ppm, however the exhaustive ventilatory

system was already installed at that time.

Twenty six subjects from entire factory were examined by questionnaire, physical examination
. and spirometry, etc. on August 22, 1990. Significant difference was observed in symptoms and signs
of nasal, oral and throat irritation between the exposed group with longer duration and that with

* R E=re o 10909 119 3Y 423 wate el ATHUS.



short duration, When the exposed group with longer duration was compared to the group of nonexposed,

symptoms and signs of nasal, oral, throat and skin irritaion, chest tightness and dullness were significantly

increased in the former group, The results of the spirometric test showed that the forced vital capacity

and the forced expiratory volume at 1 second were decreased among the exposed group with longer

duration but not significant.

Key words : plywood, formaldehyde, adhesives, irritation, spirometry.

I.M £

Formaldehyde Z22 <3t ApdolAl nxje gl
daiX = formaldehyde AME #gF 2 FAANAMY
222 Q% A9y FELYE Bald B& At o
FolA gt} (Schuck 5, 1966 ; Sardinas 5, 1972 : Ahmad
9} Whitson, 1973 ; Kerfoot$ Mooney, Jr., 1975 ; Plunkett
9} Barbela, 1977 ; Alexandersson %, 1982). Formaldehyde
A gE 2 FE IEVIE Bt dojud Hed,

BN, 7, 37sd ASSAY A® A A,

%, d3, 713 2 3ETHSE dode Fo| F54
ojtt. HRo} w&HE ALode AF FAHY <2y
A4 9798 dod 4 9129 (Glass 5, 1961), formaldehyde
7 9oz Agsd Fyo g 4ozl Bix 9
t} (Marzulli®} Maibach, 1973). §43& 2. & formaldehyde
o =8 Fo HreAsE ol o= nugen
(Sauder &, 1986), WA =FF HIT HLE
B9 d% o} (Kiburn 5, 1988). %3 formaldehyde
7} 7184 HA L do7l odx glew (Hendrick %, 1977,
1982), BE2ddolMe =259 ¥3YS F2Pde
BI%E it} (Swenberg 5, 1980, Albert %, 1982). A}
goll glo] wdgFo e dre H2d Eofo @2
sozied, & RudXe 32¢ 2 ZEEFY ol
#AAsA 271 A BRY o (Stayner £, 1988), of
A7AA =9 o] Hugrt (Marsh 5, 1982, Olsen

%, 1986, Berke %, 1987, Edling &, 1988, Boysen %,

1990).

E AERE FYdAde Hid =8 RE 4=
A AR EX 7FE4e] formaldehyde A 2 A o)A
71 2FAF E, 2, N, Aizd A9 A5F

& Zaske dqrh gHEdens A
A df S £g3ly] st BustaA ot

O e & 2y

WAtE 3 269 224 2Rae 24 139
29 ANITEAE YFo stk YAEA 2RAE
& BE ofzz T9oIL, ol§ F 3%l 7T &
Az 34 A3 Badtel gAEoR BRHAL,
NN 94 84, ok 9oz FAHC o
A AgAGe 9N 2 By aZASAe] AAsiYeh

1 ZARERE

A& A4 A7 2Rs9d 39 2L 3
o] AstA vt A 94 ARE aFste] 1989
d 109 208 FEAA] QR G4, WELE5 o
ARE ANHer 1 Fo F4E] formaldehyded
of WA A4y BASA ANE 275e] 19909 4
9 2590 BARZ, ZA SFEP2e FAshe) 19909
89 229 A ZaAE BAow AUHAES e o
2y, AAGEdE FR2 X-4 29, A7 34,
AR, 399 TIE A 2 AL HAS) ¥
A1 HRAE 5ot 24 ong Bstn 299
HAe) AP, AHRA 2E AR, FAY, £5Y 2

AAYHol| visto] Folr it
2. SXZtSgRel A 3 I AR

EA Jbgdae 19799 Yo, n3vkd A
49 EAES Adsted dEAARH AX, A2, 3
@ 2 g5 AL FH F 3-4om, 20} 30em, F
7 lem AEe] Fulg d@le] HFAAE 2et o)
g FAAIZ F 180T A stgstd S Foldch 3%
A8 F Agde 48 23 AT HAFAE ALEs)
= oJhE= FA4E 2R Sk 198630 R4t
BEAL AFS FFAAZ wpFo] 9719 AMgstg el
oJA|Fo) formalin, ¥4, A3l E Hrlste Ao
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o ojERE FT4E ”}J_fﬂ-?“ 348k 19870l &)
AAE AASYen AFAE diF 23 AFoes
o), YA s Q4] formalin, G4, & #H7}
steg ALg3tg on, o] AlF 9] A& formalini} melamine
powder (C;HNg)E FAE2 2 methyl alcohol, 714 4
o, g4kl Aoz g A Uk

1990 4€ 259 #AAY BHESA S AT HIe
A4 ol A GastecAt 2 54] =] @] 2}3) formaldehyde
02 ppm, 181 methyl alcoholz} isoprobyl alcohol-&
trace A= 2 Jelgton HaAA Y 485 94 ¢ 19
o] EAEL2 HEHA ¥%h

3. ARIEDD

HARAAA B7Izt 27 S4E dA 348
33 2aAd A Ade v 2o
At 1:424) A= 197939 YAbste] H AR 0|

A4 Ryl 1987 69 F2do] AlZs] o] 19884
8o o Az AAAE stAch 2 19899 10

4 259 AAA gigtel #FAL Bo] I AL Fi.

2 Ao A AT Fhgol g @Al A
o #o] 230l @1 £ BHEol AR AFUAE
Fastgch olshd AN 8 97 2 AT 3wy
wdo] AL TS BAA xBA HGo] 748%,
A%xFe 731%E Bl 1990d 8¥ 229 A HAMA]
A75A e ABe w4 HBago] 752%, YxFE
728%% ). .

Abel 25354 @JA2 1980 YAMSH] HARAe =
Raioiyh 1983 109%H HRF 240 147 28
oA RN SAT 19869 89 ZA A= @

AZ B 7271540 A 19893 3€REE Ho 7
Zo] golAm FFol o8, AFF, 2o WAELEY
E3E& =700 $o| At 19899 109 49%H =
d¢ st 19899 109 259 WY 34l 73
Huto] REHoE 93®H ¥FS nYed 3 {Fe
9z AU Hol% BAA =4 HAEF 743%, ¢
2%e 720%9th 19909 89 229 AAAA e =¥
A w8 750%, YxFL 715%22 vhebch

At 31504 ozt 19854l YAlsle] HF Ao
44 e 2sgon 19899 109%EH UFES
F4E o] mt2xn 4o Wi FITY Fiol
97 NAsPon 19899 109 259U olF TE Bz
A AgsA) o3y AHAMY 3 €7 2 H5F% T
2y Aute 922 Hdon A7E AAM =4 I
gIe 758%, A2FE 732%E BJch 19909 8
29 AAAN Ze =74 HE§F 753%, 2T
741% %t

o o+&s

AR ZRAEL 2R g2 A7) IR
244 v 3388 @xzer, 2773 #& Uy
A 49S H@RTor EFsidon, oo Hady
& BRPo] 424 (34—5041), vl@AFo] 444 (33-55
Aeld, vAF FME Az 514 (46-564), e
4941 (395941t HARA TEAEY HiE F27)
7He BFe] 624 (38-864), HlEATO] 0.7 (0.
4—-1.09)°) Ut (Table 1).

AR 2RAEe ¥,

v, 77, A% @ Axe

Table 1. Characteristics of 26 workers employed in the plywood manufacturing factory

Exposed (Female) Non —exposed
Patients Healthy Female Male
n=3 4 11 8

Age, mean (4SD) 42+ 8 4 4+ 11 5115 4919
Smokers, % 0.0 0.0 0.0 75.0
Drinking alcohol, % 0.0 00 0.0 75.0
Exposure duration,

62 + 24 07 £ 03 - -

years, mean (£SD)

*Mann —Whitney U test : p ) 0.05
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3 A4, YNE
3, 7hgol BEIH, BAle] Hadde $3E 54
sk HAA 2 B4 v @S v
2y gAgg g % dn wg & =2, 779 A3
ZA 2 Bo] F fue FHAAM FAHLE #oF
a}olg BPoH,
= dAE & B Tn dtel 3ol A7 ot #et
A g g 2E2n 2ol I 1 AFFo| o JF
»H’— A3%40 ZAo]l Walde $4
| vebgtch E3 fxbia vERe o
l 3 Agoe dAg & % 2L, 8o 2
E}lel g Z mE3n Bo] 40 AFEe] Yx Hi
AT Z43 FMo| WalAcke TN festA e
i} (Table 2).
199012 8ol AA H7)5 At AFde BALd
M =gy F8do] 752%, dxFo) 728%012 L& T
Z g =P34 HLFL 885%, 42FS 887%

% % wen, 9 A4 REw,

°l

oy
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fr
tlo

Hi o

fapes wZae AAste] waAel

Rem, vz dAzdAe =34 AT 83.2%,
Az B58%E FAHCE FsiAE SUAAT @

Azl e Aol vla) 248 RAT(Table 3). #
Ao 7%, 1989 109 W2 A B H7l5Y Ast
= wA A8 150%% 2T 727%2, 1 A% %
QA o] HYLolE E7at 19909 88 ARAA N E
g B #A7% AsE Ry 4 2EAENA
A 3F7) A8 AAgL Ak o 9o F1 X

A 29, AAE, $9Y TI5 FASO) & HEE B
opkon, @awolA WY FPFe BPoY HE
EFANE H&F Fcz Uy PFS B, £2 o
of g FF ol Holx] gl

°o]A]

=
K
]

A JAA e epoxy FAE FiEHA
s Aert ged epoxy FAE eplchlorhydrmx} o

Table 2. Frequency of symptomatic individuals among 7 foymaldehyde—exposed and 19 nonexposed subjects

Exposed with symptoms Nonexposed with symptoms
and signs and signs
Patients Healthy Female Male
Symptoms n=3 4 11 8
and signs No. (% of 3) No. (% of 4) No. (% of 11) No. (% of 8)
Eye irritation 3 (100.0) 3(75.0) 7 (63.6) 3(375)
Nasal irritation 1(333) 1 (25.0) 6 (54.5) 0(00)
Anosmia 3 (100.0)™ 0 ( 0.0)* 2 (182)" 0(00)
Oral bleb 3 (100.0)™ 0 (0.0)* 4 (36.4) 0(00)
Tongue fissure 3 (100.0)* 0 (00)* 1 (o) 0(00)
Taste sensory loss 3 (100.0)™ 0(00)* 0(00)" 0(00)
Hoarseness 3 (100.0)* 0 ( 0.0)* 2 (182) 0(00)
Sore throat 3 (100.0)* 1 (25.0) 19 0(00)
Cough 0( 00) 1 (25.0) 8 (72.7) 3 (375)
Sputum 1(333) 1 (25.0) 4 (364) 5 (62.5)
Shortness of breath 2 ( 66.7) 0(00) 4 (364) 1 (125)
Chest tightness 3 (100.0) 2 (50.0) 4 (364) 1 (125)
Skin irritation 2 ( 66.7)" 0(00) 0(00) 0{(00)
Dullness 3 (100.0)™ 1(25.0) 3(27.3) 0(00)

Fisher's exact test : *p < 0.05

*p ( 0.01 comparison between patients and nonexposed

*p { 0.05 comparison between patients and healthy among exposed
{005 *"p<001 comparison between patients and female nonexposed
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Table 3. Spirometric Parameters by Exposure Status Among the Formaldehyde — Exposed and Nonexposed Subjects

Exposed Nonexposed
Patients Healthy Female Male
n=3 4 11 8
FVC (mean + SD, % predicted) 752402 885+10.2 8324169 83.8+£156
FEV, (mean + SD, % predicted) 728413 88.7£13.0 8584173 89.0+15.2

Mann —Whitney U test : p ) 0.05

2] phenol compound& ®¥HEA1H dojXn 19dx 7
Al 2 4A7} Hobdoh 2 FNME phenolic 4]
+ phenol3} formaldehydeZ #H-g-A1#A o4 A melamine
formaldehyde} phenol formaldehyde s 2] ez AHE
stEo] FAAx B BAF HEAA Bo| AT o
djol formaldehydes} WAt} AlgellAl Z£2A] £47}
=

Formaldehyde= $-g7} A3 gle F9d ojtex]
AL+ den f9 & o JHE sy A R4,
FAFx 2 dE WEAY AR, 1F L FolAE,
AR7EE, dodE 2 33Fe AxFo 29, Form-
aldehydew 7o) gli 7tddolw wi$ =p=Age] 7t
7}£2, formalino)gls dA 2 AFSH e ol 35 WX
3% §422 Holglen polymerizationg 7] 3]
6 WA 15%¢] methyl alcoholo] 3§50t (NIOSH,
1976).

A 7hEgdart aftrolol AtiAel Fr4h
Ztol BIAR HA 28 ZAS vwaledd ATy
ol Aer, A ALEE FHAA ] AE FAuE A
3] &+ o BEAA F2 BAFAM FHHA
fralaQle #elel ozigo| AU EF F2FAAA
4 wrdo] A2t HAAg wol] £z EFd g3 A
0] Ho A ¥ WE 1 gAY Fz Ax
g BEs] & 5 Aoy HaAAe Ao 4y o
TAEE AF A formaldehyde9t melamine powder®
FA¥ 02, methyl alcohol, 7HdAatiel gato] A7ty
o9lt}, &3] melamine powder+ melamine formaldehyde
2 of2] AMRA] formaldehyde$} resino] th3 =27} &
A7r-d £ Arh

Formaldehydedl o3t Zz29oJdlx galo] g3t Tz
T2 Wy 39 AFA2 FeHo] FHPoR:
A7NE BAE dodled 7A, AFE FYe go
719, W7, Q%9 AYel & = of, FFH4 AA=A

A dael AzHAE gy WA FHd
oz IAAFAA B AF FHAEC] 9 FJge @
A FRL B o ok dakdl dAFHe s n2HYS
ol #7l% Adte BolA ¢gon FEAFA
dozl HuE g1t} (Proctor, 1988). FormaldehydeE
A g Agste 49 B3 2mrt B3 4719
371 oA H4A 9dEA=2 A bis (chloromethyl)
ether& FA&4=91c} (IARC, 1974). Methyl alcohol&
FE2 HHAd s AANAFET, HA A, EFASS
dodle, 3E7IU HREE Foue] AFAA A}
AR E ;T 4 Ur) (Hensen, 1960). 7FAdAThs

2

fr oR to

2 o

Hdg dosrle sn AF HEFoz wolt 349
< #3787 i= st} (Proctor, 1988).

ormaldehyded #A Z2A| Mol A2ZAE
& o dF = 2 formaldehyded] Zz s o
Hehhe F4ETS A ste o2 o3¢ fomaldehyde
Z2o g BHue 93 #7402 g sy, For-
maldehyde 9] Z2 & deld AR FA A4 o
A8 AGAFeA F i, e AF FA, FH
et 3EeaH 71 9 AH S s489 2 (Plunkett
9} Barbela, 1977), th7]% formaldehyde ¥%7} 0.25 W
2 1.39 ppmel A 79 AJA @y Az zpo) AA
72 AF F4E 348U (Kerfoot, 1975). 3t
29l formaldehydeo] =28 2EASY 3F7] 2
2 2 H7ls AAE AAS A9 A3 formaldehyde
£2 ¥% 028 WA 348 ppm, HFE2 113 ppmo g
59 oA 53 wEutolAl V1A, AY, BT 5F
7] F4E Bol1 ArFo] BAHLR fosiA HaH
Ren, A @ Aol Arjeg vag Ave &
Ztolg wolx] okttt Azt A7]17t formaldehydeE =
7b vl dkgo] A gabg Q3 ur #HAg kit
Hos AstE dodle Aeg Bon ot B o
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Tl A2 wE2 A e Hrls Fde A7lE At
g Holu 977t xEXAA HxeETd HEA H7%
o] AatE Holx o AT YAFte Zolr} (Malaka
9} Kadama, 1990). Formaldehyde—phenolic resin:7]
04 W= 130 ppm Aol =& FHPAEAAA 7t
A Hris Azt V1A, e 557 F4E A
© . (Schoenberg®} Mitchell, 1975), TH42Q A5 2
formaldehydeol =Z¥ ZAH7AE HFE AAE
9 HA7%5E EFANGNN FE FEF AxE9 A
vl watd Sl HEA oz AWV HE 2
7 7#4g AL 2Hr} (Kilbum, 1988). =& phenol-
—formaldehyde resing A}&-8t= AREAZ FAA H
# 0.05 ppm ¥=9 formaldehyded :=2® 2 #ol A
A g, vAY ASTAE J1d FAE astden
(Gamble, 1976), formaldehyde £2%% 004 WA 1.25
ppmEE 7 ARFTFANME & 4Fd S FF
o BHE AAAENAA o] Bol 548t (Alexan-
dersson, 1982). 1 Sll= EEFFANAN 1089 94
ZEANAN FE, 44, o4, TEY gHg e F
Ag Bged olfe formaldehyde =% F=& 2
2] 10 ppmo]th (Ahmad, 1973).

1299 A4S Z2 55 1.0M 0] 812 formaldehyde
o xZAIFAE "ol Fo AFFAol dolvte L &
AatAq. o™ (Schuck, 1966), ¥4#22 3 ppm?| for-
maldehyde o 3A1t =& AIA W H7gol Asen
"7, /139 w9 AFTAE B d¥HaE A
(Sauder, 1986). ¥§ formaldehyde %% 13.8 ppmol
A7%3299 A A¥FE 08T =EAHE o9
9%, A% A=2244Le B (Sim¥ Pattle, 1957).

Formaldehydeo] ¢}3 # 2= formaldehydeE A}-&3}
£ A449 o= ureaformaldehydev} formaldehyde foam
ol X¥d AgZ Ao FE 2 o]F4 FHIIMR
dojd 4= gl 334709 o] E2 FHol Al 5239 9
AFAER FE w dF9 AF, FF, 7199 24,
BHeE Zasglon, o F2ye 03 WA 34
ppmo] it} (Breysse, 1979). Formaldehyde ZZFxo]
A%7F 04 WA 8.0 ppme] 3= formaldehyde foam<.
2 AL 68 FH Ale AFANAN w9 ASF
3, 5%, 4318 3489k (Sardinsas %, 1972). °ol%
4 Th&o A 4Lz RS 2199 AFTAAA 0.
12 A 1.6 ppm2 formaldehyded] Z=2= o] &3} <%

=

®

9 A2FAY F%, HEFE 3asHPen o)E9 H
%5 23 Ao e U3 A4S BolR ¥t (Main
3} Hogan, 1983).

o] Hx9 formaldehydes%ol FHE ZEF2 ANAS
Mol e E AFFAE 22U Ao
A 31 ppm A= FmolA fFstA FAol YEL
v, o] @Adlr AlgEo] formaldehyde = 3 ppmol
=2HAL w7, HZ, A% A4S A
BdAoH, 03 ppmollMe FaA 34 Aol 3t
At (Kane # Alarie, 1977).

o] oA 2 ulo} o] o] H=ol formaldehyde %
Z2EEAA OUYF ASEFHH LFIE ¢ #7159
Astes HYved, ¥ dydME HIARAM ZFAEY
FA5AE A AR BEHQ gl g e
Holu} 11 Zo A% formaldehyder} 38 geloldtte
AE A8g7tA Heg wFo] rop & F vk F, F
M Foz AE T FHe & fomaling 712 4
oA ARE3) gtem, Aol deEAUT dTFAEF AA
dl& formalino] FAE =2 Hojlth o] & FA4E A
stAl Z4ah7) AlFHEbAb 198730 #)A|do] e H U
on, 1989 109 olFoll= HAAE] Fe Woz &
oja, ZFAL FEAIIA FAR EAEFE oA A}
&3tk 53] 1990 49 259 AAF FASHA for-
maldehyde 2]} &= methanol3} isopropyl alcohol¥te] trace
Ar 2 ZAYPYL Wo]T formaldehydes 0.2 ppmeS B X
o oy nER A A 88-70% FAPEAE SHUH
(8%, 1988)°] <73 formaldehyded sl &% %= 71&
2l 1.0 ppme B4 A& Aoy, T wdAdE
ZAAEE Mo 1989 10¥ ofF JRAFH 4o
Aoe AHa 198780 AL E e Fom Hop
574 2¥8A79 formaldehyde =% F=E o UM
9 ez AR
53 Zazvzte]l AUY 4 TS F27I3Mo|
2 v @ vl vz, 17, AFe] AFFA
A BAALE §A% Aolg RYoew, BIZEFE o
Wby B4l v|5:d e vmatRe He) v, 73,
AF, Hro AZFA4 Hilol ke T4l &
ostA Fista, A7l AAEAE @ATH OE o
= 78 BaAddE 7HAE gk VR, A 2 3
Z&59 5E7 FAAME #ATH g +E 7

[s]
HEA ol AoE molA ggted ol A %

o ooy
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W AARAS TGE A B 5
JalN 587 34 9ol 4
AN Holt Fold 4L 710e fusid
WA sFERe zdaite Ao,

24} BAEe] dud B4e dvpd 37 93
o BAFolA T Rokor BEST AT FAZANA

&

= 2 AT 2ol $AN e gon, F23 L v
Z2E F AAd §9 % 2F8L 0% oIYODE o
g 540 o 9Pe e Al—‘\:— AG5 45T o
7%

%
AAb] QolNe EF 2QL wWiAE & AU
£ e g 357 FAd 9%E F 1F 557
289 AALS 74D AFELS Ao FP XH-2
9 Ae n% A4 2248 YehAh. E3] formaldehyde
ZZA & F e W75 At B4 WEd
Aol daiME a3 waA AA gouz (Gamble
%%, 1976 : Main } Hogan, 1983 ; Kilburn, 1989), formaldehyde
2 447 ARl mE #7ls AAE ) FE A
o] Faste @oE oo Y ALF AF7t © oF
ojR el & Aol

V.2 %

Formaldehyder} FA82 HARAE AlLsdle Ez}] 7}
FRaNAN B35 HARAMe 4849 ol 2R 39
9 AxRZRAEC] ¥, ¥, 1+, AF 2 9y AF
3% 2FEB5Y SHE 54k oo A st
Y4 A 224 269 BPOE HEAZ Foo A

Az g gL F X-4 9, A% AL
AAE, $U9d T 24 2 A2 AASE QNS
2ok e 2

L A%A 2R4F 47 =249 $R@H w7
=229 W @AET Mol YAE & B Bow
gt #gol 471m S7} gAAL #e @ mem 2

of & FAM FAHCR fiol@ Aolg vt
0.05).
2. RN ZEAF A2 A HEZF3 ¥l

ANele wAE F £ gn el 230 Avim
dHxa gg & 2En Fo| & 43 dFEe] o
Zheol gt A5 AF3543 Fle] 9aide
FAAA FAHLE FostAl bttt (p40.05).

o ot 2

3. A viZ2E o] Axedd vag Aede
JAE & B 2, 37 dEAy, 5
o] Ay Q¥ Fol dm FARAZT Z4 F4alo] P&
e S8 FoatA vebdt (p€0.05).

4. #71% ZAlY A AN =gHA g
(FVC)3# 928 (FEV,)9 Z4aE B A (p0.05).

5. A SRAENAN FEX-4 E9, dAE, 59
¥ ¥3x HAS € HaE RojR gtow, AAH
o2 W8 P4 BAoY Z2 AR wE Aole
aqth

AZ FA 2aAsc] $4E 3aAYE dAFA
I A% 84 23 & AN ALPAE 87
A o] A&3F o]FojAA YA AL Fz 2
3 SRAEY EAAS vg AYs] dotsn AR
B3 e FHNA Adsoejor & oo} o9}
ol A oo g2 AgdH] ey FAAE A
43t A bedadMe 283 g 4%
£ g 7 v, 59] formaldehyde E20 Q3 &
u7, 77, A% gie AF5AH sEIE € oA
719 At BAA HER Z2 AFE ARY F
e S AEsty A wyo]l gl T =3l

F5 ARE dostedde ool Yo 2
22AEY] A72E A7) AsMe AdY #HEEIE
53 22 AE B HAS oot £
o Eoj9}x formaldehyder} @B dojals =4
o] #dglel Hnglerng £3 a5 e o
Yz} olo] wE EYL A7} o]FojAot & Holr},

n]-_g. él_]” rEy 2

tlo
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