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Effects of the pore size of the passive sampler's windscreen to the sampling rates

Gwang Yong Yi' « Doo Yong Park” « Jee Yeon Jeong

Occupational Safety and Health Research Institute, Korea Occupational Safety and Health Agency - Hansung University”

Windscreen for the passive sampler plays critical role to
obtain constant sampling rates. To minimize variation of the
sampling rates, smaller pore size of the windscreen would
show better performance. However, larger pore size of the
windscreen is preferable in the view point of analytical
perspective since the larger pore size increases the
sampling rate. Therefore, there is a tradeoff between the
sampling rate and variation.

Several filters having different pore size(11 , 20um, 60m,
100gm, 140pm and 180mm) were tested in this study to
investigate the effects of pore size to the increase of the
sampling rate and its' variation. Filters were replaced with
the windscreen of the 3M OVM #3500 badge for this study.
These modified passive samplers installed with various
windscreen were tested in the environmental chamber
against benzene, toluene and o-xylene.

1. Same level of sampling rate were shown for all the
filters with no apparent air movement (<0.25m/s) in the
chamber during sampling period.
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2. Both the random variation and magnitude of the
sampling rates were increased as the pore size of the
windscreen increased. Passive samplers installed the
windscreen of the pore size of 11 and 20um showed relatively
small variation (<5% RSD).

3. Sampling rates with the windscreen of the pore size of
11um were 36.8cc/min for benzene, 32.6¢c/min for toluene,
and 30.4cc/min for o-xylene respectively.

4. Sampling rates with the windscreen of the pore size of
20um were 38.2cc/min for benzene, 33.0cc/min for toluene,
and 31.0cc/min for o-xylene respectively.

5. Sampling rates for 3M OVM #3500 badge were
35.4cc/min for benzene, 31.2cc/min for toluene, and 29.5 for
o—xlylene respectively. These values were similar to the
sampling rates provided by 3M(35.5cc/min for benzene,
31.4cc/min for toluene, and 27.3cc/min o-xylene)

Key Words : Passive sampler, Windscreen, Pore size, Samp-
ling rates

Aoz AgEe] ol sl mE SRR T A(Nat-

& 0|88t - ional Institute for Occupational Safety and
gheo} AUEs $=  Health, NIOSH)ol  FHsla itk
(NIOSH, 1977). 12} o] W& 11719
MM E 715 ol sk et

T AR O FE(ARA] TARE 34-6, AR AN T AR ANEATH wEle]) 4 9 A 2AH A5 SR A

Tel : 032-5100-905, E-mail : yigy@kosha.net)



126 ©]3¢E - v - AAA

9 PO Qlato] W ARES A
SHA =, ol gt B ES 71EA
wo] mEEE A7t FEdof stk
123 AREellA #5iAtel] AN S A
718 2 AHE o, GARE 28l of
gk 5k gl A SO V)vshe ©
Ho] it} o5 Hekslr] Sl kel
7o) FAkA] A g AF 7otk EAtA] A
A= FAel Helska 7etksid,
2jol| Wafi7t HA] kot 7P} oh
tleke 7 Al Aol sy
U3 ZAA3 S TUEY & 5 9l
(91h¢, 1995; Harper et al., 1987).
ke TAR g AEAFTEE 1920
ol ke A7) AJREEg om,
1973 oFERIZIAE AF ] SlEl
Palms £} Gunison©] RH= &4 A5 A5
717F #Zzolth(Palms, 1973). 1 §& H
Aarzo] Bk AlEAF 7ol st A
T7F AgEglom, AE7Fso] -
F& Aow FriE olgst A4
75 WlEO 7 w]=k NIOSHSF 2o v
ghoA = A5 2o vsiA 2135
A FoloA 2Adeke Wy} S 5
Al oR Aeslar QITNIOSH, 1994;
Pristas, 1994). -¢-2ufeke] A-9-olle s
ol AA3AZANA A A EAHF
71€] ARgo] ThsskAlel thst F7id <ol
A ARgo] Zhsshrtal alghe 24 A
Al A5l AFEE 5 Adhew
H2000). kA AEAF 7S] Hol &
M ek Wl Hlslel FEwt
"otk Holt} Ak AR A13719]
9 9 HJuwe} Ad M Fast
SAFEolh AEAHE @
Q5L AvHd AE FL, 9%
gk, Al AFH 9
o] QHA (A Fakog QI Algd
theFsitt o]AH tekel 24l
T 7P & AL viAE 4 ol spt
7b RIS Alolshs 71RAlel 9
(windscreen)©]t}. 1 A7-e] HA2 AT
A 24X 7150 ¥ F=(pore size)
o] 7)ol wet 257157 AlEAE
nRE YEs Wbk, AlEAIFHEY
ol A|15=7} NIOSHE] 7HSINE #F7]<]

0,

Moo i (o
o
}L >
¢
bt

> 2L N ko
L)
offl

2 2Hpump error) HIL7]HNIOSH, 1995)
Q1 5% mRke] ZAle] Bhe Ad st
B7HIPFEL L] A= AlF S (sampling rate)
= Tkt Atk

2 ATee BREdS thew @
A A EAFZE 715 el o
71EAEE Al 79 A x
73 Ve S AAseltt e
o A ez 1) AN gel AR
531, 2) FAH AIZAFH7S] A
of w2l ol ARH= Edo]ojof af
), 3) AwelMe AEAFES Bt
ap7] flslo] mE7|o] W =4, 4)
aiido] sot ARE-ell lo wi¢- RIzkeh
A& oz sl olefdt A3 e
& 71F0E WAl B4 JEa oF
S AAsIglon, AdE i
AE A5 o] g AAHERE E£3%
& ARSIk

a2 vt w572 it
] 1 ppm, &5 100 ppm 123l 2=
AR 100 ppm O =2 TSR Qitk(=
& 2002). e WAl mET)ES
0] =52k 1A A =71 9] 3l (American
Conference of Government Industrial
Hygienists, ACGIH)2] =%7](Threshold
Limit Values, TLVs)ellA= #4105 ppm,
54 50 ppm 224 FAHL 100 ppm
o2 AT QITHACGIH, 2003).

o rob o

e E (RON e

P

=

2

2. 7}HHIAA S o] 831 A7 A%

QAN 4 A2 AR
A7 w8 L 71FAe 2] s H7t
ap7] 2lEiME 7] & 1718A v Y
717h DAl A=l ofok gtk A9
< $I5}0] Figure 13} 22 A5 A4
At 7R oA 7] T AR
TE e S o 22
A o] FofRInt 371 o} 1

PN o off ob

717} -2 Air Compressor¢lA] THz0]
2 AEL F7)(dry air)T= FFLE70 -
50 L/min, Dwyer RMC-104, USA)°llA] F
37 Lmin®] 02 FH%m, o] A9
& e FEE S0k 2%7F FAEES
ZAa] Qi e A FEE
A BAE w7189k 8717k
S 9 E o] FskAl ETk mixing
chamber®] F5+ 5 E7(CH-8303(series
no. 7675 018), Roteonic ag, Swiss)E ©]&
afo] St o] AlgE Wol FExd
A 9] 20 27 Ao RA o
Ao FE7F FrAEES gt

HlAl, S5, 92T Al o] 23ty
1A PEFA] HE(Sege™
Pump model M365, Orion, USA)°IA &
A O = mixing chamber -0 S+
G 7HEE AR FEEnk 718
A FE7F DA A7 Heixe=
7Fdute] 257 s A Elefok st
n &5 2] A ddxdr]
(slide darks, Dealim Electric Ltd, Korea)E
AREBISEL ZHstellA] 718k 718
T 31957125 359 AEE 3]
7| mixing chamber (30cmx40cmx40cm)
oM T |, o] EJE 371+
test chamber (60cmx60cmx70cm)%. ©]%
afo] §718A] Tt Al fAE =
= A7l AEAIFE test chamber
oA} o]FofAH, 715l 2 A5
TEe dokr] 9l MWSES, A2V-
12C38TST-1, Taiwan)S o} Htx47]
2 715 03m/sec(0.17 ~ 0.51m/sec)=
ZA3I3T) test chamber®] 7|79} H%
572 Q4547 (Kanomax 24-6111, Ka-
nomax, Japan) = 37T} Test chamber
N F718A Fee AARE BUHE
291 Photoacoustic Multigas Monitor
(Model 1312, Annova, Denmark)®l] 2+
UA0987 FE|(FH2H 3.4m LOD : 0.04
ppm)E o] &3iA ArzEo =z FRlsqtt
el Fask §718A4 % Multigas
Monitorol| Al AARIO R AEd AdE
IS & AE 719 71 25
Ta 7184 T sk 9
o FrE e



A A RAF7I A 7] FAl B g5 A7l mE AR e "EEA] A AT 127

Flash evaporator

Syringe pump

————— Device to circulate air
and control of air velocity

Purtified Test chamber
compressed air Humidity sensor
‘ LT
T ——]
. e H =5 5 = o
Alr‘ﬂnw Humidity Mixing | Exit Computer
meter
oy chamber | | m_rl:'
Air flow w "
requlator I } _ | Mulll_?as
assive sampler monitor
Compressed air filter Humidity a'rlld charcuall:uhe

and regulator panel controller

Fia 1. Schematic diagram of the experimental apparatus and systems.
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Sampling Rate ( cc/ min)

W, = contaminant weight in passive
sampler, (g or mg
W, = contaminant weight in charcoal
tube, (g or mg
PFR = flow rate of personal air
sampler, liter per minute(Ipm)
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Table 1. Samplina rates of the oriainal 3M badae and the 3M badaes replaced the windscreens having pore size of 11, 20,
60, 100, 140 and 180xm for benzene, toluene and o—xylene

(unit : cc/min)

i Analyt
Wmdspreen Air Velocity,m/sec No. of nalyte
Pore Size(/m Samples Benzene Toluene 0-Xylene
" < 0,01 4 25.943.0° 22.1£1.8 21.0£1.1
0.3 15 34.8+1.8 29.9+1.6 26.8+1.5
2 < 0.01 4 26.9+2.6 22.6+2.8 20.5£1.5
0.3 15 35.842.1 30.7+1.8 27.8+1.7
60 < 0.01 4 26.440.6 22.943.1 19.7+1.6
0.3 15 38.143.2 32.842.6 29.9+2.3
100 < 0.01 4 27.6+1.3 21.543.0 19.7£2.4
0.3 15 474474 40.9+6.8 37.9+6.6
140 < 0.01 4 26.5£2.3 22.843.0 19.143.3
0.3 15 59.9+7.7 52.6+7.5 49.4+6.5
180 < 0.01 4 279423 244432 21.043.2
0.3 15 71.9+12.1 63.6£11.0 59.24+10.5
M < 0.01 4 24.8+1.4 22.1+2.2 18.9+1.5
0.3 15 33.241.8 28.4+1.6 26.2+1.4
* Mean+SD

(my 140pm 1830 180umel A 47.447.4
ce/min, 59.9+7.7cc/min X 71.9+12.1 cc/min
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Table 2. Samplina rates of the oriainal 3V badae and the 3M badaes renlzced the windscreens havina pore size of 11, 20, 60, 100,
140 and 180um or benzene, toluene, o-xylene while air face velocity > 0.3m/s air velocity

(unit : cc/min)

Windscreen pore size

Subst No. of Sampl

ubstance 0 L SAMPIES ) 20/m 60;m 100m 140/m 180m M
Benzene 15 3438 358 381 474 599 719 332
Toluene 30 312 320 352 385 444 537 303
o-Xylene 30 290 296 329 361 01 50.9 2838
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Fig 2. Sr(RSD) of samoling rates of the oriainal 3V badae
and the 3M badaes replaced the windscreens having
pore size of 11, 20, 60, 100, 140 and 180um
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Table 3. Calculated concentration with the use of samplina rates experimentally obtained. and variations of the calculated
concentration levels for the original 3V badges and the 3M badges replaced the windscreens having pore size of 11, 20,
60, 100, 140 and 18Cum

(unit : ppm)
Windscreen Analyte
. No of Samples
Pore Size(ym Benzene Toluene 0-Xylene
1 3 0.69+0 01" 18.23£0.21 16.5340.40
rm 14 12 24
2 ; 0.69£0.02 18.24+0.53 16.5140.56
A 29 29 34
60 ; 0.69+0.06 17.71£1.25 16.50+1.13
4 8.7 7.1 6.8
100 3 0.69+0.12 20.1643.75 16.5243.22
A 17.4 18.6 19.5
140 ; 0.69+0.10 22.49+3 51 16.53+2.37
A 14.5 15.6 143
150 3 0.69£0.13 22.50+4.38 16.52+3.30
A 18.8 19.5 20.0
0.690.02 17.82+0.32 16.54+0.29
M 3 29 18 18

* MeantSD, T Sr(%) = the relative standard deviation(RSD)
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Table 4. Samnlina rates of the oricinal 3M badoe and 3M badges replaced the windscreens
having pore size of 11, 20, and 60um

(unit : cc/min)

Windscreen pore size

Substance No of Samples m 0m 60m M
Benzere 105 36.8:1 6 38.242.1 46.7+4.0" 354413
43 55 8.6 3.7
Toluene 190 32.5+1.1 33.0£12 38.0+4.7° 31.2+0.8
34 3.6 124 26
30.4+1.1 31.0£12 35.7+4.8° 29.5+0.9
o-Xylene 190 36 39 134 31

* MeantSD, T N=20, T Sr(%) = the relative standard deviation(RSD),

§ N=4s.

Table 5. Comparison of the samplina rates of the oricinal 3V badaes and 3M badges replaced the windscreens having pore size
of 11,20 and 60 #m or the benzene, toluene and o-xylene

Substance SR, m{ 1in Pore size ym SR.' (Mean) m{ 1in (SRe-SRg)/SR¢ x 100, %
35.5 11 36.8 3.7
Benzene 35.5 20 382 7.6
35.5 60 46.7 315
35.5 3M 354 03
314 11 32.6 3.8
Toluene 314 20 33.0 5.1
314 60 38.0 21.0
314 M 312 0.6
273 11 30.4 114
o-Xvlene 273 20 31.0 13.6
y 273 60 35.7 30.8
273 M 29.5 8.1

*SRr: Sampling Rate recommended by the manufacturer(3M)
¥ SR : Sampling Rate calculated in this study based on the reference value(measured by charcoal tube method in the test chamber).
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Fig 3. Sr(RSD) of samplina rate of the oricinal 3M badaes
and 3M badaes replaced the windscreens having
pore size of 11, 20 and 6Cum
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Table 6. Comparison of benzene concentrations and their RSDs amona the results of charcoal tubes, the original 3M badges and
the 3M badges replaced windscreens having the recommended pore size

(unit : ppm)
Windscreen pore size
Level No. of Sampl
e 0 OF SAMpIES Charcoal Tm 20im M
| 5 0.530.01" 0.58£0.07" 0.56£0.02 0.55+0.04
1.9 1217 36 73
) s 0.64+0.01 0.66+0.02 0.65£0.01 0.66+0.02
1.6 30 1.5 30
; p 0.75:0.02 0.71+0.02 0.71£0.02 0.73£0.02
27 28 2.8 27
A p 0.85£0.01 0.83+0.03 0.82+0.02 0.83£0.01
1.2 36 24 12
5 p 0.93£0.01 0.91£0.01 0.89+0.03 0.9240.01
1.1 1.1 34 1.1
p p 1.3540.02 1.29+0.04 1.28+0.04 1.3140.04
1.5 3.1 3.1 3.1

* N=4, T MeantSD, T Sr(%) = the relative standard deviation(RSD).
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Table 7. Comparison of toluene concentrations and their RSDs amona the resulits of charcoal fubes, the original 3V badges
and the 3M badges replaced windscreens having the recommended pore size

(unit : ppm)
Level No. of Saml Windscreen pore size

eve 0. of Samples

v P Charcoal 11m 20/m 3M

| 5 13.88+0.25° 13.99+0.34 14.09+0.38 13.89+0.19
1.8 247 27 1.4

5 5 16.32+0.48 16.76+0.13 16.70+£0.41 16.34+0.21
29 0.8 25 1.3

3 5 16.92+0.46 16.99+0.21 17.1440.43 17.03+0.25
2.7 1.2 2.5 1.5

4 6 20.07+0.50 19.7240.53 19.70£0.60 19.90+0.46
25 27 3.0 23

5 6 22.64+0.17 22.10+0.67 22.09+0.55 22.38+0.40
0.8 3.0 2.5 1.8

6 6 25.61+0.16 25.26+0.59 24.99+0.65 25.51+0.32
0.6 23 26 13

7 6 33.72+0.60 33.35+0.60 32.81+0.89 33.540.47
1.8 1.8 2.7 1.4

* N =4, T MeantSD, ¥ St(%) = the relative standard deviation(RSD).

Table 8. Comparison of o-xvlene concenirations and their RSDs amona the results of charcoal tubes, the original 3M badges
and the 3M badges replaced windscreens having the recommended pore size

(unit * ppm)
Level No. of Sarol Windscreen pore size

eve 0. of Samples

v P Charcoal 1m 20im M

| 5 11.97£0.22° 11 98i0 277 11.9140.32 11.88+0.18
1.8 237 2.7 15

5 5 14.65+0.45 14.60+0.11 14.57£0.37 14.15+0.24
3.1 0.8 25 1.7

3 5 15.10+0.58 14.98+0.11 15.17+0.36 14.91+0.14
39 0.7 2.4 0.9

4 6 18.2140.39 18.53£0.45 18.4240.52 18.62+0.44
2.1 24 2.8 24

5 6 20.41+0.24 20.20+0.68 20.2240.53 20.36+0.18
1.2 34 2.6 0.9

6 6 23.53+0.11 22.66+0.51 22.504+0.54 22.91+0.34
0.5 23 24 15

7 6 27.79+0.52 28.22+0.85 27.88+0.94 28.63+0.32
1.9 3.1 2.7 1.1

* N=4, T MeantSD, T Sr(%) = the relative standard deviation(RSD).

3. NIOSHS] HEoAfe] fa 7|59l 24-T4H0] 304cc/min®] 0™, 20im < O] 354ce/min, E-5<1 31.2cc/min,
5% Heke] AEAHAES 7T 7154 71FAl] wellds WAl 38.2ce/min, BT 283 2EA-FA™O] 29.5cc/min®] G}
of uk F=o] A7 11me} 20ime) Tk A 33.0cc/min, 2EA-FAH] 310 th o 3MAIAM AAE WAl 355

4. 1ym 71541 2] AlZAHHES ce/min®| Tk ce/min, SF4 31.4cc/min, 12|31 224
HlAllo] 36.8ce/min, &<l 32.6cc/min, 2 5. 3M OVM #3500 badge®] Al=AFE A2 o] 273cc/min¥} FARHA H7}s]
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