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AR L D BB O REE T2 BE LT RRE T T X< T B OB | LREL , D EDOREBIO 547 D
7O DT ZAHRBIOAF PROHFIZONTEEHTZH DT, 6FAE L2 >TUND,

51 B T, 0 8RB O &REDHTEE O P LBEESNTOLE ROV TR, FEEETT
A~ (ICP; Inductively Coupled Plasma)& &A1 E /2 O — MM 0T S E X, A2 et oI kE R
BChDHN, BRINHUINEEREI O BT L TR LA B L& 1T L 72,

2R D BB D T2 D3 T FIE T, D BEOWE, IR, KRB O =012, ZHETICHI S

TWDER X 72T FIEIC DWW CRLIR LTz, 2L, D BB O &2 BT D72 ORAMNILFD 7 DI
LRI TEDLBR ATz, (DFUEOTEE B O, QBEIRECA A AR 353t 0E AR oM L, Q)b
TRRLA A ACIR DL - A A Ak h =1 L, (OB IRCA A AR /AL, G)FEID RN, 22/, IR
ZJEMELIZE N, 6)D Bl RHIE L2 S5 5B, (DI AT T, BBt 777 A Muoiil, iz
AT, AMFRICBITHEEERRRICB T2 B SR MLz,

% 3 IR BISIGREI I 0720 O =L /b A7 L — RS AL | ClE, RERDIRIRME T2 X D0EHE Ak
TIEARFHETH -7z, 100 uL/min L F OFRBHE R & Tl i 417T0 Pk LOZEE OB I W TREIR L T
WD, REOEEZEICIE, IREREZHESE THER N T nm~%% um OEHZER TELmL 7 aATL—ikEk
AL, REHY T B2 2L EHIC, WA RIL CREIORERE DM L2 X -7, e &% 10~ 100
uL/min EL7235E, B TORMET 750 LD @ WEBHE AR 2157, KIZ, =L 77 L —iEHE A ELICPA
FAEHEDHIET 100 ppb D Ca EROFEN S HAHTEATVY, 1 uL/min OFEHEE BT 1.4 pgdDi ] FERHE
K EAGT, PEROEAIETIE, 100 pl/min OFREHEE & TH 100 pg ORI TR THLZ0, T2
FAEPD BUSBGAEI O GHTICE 2 Clo o FEAE R LT,

94 W TTX~vE MR RSO TIE] T, BRI E LD BOERRE T o720
D, TIA= %A E D O BB - A A ACE BT E ORI DWW TR Lz, B L7z SV 2@ A
T, BB, BEIRE, HARERZAER 10° cm?, 6,700 K, 60°CLL FEWIIEEMi/e 7 IR~ 2 ERR LTZ,
THUCRY, R EA~DT IR E, (&M O @=L Vs, BBEL 23RO b - A4 AR Drh) Lk, 3B
777 A MEOIMEIZRIRFICEBL TWD, SHIT, @IERERBUG I EITITZOI, TAR RELBEEET, £
72, BEEL =3B O R BA DI IEE B A TED, AR _R7V—KEMEW I EBLZHEL, LFHTH
LrmanyTvhTx /) v, BERIAL—R 3, X7, VX LR, £hEh 8.8, 0.12, 0.05, 3.0 pmol D T
FRAEAAS7Z, EBRD VX DT, 12 nmol - D FIRIEASSKD SN TNDT28D, BARE L7 3LE D R MDY
FRES NIz HE IO T2, KIS, FERO I EMEL TRMED T O VX OHTEATV, L TNID A, 27u—2,
FERE T B = MG e ARV TH, VX O FIREIZZERSHS 12 nmol LA T Thotz,




SR TKURTEN T FHHOWUINT T X< Tl M BOKIKO  IKE i a BiNE LTz, Ao F T DT
FTAZPROBFIZ DN CRRIR LTz, 7T A~ B TE O —>Thi~vAratiERE— LT 7 k%
FAWTYERIL, EAE 500 um OFEE FISAFEA 6 X 10" em® D7 T X< &£ KL TVW5D, 40~200 ml/min D77 X
< H AR TIE, FEIEELEFBEEITENEN 2,600 K 3L 2.0X10" cm® Th-7-, KALL 7= Cl, Br, I
ERELE LU TR AT EAT 725G, Bl FIRMEST X e 24 21, 9.1, 6.1 ng THY, BEMRITEFRLIY
WZOWTEK 2 M7, RFBIZOWTIHN SO BEMMEEZ R LTI &R, BRI O FIREMEEZ R LT,

%6 T RS T, A SUCHRONIEREZRIET 28018, MO ERE T ORA U REL TORLIZ T DOT
Ta—F OHIMEE FBRINTR U2 ZE 2R, B LB O E A ~D ROV THREILT,

%« FSCERIT, FISC 2000 F & E3C 300 35 % 1 EEORIT 22y, & L<ITIEIC800 35% 1R L T2,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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Developments of high sensitive analytical systems for small amount of liquid, solid or gas
samples are required in medical and environmental fields. In this study, to achieve high
sensitive analysis of small amount samples, atmospheric pressure plasma analytical system
was developed.

To analyze small amount liquid samples, a new sample introduction system for inductively
coupled plasma was developed using electrospray method. Droplets which are 1/1000 to 1/100
times smaller than droplets generated by conventional pneumatic spray can be stably
generated using the electrospray method. So, small amount samples can be stably sprayed
and the sample introduction rate is significantly improved because spray chamber is not
required. In investigated all conditions, sample introduction rates were higher than 75%. 100
ppb calcium aqueous sample was successfully analyzed by emission spectroscopy and the
limit of detection (LOD) was 1.4 pg.

To realize small amount solid samples, gas-cylinder-free plasma desorption/protonation
system was developed. Ambient air plasma drawn into the discharge region by negative
pressure of the mass spectrometer is generated. High power density pulsed air plasma of 100
kW can be generated using longer duration pulse (~20 ps, ~0.5 kV) followed by short-duration
and high voltage pulse (less than 100 ns, ~2.5 kV). Adhesion samples are desorbed and
protonated in the enclosed space between the plasma source and the sample. LODs for
chemical warfare agents such as VX were a few pmol.

To achieve high sensitive analysis of small amount gas samples, a microplasma-based micro total analysis
systems device was developed. Dielectric barrier discharge (DBD) that can generate stable plasma at
atmosphere pressure is generated in a microchip. The use of DBD suppresses temperature rise of electrodes
and enables operation for long times because electrode damage is reduced due to the suppression of the
current via dielectric interposing between the electrodes. Emissions from gaseous Cl, Br, and I were

analyzed and the LODs for these elements were several ng.
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