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Abstract

Concurrent Multi Path-Differential Optical Absorption Spectroscopy (CMP-DOAS) is a novel active optical sys-
tem to measure simultaneously ambient trace gases (such as NO,, SO,, O, and HCHO) present on several light paths.
The CMP-DOAS system consists of a 2D CCD camera, spectrometer, receiving telescopes, and artificial light sour-
ces. The system receives spectra, which have been transported through several paths. It also covers wavelength
ranges of which trace gases of interest share at the same time. This study presents the instrumental setup of a CMP-

DOAS in detail. A field campaign for a comparative measurement was carried out at an urban site in Gwangju for a
month on January 2009. NO, mixing ratios measured by the CMP-DOAS system and in-situ NO, analyzers were in
good agreement by 83%. It demonstrates the high capacities of the CMP-DOAS technique to cover atmospheric

trace gases dispersed across wide light paths.
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Fig. 1. Schematic diagram of experimental set-up for a
Concurrent Muiti Path DOAS (CMP-DOAS).
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Fig. 2. Schematic diagram of light paths between optical
fibers and a 2D charge coupled device (CCD) detec-
tor in a Concurrent Muiti Path DOAS (CMP-DOAS)
system.
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Fig. 3. Locations of CMP-DOAS setup. The instrument
was installed on the rooftop of the APRI building
on the campus of Gwangju Institute of Science
and Technology (GIST). Triangles indicate the loca-
tions of retro-reflectors. Arrows indicate the direc-
tions of light propagations.
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Fig. 4. An example of NO, optical density and residual measured by the spectra measured by CMP-DOAS. Red line (a)

indicates the observed NO, optical density. Black line in (a) indicates the NO, optical density summed with the

residual signal shown in (b).
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Fig. 5. Time series of NO, mixing ratio measured by a CMP-DOAS and a chemiluminescence NO, in-situ analyzer: (a)
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Fig. 6. Correlations between NO, mixing ratios measured by a CMP-DOAS system and a chemiluminescence in-situ

ue} AREUERS) 9371 s2elA wEshe
A 40 s neh gl W Aoz AN
Sleh 2t A EE gold Ha EaE
T Ae B3 PA9) A FP de

Aoz g 23 5b)elA CMP-DOASH7

o

—

o 42

2 (%} AFEUEFY )M EA7 o)Akshal 49
Aol 27k 6.9~147.8 ppbvel 3.1~172.9 ppbv
Bz 4 A= A2 (O3 AL FARE 7

monitor for the entire measurement period. {a) for the light path (1) and (b) for the light path (2).

¥] W3te BefFq glvt

23 6lME A 2uEHes
49} CMP-DOASZE 2#3t 372 (1)5 (oM &
A3 FE Ateld] AAE HeiFy ok F A =
F B zeA 24T [T AN AT B
2 ABWAE BgF ok AEAR AT ot
A4 v &l el e =2l 77k A 2UE e

A ZAE oAt ae] vt 23 v ¥ A& B

4% ol

J. KOSAE Vol. 26, No. 4(2010)



418 ojgy - BAw) - & xodwl - A EH
o3Fgict a8l3 30t 585-% A2 CMP-DOAS
2 33 st EvZt d¥AHez U
B A 1T F glek ol =RolAMEE A
Aoz ez A% CMP-DOASAIAH ] gl ]
AAA oA A A FErt YAz Fhade d
A& MAH ez BeFE oz AT 4 Sl

7%= o|A4 CCD A27]% LP(Long Path)-
DOAS 7)ol A48 Aol s ebrs A«
15 (Lee et al., 2008; Dunlea et al., 2007; Thornton et
al., 2003; Kim and kim ef al., 2001)e} 4] =2}3} u}e}
o] sehigdos AT olasbds Fxo ¥
zA] zEdel & HEo] e sehdge] %
A FA49 Aee A oz NRE FYshd
Al ojAlEA A FEE SR Al A 9
DOAS &4 A3 AeAor o Fsh oalsida
o Ay=g B3 o g A28 9 A
A ZUEF A AA] el 15mld whsf &
AAA Folx= 6me} §mE Xolr} Qo) wEpA] ¥
ZUEE vz 248 AL 1112 va A &
7t EAE 4 o =3 A 2UEE Az #E
g 2o)eze] Ag T A GF§FE o wol
AR DOASS] =& 7172 g (olfvt it
e et o3 Aeledl® 735, 1Y 541 6
oA Be] XA FA3} DOAS SA7ke] Ao
)% dA|sla, A o] A ebdet ol=igt At
T8 Ak la g Az vlmAdge] Ay
3?93 o, #5X9 9 W& el fAHE Ao 7}
A2 olRER B 5 SH 23 59 60N Az 13
29] 7% DOASZAFe] Hls) "J‘H"—L"i A&
2’1‘;}. B3] AASAAE ¥ olHt ehiay
gt o]AbsA A NO,, §3] HNO, 9 PAN
7

Lz e
o

ﬂ&ﬂ.r"\'i

ez oasdag ARl A%
% Aoz peh
ForE sepgyse) BadTE A

o0, % 24 A3} Alolol w4 ¥& YAxE %
AT 4 Qgiskh TP, 2ARY B w4
WA 2RAAE APRes ek el 7]
=2] LPDOASHH 2. 248 7k WZd77 3
2% Aoz Ytk =3 oA ohe
ez} olABY F bR LSBT HT F
4 % A7k 472 S8& 3, CMPDOASS)
483 PR e BN 4+ 2le Aoz daEs

ol

©

BE
i

i

B
Y
o]

&F g7 A A 264 A4 B

5 4 g

2 o FoA= CMP-DOASE &oz suseln
"R 243+ A A7AEE aNEkER F
9] FAzN FAlo ojakE A0 EFE

o

= ’—T 6]
Folg AlAse. ghd Beke] BlaE 77 B4
A mE o] vlagFelA oAbzt e A
A Wz} Agke] ¥ AAAAE FA T A E
&g 4 g%k olHd AAE atd o CMP-
DOASE & we] FpAN2dlE Algsle viwA
B ugow gz EA8k: nFAEY F
Al A f-83 A4 rhsdtte A€ B
o} Frld ez, 4B E B8 AYsk AAT
o283, 54 MY Az FAEA] /¥ Ao
2 dAardch w8 A5EPRGEE o83l F
do| mAred g zARE, B} dekat TtAAE
AEg 2N AAL A F43E Aol 7hs
g Ao|v}h #3l AFE A&Hom fydichd oof
T gAY, L, FAAG, YA FlM o
7199 BAES adHoz 7 4 AT & e
g 71AE 4 & Aoz AladHd

r-

ZAte 2

B A3 SR AN #3 7 e/ EAN
(Eco-technopia 21 project). 2.2 Al ¢nke shAl §v|e}
EE A0 oM g #AF FE AFA A
AR 22 A =3

& 3

ol

Ho

Choi, 8.C., Y.J. Kim, D.H. Kim, and 1. Lee (2004) A Differ-
ential Absorption Lidar (DIAL) for ozone measure-
ments in the planetary boundary layer in an urban
area, J. Korean Phvs. Soc., 1432-1437.

Dunlea, E.1., S.C. Herndon, D.D. Nelson, R.M. Volkamer, F.
San Martini, P.M. Sheehy, M.S. Zahniser, J.H.
Shorter, J.C. Wormhoudt, B.K. Lamb, E.J. Allwine,
1.8. Gaffney, N.A. Marley, M. Grutter, C. Marquez,
S. Blanco, B. Cardenas, A. Retama, C.R. Ramos
Villegas, C.E. Kolb, L.T. Molina, and M.J. Molina
(2007) Evaluation of nitrogen dioxide chemilu-



715 At e gl A B4 WA

minescence monitors in a polluted urban environ-
ment, Atmos. Chem. Phys., 7, 2691-2704.

Kim, K.H. and M.Y. Kim (2001) Comparison of an open path
differential optical absorption spectroscopy system
and a conventional in situ monitoring system on the
basis of long-term measurements of SO,, NO,, and
05, Atmos. Environ., 35, 4059-4072.

Lee, C., 5.B. Hong, H. Lee, 1.S. Jung, Y.J. Choi, I.E. Park, Y.J.
Kim, K.H. Kim, J.LH. Lee, K.J. Chun, and H.H. Kim
(2005a) Measurement of atmospheric formaldehyde
and monoaromatic hydrocarbons using differential
optical absorption spectroscopy during winter and
summer intensive periods in Seoul, Korea, Water
Air Soil Pollut., 165(1-4), 171-185.

Lee, C, Y.J. Choi, I.S. Lee, 1.S. Jung, Y.J. Kim, and K.H. Kim
(2005b) Measurement of atmospheric BTX in Seoul
using differential optical absorption spectroscopy,
J. Korean Soc. Atmos. Environ., 21(1), 1-14.(in
Korean with English abstract)

Lee, J.S,, YJ. Kim, B. Kuk, A. Geyer, and U. Platt (2005¢)
Simultaneous measurement of atmospheric pollution
and visibility with a long-path DOAS system in
urban areas, Environ Monit Assess., 104, 281-293.

Lee, J., KH. Kim, Y.J. Kim, and J. Lee (2008) Application of
a long-path differential optical absorption spectro-
meter (LP-DOAS) on the measurements of NO,,
SO;, 05, and HNO, in Gwangju, Korea, J. Environ.
Manage., 86, 750-759.

Leigh, R.J., G.K. Corlett, U. Friess, and P.S. Monks (2006)

Z7¢ 9% CMP-DOAS B 419

Concurrent multiaxis differential optical absorption
spectroscopy system for the measurement of tropo-
spheric nitrogen dioxide, Appl. Opt., 45(28), 7504-
7518.

Leigh, R.J.. G.K. Corlett, U. Friess, and P.S. Monks (2007)
Spatially resolved measurements of nitrogen dio-
xide in an urban environment using concurrent
multi-axis differential optical absorption spectro-
scopy, Atmos. Chem. Phys., 7, 4751-4762,

Platt, U. and J. Stutz (2008) Differential Optical Absorption
Spectroscopy: Principles and Applications, Springer
Verlag, Heidelberg.

Stutz, J. and U. Platt (1996) Numerical analysis and error esti-
mation of differential optical absorption spectro-
scopy measurements with least squares methods,
Appl. Opt., 35, 6041-6053.

Thornton, J.A., P.J. Wooldridge, R.C. Cobhen, E.J. Williams,
D. Hereid, F.C. Fehsenfeld, J. Stutz, and B. Alicke
(2003) Comparisons of in situ and long path mea-
surements of NO, in urban plumes, J. Geophys.
Res., 108(D16), 4496, doi: 10.1029/2003JD003559.

Van Roozendael, M. and C. Fayt (2001) WinDOAS 2.1 Soft-
ware User Manual, Inst. d”Aeron, Spatiale de Belg./
Belg., Inst. voor Ruimte-Aeron., Uccle.

Vandaele, A.C., T.C. Simon, J.M. Goilmont, C.M. Carleer,
and R. Colin (1994) NO, absorption cross section
measurement in the UV using Fourier transform
spectrometer, J. Geophys. Res., 99, 25599-25605.

J. KOSAE Vol. 26, No. 4(2010)



