BUNSEKI KAGAKU Vol. 63, No. 11, pp. 873-883 (2014)
© 2014 The Japan Society for Analytical Chemistry

#e & am X

2

873

YA AH AT AT LOREEREMTADIEHA

Ao At

KREFOALFWE R E NI SN2 R 2 B TE= Y ) ¥ 7§ 572D DE,

<A

077 25307 ¥ A7 2 (micro gas analysis system: WGAS) % B%E L7z, KA R Ofifi 5§ T & e 2 53 WS¢ 18
X INFEThho7zds, ~A270F v ANVEFALIZAZ INN—2HEL, SOIEEPLY T2 45—, Kt
B, BOAEH T AFEE 4 CIRDBA b b THALL, FFETRLERSERESHEEZ O ST <4
sy aF v RNVAZ FN=1THBBG 2 WA T 2 2%, 1ERkOA Y ¥ 2 U v —IZHAS & 20000 5
b OHERMA R ZF0720, FOVIEE &R O HEEOM L 2NE A7z, 2 E THZE L 72 nGAS oxt
S L, SO, HsS, CH;SH, COS, NO, NO,, HONO, HCHO, NH; Z&TH 1, »iihd ppby+—

¥ — OLFEFERIC BT BB F RIS Lz, 2R SO uGAS HEIC L Y, KRR

BMRE, K7

A, TIPS OFET AR EOMT ATV, RITI R TEROIRRREALFADOBINEILTTE 2. 7,

NO ZKIZEELIZ WS, UEHR%Z TR LIFRH O NO ORIy L 72,

S5, FYARNEDRT F

IN—=IZDWT, FAWEEZI I 2 L—2ary3hRAHEY 7 V2B L, HHAR A7 I N—0%ET - %I
BITCE, ZOVEDDIEHE LT, f55® HCHO 2 F ¥ A WVEIA 7 SN—TR YRV & 2 5,
o 7RI HCHO BSEIET 5 2 & 2 W2 L, PM2.5 7% EHi IR~ HCHO D4 OHiR %

B Sz,

1 T LI

GV ATLADIA 7 LS EEELTL—7 A —
7263 & LTHIAE S, micro total analysis system
(UTAS) % lab-on-a-chip & IHIN2 TN A%3, 5T b
RPUSHOFHEBE LTS T2, FHIEe R
OB ELEAFOFTTIE, SESFELTTVIr—a
YA ST 3PP, —7, micro electro mechanical
systems (MEMS) % 272754 ZDBEEHHA~OIEH
WE STV DA, EERIEH SABIEA w8
SHICBVTD YA 7 ufbid oL REFHTH
b, TAZ Ny THREEBPFOVLH A XN, B
SMOBEPRE ST, 72720, BUMEIZ & o TR
Bl o TIHDSZDRV. 2V F =AM, <
A7 aifnid T OMERPLEEHEO K TE L ONL . L
ML, BUNEE ) FLAHT L E, BVIRESGOND,
FIREE TN - WERMILIR AT 2, RO M TG
LA elasl bbb FEHOWMAERETDH
AU L o THBE G DTR B 731 A28 %
BT, FFWITHOERZERLTWA. 70—
BB 7 ARFERLNRLIZOWTIE, PTG

E-mail : todakei@sci.kumamoto-u.ac.jp
VIR K R B 1 AR S IE SR B AL G ¢ 860-8555
FEARIL AR AT i g X L 2-39-1

Frwizh?, FOBRREA LI OBELM S % M
BT H¥EE [YA 7 uHAGH Y AT A ELTRBL
7z, 3EFETIE micro gas analysis system (LGAS) &IFAT
BY, XFEBY gas ZWETHIA 70T NA ATH 5.
N, uGAS OEFEFA - BAFE WAL NIC nGAS % Bl
L 72 RER R D W TR S H DR AT 12D W
TIeo/.

2 UGAS DEFH

21 YA UAF v RIVRYTT/IN—

AL TIRARZ 5HHF R D% ATAKIZTHFPED = &R
WHTH 5. AOWMERIESICEBELIND DS, B
M OFEBEBIIRBTrOMRNEMELROTHE Y HERLT
Wiy, L2aL, @ TL2HETELWREWE D %<
CD L) BEAEYWE ZBEEHICIY AL R F3—D< 4
Zu LI LA, FEOWEETHRETHB L) K
L, 154EF LRI/ O F AR T N4 A% ER L7z &
AT A7y NEFHLZEE (2 mm w X 0.5 mm d X 14
0.5mm wX0.lmmdX16mm ") Th 57,
W T+ M) VT 5T 4 =T TEM 2N ZRBENICE
FRALL, # AW OEBHREL» S SO, BEEXE= S
VY7 L7 WA A TR BRIV 0 3E Bk KL
2R, ZhOBEA A OERE ik L CGEIRIZ SO, @
WESTRETHLY. ZO7a by 4 7%b EI230 mm A

.
mm [ 9,



874 BUNSEKI
Master (a)
with pins
Substrate
cleaning
&
PDMS fluorosilane
molding ¢ treatment
R PDMS
from master Dk—ﬁ—ﬂ—ﬂ—)k—' spin coating
25 kPa
Bonding at 65, 150°C, @
25kPa
Remove from substrate @ \/

Fan

N\

AN
Sponge Y

N\

Scrubber
bloc ~_ >

Optical

/fiber

-
//SBQLED

Detgct

Fig. 1 Fabrication of the first UGAS prepared with a
7 um PDMS gas permeable membrane (a) and the
whole system (b)

The inset in (a) is an isometric image of the
fabricated scrubber device. SBBLED: super bright
blur LED.

DH T AF v TR - WA KT L 1,
EREMN, V¥ AEBEEZERILLZY. $72, F¥ET
VKM AR L7z SO, £ v — b 3fEL 7Y, Fr ¥
SYKRMOWEIZ) ¥ ZIROEBERZ R, TOBEBT
F v ¥ 7 Kum AR L 720 HSOs ™ @ MR Ak 401 8 it
EEZFVT7TAH. )y TIROEEmIE, FrET I
ERERBOIRIMEE L TWEDOT, Fv¥ESY ZUWT5
LB LVEBRIMAGON, YV ELAVONS.
PUED XS ICHARIE O~ A4 7 afbe~ A 7 0F % &
Wbz DS, BEGTRL T 4 — IV KON CHELZZ L
X, ¥ 7RIl THREENHL L, ST E
52k, ZOLTHLENPTRTHSL I LEHEMRL
2. FIT, I VMMEIZIZ DS, REL TEME
TEDHAWINTINA X (R T F8—) OFFIZET L7
RYFaEL YT 70y DEIEF2—TIEbT7 =
5 —M 2275 x—="4 B5E L H,S S0, 'Y, N0, 0,7,
HCHO" @ 7 Z ll5E R 5 AL L 72 AsH, 7 2 Dl 5" 12 )i
AL, BREZR7 4 —V FofEEEZER L. 72721,
T4 =V FEBEBLEWVWSTDH, 40 cm X 30 cm X 38 cm DK
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ESTNy T ) —%ED5L 10 kg REICRY, BELE
AHLOMEIZABESKE o720 IS, FgEoIEE F
72 TORINAT ADENA VHHD Y TIREHZ OEII A
bDEF o7

EIT, koxvAruFy ST a7 WMAs T
N— D% ALE D7 & LT, polydimethylsiloxane
(PDMS) ZHEHEMELE L7zv A 2 0F ¥ ANV AT FN—%
R, VrHTEOAL 7uF v AN ENZ S AEEO<
A 20F ¥ RNVAZ IN=%MBE L1 V7 IMTIE,
% 200 um, FEE 50 um DF ¥ ANV % 30 mm FAHD T L — b
PIZY 7 7RISR L, #EF220 mm O Y ¥ 7 VF v %
NEEY ZOF ¥ A NEPDMS T Y — L L7225,
PDMS B WIAH 2 BRFE T % & & B IR AEDE N T 2 5
ELTHWTWAS 2D, oy ) a—riE (AARTIE
50 um AV ) Tl +5% 7 AEBREDRE S ko 7.
ZZT, DO PDMS 2 A Y a—F 4 ¥ 72X o TfE
WL, <=4 70F v FNVORICEKRTBHEM MY L7
(Fig. 1a). HeS ZMIERN L & L7225, PDMS DR % 231k
BB LWMINEND HS ORAZED Y, I ILH L 72
JEEEAE S N7z, R 7 um DOREHED 7 2 FB M T~
A 7UF R RNERD S ERTE, ROA 7 0F ¥ H L
i, M RREELTCwbonEnE Iy v TS
VIO HWONED, HREEHEZIT) AR TERAL
TR DT 7 v 2R LT 7747 7I—-L L7
(Fig. 1b). 72, K7 7 A XOHIZT7 0 — 2 ) —RID/)N
BtV 2@kt 7 ey 7 B Lz REEE,
TI2TATH TV THOT7 7, =4 70F ¥ HIVA
7503 —, RBEETRT3cm o700y 7 1ZERFLL
T2NBLFNA ZTH Y, 1 ppby OBHBRAR (LOD) %1%
7o, Ao H,S M 7 vt Ly v 4 VEEBAS (fluo-
rescein mercuric acetate: FMA) O H0GREZFJH L Tw
B720ON—RAF4 Y OWRNEEFIETH > 7275, HS T
EFTH77 VOB Z LD L7217 TR=A5 1 VS
N, fELZEONERPTETHo 7. AT AT LI,
Sem MIZTRTAMARATINTE Y, ZN% micro gas
analysis system (WGAS) & L CHRIEL7-.

Wi, So5RLEEELTHIELT Eio~ s
OF X ANVAZ FGN—ORBHETLEY. £, 7 Ak
PRI ALK T D720~ A4 70 F v 2 V%N
= HARICHE L7z (Fig. 2). WIZ, A AZE#EEZ PDMS
2 5% 4LIED PTFE & (polytetrafluoroethylene i) & L7z
EZh, HAEMEA 1.8 55 140 fmol s ' cm * ppbv '
HSFTHKRL. A7 IN—DF v A NEEOERKD 2.2
UL 225 14 puLIZHER L, WIER DY Y ¥ 7 BE5HI
B, T4 —NVERGHIHBELRTNNA A holz. KT
INA A DI AFHEERAEFEE (890 nM ppby ' min ') 1%, %
DY TR (227 nM ppr71 min™") D 1745, ko4
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Fig. 2 Honeycomb-patterned microchannel scrubber
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2:2 YA IAOF ¥ RILTINA ANDZERK
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RYTRRY AR TRFEEHR T v, 22T, MIT
BTE 2 R E O 217 - 72
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A 7aRy TR, NTODBHEY FIZHDHATHS X —
A= LI~ 70 Y IRy TRE, HEELCH
SRR Y THWH Rl LIRALC& L. ~4 7
TR Y 71d 6 mm B ENEIT, FI O uGAS \HRH L7228
2OV AP (200 mA, 200 ms, 0.75 Hz) THBS 2 43 AH
HY, JJLEhALEEORBRGREMITHREND o 7.
CHISHL, 427 0) IR TIETRECD, ZTh
TH 11 g b HEETLOEELIEETH 5. Ak 3V HERE)Y
WERDS, BEATUTNEH L RERELKSL LD TE
b, RYRAYRYTERZYF =NV ITTI VTV
VFa—TR LI D, REINSL, 2OREGTD
5.

WD~ A 70K 7 EAZFNT, 57D HIE < it 2 81
LD F) T RRE L. S oI3RE2/h &
{, HBLLTHwS/ NS L. HEHHMo%
A, A7 F Y A VHNOBKRTRREEZWET 2 LEIDH
5, FZTHT NV TANVATHESTZPDMS ¥4 7 0F %
ANV EIZRA 7RV FET L AEIEESUAE 2 HE
B L7z (Fig. 8a). F ¥ A NVHNIZIHAD R W&, Fv A v
V2o 72 IREE A5 AR T 2 R O MRIEHT R O IR EE 25 U
ERDW, WNDDHD LB TRICBET L7720, LET
WOMENS Y ADNE, INEFI—FRAI=VT
Yoy VHEECHIEL T S EICIiERE T L
2. AfEX Y —dul min ™' A —F —OHEEHE X

FH : <A 27 aF A5 Y AT 5 ORSE L BRI ~DIEH 875

(a) Heatsink
Pt dn

Printed board

Kapton film
I f (25 mm)
7
Sensor ‘ PDMS
in channel out block
30 mm

O
»

HV applied/kV

HV applied —

| I
0
N

(=]

15 pl min”

Flow signal/V

Flow signal

0 1 min

Fig. 3 Microchannel liquid flow sensor (a) and
feedback control of the electroosmotic flow (b)

CHIEST BHMOTDTINA, AT B,
MEETPEONNE, The 74 —FNNy 7 LTEF
EFRBECTOXBHEIICATE S, FHEOMEETH
JERICEBMERY TADT 4 — K3y 20219 g
DIV THND 7 4 — KXy 22 BRBEEROEEE
ANDT A4 — NNy 2VEERLTE. —F, N7
D7D, B ATTRT PDMS O ¥ LYV T % BSE
L7z F72, A2 0F % FZIVAZ INN—DONBEH G
T = VEEEL TS 7-OWmICEELEZEMNT 5 L E
SIZERDVFET AH. PDMS F v 2 IVIZBIT 5 BERZET
WEARRERD, KL oiimt Y=L lHAADLET, it
BB b X HNBELEICT A —F Ny 2353
WA RERMB/NEP RO N, BAERKEGIHEZER L7
(Fig. 3b).

2:3 YA/ O%EER
UGAS Tl, KiaMoERhE~f70F ¥ 2AIVAT T
N—TIEBICHEL, TOBEAS»OTETHY
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Fig. 4 Fluorescence detector comprised of two
UV-LEDs and a uPMT

HamMT 2., HO2@EEERED uL min '+ =% —%®
T, B~ A 7 ufbLwvE BWES L TL E
I, LdsoT, 470777 )r—va ilio T
BRI & 2 HERRM R, N OFERIN G
s L C &7 SR oME, BuMEs 5 & vNoME
FWERIWEI L, HRELTREDORTAME 2575,
HENHF A A —F (LED) % EE U RA ¥ b2 A
RETE, MR VAERTE S, BELED
B OLBWAE 7+ A+ — FThw?. fiE
BEIWEEZFHMO~A 70F v 7L LkiMCEET
B (WPMT) SATTEB LS5/ LT &R
L 72 FMA %38 @ 4,5-diaminofluorescein (DAF-2) 7% &
fluorescein 2 D HIEHINZ LR, benzoxadiazole & D H L
FEIZ 100 /S 2O X9 RBUSRIZOWTY Fig. 4 D
& 9 2% T sub-micromolar 4 — ¥ — O A K O 7
AU FEIC 72 5 722,

2:4 BEE-K®74—ILKZvUTL—-23>

RAZBF X RNVAY GN=IZBERFFEALTH
% KsERMEBRNT 5 L, HRMAKRERS IS 5185
AEBICESND. L L, L ORESIITEELRT
LB U R AN QPN TR 12D, A7 FN—=D
FHi A ZBICa, —HICHIRS 2R AT 2%
BL72 (Fig.5). =HEBAICTENND LV IIMEED Y
AIVITHILZRBLTNRN=-A54 » (¥um) #HU%
T5.

ARV PEELE TR TITH 2%, B THRIENTE S
LD RIET AFE L AT A ERE LI, NS by —
YORAZOF X RANERAZ FN—=E LTRHIE LAz, ¥
OHVE TN ADOFERE RS, BIZIEHILT MY
7 ADWIEMERE ) VRO L) REREORCEREBA
LARTINA ZNEAT 5 EBETN A HSH YA 7 8F ¥ &
VAR L D ERIICEAICIY SN b, FEH A D on/off
E~A 7 8F % 2V F N, ANDOEHAEKE D on/off THT
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MT HGAS

Fig. 5 Photo image of the gas generator for
calibration (a) and flow system of WGAS, including a
micro gas generator (b)

R1-3, reagent solutions; MP, micropumps; MG,
mixing coil; GD, microchannel gas desorber; BP, back
pressure coil; GS, microchannel scrubber; D, detector;
MT, mist trap; FM, air flow meter; P, miniature
airpump; C, gas removal column; SV, three-way
solenoid valve.

. MEREB O 2 2L S 2 & IR & BRI (2 )
HTE, MEHZHELIILLTIL.

3 WGAS IZ X 2 K& - M

INF TUGAS DFAMBASE Z D 5 & & HIZ, Table 1 D
L) ICEBRORES~OIRH & 130> T& 7. DIFICR
I %2R T

3:1 KRHD H,S SO, T4F

H,S 1354 < ZADFBHIC X - THAET BHmHELEY O
wORENLESTHY, RKARPTEHIISO, & %5, *
72RO H AT KA S P E N5 P HEEHOWEE
T, BHCEBERDBICE S SO, HlIER 0.1 M NaOH A IC
H,S Z i L FMA L IS &R TED 7 = v F v ZHIEIC
X% HS AR, L7z, ARSRIETE»SAEKT S
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Table 1 Target gases of LGAS and their performance and applications

Gas Ku® (M) pK. Reagent LOD/ppbv Applications Reference
SO, 1.2 1.76,7.19  H,SO,/H,0, 1 Volcano 20
H.S 0.10 7.0,12.9 FMA/0.1 M NaOH 0.1 Volcano, odor, natural water 20

VG-UGAS (0.4 nM) Natural water 25
CH;SH 0.26 13.6 DBD-F/0.1 M NaOH 0.2/0.3 Pig house, pulping 22
0Os-CL 0.3 Breath, toilet room 40
0.03 Pulp 24

DMS 0.48 — 0O5-CL 0.05, 0.06  Breath, toilet room, pulp 40, 24
COs 0.019 — Catalytic conversion to HoS 2 Semiconductor 60
NO 0.0019 — DAF-2 0.82 Breath 32
— UV + Griess-Saltzman 7 Atmosphere 33
NO, 0.012 — Griess-Saltzman 3 Ambient air along traffic road (mobile) 33
HONO 49 3.29 Griess-Saltzman SIA 0.22 Atmosphere with NO, 34
HCHO 6000 — Hantzsch 0.01 Forest air, street canyon 48
NH; 57 9.24 conductivity — Breath 35
OPA"Y 0.9 Indoor air 46

a) Ky Henry’s law constant at 25 C; b) OPA o-phthalaldehyde.

Fig. 6 Spatial variations of CH3SH, DMS and SO,
PPI represents the pulp and paper industry.

H,S % SOy D HZ N SN2, BRI D nGAS (24K
JBRE IV, EERENROMFNE 24 A Vil o v
T THLD HyS-S0, W5E™ %475 72, Wi TI&, Wk
OB R HNEBDE SN, HS IZKM, SO, & HHIZHE
B BEMAR SN2 A A VTR T 51L550
212 & ) CHsSH % dimethyl sulfide (DMS) &l L 7z.
INHDX Y ¥y 7T —% % Fig. 6 [R5, 7SV T 1H
JBEERE S B KRB OB T SO, ImENE L, 4F
RV ZEDSHE IR 7 O TR OB WL THETH 5.
T/, BEEP o THREBRDIVNECDONGD5.

3:2 VG-UGAS ICK B KEBP S/ E—F—F—4—D
BEYEOMT

UGAS IR ENET 5720 F I N205, ko
W, H5HVIMEEIGIC & > THBEHELEWICEIRTE
5 b0 THIUL, KL (vapor generation: VG) & ARHE(E 12
X BB ATEETH B (VG-UGAS)™. Fig. 7ald 10 mL
ORFKITHE B2 % 200 mL min ' TEAL7ZE E0,
TSR] & BRRHZIRAT 3 DI B OBRZ R L 72 d
DTH5D. WHAEIWEICE > TRR LN, ANV =&

BKy 25 1.0 M atm ™' DU W IR CERALE T3
%. B ARIZFig. TaD &K T — ¥ Z RIS 5 L HEFEHEE
&7, VG-UGAS THROLNS ¥ 7 F VITHYS T 5. Fig. 7b
WRTEBY, NHy DX )T Ky DR E ZRIE IR 5
LS N2E—27REDL/NIWD, HS IE 2 550 FE TR
MNET LY =27 EE LK E V. VGUGAS THELAT L5t
A% v OWEE T - 72l % Fig. 8 IZ/RF. LOD T 0.4 nM
(0.014pg L") LIFWICHEETH L. T2, HS13HR
PEATE K Do KIS B W 2O EREAFF LR > Th 5D
ST ASR EE 22 AL W 7225, ARIREE\Z BT 2 BT AST
REIZZ2 0, 234 A Vil A W 0 B AR B OB ALK K6 A7
BOWELRITo 7. ZOEFDHREL DMS™ R A e
FOHHTITOVTH VG L5 2 Ml b 728
Wik & s L7z,

F 72, b ¥ % HCHO " A5 & 6 L 72 VG-UGAS 12
& % TP O HCHO M 2 L7z, 7V EZTH
474 % ¥4 HCHO & hexamethylenetetramine (HMT)
&%), HCHO & LT 8 iz {was, NSkt 5
fELCHCHO 2252 0H 5. SALEICHILE % &0
5ZLI2L>THMT O OB HCHOBDE=SY ) 7
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Fig. 7 Vapor generations of several gases in C/C, (a)
and d(C/ Cy)/dt (b)

Pkl L7,

NZH LB 7 OaF % 32 IVAZ FN—DFTEIZNIV 2
OX7BF X ANERSTWEY, TELHFEEN=ZS A
Bl~AfzuFytne L, KRR DD ITKER % 8
U5 LR s oOEEmBScE 5. Bz~ (70
F v 2L, TabbWE OB A MM 5 2
LI o TERM MRS 2D, B0 ZE
B2 RV L7z, Pl IS TFERE L RS
WF KPS T 2 HIEREOR, BTRAOBKE b
JEHE - T K OBEERALKE D E R REIC LR 5
7;:30) .

3-3 MERH NO OB

WAZ L BERIEET25 AN, EDOND 2000 AH3%H:
FETELBONTWDEESbREY, e RRICPIIET 5
72, YRS A I VI TOEENLETHL. Bk A
FHIZE—r 70— A —F — L W) RBICEZREXAFET
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Fig. 8 Response signals of VG-UGAS for nanomolar
order of dissolved H,S in water

BWDAT N T2, TAZLL BENOBEMEPIKELH
EWTERro7. TAELBFITIRE S LM
NO AHEEE BN, MEBEWRRIEHOH 5 NO 24T 5.
ZDDEE DO NOBREIZL > THEED Y 4 IV 7h%
b L LT, AbHIEEHEIC & B NO W E A3 I
ENTVD, EHOIEETD uGAS 12 X 2 Z M T 5 7
DWRBEBITEE TRV EEZ, A NO 0T
0—7 & LTH3 S N7z 4,5-diaminofluorescence (DAF-2) 3D
keI E ALY, LhL, ERICHBREZITo72ES
%, NOIZHd A +0aEEdEohthrol. ZOKENR
&, NO DRV KIEME N NN B4 7 SUBHERE LR R L Tw
b EEZ O NO RIS U722 RIDUSOS R
WZHERET 5705, S E Tl 7z b oL T A ISR IS B
DIAATKIz (B ZIXHEM D 2 2o Bmc g L
72). TAUSH L NO EMMECTHHIEMETH 2 <, WIK
OWEREIC L 2mHIN L HEIRETH L. T
V=B HH NS CKRNDBEFED (Table 1). S 51
NO & DAF-2 & DOFUSIERD & ) 1CHMETH 5.

(1)
rate determining step (2)
(3)

N,Os is strong nitroso agent

(4)

NO, == NO,,
2 NO,,+ 0, = 2 NO,
NO,+NO,, = N,O,

NyO; + DAF-2 — DAF-2T

LA L, WIEIZNO, W& E b & NO DT LT
HHR(2) ORUSHAEE Y, Hf L7 NO, EHESIC
K(3) ORIE~HEAR, ZORMPEREFEHTHLR(1) O
KIS bHE~NY 7 PLNO OFERIMZ 2 L s,
X(3) THEELZNO, FiRWVw=ba VLRI TH D,
DAF-2 & Jis L Catufk DAF2T %43 % (Fig. 9a). %
B, REHFZORRST 4 YITNO, D/S—IT— 3~
Fa—TERETLIEICE) ARSI ELNDS LD
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(a) PPB LGAS = 0.976 PPBCL—0.2628
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Fig. 9 Reaction of NO with DAF-2 in the improved system (a) and a comparison of NO data obtained by

DAF-2/1GAS and chemiluminescence (CL) method (b)

127 1), DAF2 %\ 72 uGAS IZ & » TH S N7ZIERF D
NO EEIIMLFREEC L o TRD I E TV —FERL
7z (Fig. 9b). DAF2 D(3%, IR (UV) BRILE Griess-
Saltzman SUG 2 & 5 NO % NO, DENA VHHFRY | F %
AT INA 22 & B RKEH HONO, NO,, NO D [RKE5HT
VAT LOREEY T 572 (Table 1).

L0 d == XD H DR 7205, NO DIIH I SR
o NH, ™, CH,SH/DMS®, 4 V7L 7o
LENOIHE <A 7 uBBRL LB, T2 -7
Za—F =T X DM EERL, WA AN OERES
DI O R %R L7z,

3.4 NIVTIEXEBRSICET2EERD A FILAIL
H7 2> DORF

EBROMIE=— ZDOBOGIIC D b 5T, ZhET
S o rEIRE S Tu Ry, Tk, REOFHP RV
W 3ge <, P OMREICHR B o THHMAET IV T ViR
BT IREME L MBAKREICL 2T A< b7 T
T 4 —A~OBAD— IR TH 0V AR S I
HMTHDH, ZHIHL, FHEOWEETIE, VATV
7 v T OMENAE EALFFOGIEIC X 5 CHSH & DMS D45
BT R ESE L 72" ™. A% single column trapping/
separation—chemiluminescence detection (SCTS-CL) & I
ATV, SCTS-CL %1 Tid 15 70 Z & @ HE A 2470
Nb. 2R L7z Fig. 6 13 SCTS-CL & pGAS I & » TH 5
N7234 71V R D CH,SH % DMS, SO, D FEM G T
HbH MERHELTOUEREBELTCIDL) RO —A Vi
HAREGAT T D 2 EWTET2. SO, DUEEESAR I LA
% & CH,SH % DMS DIEFEIIFERCTH 550 7 L0 6
HEDHIZONAEITHEL TV DLO050 5. SO, b3
VT L ORERE»SPFH SN TWS. Fig. 6 25
CH,SH X DMS O KAF DHF DTN E 0355 5. FEIZ
CH,SH DIRFEDK & .

CH3SH 8 ppbv

20 min
Response to CH3SH

SO,N(CH3),

Fluorescent product
Ex 390 nm, Em 526 nm

Fig. 10 Detection of CH3SH by uGAS

HMCS, honeycomb-patterned microchannel scrubber;
URP, micro ring pump; WFD, micro fluorescence
detector; UPMT, micro photomultiplier tube device.

B 5 7% B/ L &KL 2 HE L C CH,SH @ uGAS
M RME L7728 25, HPLC ORUHFEBMR LRI L L
TF A+ —MEEWD R 7 3 2 Law™ % 806FEMILT 2
4-(N,N-dimethylaminosulfonyl)-7-fluoro-2,1,3-benzoxadiazole
(DBD-F)I2 X o THIETX 5 2 EAMHWI L 7 (Fig. 10).
AT CHSHICBINW T, mIKRELPEERLE
C,H;SH T& %2 CH;SH D 1/50 DIKETH -7z, KikxH
W, NV TTaEZROBERF v = oSS
CH,;SH O He 53T R 2 K512 BT 5 CH,SH A ADE= ¥
VY I L, IR B 5 CHLSH R 1: NH,
D 1/100 FEEE L 7 0o 724%, CH,SH O R4S 13 NH,
I DIEB IS, RRMEZRE/BEE 35 & CHSH
2T NH, O 5~ 10 ffFORAERLEY. ZokHiC
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Fig. 11

Mobile monitoring of HCHO along a city
street in Kumamoto

Data was obtained by walking along the street with
UGAS and GPS. The measurement was started near
Kumamoto castle at 15:16 and finished at 15:53.
The monitor passed through the street canyon
between 15:32 and 15:40.

R VANV D CHsSH TS RE 2 AR — & 7OV R % it
THIOTER L 7.

3.5 AKTRHFRIVLTIVTERKDENS VAR

FNBRBED HCHO 133 v 7 /N ASERERE O I B E
7208, B RBEYOYURIZ X o TSSO HCHO L
NVIE A% VRSN T E 2. —7F, HCHO B ok
REAANENY Th L, BRBEC X 2 —RERSL KA DK
JBIZ & B TR E & v, BARKARIC b EE IR
L Twv %. BLHi 3-methyl-2-benzothiazolinone hydrazone
(MBTH) 2 & %K% H HCHO OG5y A7 L 2 M5 L7z
257 UGAS 12 & 5 T HCHO % M5E 3 5 (2 (X HfHg /i 7
Y= AAFFE T O HCHO 12 & % 2,4-pentanedione
By 7 7O (Hantzsch JG) W7z, KL D,
INF TITRWVEINA V7 HCHO GAT R EANER S 7z,
AREEEIZ XY EHRLD HCHO B2 D545 R0 278 % W 5
MIZTBHIENTES. Fig. 11 1&Z20—BIT, BEATIN%E
UGAS & GPS ZFIZ 1 KEfIZ & iz 25, Z0LH%
Ry VT F= AN BEARRELREINI S
1D L T?D HCHO #REEIZEL ppby Tdh o 72DITxf L, iy
EIPIEN 2 HLOHE T E BRI 30 ppby Hi 2 THERE L 7-.
COH7=0i%, HEE 5 BEHROERE T2 oMW % EW
B T E N7z street canyon & %2> TH Y, HEJH D HHE
IS N7z HCHO ST L T b EEZ b 5. Fig. 1113,
KA O HCHO iREDS, RFIMIZES ZoTWwab 2 L
ERLEELRT— 5 ThbWY.
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I
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1.0 4

0. ‘

o RN ‘__,J, .
@ 054 Loss by OH = k [HCHO] [OH] ]
2 !
- 1.0 ;

Aug. 25 Aug. 26 Aug. 27

Fig. 12 Time variation of HCHO, BVOGCs and
oxidants (a) and generations and loss of HCHO (b)
in forest air in the summer

3.6 FEMATHRILLTILT E KO EBER

BIECHR7-EBY, HCHO ZKAHFCTRAEKT .
S5 @ street canyon T HEJHHEA A H1 D volatile organic
compounds (VOGs) 23FUG L CHERT 575, HHDO LD
BHRBRETHA VY TL VR T VRV E Vo R R
DHFFEEA LAY (biogenic VOCs: BVOCs) 238 AAZHE
HERY, %35 b EDKBICE Y HCHO 23ERK T
5. REfZETIE, 2FEFHBVOCs LE{EMA X5~ b
EDORISITB T2 S HE (REOHE) RZoBo
HCHO DI 2 FIH L, FMIZBT 25 B3 MoiE
REEEE=F Y 7 LTEIGIC & 5 HCHO D24 B
B Pucno DHER % RO 7.

Pucio = X 2 j(7;k;[BVOC] [Oxidant], ) (5)

% BVOC % oxidant DR, WO USHEIZEET 5
RilE Fig. 1220 X H I bh. RF—7 e (5) 12
X o TR 57z HCHO A G BE D HER O R % Fig. 12b
IZRT. 2O L) ICHEMALR TO HCHO #FEARIE, H
PICEL ), KMOBEREIMETHS. ZHIE, 1Y
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Fig. 13 HCHO partition vs. humidity

The curve is for the liquid water content to the mass
of ammonium sulfate aerosol.

TV & OH 7 VA NVDORIBHIFIFZRYTHY, Rk
LHHPDORIFHEAETENLTHS. 4V T L VIIHERD
BIFEMTHY, OH I VANV HKRADHLESIZE 5 B
DTHb. 2B, HCHO DILFMHE R DR KEFEIL OH 7
THNMZE BHEEZED, TOHCHO &L HHEATH
% (Fig. 12b MO F—%). 727201, #H#HET 5L HP
HCHO BENM KT 200500 5. £, HFHEKEAH
HCHO (& Fig. 12a HIIRT &) ZHERZRL T 5.

3.7 I7OVICFEETSRILTIVTER

HCHO Z KD HERMEDS SO, @ 250 % (Table 1 O Ky
Z) LEFICEL, TR~ OBAEL RE V. L
MBoT, PM25 DL I TEVIVIZRYATFRTHS &
Zzbhb LI AM, particulate matter (PM) H D
HCHO # s L72BlE S I THEBIL» %<, &M
BT, PMICHRFE LTV 5 HCHO B3R T & fah
FIFohTEL LEL, 20X LRI PM D%
WCHERD o7/ EZO5ND. 74 V5 —I2PM &l
B, BRI 7OV VOERSTH HARSITBEAT
BEFITE o THEIML, TOBKIZIY AT TW7HESR
PRy, BIZIEHCHO R = bu 7/ — VY S L1
s sELONSL. 22T, FT&AMAED HCHO %

FH <4 78 h 250 AT LD L BESHT~OIEH 881

T FRAEE N 7 = 2 — ¥ — (parallel plate wet denuder:
PPWD)™ CHLY R X, ZD Fifi T PM O REVE S %k
THifE2 (particle collector: PC)™ THiT 2 Fik% & -
7. BROMRETIE, KEOWW %% %ML T 2% Berg
LRI, T2 T —BRRPATPRB DT ¥ F VI 225K
BEEAL, ZOF v ANVORHRDHERE 2> TW5HY
GOWREZ T I 2L —Ta Vv TrEFAEY T FEHSEL
TWBY ™ = oFEHEEZ VT, HCHO 4 R & 224 )]
SRS 2.5 um DRET-I2DWT, V72 PPWD O
ERODLE, FNEFN100.00% & 0.043 % THolz. §
bbb, JAO HCHO 1358412 PPWD THifE S, PM I
B Y A F N7z HCHO X IFITEEICPPWD 2@ ) LT PC
IZEA XIS, PPWD & PC THilith L 72 HCHO # &K
BBRNEATLZEIZE 5T, 54K - PMH O HCHO % %
NZENERT S, SEICOIHEMREOBETIE, 4
HCHO D 5~20 % A PMICHEHELTWAS Z EASHIB L
72" PM2.5 THYE N2 HILTIE, 2D PM ~OBITIE
IVELRBEEZLND., EHICEBEENT LI, &M
EPM EOGREEREOMBELTTeYy PETHE
Fig. 13 ® & 9 ZBRAME 57z, $7%b%H, HCHO @ PM
NOGRLORAMEI, BELLEDICKEEHL, 20
FHEZ 7Y VORERTOMMBRE —F L. W7 >
EZU2A0X) BRI T YV, BEOWINIE D R
WAKEREBRNLTEET S, ZORRICADLET
HCHO # R 5 F ¥ X T 4 S WKL, ZoOHE
HCHO ® PMANDOHRAFKREL 2B LEZLNS. BED
L7 BV NVIEPM2.5 DREMLZEASTHD, WTOHFTH
FEIZPM2.5 ICHCHO Y& F N T\ 5 LRIBE N7z, PM2.5
1o HCHO 13%4KD HCHO & 13820, Mo E TA
DAty EREAAMZEME JARC) DOFEBAMOHFT
group 1 ([ZAZ#ERHF 51 T2 HCHO 1, PM2.5 ICAFAES
HZEIZXY, ELICEWYRAZERIZE LI EFFEES
nas.

4 BbIZ

UGAS IF, MM~ A4 70y A7 A TIE WS, Bl
TREEERCEMEL, oA 70fbtd A ) v bE4HC
BONDT A=V ESPMEBTHS. B ADRIEER K
IS E LD A5, 50 mL DY ¥ IV F 2 — TIERE LR
WT1HERMHATE, ENANVGHPERL—T 1V
TADEWIHTOERE=Y) Y JICEHTH L. 5%
b, ERERHMRHRES OWLFKICED 575, REE*FIH
L7 HAAREE R KRB O - i~ H RS
5.

E i 3

RE, o rHmE (CERIE) OHNEIIDNWT
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PERFAN 72720725 D TH Y, BIRO T 41285 B H
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RLIzw, A 70777 r—3aret s —Hi,
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YT AT v 27) TOXREFIOEHHL LT

Z TR L7z — B D BRI AR A R FE T U ST oo
VHINBREGHIE CEli S TWi2ni, E512, #4
TF 72 2w Bh & L B2 B 22 (B) 25288068, FE#AF%E (C)
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Micro gas analysis system (ULGAS) was developed to monitor atmospheric chemical
compounds and gases anthropogenically emitted from industries. While there is still no
simple and highly sensitive instrument for most of the water-soluble gases, in these works
portable and continuous monitoring systems were developed for these gases. A key device
was a microchannel scrubber, which has a 20000-times higher collection/preconcentration
efficiency compared to a conventional impinger. This allows us to achieve both high
sensitivity and high time resolution. Other important techniques were also developed, such
as novel liquid handling, miniature reactors, miniature detectors, and gas generator for on-site
calibration. The UGAS enables us to measure SO, H,S, CH;SH, COS, NO, NO,, HONO,
HCHO, NH; and so on at ppbv levels. Urban environment, forest air, volcanic gases, and
gases emitted from soils were analyzed using UWGAS, and interesting data were presented, such
as localized polluted gases. Also, WGAS was useful for investigations of atmospheric
chemistries. The most difficult analytical target among the above-mentioned gases was nitric
oxide, NO, because NO is not water soluble, but monitoring of NO in breath air was successful
with UGAS. A spreadsheet was developed to simulate the collection efficiency, and was
utilized to design channel scrubbers. Thus, the developed channel device was applied to
separate gaseous and particulate HCHO, and HCHO was found in particulate matter. The
partitioning of HCHO between the gas phase and particulate matter was first investigated.

Keywords: micro gas analysis system (WGAS); on-site analysis; flow control; micro detector;
breath; odor analysis; air pollution monitorin.



