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Pulmonary Functions and Related Factorsin Shipyard Workers

Mi-Hee Park, Chun-Hui Suh, Chae-Gwan Lee, Byung-Chul Son
Dae-Hwan Kim, Jeong-Ho Kim, Jong-Tae Lee

Department of Occupational and Environmental Medicine, College of Medicine &
Institute of Environmental and Occupational Medicine, Inje University

Objectives: The purpose of this study was to evaluate the factors which affect pulmonary function in
shipyard workers in order to build a body of basic information that can be used to prevent and manage
pulmonary disordersin the future.

Methods: We studied the respiratory symptoms, smoking history, chest radiographies, and pulmonary
functions of 793 workers associated with two shipyards from April 2009 to July 2009. The workers were
subdivided into 3 groups by job type: welders, grinders, and machinist-managers. The data was analyzed
according to job type and other possible impact factors.

Results: Significant differences among job type were seen with dyspnea and coughing during working
hours and in the morning. In pulmonary functions, there were significant differences in forced expiratory
volumein 1 second (FEV 1), forced vital capacity (FVC), peak expiratory flow (PEF), and maximal mid-
expiratory flow (MMEF) (except FEV1/FVC%) among job types. Grinders especially showed signifi-
cantly lower figuresin theindices of FEV1, FVC, and MMEF.

Conclusions: Pulmonary function was significantly lower in grinders. Grinders seem to be affected by
exposure to a combination of dust particles (silica, lead, and manganese) and irritant gases in the work-
place. These results suggested that workers and health officials should work together to adopt technical
preventive measures, such as having well- ventilated work areas and appropriate respiratory protective
devices.

Key words: Grinding, Welding, Pulmonary function test
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A 27] 57 (maximal mid-expiratory flow:

MMEF), #1357]#%(peak expiratory flow:
PEFR) 5= AH&SIth #1715 &4 = Knudson®]
dEAP oz Al a At BT AP
H A we} Q4f8Ao] FVCY 5% %2 0.15LE
Zete A5, Hd 37 frEo] B A5, A 12
NAE ¢ Ag, 27 Al el st 5—7&?3% e
Eolvil g, 3Rl =gelA] x Ag, 3] &
ol & A%, M 2 FAY ¥4 AGFH theo R
& 7R =84 HEF @l zolr) 5% E= 0.15L
& 2t A5 T2 wiAIsk AR AdEe v
5 3

3 13 #=s
itk 1447 FRPAALE BEER we A~C
A BRI ARLAL AEHATY. 1 F el
& AR 2% BEAd BELA F A4S volt 7
s Agron A4 A48 A71E L AAA 2ol
e T& WFATOR o] BAaIT

325



HM233 HM3= 20114

w
Ao
>
o
T

4 o rz
mz
>
_o|L
5l
)

re i

&= Analy51s
variance)#} 7ho]Al #7417 (Chi-square test)< 3+
AGegel mE 357 T4 TaELS FholAFAA
o A, §d9%, A93EH AVl SR
AR S A B3 dr]s AdE 25703t
shet & Aol weba] v mEA sttt AR
Bonferroni testg AHEsIATH 2571 574
212, AR o)A K59 #HrlE 53
29ke]l BAE -3 (ttest) S AT A5 A
H AAE otelr] 98 FEV1, FVC, FEV1/FVC%,

;5}04 _T’_;(—] Ry =

o
—
ol
ok
}4%

axohox

rlo o rir

oo o e K

N
)
fol
o
N
o|\
ox
Ho
—d
alot
—Hz
ol
- N
& ¢
P o
)
o[ﬂ
AQ
FE:
4 r
o 4

A
PN

At FAFE 4 ki(pack year) &2 AAFeIg o
AR A= 022 sttt I8, 7], ERAE
7] A 3L deis AgE 3

AEA o= SPSS for windows 17.02 o]-&3}

32 ¥ 2 H ¥ i al
rﬁﬂﬁ
°}m§§r&
1_
o

TE b

H

1. o7 thedAtEo| uhy

Am

AT ARE F 6T5HOR SRl 468%, AvkE
o] 1049, 71A-%elZo] 103 olglt}. Qe 184 %H]
T6dlo] AA LEAG O SHTY BT AYL 42.44
2 Ankr(44.94) 3 Z1A-HE T (44, TAD Bt Atk

Table 1. General characteristics of study subjects

(p=0.048). B A< &-TolA 170.0 cm, Anfol
A1 169.0 cm, 71A-#elTolA 169.8 cm@A, it A
T2 BHTAA 67.3 kg, AvlatelA 66.0 kg, 71A-&
2o A 67.8 kgeltth. Bt 2F713e Anlkto] 7.5
doz 7P Ada &3] 10.99, 71A-#He o]
10.79e 2 3t BARCE frofg zolE Eth
(p=0.015). SAFHE HFAA} 1659, HAZTAAT}
529, AAEAX o7 A #3F BAZCE #9
gk atol7b §IATH(p=0.247). 5 EAMA o3& 7=
Al 3 BAFCR fofg o]zt gllth(p=0.672)
(Table 1).

b

2. MHsdEo ME =87 3¢ =asn Hols

o] &to]

SAACR froletdd 1’Jr(pO
L2 FLof| A 7]_1} 2ol &4
tHp=0.022). FL g 387 S 3TN 7}
7 Bol £5\-°} o BAAHCE {Fofgt Apo]E HolA|
2k tHp=0.081). Al 7IAl Hi& F st o EAlstt
I FHE FEAE TN Y s NS
(p=0.005) (Table 2).

H71% HAAME FEVIe] &37olA 3.6 L, Ankatel
A FEV1e] 3.4 L, 7IA-#elolA 3.6 LA FVCe
S5 TolA 4.6 L, AnkatollA 4.5 L, 71A-de] el A
4.7 L2 dutFolA 71 2& FAE HAG.
FEV/FVC% < Sx oM T78.5%, AnfatolA
75.3%, 71A-#elZAA 76.5%9 1 MMEF+ $3T
oA 3.3 L/sec, AvkrallA 2.9 L/sec, 71A-ge]wtel
Al 3.2 L/sec® Anptoll A 71 @& FA]& B

¢

Mean=+ S.D. or n(%)

Variables Welder (n=468)  Grinder (n=104)  Machinist-manager (n=103) Tota (n=675) p-vaue
Age (years) 42.4+10.9 449+131 447+119 432+114  0.048*
Height (cm) 17.0+ 55 169.0+ 169.8+ 6.1 169.8+ 58  0.343*
Body weight (kg) 67.3+ 8.1 66.0+ 67.8+ 9.2 672+ 85  0.277*
Work duration (years) 10.9+10.6° 75+ 10.7+12.1* 10.3+10.7  0.015*
Smoking statu

Non-smokers 112 (24.9) 32(32.7) 21(21.0) 165 0.247"
Ex-smokers 39(8.7) 4(4.1) 9(9.0) 52

Current smokers 299 (66.4) 62 (63.3) 70 (70.0) 431
Chest radiograph

Normal 427 (91.2) 92 (88.5) 93(90.3) 612 0.672"
Abnormal 41 (8.8) 12 (11.5) 10(9.7) 63

* by ANOVA, the same letters mean same group by Bonferroni grouping, post hoc test, ' by Chi-square test, n: Number, S.D.:

Standard deviation.
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Table 2. Frequency of respiratory symptoms by working process n(%)
Variables Welder (n=458) Grinder (n=98) Machinist-manager (n=100) p-value*
Question 1 36(7.9) 8(8.2) 1(1.0) 0.042
Question 2 71(15.5) 7(7.2) 8(8.0) 0.022
Question 3 35(7.6) 3(3.1) 3(3.0) 0.081
Question T 96(21.0) 12(12.2) 9(9.0) 0.005
Question 1 : | am short of breath while working.
Question 2 : When | wake up, | have sputum or | cough frequently.
Question 3 : | cough frequently on the job after day off.
Question T : Question 1 or Question 2 or Question 3.
* py Chi-sguare test.
n: Number.
Table 3. Pulmonary function by working process Mean+SD
Variables Welder (n=468) Grinder (n=104) M achinist-manager (n=103) p-value*
FEV1(!) 36+ 0.6° 34+ 0.6° 36+ 0.7 0.002
FEV1 (%) 101.9+14.8* 99.6+16.1° 105.6+13.1° 0.012
FVC (1) 46+ 0.7* 45+ 0.7° 47+ 0.7 0.021
FVC (%) 108.9+15.1° 109.6+18.0* 113.7+15.3 0.021
FEV1I/FVC (%) 78.5+238 753+ 9.0 765+ 8.0 0.268
PEF (I /sec) 9.0+ 16 85+ 1.7 89+ 15 0.008
MMEF ( ! /sec) 33+ 171 29+ 12 32+ 1.3* 0.015
MMEF (%) 86.4+27.5 78.6+29.2: 85.6+25.2% 0.032
* by ANOVA, the same letters mean same group by Bonferroni grouping, post hoc test, n: Number, S.D.: Standard deviation.
—r‘}l}} éb} FEV]./FVC/ Zﬂﬂ 3 FEV1 . FVC, Table 4. Pulmonary function by work durations " <o
ean+S.D.
PEF., MMEF$} 7249 o531 2 g4l wet &7
Aoz fold Aolg HYTh AF ¥4 A3 FEVL, Variables Work durtion (years)  aiuer
FEV1%, FVC @54 dvkio] 71A-gelzrint & =5(n=321)  >5(n=348)
oA e A& E¥ax PEF, MMEF, MMEF% FEV1(!) 3.7+0.6 34+07  <0.001
G EoA] dulgo] SRR EAF R KOsl v FEV1 (%) 100.3+135 103.5+159 0.005
5 FVC(1) 47+0.7 45+0.7 0.001
F2& BAY(Table 3).
TAE 2T ) FVC (%) 106+138 1131+166 <0.001
i FEV1IFVC (%) 80.3+28.2 75.2+8.0 0.001
3. Z2E71Zo]| = H7|se o] PEF (  /sec) 91+16 87+16 0.006
MMEF ( ! /sec) 35+11 29+11 <0.001
7] MMEF (%) 88.3+255 81.6+28.9 0.002

713t & #7]59] AolE Hlmde
7}01 59 o]skl el ®ls] 5 o]
FEV1, FVC, FEV1/FVC%, PEF, MMEF/} &<
FAE BAth 54 o) ZFg oA #HYE AS5A<
FEV1%< FVC%+= =4 JUehga MMEF%= B
e (pq0. O5)(Tab1e 4).

H7% Azds 2F 17}"& okt & AdFHel o
A Bl EAG Ay ZF7)ke] 5d olstd o
FEV1%7F Al 23t <8 2ol & Bth(p=0.048). <
F712k0] 5@ =3d wl= FVC%, FEV1/FVC%,
MMEF%olA Al #3F §2)g 2tol& B{tH(p0.05).
APEEA Al FVCHoNA e S48 70] 7IA-22 TR} +

* by t-test, n: Number, S.D.: Standard deviation.

oA vt Ofﬂ FEV1/FVC%, MMEF%l4= <1nt
o] $HTEY FoloHA Skt (Table 5).

Arlse AYBA oloolE 9%, FA o] Waol®
GFL e 5 ] B ol W GFS 2
. 7 guel Avlse Qe Heh dache PP
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Table 5. Pulmonary function by work durationsin three working process Mean+S.D
_ Work duration <5 years (n=321) Work duration >5 years (n=348)
Variables _ — value* : — p-value*
Welder Grinder  Machinist-manager Welder Grinder  Machinist-manager

FEV1 (%) 99.6+132 99.1+141 1044+134 0.048 1036+158 99.8+184 106.6+12.8 0.116
FVC (%) 105.7+13.2 104.3+154 109.0+14.0 0.170 111.5+16.1° 1164+189* 1185+15.2 0.008
FEVUFVC (%) 809+344 792+64 79.6+6.7 0902 76.7+7.3 700+ 9.0¢ 731+ 807 <0.001
MMEF (%) 86.8+25.7 884+254 94.1+24.7 0.176 859+29.1° 64.3+265 75.9+22.7 <0.001

* by ANOVA, the same |etters mean same group by Bonferroni grouping, post hoc test.

n: Number, S.D.: Standard deviation.

Table 6. Puimonary function by existed respiratory symptoms Mean+S.D.

mptom
Variables ymp p-value*
Existed (n=117) Non-existed (n=539)

FEV1 (%) 98.3+13.0 102.7+15.1 0.001
FVC (%) 104.8+13.0 110.6+16.0 <0.001
FEVVUFVC (%) 78.1+7.9 77.7+225 0.834
MMEF (%) 85.5+26.4 84.7+27.6 0.778

* by t-test.

n: Number, S.D.: Standard deviation.

Table 7. Puimonary function by existed abnormal finding in 7] 24 92 FHELY A4 29 23 (Grinder vs

chest radiographs Mean+S.D.
Chest radiograph
Variables orep p-value*
Normal (n=612) Abnormal (n=63)
FEV1 (%) 102.7+14.3 95.8+18.6 0.005
FVC (%) 109.6+15.6 111.6+16.1 0.324
FEVUFVC (%) 785+20.9 69.7+11.6 0.001
MMEF (%) 87.1+26.4 65.2+30.6 <0.001
* py t-test.

n: Number, S.D.: Standard deviation.
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FEV %, FVC%AA 5g7] 7] e Tl &
TR fosA skt FEV/FVC%, MMEF%&
frolgh Atol & Holx] ttH(Table 6). AN 4
oo HdEA HAY 434, #HVF 129, 77
¥ 34, A4 #4334, 1 9 Hed S #EH
ATk FEEAMA A oldaTe] e FoA gl TR
th #H7)5o] faste FF Een BAFCERE f9
s tH(Table 7).

b. H7|s ZEelXtol| CHet CHES3|HE4

o
%
fol

FEV:S} FVCOA #ol@ Sguse a9,
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Machinist-manager)°] A3 =Jtt. MMEFIA=
B, A &, 2934 (Grinder vs Machinist-
manager)°] 9|3 MUt FEV/FVC%olA 47
= AL & Hbee fFosA g AATA
(Grinder vs Machinist-manager)< FEV:, FVC,
MMEF9|A ol gt SHW St (Table 8).
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Table 8. Multiple linear regression by related variables of pulmonary function

FVC FEVL/FVC (%) MMEF

FEV1

Variables

p-value

SE

SE p-vaue

32.975

ﬂ*
126.675

p-vaue

SE

0.778

p-vaue

SE

0.075

1.444

2.579

<0.001

<0.001

-7.638

<0.001

0.748

-4.178

Constant

Working proces

0.221

0.117
0.151
0.005
0.009
0.006
0.106
0.004
0.153
0.005

-0.143

-0.514

0.647
0.473
<0.001

2.663
3.443
0.108
0.213

1.222
-2.473
-0.393
-0.221

-0.107 0.082 0.090

-0.163
-0.006

-0.100 0.060 0.099

-0.266
-0.015

(Welder vs Machinist-manager)

0.001
<0.001

0.045

0.029
<0.001

0.081

0.001
<0.001
<0.001

0.078

(Grinder vs Machinist-manager)

Age (years)
Height (cm)

-0.05
0.014

0.003

0.002
0.005
0.003

0.055

0.139

0.299
0.456

0.537

0.005

0.074
0.000097

0.050
0.003
-0.116
-0.001
-0.399
-0.004

0.079

0.011
-0.086
-0.002
-0.619
-0.004

0.14
2422

0.105
-1.497
-0.071
-6.481
-0.034

0.977

0.003

0.424

Body weight (kg)

0.416

0.057 0.014

-0.141

0.035
0.736

<0.001

Respiratory symptom (yes vs no)

0.513
<0.001

0.384
0.064

0.749

0.081

0.003 0.002 0.167
0.016

-0.199
-0.002

0.002

0.079

Tobacco consumption (pack-year)

3.494

0.107

0.082

Chest radiograph (abnormal vs normal)

Work duration (years)

0.435

0.400

0.003

0.127

0.002

* Regression coefficient, SE: Standard error, The reference group isthe latter.
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