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Optical Techniques for Atmospheric Environmental Measurement

Kenichi TONOKURA

Trace gases monitoring plays an essential role in the understanding of the atmospheric environment.
Optical spectroscopy based on photo absorption, scattering, emission, and ionization becomes a powerful
tool in atmospheric environmental monitoring. Laser based spectroscopy in the wavelength range from
vacuum ultraviolet to mid-infrared region provides interesting advantages related to its high selectivity
and sensitivity in the detection of trace gases. Cavity ring-down spectroscopy (CRDS), differential optical
absorption spectroscopy (DOAS), laser induced fluorescence (LIF), and laser ionization have allowed
to achieve the detection of low concentrations of trace gases in atmosphere. This review reports the
resent progress of the atmospheric environment monitoring using optical spectroscopy and finally the

future prospects are discussed.
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W% H >, CO;, CHy®N,O DX ) RiBEFRA A, K
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Y= NI E L 7m ORAIERIN A VD> & 72 5 RN S)
FEEZ2HAWT, ZEHEBIZE T 3 KA CO, D BC/C &
80/1%0 ZEifeilE L, AZER & AEiEo Co, DElA
ZFE LT3, Tanaka 5% 1%, 2 um OYEEEH D}E
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COHETIINBERREEZMET 2DTH L5, 7SILA
L —H¥ =& M7 CRDS L EBNITIEZFEL &7 5. CW
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CW-CRDS ZfT912l%, L —¥—#EFrE74——F
EDHIBEMZ2G 20 H L, FrET 4 —LL—HF—
MOE—FevF U &z RaI12E, —ADI7—IE
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HIE$ 2 HET, Bkm OA =7 V82N EDa T L&
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AR MV EBIIARZ FLE L, NO, DWW &
Xe 7 ¥ 7 DHRIEDHR B A R 7 b L OBREEDK & Vi
ReHiPH T & % 400~450 nm OHFIFATHENT 21T . BLHITA <
7 RVIA) ERARTERINSG,

T(A) = ket () Tro(A) Tin(A) Tu(1) (6)
22T, Le(A) IZBHARY FL, Ty, 1d NO, DB,
Ty 32250 FOBEREK, T, 3270 L OEHRE, ki3
BEHTH L. T, 3Hchdso7T, X (6) EIUTD
ko nsg,
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L (M)T, (1)
LEER L 71 YL OFEBRIGBERMEEDEL, HE
XY 2 EISENE G THD RS 2 &ick b, HEKE
HEDE NO, DFEEENHB SN S, FiE LLFENES
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Tro, (L) =exp(—1no,4)) (8)

ZIT, Ty, BRI TH D, NO, DS 0no,(A)

ERRDOBGRL D 5.

Tno,(A) =0 no,(A) NL (9)
2T, Nidom+EEE, LitkEThHs., LX»ok
Eoas sk (NL) EHESN2DT, HEEESEEM
THIUINO REDRIE NS,

MF 5% 13, KD NO, #EE % B #E 22 LP-PDOAS
ICHED RIEROEE 2 T L, RSO KA prE
BHFREARMF v v 2B TILB LD 5 HD
FiZe b AT 2 60 & U 72 BB L O NO, D R ItIA
K2 AR % 1T > 72, X612 LP-PDOAS (T X % HUHS
DTD NO, DEMFE R Z R T, Mi2ERELT 200 I AV
7= LP-PDOAS (3, Hi7 £ OEHEICH 1T % NO, 213 U
O L LI RAMEYEOREIEEZ AT 5 BT, JEEIC

kTNOZ(/’{')Ta(A’) (7)
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Time
X6 200947 H 30 HiZ&F % LP-PDOAS IZ X 5 Hia{#f
DD NO, DB FR, LP-PDOAS-N : SCHIX A 5 L5
DWiZ2EE LT % BH, LP-PDOAS-E : XXX 2 & B /51
DF 2T % B,

AThH s ENHEBINTRS,
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REH D NO,, SO,, HO.IREEZ S TR 2 75k
L LT, L—¥—Filddt (laser induced fluorescence)
BHY, BaDHEI N —71T Kk hFE IR L KA
HRAOFHIB TN T WS, ZOHETIE, NRyT1%
4 WL — =R TR L, B 6 D%
Wz BT 2. LIF 32 fv 7z NO, 5HIl 220 122 n» T,
JIEE G & L T 400 nm & O FEHR A AT HE 72 75 0 i
L= —=2HwonTED, ¥ pptv OBHERENSE S
Tws, Y7 7z L THNO; 7 L ¥ L7
A4 FL— R EDKIBIEEFZBRILY (NOy) % EoL
NO, Z AR &, JEMEHE & D NO, D LIF {55 D%
SRS Z LIk > T, NO, DN ARBMIASLIF I X D
fibnTEh, RAFOA Y VIBENE VS A,
HNO; 7 V¥ L+ A PL— bR EDREDSFES 5B L
PERHIE N TS,

HO, (OH, HO,) 7Y hVidKREERKIEEEZ 5 T
B L TH 2, OH 7 hvid, oGS ME
ZIRCIEEALEOMBLRILERIETZ I L5, OH 7Y
AV & DRJED B TORRF M2 REL TWwb, HO,
IZDoWTYH, LIFHEIC X ) mEERSAERE R T T
VB OH F YA )LD KRR E, 10° molecule cm?
PR LARIRIECTH 228, LIF I & ) ERIEEHIREE S
Tw3, HO, 7 ¥ ANz owTix, HO,+-NO—NO,+OH
DIRIGTERL7ZOH 7P AN% LIF CHlT 2 Z ik
D, MBI KRIBED HO, 7 ¥ h)L % SR il
HBTH2.
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REBEH O VOC 2B IR T D EE I 25
HE LT, HEBLNTA A Al (resonance enhanced multi-
photon ionization; REMPI) 9 EZE45EM L —F—Hic k 3
—TF A 4 ~1t (single photon ionization; SPI) i A3# 5
INTn3,

REMPI 1%, #4FL —¥ =z o Fiicidsg L, o+
% FLCIRAED & S — i IRBE I EEE L 72288, &9 T
ToTEALT AL, A A ELTHRET 2 HETH B,
COHEDORRE LTE, T EA QRSO & % il 9
2Lk, FUEEEDBREFRICOWTHEIN L 728
WASH[BE 2 5T & %. Zimmermann 5% (X, REMPI 3%
& RATHRE R E & MR (time-of-flight mass spectrometer;
TOFMS) ZfHAGHOELEBICATAY Y TV Vv I AT
LA T R 2 BT L 72, C ORISR MR
—hiEREE = G 2 G ERRAKFZEOME AR TH D,
KRB D F7 F I RAVKZE ORI S RETH 5.

L DEETT DA F LR T v & v L Iid 9~11 eV
LIZH Y, FFDAF AL TV X a0 EZREIEE
BRI 22 LIk, A X VMDE7 I 7 Ay T—2a v
ZMHELTOFE2A AL TE S, SPI kL &L TOFMS 2
Bz il A G b7z VOC FHIEEIE I X 2 fE Sk o 51l
BEOMIEMTONTED, —HF A4 VIHE LTS,
Nd:YAG L — ' — D% =Edi% (355 nm) % Xe 20 7%
VACHEIE LFEE T B LI (118 nm, 10.5 V) A3
o Twa®®  SPLIZIEE A LD T THHM
ARERMAYRRTH D, BRI O J7 il ALK
FZDONY 7T FL_LDY 7 ppb TH B, NI4E, A
YA P ERHIAYATRE A AR AL E B S TR D,
DI 1 b & 72 RIS E O BIF IR S T 5%,

L= —% A4 URE LKA 7 0 Y VDR hT
PR = 7 v VY IOVERSHER (aerosol mass spectrome-
ter; AMS) DBIFEMTHON TV 25 Matsumi & 1%, T
TRYAF Iy I LY AZBELTCRA PO 0 LR
FHREL AMSICEAL, —2 =207 a Y ILORFIC
KiF =¥y v—1L—#%— (248 nm) ZM&L, ik - 77
A=l TA A v LE ¥ T, 44 % TOFMS CTH 57
L TREL 7 1 YV DA DR 78T 2 47> T
%, K& 70 NDRT DGR E DRk LIS 52
ZHZTw3 20, fixokifz) 7y A LTHES
2ZLICKDHSRLEES>TVRS,

% F o 7 RSERBEE I BT 12 B 9 % iF 72 1 2000 £E4X
B & D 2BUSTEF ISR > TR D, N LTz

41% 1% (2012)

L 72aHHEEE DS RGBSR W s iTwv 5, 2ol
ERAMLS N7ARE S H 5. Joz e 7o RSB BT
DFEIC X - T, FEEAL, EREL, wHfba & DBk
Zii7e LicA YA S TDY T A LEHIDIATRE 28T L
WRREREHEED N TON TV TH S )., F
%, RABEEEHIIE D 2 R Ic TR <, ez v
T RGN OERDfs S 1 5.
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