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Development and Evaluation of a Carbon Dioxide Diffusive
Sampling Method using Barium Hydroxide
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Abstract

This study was aimed at developing and evaluating a diffusive sampling method using a barium hydroxide
solution as an absorbent for measuring carbon dioxide (CO,) in ambient air. The collected CO, concentration was
calculated by the change of conductivity resulted in the reaction of CO,?" and Ba?* in aqueous solution. The
sampling rate for the diffusive sampler was determined 0.218 mL/min, as obtained from the slope of the linear
correlation between the CO, mass collected by the diffusive sampler and the time-weighted CO, concentration with
the active sampling method. The unexposed blank sampler sealed in aluminium foil-polyethylene laminated
packets has remained stable during at least one-month storage period. A good correlation was observed between
the diffusive sampler and active sampler with a coefficient of determination of 0.956. This diffusive sampler would

be suitable for the indoor CO, concentration monitoring.
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H7] F olabglEkA FEi ARIEH oA 1,000
53t 280410 ppmo] 1A 5k, FZell= 380 ppm7}HA]|
ZF7Fke] 12 <l3k 24l & 7} (greenhouse effect) o] &

B AR AR dFH7] ARG
(IPCC, 2001; Kwon, 1996). st o]Alslelat Wy
Z3Z - (sick building syndrome)2] {1¢l&d = skt
2 AvarAgE] S AW )t E v
Y xxEdzx odax ¢l (Battermana and
Penga, 1995).



SALEE o) 4T ol

wEkA A F2dstel] o3t 715
%AJ,;Jr Ayz7)Ade] #2)rt Zadk Ao A

o '-'.*‘413] SR }—‘—é—% ?J_Hhﬂﬂ Zol|A] o]AbZ}ERA
w9 A4 el W3l (Kim et al., 2001; Reid and
Steyn, 1997; Aikawa et al., 1995; Derwent et al., 1995;
Ghauri et al., 1994; Sigrist, 1994; Lee and Chung, 1993)
¢} ==2wejr]e] =4 (Idso et al, 2001; Idso et al.,
1998) 9! AjgHoA 9] = A e FxH]
2 (Chan, 2003; Lee et al., 1999; Chuah et al., 1997) %
o Fate] B ars}glct.

Aoz by F olustRag 24k A%
ub-e v RAPH 9] 414 (non-dispersive infrared spec-
trometry)& &3t ALZAu o] it o] S
W we AUws Y fAGEA Q437

o] 7hssked AP ol Aiekae) WstE HAY »
o, AglA 4L viz BT & 9= 7
AL 7R Adx 22y 3 A geA edEA
@zz{o_i _.;(-];5]_0;] l.;E_O] _3_7].;@ o] 2ryx= j],
7] $lalAM= vaeel S Zes, o
g ko] AFdESE7E o83 2k AS- A
3 v} Azte] eEet =3 ARl B
Hle] 4 9 BApE 93 ARrte 2o Aot
(UNEP/WHO, 1994).

oAslEIAE W|RT Y7o =
1k5A 7] (diffusive samplen)= 2212l x4 o] ¢l
o] b AT 4 Qo] 7t E4HA AHEE
T lem, AYE AHE3HA] o7) wEel &5EA}
*E?‘M 3 Rl AA7E Do glo] AWE v
g SR G Addglel AHEF 4 Sl ol=dh
A wEel d7|edEd o] T4 2E2E
el AW eqd d3ke sofele o @ol o4
=3 ¢Jek(Yim et al., 2007; Cruz et al., 2004; Rabaud
et al., 2001; Stevenson et al., 2001; Gillett et al., 2000).
meb Avesie] AEEA F shel olaksheka
wre) FEE Y AL Afelde) AL 9T
$A247)9 Bgrr ¥ Aoz Yz 2o
U dAel A 243 AR e gwAe] sEghe A
Azrem A5G 4 g7 el A7HH ke v}
ofsh ¥l Tha ol gel e

984 24 9

\r
E
=
Z;

rlr

[

sebe A=) AL Y B 57

S o83 oSt E S48 &
9] ¥lgE3¥ =S ICP-AES(Inductively coupled plasma
atomic emission spectroscopy) & o]-g-3ked EAgke
24 olabEtrize] & ARshs WS BuE9l
o1} (Giuliano et al., 2004), o] Hiy-& EX3}A]e] =
AR 1w BARNE o437 HEe] e} &
Ae 54 9 2AS AT 2o Yaskl =
ot
Sk hHg (Ba(OH),) 48918 o]4h
shebant ghabe] o] ZHEA|ofoz A Abg¥oh
up2hA 2 QATelAs FAEREE SAE 7] F ol
&8l Fea| 2 o] g3l gl
= Xd7];$_E£—E— 28 o am oAlEeth xS Ak

7N

Wated 712 553 (active)
W49 wﬂ% 2747)9} wla, ZRFozH 2
A2A719) APA AzAREE Fkske b e
o), w3 A4 Hrhe Fate] olabstaia BAHEA
718 ol g3 A R AslelAe ZRsAE A=
ahgiek

2. Ay 9Y

2.1 &ArEH 7| (diffusive sampler)
FakEA o] 71edel= A (steady-state) of A

2] (1)) Fick'se] el ojsf A== At
(molecular diffusion) o]t}
J——Dﬁ 1
=-D—r )
oI7]14, F= olAbgtekae] flux (ug/m? - §)o] 3z, D= o]
Absleba Bape] A4 (M= =0 oJ3)

W= gH4o) 3, ACE H)7] F o]AlselAe] His
(Co8t 54l mHolA 9] e]AbslrlA: 5= (C)o] %
(difference, pg/m®) o)1, ALL Eak=A)7]e] Atz
o] (mo]th. o]atsletar) &2 w=2 EAlsh: o
719} o] AbstetArt EAEHA] ¢ SA7] ubeH A
ool Fx7ul 7k ZXHﬁ}-T'— o] FxEXxlol &3t o] At
ehAo] Exgatel] o8 & ZﬂS’Jr ks 7
UHAIZE 5ok Fatell oJs) o] 5= olAbstelAo] <
< FEulst AAAE 7R3 ‘%lPPI A9 &
£o] 100%eH= 714 3ol 2] (29} ZEo] YeRd &

131
AL
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At
Ca
M=JAt=DA—2t @)
AL

d71M, M2 F5Alell 2% o]AbstetAo] <k (ug)
olx, Ax FAil=A]7]9] FAalwhHA (cross-sectional
area, m) o)1, t= S AIZk ()0} TS e F
FAl] EAEE oAlslwrAe] oF2 FAEA V]9
FadH A3 SAAIT 2 oojabstelAe] fluxe] §
S=o]t}. DA/AL (m¥9)& P=Z5 0|43 H%53 A=
ALl AENH F3F fARE ez
FatEA719] A4 Al&5AF £ (sampling rate, SR)=
=33 4 o

2 d7elM AR FAEATE 19 13 Zel
E1 (tube) ez B5 (Zeo): 75mm, &7 11 mm)}
244 =B} (semi-permeable membrane, T=-5-
37%, T-==7): 0.117x 0.042 um, F7: 25 um, Cel-
gard-2500, USA) 2] #-% F&el F7He] 7o
2 FAE sloH, A =S AFE T A7
AFed = 718 A5 4 =5 W= =7 (a7
mm)S AHgsich £37] BAE AR el mdel

Semi-permeable
membrane

Cartridge adapter

Serological grade
, polypropylene tube
(body)

Fig. 1. Schematic diagram of the diffusive sampler.

= 7187432 A 204 Al 1s

A L9EAA HAE AA] k] 25
3}A4] 3 7] (40 kHz, 1,500 W, Seong Dong, Korea) ¢} %
T (HAE=183MQeM)E o] gt Al Hslgl o,
A= F 7Ax7) (60°C, Jeio Tech OF-22, Korea)sl| A]
3] Azste] ALg3s

oAbsteke S el A () 2ol W7 F el
Fojol el gelEz ool

Sla) #-8-92) whbu}g (barium carbonate) & 44T
o %, olshetar} §alE o] EAlshe whatel
£(COP)e wh (Bt Watod AAEL ¥4
sed, o elA g A7)4 = conductivity)
7 srolzlch meha) F4E olabsheka okt 4714
% age] BAE olgale] olusies 4 4
F, absp gl 9] A HEES 24l o

Astekae) ofg AFETH

COy(g) — COyy iN agueous solutions

COy(ep +Ba(OH) ) — BaCOy9+H,0y (©)

2.3 ALY

£ d7olM Boll =3 olalsisine] 23 23}
= Hastepy] g8 F5 Az g BAe AbeEE
BE 285 (AE=183MQem)E AHg3}7] Ao
vhz gl A& ARl en, AR 2o AV =
= 2uSem otz vEhge F5 pakshubg

(Ba(OH), - 8H,0, >98%, Sigma-Aldrich)& Zn]3t
Z5g] o] 10gLe] F=2 Axdunt. P4
2 AzH o] LMo A7 ExE 13.38+0.23mY/
cm (n=42) o] Abd] =F3 =} (RSD, Relative Standard
Deviation)7} 1.7%= Jieht} gzl uf2 i}
AL Aoz vehyt

A7) % olAlshetas) 24 A3 sk
o] 2mLg Z7ke] ZA7)o] AEs] FYd F u
2 WA AL 24718 o] ek on, vl
= ] A9 (non-dispersive infrared) & =18t o] Als}el
4 2747] (IAQ-CALC Model 8762, TSI, USA)s} &
AEA7 G FAe EAs] T SARE wwstel
o DAz ZA el guE F, 247 ke $aksh

T nk

]
g feiueldel] §71 F 2 5ol o8 &

T =
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F31 A7) =% (Handlab LF11, SI Analytics GmbH,
Germany) & %74 3hsiet.

3.1 SAEFIo| olah o AbspErA AT ALY
ol absteae] AR S 918 A
F 29 (10mg/mL)& o]-43F%l e, 0.15~1.0mg/mL
o) WelolA 2Hsaler A (€ 712z A vk
1gsh W53 4 9 Ao oakshska ke 01529
o} meby] abshubEgo) % whgel A
s} st goje] A7) A rE Ousieme]
3, ukgo] o) Abshetasl s WhS-g s egiehu
A7 Ewe Az A LARREEE ] A7des
o2& Aol o] WAE Tz vehly 19
2} o, 7 24 AVAEE Fe AdEFAR}
(relative standard deviation)7} 1% o|3}=2 AL =7}
53k Zoz vl meba] o] Tz A4
([conductivity] =—10292[ collected CO,]+1568)2 ©]
a5 2710 AAF o] vhEst ueR o)Akt
29 fg AoshA AT 4 gleh

3.2 FHAMEHT| ANEFHE MY

ol 24t AT ExellAM FUF Hee] FHAEA
718 AMEsEE e g B8RS A RAF S-S d4F
& Zelot. 12t %] 3] (badge-type) o] EASA]
718 7% AMEEE AEEel, 54 2 FaEAT)
el ol &) 715Ae] 9l =F=(laminar boundary
layer) 53} o] 7kxo] 535S WiEl|e: Ale] &
AN AS, A8 EE AT 9 o|BF F2Eol
o8k Aeks s of sA|uk EA 7S] T2} W
el 2 F2E| 23] ABAF N HAE 3
+ A3 AA s AL 2FdsEA] g ek ¥
o} AgAleAM AP oz FAEA7| A BA
F&E A w2 A Dol JERE At 2o,
A =7t B2 553 AW (reference method) )
dozy FAEA7 S 24
ZAugel o3 AAE 29 E

o] 43}e] o] F0171ch (De Santis

01?\; 111’.

of
>
2
I
K
Ay
ol o
ol

1600,

y=—10292X +1568
r2=0.999
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Fig. 2. Relationship between conductivity and collected
CO, in barium hydroxide solution (10 mg/mL).

etal., 1997).
DA M,
SR=——= @
AL Ct

714, SR FAEA71e Al&A) & (mYs)el 1,
Mg (uo)e 54710 AFE A eqEade] &
oz FAIAANM Ao o3 AEdH. CE 5
T Sl o EAE A edELY] v=
(ng/m’) el =t

TLT AEAH AR T S 9
) ZAE A7) F oiERE Feet FAEA T
o AHH o]abstrta oF Abelo] FAE 17
et e x5 5% S <8 4=

29 ckolnt. F, o] AL 71 &7Vt BAEA7] 9
A& FH &) = ([CO, mass]=0.218[CO, conc %X
sampling time]). o]21§k A& B3l AbdE olakst
eb4 BA1EA7)9) AlaAF e 0.218 mL/mines
ARG o] 72 453 (passive) AZ el
g A7|7F H olAE A S =S A5l AR
AN2AFHE (EA7] Aol 6emal 7-$-: 0.211 mL/
min)Z f-AFsEA byt (Giuliano et al., 2004). gk
H, &4 9 B3 Bl o8 A AsAH
o] Febd 4 ole 7sAd el 7] el A&A
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Fig. 3. Correlation between the CO, mass collected by the
diffusive sampler and the time-weighted CO, con-
centration with the active sampling method.

o AmFr 9 nAgAgdE B AeAHE] A=
T oz offojxiol & Zejut

3.3 #MEH|o "ot

FASA7E AR F AL w0
ez & A7t 7] wel Aliiﬁa‘ﬂ% g F
Ao Aol Fesiet FrhAle] A ]
Sz E Agels FAE (blank) g HEE &
Hate] AAl AlgAF & AEe} FAl ¥MT
FeaAel sleh mebA 2 dFelie FAEE 7
Z74719 S Arlekdeh & 1S Alxd St
274718 AN nA7 A w7 el w
& A7 =ze] Wske vehd Aot 359471 B
BN F AL 370 A== (YEt =
FHA)E 1592+13uSlemz veh kw3 A
< v

¥ 4 AA AW (AT-fsel dAsk A
Sikivd *PEHE A 715-4=7F 0.3m/s o] 3kl F7k,

Jbl:
o,
oL
i)

< upel A L5m)el A 553
Qﬁ%@ﬂi 2477t FAlol EAE alste] Ao
A Aog vad Zlew A4 Aedgd 34E
A FAEA7e] A=s Hrkehr] S8 AAs
At =1, S0 A A AR B A

=

HExE A=y AAH
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Table 1. Evaluation of stability of the unexposed blank
diffusive sampler.

Average+SD RSD

by (k) )
0 1,576+24 15

1 1,596+ 21 1.3

3 1,569+18 12

4 1,594+8 05

7 1,606+3 0.2
15 1,580+13 0.8
23 1,593+16 1.0
28 1,606+8 05
35 1,607+11 0.7
Average 1,592+13 0.8

Note) SD: standard deviation, RSD: relative standard deviation.
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Fig. 4. Correlation between diffusive and active sampler
for the measurement of CO,. Relationship between
the collected CO, mass and the sampling period
(inset).
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Fig. 5. Result of the CO, measurement in indoor and out-
door air with the diffusive sampler with and with-
out membrane.
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A (LOQ, limit of
quantification, Cyyt+0tn-1001)2t 2] (4ol ]3] AHA
A A& (R E A7) F ol w=
(Cco)ell 213l 27 =le} (Ockenden et al., 2001).

_ G0t 100

= 5
Min SR - CCOZ ( )

7|14, STy E&
% o l}\]?ﬂ 0]

ZA N7 (h), Cus 22139
EFEHAR, too100> Student’s't
distribution®] 99" percentilec.z Jukd oz 10L&
AHgshe, ne FARE %, Cooe H7] F olAlshe
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