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Automated Determination of SOx in Air by Diffusion
Scrubber-lon Chromatography
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Abstract

An automatic method is developed for the determination of SOx in atmosphere. The method involves SOx
sampling in diffusion scrubber followed by ion chromatographic analysis. Filtered air is withdrawn at 1.84/min
through a diffusion scrubber of which inner tube is made of PTFE(Gore-tex) membrane tubing. ImM H,0, is
used as absorbing solution so that SOx is oxidized to SO.,>". The scrubbered solution is automatically injected
into ion chromatography with conductivity detection for sulphate determination.

Replacement of commonly used polyproplene membrane with PTFE gives several merits such as easy
preparation of diffusion scrubber, better durability, better collection efficiency. No measurable memory effect is
experienced, and this is in contrast to previous work for ammonia.

Detection limit of this method defined by three times standard deviation is 0.56ppbv. The precision is 0.4%

RSD at SOx concentration of 7.3ppbv Results for Seoul atmosphere are presented.

1. A B

A4, 2ESFY, 7MY ¢ FdA wiEsHe
SO= 2 %3 #7A9ge] Adisi dd r]egy F
aARez 71FE2 lok(Park et al, 1991).

712 w28 SOx 7|Ade AsEE 3 urgsly
AZE H,S50.8 8482 o2 sty A4 F e do
71t (Wellburn, 1990) .

AMAZ SO»= A3Y NAZAM) EAEIA T
2} Ak ol wkg-sle] SO, & A sAY

SO, + O+ M — S0; + M

FUAZ 2HE =4 t7iFol EAse g &
vzl o) ks Ay

0; + CH, — - CH,00 + CHO
M CHzOO + SO, — SO; + CH:0

AAZ SO.& A 93 A4 Adst= SO,
E 52 dUAE zkes SO FHEAM AHHQ Fgst
e AU WA 0, 0223 H ¥4€ OH-
radicale] SO.9} ¥r&3&tad HSO, - radical$ dA3sz
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] HO, - 9 SOs2 213dr).
OH-+ SO, + M — HSO; - + M
HSOa -+ Oz - HOz -+ SO3

W7E SOx&A Y o2 JUA(impinger) & ol
48 FEdEolM F2 FolA FSFEFA(pulsed
laser photoacoustic spectrometer)(Cvijin et al.,
1987)¢F 722 HAGUE 0|88 AFied o277}
A wf-¢ st SOxEA & Ay Ll XYg
F S04 SO & 3= Wy 71A44H 9 SOxE
A e Ees 34 A

geld 7IAE EFshe e XY =5 APEH
(prefilter)oll 3 YAEo] =] Y& 7[A7 &
AHAY e F9 Z1A7F A71siHo) 2315 w4
= BAAE /AL Aok olEd FAAE] Qe A
FUY o GAAF Ao]E o] & T WA(diff-
usion denuder)#A7} ALHA=H o] Fxe= AFE S
F2Y(tetrachloromercurate) 72 7|4 F-A%e
48 Ao A Ut} o] FAZE 204/minY =
& FHAME SO A9 AHH 02 100%| 7H7hE
& 589 E3Fo] st5sti(Possanzini et al,,
1983). zaivt RAFL Y, AF, AHI2Y 55 v
Mol st WAZZH AF37t oglE dEE JIx L
At

7z el ag SHdA Yo Jled ojn W
WET S48 HA¥y-oj2agntEan) T (diffu-
sion scrubber-ion chromatography: DS/IC)9]
#H2d Mg e (Lindgren and Dasgupta,
1989) H< 2 d74ddAM h7]F sub-ppb FE
HNO, ZHd| o]&3 Bo]7lx 3lh(Lee et al,
1994). SOxv %<& H.0.£4(1mM)d &40
SOFE Asts|2 ICH & AFsHed, FAHEIY
S dWA wyEt 55 vigo] 458 £, A ¥
AMgo] Bz vls) FA Hd FFE AL Q)
of. X3 A& Heio] £ ICE Algsinz Hs)
wa e BAR B4 gi7ld AHgste d b ol
13 o) Wol7l g},

e} EgzegA(PP)Hog Azd 719 DS
71A e £5& 20 o =Y AE B AF £99
F5Y0] Ale FA A2 E HT 23 =2 o
e Aol Uri(Lee et al., 1994; Tanaka et
al,, 1991; Veleta and Dasgupta, 1991). & Q7
drx= PP AMA DS ©iE By 5o HEZE
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=71 BAEEHA] AW A4 3

o A3 DSE Azsel ols] 45 BT A
W13 SOxYe $88 A% we

2. 4 #

2.1 A2} 9 EF

2. 1.1 Al <

f2lde 5N FEiF FASUYEF(COH free: J.
T. Baker)& 5mM=z & Az3H7, ol Agn
BEagug 2ol FYY MHole UwtEAHE S
YEF(Junsei Co, Japan)2 2 A|Z% 0.5N NaOH
& ST 2ol ESEUe o] ARnfEIYT
£ EZ8&99(1,000ppm: Wako. Co. Japan)g 10
ppmeZ 1008} &3 ¥ oAl 0.1, 0.4, 0.7, 1.0,
1.3ppme2 && THENT. IC AT AgHoz
€ #4F H,S0.(Wako, Japan)E smM= &3 A
& AHg3lETh

SOx&sd 1mM H,0, AlZde E4F H.0.(Jun-
sei, Japan, 30%)2 A}4-3tdct,

gajdojy EFLd Mo AMLH Z2FFE Milli
-Q A7 FHAZ vH ko] 18M L 0] gol
Lxon, IC HY¥E FHss BE £9& 0.45#m
o1 FRNE FHAI L, £ P FYsHr] A 2
E He 7128 F3AAH £&714(0. 5)E AAIA
o}

2. 1.2 X U 7|4

SO0l = EAd AMES o] AZvfETHEE
DionexA}e] series 4000i°]9, 2% Yokogawa
AH(Model 3021)#7| 249} A=2vjo)E(Chromate)
A ZEgoj(Interface Engineering Co., Korea)®
718319}, o] AZwEIHE EHxAL ¥ 13 2
. 2ol #YHEY ¥ B3HFSZ DonexAl9
HPIC-AS4A-SCe HPIC-AG4AE Ztzt ARgst
1=

fd9 Fddl RheodyneAte] F¥H(Model
9126)E Elo|H(Model CD-03, ChronTrol Co.
U.S.A)d |43t AHEarsl

SO, ¥ %714 Thermo Electron InstrumentsA}
o JAEAFAR (Model 360)5 AMgate] Mz&Hd.
olgf AMEE SO.fZH2 GastecAtd] Permeacalol
o},

EZ71IA B2 AL § 29 JeRIT 34742
Ad 1§ de7d, 848, 43 R8s 5
AlA AHg-st4IT
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SO.E&7|4 % AA 7] A8t Frdd F4H
ICal d& BAH7 H8) A& FUXYsle Das
guptad Az FAH Ao e TE(Gore-tex, 1000
um i.d., 50% surface porosity)< 5mm i.d.,
500mm Aolo #9 7heuiol R xAPAF|Z,
A 428 A B3 FAv. §90] 324 H
© 93 B2 o EA HAAR ooy, PTFE#Y
& B& 5 93 dougoz JAyt ZEXE A%
g, e YT 5~Tcm ¢teg YAAA J7
A YaArFEol A3 F5E HAd sHen £ 4R
of 93 ¥} 424 DSE I £39 HJXE
FAA R

2. 2 EMFR

715 SOx9 A5 A& BAAI2Y A F4L 2
¥ 13 23, E4d%e o Zoh

SOA2#E AHEF BE7A BAFA(C)AN Y
E SO Ae EFA (D) o7t #F9] 4714

2 g 44 drlst £& 71ASO) = AyEs

(manifold), (F)oiA Hdedoez &gxol= WBH(E)
of oa} f27 dAHY FYHZ(Do 98 4R /%
(1.84/min) .2 FAEXIA/(DS), (G)E F34§.
ol F4H8e BEL NAEEH vteh wWekeld di7]F
9 SOxy %7t &4 Frdth. Fode =5 P

Table 1. Instrumental and analytical conditions for
ion chromatographic analysis.

JIon chromatograph Dionex 40001

Sample loop volume 37041

Guard column HPIC-AG4A
Separation column HPIC-AS4A-SC
Detector Conductivity detector
Eluent 5mM Sodium hydroxide
Eluent flow rate 1.2ml/min
Regenerant 5mM Sulfuric acid
Regenerant flow rate 3ml/min

IC output range 3us

Recorder voltage 1V

Table 2. Specification and operation parameters for
SO, generation device.

Permeation rate 393ng/min
Length of permeation tube 5cm

Flow rate of carrier gas 90ml/min
Flow rate of dilution gas 1935ml/min
Temperature 30°C

SO, concentration 7.78ppbv
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Fig. 1. Configuration of the Diffusion-Scrubber.

A, PTFE ligiuid in/out tube ; B, jacket
tube ; C, nylon monofilament ; D, mem-
brane tube

oz 7 F4e W dd Fode]l & 471
(H)E DS(G) 2t &4 X w4t F598 2o
Fe3 dde e Ao Y &44d g% Fed9
£243E Y 4 A £8 JAFY YAEY FY
A74e Axgsls] 98 DSE 3oz AN FAs
AZ, 7147 EYHe 4rdM 4R FAe Hag
87 98] Gore-tex#& YFEFE 5cm QFFAA A
A3t

FUWRB(K)9 #2E8 H3(loading)Zo 2 ¥
7107t F58 FFdol ARFSFI(L) 24 S 8
BE FY(injection) WFL2 WAHA ARFFZd
Z F5dol RIFIMN)IE AA 2IHF(O)dM ¥
Fol Fof F4d otEe Aol REHL, HIHA
(P)E Ay AEE AZ7N(Q M HAE=Ho 718A(R)
o d&lA SO& Fxst 7188

7159 SOx7)Ae F74uldA SO 2 Agsa
2 50028 2a, AU W] A8 F5Y
of F450 AR 4T HY e o 48] Ad
2, ICE &3, &9, ¥d, A&se MBS
3080 Aa8Y, WE FFL golwd o8 AFHO
2 olFojA|u], SO ¥EE ZEBvEIY B9 3
Hoz A,

3. @3 9 1@

3.1 222t A& =79 HHH

HPIC-AS4A-SC Y& AME3lo Sol2 4%
st 7bY gurdeg AHgseE 1.7mM NaHCO/
1.8mM Na;CO. #3494¢ gd4o2 Ag3H 10
B oY) go)]&E(F, ClI', NO;, NO,, PO,
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Fig 2. Schematic diagram of DS/IC system used in this study.
A silica gel-activated carbon-soda lime column; B: air pump; C:. standard gas generator; D; mixing

chamber; E:
I:flow meter; J:

solenoid valves; F: manifold: G: diffusion scrubber; H:
air pump; K: injection valve; L: Sample loop; M:

absorbing solution reservoir;
eluent; N: guard column; O:

separation column; P: suppressor; Q: conductivity detector; R: recorder

Br, SO#)¢] §& E#E(resolution)® EHrt
28y e vlg Ax % (background conductivity;
20~30pS)d 2ol AxE A&79 YEE 2ATE H
et (baseline) o] <812 M (Lee et al., 1994) A]
E44& F53A4 ¥ ppm old T FH2 A
A Brbsslg, £, o] £HL nAE WA £L&
f7olmg o] g0z APY AL HHE BAL &
W AP oHe] YA Ylo] Hu, BHF, 2e&FE
283 HojFoo} sl MAREE ST

9, NaOH&zld e Jujdoz e uyg dxn
(1.5~2.5u8) 8 77| g2 ZAEIAL ¥&F 3,
BT fojd Aol lojr] NaOHE2|d-g deste
A3 4¥9& +¥sdc. 422 Lindgren® Das
gupta(1989)7F 23 28mME Al=E F3 NO, o]
Cl gt A2 NO*E CO+9 AAAes A7 L3t
At

NaOH¥ S8 obast 7ol Aol AMEE v e
15mM# 10mME 0.6ml/min #&)4 A8 A4

FFoi 71 R EE A Alld A4%

BN 7Le dolAe ddo] gloy st d& & H
AtHLee et al., 1994). &y 7717 &o)2 94
97 9 $714HCH;COOH, HCOCOH 5)%= £&7}
AL AES YA o R vxE A= HY
g Azbo]l UF ZojAA Ho el At MY £
b o] 7t AoAX 2 AZEaASAME ¢ B
& Aj7H(retention time)o| HojAFE 2}

SA JE2E §42 1.2ml/minl 2 34
5mM &ejdez 2,

3.2 HExn Y JHe M

FrYoE FHTE MEetE SO9 SO A7
LAY SO 9 SO 2 EABlRE o] #¥A
ol 7hsalinh. v FRS ool ImM H0.E A}
431 SO= 4tslEe SO 82 HEBEZ 509 SO,9
&, & SOxo Aol 7hsaidlth. SOS & 29 39
RN HE uteh o] thE #FH 2 £
ZHBg ZFol= A7 elch
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EE0A9 AzE 93 JMNA2s drdor A
2(N) 71AE F2 AN, B A8 24494 £
o 3.3 2o ¥ /A4S R Rz HAAE
ol & £71& AF wiHFHck e HAZRSol AT
o o, A 3718 dsH, 84, 4089 &
Az Qe feEd e FA4H SOxE HEY 3E7)
AEL AAz A AHEEAT

SOx7|M e EFHEEL d7IAE7IA Y F5de &
£5d o} Wt SOx7|H7 DSE 548 9 714
9] f&o] =YFE FFYFH VA HEde Al
Ao 23 q&0] Frksle A& HAY + AUth
ay, dAT FFde fEoM YA AERSE
(370el) el FFdo] o AYA7 HaAME FFo| EF
2 ge ¥ 7 FeHER B2 ol =ob
A 3 Ago] FUiste AAYE HolAw A=z X
A AL "ojxy 9 A FH43 J)A Y Rt
AXNM ¥y Zrle F7ked, B Addie £
Azhzh B4E] "E-g nEsld JAAEY 2HREE
1.8{/minZ ¥4},

oo ardg 9% Fe ® O AR FF
Aol Fo] Qi) FHY f&o] HEFE F5d ¢
A5G & A9 Ryt ANEZ F4Yd oS
Po| s Aa7t AANFLY HA Y /&5 FEA
29 Fe vk 44 AE FAFx d44d2 Jdehdt g}
A o 40 35+1.0p/mimollA AY ¥2 MNIE
Bgon}, AN T vs] Aol AR F4E
AYRAE Azt AUAA o] o]Fo] HdEellMe 90+
1.04/mim#&g AHsHct.

9o zAdM DS/ICHA S 4 vire &L ¢
oty 98 EE7IA(7.3ppbv)E FAHT F, o]ojA
A2NAE 9&3o2 233 A3} DS/ICHA %
dzele] e glE Aoz FAHYUG.

o] A¥ZANMY 7A) ETHEAEL YA EF LYo
A%% A3z £¥ 78%=2 et £ 7.3pphdl
SOxE&71AE T F5Y 9 SO 2T AR
Zedog Aeste 450ppbE ASEH, °lE 100 %
A oA 49 s%, 580ppbd 78%9) SAFECH
X SO NA w59 Wil oE ¥ &% Yot
YEA SO A HAZR NN 4713 F&T upite
7t EME SO.7149 =& AZFEIY AedA
SO0l B-%a)o HAL #&AF Axn e F=(12
ppbv °lahelA o] thh Heju= Ao 43T
AAPL Byt 3 FEoA Mo Yohute w9
L 1EEAN AFEE SAAAEN AFY o LA

e EF MujolMe vEa] ggez 2,

ol AZmEIHZH o7 Fo]2 HE9 A
A A% A (limit of detection)E e ko|x9 o
(standard deviation) el 3uje] 3 F3l= 30780
st Ptk ol AHA4 SO & FAE 5.8
ppb(5.8ng/ml), 71AA SO.9 HE A& 0.56
ppbv(0.56né/4)01%tt, 1Y 49 FF4 SO0 L
o A#FME Jepd Floltt,

sor

Vohage (mV)

o~ AN

T T T T T
5.00 1. I5.48 7808 EN

Time (min)

Fig 3. Typical chromatogram for Seoul air.
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Fig 4. The calibration curve for SO,* ion by IC.

3.3 ez 9 M

SO0l EFE £U(0.7ppm) < 103 whE 233
o A& £ g ICEHY AUz e 0.59% RSD
o] ACH E 3).

E&714 7.3ppb SO.E 103 ¥& A3t Hri3
o] 4o AYURE 0.4%RSDZ £ EAd g
Uz FAE 2hS AUTHE 4).
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Bouel A¥s= A4 da] Edo] gy, EIC
oA SO T £HEE FExg FAE Aoz Fo,
gt AR Fe EAse SO SO.42e F8g
xrE 248 4 ggonz SO.EZVNAVeS HY
3l SOxe ¥EE g4yt 71, £% ¥ g&
aqldl g& 7t A Floly oo i Hrte 5
33tz gkt

Table 3. Reproducibility of ion chromatographic an-
alysis(0.7ppm SO,* standard solution).

concentration of SO, (ppbv)

~

o

Run No. Peak area of SO ( x10°%)

94
95
96
.96
.97
97
.97
.97
98
98

0 =3 O U1 B W N e

©
= b e e e s e e

Ju—
<

.97
59

mean
RSD(%)

H
=l

Table 4. Reproducibility of ion chromatographic an-
alysis for standard gas(7.3ppbv).

Run No. Peak area of SO& ( x10%)

.48
.48
.48
.49
.49
.49
.49
.49
.50
.50

49
36

Neliie JRE B I B R 2 e
el e e e e

10

mean
RSD(%) +

[

3.4 AA o] %3

19943 69 7Y 04 308-5E 69 7Y 124 007}
A dAdEty Ik 432-A3% F ¥ di7]1F SOx Y
ETE 308 7bdoT 243l 2@ 59 JeRiiTh
ARG ~H AN FX7} F LU FY SOxFE
= AU ofHe 22 A7k fd MY & Ao

SR RAES A Al A4%

2 8 8 8 8 8 8 8 8 8 8 8
g 5 8§ 8 &8 8 8 5 8 g ¢ ¢
time

Fig. 5. Diurnal variation of SOx in Seoul air(94. 6. 7).

SEEHAS
4. A 3

HE2(Gore-tex)A A9 dABdAAo2 A5 A
EPFAe A7 F2 AH4E FdEzd AR
e ¥AEEE X AHAr o8 Hez yehgr)
HAzANM d2ZEAT Yeh}a] o} ol olea
Bolgag =) AzAse 302nit}t SOxY A4AE2%
7Fedtdch, Mgt 2 299 tirld dEdE & 7]
Azl ALHUEE Fasts FE 2F o4 A1
o= Aol WA ot LHUVIY AriBSedx u)
S+ R8¢ Ro= Hridoh

DS/ICH-& SOxo°)9d % HNOQ,, HNO,, HCl, &
713§ HE FEA471AY EYdx {48 oz
7ten, £3] q27]A9 FA] B vy F48 Ro
g 29qg,

o] A= 19949 E FLE 7| 2AESA7 Py A
Hofl 23 Y, (FAN 3 BSRI 94-3425)
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