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Title : Measurement of atmospheric sulfur gases by means of miniature diffusion scrubbers

Name: Shin-Ichi Ohira
Abstract

This thesis is on new systems for continuous or semi-continuous determinations of
atmospheric trace gases. Analyte gases are collected into absorbing solutions at miniature
novel diffusion scrubbers, and then the highly concentrated analytes are measured using
solid-state devices. The systems are suitable for on-site measurement in the fields. In my
research, sulfur compounds were mainly measured at laboratory outside, Mt. Aso and so on.

Chapter 2 is concerning about discriminative determination of H;S, CH3SH and SO, using
small annular diffusion scrubbers. Sulfide and thiolate, collected in the scrubber. reacts with
fluorescein mercuric acetate (FMA) and quench the FMA fluorescence. Both H,S and
CH;SH diffuse through the porous membrane to react with FMA. On the other hand, only
H,S permeate through a solid-electrolyte membrane, Nafion, and CH3SH can not be detected
in the Nafion system. Thus H,S and CH3SH at a headspace of septic tank are
discriminatively determined.

When the measurement is carried out near the source, the instrument needs large
dynamic range. The gas concentration is affected largely by source and wind conditions.
However, the conventional method using quenching is lack in the dynamic range. To
overcome this problem, short and long diffusion scrubbers are connected in series and
flurorescence is measured at the outlet of the each scrubber. This system can detect 30 pptv
and measurable range is up to 250 ppbv.  Volcanic gases near the crater of Mt. Aso have been
successfully measured by this instrument.

New principle for highly sensitive measurement of trace gas has been proposed. This is
based on a liquid core waveguide in a porous membrane tube. A porous membrane tube

made of polytetrafluoroethylene or polypropylene can act as waveguide for visible light.



Furthermore, analyte gas is collected into the liquid hold in the tube. The absorbance along
the tube is measured by LEDs and a photodiode. The light pass length in the cell is very
long and gas permeation rate of the tube is high, so that very high sensitivity is obtained in a
short sampling/measurement. The sensitivity is in proportional to the tube length, L in the
stopped flow mode, and to the squares of tube length, L’ in the continuous flow mode. This
device was applied to determination of NO, and Os. In case of the O; determination, the
cross check was taken with UV-method and the both instrument showed same trend.

The flat type scrubber for determination SO, is described in chapter 4. This device is
comprised of an only 800 nL cell in which a microfabricated platinum electrode is placed for
conductivity measurement. The sensitivity is in inversely proportional to liquid layer
thickness. The pressure difference between the liquid phase and gas phase promotes gas
dissolution to absorbing solution. Limit of detection is 0.69 ppbv with 90 sec gas-collection.
This device was tested at the Aso volcano museum. This system showed the 40 times better
time resolution compared to the commercial instrument. The new system had no
interference of sulfate salts.

Microchannel scrubber has been developed for superior performance and fieldable low
cost device. This is described in chapter 5. Microchannel, which is 200 um wide and 50
um deep, is formed on a polydimethylsiloxane (PDMS) block. A gas permeable membrane,
made of the same material as the block, is covered on the channel. A very thin membrane, 7
um thick, is formed to obtain a good permeability. . Prototype microchannel scrubber is the
single channel type. Second type is that microchannel is formed as a honeycomb in wider
area. On the honeycomb channel, porous PTFE membrane is covered to form a scrubber.
Not only the diffusion scrubber but also whole system included detector and liquid flow
system has been downsized and integrated. This system is proposed as the micro gas
analysis system, pGAS. Liquid consumptions low and uGAS is environmentally friendly

system for environmental analysis.
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Fig. 2 -1 Gas diffusion scrubbers and detectors. Panels (a) and (b) are structures of
GIS and GOS, respectively: M: gas permeable membrane tube, J: jacket tube, T: tee, IT:
inserting tube, ST: spacing tube, TT: Teflon tape, LI: liquid inlet, LO: liquid outlet, GI:
gas inlet, GO: gas outlet, F: monofilament. Panels (c) and (d) are fluorescence detector
and conductivity detector, respectively: PD: photodiode, LED: blue LED, F: plastic
color filter, AF: Teflon AF tube cell, IV: current-to-voltage converting circuit board, CE:

conductivity electrode, EW: electrode window, GL: gasket for liquid flow.
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Fig. 2 -2 Instrument system (a) for the measurement of H,S, CH3SH, and SO; and (b)
for the large dynamic range determination of H,S and SO, F: inlet filter, 3SV:
three-way solenoid valve, IC: iodinated activated charcoal/sodalime column, OC: oxalic
acid column, WS: water saturator, FM: flow meter, B: flow buffer bottle, P: air pump,
PC: pressure control circuit, PS: pressure sensor, RB1: FMA reagent bottle, RB2:
H,S04/H,0; reagent bottle, V: stop valve, LFR: liquid flow restrictor, FD: fluorescence
detector. CD: conductivity detector, WB: waste bottle, PS: SPS, NS: gas diffusion
scrubbers with pPTFE, short pPTFE, and Nafion tubes.
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ary7LryP— (C) ML-6B, 77 /@&M), EStE3— (PS) (PA400-501G,
Copal electronics) & HlfHIEIRKIZE Y, —EEATHMETSZ & THLHE L7
72k, FRAKTRAZLHIREOHRERTZDIZ, 3 VRBEEERKRE Y —
HS5 A hxEDITL (IC) a7y —ERICERY T, SEED
MEL, EHORELET A L OEF=—7 (LFR) 12X - TH# 200 pL/min
WCERELE, BB 21X, 3=F 2727 —R7 (P) ML-6BS, 77 / &)
\ZL > THKBIL, HyS, CHsSH D F A 4%, MEER (WS) 2@ Ly R %2 E
ALt SO, DTAL v ~F, TrE=TOHERRY R BERD HHAITIL,
a2V T A (OC) R LIERBARAE R F/N—~H#A LT, 72, TLCS55
% A <— (Texas instruments) {ZX Y 3 55 (BSV) ZEHMIZTI VLY, &
MR/ =T L5HhTF 5 (IC) THER LI TR TE o SR E2ITo 7.
F7-, HAERHEEFO LED, 7+ ¥ A4 — FOXKRE, EEXRAEEE EH
FEA~—EE, FRODOMERRITXCTEEDTY » FERIZER L
Too BHE, T—# v — (model 8420, B AFTEHE) 1 BH LT, 14

ke TRk L 7=,

2-2-5 REHABEVXT L

VAT AOREFM, ¥x U T L— a3 U HRETRT, 1000 ppmv DFAZHE
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HAR R EnNBsHR%E, YU BHFN/ V=551 L /TEER TUREE
LR ZERCHER L TITo =, ARIcix. B8R 2 o7o—%2Hy, &5k
HiZvAT7o—a hr—35— (SEC-410, SEC4400, —RAF v 7) (2 X il

#L-,

226 TA4—=ILFTRMRUDEEREDLE
KATBIEDBT A=V RTRAME, #BRIERIZOWTIZEILAR O~
RAR—=XT, D4 RFALF v 7 Lo PRIEIZDWTITHEAR DM &R K O
W TIT -7,
S AT ARCERD /Ny 7T U — (12 VDC, 30 Ah) 1%, TXTKREDH (w42
cm xd32cmx h38cm) DHRIZILD I,
WANERIZOWTIX, 7744 M7 v 7L GC-FPD IZ LA ATEHEL OEEHE
BRLITo7 BHIBETT I — Ny 7 (SL) NIZRB A XY 7V 7 (0.5 LM)
L, EBRENTRIATA R ALY )= THHAILE Tenax TA (V—xAH A
TR) AT (id2mmx7120mm) FUZ02LM TS5 oM LFRMELZ, =
DHZ7 22 GCDXYVY—HADTA AZHEF L. Tenax TA H 7 LZBHT
BOHE, "ATEYVEZXT GC ~EALL, RBEATRIE, GCAHD B p -
Oxydipropionitril (8, B-ODPN, 60/80 mesh, ¥ —= /L% A > ZX) # 7 A (id 2 mm

x[8ft, 40°C) THBEL, FPD THRH L™,

2-3 HBREEE
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2-3-1 FMA & HS. CH3SH ED R

B4 A2 X5 FMA O#EE I L < Mo Tky 79, oRE%E
FIALEXREAD HS ODREDR W 22 ESN TS, GHLBICKY FF—1
EKBINAL A TMREEIZLY, 11012 ORKISHTOER K
RS #E STV 5 Y,

9, FMA LBk, AZ o FA—, WA A, WHBEA 4, DMS
& DRIGIZOWTHRET LT, FMA i#i%, 20 uM FMA /0.1 M NaOH % v, 533
nm CTOERNXMEZEZE=F— LI, FMA LEMBELEHORAGILEEXFED
HARE DL % Fig. 2 -3 1277, Bk e A & o FA—NLOHEIZTIE, &
SREEICE LN A b3, WHEE, BEE, DMS IZ OWTIEEEAR LN -
oo 72, BEMA AT FMA & 1 | ORISHTRIGEL, E2IZHENRKD
nNTN5, —F, FAL— M, FMA L 2: 1 TRIGL, BRIZEEDN KD T
W2, ZhiE, FMA S FRICEEND 2 DO Hg IKFiZxt L, #ifk1 A4
NIRRT ADIZR L, AFFAL— MM 12D Hg iZOHENIT BT
HDTERWIERDNS, LrL, Fift®, AZUFA—rnind, BEIZ
IGUTHEABENE(LLTEY, FMAIZLAEEMBAIEETHA Z LR TRL T

Do

2-3-2 WA Y SIA—DHEE
VR 7 5 8—Ti, REAANRH ZABBIEF = — T ORMNI%Z KNS GIS #

ATOHLONRTLERAVLNED, MINIZERETALOLHANONRE LS 225
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Relative fluorescence intensity
o
(&)

0.0 -
P | " [ 1 i 3 ]
0 1 2 3 4
Mole ratio
Na,S/FMA or CH,SNa/FMA

Fig. 2 - 3 Decrease in fluorescence intensity of FMA caused by sulfur anions. The
symbols O, A. and (O indicate sulfide, methanethiolate, and sulfite/sulfate/DMS
(data for sulfite, sulfate, and DMS were the same). A 20 pM alkaline FMA solution

was used.
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7=, TRHEZIZTI, GIS, GOS & LTRBILTWA, GISIE, Fa—7H
FX—F—DORHEIZEKBUTEY, FERICEATIRENRT e —F s
NTNW3, Fa—T7RFX—F—ORENBMRIOFTRR 7 & LTHHKL
BE, Fa—T7RI L RABTRAOVEREED, HREkQ &45L, HikEs

1%, Gormley-Kennedy K. &Y, kDL I IIREND,
f=1-0819exp (-3.657nDL/Q) 2-1

HoS 126\ T, H A DYLEARER D 0.19 cmYs, EBIZHV 2 GIS %% L 30 cm.
A iR 1000 cm*/min #XAT 3 &, GIS OREIT 98.4 % &2 5, FBRIZ HoS
REIZ L > TROTHHRRIL T % ThHo7o, ZOENE, pPTFEF 2 —T % H
ZFBBEBIZMNTBY, ZHENLIHETHLHTHS, LirL, —iH
WCHEAR 7 83— 128\ T, R2-11FRT In(1-H& oD L0 XFIBHEZ
H5,

—7%, GOS IZHWTH HyS DEIZBITAF a2 — 7RI LIEOHFZEEE
7 (Fig. 2-4), Table 2 - 1 {ZR"T L 5 CTHBARTZADOHRNANE LN TS &
&TYH, GOS DHHEFILGIS DB LEEHZTHD, LirL, A7 IFN—HNTD
A ZPUXEFR A 72D KO IR EERET 5 & GOS DH ML HMNIE
WEEZRLE, Zhid, W ABRETF = —TNEATES L, £/ 7 4
TAYMDOAIZEY ELITRINEGEREEZ L TH/NEL o2 TH B,

GOS TIX GIS IZLE R 8 fF DBV B RN G b

2-3-3 HAMREDREFELHAZEBEF1—T0OEIR
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60 ¥ I L ' L] ' LJ

f (%)

O i | 1 | " 1 I

0 10 20 30 40
Scrubber length (cm)

Fig. 2 - 4 Tube length dependence on f of the pPTFE scrubber for SO, [J and H,S
O.
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GOS AT DAY ZN_—TRBEDUERE L L TRESND 5~35 CORH
TIRE#ZE X, H,S 10 ppbv, SO, 100 ppbv {25 BB L FKBEIZRIT B
RBEZRDE, BEOLFIZMH- THIERIIEM L, Zhud, BECLLY
ALBBREOEIMC L5 bDLELX NS, £IC, REELTREBHREOHE

R, BEHOKXP2HAVKRE L, BHORIZIKROBY TH 5,

1.83
b 0000677 11 (2-2)

T1/3 T1/33M] M,
< +| ==
), &)

ZOKRT, piE, £F (atm), T.XHERRE K), PIIERESA (atm), M T

TFETHY. BAFL2IEENEFNRAB TR, EZROKEERT, I, P. D
fEiL, H,S, 373.5K, 88.87 atm, CH;SH, 470K, 71.35atm, SO, 132.45K, 37.2
atm & V7= 29,

BEE & A ALEREOBEGRE R LEEHORIZ L 2K REIZB T S IEBHRE
EHREOBEFEEE LD (Fig.2-5), A7 73121, $§XTGOS ¥ 1 7T,
SO, X ePTFE & pPTFE. H,S i3 & BTN T Nafion F =2 —7 12O THRLT
H5,

2EEDOR—F AF 2—7, pPTFE & ePTFE 13F = — 7 OFRI R 57
H—HUITHLER T & 72\ 43, pPTFE DiE ) @V H ABE M E2 R L, BEKRE
BRI o7z, E7o, PTFE IHBIZAENEIBREMERLIZS WD, U

%, pPTFE # AW CHIEZIT -7,
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©
N
T

Fraction collected, f
o
w
]

" 5 15 25 35 °C

©
Y
|

i A
00 i A | N | A | A |

0.12 0.14 0.16 0.18 0.20

Temperature dependent diffusion coefficient
according to Fujita (cmZ/s)

Fig. 2 — 5 Effect of temperature on the gas collection efficiencies obtained with
pPTFE @, ePTFE O. and Nafion A scrubbers. The temperature-dependent
diffusion coefficients, D. of SO, and H,S were calculated from eq 2 — 2. The linear
fits shown are for In(1 - f) vs D(cf eq 2 - 1).
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2-3-4 H,S & CH;SH D#EIEE

HEFHNCAER T 2 BTEMBLLEYIE HS OATH DN, EVHEIROE
B, FA—NVELDMS bRBAETHOT, KEIZBWTHLINODHEEXEET
DRENSH D, DMS 1T FMA &i3e< IS L72d 27253, H,S X CH,SH 13 Fig. 2
3T I IERIGHRB O b, =& U FF—NRENULIIRERF A —
NEIZOWTH FMA L ORIENREIY 530, AT T OF@ER, A ZF
F=NVED BB LD INHICKHTHIREZEVWEBESND, [>T
AERTIE, FA—NVEE LT CHSHIZOWTORKER L. FMA ZAHW, &
T RAYLEBA 27 5 78— T H,S R UV CH3SH ORITE 21T - 7B BIZHOWTT T
IZE LD (Table2-1), ZOFT, Nafion F=2—71F, £-7< CH;SH &1&
BL2RNWI &N o7, CHiSH 3, ZFHAREVE, HS &0 BAENE
BEDOE W Nafion A 7 7 0 EZBBTERNLDEEZOLND, ZHIZLY,
pPTFE & Nafion R 7 5 /3—% Fig. 2 — 2a D & IZWFNZ -2 LRFICRE &
TH 2 & THRINEENTTRETH D, pPTFE F =2 — 7 TlE, H,S & CH3SH Dffiy
ZH%E - IE L, Nafion F = — 7 Tid, HyS O ANERAYIZHE - BIE S h 3 (Fig.
2-6), 2FY, TNHDEND CHSH ORENE LN S,

BAER VAT A2 ANT, MAEMERORTRREILEMNEET 5L
RANOKRR#RE L., B LRI 7V U FHFa—T2EAL, &
FET 4 —THT, —FHERETELATLIZ, bI—FHix, TFI—y DY
YTV TR PZORWE, KLUZAF A, EHELTRKEDF L TFY oo -

BIEZITV, TRI7—2y 71305 0L/min TI00BOH 7Y v 7% 20458
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10 ppbv

] pPTFE scrubber
] Nafion scrubber

o
o
T

10 ppbv

o
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T

o
~
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Change in fluorescence intensity (uM FMA)

N .

o
o

Fig. 2— 6 Response of a pPTFE DS and a Nafion DS to H,S and CH3SH singly and in
mixtures. The lack of response of a Nafion-based scrubber to CH3SH permits

differential determination of the two gases.
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Gas concentration (ppbv)
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0
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Fig. 2 — 7 Demonstration of simultaneous determination of sulfur gases in the
headspace of a large septic tank. Lines are data obtained by our instrument, and
10-min averages are shown as flat level line. The bold lines are data obtained by the

serial Tedlar bag sampling, Tenax preconcentration, and GC-FPD. The FMA

concentration used was 10 uM.
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ATV, 4RI T8 BIORERIT 2T, T K7 =Ny ZIZHiE LY 7Ty
SIZEBEAN T Tenax tube NIZZ F 144 7 v 7L, GC-FPDIZ K HRIEZTT-
Tme THNHDFERE, Fig 2 - TR T, R, MRIIARSRT AL DUER
BERL, FOF—F % 10 M TEHLADOPBERIZELLTWAERTH
D, Fi=, K#RILGC-FPDIZ L HRERRERL TS, GC-FPD L AU
T L0 10 EEIHIZRAN—KERLE, 612, RVATATIIRMRRBRE
Tloebebx b2 LNTERE, HHERFIADO GCFPD IZXDHAELY L, X
D EVEEME L BV ISR SRENRE O TV D,

F72, SO, DWREGRFFIAL AT ATHE L7, BN NH; #AIE,
AV ERT 2 ) —NENZEBREERTToLEZSD, ~300 ppby ThH Y IFiKEE
FIEIZLED SO ICHBREZ2 DD, 2T, YaUVBHIT LR SO,OFA /1T
DY fHTT, 28I TAICLD SO, daRiE72<, £/, NH; OkERE
TRITENTER, b~y FAX—ZXTD SO, BEITTHIULIZE -

7= BA L H,S R CH;SHIZHLRIN TSSO IZEHB L TV AL EEZ b5,

2-3-5 T4 FEA4F+2T O LUPAE

SO, DRITE TIL, ICBEPBREICHFI L TREIRBRDPIED L I FTANHLND T
, EMGEMITELS, NEEETORERNE2E 252 L THETRHANES
D, & ZAHM, FMA OBENENRICEFIAH LB BRI MORE T,
BOYTFTARELI, FMA OREIZL > TERMEANRES, 22T, Z0

BIGIZBWTEBRENDILWERBHEZEL -2, TADOHHBREROEWR Y
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(a) 12 min ]
T C A L——‘"
9 3L Seoy \ J } J | : -
= | 5ppby ‘10 ! 1 45 ! 20 !
2 H,S A R
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Fig. 2 - 8 Response curves (a) and calibration curves (b) obtained with the dual
diffusion scrubber/detector. In panel a, the response of the short DS (1 cm) is shown
as the solid line and that of the longer DS (30 cm) is shown as the dashed line. In
panel b, calibration curves are obtained with longer DS ([J) and the shorter DS with
(O) and without (A) a reaction coil (0.86 mm i.d., 100 mm long). 1 pM FMA was used

as the reagent throughout.
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FR—LHIBROBNAI FT A5 HBEbED L TERMBLA TR
HEAToTe, bWy, HADOHRRIZIAAFZBEF 2 — T OR EIIKET
5o ZITIE, 1emDRIZNR—=L30em DA FNR—D2OODRLZRED
AT G NR—EMBEDE, Fig.2-4 0k 32 1em A7 F3—DRRIT, 30
cm AT FZNR—=D 1 /10 Thot-, -, REDOHEBEAHWO T/, hbk
WHTIIRSEINIDRE, BRI FA—ICHHBERIT (Fig. 2-2b),
5~20 ppbv @ HyS IZX9 BIE%E (Fig. 2 - 8) &#H DL, BWARZ T/,3—{F,
[BRED H,S IR LTHIEFICRWEEEFRL TS, LML, | uM ® FMA
HAWSH L, 20ppby TIXTTIZAMICEL TS, EZAHAN, lem DRI T3
—t, ELELERBVREOTAZRETI N TED, REMR (Fig. 2-8b)
EERT B L, 30cm A7 F3—TiX, BRHRFA 0.03 ppbv BELNT-, —F,
lem A7 Z/3—=Ti%, 4%, SRETCHENRLEF LR o, ik, RINK
FTORICKEBRR L7cleH e EL LN, KR4 /L (id 0.86 mm x / 100 mm)
AT TN L BRHBORICRY T2 & TREE S CHAIBEIEOLNT,
lem A7 Z/3—="TX, 250 ppbv £ CEEFHLANEF LN, BRERIOm A7 T

Nt OHEBEDEICIY 4L DEVREREHENE LN,

2-3-6 FEHLUAXOFBDIZEFTE3T4—ILEFR b+
AT CRLIZEBYV AR AT LAILEWERBEGEAEL, /B RAF AT
HbH, EZT, BRKIUTHIEAOMEILAOREZTZ 41— FF R N2{T»

Too 74— RFT R ME, MEREFLECRASAKOERE 1 EL, 7=,



Fig. 2-9 Instrument as used in the field monitoring at Mt. Aso. The data logger was on
the top of the instrument and data was monitored in the displayed as a temporal chart.
Zero signal was checked once in two hours. The picture was taken at the northwest end

of Sunasenri, and the peak behind the crater is Nakadake.
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Nov. 12, 2002

L

SO, 500 ppb
H,S 200 ppb

Fig. 2 — 11 Walkaround monitoring of H,S and SO, carried out around Mt. Aso on
November 12. 2002. The dotted line indicates the route the instrument was carried, and
the red — dashed and blue — solid lines are SO, and H>S concentrations along the route,
respectively: S: start point, N: Nakadake peak. P: Sunasenri plains. E: end point, F:

active fumarole. The arrow indicates north.

.



KAOFICEBLZBOIRETORELIT>7o, Fig. 2 - 9 IZEBIBOEE LR
4, TOEEBIT B2 cmx BITE 32 cmx BHE 37 cm THRIK, ERE2EHT-
EXZ 105 kg THDH, KOADPLEENTZHERI T, RICE > TETNTEIZE
WREHDBIE SN, SO A% ppbv. HaS X 1 ppbv LTFD L _ATh o7z, L
L., kOEpic#kizE &0, BRZICE>TEBUIZER L. SO:1% 1 ppmv, H,S
(X100 ppbv ICETELTWS, ZOBREHAR LA 15:00~16:00, 16:30~17 :
00 DEBRED & &(21F, SO, T, EMEEEIBROEIUEA TV B A, HoS THL

lem A7 3= {2k o THIEENT (Fig 2 - 10 KRB,

KOBDEBELURALEB/-T—2IL. Fig2- 11 O EITRLTHS, H
() IIAROBEIMEBL, kOoD~mr->THE L, FF (N) OX
WL XA AIREREICHE L QW Z0%, BTE P) IIBHTS
& EMNZ 200 mIZEOBIOEERENDH Y, MEAICEESH S0, B
BHEBENT-FIZAZ->TWD, LrL, ZDO2->OBEDRMIZ 10~20 m OIg TEE
IZEENTZEIARDHY, Lr I ETARBERITITY TS HOIKR-2TW
-y FDTH, ZOMEDTH ZAD L ~NVFED TEh ol IZbhhbbT,
CIRBILEFEEFEANTAILORMb Aol T, KA E L OERLITE
WEZATIHILS DFERAEWZ LD,

IO RAkAEDIIEITDE T 4 — FRITEZ X 612472 72 (Fig. 2 - 12, 13),

Fig. 2 - 121" 200346 6 A 3 Bid, BEL~NAPEBEIZES BoTH3,
—7, Fig. 2 13{Z79 200348 A 22 HTIE, EBICEWVEBELSRL, SO
ALt ppmv ICHELTWD, iU, KIEBIOEHICKEIKEFELT

WAHEEZLND, KIUESOEMEOIEIE D | > Th 5 IR B O EEH



June. 3, 2003

SO, 50 ppb
H,S 20 ppb

Fig. 2 — 12 Walkaround monitoring of H,S and SO, carried out around Mt. Aso on

June 3, 2003.
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Aug. 22, 2003

S0, 25,000 ppbv
H,S 10,000 ppbv

Fig. 2 — 13 Walkaround monitoring of H,S and SO, carried out around Mt. Aso on

Aug. 22, 2003.
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WAUBE L5 L. 20024 11 AR 2003 4E8 AiE, 1 BEEREHEZ » T 51
L., 200386 AT 1-2ERETHD, 72, 2003FET7 Arbix, kRAD
BIEFVOROBLABRIINTEY., ZHIZE - TEOD TEWEBEOIREY
AREHLIZbn L Bbhd, £72, b3 3 BIORIE TH D05, BADHIIE

BLvbh D SO/ HaS b COXERIZKEHEML TN D LI TH S,

2-3-7 MBHXUEYERUVERKERIZBITIEHGEE=4) T
HEAKETIE2002F 1 ALY, W&k UEMETIZI202FE 4 ALY, £

Zh2004 6 AETREFDOHS & SO, MREDE=FY L T {To7=, 5B
OB ETHOT — 2 DFl% Fig. 2 ~ 1517 T, WTFNRDOBEED SO, A H.S L9
LEWL~NATHBS L TWVWD, BEATIE FICRKKOLWAK, BED ML
Y RRELK RTERRZ, BRIIE SO, REWVBECHB L T\ 5, FIEID
BRI LR LR DBmB R 65, BRHO SO, LT LTk
Do THUCK L. S DF/E. HEISRESEML TV 5, HpS 1TERIHLA A
TEFRICEBELTWALOLEEDNRS, LarL. BOHE L HIZ HS 138
WAL, HEDORERIZEAEEaTH D, EHRIZEL>THELZ OH ¥
FANRA i EERIELTHEALTWA Z EMMEZ D, HaS BEDREAREC
SO, BENEALTWHDOHLRTERAS,

—%. FIEETETIE, SOTEFE ppby THBE L, BERI VI LAELY,
Lo L. BRITEEICRWVEBEILRD A D, MPIckiT D SO, DEKEE

(X, 6 H 28 HT 170 ppbv, 6 A 29 HT400 ppbv LA EIZEL TS, ZDL X,
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Fig. 2 — 15 Long time monitoring at Kumamoto university (a) and Aso volcano

museum (b).



FUIR S LR HBRWTE Y, BIED 4~5 m/s LRV, KOO A}
1 km I3 2 KLEWEETIE, KOORREZD LS RRREENEZ -
e EZEVBEOHRZAETLNTWS, ZOLE HS b EF LT
Hoe ZOZ EIE, TNODOHRITIF—DEWE, $RbbPEAANLHHNLE
HbDOTHBHZEETRBELTWS, £, EYlicbv#lfllzfkiTTns e, B
BT SO/H,S DA EF L TWA, ZOREOHM, MENIHFILRELE
FREHAD HOCTERALRIE~ LB LTEY, 2004 1 A 14 BIZ/NEBRME

K& 2R LT,

2-4 F&O

U EB~TE /@Y, annular BOPEEAR 7 T /8—1Z 20 THli A BETE 1TV,
BRI 2 TN DB TORIENTRER VAT A EME Lz, FMA O#X%
FIRT 5 Z & TH RARERMERFLEYVDORE 2R T2 FMA 1T LB & 1:1.
FAL— M EF 120G TREET I N bhroT, £, BAMOBEKER
BIEE ZHMOBKMEBIZ LB 2 OB R I 73— B EbEDZ & T,
WAL ARF LA G FA—N L OFBEES ATREIZ /2 o7, DMS IZ LB HHEIXR
GRRM T, e, RE2EDIRR 7 7 —%HEFIZHERTHZ LT, HS
DIEWEREREIZD > TRIENATREL Y, NI T F L FERIZLBRA
ZHI o7, SO, bR CIBA 7 T N— L WIREBERTRUETE =, LU LDOFEIT
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% (Fig.3-2b),
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Fig. 3-1 The pictures are porous tube with (a) or without (b) water filling.



(a) Gas
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Gas diffusion scrubber Detector
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g R
- 5 PD

Gas

Fig. 3-2  Schematic diagram of the flow injection analysis system with gas diffusion

scrubber (a). tubular gas collector/detector system (b).
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N-1-naphthylethylenediamine dihydrochloride (Ffi Yt #63£) 50 mg & R ETEMEA Zonyl
FSN (Dupont) 1 mL Z/KIZEEMEL, 10LEAE L=, O:BRHA® ITS Rz,
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k& A A— F (OPT301. Texas Instrument) {2 #H &, & 5 N7 KEFIZL, ~5 x10° V/A
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RB SL

LED1

LED2

Contrql
Electro rﬁcs

Displa
Datg y
Acquisition

Fig. 3 -3 (a) Schematic diagram of the NO; collector detector system. Liquid was
made to flow by gravity and flow on/off was controlled by solenoid valve (SV). RB:
reagent bottle, SL: soda lime column, TT: Tygon tube (0.8 mm i.d.. 2.4 mm o.d.), T:
plastic tee, MT: Poreflon tube (2 mm id. 3 mm o.d.), W: waste. GI: gas in, MF:
miniature (M5) fittings, GO: gas out, SM: silicone sealant. LED1,2: green and IR LEDs,
OC: optical fiber coupler, SOF: small optical fiber (core 0.5 mm), SF: source fiber.
large optical fiber (core 1.5 mm), DF: detector fiber, B: PVC block. C: PVC cover plate,
PD: photodiode/ op-amp. (b) Ozone detection system. Symbols same as (a), plus
VT: charcoal vent trap, F: 25-mm laptop PC style suction fan, ST: 30-cm’ syringe body,

all was housed in an opaque plastic enclosure.
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Fig. 3 -4 Light transmittance characteristics through water-filled tubes.

(a) Light attenuation as a function of tube length: (@: Teflon AF 2400 (1.064 mm x
1.270 mm), @: Poreflon (2 x 3 mm), B: Poreflon (1 mm x 2 mm), A:ePTFE (1.016
mm x 1.270 mm). (b) Light transmission as a function of wavelength for 100-mm
lengths of various porous membrane tubes. Tested tubes were 1 Accurel PP (1.75 x 2.40
mm), 2 Poreflon (2 x 3 mm). 3 Poreflon (1 x 2 mm). 4 ePTFE (1.016 x 1.270 mm), 5
pPVDF (1 x 1.5 mm). (c) Despite poorer light throughput, porous membrane tubes
provide better performance than Teflon AF as a result of their substantially superior gas
transport properties. Dashed line indicates the start of exposure to 240 ppbv O;. The
concentration of ITS was 2.5 uM.
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Absorbance
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Fig. 3 -5 Absorbance spectra of the product/initial reagent and signal/reference LED
emission spectra. (a) Solid lines indicate absorbance spectrum of Griess-Saltzman
reagent with 0, 5. and 10 pM NO;". Dashed lines are green (signal) and IR (reference)
LED emission spectra. (b) Solid lines indicate absorbance spectrum of acidic
potassium indiogotrisulfonate reagent, dashed lines are orange (signal) and IR
(reference) LED emission spectra.
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Fig. 3 - 6 Effect of gas flow rate. The data were obtained with a 100 mm Poreflon®
(2 x 3 mm) tube and 100 ppbv NO,. @: SF mode, 3 min stop time; B: CF mode, 300
uL/min liquid flow rate.
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Fig. 3 -7 Typical response curves obtained in (a) SF and (b) CF modes. Poreflon tube,
2 x 3 x 50 mm, gas flow 0.4 SLPM, SF mode 3 min stop time, CF mode 300 pL/min.
(c) Performance of the SF mode at low levels.
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Fig. 3 — 8 Calibration curves for NO, by (a) SF and (b) CF modes. The length of
absorbing tube was O 10 mm, B 30 mm, 50 mm, ¥ 70 mm, A 100 mm and @ 168

mm. The other conditions were same as in Fig. 3 - 5.
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Fig. 3 -9 Tube length dependence on (a) SF and (b) CF mode response. The NO,
concentrations were O: 10 ppbv, W: 20 ppbv, : 40 ppbv, ¥: 60 ppbv, A, 80 ppbv

and @: 100 ppbv. Note that the ordinate of the panel b is the root of absorbance.
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Fig. 3 - 10 Ozone detection system. Response at three different concentrations with
automated 30-s-long reagent refill (a) as a set absorbance (~0.3 AU) is reached and (b)
after a preset time of 9.5 min. 1.75 x 2.40 x 50 mm Accurel PP tube. SF mode. Flow
velocity ~100 cn/s.
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O, concentraion (ppbv) by UV photometer

20 | ' T v T v T ' T v T
A
Ay
40 L g
30
L ? _
20 ® E
QW
i S o
E
10 § S
! < -
0 1 ) 1 A 1 A ] A 1 : !
16:00 20:00 0:00 4:00 8.00 12:00
Time (Jan. 18-19, 2003)
Fig. 3 — 11 Ozone detection system. Ozone concentrations as measured with an U.S.

EPA equivalent UV photometric instrument (dashed line) compared to the absorbance
slope produced by the present instrument (solid line). Lubbock, TX, January 18-19,
2003. Other conditions are as in Fig. 3-10.
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Fig. 3-12 Ozone detection system. Response as a function of reagent concentration

(a) Low ozone concentration; (b) high ozone concentration.
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Fig. 4 — 1 Structure of the scrubber/detector. (a) Close-up of the conductivity electrode.
(b) top view of the arrangement. (c) Crosssectional view: EW: electrode window. CE:
platinum conductivity electrode, LI: liquid inlet, LO: liquid outlet, GI: gas inlet, GO:
gas outlet, SSP: stainless steel plates, GB: gas flow block, DM: gas diffusion membrane,
GL: gasket for liquid flow channel, ES: glass-epoxy substrate with conductivity

electrodes, LB: liquid flow block.
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FM
BT g 3SV
(o
Air
AP SC sample

Fig. 4 — 2 Fluid flow schemes: SC: soda-lime column. RB: reagent bottle containing
absorbing solution, SV: solenoid valve, D: absorber/detector, F: filter. FM: flow meter.
BT: ballast tube, AP: air pump. The system is zeroed by powering on the three-way

solenoid valve (3SV) to force gas flow through the SC.
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>
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Fig. 4 -3 Typical response curves obtained with (a) PTFE and (b) PP membranes. The
PTFE membrane was Advantec T300A025A, the PP membrane was Metricel MSPUO025.
The gas phase was back-pressured at 0.78 and 7.8 kPa for the PTFE and the PP

membranes, respectively, with a gas flow rate of 0.2 LM. The gasket was 100 pym in

thickness.
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%, 02 LM ETiE, MEWSCTERERMEL, faflllEL T35, pPTFE £
Y7 7T, 1S SEONARINEE, EREOHEE (~0.1LM) T, HED
HEERL OGN, LIL, SHBOTRARINE, FAREOEEBIIR N>
o TNOOHERDIG, BEOAERX, 7Y 7ikegs LT02LM AW

T3,

4-3-3 HRABBIZETIEHOEE

AT T ERNEAR AL 7 F—BRESN TSP, A T50%240
L= A ARIREDEAIZETAPRIZTINE TITRY, RIEEEANRY SLo8
B, ~ )DL > THETROLREIZHIS U THEFET A RMED
BI3EINT 5, LAL, SO RIGERPICEBILRS ZE>TE VRAENR TN
DAY AN X BEMIITERY, ¥, AT T 020 LTERPIZY
AEWETIHIEE, [I—ERAEIL, VRAEOEIMIL > TEBDIZSIZ{E-T
W, THIZK Y TADIEBIIHR A2 B RE2THAS, XHIZ, HRAHEOME
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Wi, AT DA T Y o TRA L ML TENOBRIZREE NS, E

I, —FEHREO02LM TAEF A RZRE T 22 L, ZOHNII=— KL
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Fig. 4 — 4 Effect of the gas flow rate. The symbols @ and M are responses to 100
ppbv SO, with PTFE and PP membranes, respectively. Backpressures of 0.78 and 7.8
kPa were applied to the PTFE and PP membranes, respectively. In both cases, the

thickness of the gasket was 100 pm, and the gas sampling time was 1.5 min
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Fig. 4 — 5 Effect of differential pressure across membrane. Panels a and b were
obtained with the PTFE and PP scrubbers, and M and @ indicate output data of
blank and 100 ppbv SO,. The dashed lines represent the bubble point of the respective

membranes. The gas flow rate was 0.2 LM; other conditions were same as those in Fig.

4-4,
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PEZTHWE, TRFNBOIGE 7oy FLZLO% Fig. 4 -6 12739, B
1213, WBDEROWEE &S &, 0, 100. 300. 500 ppbv DEFREIZL T, IS
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TANL (t=25um) 2HR7 v bELTRARAEDY, BWERIIEGEONRD)-
oo AVTZUEDLBOERBOBEITE, AT 7 oDbRITE - THERE
DREZE—FIZR/OZ LM b, BRRBE, A7 7 o REMICEML
TLEATWALDOEBOLNA LU EDFERS . WHOREA% 100 um & L1,

TDEER, a7 ¥ —RNIIBITABEROERIL, o3)800nL TH 5D,

4-3-5 BRER

INETIIRBEL LIZEMFICBT 2BREREIER LT (Fig. 4-7). BT, (a)
IXpPTFE A 77 2 RHWIEE, (b) ~ () X pPP A 77 2 AVTW 5,
(b) XA REMELLRKRIE, () IMERLORETORERTHZ, 20k
& DORKRHRRIE, (b) TiX, 07ppbv, () TiX1.0ppby THok, LaL, X
My 7 h7o—ETHE, BT ZORIEMIZEET 572D, LEREEY
FDDITIEIHTADORIFEFEZ DT TE, 612, (d) . (&) IFIEW
BRERACEELZS, AHRHBECTERLEZRERTH S, ZHET 0006 %D
H,0; iRz B EZ N TV a3y, (d) O XS IZEREIC KT 2 REROER

PEDSE L 72 572728, 0.6 %® Hy0, B IV THEIK L 7B B2 () TH B,
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Fig. 4 — 6 Effect of liquid layer thickness. PP membrane, gas flow rate 0.2 LM,
transmembrane pressure 7.8 kPa, sampling time 1.5 min. O, O, A, and <: 0, 100,
300 and 500 ppbv SO,. respectively. The abscissa is the liquid layer thickness with a

reciprocal scale.
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Gas concentration (ppbv)

Fig. 4 — 7 Calibration behavio. Left: 0-100 ppbv response for (a) PTFE, 0.78 kPa
backpressure: (b) PP, 7.8 kPa backpressure; (c) PP. no backpressure. Right: response of
PP, 7.8 kPa backpressure, over a wide range of SO, concentrations, shown in a log-log

plot. (d) 0.006 % H,0, same as curves a-c; curve e 0.6 % H,O,.
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FNAF—Mb, KBEDEFIT 100 CTEL IR D EHEAEN 5,

Q = 22.1kcal/mol x 4 nmol = 88.4 ucal
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=110.5C
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NRIZ A 2 281D BA THEZRIT o7, WIHETIZ IPA ZHMTH LT, RE
DEIZHTDIRENRL o1, [PAICE T, AT 7o ORABEL 2D,
M2, AT T UPNCEE T SO, OWilE, MBS AL BRBREEINDHTH
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Fig. 4 — 8 Effect of IPA on response behavior. The solid lines indicate the temporal
variations in the SO; concentrations sampled by the test system, and the circles indicate
device response. Panels a and b indicate behavior without and with 10 % IPA in the

absorber, respectively.
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F72, IPAZEMLRWEESICE, FLW AL T 2 f0Wthd b & X RUE
HORITATZ IPA IZ K ARENLETH-7-, LA L, WIGKRIZ IPA ZHML
FEA, BLWAY TSR HVEDD L&D IPA ILL2RENLET, £

R BT A N TEDL LI,

4-3-7 HEHADEE

FERIBR 7 T 3=/ BEREFREIZLD SO, I THEDT, AvTI70%
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by LR hs, BEOBRKIIHLTHEWEMEERLY S, LirL, B
A 2 TH B NO, NOy, HyS, CO (20T, EBIZKREDICFEET A TIX
FEALEREBLRNI LD o7 (Table 4 - 2), T4, BRINESHEEIZK
DVEMETH D78, SO ITEERRBED T e /- DAL ED A ~BE) L\ EfgtE %
73 L, pH BMEWVME CEE bIEARAREEIR E T ETE 425 00,

—HT, HEMTZATHS NHy BEMEERICLS#EEENRS. £LT, NHY
DERIZE>T7a brdBA L, MECADBELXEZD., BMBEDIZIT,
RIEA HFa i, ZOH% OH OAEMIZ L » THERIIWMML, EDRELR
5, LinL, 7UoE=TREBEZRMA LIZTX—F—RKHSO0: b L idv a2 v

DHTLERVTAZLIZLE>»TRETBHZLENTE S,

4-3-8 14—l FAIE~DIGRA

ERR L7 SO BIE T AT AT, MEDOEFTRIZEWT 74—V KT X M &1T
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Table 4 — 2.

Interference test

Test Gas

NO
NO,
H,S
CO,

Test

Concentration

ppmv

5.0
5.0
5.0
5000
0.050
1.0

Absolute Interference
Equivalent

ppbv SO,

18

170
20
17
-47
15

Relative
Interference

%

0.36

35

0.40

0.000034
-93

1.5
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272, BIER, JISIEIZED b EREERIEIZIE SV - RO ER
(SX-07, HEEFIL¥E) L L blziTole, ZOWMERIL, A8y —RIC
20 mL ORMEEE AL, KROY 7V o 73 VRO ART Y 72X »TTh
1, 1 B EENFE O D, BIEST Ch 2 BT BRI, Jb#k 32°537, B 131°3,
@ LISOmIZ(LBTARERTHY, FMHERILEADOOE3 km ORATH D,
HHED SO, LT, 2ppbv AFTH Y, THITEAKETORERERLY HIK
WIRETHS. LL, KALLOMRED SO, g & AR & 12X > TIIRE
WZBENRLRT S, 2000454 A 11 BHizZoBRSER BN (Fig. 4-9), TO
IRARIVATIRY HoS DEEEL, 5 2 BT~/ Annular B H RERE R 7 T /3—1Z &
DRERERTH S, SO, & HoS MU B ERLTEY, R—RBERICEIDZ L
Az B, £, RO B Py —ICLBBEBTORERREZRPIIR
LTWa2, 1BRIC 1 ELMEREBONRWZD, 12:00 ZADRKRRE
DERE L LR bR, ZHRIZFL, R RT AIRREISHEESR <,
CORBRBERELESLZBIENTERL, FRIN TV AEINRAKE
XA RERTEGRIENTTRETH DD, Bifizt, FEH ACBRERALET
HY 74—V FETORRBIZITEX A2V, SO, BEEEV & & (00:00~10:00.
19:00~24:00) {2, N7V FRADUERBEVMEEZRLTWAEN, Ty 7
CEDEREERETI - RICEROBRELVLEVEEZRTLRESIATVS
P NS X BATY o VHiEERRH 7285, NO,100 ppby THHFERR bR
mofz, NT7Y rIRAEBBHVBELRTOR. AT L 7 TRAKTO

TT Y VHRMIZHETEN, RSt AFABETRI TR S LD
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Fig. 4 — 9 Field test data obtained at Kusasenri in Mt. Aso on April 11. 2002. Red
ircles indicate 3-min-resolution SO, data obtained by the instrument. The green solid
line represents SO, data obtained with conventional conductivity instrument with 1-h
resolution. The pink solid line indicates SO, data obtained with ePTFE annular scrubber.

Lower panel shows concurrently measured H,S concentration.
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B & R ZREORBENM EABFEN D, BNMERRORIEER ~DHH
EXARE LR OREE - I X AT AOBERBRE STV D,
NHIE, WHERHEOMIZA LT 70N ST, REEDITEEICEEERML
THEINS, LrL, BEPHREEZAA LSS, ERlEIRETH S,
TRIZRL, A aF X RNVRT TNA—Z—EOBEOREEERL, &V
BREFEZEHBLBOLN, FHEEE=F) 7 E0fEbBVEHEIRS,
v A0 F X IV ERAWETAGHORLPREEES>PBRESINT VD,
Ueno Hix, #HEREMEFEILA® (volatile organic compounds, VOC) DEEIZ-DW
TRELTWS 2 §S52RERICF A 7Y —TF % /b (18 800 um x I
X500 um x B X 21l mm) EFEL, ZIXFH/ R—F AEEEROTENLT
TAVI DOHKREE U, FrarVNICRBAREZRBL, XUEY, bx
Y, TFARCEY, FULUORRE V) AEERICHET . T0®%, &
WEIZER LIz —F —TMER— P UBRMRRIR AR MV OBIEZIT-> T
W3, BRIEBR (LOD) 1X bz T 50 ppby BET, ZM& & HADFHEIT
30 ZEILET S, —F, FAkbIF, FERERI I A-ewfruFr L)
T EERANENO,E=F Y VAT AIOWVWTHRMNLTNE P, Zo
AT FNR—FEEZ 05 mmDOR—F AT T AREEZ 0.1 mm DHT AT v b THE
RENTVWD, NO; ¥ RDWRIIZ & » CTHARR L7 EEEA 4 B R TH
YA FE 2,3-diaminonaphthalene (DAN) & KIGT 5245, BEIREIT pH OFEWEEELT
SR\, T Y HEORINE & BEEORUSREL, Y FRO-A 7 0F v XNV T

EBMLEWIEREDE S = L1/, DAN MEEMEE CHil L C /- HgBE A 4
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VERISL, ESICHEENZ L - T pH OBWRIEI~BE L TEXZFET S,
CDFNRAL R, w4 7 nF ¥ XARNIIERINZ pH BELZ ) E<LFAHLTY
BARATTESLLY, LAL, FVAREFAUELLT—ZIZLEDHIITLREN
TWiel, ZHEH T AR TELDNIIEBR 7 7 X—3EBMRR 7 T 13— &
IZRVERN-EITHD, ZHEVFRIBKAEEZm L LTS, %
WIEIZH T ADNE~ANIAL, ZITHRAZAEMIBLTLE), ZOHSR
WZEoT, INEEENEBL ROV KEREAT Y VAPHENILYVTED, 2D
X212, HRAGW VAT A& /NUET B2, WIZRED BV RS Ol
EHEEIPBREESTVD, TNETIZRA Y T R=%/NMUELT HEHLIW
KOPBEINRTVWD, ThBIITRTHRAY vy NCHIEBEFRLTEY
KRB 0.1~2 mm, FBIT 89~500 um DEHMEDTFMEH TS #6730 =
NZF L, ZZTIEH T R EER polydimethylsiloxane (PDMS)7 2 v 7 EIZIZRR
LA 7 0F v RNARIIRNREBATIIA 7 0F Y FNRI FR—%E
RBLE, FrheA 7 0F v RAEDTHT um OFEHD PDMS ETE S = LI
DL, ZOREDOHAFBRKE A I BF ¥ RNVRT FTNR=IZL>TENT
FREQHE AT LAEBETEOTRET S, 7. KRERSOMERHES
PESE, YOTNTF R NRT T AR—ERIEE ML, ZORBREZIT,
=HLBOF v XN EBRL, SOIIHRVHELECBTEEE-,
LOIVED, BMVMOL~NETHRERSH S, BMIZZ 7 71— E /N EL<
TORT TR A=V FUECHKBER AT AEMET D Z L3RR,

LTAS IZBITAERTIZIL Y VORI —ITH B0, ERMOERIZITE
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RV, XBIZ, VTV OUTAS T, v~ 72 F v 7EDHDIT/NI WD,
EEDVATFAIVY) ORTRV X - RBFRETSICEARERIR
REDOERENT VWD, 74—V EGeA ¥4 F oz BETOTHN
i, TRARZOLDOET TR, YATAEEZI LRI FRVDIZT D
ERHD, 2T, TA ARG TR, RERROBBEOERRZE O
KEFTDWMEBRSBEDI- DD~ A 7 0 A5 AT &, pGAS (micro Gas
Analysis System) Z{Z"BT 5, uGAS I, BESCKHEEED R TH LWL R
DT TR, ARE - NEFAL ATHLZENLREICE LW O Z RIS
THDOTHD, 22T, VU I AF ¥y RV E D HS oz /g & L7cuGAS,
FRNINZH BRI T2 8D HS & SO, DEEER Y AT LDUGAS, Z0

2 DTG TTIR RSB,

5-2 LUTILFvRILEUGAS
5-2-1 RE&
5-2-1-1 DUTIWFRRINARIT/NA—

A BF ¥ RANAZ T N—F, 30 mm x 30 mm x 5 mm DKEZ D
polydimethylsiloxane (PDMS, Sylgard® 184, DOW CORNING) 7 & v 7 EIZHERK
L7-18 200 pm, EEX 50 pm, £ X210 mm D 1 KD~ A 7 aF ¥ R)b, BED
PDMS A V75 TR IS (Fig. 5-1),

T, 7APMIVITT7 4 —EIZLVH T AER 30 mm x 30 mm, [EAH 0.5

mm) EiZ=A 7 aF ¥ FLAEBER L, 74 ) VT T 7 4 —EOFERESER
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BEELTHRMNT2, I7RABREDYA 7 nF A% | RBEL, TRIZ,
PDMS OF /vw— & /—FKF—%10: 1 TRA L TH L1dFA, 65°C T30,
X HIZ150°C T30, A—7 Tk, E2ELTHZ LT, 7 RAEKLE
DwA 7 aF ¥ FNNRE—2% PDMS IZEFE LT, Zhk~<A 7 aF v RUE
FROT-HD 2 KA L LTHW=, 1EB L7 PDMS ® 2 REO~ A 7 aF v i
mSIZAREE 2 5(4 0.52 mm)ZFRAL T, BHROHBAY 0%k, PDMS =7 A
Fw—%2BUOH LiA%&, 65°C T304, mMELE,

ZHREWEITL, 30 mm x 30 mm DY 2 HEMRE HSOs 0 H0: D 21 1B,
KEBK, A FVTB|AKOEBETCHZIZERL., T 7r—F AN
tridecafluoro-1,1,2,2-tetrahydroxy- 1-trichlorisilane (United Chemical Technologies) %
BHRATT, 20MELAEEITo~, OV Y a2 EREIZ, 101 TRAELE
PDMS ©TF7 R hvw—% A a—F 47 L, 65°C TI105MMEALI, ZD
AT Z o ERIFEDVA 7 0F v XN L HIZERLEORETERS DY,
25kPa DIEAEMToEE, 65°C T304, IHIZ. 150°C T30 HMEALER
WEELZ, 2ok, YU aUvERENGEREIENL, v 78F v

A F =I5 LT,

5-2-1-2 H/PMEREXRHB
AEBAWVR/MNUEERIBBRTIE, 7a—ELERT 745~ (4 3 mm,
Eska®, =%l —3 ) OPIZER L7 (Fig 5-2). B 1.5 mm OREHIT

7-%7 7A4/3— (OP) % 15mm OK X |ZUIWr L7-1%, Wit K ORONER %0
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Fig. 5—2 Structure of the fluorescence detector

CM1: clear molding with PMMA, CM2: clear molding

with PDMS, BM: black molding, SC: silver coating, OP: optical fiber.

C: Capillary, ST: spacing tube,
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BL, 0O Rz, H7ABEOIEILTERLZAR 08 mm BEDHT 7 A ¥
¥EFYU— (C) AL, AZTZIUNEIE (AFAAZIZYL—: TFAR
Z70L—F, 7T:3THEAL, | % BELNCY A VRRREEE LTHRMLEZY
D) TREBALRVEIIIF A ETY —EHT 7 A N—DREMZE2IZHD
7= (CM1), HZ7AXx ¥ EZ Y —RNIZ, PTFE Fa2—7 (ST) (AWG280r30) %*
K7 7A4AR—L D7 o0 RBEME THRALBRHBETDOT v FRY 2—5%/h
S Lk, ®omiExe LT, BEMEHFE LED (Super bright blue LED,
SBBLED) (LXHL-BR2, Lumileds Lighting)%# %7 7 —/X\—¢F 7 V-0
AEIZAZ 7 UNBIETHEE L, EHERHEKEMZ 2T 727 PDMS =5 X b
<—TE—/L KL&E (BM),

BURE 7 + b ¥ A A — F (OPT301, Texas Instruments) DFEEIZ 520 nm D &
¥—THy M HET 4 VF—(8C520, BLT7 4 VL) B HRFUEFAITHD,
K77 AR—DO—SRIZEE LT, FONTKEREZ 470MQDT 4 — F Ay 7K

MCEELH -#BIEL, —#uw— (B 8421, HIOKI) TEH&HLT-,

5-2-1-3 S=FaFPHHIATL

VTN F RNV RYT F A= LBHE, TRARYRADODT7 7 o 2—K
ftL, —EEHNTH PAAHNOBREH LR T VAT LAEHEE L (Fig. 5-3).
RO LIZ, =AM 7 0F ¥ RNVRIFNN—%ER EbIZ. AyT7 DR
HBRUCBREBEZBESEILZODDOARY, 30 mm x 30 mm DT 7 v~

(F3010AP-12RCW, Y o—¥5H) 2ER-, 77 O LEIZEZ 1 mm O X% 4
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Fig. 5—-3 Whole system of the uGAS
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B if7- OHP v — A ER, 77 ZEK 6~8 V THHEIETHADOMRY 4
HEToT, TOVOEREENT LD, ARV VORMREZE=AT—TT
SERITIHAT, WU - RUGIE L LT, 1 uM fluorescein mercuric acetate (FMA) /
0.01 M NaOH %k & iz, Wik%E 1 mL DY IV Fa—TIZANn, A% S
~20 kPa D—FEETMEL, 2 pL/min THEHE L=, ek, MEEHIZ, EHE
v ¥ (PA400-120G, Nidec Copal Electronics), I =Fz27a 7L yH¥ —
(5D1060-101-1035, GAST) %74 — KAy 7 EETHIE LI, £, BEOH

Bi, I=F 27 =—KnW,ULT (P-445, Upchurch Science) TaXE L7,

522 HRRLEE
5-2-2-1 7RO—RIRHER

= A 7 BF ¥ FIBITBEERH T, BEBSPRWI L LEVERE TR
Heaz i nR2WILr=R"Hsd, EROUTAS Tk, v170F %
FNRX Y ET ) —IZHEEE LTL—F—RERBHL, XELVAORKET
B E A AR DE THEARHT B HE 1P RBML U XEMBEIC L DR
HPOB8BESATVWS, LL, pGASIE, 74—/ Kotz HHE LTE
D, REOEBRITES 2V,

LB, v A 7 RFXRLOTRIZD LEROKRE 250, LB
21707, Linh, BXEELEXT 7 A NN—DPIEDLZ L THELLRHNEED)
RIL T FFAA—F~EERE Lz, X774 S—AOEERHIT 0.5 uL

ThHY, Yo INFeRNART =022 pLIZHLTAH5D 1 OKEITH

~104-



B, %, BEXELTHT 74 /3—0D5D5 LED ONERF Lz, ks
LTHIV= SBBLED i, 2 EDOABLEDFEALED P LY &, MEIZIHE
BEWORZRIEHT, BHEAT PABRLYEEEMZHY, 520 mD ¥ —7
By " TANE 2 HEDMBEDLESZ LT, FMA OEREBRMIED S 7 F 1L

S A XTI nNETO IS5 fFIzmE L,

5222 RhyTFhTOo—F&ESGTO—FEO LR
Wift 7 o0 —iE(CF ) OBEIZIE WEINAETAMOBERP CORE, T

ROLBEEIIROKX (1) TRENS,

c =kACg :k(Iu)Cg =k1Cg
: 0 vdw vd

(5-1)

RS5-1T, kiZAVT T DOHAFZBEEZRTER A XV RAERS DM
B, Cold A REBE, O IXWMIEIE, [ 3F ¥ ALES, widF v XUE, vid
BEOBREE, dZF v RXNVESETFT, ZORNL, WER R F—%5@
@Y HFH, [/ v B—ETHIUTREILT v FNVIRE d DHIEFT S,

—hFT, RAby 7 h7u—iE (SFi&) OBREITITRATERENS,

kAC. T kC.T
.= £ _ £ (5-2)
dwl d

T REEORNER by 7T LA BRIN Y 50EM 27T, SFEDHEL, F
ARUER] THA—TED & &, BEZF ¥ RMERS dITKFET 5,

IN6DKS5 -1, 2 TREINDLHIZ, BRERF ¥ RNVBESIIREFITS -
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EDD, w470 F Y RNV DT AFER, SFiE, CFIEEDOELLIZEWTY
LVWRtEZRT LR TE S,

KB, RO Y 23— AT 52 (=50 um, Asone) & H A E@IEL LT,
H,S #HIFE L7z (Fig. 5-4), SFIEOH AR Z 5o & L, RIN%E, BEO
FNEzAF—HFLT FMA O#EEBELE=F— L7, CF IEOBRKMREIL 2
puL/min & L, —ERETHEEZ K LETIHE - REZTo, Z0LE, X7
FA—NEERSEET A0, TRLbBLRIEERIZ | 5 ThD, CFiEL SF
HBOBREZUBT 2L, VRRIBFHOEW SF EOIZI BREVEEL R LT,
LML, EAEELICIVADE - R/ LN HITTEN, SFERIZBTHT 7
7 DISEIEDE =7 Ligotz, T, BRIEER Y T A—HIZRFL T
DENCAREBEZ Y, FMA OBRBPEZ > TWH7HTHD, XbHIZ, SFIED
BE, BEEX2BIICEC—JHEMEPRDILENDHY, REMAER2ITO>&T
—ZEMNEREIZ 2B, — 5, CFIEDBRE, HABEIZWAIL-HARESR,
T DRENRES THD, ZZTHEERZDIX, KKLL0 HS JIEIC
FHRBEEN CFIETELNRNETH D, T I CCFIEORERR LT 5728

A7 TNR—DBEMRIZHOV TR R HERT,

5-2-2-3 TAOOFVvRILAISN—IZEAHABEREOML
D (5-1) RIZBWT, BRKEE—FEOM, CFIEOREIZTF v RAE
SIIRWEHITBZ 2R L, —F, RO, FyraERsRx Tk

VWMEET R L OEBAERENRIEL 220, BWHEDENRE LN BITTTHS, L
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(a)

0.5V

600
(b) 10. 0 ppbv
20
30
40
50
05V
1 min

Fig. 5 — 4 Response chart obtained in the CF (a) and SF (b) modes using a 50 pm
thick silicone membrane and a 5 pM FMA solution at a liquid flow rate of 2 pL min™".
In the CF mode, the signal level obtained decreased by absorbing H,S. In the SF mode,
the solution was stopped to absorb H,S for 5 min, and then the liquid flow, LED
operation and data acquisition began at the time zero. The negative peaks appeared in

accordance with H,S concentration.
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L, EERIZ, FrRAUEHREVWE, [SHEBBHEOENNT VRS LETHA
FBRIEN DR, Fr RNVEIE—FIIHROZ ENTER, BIHIZELS L
BE, AT IUoRTF Y RNVDEITEVFNTF I AL EHODTLEI L
BIVID, B, AT 70 0hbHIILDIEBEYSEDIZF ¥ RIVIEE
BT BE, EVEMEREBRSZDIIF Y RNV EEL THLERHD, L)
L, BEEN/DS SRWF ¥ R0E, BIROBAIZHT 2ERLRE 22T
LED, EE, #B200 um, X S0pm, X210 mm DY 7 AF ¥ RANIZ
BTN VERERED ELIZEZA, BWHMHOZORETH--, £Z T,
FMA R OT VA ) B, % %P0 1110 TH 5 0.01 M NaOH % Hlv 7z,
B, H7ABERLICERLE 1 KA PDMS 12K D 2 REZEY <A 7
BF ¥ RNVART FTNR—EER LIS, B FROIE SO & ITHAEERZE 1 %L
NTHote, HT7RAERE~D 1T RBEERIZANVD 7+ bR 7 DF v RIIE
100 uym 588, 7 ADZyF U IEIZT v F—2 v F U 7BEZ Y EEOIR
1% 200 pm 1272572, Sumerian & *?, Hisamoto & I~ A 7 B F ¥ FAAD 2
BRIRFETA LT 7 BRET>T2 FFNVRIIHRENIA LT T X
STF ¥ RMI2 73 EN, WERND 2 WEIIA LT F &0 LTEMT 5,
FXRNVRNIA T T B ERT HFHERREKEND, SEOBRMTIE, <A
IJuFXRMIAVTZUoER, TOEIIHREZRTT SIAZADIEIH, K
RHEERESTE, DOHAOHBIAMETH B,

BT NARATIX, WELH PDMS 2 HRBA S TF v 7aFvRxNVT

0y & EEERRETNERE LTS, ZOHEIX &R, SEE T TIT
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5Ly AL DEEES R, L)t TAOBBES Y, #7AEHATA
DL " O A_EEAORETH o7, M bILEAHE D% HF L8 01z
LoToYarRho AR LI bH D, PDMS DEETIE, METTX
<2 X HATE Ve, ) w—2BMATHHE PLREINATVS, 46 4
B.ED PDMS A 7 BF ¥ FI L AL T T kb 0RME L BN THEST
BHEERFE L, HEREEZNE LEBREVOMOESGIEDRE % Table 5 - 1
IR Y, SEOFEIR, ERANRMBEERRLE,
TOESTLTHER LIE=A 7 aF xRV R FAR_A-—DOFMEEZR T E
IR 0F Y RNANART TNR—OHRZHTBINE LB L (Fig. 5-5), ¥
IvA7aFeRrNLiE, EROO6mMmM, BEI 15mm D770y Fa—TiY5
WE b DERELTERLEDPFEIRHOR I FNA—ThH5B, Zhit, L
AOABHR 7 FR—LIZIERILKREXITHD, REDF ¥ RMZRE LT RE
BEZEY, ISEZHRBE, v/ 70F v FxiTEIvA 7 aF Ao nt
LTHBRIZKRERIGEERLE, 20, v~ 72 F xR LD T ROMHE

%, EODTHEHTH o7,

5-2-2-4 BEALTS OB

EHRDBREDMEIZIE, ATV DHRAEBBUENREESR, AL TF70%
8 UTHAMETHBRIZIE, VR, "Bl 022o5H5, T Bkt
AT T ARFES NP, LEBHCTHRANER LTV, 2RI,

pPTFE R, pPP, ePTFE R EAHTIEES, —H T, U 32— % Nafion® .
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| !
- . et am e W e A e mee o - - e [P -
; |
! ]
Pyl 1
! I
! !
! 1
! I
! ]
|
FMA :
0.5uM | !
| :
t I
5min | |
l :
! |
. ! | .
Air . H,S 30 ppbv, Air
> < > <
: !
Fig. 5 - 5 Response obtained with the microchannel (solid line) and

semi-microchannel (dashed line) scrubbers. The liquid flow rate were 2, 10 pL min™!
for the microchannel and semi-microchannel, respectively. so that the absorbing times
were ca.l min in both cases. The FMA concentration was 1 pM and the gas permeable

membrane was 7 um PDMS.
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TE'NT 7 A PTFE AT 2O, (LFEBICL - TE, &nFOKFRZER
FZELTWS ZENTES, BBTIE, $2ED Nafion Fa—TNH,S DA %E
WLIE DI, BIRMICHAERETES, 7, vM70F ¥ XL LERALHE
MTHD PDMS AT 502 AERBEE LTHWAZEE L., Franl
FRUEMEZRNDZETALT S 2P OME I ZHEEG TE -, PDMS ONF
ABBEICET 2 BE BV o0& TkY ¥, PDMS X, HyS %, CO,,
Hy, COLVHIERT ™, LYV ABBMEBDE D, ALTITU %D
ELED ', Ar PF X TAAE LN TEEVIREOLHBMR, 22T
AT T RHLT B LR M,

U PDMS A LTI AR DI, B EICAE 3 —F 47 TB L E
HABl, Thik, £/ =—RFV Iv—ZZ2FLEARNETEDL I ZHMBHITY
BATELHRINDG, AV a—FT 4 TIZLBEHEPDMS AT 70D
BES53f% Fig. 5 -6 1R T, EROLHE 7oA THWAEKRL Y NI
DEHNT D, BEREARRE LY HEL 2o THDR, F v RATERP
REIZHY, Fr XNVETORBEOIEL D& 5 %URICRE>TWS, AT
T DERE A FBEOBES Fig. 5 - 7T1RLZ, ZORP, x @i RTE
X, A =T 4 o 7iEOREER L BEOREE (Fig. 5-6b) nofd/lz,
AFE@MEY, BEEICREEIL-, 82, 20um L FOFESRTRESEmMLE, &
B, 7um FTIX#L TEEDA, EVENSum, 3 um RETRHIVWERNIELGN
2otz

FX¥ FINANELTH, BEWRA LTS3 2B REOBANLEFE L2V,
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Fig. 5—6 PDMS membrane thickness vs. spin rate
(a) Thickness distribution in the substrate: HM: 1000 rpm, O: 2000 rpm, A: 3000 rpm,
O: 4000 rpm, @: 5000 rpm, A\: 6000 rpm

(b) Relationship between the membrane thickness in the middle and the spin rate.
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Fig. 5—7 H,S permeation rate of the PDMS membrane as a function of spin rate.
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AT IR THHAMETIE, BEOMNOBEEN RS T T+ —
AL RO THAZFIIBEEZEZRT 5, BEEEE LT APERPICHOETA
ted EIZHRAFEBHEIIREY, 2FY, HNA LT T UTREARNRE LR
@O HABAYEERL, AT IV XVERB+SELS D E, TAD
oy ERBIETHRABENREE S, LOL, FilROA 7T 1%, 100 pm
UELDBEERSHYwL 7 0F v XA LD LEREN, Ko TAHOMEL 7

SANITA T O F %Y RILART FTNR=ZE S THERAARELDOTH D,

5-2-2-5 WL KFEDESRIE

TAIBF Y RNVEBEA LT F o 2BHELRIR T T -2 E#KREE
LB E DY, BILIEIZ 1| pM FMA/0.01 M NaOH % iV 7= 0~20 ppbv HyS DI
&% Fig, 5 - BallmRd, "—R 74 L OEAERED 3 EILEB-RHBRITI
ppbv ThH o7, | y(MFMA BT, 20 ppbv T THOEBFHEHEEZBGHZ LN TET-
D, FAOREFEL 2 EGREOREICIE, FMABKRERSTAZ L TER
WHEAS TES, £, EV U 7LVORTEIIBWT, BIZEAHEERIGZF)
ALTWABEE, Tl oFoy 7 3EETH D, Fig5-8b Tk, 77
D on/off DYIV KR Z T L RLDF vy 7 %1To7, 77D on/ off |2
LoTEaLXNVOMBENRTERIZ LT, PuolRBAEL XTLAOLENELS,

NIRRT 44—V K ECOREIZER/RRT B,
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44 (a)

5 ppbv
2 10 ppbv

- 15 ppbv \

14 30 min 20 ppbv

Output (V)

1 (b)

]
! 1
' '
4 1
]

)
1 i
' 1
' '
]

e ol

s —n d
Fanoff Fanoff Fan off

0 ppbv e 5 ppbv

- 10 min

O ppbv

|

Fig. 5-8 Response curves obtained at the optimum condition.

(a) Responseto 5, 10, 15, 20 ppbv H;S

(b) Response to 5 ppbv H,S. During the exposure, the fan was stopped three times for

10 min each.
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5-3 NZHLRY F/N—
5-3-1 EB&
5-3-1-1 NZHLBRY /85—

NZHIRRA Y SR—DFF A & Fig. 5-91Z7T, N"=hrB~vAf ¥
¥RMIATA RHFZAHA X (26 mm x 76 mm) O PDMS 7 12 v 7 I AL
B3, N=hLHEEIZ -1 06mm DI 6 AL LERIN, BRIIES N
FHDKELTEATH, FYrR/VESIE60um THY, F+v R /R Fig. 5-
9b 1, A DE4Y T 500 um, B T 400 pym. C T 300 um, HAHFEEH S (GCA)
T 200 pum EBRAIZHIK 2B X D2 LTz, HAMEERS TOF v RAHEIL,
142.2 mm?, {KFEIX 109 uL TH 5,

H A FE L LT, pPTFE A > 75 > (JBE& 30 um, FLEE 0.45 um, Poreflon®.
HP-045-30. FRBLI7 74 v RY~=—)HBVI, pPP AT F  (EH 94 um,
Accurel® PP IE, Membrana) &\ /=, 223, N=h LB 5= 7L

Fx RNVRY F =L ERDOFETERLI,

5-3-12 #mELVY

Wt T, BROT7 0 —F % FNV EORAVF 2 BFROZ ORI E
L2 oDBEE 2B (Fig 5 - 10), BiE7n—F vy b LTHES
0.5~3 mm, X 18 mm OF ¥ F/L% PDMS THERK L7=, TDEIZ, RY A I
K7 45 (Kapton®, 125um, HLFaRy) 2EELE, ORIV LI R

A AT EM BRI RV, 2 D0 Pt #REEHIA (100Q @ 25°C, RS 2K
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(b)

LI
3000
I S i

Fig. 5 — 9 Design of honeycomb scrubber. (a) Whole structure of honeycomb
scrubber.  (b) Zoom up of the honeycomb strucrture. (c) Picture of the honeycomb

scrubber filled with red ink.
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Fig. 5—10 Structure of the flow meter. LI: liquid inlet, LO: liquid outlet, TS1, TS2:

temperature sensor, P: pertier, K: Kapton® film
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WICAHZAE—X (4 1.5 mm) #EELZ, tE7T 2713, ABS BIEZIBHIL
THERL L 7= (TB, SB,BB), HfE 6 mm, I €X 9um D ¥ A7 75 . (D) % PDMS
EIZHER LIz, AT 75 5121%, JvF oIz Ya—vAvy750 (150
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Fig. 5 — 11 Structure of the piezo valve. GB: glass beads, D: diagram, PA: piezo
actuator, CT: cupper tube, N: nut, TB: top block, SB: support block, M: membrane, PB:
PDMS block, BB: base block.
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ABS R EIZRERROMEEIERL, ZhESHEIERE LY THER L,
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b —F—TME - BR#FH L7,
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ELEWF ¥ RVTHIRIZA T 2PN K E S ZEARETH 7=, ERE B2

ETIZFMA @ 0.1 M NaOH & 2 AV TN DS, U N F v RV R Y F 53—

T 110 DENERZANTW, 22T, FILWLWFHFEL LD A= p LB 2
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Fig. 512 Whole flow system setting. IC: iodinated charcoal column, PS: pressure

sensor, BB: buffer bottle, FM: flow meter, PV: piezo valve, HDS: honeycomb diffusion

scrubber, FD: fluorescence detector, CD: conductivity detector, WB: waste bottle, AP:
air pump.



SA—2BELE (Fig. 5-9), N=HLHRI I NN—3EGAH LTV HE
(& EO WAL BRGNS K, MKW ARILER (142.2 mm?)
RRRTER, 2O, FyRNVANOKRIL I F IR Y F/3—0 2 pL I~
102 uL & KEL Roh, RUILEREDO e L1ZBWTidir LAR Y HR
TWKEXTH 3,

e, BEON=ZH LAY FZR=TIIPHEIZFITIFIN B L 5172 o7 pPTFE
AT WL, TOACTTREE30 um THY, FrRAUEI LD
LV, F, pPP AT T UDRAI I A—HIERL, LTz, TRETOFE
HHAL TS LD E Table 5-212F &z, oS OFBMEZ RS L, &
IZE > THEIRHT S PDMS AT 5, AT 5 ORI Z LRI X
> T&EI#$ % pPP X pPTFE MA@V &M %~ L7z, pPP & pPTFE Tid, pPTFE
DIF 5 NE@EEITEL, FL pPTFE TH, ABOKE R LOBRE W EREER
L7=DT, B, ZOXAT I 2Bz,

EbLWEHDOILR 045 yum D pPTFE 2 A 7 5 AW NN AR S
TN—EVVINFXRNVART TR —, B2 EDFa2—THRY S -—D%Ht
Z Table 5 - 3{ZF L7, RIEEHIZ, AFLDR T F/5—{ZH~T 1/400,
FB2EDPPTFE Fa— TR 7 FR—EHA_TH 120127807, THITHEW, )
IERED 1/200, 18 Ligofz, ZOZ LITREOHEROBLEZEKRLTE
DBEBDAR—REFHHTE DT TR, BEIZELVWS AT AL VLS,

T, BARMH D OF A EREL~L2S &, annular # pPTFE R 7 5 /8—|Z
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Table 5 -2 Gas permeation properties of flat membranes

Material Company Cat. Pore size  Thickness H,S permeatlcz)n ratio
(Hm) (Mm) (fmol/sec cm” ppbv)
PDMS - - - 7-70 1.8-0.42
. ADVANTEC
PTFE T h :
TF oyo Roshi TO30A025A 3.0 75 38
Gelman
PP PALL Laboratory 0.1 89 74
Metricel®
®
PP Membrana ACC”{ eEl PP - 94 33
Sumitomo Poreflon®
0.1 0 90
PPIFE EFP HP-010-30 3
Sumitomo Poreflon®
: 07
pPTFE EFP HP-020-30 0.2 30 1
Sumitomo Poreflon®
45 30 140
PPTFE EFP HP-045-30 0 g




Table 5 -3 Comparison of Scrubbers

Microchannel Annular’

H,S Honeycomb Zigzag pPP pPTFE Keio Tanaka

Liquid volume
. 15 174 4370
(L) 10.9 2.2 1

Liquid flow rate
(uL/min) 15 2 200 122 3290

Collection time .
(min) 0.72 0.909 0.755 1.41 1.33

Sensitivity
(nM/ppbv) 125 25 57.2 66 1.7

Collection factor
per unit time 174 27.5 75.7 46.8 5.79
(nM/ppbvH,S-min)

SO,

Liquid volume
(uL) 10.9 151

Liquid flow rate
(iL/min) 15 150

Collection time
(min) 0.72 0.99

Sensitivity
(nM/ppbv) 58.8 252

Collection factor
per unit time 81.7 253
(nM/ppbvSO, min)

* These data of annular scrubber is referenced from chapter 2.
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EEIE, ATFRBTEHLOICHBRIRESMETRT O, EffiL TR TR
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DL RBHEEFABALUAREE Y TIINBIZ LA HESHVWLND Z LA

-127-



1.2-|'|'|'|'|

Output change (V)

A

ool—— 0w
00 01 02 03 04 05

Gas flow rate (SLPM)

Fig. 5— 13 Effect of flow rate on response. The symbols show @ is pPTFE, A is
pPP as gas permeable membrane. Absorbing solution, 5 uM FMA/0.1 M NaOH was

flowed at 15 uL/min.  Test gas concentration is 5 ppbv H2S
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Fig. 514 Sensitivity dependence on channel size of flow meter. W :w 2.0 mmxd

0.5 mmx/ 18 mm, A :w 2.0 mmxd 1.0 mmx/18 mm, @ :w 3.0 mmxd 2.0 mmx/

18 mm.



7o, F¥X/LA% 0.1 MNaOH Tii/c L. A7 F-3—DOMAY QICEEEMR%Z
BALEBRY)F—"—2RTT, REEZAMLLEYE, FyRXARNIKREE
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DENNT5EMEEZ 2 b — L LIERKEREZHIHT 52 L &2RAB 7= (Fig. S
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Fig. 5 - 15 Effect of NaOH concentration on sensitivity. The symbols show @ is
fluorescence intensity of S uM FMA and M is response obtained with 5 ppbv H2S.
Absorbing solution, 5 uM FMA is flowed at 15 uL/min.  The gas is flowed at 0.2 LM.
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Fig. 5-16 Dependence of EOF on applied voltage.
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Fig. 5-17 Feedback flow control with EOF
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MEEZE=F— LT, HEZS uL/min ITRE L L &L, B/ LT IZ
BWEBESHMEINEA T 7 7 53 IV CAKEIZZY, 15 ul/min TIX XY
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Fig. 5 - 18 Flow rate and applied voltage on solenoid valve flow rate controlling.

The solution was pressed at 0.1 kgf/cm’ by air. Flow rate setted voltage was 2.0 V.
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Fig. 5- 19 Dependence of flow rate on voltage applied to piezo actuator. The water

in the reservoir is pressed at 0.12 kgf/em’.
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Fig. 5-20 Feedback flow controlling with the piezo valve. Flow rate setting voltage

was changed 5 and 15 pL/min each 3 min. Other conditions are same as Fig. 5 - 19.
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Fig. 5 - 12 IZRLIZN=ZH DR FR— AT AT, SO, KU H,S OFIGRIE
ZRAA (Fig. 5 - 21), HS DRTEIZHAVEZ FMA OBEIZ S yM THH, v
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10 min 20 30 °
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Fig. 5 - 21 Response curves obtained with honeycomb scrubbers. The response of
H>S is shown as solid line and that of SO, is shown as dashed line. The absorbing
solutions, 5 pM FMA/0.1 M NaOH for H,S and 5 pM H,S04/0.006 % H,0, were

flowed at 15 pL/min. Gas flow rate is 0.2 LM for each scrubbers. Liquid flow rate

was controlled with piezo valve system.
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Measurement of Atmospheric Hydrbgen Sulfide by Continuous Flow
Fluorometry

Kei Topa," Purnendu K. DASGUPTA,} Jianzhong LL’ Gary A. TARVER,’ Gregory M. ZARUs,
and Shin-ichi OHIRA'

1t

Department of Environmental Science, Faculty of Science, Kumamoto University, Kurokami, Kumamoso
860-8555, Japan (E-mail: todakei@sci.kumamoto-u.ac.jp)

Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas 79409-1061, USA
School of Ocean and Earth Science and Technology, University of Hawaii, Honolulu, Hawaii 96822,
US4 ' : .

Agency for Toxic Substances and Disease Registry, Center for Disease Control, Atlanta, Georgia 30333,
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A fully automated portable fluorometric instrument with insxpensive all solid statc cxcitation and detection bas been
developed for continuous measurement of atmospheric hydrogen sulfide.  Air is sampled by a membrane based diffusion
scrubber (DS) and collected into an alkaline fluorcscein mercuric acetate solution. The absorbing solution is made to
flow through the DS by pressuridng a reagent boule by a small compressor with a pressure feedback
amangement.  Collected sulfide quenches the fluorescence.  The fluorescence signal is measured with 2 miniaturized
blue LED-photodiode based detector. An on-board calibration source is present and all susceptible components are
actively thermostuted  All flow control and signal acquisition and interpretation is carried out with a mini-notebook
computer, Measurement of zero and calibration gas arc automatically conducted. During pling of ambient air, the
concentration of hydrogen sulfide is calculated and stored.  Calibration/zero seq can be repested on a programmed

_basis as often as needed. Even with a continuous measurcment, the instrument is capable of mcasuring sub-ppb
lcvels. The whole system including the compuler is operated by a 12-V battery, and has shown sxcellent comrelations
with a tape meter. :

(Received on August 8, 2001, Accepted on September 13, 2001)
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Hybrid Microfabricated Device for Field
Measurement of Atmospheric Sulfur Dioxide

Shin-Ichi Ohira and Kei Toda*

Department of Environmental Science, Faculty of Science, Kumamoto University, 2-39-1 Kurokami,
Kumamoto 860-8555, Japan

Shin-ichiro Ikebe

Aso Volcano Museum, Kusasenri, Aso, Kumamoto 869-2200, Japan

Pumendu K. Dasgupta
Department of Chemistry and Biochemistry, Texas Tech University, Lubbock, Texas 79409-1061

A miniaturized planar-membrane-based gas collector of
800 nL internal liquid volume was integrated with a
microfabricated conductivity detector to measure atmo-
spheric SO>. This device is operated with a dilute HzS04/
H202/2-propanol absorber for a finite integration period
(typically, 1.5 min) without liquid flow. During this period,
sulfuric acid is formed from SO; that diffuses into the
liquid and accumulates therein. The increase in conduc-
tivity with ongoing sampling is measured. The absorber
is then replaced with fresh solution, and the process starts
anew. The most important factors that govern sensitivity
and the detection limit are the choice of the membrane,
the nature of the internal coliector solution., and the
thickness of the solution layer. A porous polypropylene
membrane with some 2-propanol (IPA) incorporated in
the internal solution was found to be the best combination.
The sensitivity was inversely proportional to the solution
layer thickness. and a layer thickness of 100 gm resulted
in a practical device with good performance characteris-
tics. Greater applied pressure on the gas phase relative
to the liquid side also can improve device performance.
The system is operated with 12 V DC and does not require
a liquid pump. Under optimized conditions, the LOD is
0.7-1.0 ppbv for a sampling period of 1.5 min. The
device was field-tested around Mt. Aso in Japan. Changes
in ambient SO, concentrations could be followed with
good time resolution. The results are compared with data
obtained by a collocated macroscale instrument.
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Field Instrument for Simultaneous

Large Dynamic Range Measurement

of Atmospheric Hydrogen Sulfide,

Methanethiol, and Sulfur Dioxide
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Department of Chemistoy and Biochemistry,
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We describe a membrane-based collection/analysis
system that differentially monitars H;S and CH;SH, and to
which a conductometric SO: analyzer using the same
collector was coupled. A diffusion scrubber (DS) comprised
of a Nafion tube coliects H;S selectively while a porous poly-
etrafluoroethylene (pPTFE) DS collects both H;S and CHs-
SH. Both gases are measured via their ability to react with
fiuorescein mercuric acetate (FMA) which results in
decreased fluorescence. The limited dynamic range of a
negative signal procedure was overcome by using dual DS
units comprised of short and long scrubbers, placed
serially in the liquid fiow line. Different DS designs and
membrane rnaterials were investigated. H:S, CHiSH, and
S0; from a biogenic point source were cortinuously measured,
and the H;S/CH:SH data compared weill with a standard
procedure involving Tedlar bag collection, preconcentration
and thermal desorption from a Tenax trap, and measurement
by gas chromatography/flame photometric detection.
Walkaround portability of the instrument and very large
dynamic range measurement of H,S and SO, were
demonstrated around the Mt Aso valcano.
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Trace Gas Measurement with an integrated Porous
Tube Collector/Long-Path Absorbance Detector

Kei Toda,* Ken-lchi Yoshioka, and Shin-ichi Ohira

Department of Environmental Science, Faculty of Science, Kumamoto University,
2-39-1, Kurokami, Kumamoto 860-8555, Japan

Jianzhong Li and Pumendu K. Dasgupta*
Departmment of Chemistry and Biochemistry, Texas Tech Universily, Lubbock, Texas 79409-1061

Porous membrane tubes filled with an absorbing solution
that change colors upon selective reactions with specific
gases provide high sensitivity inexpensive gas sensors.
These can be routinely used for ambient monitoring in a
fully automated manner. We consider both stopped and
continuous flow operations and show the superiority of
the stopped flow mode theoretically and experimentally.
Light throughput through various membrane tubes is
presented, and superior performance of such tubes over
Teflon AF is shown. Sensors for NO; and for O; were
based on Griess-Saltzman and indigotrisulfonate chem-
istries, respectively. A computer-controlied two-LED ab-
sorbance measurement system (one wavelength monitors
the signal, the other references the system) that also
governs automated reagent refilling was implemented.
Sub-parts-per-billion-volume detection limits are attain-
able within a few minutes for both gases. Comparative data
with a commercial UV-photometry-based ozone monitor
showed excellent agreement with the response pattern of
the present instrument. Low cost, ready applicability to
the measurement of different gases by merely changing
the light source and chemistry, and high sensitivity makes
this instrument attractive for both pedagogic and practical
purposes.
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Micro-gas analysis system wGAS comprising a microchannel scrubber
and a micro-fluorescence detector for measurement of hydrogen sulfide
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Abstract

A micro-gas analysis system, LGAS, is proposed bere for the continuous and highly sepsitive on-site measurement of atmespheric trace
gases. The WGAS presented here is comprised of a microchannel scrubber and a high-sensitivity small fluorescence detector. The key to the
UGAS is the fabrication of 2 good gas permeable membrane on a shallow channel to allow for the efficient accumulation of the analyte into
the absorbing solution. The channel is formed by micromachining, and a gas permeable membrane of any desired thickness is formed by
spin-coating on a fluorosilane-treated substrate. In this work, polydimethylsiloxane was used for both the channel block and the gas permeable
membrane, and were easily tightly bonded. The microchannel structure ensures a high sensitivity, and the sensitivity is inversely proportional
to the membrane thickness. The device, including the air supply function, is set in only 30-mm-cube. The performance of the LGAS has been

demonstrated as a H,S gas sensor. The LGAS consumes only | ml of the reagent solution in 8 b of operation with a detection limit of 1 ppbv.
€ 2004 Elsevier B.V. All rights reserved.

Keywords: Microchannel gas diffusion scrubber; Micro-gas analysis system nGAS; Measurement of hydrogen sulfide; Micro-fluorescence detector
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