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1E A7) SaiME dade] V1§ golokstn 1A 2 A
$E G4 NEAH7Y WRAA B (starvation)HAFo] Lojuity,
whebad] At NEAHIE AFEE) AsME Haw 9RI)F)
0.05~0.1 m/sec X7} Hojok T, ol AxToNE TJALES
oF 8t 7I%7F §lE FolAEe Qe L2 glojof Hats

LA
d¢ # 92 Uear

Jﬂ R
k!

ol

ol

Lol
Mo S

tlo

ol B dFdAE A AZAFH7Y fang FRFOEAN
STEL(Short Term Exposure Limits)& 7122 Z3F A

F9 42 2e & YA FART ARARLY WHE PHUY =

&
M
%
>
2

A, Pang $HS BA4 ARAAZISG RARA e T A

2AF7IE 248U H vt ABAHES 24T
4, J571F e A ERY ARAHES TR

A, JFE7)Fol| W& fano] F-&FE 44 AgAFH 9 &S Y
o}, |

ol

o



AN = FS- Be TR e AHgHT Utk o] &
Qge @70 ot GAYELE AMFHVE AT R
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AAEZ Y STELS WA A A A E 71 ¢ 3] (American Conference
of Government Industrial Hygienists, ACGIH)8] =Z7]|FdA wlAl o]
25 ppm 232 L24-FAAL 150 ppmeE FAHSL JAX w=F F
Y A ¢rd BA dF4(National Institute for Occupational Safety
and Health, NIOSH)| 4 EFd¢ 150 ppme 2 A3 et



4PAoN B4 ARAR7Y ABAN 52 BRI ANA
= 37 % 47184 B, NF 2 2£E7 dREA FAHl ok
Ik ozl AW 9she] Figure 19} ¢ FA 8 AXAAYG.

2 AAE THA olFT. TVIRSFASL A=IL FAE Anr
Compressordll Al &AW AgE& F7(dry aine A7t2 EfR}
Charcoal ERE AAH F+#Fx47](0 - 50 L/min, Dwyer RMC- 104)°l

A ¢k 30 L/min® FZo2 FFHY, o] AFEL TV §58 50 £
2 %7t HAHES 2R AAA £827 HAHAYE FE2A
JAg St fr18AS BV EFEE EFER OIFIHA @
t}, 829 #%%E General EasternAt9) % = 4(model 850)& ©] &3t
o

27483, o] ABE Wl $EXY XY $42 LE/} 2HPL

= —

0)4

2N 93T #E7F FAHES T

S, WA, EF, L22-34d0 EFH FV &AL HFFA
Pump model M365, Oriom)olA €4 FZF2Z Mixing
chamber Aol & &¢Fvlg 7F<E%(flash evaporator, Aldrich
4#711737-4) 92 FFAch H718A =7t dA}A FAH7) A4
Ae 7tgdse] exrt 9ASA FA=H ok M 2EE 2HEY] 9
s)A A<tz 7)(Slide darks, Dealim Electric Ltd, Korea)& AH&-33A
o, 7td@elA 718" §F718AE IVISEFVIERE EFE MRS
2719 37 Mixing chamber (50cm X 40cm X 40cm)ellA F3F

2390, o] 288 F7]¥ Test chamber (50cm X 40cm X 40cm)
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2 olFsY F71&A =7t dAHIA FAHEESE AAHUYG. A=
AHAE Test chamberdl o]Fo4A s, 71Fo] o8 A8F &2
dotr 7] 93] fan(SANYO DENKI, 109E1212H102, Japan)& 2o} A
dZ2H712 7|HE ZEAUh Test chamberd 7179 #E=2 g4

T4 A (Kanomax 24-6111, Kanomax, Japan)® 243} t}.

[ S O
A A
Purtified Test Chamber
compressed air de &1

" % Mixing m g M’ | Exit
{a o { |chamber — | m

Humidity

controller

Figure 1. Schematic of the experimental apparatus and system.
OCompressed air filter and regulator panel @ Air flow
regulator @Air flow meter @ Humidity generator ® Humidity
sensor ® Flash evaporator @ Device to circulate air and
control of air velocity Test passive sampler and charcoal

tubes.
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g4 ANEAHA71 A8 2 FUxd 94FL AXNE AHE FQ
& 29e AzAALolth ol ARAAY Az AN AFsE
e SN d2Hoz HegPh NaEAHed #EY 29s
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Fe AT AZY F2AA7F TL57] GEo A HA go
o b 8% 89 R Fe @ gl

rlo

22

E A7ME A 98 AHEED dE &44 A 8337 (Organic
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Z2439 fang IAAEEE WIAIA JIFE AU FAY A=
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2N STELY 7129 158 Astgich &84 Alma7)e
A3 PN 0B ~8A oI o]k BEo| we wal Fojok @

o Fan % 579 A& Zolg BY) st 2 AR

gAdeHS o8 AFSZEIFLFY FAH 2 EAe NIOSH
Method 15009 el &3t A &E AFH3tn BAFHATEQ®). A&

A MAANE AFH7(GilAir sampler, Gilian Instrument Corp.,
US.A)el S &3(226-01GWS, SKC Corp. US.A)S 943to 018
~ 020 Ipme] F#Fo 2 AHI}ALH, AR AH A - T vFAER
FAZ FFE BRAINAT AR E4L gdddEe 4FH HE: S
23 & o]33 &4 (Crown guaranteed reagents, Yakuri Pure
Chemicals Co., LTD, Japan) 1M E 2&3 gt &€23 Algs B0
23 Z#E77 FFRE 7tz ZvlEa99(Gas  chromatography-
Flame Ionization Detector(GC/FID), Model Agilent 6890N, Agilent
Technologies, USA)E EA43att. EFE&AL wlAl 075 - 64.13 ug
/sample, EF4 1472 - 1262 ug/sample 281 QL2 A-3 A A 0]
1428 - 1283 pg/sample B E 9 ~ 1070E ZA8te HHFAXS ZF

3 & ABE BAHQer EAEAL Table 13 2t SA4€d
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Table 1. Analytical Conditions of Benzene, Toluene and o-Xylene -

Variable Conditions

GC Agilent 6890N, U.S.A
Detector Flame Ionizatioﬁ Detector
Injector | Capillary Split Mode
Column DB-VRX(60m X 0.25mm X 1.4m)
Carrier Gas Ny o ' _
Flow Rate 12 m/min and 2.0 m¢/min
Split Ratio 20 : 1 |
Injector Volume 1

Detector Temp. 220 C

Injector Temp. 250 C

Oven Temp. 60 C
43 B4 ARAA7) WE

a2 A gAH7E o4 54L& 3M OVM #3500 badges ©]&
AT 5708 A X FAEH e fand] VIFE SAHTF AE
AHs4h 549 AR A fang A ¥L FAA
Bgsgdt ARE AAT F IIFAAGE AASL €38 FEL
2 o] 71 F, o|Rges 2mE 2333
By 39 oz AT,

m\m

T
i)
_Ql_,
et
>
fl
i
ok
o

g4 AgAH e gAgHd §98 ARe AHAE AEAH

Zol A1, 2 me BFELWE ARE BH3Y] Wi s Ee FE
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8 E3S EAsorgt. old3steag 73-1- ECEE 19

oYU}, ol WA E4d B oAAE 2T F I+ 81219
3o B dFdME o8 8UE AAS7] A WA FFFol
Ao 3AY AEFEEL o)l&F o, Benzene(HPLC reagent, Sigma
Chemical Co., USA), Toluene(HPLC reagent, Sigma Chemical Co.,
USA) 233 o-Xylene(HPLC reagent, Sigma Chemical Co., USA)<2
SETANEE AHESIAH

23
2,

r
¢

} A o)

44 NBAFE] AR

NEAAEs] Age o2d Wy, 49 T VAR Py
#4% HeA8e Food ARste W, B4 A ¥Fo] gm

v B4 vzdA AAse Y 5 MR el A HT 3

1

ot Ae3tE dEEY AF ANsSAHLELE AxIAY AFAAA
A3 AA4E ez AFFE Aoy, waty FFAAN BAsE
2 J¢S nHIA & AFolmE FFAIAAE UL AolE B
At B AFoAe WA, EFA a8z 224h-adde] EFE &
Ae RVIFEEZ ZAGE HEG A AaAfHY e A
2438t fan & 59 FA AzAHAY AaAHEL 4 18
o] &3t} F3tdth. Test chamber® HX% charcoal tube® 4%
He 71Fo 2 AT
Sampling Rate(cc/min) = C”Z’t X 1000 <oorevennnnenens 2l 1

Wp = contaminant weight in passive sampler, yg
C = concentration of charcoal tube method, mg/m3

t = Sampling time, min

- 11 -



Fang 228 44 AsAA7Y A2ARLY) 182 Br57
dAstd A 28 ol g3

D(%)= SRp - SRf X100 werrrvervrrrennnns 22
SRf .
D : difference between sampling rate of passive sampler and

sampling rate of fan-passive sampler, %
SRp : sampling rate of passive sampler, cc/min

SRf : sampling rate of fan-passive sampler, cc/min
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Imi. 94+453}

1L A7 dvrd g

GREIIFY 4FE HE7] A WA, EFAd a8n e248-3
Ade] E¢E APEZ S Mixing chambers}t Test chamberg AX¥
A YRR FEZ ZAT F, 4N ARAFH7Y R JFE LA

&
3tz Hrlste] e BE I 8|2 oju Mixing chamber
Test chamberl®] X 50x2%0ld o 2%x& 18 TE GXA 34
=3

E dFdA 48T =22 ZAE 7 E39 e 94 596t
054 ppm, E% 4 50.69+4.98 ppm, 2 =A-3 ¥ 40.40+540 ppm ©l
T Z} Chamber W F7] #%L 2735 £ 3 Ipm otk AP At
@ fan® A AIZAFHZIAA AN Y 71FE 1.00 ~ 439 m/sec A
o} 4% fano] F&HE A Ag2AFH7Y 2HFE 4£F fand] 71F
7b 1.00 m/sec o€ EBRANAE dFFE € F AUD YF7F=
120mm¢] fang AFE3I 3 0.00 ~ 094 m/secE TAAA 2F3A
o AlEAFHEE S48 PHE VISR TR AT ERe
NaQH e Table 2, Figure 29 2t}

Fang H#%3F 8424 AgAz7]19 7 B4 ASAHE a2 9
A 36.78 cc/min, EF 4 3299 cc/min, L. E24A-3I A ¥ 31.53 cc/min ©]

AT fang FH3HA] ¥ FAH ANgAF7e 4 2DE A=A E
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< WA 3453 cc/min, EF A 3123 cc/min, LE24-AAA 30.09
cc/minZ2A Z BZ Y Paired t-test 23 F AN HILdE EA4H0
2 9% Aol7t AUATHP<005). ol& fang B2 B2 AN
e} NgAREo] B AL & & 7} Yok

Table 2. Sampling rates of benzene, toluene and o-xylene by two

sampling methods (Mean, Range : cc/min)

Sampler No. of o .
Substance , Mean 'SD - Range = SRf-SRp T-test
Type Samples .

. 2822 ~
Passive 83 3453 3.23
41.21
Benzene 225  -10.9283
Fan 2942 ~ '
R 83 36.78 3.01
Passive 42.84
2291 ~
Passive 83 31.23 3.90
39.61
Toluene 176 -12.2312
Fan 2295 ~ .
] 83 3299 353 j
Passive 4053
2298 ~
Passive 83 30.09 3.90
39.06
O-Xylene ‘ 144 -9.29446
Fan 2349 ~
] 83 3153 3.25
Passive 39.31

“Statistically significant at p<0.05
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Fan-
Passive £
Passive  Sampler an‘ Fan-
- . Passive .
e Sampler ~———  Passive Sampl Passive  passive
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9 e
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8 -
&« n
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£ 304 1 L
(4]
3 R
20 Benzene Toluene O-Xylene
Substance

Figure 2. Sampling rates of benzene, toluene and o-xylene by two

sampling methods.
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rr
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Table 3. Mean of sampling rates by the air velocity for Benzene

Bange ?f No. of Mean of Mean of SRp-SRI (SRp-SRf)/
Air velocity samples SRp(SD) SRf(SD) SRf*100
0.00~0.05 9 ?23 3795) (453 7245) -9.51 -21.98
0.05~0.10 5 (322 ;561) (?151856) -3.24 -9.04
0.11~0.15 10 322 1802) (325 51:) -2.38 -6.75
0.16~0.25 25 ?32 (;123) (334 2457) -2.04 -591
0.26~0.40 21 (326 81(?) (328 5055) -1.88 -4.94
0.41~1.00 19 ?26 f;) (329 é):) 207 -5.30

- 17 -
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(SRp-SRf/SRf*100, %

Figure 3. Sampling rates

N
e N
® b4 °
° S °
o o .
o s ‘: : /,‘\ ® 0
™
o® I o
® SRp
y =19.75(1-¢'*%7*) - 24.88
R*=0.54
0.4 0.6 0.8

Air velocity, m/sec

of benzene by air velocity.
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22 EFA9 MEAHE

29 ARIF WAE ABARELY FFL FEIE fand ¥

g & ANeAFH7] £&€ TR AIe Table 49 20

)

(il

FA2 B¥ AF71F7F 005 misec PR LHAE fang FEHT
4 AmAfH7)e A gAF &0l fand FHA G ARY 21 %
b B¢ 9R71F7F 005~0.10 m/secd Welle 9 %, 011~0.15
m/sec TAME 6 %2 fans FHF FA4 A &8AFH79 A BAHH
go] =4t IAAEN A7 JREIIFIT 030 m/sec 1Y @ F
7re] ztole 2ABAUT. 030 m/sec ALY W fang H 23 Al
NEAH7IY NEANHES 18R] &L ALY 3 4% AE =4
AAHOZ fang FFAF FA2 AzZAFH79 ABAHLEL dRIF
7} Agel] we fand FAEA G2 A ABAHTIY AEAHE
B E3o.

&O
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‘Table 4. Mean of sampling rates by the air velocity for toluene

Range of Air No. of Mean of Mean of SRo-SRf (SRp-SRf)/
velocity samples SRp SRf P SRf*100
29.23 36.81
0~0.05 9 (2.29) (4.20) 7.58 20.60

- 2873 31.55 ' S
05~0. -2.83 -8.96 .
0.05~0.10 5’ (1.77) (0.92) :
28.90 30.66
11~0. -1. =h.72
011~0.15 10 (1.74) (1.4 L7 °
29.24 31.22
0.16~0.25 25 (3.37) (3.27) ~1.98 633
32.24 33.68 .
.26~0. - -1.44 -4.29
0.26~0.40 21 (3.07) (3.13)
041~1 g BB By -2.92

(287 (299

- 920 -



(SRp-SRf)/SRF*100, %

y=18.49(1—e2%)~22.42
R* =0.66

'30 T Ll T T 1

0.0 0.2 0.4 0.6 0.8

Air velocity, m/sec

Figure 4. Sampling rates of toluene by air velocity.
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e2a-a89 A¥AF WY N2ANES BTE TS
fng AW B44 ABAANY] 5L FHUL BHE Table 59
2t o

lo
[

z-aAdde] Ag I%71F7 005 m/sec PIHLwolE fang
RAY G324 ANBAH7)Y NEAHEo] fang FHAA P& AW
% 20 %7t Bt 9EI1F7F 005~0.10 m/secd HelE 9 %, 0.1
1~0.15 m/sec FAANE 5 %2 fanS H2§ FAA ANaYHr)e]
NEfHA Lo gt ALY B3 9271F7t 0.35 m/sec oA o
T Bz Hol: AAHRT 035 misec ©14Y T fang R
g2 NEAHH7Y ANEAALee 28X Fe ARY F 3 % A
4o AAHLE fang FFAF 412 AEAF Y AsAHE
4RI F7 Ao wet fane FEARA Fe FIY ABAA Y A
gAALRT =Y

H
rlo
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Table 5. Mean of sampling rates by the air velocity for o-xylene

Range of Air No. of Mean of Mean SRo-SRf (SRp-SRf)/
velocity  samples SRp of SRf % SRE+100
2759 3467
0~0.05 9 Gom  agy 0T 20.41
2761 3030
0.05~0.10 5 080 (lym 269 3.87
2773 29.32
11~0. -1 542

0.11~0.15 10 000 s 19

2847 3022
16~0. 175 -5.79
016~02 2 569 (321)

3121 3235
26~0. 114 352
026040 21 (329) (322)

3360  34.06

A41~1. -0.46 -1.34
01~100 19 3100 @m)
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Figure 5. Sampling rates

Air velocity, m/sec

of o-xylene by air velocity.
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Table 6. Mean of sampling rates by the air velocity for Benzene,

Toluene, O-Xylene .

Range of No. of Mean of Mean of SRo-SRE (SRp-SRf)/
Air velocity samples  SRp SRf P SRE+100
90.57 114.73 .
0~0.05 9 : » -24. : -21.
» (6.55) (1361) 2416 2106
88.95 97.71
0.05~0.10 5 (6.47) 2.82) -8.75 -8.96
, 89.45 95.16
011~0.15 10 (5.63) (5.13) 5.72 6.01
90.14 95.91
16~0.2 2 -5.76 -6.01
016025 ° 9.87) (941) >
0.26~0.40 21 99.61 104.08 -4.46 -4.29

8.12) (8.16)

105.92 109.51
041~1 19 661 (711 -3.59 3.28
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Figure 6. Sampling rates of the sum of benzene, toluene, o-xylene

by air velocity.
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ABSTRACT

Study on Development of a Fan—-Passive
Sampler to Increase Sampling Rates

Park, Byung Moo
Division of Industrial Hygiene Engineering
Graduate School of Occupational Safety and Health
Hansung University

Director
~ Park, Doo Yong, Dr.P.H., CIH

It has been suffered 'from low sampling rates to use passive
samplers in the industrial hygiene field especially for STEL
measurement. In addition, passive samplers can be used only
when air velocity exceeding 0.3 m/s due to starvations of
organic molecules inside the samplers when the air velocity is
below than 0.3 m/s. A new Fan-Passive Sampler was designed
by attaching a small fan on the passive sampler. To test this
concept, a small CPU fan was attached on the 3M badges
(passive sampler). With this Fan-Passive Samplers, sampling
rates were compared between the Fan-Passive samplers and
original 3M badges in the test chamber where air velocity can
be controlled. Experiments were conducted for benzene, toluene,
and o-xylene.

The results are as follows:
1) For high air velocity conditions (>0.3 m/s), it was found that

the sampling rate of the Fan-Passive sampler was around 5
% higher than that of 3M badges.
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2) For low air velocity conditions (<0.3 m/s), the sampling rate
for the Fan-Passive sampler was not decreased. However,
the sampling rate of the original 3M badges was dramatically
dropped. Thus, the original 3M badges are not suitable to
collect samples under the condition of no air flow. However,
it was possible to overcome this limitation by attaching a
small fan on the 3M badges.

3) It was shown that the trend of sampling rate increases for
benzene, toluene and o-xylene was same.
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