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$%%%!Z7$] (Atomic Absorption Spectrophotometer, Varian, 
Spectra AA-880) 1 %q -1)%q. 71 "JE8 9 71 $-, $?E, 71 % 
% 2 4 3 % A ]  (8360-M-GB, TSI, USA)% 01 $s);F0;1 EA)~)  
9 4 .  

2) 4% E A )  

g q i q p j  + 3 3 7 1  74) z)q- $"Jg 4q5)7] q 5)q D] 

$f?-qq (American Thomcic Society, ATS) 4 -l9#$ 3 
f A] (ATS-TLD-78)s $x35)q 01$5)%OeA)HJ$s 
x B Z )  44 5L9)7) ~ ) 7 ]  71 0d ",10 5 ) 2 q .  71 qgg01 
q z)jiiH4 541 33 g++J'3 & 5)xl t 4 2 q .  f gpJ 
2 %?S 71 3 (cough), 7F4 (phlegm), 3 ",'asthma), % 9  q 
s o  0 -1 9A277]3x] 9 %  qq-q? 71 34 7)4q q @ gg 

Z A J - 0  U S  &olfit B Z A L O  O I L  D z  7 0 D s?! ' j~0-F! 1 L L T  0 0 1 fixA)*- 14 H 
9 7714% sk  901 99 5.11 371% o]AJo] q%x]q  3 2 
$3 % q  22x1 5 3 g 5 \ q  9 9 5 \ % 2  a 9 (wheezing) 
4 3sZ;%(dyspnea) %$-A]  611 83 3E01 ahl] 
2 q 5\%q.  

Gj4q 13 %dl %L=-4 S SAS version 8.01 Z312S 
01 $ 5 \ 2 q .  4q9  apron) 4 4q9 01 % 4 4 - 3  
(innerramp)ollAjq Q9S34 -1s 4-\015 g71 q5\0{ t- 
tests 44 5 \ 2 2 ,  4q:FLH 0 ] % 4 A \ 3  (inner ramp) o l l ~ ]  4% 
3 \ q  71 % 4  f Z\q$oll 4E i-\o1S 9-71 q 3-q t-tests 
A 3 ! 5 q 7 qq 
q+ '9A3714', 'ytA27\4', 'dq' q z\q$AJ j?&$% 
7812 chi-squm 4 3 $ % 01 $' 4-q %q",F"dO\"l !3 
01 4) 4 % q  qq (71 7 \ ,4h$,  43$) q qq  3h3.11 %A1 
73x4 11- 0 3 8 4  >\0]7\ g % x ] s  4$5\%~+.  

III. g33q 

0 2 ';I F 33- k, Dql 2q 44 q$$q 7]%&?9gq$;195)q. 
4-q q g$A3g g;8Fz)2 gq 943 p+pg z+ 

$01 017qx171 qiiH~j2 :-q$g 01311 7 ~ 2 3  397), 
s?*$kg 9$g 7]$51q31] ~H3175;F 397)bJI 4 
4 *$q & g A ] 3 $  e%)2 943 5L$o] o]?qx]% 

3"lq. 
z+$ $4 % g9 3 g g i q  5 ) Z ) g $ g g  7sq q 

3 7 1  Eq 9301 34gg 89,5)3)9$ 12901 g A j q  
q4 2gq +l"l$q 77195 q q 3  7%5)9 43$ 1 

'3, 7]7)(key car) 2'3, 54014 (driver) 5 ' 3 0 1  37H4 -17) 

q 2  $3fi.)% ",F% qoll 44 3-47HE7) %r/Il Ffodq2 
o c  01 4 ~ 1  fiq. 
*qqq 4T 3 7 1  Eq 19-209y 107HE13 195'34 

3gx)7) ?Lqg $~J5)2 2%tj] 01% 3 7 1  E q q l ~ j  tllg 

9 4-5'3s A]q5)2+ 2f 3 4 2 1  7-F 712% $%5\q 
Z D Z Z -  
LT2 4-2 2q. 

7_F 71 +% 1, gp gq 9-9 0)4 ;(OFqI f >\q  q 2% z R  
i.B 5'3 01 3 ~ g ~ j  g3.11 g35k 9g8k 301 - I= 

4014 (driver)olq 01 q !340]4Ss $34 401 3;-f?-$- 
g 4 z E  wH z]s\o] ~ 3 - g  + s 5 \ 2  q q x ]  E$& 36Jj 31 
S4 es % s ( 4 0 k f l ~ ] g ) 1  q Z J 4 s %  q2 $diiH0)9 
qqq A \ q S  "oF5\xl t4-g $ 2q. %3 ",F"d4.1]Aj  3 
" 0  013" 7 -54 1z 140) $2 E% 71 7\(key car) 4 43$3q 
v ] q .  $71 7 k  43$4 43.11 44 q a S % \ 5 \ q  $9 

01 q q o )  z R 3 \ 4  " 1 1  $41 2 4 1  ~3 q31 $.\A]% $ 
2% 3 0 1 q .  

71 714 43qq q%/3AlollA] 79-Q.q P401 q 2  2 
A 0  - a o r =  s 4sT4 A\ orrL4 9 $ 2gq 43q 4 q 3  g?Lq 
$3, $4 314 ~3 $% 4%t5\q 43g 510) 

$ L g 3  4 * q q q ] A ]  43q 59A301 ~ 1 %  7&E@q. $ $ 
a z k  f >\A] pJ, z++ 9 3 %  3+95\71 q z l T " 3  43 
$4 -13.11 4q "13 440) 3 q .  

2) zRi. \$* qq  H J 9  

~E3l-2 OF-4 %(apron) 0 1 8 ~ 1  4 944-3 (shore m p )  
s %45\"{ 3qqq yxHq2lql4"1\4 qq 444-"d 
% 9 q% $A\1ollA]q 4+1q 2 JLolxl tJ2 3 q p j  
$%3 93 HJx] 8\71 q s\o;l A)@ql  $ ~ \ 1 q  7E, 
7Js, zRi.Fq 271 ($1, %, %01>%01 E A F ~ O ~ O F -  3q. 
4q 4l L H ? P l l A l 2  z R i . \ q  4 xHq4ol 41 3W 271 q 
sql  334 *tl]s q % \ y j ~ j  4 xH7\ 2 A7S]qqq 0) 5)q 4 
xH71961] 44 $3$7\ 37471 3 $@%% AF$%)O;~ 8 
sgq. 5 4 JHA] ~ ) % q  9 % 4501 q@%] xj 9 q q l  51 
3 01% 334 sq$+ 338 q9-I $%sZ?+ 4 xH%\o{ 
0) @c+. 4 4 7 )  qgqq $aqq %)qg $015\4 



3) zE7.F 4+4qq 7E 
zE.1 d+4 (Pure Car Canier : P.C.C) P 8 9 4 0 s  x E  

21 $&$ 481 yb%qa 92s  15-12.135q 7 E s  3 
9942 "2F9q. 

8+44 7Eqg q q 5  2.yl&l+ ++qlAj &lqz 4 
"d $2 %$% AFs (side ramp) 4 4 PI 4 A \ S  (stern 
ramp)% 7 \ z ] ~  92, 4LHqlAjk *]%%A\S(inner ramp)7\ 

x\Sz\7\ 4 5 % ~ .  ~ l % s \ a j  T X ; ~ J H ~ ~ .  
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1) 7\h",F54 
849 o)"l!q +LH9 o l g % A \ s q  %$%;a'&'$ Q$$ 
4 3s9qs 2.g +q+kg 5kq *\3)37\5%5+ g 2  
0.03 ppm(k0.01)0] 2 =$LH +kg 5% g 2 0.15 ppm(i0.05)0 
S 5dlq40S -$4 3 ?\017\ %S;!CF(p<0.01). olh,F$-2& 

%!5k 84 "1AW2 0.03 ppm(kO.Ol), %LH% g 3 0.22 
ppm(*O.06)2.Z 8LHq% %Lo1 9 8 ~ 1 3 . ~  %",F. 939 
F!&q -1st 84 %3 0.46 ppm (*0.22)0] 2 %q+ 
$3 8.85 ppm(* 3 . 3 5 ) 0 S  -$q 3 % \ o ] S  J!.%q(P<O.Ol) 
(X 2). 

Table 1. Meteorological conditions during survey period 

Work- 
place 

No. of Temperature Humidity Air flow 
samples ("C (%I (m/s) 

Apron 

Inner ramp 

', Mean* S.D; ' .  Range; * , p < 0.01 

Table 2. Airborne concentration of air pollutants according to workshop 

Work- No. of Airborne concentration 

0.03f0.01" 0.03k0.01 0.46 * 0.22 39.44 * 2.45 5.4541.15 
Apron 8 

(0.03-0.05Y" (0.03-0.05) (0.20-0.80) (36.00-43.20) (3.90-7.50) 

Inner 0.15 k0.05' 0.22 f 0.06' 8.85 k3.35 ' 236.39f 58.21 ' 152.43 k35.42' 
m P  

32 
(0.05 -0.20) (0.10-0.40) (3.20- 15.50) (97.20-354.70) (68.40- 195.40) 

', Mean+S.D; '", Range; * , p < 0.01 



Fig. 1. A side plan of Pure Car Carrier. 

Fig. 2. A floor plan of Pure Car Carrier. 

Fig. 3. A cross-sectional plan of Pure Car Carrier. 



0]g3AFS4 -171% 3 % S 4  g$ %2% 
L 0 Ji 0.05 pdm' (*0.10), 3zP 0.90 pdm' (k0.18), o)g$ 
0.38 pdm' ( f 0.24), 'i,F7,t4- 7\G++$ 3 $?%A] 01 s\%Oq 7 
4% 0. I8 pdm' (k0.22) 4 -12 $523.39 94Y3Y (4- 
%?, 2002) o l ] ~ j  4) A] ??4 k$7]  531 9 0.05 mg 

/mi(*), 0.5 n1s/m1(3%), 10 mdrni(0F?!), 5 mdmi(DJ7!), 0.05 
mdm' (7\5+3), 1 mglm1(74 ) @-* 9g S5012CF. 

Table 3. Airborne concentration of air pollutants according to displacement when shipping cars into the 
ship 

Displace- No. of 
No. of -- 

Airborne concentration 
ment car 
(CC) loaded SO.(ppm) NOl(ppm) C O ( P P ~ )  PM 1 O(/~g/m') PM2.5(pg/mi) 

Passenger 
Cars 
( 1500 CC) 

Total 

Recrea- 
tional 
Vehicles 
(2500 CC) 

Total 



1) $F$%x\q g*q 
$g$%~)q 993 F A J ~  33715%~q w~gq1 9 %t 
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1 " 01" 401s $ g j g % ~ + .  t.4 q $ ~ \ ( ~ ~ o n )  4 5 ~13 ,- It- 

?j! $9 g s 39.65 41 ( * 7.42), %q x) (inner ramp) 4 -1 3 
9g$37.50h4(+6.81)1 x ] ? ? ? ~  2)017\ $22 3 3 
T7) Qol) 2014 s +SL] q g  ~ \ 7 \  qI2 46.59713 (+- 18.531, 
+.H4%)7\ ?j!2 45.4371%(*17.05)1 97$]?401 -f;- 
q 3 R ) Q ) ~ \  $%I+. 53 $!g%Ffx\q 99 -;F - ;F?A]~& 

10.22~17,F(k2.16), 99 %43!$4 14% %4~1&% qq 
3.084 ( k  1.31), 29.343Yk 19.68)~) $Oq, %.*,'%f 2 %q 
*%\7) +4 q I  x\gcF Q+ %& i+q 3 3F017) 2 2CF 

Table 4. General characteristics of respondents 

Characteristic Apron Inner ramp Total 

39.65 k7.42"' 37.50k6.8 1 38.46 k7.15 
Age(yr) (n=65)Ii' (n=80) (n= 145) 

Working 
duration(month) 

Rest time(min1no) 

Rest time(No1day) 

Smoking habit 
Smoker 

01 . Mean2S.D; , Nurnber of respondents. ', Nurnber of respondents(%); * , p ( 0.05 

Table 5. Comparison of subjective respiratory symptom between the outdoor workshop and indoor 
workshop 

Apron 
No(%) 

Inner ramp 
No(%) 

Chr. Cough' 4(6.15) 3(3.75) 

Asthma 12(18.46) 18(22.50) 

No. of respondents 65(100.00) 80( 100.00) 

' ',Cough for at least 3 months of the year for more than 2 consecutive years 



42 S+?I] 5019 ZF~Z)? Tq q E A ]  %?ifls;t]]q 7) 

3 523 9$4cs qo&3 977) ~ 1 4 - q ~  2-O-LF %L$ 

ga 3% 972 n ] % 3  4 4 0 1 q .  z+zs ~?qlQ]Z 27 
x E ~  -l",F37d EAt(k9 9 %, 1990) q1 4S.q :!AIQJE 
95 SqFq $29, Q)3&+7)h, $*qq&, QJ$$-~* 1 
4 Z 71 5 9 %E% qq g 2 1.546 mg/m', 0.094 ppm, 4.300 
ppm, 0.068 ppm 5 2.700 ,ug/ml01 22-q 47611Aj q qqq 
g 2 %Et  0.792 mglrnl, 0.034 ppm, 2.200 ppm, 0.031 pprn 14 
Z 1.800 ,ug/rnlEZ Z A ) ~  %CF. 01 ~j 9 34% 8594 2 
14-7 )  4 y 4719$%4 %Eq 30-5O%gEq] 5 S . q ~  
323 2E94 471719-9 %!4IOq gTr]1+ AgFgQ] 9% 
30s 24 21 2 4 .  +? 97+] 2 ;(t%?F tlfl3715611 34 4 
"1s k+$q+ 84 "1Fg 39 +!+H 0J%@)s011~jq 0) 

%+7)&, 01 +$-!4k, g*q%&, PMlO, pM2.54 71 5 % 
E7) qz+ g 3  0.15 ppm, 0.22 ppm, 8.85 ppm, 236.39 ,udml, 
152.43 ,ug/m'Q] Z, +Ql qg %o,! oF.4 3011Aj 2 qq g 2 % 
E 7 )  0.03 ppm, 0.03 ppm, 0.46 ppm, 39.44 ,ug/ml, 5.45 ,ug/m3S 
g41qq2s ++qg 3p15 !&g+j1 @<0.01), 01 t +qq 
"d9 o)-q%61] tl]?ifl A J q q g l  gq)$ +lqq  + 
q q w o ]  zkg?) ~ H 9 7 ) k q  9 9% cj Pkol 2z 271 4 
%9 30s $Qf]_CF. 

zFzi.)$g +lq~H o ] + $ G A ) ~ ~ ~ A ]  :--)9q t1fl71 

9 (passenger car, Recreational vehicles) 2\01 I 4 il 3 4 7%) 
qqq1 44 9%z4 %zq ? F Q ] ~ )  2 t z l s  901x71 4 
8)Qj 9 7 1  $011 4 zflq? 3 ~F%?F(300-350I;H) 4 493 
4_9 150di]% 7]?0 ? 9 $%gq 35% E.13 g401+ 
qgk,g*3&!&, PM10, PM2.5q %St eH71 901 5?% 
L O  kc= 222 41 4 g (Recreational vehicles) q]Aj 
"l*qg&Q+ g*$-@kq %;-r$ + lqq+  3)f3+7) y!'BP 

?% qk %A1 LFqkkCF. 01% %4# %(I9981 q g??i!q 
q p j  ;clsE?)+q i.)%q -g*Jg?Q+ 01gqq 7'17) A J q  

0 s  %7)94=$, + g;t]j3)%+c?Jq+Q+ 44]7i.)'gE7) 1- 

&=-""" I L Z I T  g LH . 4 4 Y.5 94 qAgFsiJ (TSP, CO, C02, 
HCH0)q %E7) %* 344 -f;A)s)%X Qlqq 4 4 % -  
" "1 01 $G$!&q g$$-q&% ',Fq 0.07 1 ppm, 5.200 ppm -LL 

03. Q]&zfl %(1988)21 Z%!Zg ZA]o]E  EA)q\Ajq 01 
55 0.055 ppm, O-?'-,Ffl@& %E 7.400-8.800 ppm 

2; 972441A] $1 01 4!$-4& 0.22 ppm, O-?*q@& 8.85 
p p m g  U J l i i H  S r r ) l 3aJ97YCF qk 5s 34SLFqkl 
CF. 

+lWl 7 1 5  ?S+('Ef, 3% 019, %!3,7)5%-, 7414 
5 5 %  !?.F +"dk$Y<jg ( k % F ,  2002)01)Aj 41~15)t 

0 ' - z o  = 0 -  0 0 1 9  Ztqq Y e  9iI TT-s CFiz T4- L- 

L O -  A40 AF 
*TTd 0 1 o q 4 0 3 . 9 2 C F .  



0{ oF%+7\5, *]3q4&, '?k39F?&q PM10, PM2.54 % 
1,'- z k l I s z x d =  D-i471a o-2  1 O ~ ~ ~ w ~ e ~ ~ q w ~ ~ .  

I .  z\%?\ 4W"d 44 ",F"d$+ %q",Fm4 g 
O 4 @ 3\017/ $%gq 7]%% +qqg%oFO11~j i$!$ 

-L TT 

0.52 m / s l % q  $k4 g 2  0.19 m / s g q  & % q ( p < ~ . ~ l ) .  

2. qq 0\%+7/&, o]$qG!&, g+@F?&, PMIO, 
~ M 2 . 5 4  #71% g 3 322 qg  %d-011Aj 44 0.03 ppm, 
0.03 ppm, 0.46 ppm, 39.44 ,lg/rn', 5.45 ,ug /m" l%~ %qqg $b 
01\42 4321 g 3 3 ! G 7 \  0.15 ppm, 0.22 ppm, 8.85 ppm, 

236.39 ,ug/ml, 152.43 p g / m 1 2 l  %xJq 2 q .  8qqg % 
4 $kY-q 7/kAJ3;X?. 34.2 4.9-19.2~1, o] Allgx] %!Z 
% 5.9-27.9~1 &%q(p<0.01). 

3. 4qqg $ b g  +lqq 71% ;--g+zq gg +52 Lf 
01 0.05 pglml (*0.10), 3%-$0.% pg/m'(*O.18), o \ g g  0.38 

pg/m3 ( f 0.24) , i d  2 0.18 pdm' (k0.22) 1 4  3 714 
+$g 7;d3%7$] 01 5\2q, 

4. 3qq +j* +bghl o 1 3 q 4 5 ,  93@€!3_, PMIO, 
PM2.521 52% H I  71 901 5+% 592 41 4 % 3\%qlAj % 
o]h,F@43_4 9J+@q&q 3 5 7 1  Si.\q7h-7\ UJO,'-S. LB 2 T -1 4. ii 

%q(p<o.o5). 
5. 9 4 3 3 7 1  zJg4 f Q % A { ] ~  '84 ' 4 z\q%AJ j?& 

9s %4Q\ %.H",F"d\aql '-F'-F 18.5%, 22 .5%1 %LHq 
"dl44 q& %$G!q$? 922.q 2\0)71 $93, 
'*Ad 71 8' 21 'O,FAJ 714' 21 z\q-%* H&$$ rl1+ 2k 
+5?.!?l %q . 4 t l x \ Q o l l  2\01 71 $ % q .  

01 "24 8 4 o l l ~ j  84 qg %Hq @!!FLH %4lq.Fod 34 3 
7 ] Q g E 7 \  0 ] % 2  gqq 21% 0]+h] 29% 9 4% 
0 1 g @  393g&7\54 9 ~ 8 9 0 1  0471 [I)]s~]q 01% - 

"2x1 6\71 4 3 q 92s 4 xJ+52] $+gF k$$ +lq21 
+jP] - 1 4 3  ggg  -gEh]&E$$ gq2 34  &$2qq 3 
dtl,F+O] + g s \ q .  
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