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Fig. 1. Remodeled pump. 
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Table 1. Analysis and measurement method 

Measurement Agent of Analpcal Flow Sampling No. samples 
method sampled method ( 1 Imin) timem.1 Established Remodeled 

sampler sampler 

TSP Weighmg 1 6 5 5 
Filtration 

PMIO Weighmg 1.7 6 5 5 

Liauid 

Solid 
Toluene 

Charcoal 
0.2 1 4 4 
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Table 2. Rate of flow change of established pump 

sampling No. Flow (1 Imin) Rate of 
material Before (B) After (A) change (%) 

PM 10 30 1.680 k0.343 1.670 k0.345 0.60 

TSP 30 0.920 k0.133 0.908 k0. 151 1.30 

N0.r 30 1.007 t-0.019 1.002 k0.054 0.50 

So? 30 0.819 k0.294 0.804 f 0.300 1.83 

Toluene 26 0.207 k0.013 0.200 kO.006 3.38 

Table 3. Rate of flow change of remodeled pump 
-- ------.-------- 

samph! No, Flow ( elmin) Rate of 
material Before After change(%) 

PMio 30 1.699 k0.368 1.653 k0.389 2.70 

TSP 30 0.903 t-0.174 0.902 k0.169 0.11 

No? 30 1.010 k0.017 1.001 k0.017 0.89 

SOz 30 0.838 k0.252 0.834 k0.264 0.48 

Toluene 26 0.230 k0.050 0.220 kO.044 4.35 
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Table 4. Comparison of TSP concentrations with established pump and remodeled pump 
(unit : mdm3) 

First Second Third 
Repeat Established Remodeled Established Remodeled Established Remodeled 

sampler sampler sampler sampler sampler sampler 

Mean 0.316 0.317 0.191 0.201 0.185 0.189 
f S.D t 0.095 t0.106 fO.090 k0.050 f 0.073 -t 0.08 1 

N.S : Notsi~nificmce between establ iskd s a m l e r a r d  rermdeled san l~ ler  by  Wkoxon sirmedrank test 



Table 5. Comparisons of PMio concentrations with established P A ) S 3 { 4 4  /.d%q 2)617) 
pump, remodeled pump and MinNOL sampler $2 301 ~J7)45jr;f. (unit : nlg/m3) 

6 hours 24 hours 

Rep Established Remodeled Established Remodeled Minivol 
sampler sampler sampler sampler sampler 
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Table 6. Comparison of SO2 concentrations with established pump and remodeled pump 
(unit : ppb) 

First Second Third 

Established Remodeled Established Remodeled Wlished Remodeled 
sampler sampler sampler sampler sampler sampler 

Mean 3.79 3.45 2.83 2.99 2.56 2.55 
kS.D k0.21 k0.15 k0.17 k 0.08 k0.08 k0.08 

N.S : Not significance between established sampler and remodeled sampler by Wilcoxon signed rank test 



Table 7. Comparison of NO2 concentrations with established pump and remodeled pump 
(unit : ,udrn7) 

First Second Third 
Re* Established Remodeled Established Remodeled Established Remodeled 

sampler sampler sampler sampler sampler sampler 

Mean 0.325 0.300 0.341 0.332 2.97 1 2.%8 
f S.D k 0.068 f0.062 k0.206 +O. 144 k0.078 f 0.085 

N.S : Not significance between established sampler and remodeled sampler by Wilcoxon signed rank test 

334x1 (2.971 dm' vs. 2.968 @Im3) P 3343\ollAj 10eH?jl E Z711 LFq9 f l  LFq9 323- A J Z F g q .  
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*able 7). Z O ~ ,  X\%O] q q 4  z o l o l ~ j  3 4 ] X ; T d % O S  P Z S ) ~  w ~ k  .-TI- 

Table 8. Comparison of to1 uene concentrations with established pump and remodeled pump 
(unit : , d m J )  

First Second Third 
Repeat Established Remodeled Established Remodeled Established Remodeled 

sampler sampler sampler sampler sampler sampler 

Mean 0.449 0.463 0.598 0.603 2.284 2.353 
kS.D k0.072 f 0.133 k0.112 k0.082 k0.077 f 0.115 

- -- - -  - - - -  -- - -  - 

N.S : Not significance between established sampler and remodeled sampler by Wilcoxon signed rank test 



toluene 4 -12 %S+ 7)e A] gi1 
4.1714 71E9 4S3114 71 ZFZF 134 
3\q]Aj 0.449 d m '  VS. 0.463 @lm; 2 
343\q]Aj 0.598 d m 3  VS. 0.603 &m', 3 
q ~\q]Aj 2.284 d m 3  VS. 2.353 @/m3C 

g E? a49 3\017\ %%%E 8). 
3 q 3 \ 4  q3 Alq]? 579% gy 

*+ qg01 gqa 01Pq] A l g g  

n;Tdgo 1  HA^ %w\ ~ 7 1 1  ~ ~ e g  
222 q 7 4 4 q .  

5 7 )  5 -+7]$xj] g xP;Xd5\2 H F H  0 kl 

o 1 A j  7\% $4 q-$q & *Jq+ 
MOSH(1994) 4) ~j 74 33 3 A j  93 % 
01q.  01 H J q +  3qrq 30?rq1 
3 P + 5 \ J l 9 ,  4i+$Zb 
(bmkthmugh) 01 A] gg 31 # 5\+ o&, 

$ 5 ,  gr 5011 q t ~ ~ j  93% + 
9q 4--%011 w5\q 01 9'4tO,W% 
5, 1994; q3+ji+ 3 5 4 ,  1998). 

42 A l S 3 1 4 $  gE7\ ",A 92 
H J 3 0 1  -4 A h J g 3 1 4  71(%2 
3 A] s%]4 71 , passive sampler) 7) 71 

%!q q ~ 1 Z 3  571% %71$41 %$ 
7171s 7% 92 9q 010]1 q 3  P 
4 Ad$ 9 7 m a r p e r p F  b e l l ,  1987; 
t-5 5, 1994; q 3 + j  %, 1 w ;  

19%b, E+x\S+ q eg, 1997; q 9 
qi+ $ 5 4 ,  1998; %3+ 5, 2002; 
6)%$ 5, 2004)0] i$-gq~ 3 
q. 01 3s qz1 2714 A ) s > ] q  g 
E7\ gqs  +-7)$A] nP;Xdg $ 
9- "d-$01 304 A]g% 3 j q q  

42-01 q-F; HI*\* %@S_olAj +$ -aH 
g 9 7 q A j  A]SX]# g E 1 A j  4 * 
-$ 7\+$jo) q 7 \ @  7 1 ~ 9  3+Jq# 
7]35$."J7]5 h)-$&%qq ~ j Z 9  

$01 q4  714 -1]E4l4 g3S 
+ 3 0 ~ 1  614 q 4 1 + 0 1  

A\-$- 7)%9 3 q q .  144 id+$ 
401 " ,A%\E~ J l q A l  g j ] ] q H & 4  
" 2 qg +%Ol] %* %olJAj 3- $ 

r.11 9741 3 ~ , s l  qa 0) 51% 94 01 
%cq, -g 970114 n ; l d ~ l s q  % 
571 4 4 1 1  4%sq g 3 z a q l A j  
"]Fqa2."1 iL+?rqAjq Ad$ 

Iv. 3 s 
QAJq$ ++g 71394 71s 71 

z%\q 9s A]g?]# 714 Ad* 71 

E4 d7] % + q q Z $ a  A l S S 2  

38\71 481 hF$5\? +,,g$ Xj1gq 
719AlS 3 4 7 1 4  59 94~1414 
g 3 a a q l A j  Mlx5\%q. qqz1 n 
'"dq 2.1 *+ga(TsP)i+ u ] 4  g 
zl(PM10), q4]P;Td% 0s 013qqt 
( s ~ q  o ~ g q 2 ~ @ ) g ,  ~ 3 l l r ; a '  
y o 1  z7gg7 %!a\ q-s  32. 
1 dcl;"lJl+ q7-F 37FJl Z $ a ( q S  

Pil9 4-)ollAj , pH A1 u \ q  ZFZF 
5144 g ~ g  3 15q$,  ~]gjHq 
7361 93 30cm 6144) Z)q 421 
5\rq qP z1q 593 g q ~ d  
(718, G r ,  715, ~ l s % r  514 -11 

sg 245\q E47]7] 34 3p]g 
4.q+ *q g q .  

1. A l g  $32 8 ,  qq e# a9 
';tlq+ 7]E4 ~lz>14717\ 0.50- 
3.38% S o u j ,  p,Jq$ 71x9 
"8715 7HE9 A l S j 1 4 7 1 2  0.11- 
4.35%4 %4g ef 5% 01 4 s  3\01 

7) % % q .  
2. TSpq qj$ %S+ 7 1 g q  -11s 

434714 7135% ~ ] g 3 ] 4 7 ]  qq 1 
2) (0.316k0.095 mg'm' VS. 0.317k 

0.106 dm3),  2 q  A\ 0.191 k0.090 mdm' 
VS. 0.201 k0.050 mg'm3), 334 3) (0.185 + 
0.073 d m 3  VS. 0.189 k0.08 1 dm') E-4- 

+ A F ~ \ W .  
3. P M I o ~  6 A)~ ,F  p;zd ~ 1 4  g$ % 

71g4 A ] S A ] ~ ~ ] Q +  7 1 3 9  A] -L 

g>] 471 Z)q 0.180k0.062 ,/m3, 
0.204k0.066 mg/m'g 7 1 ~ 9  A ] S  31 

4710114 "33 %+ %Sg LFGLH% 
0q g;t]]qzj 9 3\01? 2% 
o q ,  2 4 ~ 1 3  ~ 4 ~ 1 4  g z  %sg - 
H)ii!5)71 454 x ] ~ A ] S  jIq719 
MiniVOL portable air sampler, 71 $4 

. 
"1SjH 4 71 2 71E9 A ) g 3 ]  q 714 
PMIO g z  % g g  M J Z ~  34 qq 
0.058 +0.006 mg/mP, 0.052 k0.008 mgfd, 

0.054+0.07 m g l ~ ' ~ ~  -$A\$ +$ Q 

P LFeLH3q. 
4. q 4lP;Td q s  0]$5\q 71g A) 

S 314714 71359 A 1 S  4471g 
233 so24 q 2  +s+ i q 3 \  
(3.79 s . 2 1  ppb vs. 3.45 s . 1 5  ppb) ,234 
3) (2.83 20.17 ppb vs. 2.99 kO.08 ppb), 3 
34 3) (2.56 k0.08 ppb vs. 2.55 H.08 ppb) 
ef 849  3 \ ~ ] 7 \  L+E+LF~TJ g$o 
uj, NOzq -13 % S k  1 4 3 1  (0.325 
k0.068 @/~ 'vs .  0.300 H.062 %/m3), 2 
34 3) (0.341 f 0.206 pg/d  vs. 0.332k 
0.144 %/m3), 334 3) (2.971 H.078 d m 3  

vs. 2.%8 k0.085 Ff iJ 4 +-A\ 

4-A1 % 3 q % q .  
5. 5734 323 7 ) s  A] 

SX] 471 S+ 7 1 3 9  ~ 1 ~ 3 H 4 7 1  3-4- 
1 q 314 ~j 0.499 k0.072 d m 3  VS. 
0.463 k0.133 K/m3, 2 4  3\ 0.598+ 
0.112 VS. 0.603 k0.082 d m 3 ,  3 
q 3) 2.284 20.077 @Im3 VS. 2.353 
0.115 4 m 3 2 z  44 -$A\$ q%Q 
P LFEF45Ir;f. 

ol%4 3i+ollAj +$ 41, %'bFo14- 
++g 871 7 ] P  's,F~J7]g 7 f l ~ % \ q  
9s A] ~344  71 4 7]$q -1j+o] $ 
%$ A&y$ A]Sii]#7]4 A l s q  
Ad%ol]Aj ";'04@ 3\017\ 

92 301 LF+-+ 71Eq ~1sZ;Td 
&?g ~#+Jg\q 71359 A]== 

214 g$ 7\$4 61 9 q ~  
q .  1 t l L F  S 97o l lAj5  f 1 4% 
r q  gT!qAj qzq%2.~-iz,  3% 
r g 3 6 1 1 ~ j q   lid 977) 9 q o i  
3 2qq. 



~1 1991; 3: 21-31 

%!%, 499, 483, ol"?, P 
%Ad, OIAd$, 01%;;'. Wq# x- 
ray fluorescence+ high volume air 
samplers o J # 3  2/33 d-71 5 
9 35 ~ l i z  9 ~ .  gqggq 
AJ q3) X] 22004,14(1): 71-76 

%hi%, 9%#, 0193. q̂ ,F%' P4 
714 g - A J @ 9 $  oJ#$ 571% 

pQ -+71#;~I] g'E3q 83 9 
7. 3;;'+qq."Jqq 1994;4(2): 
127-136 

6159. 3171 kg s& 3 0 1  494 
7194 3% 9+. ?3 +3 q 
%Liz q714qq 1993; 2(3): 207- 
216 

%pgf, kg*, x."oFq . q",Fq 34 
714 3 A J q q g  ol#$ ~ $ 9  
E+%% 3715 3% +7] 

4-414 PWlii!. 3393qAJ' 
q3) X] 2002; 12(3): 21 1-220 

EgAd, %W5, o ] % 3 .  zjlz 
" d l A j  371% 9 kg715 

oil 95E f? sgq 93 P 
A).  $%%L*$jqq 1999; 5(2): 
27-37 

Eqx),  Y'd-3. 571% -$71-@1] 1) 
E $8611 33 q3EG 
714 Zj-AdQ84 9+. @ 
'$3 WAJqqz] 1997; 7(1): 3 0  

45 

@+dg, %%71. H8%414 olE4 
241. H e q ,  2004 

337.  q719g34Alg%. @ 4 9  
X A ]  41722,  2003 

Baldauf RW. Lane DD, Marob GA, Wiener 

RW. Performance evaluation of the 
portable MiniVOL particulate matter 
sampler. Atmospheric Environment 
2001; 6087-6091 

Chenie JW. The beginning of the science 
underpinning occupational hygiene. 
Ann Occup Hyg 2003; 47(3): 179- 185 

Harper M, b e l l  CT. Diffusive samphg; 
A review. Am Ind Hyg Assoc J 1987; 
48(3): 214218 

Lippmann M. Sampling aerosols by 
filtmtion, in air sampling instruments, 
7th, ed, Hering SV, Cincinnati, OH: 
American Conference of 
Governmental Industrial Hygienists; 
1989, pp. 305-336 

NIOSH. Manual of Analytical Methods. 

3rd ed, Cincinnati: NIOSH; 1994 
OSHA. Sampling and Analytical Method 

Manual. OSHA, 1998 
Sherwood RJ, Greenhalgh DMS. A 

personal air sampler. Ann Occup Hyg 
1960; 2: 127-132 




