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Abstract: In recent years, the rapid laser technology has promoted the development of spectroscopic tech-
nology. Various on-line monitoring technologies based on optical detection and spectral retrieval play an
irreplaceable role in the field of environmental monitoring with high sensitivity, high resolution, high selectiv-
ity, multi_—component, real-time and other advantages. The new development of on-line monitoring technology
in the field of environmental pollution and environmental security is explored. And some beneficial suggestions

about continuous development of science and technology of optical remote sensing application are proposed.
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Fig.2 Various optical platforms for environmental pollution monitoring technology

FTIR Jti{X

PR Y

B3 BRERGERERIY RN R &

Fig.3 The composition of the on-site VOCs concentration monitoring system for pollution sources



e

4] =

x

5 % & % ¥ % #

1u

ORI, REC YR AR BEH, BOb
BERMEH, LB 4. EEFK, BOEEANFR
R (BBEBOOEE. R SEUOLE. BSHRMS
REFHT) URBELBNRBENFOTEEE
AWTRE. HBEEANRFTE - FRE—F
MR RF 2R K SRMBEBH T R E, B
X BEBC ML BRI 1oy R R34 7T LU SE R A R,
A B SR AT ST LA (X% A L AL P R B iR
B, XUEFEANFTEERLT LR
SHIEE T E RUTHIEM, BRI B9 B R 4 FR L
ERHEMR[G IS ESHESBRER. N
THRESR. RESHFHEFRHUT/R, KEXR
HHXILSP == R0 HHFE HRELE
KRS S R SR AL T & T R K AR A )
BR BB E AWM E 0207 fah, #oe
BETENT R ——NHE, FREARIVLEM
ER, WETREFOEEENEANE, FXR
SRHRNEENRBE LT KB PRI E
£,

24 HBEENBRR

L TH R 8H F A Ay PLE i 2R 3R
Ze5NEMNS—MEE, FERMKRE TS
B 2 WA MM B RSB IS REXM R R E

-
-.-~
-

g
> &
e

-
.....
-

HWOCH &R

MM BN RTEHTESE, BN R
T B TEX A B 15 B KPR, BERE
RIFBRTETHEMEEBBRBEARAN G RYEKE
RBUITHE, SRR 15 IR AR M HEBUE L,
MEREE. HEZNEEARM T X, BE
X (BT, BT R A ERAEL WMAHTT
HERCE B IEN, THTXHEREHRE @E (K
) HERCH NO2 . SO, CS; . VOC HEpUE &
LA I R HE B By e B, A&
B, BERAERELNBREESE SHHE
#THE (& 5) .

1) K%

EHBIEN TN, FEEKMBREET
REEmmEPRE, F45REXEEE, 7

HEoE £
Fluz = ZFlumi : (1)

2) R (LR, BE, BHARHERS
e Ryl s A U RN RE - g A b AN

RE R ERTHSHHGER Fluz 4, B
Fluz o, = Fluz , — Fluz - (2)

HEROE BB H R ERF AR A SR

5 1 o W

SR

o T U

[ER =

/“ IR & {.:.

ik

HOCH T 9t

R WA ) & AT Je i 1—>

..... 5k

SO B iuL:.}»[ Hu

[ow
l
|
|
|
|
|
[
|

IHIJJ

(b)

B4 HOEEXRRE (a) MARKEMBIEE X (b)

Fig.4 Lidar principle (a)

and different types of lidar (b)



o2 X, %

B R G RRLELEN AR &

BRI R R R B R R, M A
Baks) DOSA 4, WK BRI Rm ey B
T Bk

_ [ 2 2
Ototal = owind + o‘DOAS + O-Vcar ? (3)

He: o ARRBRE; owing HFENBE
MERE; opoas ANIERHIRE; ov.. AF
EMERRE.

RERMRERZREEBERREZMEER
. o, EEMBHRECHE GPSHENER
MEREREMENTRARE, FHEROKRDIH
KRBT RN RE. WTERE GPS ¥
B/NF 1%, WL BB, MiEERFERFRREEN
FERE. REFREL BT R HEBGE
B BENREAHEEE, HABERN &Y TH
AmPE, X (B HEBAETHRAE T —FiAH
XMW HHTE, A URESEERNEIE,
XMEFNEEATHRATEMIERR, HEF
TR HER AT RE T —FENFER, SHATL
HKEE, LEiHE,. MHTiEs, gRLEESS
EMEFEARHEINZRBRESHRM
LH.

3 B B
] R 7E 40 BE W BOR 7T LA S SR8 75 e IR,

wind direction

factory

(a)

BEEMTHME, HN SIS B FEEP
BRHE, HA LR R AR R R %
Bl e B, M BRHETS AT . BRI
B, BB ENATHREESER/EN., 5
RS HA I . TR A M K
HOB RV, SOEHNIS YW . A E SRR
WEW, BREETE &R V5 Y Mo ST,

. 3.1 BESENSE SRR

YR T35 35 R 22 40 W M B S A
NERMENARF. KKRMREH =R
AL, MM EERSFHEREE, THEXR
BERERKESHAZHEENTELRE, REEH
IS R FRRMER, AT KELEI R
BB ST EE R RER S BIE. Fof
% iy Fernald-DIAL 254} W e 55 i X S vk (19 T
IR B R B R AR EM BRI RBURS, BF
BEWRERETUFHB KK TR W,
B 6 235 5M I B A TN B SR E R K A R
FHEBREEFERNELFE. EKXKERNE (6
A13HE 16 H), WRFISREHME, 6 A 16
HEERLEARD 2km, 3800 m YU O; HHBHE
L, A TFFEE 30 ppb, R ZH EFAE 100
ppb, 1km PA - O3 HAELRHB; {H6 A 15 H
1km Y FHFH B REH X, SHKREEF 120
ppb ZE45. TRMHAN, £ WIS 4 Wk 5 R

(b)

A5 REMERFEHECE RN B R

Fig.5 Emission flux measurement for point source (a) and regional sources such as industrial zone,

fugitive emissions (b)



* X K 5 F B % ¥ ¥ B 107

ELE R R B A B L BRAS4E: {2 (800 m
MF) ST ARG BNELR 05, BE (15 km
B b BT A RS R O B, X—ERBR
Be T R AT 2 T A B B A R K
SR,
3.2 ERAIERHERAE LN

B 7 2ERB 3 DOAS T 2008 4E ¥z #A6
WS LS IR SO, FI NO, RIRAH, LBk &
Bs Y HERL G 00 . HLEE 2005 4E 1 2008 SR 45 R,
AT LUE A0 X 69 KA B TR, S
Mk, TR HR R I TR, A
WSS S HER R IR BE TR .

L Tl A P 3 B A TR S HE, £
VOCs (Y EEHM A AZ—. H8 BRERLAN

3.0

; 25

3 20

= e

5 1.5

2 1.0 |

A 058 —

00:20:41 09:31:30 18:42:19

2013-06-14 2013-06-14

2013-06-14 201
£

XEMR =R, BEFERFTIR # VOC By HE
BoBRMAARE S AL, NEFTURY, &
KHERERMERRERHAEETRERS
AP B, dfad VOCs HERE B %4 MWl oy ss M A 2%
WEESZSAET L, B VOCs BN HEW A #l &
2 HEE AR R BEE X Fr.
3.3 EEHmET

EENEREST, RREWHEBIMEAS
ITZFHBRAWEE, KU AERKEE LR
EXHMBINERMAGTWERZ. RR[WHWITEH
Z, RBER, BHAL, HROEELR. FH=E
(6] R AR AT 398 3 7 R A8 W S W 1 e S ik
FERBGER A (TDLAS) AL, EEWMBRET
B RAFGTEI AR REAR, FEHE—-FW

IR (316 nm) km-!

22:14:46 T 072535
2013-06-15 2013-06-16
ppb

13:03:57
2013-06-15

] -, G sl i m 200.0

52 2.5 - ¥

8 20 -

§ 15 .

2 1.0 -

a (l),i RS e 0 G BhieofiRedie. SO S - [R——— Fhr o | 0.0

00:20:41 09:31:30 18:42:19 03:53:08 13:03:57 22:14:46 07:25:35

2013-06-14 2013-06-14 2013-06-14 2013-06-15 2013-06-15 2013-06-15 2013-06-16

B 6 FERBRR Oz MBI RBORER Z 20

Fig.6 Simultaneous observation of ozone and aerosol profiles by lidar during haze episode

Ay 100.0
90.00

75.00
. 60.00

ﬁs.

= 100.0
90.00

SOz FEk i /ppmm

75.00 2

= 60.00 .;ti

100.0
90.00

75.00

/ppmm

= 60.00

e

- 45.00

LY

[6F% =

30.00

N

15.00

0.000

100.0
90.00

7500

{</t /ppmm

60.00

 45.00

& e
5

¢ 15.00
i 0.000

B 7 ZERHB3H DOAS HWMILTHIF SO, 1 NO2 KA

Fig.7 Comparison of 302, NO; pollution emission flux between 2005 and 2008 by mobile DOAS



2 3 X, ¥  FHERESFHEZEERENERER 8t

MO RT R AN R KR, AL
HiEShWERMEEM T, REREEE. &
REE. BHE. RECRXFERMMENE N, £
T X RAK G MEEEFE S CHy A1 HoS K
FHRAMEENEGSHFERE. ZRAVTLIE
iRk By, MEMRIRE. 8 BAIKRIKEE
AHER. FARESEE, HoS f1 CHy Mt iR
4351 1 ppm 1 0.1 ppm!®®], 3 E &L 2h B A B I 1]
TS HN AR RIHREENETF.
3.4 AFERSHREN

MR EMBSON EERANaHERH
i DI BB T AR Mk, XML
EFRAEMEEU TRE: BRK, HaMEku
wEURFERBREFEHEZHEICRILE.

T F RO RBOL AR (TDLAS) kH
TDLAS "KM B AR TR P EH
FrHERA B4 CO #l CO; #EFTEIEM &, WE
10(a); R I DOAS B AR, SH47HFMHLshZE5HHE
MESFH HC f1 NO #1768 &; YshEM
RE SRR LR REENIERTRELXERR
R SE R A E R AR I, HETER
RGBSR ERERGEE; EHERERMNEE
AR = S B et ) i et Bt R i
EmEERFR, HNZRFACELR, ER. E
MR 60 £, WHE 10(b), HEILRRIEH
EENERESHREEM ETERS, IRER
PRI ERSEE. FREHFRERNE
BRI T HASIMARIEMREH B,

120
100 4

80 J \
=60

B4

o 40 {

20 4
0 l l l l ===

3 Max(ppmm)

WA KE BEN  RERE

A8 RA{dileEMREdR+ VOC dyHlE B KD

Fig.8 Comparison of VOC pollution emission flux before and after uploading by FTIR

B9 FFHES R AR B i TE 2K A Y

Fig.9 On-line laser monitoring instrument for the tunnel pipeline leak



5 0 # X% ¥ % #® In

CO,

womonne. 1. 18%
wiains | 0%

-0.15

15%

wsson 20%
25%
3.88%

o
[9%}
(=]

F signal/V

.

i -0.45 e

s 70%
e Q107
s 90%

-0.60 -

0 40 80 120 160
2F signal sampling points

concentration

B 10 HEhERKIELEMN

Fig.10 On-line vehicle exhaust emission measuring technology

4 Bk &£

BEFHZFHIERBERAIPRERE RS
EXRBMBARRREA+&RE, LN EMRE
BEERKY B, TEHEBREHCENRES
Mrim B b AR R, DR R X %
R, ML B AR R R, A&
EFIBUAR BRRBHLABEERENE
wEamEmEEL, RPRESTHREE R, &t
BRU RN N ABEREAR, SFH. ZHRY
BEMEEFALE. RZAERBREREAZES
TR ARBAL, A REW R ERE T Rk AR &
TR, HEHNAEEUNFNEREE. EE/R
. BRTEE. EMEZRKRRE.

EE3CH-

[1] Intergovernmental panel on climate change, cli-
mate change 2007, the physical science, technical
summary of the working group report [R]. New

York: Cambridge University Press, 2007.

(2]

[4]

Campbell J R, Welton E J, Spinhirne J D, et
al. Micropulse lidar observations of tropospheric
aerosols over northeastern South Africa during
the ARREX and SAFARI 2000 dry season exper-
iments [J]. J. Geophys. Res.-Atmos., 2003, 108:
8497.

Xu Zhenyu, Liu Wenqging, Liu Jianguo, et al
Temperature measurements based on tunable
diode laser absorption spectroscopy [J]. Acta
Physica Sinica, 2012, 61(23): 234204-1-8(in Chi-
nese).

RF, X3CE, XMEE, §. ETAEERSE
BOLE RBOG R B W Ry R (J].
R, 2012, 61(23): 234204-1-8.

Meng Xiaoyan, Wang Pucai, Wang Gengchen, et
al. Characteristics of S032-NO2-O3 in summer of
Beijing from DOAS measurement [J]. Environ-
mental Science & Technology, 2009, 32(5): 94-
99(in Chinese).

HRHE, T, EER, §. JLEZ SO2-NO»-
Os B DOAS 55 5R BAERLAFAE [J]. SRR 2 S
HAR, 2009, 32(5): 94-99.



KEHEREFRELEREWHEARER : 3

[5]

(6]

("

(8]

9]

Xie P H, Liu W Q, Fu Q, et al. Intercompari-
son of NO,, SO3, O3, and aromatic hydrocarbons
measured by a commercial DOAS system and tra-
ditional point monitoring techniques [J]. Adv. At-
mos. Sci., 2004, 21(2): 211-219.

Xu Jin, Xie Pinhua, Si Fuqi, et al. Determination
of tropospheric NQ; by airborne multi axis dif-
ferential optical absorption spectroscopy {J]. Acta
Physica Sinica, 2012, 61(2): 282-288(in Chinese).
% %, W FEE % L8ESHMESRK
FHHAREBHFRE NO, BHARENTE ).
WK, 2012, 61(2): 282-288.

Hu Lanping, Li Yan, Zhang Lin, et al. Advanced
development of remote sensing FTIR in air envi-
ronment monitoring [J]. Spectroscopy and Spec-
tral Analysis, 2006, 26(10): 1863-1867(in Chi-

nese).

WL, F M Ok M H BEFTIR EXSHF -

By Vel oh o 3 R R [J). D6l 56 S b,
26(10): 1863-1867.
Pan Hu, Geng Fuhai, Chen Yonghang, et al.

2006,

Analysis of a haze event by micro-pulse light laser
detection and ranging measurements in Shanghai
(J1. Acta Scientiae Circumstantiae, 30(11): 2164~
2173(in Chinese).

% 8, DORW, BREM, . A ABKEROEEE
Srir BB X —WREIR ()] FEReER,
2010, 30(11): 2164-2173, '
He Ying, Zhang Yujun, Wang Liming, et al. Laser
technology for CO2 and H2O on-line detection in
large-scale region {J]. Chinese Journal of Lasers,
2014, 41(1): 0115003-1-0115003-5(in Chinese).

fil %, %EY, Ex8, ¥ KRERH CO: M

H.O IO ELBMER J). PEBOE 2014,
41(1): 0115003-1-0115003-5.

10]

[11]

(12]

(13]

[14)

[15]

{16]

Wang Y, Li A, Xie P H, et al. A rapid method to
derive horizontal distributions of trace gases and
aerosols near the surface using multi-axis differ-
ential optical absorption spectroscopy [J]. Atmos.
Meas. Tech., 2014, 7(6): 1663-1680.

Xu Liang, Liu Jianguo, Gao Minguang, et al. Ap-
plication of long open path FTIR system in ambi-
ent air monitoring [J]. Spectroscopy and Spectral

Analysis, 2007, 2'7(3): 448-451(in Chinese).

#® F, YEE, GEt, & FERIAKEERR
AL SN REATF B SASTHTRE A B
Yot ST, 2007, 27(3): 448-451.
Ansmanzn A, Riebesell M, Weitkamp C. Measure-
ment of atmospheric aerosol extinction profiles
with a Raman lidar [J]. Opt. Lett., 1990, 15(13):
746-748.

Boéckmann C, Wandinger U, Ansmann A, et al.
Aerosol lidar intercomparison in the framework of
the EARLINET project. 2. Aerosol backscatter
algorithms [J]). Appl. Opt., 2004, 43(4): 977-989.
Wandinger U, Mattis I, Tesche M, et al. Air
mass modification over Europe: EARLINET
aerosol observations from Wales to Belarus [J].
J. Geophys. Rese.: Atmos. (1984-2012), 2005,
109(D24): D24205.1-D24205.12.

Amiridis V, Balis D S, Kazadzis S, et al. Four-
year aerosol observations with a Raman lidar at
Thessaloniki, Greece, in the framework of Eu-
ropean Aerosol Research Lidar Network (EAR-
LINET) [J]. J. Geophys. Res., 2005, 110(D21):
D21203. 1-D21203.12.

Nagai T, Uchino O, Fujimoto T. Lidar obser-
vations of stratospheric aerosol layerafter the
Mt.Pinatubo volcanic eruption [C]. Proc. 16th

ILRC, NASA CP3158, 1992: 17-20.



X & 5§ % & % F F # >

[17)

[18]

(19]

e R

Ackermann I J, Hass H, Memmesheimer M, et al.
Modal aerosol dynamics model for Europe: devel-
opment and first applications [J]. Atmos. Envi-
ron., 1698, 32(17): 2981-2999.

Wu F C, Xie P H, Li A, et al. Observations of
SOz and NO2 by mobile DOAS in the Guangzhbu
eastern area during the Asian Games 2010 [J]. At-
mos. Meas. Tech., 2013, 6(9): 2277-2292.

Fan Guanggiang, Liu Jianguo, Zhang Tianshu, et
al. A cloud elimination algorithm based on differ-
ential absorption lidar {J). Acta Photonica Sinica,
2012, 41(10): 1135-1139(in Chinese).

MR, VBE, KR, F ETESRBHNETE
FHEHBREWR J) e F¥MR, 2012, 41(10):
1135-1139.

XHE RASSESL X

(20]

(21]

Zhang Shuai, Liu Wenqing, Zbang Yujun, etal. A
moabile sensor for remote detection of natural gas
leakage {J]. Spectroscopy and Spectral Analysis,
2012, 32(2): 570-574(in Chinese).

5% b, X0, HEY, B —HBIXBWRRK
R ML [J]. Sl S, 2012, 32(2):
570-574.

Wang Tiedong, Liu Wenqing, Zhang Yujun, et al.
Remote sensing CO, CO2 of vehicle emissions us-
ing TDLAS [J]. Infrared and Laser Engineering,
2007, 86(suppl.): 336-340(in Chinese).

E&H, XXW, kESH, H. ETTREERSE

BOERARMVIZIERK® CO. CO: &M [J]. 4
SrS#IETE, 2007, 36(suppl.): 336-340.



