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— Abstract —

An Evaluation of the Ventilatory Function in Shipyard Welders
Using the Lifetime Cumulative Exposure to Welding Fumes

Chun Hwa Jung, Hyeon Woo Yim", Jung-Wan Koo"”, Chung -Yill Park”

Industrial Health and Environment Division, Ministry of Labor
Department of Preventive Medicine, Industrial Medical Center, The Catholic University of Korea"

Objectives: This study was conducted to evaluate the ventilatory function in shipyard
welders using the lifetime cumulative exposure to welding fumes.

Methods: Ventilatory function tests were performed on 241 male welders at one large
shipyard, exposed to welding fumes for over five years, and was compared to 80 male
control subjects. Ventilatory function indices, such as forced vital capacity (FVC), one-sec-
ond forced expiratory volume(FEV)), ratio of FEV, to FVC(FEV,%), maximal mid-expira-
tory flow(MMF), peak expiratory flow rate(PEFR) and maximal expiratory flow at 50
and 75% of expired FVC(FEF5, and FEF;;). were obtained by analyzing forced expiratory
spirograms and maximal expiratory flow-volume curves that were simultaneously mea-
sured by an Impulse ocillometry(IOS) program in the standing position.

Results: FEFy and FEF;; expressed as a percentage of the predicted values were sig-
nificantly lower in the exposure group than in the controls, and the MMF tended to
decrease. The means of all the ventilatory indices, expressed as percentage of the predict-
ed values, were not significantly increased at the current exposure levels. The MMF,
FEF5 and FEF;;, expressed as a percentage of the predicted values, were significantly
decreased with an increase in exposure duration. Only the FEF;;, expressed as a percent—
age of the predicted value, was significantly decreased with an increase in the cumulative
exposure to welding fumes(C1). The FEFy;, expressed as a percentage of the predicted
value, was significantly decreased with an increase in the cumulative exposure to welding
fumes(C2). The above parameters were calculated to consider the current exposure level,
exposure duration, application of the ventilatory system, production rate, personal protec-
tion device, electrode and welding wire. The MMF and FEF5,. expressed as a percentage
of the predicted value, tended to decrease. The proportion of workers with abnormal
MMEF, FEF5 and FEF;; were significantly increased with an increase in the cumulative
exposure to welding fumes(C2).

Conclusions: These findings suggested that the MMF, FEF;, and FEF;; are sensitive
and practical indices for the evaluation of the ventilatory function of workers exposed to
welding fumes, when the lifetime cumulative exposure(C2) is considered as a factor
affecting exposure.

Key Words: Ventilatory impairment, Cumulative welding fume exposure, Shipyard
welders
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rate
#3 = multiplier reflecting changes in personal
protection device
#4 = multiplier reflecting changes in
electrode/welding wire
T 488 JldAAE A2 g R
ks %5} AJNES T 27, 5% 3 gol
ol(wire) TR/ & /K= FER 388 2 <
oloFHE A3 7oA tisA= Dodgson
5(1987)3 Plato 5(1995)°] WM& 7=

(multiplier) & AMH-3F9 L,



© AdAAE Y FeeE St Vs A4

w2 NA R

4) "7|s dAt

#7715 A= 2001d 8¥HE 9€7MA 27M¥E &
oF Arjslg o w=3A 7154 (forced expirato-
ry spirogram)z FH57]7]F-8 % (maximal
Master
Screenbody2] Impulse Ocillometry(version 4.1,
skl A ApAlellA 33 o] 54

gl5le] BA519 )

e A FES =¥ sU|FHCERE
@A (forced vital capacity, FVC), 1x%
(one-second forced expiratory volume, FEV,),
12&(FEV/FVC, FEV %) ¥ U&=
(maximal mid-expiratory flow, MMF)E& 4=
saL, Ao F-83FaAdes FHe Hugo
7]%—i\‘£(peak expiratory flow rate, PEFR)<}
27| FVCY 50% % 75% AlAoAM= HANE771HF
¢l FEFy ¥ FEFE AHEsHSTh

2E ALY 3R
and pressure saturated with water(BTPS)=Z
ghaksto] FAIBIA I EE oA SA o e NEE(%

pred. ) 2% EAISIAT. dSXE AEstEd 9o

expiratory flow-volume)= 4 &

Germany)E ©|&
sted 71 218 e A4S

+ body temperature

A A7 F-EF g SHA FEEY
FVC, FEV, ¥ MMF+ Knudson 5(1976)2

a8)a FEV,%¥ Hodgkin (1977)9] <22]& <l

|3ttt

#7155l olde] e FaAE BHs=d o
A Hrls 23R HAEAE A dutEo
2 d&X9 80%= Xéo}i Ut a2y B A

Me HASVF-&EF34de] SHAEHR MMF=
3 A o A 1.645“]14 FH A9 FFQ A} (stan-
dard error of estimate, SEE)%E #3lE 4%
£ g3le sh(@AA 5. 1979) F4Hele] st
AL o Zx9] PEFRS 61.4%, FEF;= 61.1%,

del 8HBo| SWE YhrH-EYS 0/8F BIIV|5 B}
FEF75= 42.2%, MMF% 58.1% °©]3ltt. FVC

9} FEV1E d2x9 80%=(WHO, 1979 : =%
21984) 18]3 FEV, %= A&2x)9 75%Z s}
Atk (Hodgkin, 1977).

SHF AEXFEE 98 A4 37 mm 0.8 #m
celluose ester membrane 94X & HA|A 0] Eo
A ElE 2482 Ax AIZFE AR FAE A
3l U} three piece cassetteo] HAIZIF 7fol&
A2 IFFZ(MSA, Escort ELF, USA)l 2
sto] E3AAT 22AY] TF YA olA 360
55 I3 ths dAIACIEQA 24 AIZH
% A8E X3 AR FAE A=
24+0.1 lpme& 3yx
Ew oz wAsAT.

o

o
rlo
(@]
- o
E
(e}
0
@
[0}
97}
@
@
=
3
(e}
8
o
=
Q
5
@
_&
L
X
|

&

of TP A8 AFHFo AR FF| At

Tt R vro] AEsieinh ek 7 &
2] APAIRHE melste] AR bE HiE

(TWA)E Fsto] A7 wEve 84FF

| 2F8EATHINIOSH, 1994).

tlo of =2 wju

N oo

3. XEAz| U SALA

FAETE 848 F
Wilk- Shaplro testE 4
b= 2= MVUE Hel ¢Jst

?_

ChARIS 2] Yuis S



H 14 M 4= 20024

ol HEIJTH(P(0.05). =771t Hd2 vzl
, =EwellA 11.3de|ATHE 1).

X
©
-3
L

2. =T E570] Y75 dAtEH

AT gASe] h2zd wdpd] Yol 17
% Ak ZHAe] AZAe] e WRLE| P

Table 1. General characteristics of the subjects
(mean+SD)

Control group Exposed group

No. of subject 80 241
Age(yrs) 36.4+7.8 36.1+7.6
Height(cm) 171.9+6.1 171.2+5.2
Weight(kg) 68.7£9.2 66.1+7.9*
BSA(m")' 1.80+0.13  1.77+0.11°*
Cigarettes smoking 11.6+5.9(53) 12.2+6.5(156)

Work duration(yrs)  9.7%+3.4 11.3+6.2

C )

"body surface area

" number of current smoker
"P<(0.05

Table 2. Mean ventilatory indices of the subjects

7 ZFEAzE E 29 2tk UA5F FER;H
FEF;;9] S8 S 3] oA SAd g Wi
o e wEo] T BlE

o (P€0.05), MMF& #4adtes ATdS 2
(%2).

S e
=o 7l

(mean+SD)
Index Control group Exposed group
FVC (liter) 4.8+0.7 4.8+0.6
(% pred.) 103.5£9.5 104.3+12.1
FEV, (liter) 4.0+0.6 3.9+0.6
(% pred.) 106.3+10.7 105.6+£12.8
FEV.\% (%) 82.8+5.2 81.7+5.3
(% pred.) 108.3+6.6 106.7£6.5
MMF (1/sec) 4.2+1.3 4.0+1.3
(% pred.) 89.0+25.6 84.3+25.4
PEFR (1/sec) 10.0+1.6 10.3£1.5
(% pred.) 117.3£17.2 117.4+17.5
FEF5, (1/sec) 4.8+1.3 4.4+1.1%
(% pred.) 80.8+21.4 75.1+£19.5*
FEF;5 (1/sec) 1.8+0.6 1.6+£0.6"
(% pred.) 58.8+20.6 54.1+£20.4*
FVC . forced vital capacity
FEV, . forced expiratory volume in one second
FEV.\% : ratio of one-second forced expiratory volume to forced vital capacity
MMF " maximal mid-expiratory flow
PEFR . peak expiratory flow rate
FEFs5 15 * maximal expiratory flow at 50, 75 % of expired FVC
% pred.  percent of the predicted value
*P<0.05
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Table 3. Mean ventilatory indices expressed as percent of the predicted by current exposure level

(mean=SD)

Control group

Current exposure level (mg/m®)

Index F value* PrF
(n=80) (5 (n=34) 5-<10(n=69) 10< (n=138)
FVC 103.5£9.6 100.6£12.6 103.8+10.8 105.6£12.5 2.02 0.1110
FEV, 106.3£10.8 101.9£11.3 105.5+11.1 106.7£13.9 1.30 0.2448
FEV,% 108.3£6.7 106.7£5.6 106.7£5.6 106.8£7.2 1.18 0.3173
MMF 89.0£25.7 82.9£21.9 86.0+£25.4 83.9+£26.4 0.81 0.4907
PEFR 124.3£17.2 114.7£14.1 118.5+15.6 117.4+19.2 3.54 0.0150
FEF;5, 80.9£21.4 73.7t16.1 T7.7£21.8 74.2+19.1 2.19 0.0892
FEF; 58.9+£20.6 55.9£20.4 56.7+£20.4 52.4+20.5 1.87 0.1344

* based on ANOVA test

(

) - number of the subject

Table 4. Mean ventilatory indices expressed as percent of the predicted by exposure duration

(mean=+SD)

Control group

Exposure duration(yrs)

Index F value* PrF
(n=80) (10(n=123) 10-<20(n=95) 20 < (n=23)
FVC 102.949.6 99.5+10.4 105.6+10.7 108.5+8.1 590  0.0006
FEV, 105.5+12.0 102.0+11.7 106.1+11.5 106.0+9.5 173 0.1599
FEV,% 108.3+6.6 107.0+6.1 106.8+7.0 104.746.2 202 0.1109
MMFE 88.9+28.0" 87.4+95.5" 83.5+95.7 70.8+19.0°"  3.85  0.0099
PEFR 123.3+17.2" 115.5+15.8° 117.0+17.3 121.2420.6 3.78  0.0109
FEF;, 80.5+22.6" 76.3+19.3 74.8+21.2 69.5+19.4° 313 0.0261
FEF:; 58.8+21.0° 58.9+19.7" 51.7+21.0° 40.0£10.7*  9.03  ¢.0001

* based on ANOVA test

(

) : number of the subject
a. b, ¢ ' group with the same letter were significantly different(P<0.05) by Scheffe test.
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Table 5. Mean ventilatory indices expressed as percent of the predicted by cumulative welding

fume exposure(C1)

(mean=+SD)

Control group

Cumulative welding fume exposure(C1) (mg/m?)

Index F value®* PrF
(n=80) 50< (n=65) 50-<100(n=78) 100< (n=98)

FVC 103.5+9.6 100.8+12.2 102.3+10.9 108.4+11.9 3.45 0.0765
FEV, 106.3+10.8 102.9+11.5 104.7+11.6 108.3+14.2 2.91 0.0345
FEV,% 108.3+6.7 107.0+5.7 106.9+6.4 106.4+7.2 1.34 0.2600
MMF 89.0+£25.7 85.5+24.5 89.5+25.2 79.5+25.6 3.00 0.0309
PEFR 124.3+17.2° 116.7+14.8 114.7+16.9 119.9+19.4 4.51 0.0041
FEF5, 80.9+21.4 75.6+18.9 77.4+20.1 73.1£19.5 2.34 0.0738
FEF;5 58.9+20.7 58.2+21.0° 58.7+19.4° 47.84+19.4*"¢ 6.64 0.0002

' current exposure level X exposure duration

* based on ANOVA test () : number of the subject

a, b, ¢ ' group with the same letter were significantly different(P<0.05) by Scheffe test

Table 6. Mean ventilatory indices expressed as percent of the predicted by cumulative welding

fume exposure(C2)* (mean+8D)

Control group

Cumulative welding fume exposure(C2) (mg/m®)

Index

F value* PpF

(n=80) ( 50(n=79) 50~100(n=91) 100< (n=71)
FVC 103.5+9.6 101.8+11.9 103.9+11.8 107.8+12.0 3.70  0.0121
FEV, 106.3+10.8 103.8+10.6 105.9+12.9 107.5+14.8 1.21  0.3047
FEV,% 108.3+6.7 106.9+5.3 106.946.9 106.3+7.2 129 0.2790
MMF 89.0+25.7 86.6+23.1 86.7+24.5 78.9+28.4 2.20  0.0880
PEFR 124.3417.2° 116.5+15.1 115.8+16.5" 120.2420.9 413 0.0068
FEFs, 80.9+21.4 76.3+17.6 75.8+18.9 73.0+22.2 1.99  0.1149
FEF;; 58.9+20.7° 57.3+20.3" 57.2419.1° 46.7420.9""  5.65  0.0009

+

* based on ANOVA test (

 current exposure level X exposure duration X multiplier of affecting factors

) : number of the subject

a. b, ¢ : group with the same letter were significantly different(P<0.05) by Scheffe test

Sgeso] A foerE SEHEF v & IEAL AF  AAE o|Foof 3t F, FEI =EHIIE Bl
& wE2FS Al A2 St of :=Z&-WHS-(exposure-response) LAl Ailko]
|3 22X =&55 FEe] Hrista H-s] # shesiA Erh
gozy Z2Ex 717E B3 & Ju, HUH Aol ddo tig AFellA A ‘*%—% ot
AFgAFNA BB E 2 =EH/E Bl 83 4 =EUFE 1E&9FE Y 32 =& v
F3 Ao ABA e AFE AFHer £ E2E dETFEIINTH(Stewart et al., 1991) Sia)
P& 5 Utk JTFFH AFA =Fol tigk FRe  HIole =FHTRIA AEHA FEAVL e
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o o]&3A "tk (Seixas & Sheppard, 1996). o] Z2 FE= W F A H7H(semiquantitistive
FHog Z2a NSt} Boldtn AH3lE  assessment)E SR THSusi & Schneider, 1995

3 (Seixas et al.,
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Table 7. Number with abnormal ventilatory function by cumulative welding fume exposure(C2)*

(mean=+SD)

Cumulative welding fume exposure(C2) (mg/m®)

Index Control group
(n=80) ( 50(n=79) 50-100(n=91) 100 <(n=71) Subtotal (n=241)
N % N % N % N % N %
FVC 7 8.8 4 5.1 9 9.9 9 12.7 29 9.0
FEV, 0 0.0 1 1.3 2 2.2 1 1.4 4 1.3
FEV,% 0 0.0 1 1.3 1 1.1 2 2.9 4 1.3
MMF* 11 13.8 11 13.9 18 19.8 26 36.6 66 20.6
PEFR 0 0.0 0 0.0 0 0.0 1 1.4 1 0.3
FEF5* 13 16.3 14 17.7 24 26.4 26 36.6 7 24.0
FEF;* 12 15.0 22 27.9 21 23.8 34 47.9 89 27.7
' current exposure level X exposure duration X multiplier of affecting factors
(): number of the subject
abnormal ventilatory indics were as follow :
FVC, FEV, : less than 80% of predicted value
FEV1% : less than 75% of predicted value
MMEF, PEFR, FEFj,, FEF;; @ below 1.645 standard error of estimate of predicted value
* P <0.05 by Cochran’s linear trend test
2 2E35TES AR Ao vFo] A, axF WHolm: EFY AA e RS BT § dti(=dw
oz I B[y Z2 sEHE I A =E 0 5, 2000).
A4 wEE TEE 5 U0 BNGE AEHe B ATdNE fAeEPe AYRA-Are 4
2 3RS AW 9Em A, F 1xEe gadth 1 olfE A, A7NY A A
HEAtoldl ¢4 AB/FS A 4R It I il AGRAR Ura dden, =4, &
© Aol Ak(Nicas et al., 1991). WHle] &  HIE2AEC] YA @AZMA] P& 5493 24
MeEEe ARen AT-wREGsd v o AR A AR AM, AFE §4, AR 5
S PolFe A¥A #H7H(quantitative 7R FEIHUEH o2 MZ SHACR A
assessment) = G BUE Y AHgshe ©e & FYdYE S 28 Sl
o goE TEY F UE /MF olBAQ FWel  HAh=ETe WATOR BRI wE2Ed

tH(Mulhausen & Damiano, 1998).
E AFdXe HEFH Ere rxAgeR
=72 Al T 3d B9 A SH
EUZ =EH/IE . AdPdAdFaAzE FA
ET AARA AR SHIAEE &
(Kromhout et al., 1993: Heederik & Hurley,
1994: Rappaport et al., 1995: Lyles et al.,

1997).
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B2 fAheEEe 4gshe Aol duHe wyol
W, #9 A 49E PR AL odd wE

7F 1HE 23=A] 2 27072 tidodlA Allste]
20 e 2 A% st o|FdA TS AR
MZ A eEato] AR EA] gdota] 2wtz oS
A&zt et diEgk Al stk oiEg: 4k
2 AP AR e TREE b= 134
oo daixs HEENEAFYHMVUE) 2 &+
AR 3, AFEEE st T dEalAe A
oz B3

AA =& FA 8=
(statistical model)® 4=8H4
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23 (multiple linear regression model)2 F&
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AE ALY w2eFzS 2FGE b ddsls] &
oh divkebd @ AR =F o] AlRte] B8
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