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ABSTRACT

Objectives: Flow rate stability is very important for obtaining reliable measurements. However there is no easily used method for checking
whether the flow rate set at the initial stage is sustained during sampling. The purpose of this study was to develop a method to evaluate
the flow rate performance of gas sampling pumps with adsorbents commonly used to sample gases.

Materials and methods: We tested the back pressure of gas sampling pumps commonly used in Korea with adsorbents such as charcoal
and silica tubes and attempted to discover the combination conditions of adsorbents in accordance with back pressure required by ISO
standard 13137.

Results: We found the combination of sampling adsorbents to be applicable to the pressure drop required by the ISO standard for
evaluating flow rate stability under increasing pressure drop and long term (eight-hour) performance.

Conclusions: This evaluation method of using a sampling media matrix for checking flow rate stability as proposed by this study could
be a highly useful tool for determining the reliability of the performance pumps before sampling.
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Table 1. The flow range and maximum allowable back pressure of main models by personal pump manufacturers

Manufacturer Model F(IE\/Vmirs;e Baciﬁ;ﬁ ss]._lllzrg,) kPa

0.02~0.2 6.2(24.8)

Gilian LFS-113 035 62024.8)

SKC Pocket pump 210-1002 0.02~0.225 5(20)
2 ol 2 o4 BEE JHEA7INA HAES S gtk
IS0 AN B7eln Gk BE fRAE B Ed 03 LR 2uSH: a4 24 43S B
W QERSE ST A GNES B 49 03 LB 9 4 kPa(l6 inch H0)3 S B A
a5 QreRsl 2004 BRS8N 2slAt AXsk Gk Aded @ Ao
oY A& TFEAIZIEA FA T FEHES B oA 8AIZE o) HEZE THEAIZIWUA BIFsHES
Aok e AR Qich deRstE S22 sha Qe o] o4 s1g fuE Wl Lsvolth
WA Bk Wo 4% Table 20) AAE S8 webd 150 7|E0lH RPeks of oY 248 &
-&d=dst Ml WolA d=itsks seEA= S7t offarxl theFet FAHAlIFel ol59 = ARMESH
AZIEA e Bkt s M7 AR o, ol FAAIF 2ol wet Hazo del=
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© 0.05 —Fg @ 0.48 kPa(1.92 inch H;0)#} 7]
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Table 2. Required pressure drop ranges of the flow rates by ISO 13137

Type of pump Adjusted flow rate

Required pressure drop range

(ml/min) kPa(inch H,O)
10 0.02(0.08) ~  0.2(0.8)
50 0.1(04) ~ 1.2(4.8)
100 0.2(0.8) ~  2.6(10.4)
Type G pumps
200 0.5(2.0) ~  6.0(24.0)
300 1.0(4.0) ~  10.0(40.0)
500 2.08.00 ~  10.0(40.0)
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Table 3. Adsorbent combination conditions for checking flow rate stability under increasing pressure drop and maximum flow rate

Stage Pump Adsorbents combination Back pressure(inch H,O)
1 G'&s” one charcoal tube(226-01) 1.89
2 G&S one charcoal tube(226-01GWS) + one charcoal tube(226-01GWS) 7.59
G one silica tube(226-10-03) + one charcoal tube(226-01) 15.48
: S one silica tube(226-10-03) 15.25
4 G two silica tubes(226-10-03) 20.34
S one silica tube(226-10-03) + two charcoal tubes(226-01GWS) 22.65
s G one charcoal tube(226-01GWS) + two silica tubes(226-10-03) 23.98
S one silica tube(226-10-03) + three charcoal tubes(226-01GWS) 25.58

" Gilian LFS-113; ~: SKC Pocket pump 210-1002

EH BaW FAA AAEAE Giln PLG SKC USAE Qs ) e 5 slglem, o) 2o
HER AEste] dakE AA stk 1 A= = AA dEFst= 20.19 inch HO%th Table 20]
mste Gilian LFS-113 HZ 79 5th7 9] 4cﬂ o AAE ISO FAL HE 02 L/E A9 aEelxs
2o 7] A 3 Ao TAETH226-0I1GWS, ) 5825} 24 inch H,00]1 0.3 L& 73S
SKC, USA)TF & 72| Alg]7}Aeh(226-10-03, SKC, 40 inch Hy0o0|t}. whala] H7jtjato] € gz mao
USA)YS ZH7f & &2 HE& dd sty o5& /4 ISO +A0] a+tatal Q= 3 8Ye Fot 21& 5
A ERR AR A4S F o BZo] §904 BH 47X ks muo|th IS0 B7lr] 2] whet w7}
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et Ads g e

F94d FE dole dA AZAF A} Table 20] 4] 2+© ™ 28 inch H,O A %7} Ec} ISO 7

UG o2 st Heh. 2o A AASIL Gl Uhgel uhZe Table 204 4|
Table 4= BIAZIA AN G HAfe  AH F Aol ol AFshe 9% 4 Y &
o i gepel A 8 Bok A% AFAWA £ o] 1 wtelA M om Frkltn et
2 WA AT fel Fhslok s qreRal 2ol ag e ANES s olrhiso, 2013). et
Balshe S AA=AE 4R Aotk SKC WbHA Wzel A9 B e sl A WaaEol
Pocket pump 210-1002 49 AIZBA7E AASE 9L WA BIZAZSAL AN Hoh 589l 20
OARAY D G 22 0225 L W20 inch H00) A B7HE AAG el glgict.
inch H.O. whebA] sl grelstade] Saket 2 Table S Table 3004 A4S B34 ADEAS
AR AAEAS I A Mel bAm226-10-03,  olgdtel BEW Adfld e s wAR 3
SKC, USA)ZF % 7H9] ZHYEITH26-01GWS, SKC,  7RAI7] @A 2} eAME 38)% Hito] el 44

Table 4. Adsorbent combination conditions for checking long-term performance at minimum and maximum flow rate

Pump Flow rate Adsorbents combination Back pressure, inch H,O
. 0.05 L/min two silica tubes(226-10-04) 1.90
Max(0.2 L/min) two silica tubes(226-10-03)+ one charcoal tube(226-01) 25.70
- 0.05 L/min two silica tubes(226-10-04) 1.82
Max(0.225 L/min) one silica tube(226-10-03)+ two charcoal tubes(226-01GWS) 20.19

" Gilian LFS-113; ~": SKC Pocket pump 210-1002
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Table 5. Pressure drop by filter combination conditions for checking flow rate stability under increasing pressure drop and flow rate

(Gilian: 0.2 L/min, SKC: 0.225 L/min)

Pressure, inch H,O

Pump N Variable
1 step 2 step 3 step 4 step 5 step
Range 1.57~1.68 7.85~8.34 15.14~15.67 19.82~21.00 23.58~24.24
Gilian 3 Average 1.61 7.95 15.48 20.34 23.98
V' % 2.19 1.62 1.62 2.52 1.27
Range 2.00~2.27 7.15~7.27 15.16~15.36 22.20~22.97 25.40~25.90
SKC 3 Average 2.17 7.22 15.25 22.65 25.58
CV,% 5.62 0.69 0.56 1.48 0.81
"CV: Coefficient of variation
rElBsls =4sto]l Prigk Afolrt Gilan P 2. YESHIR|Ql FAIN HZExZZ 0|83 HE
B9 2 TAE YRt Hee YEhls HolAs o RN S HuEI Zat
(Coefficient of Variation, CV) Zko] Z|ojj 2.52%= ] S2HA dAxAS ARESE HEo GEAdEEI)
9 P Holgitk. SKC IS A9t | v ddx  Auhe dAZPPAE o8I 4B ST ket
oA 5.62%% o Etoy UmA] v dA= 2 Zpo) 7k glofof gte. wheba] B oAM= ESA
T 1.5% olstz w9 Qg Yol elE it whet Aot FAA AAxAE &8st FUT HEE
A & Aol A Zrobdl S Ad 22 18O 7]& ddez IS0 BFrh7lee] wet o fFEddsS
of e sTA A RS FTHTIHA FEHES BF7kste] HAh ol Fritdo]l H & AR
B7rehsdl AR Ee 2l & 4 i Z4zF 3dj4 F odle HEE "o R e A
Table 6> Table 404 A|AISE 24 ddx2e shich F7Hay 2 A4S Fel 2 S2A dE
ol-gsto] HIEH 4 gl HofFFolA ST U 20% Z83 FFEE7E 2ot dESARAE
7Fet Aol A HEE 8AIZE o)A dA&TkE A7IE 283 AT At RS 2 &
A 302 tAC R o A= dYFsls ST Ut S AFEAHRE BT A= 2
Aotk of Wol =S FTHATIHUA H7IRE A= KR
BAIZE o) A& e AlZI= & 2 Hzof Tl AATBE AL (Figure 1, 2), 8AI7E o] AL7ks Al
A geol E ¥ glo] wif- AR FAHL 71 A B7HeE Aik= SKC AlE9] 3 7HE IK(Figure
Vs & 4 Atk wEbA] 8AIZE AAIZE FrkeE 2 3, 4) Wh& A|A8H e
AtollA Frobdl FAHA dAdxS AMESHH ISO dge sHAlR STHAZIUA Brbehs TR
710l mE AR FEHES Frsked AR =2 AFHE HZY B dAS =2 AFHE H=
TS B T 4 A o= g o FFelAnt sig bRk 2o A
Table 6. Pressure drop by adsorbent combination conditions for checking long-term performance at minimum and maximum flow rate
Pressure, inch HO
Pump N Flow rate "
Range Mean SD
Min, 0.05 L/min 1.85 ~ 1.94 1.90 0.15
Gilian 3
Max, 0.2 L/min 25.46 ~ 26.07 26.70 0.33
Min, 0.05 L/min 1.78 ~ 1.86 1.82 0.05
SKC 3
Max, 0.025 L/min 20.04 ~ 20.31 20.19 0.90
'SD: Standard deviation
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