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— Abstract —

Pulmonary Function Changes of Ozone Exposed Workers
in a Film Manufacturing Company

Yoomi Chae, Hyunjoo Kim® Sangchul Roh?

Department of Occupational Medicine, Dankook University Hospital
Department of Occupational and Environmental Medicine, College of Medicine, Dankook University?

Objectives. To investigate the pulmonary function changes of ozone exposure in Corona and Slitter
workers exposed to an ozone level ranging from 0.022~0.061 ppm.

Methods: Forty-two subjects were exposed for 8hrs to ozone every day. We perfomed pulmonary
function testing immediately before and after work and self-administered, portable peak flow meter mea-
surements were self-conducted by the workers over a 5-day (Monday to Friday) period.

Results: Ozone concentrations in the workplace ranging from 0.050~0.061 ppm at Corona and
0.022~0.023 ppm at Slitter in 2006. A small decrement in forced-vital capacity were observed among
Corona workers from 93.9% to 91.3% (p=0.012) and also in employment duration below ten years. We
found no significant differences in before and after FVC and FEV1 among Slitter workers. All daily
(Monday to Friday) pesk expiratory flow rates declined in magnitude after two days of ozone exposure,

compared with first day exposure.

Conclusion: We concluded that daily ozone exposure in the workplace slightly decreased pulmonary
function and that PEFR variahility is greatest on the 2™ day of ozone exposure.

Key Words: Ozone, Pulmonary function change, PEFR variability
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Z7|zt] Hrlsol Y& vAE F83 AR
LA HEA] 0E wE2-1HS T U

FA%(Delucia & Adams, 1977: Hackney et al,
1977a: McDonnell et al, 1993).

7Y 77]-1] o

ATHSeltzer et al, 1986: Koren et al, 1989: Aris
et al, 1993: Balmes et al, 1996). 34 & ==
Z Q3 H7)5e Wl #e AF2E Olin 5(1999,
2004)% Mehta 5(2005)8] & =& #WFY =24
oF tizwre] #H7)% Bl Ao, oA = ofF
Hyd 6k gl

Toren 5(2000)8 &fol %;] Aol A

Zg]o] 2H (Polyester, PE)} o] Zg]zzdd
(Biaxially Oriented Polypropylene, BOPP) €& A
2 3 ZEA 3408 F 2FE =F FAQ A3

Ak (Slitter) 3% Z2ZAF 429§l

(Corona) ¥
55, o4 = 9 A% AT JAS a8k 20061

114 20°”jE1 3T7P 11]7 s AARE AAlssl

o 25274 AB(TAPI 400E O3 analyzer, TELE-
DYNE INSTRUMENTS, USA)E o|&3t] =435
o, 7t SAAA with AR B S8 1 Hd gtk
< Ttk 20059 sHEE719F 2006l 84 AR
A% 71(OB-PO3, Envors, Daegeon, Korea)E ©|-&3}
o 2t AEAo R WixE (badge-type)e & 74
715 a5 8AIRF At & FAste] EAEIT 4
ANgAQF71e] 2F &A= pacetaminophenol©] 312
o, FFEBA (fluorescence spectrometer, Hitachi
2500, Tokyo, Japan)& AR&ste] 4931

7149 AJey e HrE A5 ZYHY
=W (TG-501, WolfSense software with Pocket
PC, USA)< o] &3dtd BAadld 4F 3 3 W&

2) H7|s At

H&F HAbe 3ud 2% 545 Aelstel e Al
el HAd@tsArE ded~gad 5Uzt o AH
(06:30A)FE =& A9 (23:007)74A] 353+ A3
A ZEZ 2222 gatez ZAgAF Ao 12} HALS
stz, 8A1ZF A ER T ox HEF AXE AASET
HAAA A Aol A ofn] 24 T2 AHaia A%

F AR i3] 3AY (Wdee, dHeys ), 1AIRE
ol A % AL f5F, #AVIT AL AE T A S
Atk AA171E FlowScreen (VIASYS Healthcare,
Germany)< A8t o Knudson® do|S24]of] A
st ArbAZE 4SS T AARE d B S B3l
2t S4 0] o] FARAEE ST

Essex CM20 2TT (Clement Clarke International
Ltd, UK)E A3 H37]H/< (Peak Expiratory
Flow Rate, PEFR)2 EANYINZAP} Z2A0A =
A 2 7|2 BEd AR Ao mssigith o
T AAGFE F 5Y 4% 3yl EFelEZ HAE

=

o
o

el B A 2 ZEA Z2RZE AAUA G F
ol Fu e HAAE AFE £ YRS 5Tt A
A 5L 484K H S99/ 543 AFAE A, 2}
A 2 AR, AdER F 44 33 SsES st
A T ARE 3ud 25 A4S nEste F 25F
A= A A, W 2R AYAAE A, A9 25
A= Y 1A ZEA Al SAsteR sk & 71719
PEFR #Ake] H8 = PEFR+6%% T



R0l & - LM LB HE AGE F wE 22X HI|s #s
3. MEEAM ZF7} PEFR Wo| (%) Aol paired t-test® AAI8k
et
A9 A IR F 299 RS AF BAA ol
ok, AT 98, 4, 2R, 28I, z o
T4 o, A AF 5o ARE iR 2%
s SRR A4S gelstel S A9 A% o 1. 2F LEFE
7% Blus dal HEF SHA FolA =€ HLF
(Forced Vital Capacity, FVC), 1x3t =34 7]% 20051 k7] ARl gm=rel odk AH 3o oF
(Forced Expiratory Volume in 1 second, FEV1), F=e 0.057~0.091 ppm o2 =FH7F A AR}
FEV1/FVC & Al 74 A &5 &40 AHE-stit T BA 227150 0.1 ppmell 25 L& =E35F
PEFRE #3 2 A9 424 3 543te] 37} < Btk FEH ARAF T Qg Y wErES
23] 712" 249 (AH T 8, A 169)9] Aaw 2005 spb7lel Rzt 7hAste] 0.012~0.024 ppm=
& A% BAUPoR Sl AYA /A WA 7158 20069 3R] FH3 0,050 ppm, SH]
AdEg T 7Zhzte] A|HoA 33 71EH ABAdA Y = £ 0.050~0.061 ppmog =275 Adt £35S H
& e B0 AMgsdn, HE BNUGA 249l Aeka vk W g e 2006d ] 0F %
PEFR Wol|&= ofefe] F2]d| ozl 1b=atsitt. ZE 0.022~0.023 ppme 2 dF I At 5o
o sH7|ollE HEHA] &9 )
PEFR variability (%)= e sht7lddl= HEHA 3ttHTable 1)
[(Daily PEFR*-Baseline PEFR')/Baseline PEFR] x 100
2. "r|ls dAt
* AQA A A, Y F7 A, AP ER T 27kel PERR AT,
t. o o
(AR AR A PER 1) Yoty S
AT SPSS for Windows 12.0& AHE-aHla ddzhs B HgoR AT 108, ddw 3279
-_ﬂfﬂ ‘;—l 7‘%‘__%9] ?-_,_]E‘_Zﬂl E/‘j-‘?_— tftestfaﬂr Chifsquare ro—'_nlL ?jaoj% 7'1—7'}_ 357‘“9’]' 319*“i :{H‘ZH L.-q] o\j%o]
test2 HlIIIATH 0F wF 2EAle] ] A% Az FAXNLE Fel =3THp=0.016). B ZF7IREE
Table 1. Ozone level in working site (ppm)
April 13, 2006 November 22, 2006
Slitter
Point 1 0.023 ND
Point 2 0.022 ND
Corona
Point 3 0.031 ND
Point 4 0.034 ND
Point 5 0.050 0.061
Point 6 0.040 0.050
ND: none detection
Table 2. General characteristics of study subjects
Variables Slitter Corona P-value
Subjects, n(%) 32(76.2) 10 (23.8)
Age (years), mean+ SD 31.9+£39 35.7£4.9 0.016
Smoking 0.203
Current smoker, n(%) 20 (62.5) 9(90.0)
Ex-smoker, n(%) 7(21.9) 1(10.0)
Nonsmoker, n(%) 5(15.6) -
Employment duration (years), mean+ SD 83+34 7.7+39 0.642
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Table 3. Change of lung function before and after work according to working site

Slitter (n=32) Corona (n=10)
Before work After work P-value Before work After work P-value
FvC* 95.2 96.2 0.462 93.9 91.3 0.012
FEV1' 92.2 93.0 0.561 92.0 90.4 0.157
FEVUFVC 97.3 97.3 1.000 99.0 100.1 0.084
*: FVC, Forced Vital Capacity (% pred.)
' FEV1, Forced Expiratory Volumein 1 second (% pred.)
Table 4. Change of lung function before and after work according to age and employment duration
FvC* FEV1' FEV1/FVC (%)
Age (yrs) ~29 Slitter (n= 8) Before/After 97.3/99.4 94.6/95.6 97.5/97.0
Corona (n= 0) Before/After - - -
30~49 Slitter (n=24) Before/After 94.4/95.0 91.3/92.1 97.2/ 97.4
Corona  (n=10) Before/After 93.9/91.3" 92.0/90.4 99.0/100.1
Employment <10 Slitter (n=17) Before/After 95.8/96.3 92.1/94.2 96.6/ 98.5
duration (yrs) Corona (n= 5) Before/After 93.6/91.0 89.2/88.0 95.8/ 97.0
>10  Slitter (n=15) Before/After 94.5/96.0 92.2/91.8 97.9/ 96.0
Corona (n= 5) Before/After 94.2/91.6 94.8/92.8 102.2/103.2

*: FVC, Forced Vita Capacity (% pred.),
. FEV1, Forced Expiratory Volumein 1 second (% pred.),
*: pvalue<0.05

A 7.74, 4
(90%) % A
T w3kl FAA e

i 8.3dela, dH 10 5 9
32 ‘jé % 2098 (62.5%)°] FAA ol A7t
ol g ato]l= gllth(Table 2).

2) g2t AAt

Aekre] FVCe AAA1Z A o539 95.2%04 =
HETR F 96.2%= HohE Wzt §i%la, FEVI 94
QA A dSH9] 92.2%°04 AHFE F 93.0%=
frolet Wizt gl FEVI/FVCE g1z A3 2
AEFE Fol| TLsHA 97.3% = Z4 HF ¥yt gl
HhA @] A ZAGAE A FVCZE 93.9% 14

TE F 91.3%= BAACE oot ittt
.012). FEV1& Z4A12 d 92.0%4 A49EE
0.4% =2 E;q]xq oz %g]a],x]}:. o}oloq. ;q-oq_z_e
T 24 S Bt FEVI/FVCE ZdA# A
99.0%°04 ZdFE = 100.1%2 24 Ao ¥}
SATHTable 3).

HHTE EF 30~4941 A=l agste] 212 2
FVC7} 93.9%°14 Z4FTE T 91.3%=% EAZCR
frelgh ZA4E BYovk(p=0.012), Ao Add m
2t AfER §F FVC7LE ZaskAl sttt 27713t
106 =Rkl AR ] A5 Ah9A& A FVCrZE 93.6%

oA ZAEE T 91.0%= FSAFCRE HAAY 02
#aste o (p=0.057), FEV1¥#} FEV1/FVCE 58l
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¢
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of e} #H&Fe] Folg szt gtk (Table 4).

3) PEFR 0]

h99 A% A PEFRS 7|Fe& 547 PEFR
Hol2 AWE Az BAFOR fosixE dstoyt
PEFR Wste] W3S & & A0t ded Ay 3t
ANHFE "gojx)7] A#3 PEFRS 38 212 A
o 7 Bol #AstitiH-3.6%) At 3 EE = FE
Btk olo] 499 A A(-2.5%) PEFRE
<A T ANAT(-3.2%) AR Ber adt
ot A gl EE e S Bl o] & PEFRE 3
2 AAFEFE(-1.7%)
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Fig. 1. Daily PEFR (Peak Expiratory Flow Rate) variability
compared with Monday pre-working PEFR (n=24).
Abbreviation: Pre, Pre-working; Mid, Midpoint-work-
ing; Post, Post-working.
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2 A ZANFH7E o] & FH o]
o2 AdxEn Jh(Zhou & Smith, 1997). #A£]413
EHI 7 ARANFT] S FHEA A7 A
r=0.80 (Pehnec et al, 2003)2} r=0.963 (Yim et al,
2004) o2 AHEEe} FAUE ZHoM 2 zfol7} gt
wepa] B Aol A Axd SAgubye] Aoldl] ok oF
Ll Aol AR F& Ao Azt

0F wEFEe AAFor AF THAM =T
2005 Aol 0.057~0.091 ppmo.2 =R w3
71291 0.1 ppmel 2skeh7} shldl 0.012~0.024
ppm o= sk, =
A4 NS gk wan] AA i
I2 AZEY 2006 4] ARG U 0FE wEE
0.022~0.050 ppmella 3siit7lell= 0.050~0.061
ppmlZ =F5F =&7]F9 0.1 ppme 2= &
PRI, @& ofgk A7de o} A Ee] HAdS F
A AAEL = ACGIH (American Conference of
Governmental Industrial Hygienists)el $2 715
91 0.05 ppm= ZF3ta Ut

EEEIE A 0EY AV WA wE27|E
(TLV-TWA)2 OSHA (Occupational Safety and
Health Administration)¢} vR7IA 2 2423w}

!
an

= M AFHE @F =& Z2X}9| H7| 5 Hs)

#3HA 0.1 ppmelA %, ACGIHelM+ A2 0.1

ppm, 52 0.08 ppm, 2 0.05 ppmez 2

7w wet ApEE w27)FES AASkL ATHKOSHA,
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3151 7] wjEolth,

AddolMe e AF FVCS FEV1Y Aol 7b 9191
ouv, AHTAA = AGAIEE A FVC7E 93.9%90A 2
AETE F 91.3%=2 BTAHCRE FostA A3

92.0%°014 90.4%=% #Aasle AgS Bt ole
& w3 9t A3 Hrle W3R 7=AY F7bet
FEV1 ¥ FVCe Z24(Aris et al, 1993: Balmes et
al, 1996: Ratto et al, 2006)8 Hxd 7]&e] A2
e} A gt

FVCe FEV1S 247+ Al #2814, 7184
i 22 A HAdske] A=
ol FEV1/FVCel 70% m|=kel 75
ool &atrt, B Aol AFH Y Ay

o
-
L
o

A% FVCsH
FEV19 Zas 44 W1 Ul ¥z #7155 ZAE 9

naAlE gon, SF7IE AFoR Qg F715Y
o 7]Rlgtty B
1996).

Seal 5(1993)2 & ¥%(0.12~0.40 ppmx2.33
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al A% WwEsles dg Ao vj&) A
fHog o2 ¥yt =gt o33 Ziee] jolrt
Heek Aa} dato] Aoz JeRd Ao R o AXIT
AHF F 104 o9k 252 590 g FVC ¥ 2
7 AAR A 93.6%4 A TR F 91.0%E T
ARoz AAYG F79 7AE BAHp=0.057). A3

T 8% 304 olgeR Ade] ne BAe 2 oz} gl
Ko, 109 ol 27wl H Aol 38H= 104
274 B AY 3349l Hla) FARCR frols

Balazs (1974)= #H7} 5454 wHEHOR w2y
W Agwes malthm a9, Horvath S(1981)
olggt Ho| AElx gL HIEH W AxA FVC,
FEV1, FEF»s-15, 2 ®3ls FH3A71AY 713, 7}
& 2 59 22 249 24 7t it °l
2ol WHEAHO® 7] F 3 =EHE AF 34 =
571 A=l gial #7t A stk A (Hackney et
al, 1977b; Farrell et al, 1979; Folinsbee et al,
1980) A3 e & u od 7|3 & w&H &
A #7159 &S Bl AFE AlsdTh EI Fe
o HlE] w=dFo] e e A4 4 Ut
t B1% 9ol (Drechsler-Parks et al, 1987:
McDonnell et al, 1993), ¥ A5 ZA¥} 109 ©) &
B Af ol 99 A ket Adddes u
#gola w=ZE7|7te

Foleld] w9 Ao ArHt

L o

HEAQ o wE2 g Hr)F Hile =& B4
ol FEV1Z# FVCe #4art F=#ixt7HHackney
et al, 1977b; Christian et al, 1998; Jorres et al,
2000: Frank et al, 2001: Ratto et al, 2006), A
o iR dol AL =% g FFoR FH A
TAME =% 4 & ZAGAA Ho PEFRE vt
Vg A 7180 A Aot dXgte, ol 34
E LF T 24x%te] A #H7lwo] sy e @4
2 A9o] 7bsdltt(Harber et al, 1996). 22y 7]1&

ATEC] &2 =& A 2 olFdE =F Y FEo

o
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0.022~0.023 ppmo2 AF 49 Ayt FFolnt.
A A5 Ag vl Ay Ad2(32%) M Feld
Zpol7b gllev, dAHT(10%)e A5 AdA= A
FVC 93.9%4 AdFs ¥ 91.3%% SAHE &
oAl Aaatlvh(p=0.012). AFTe] ZF7I3tel we
#7150 Wsks Anud, 2777 10d viRkel 59 <]
A5 AGAF A FVCZE 93.6%014 24 &
91.0%% astion, Aot 1THAAA = Afol& Hol
A gt dad AdAE A AU RE5E Vlees
5947te] PEFRe| Wol& du& 23 stad gz

Mol 74 Eel Zasiit.
-

¢

¢

F

=
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