vo
oo

L3 O % 5 6 i 4 W Vol. 40,No. 3,pp688-693
0 H Spectroscopy and Spectral Analysis March, 2020

B 83 SO, HKERZEIINER B ZHEM K

LSS, B R, BB, KLE, WER . KE

1. EB B Z RO R E IR T, AR S HARE S LR, 8 A8 230031
2. hEPBIEEA K, B8 A 230026
3. WHH AR, E# A 230088

OB B TUEAORGRIHONE G R RN K SUEF A SRR R )
VR B D T BE L B R S TS SR V5 e A Y A AR 5 A
RS 0 2 B B 4 5 00 B e o 4% . 3 T T OCD 450 28 )
S9N 6 A0 L 15 B AR ST T RS ot AR B0 0 D 1900 R % M A
WL SO, SMFURIENE Iy 5 B o SR 2 I AR TR+ B 4 SR A1 SO. BHRE VR 1505 L1 22
YoM HIOCR B 0. 958 R ML T BOAE BT (0 Jedle 2% 1 5 %1 B UG R S ML A/ 58 3k £ IR
o 0 5 0 B9 B (EIROTT SR T b ) — 7 1956+ BB 8 0 9 7 R 4 ) - KL 3 29
510 A FHRR O BB Ol T WP AR 09322 « 00 B TR 9 310 o WO H 15 R B
SCHIER R0 330 nm Wl e H XA P 385 1R 5 05 AR R B/ — DL 2 KR T 2017 4F 5 01 20 12 4%
30 22T 9 SO, ARV I 10~ 44045 B IUIE IR 1, W0 RE2 5 7% 46 AR I 8 1B £ 90 SO, A HE Ve JE 5 (8
SO AHEWKEEFZ9 9 1. 7107 molec + em ™ SO, AHFEVEHE 545 B ELRL 6% SO. W FE RO 5 WO % 203
T SO. BHEEVE HE VAR 004 BRI SR KR o AL 30 412 L B SRR T
TP B0 77 161 1 5O 1709 SO, BhEENRE/N T30 7k« (P39 2 T 20 100 70
SO, ARV HE SERUALYEs 22T LA B BRI 7.0 28 K09 DR IR SO, AHREVE HE 55 5 07 2 A7 0041« #0043
RHCO.TAT, FWIAI 710+ SO, R4FEVK BED 0K IR P NFD M0 4R4% SO, FHREVK FERT FF I 3678 T 1091 0 1%
HRAHE 200 1.2 e s s T SR UESRAMIE €O 15 S0t 0 T G LM SO R 9.2 g
ST AR (L2 m e s )L AR R (2140 m) B 3 SR BEROHE UL o R FE 5 S0 R i 77
I U R S i 25 5 P B 6 B XY LA 0T+ SO, AR VeI 10 0 i (6 2 10 %5 5 90 i
U A — B ) RS T80 0 DR 1 7 56 B T 52 A U9 05 20 A SO, A 96 B 10 1 5
ik TR BT AP SO, LR R (0 50 B O % DR 45 1 5 B — BObE R 0TI 1%
D VAT A L S A 5 A T R B 4K 0

KEEWR  RVEERE; PG AR MR
hESES: 0433 XEkFRIRAS: A DOI: 10.3964/j. issn. 1000-0593(2020)03-0688-06

LRI B B T e BT ARG R R A TS e 1 A L
Gl A BWIE R T RS A TS B G, X S 4 A Y L
TR0 T5 Y IR0 — YRI5 Y W HE R A 5 A B A L b

PLAES, W I R X AL S F RS FE . fb AT R TS e W . o TS e R kL HE iy
IR EIATROC R F A R EHEE R HE S, HERCRE L b TR P M TS e VR B 0 X
RO VAR RIS A R BE AR K 1%« ST M B R . W TRURIR . PRI X 5 e 8 g 000 e oy 72, 7 95 e

Wi EEF: 2019-01-10, {&iTHEA: 2019-03-21

HE&WB: EREAH IR E2017YFC0209902, 2016 YFC0201507, 2016 YFC0208203), [H K A KRB 4 Wi H (41775029), %4
SRRl 3 4 S T H (KJ2018A0588) ¥ 1

TEZ A dkIeqe, L, 1977 4R, ERL A B 22 B 2R % DL 58 B 1 L BF 92 A e-mail: yhzhang@aiofm. ac. cn
* JEIHIEE R A e-mail: angli@aiofm. ac. cn



%34

Sl o 5615 M 689

VR M ey 5 PSR T RO B O R
RS SO RS /T N T I 97 SN Py R (R DS E S SRR CE A
B AR e e AR AR R A R R B HT 20 A0 Ot 3 XA R
AR RSB T R Y R AR S AR 285N XA w8
M L DOASH S FE A A il 2y 9 X ) 488 B J il B AT T =

AR ICR 2T U6 A 20 e 9 Al € B0 AT ISR R 4
XGRS IR R AR AR M I B R I
SO, WA NS W BEARE AR R LT s WL AT 40 v SO,
AR LAY T AR O3 A DA ORI Mk BE B I AT 5 0 A 5 2R 3R
SO, FHHE W BEAE R E 19 TR AT AE T WUl 3898 w5 - #
T BRI ek 2 SR TSR SR A B R R A R AT T
FEX s 00 2 SR 5 R B UL T 4 R B — 2, R SO,
AR IR B Y 3 I ek T P 5 R LIS A

2

1.1 %8

AR WLAR (B AR  B LS SR O R 48 (AR B 100 mm,
JERE R A B L), e E (R B 43 5 310 nm,
330 nm, P BEI N 10 nm BB HE IEOG D . Bl E
CRJ ¥ 0 16T BRI 28, P80 R4 (— BB ie A ) . =W
IR AME R, R AR P, SRR KB EILE B
2R TAEEE R —5 C,
1.2 MEHs

CEN O | TN TR S DS SO i E B A v I 2T
km 7247 & 308 A4 TH . AR 4B 203 3 . XA ki E AE 203
B8 55 BE BN 141 2 890 m [ —ZE A1 B B A, WK IR 2 8]
PRESZY K 165 m, HAKME LK 1,

B 1

1.3 WMERE

H T UB O Ao i AR 0 BOE IS R R AR DLK B B
Je IR HEA SO, RS T8 HUR Ot B 48 L0 IR AL
I3 IO L PR AE 310 A 330 nm, 2R N 10 nm 1 54k
A IEOE A A WIE - B R W E AR AR SO, HE R B9 A%
B3R o T HCEMERG A BRI SO, MUAEW . L8 p,
5 S A A 2 00 2B T Y s ) XL ELAE R A B KU 1
KA R AR 9 BB R A 1T 5 LS (D

IA, B _
I/A,B

TA. B — In

J Io a5 Q) Ta s (QDQa. (1) dA
A

" J-AIO.A‘B(A)TA.B(A)QA,B(A)exp(*O'A,B(A)SA,B(A))dﬂ
QD)
Horbr, bR AR B 4 F R UEE 310 A1 330, Ta wF1 I'aLy
Iy ATEATEIE 19 BB K& SO, SR H AR &
DGR . PRINAS LR T A AR ZR R R O A R BE B R (D
T T U6 A B G B BN . B R E SO, S5 1 R ik
AT B AR e B S TE 06, (D 3 — 2B i Ak =X (2) A=k
(3
A = 0aSA T Axscrosol T 0 other Saother (2

il & 3
Fig. 1 Measuring location

8 = 08Ss Tt Ab.acrosol T B.other SBoother (3)
(1) SRR 18 A, B AR 80 /& 1 <
WL LA 5 (2) 330 nm €56 H B9 SO, BRI /N F
310 nm, B 330 nm B SO, WY AT LLZWE : (3) #A1E6R
A7 HIE R B AR Y 35 e AR TE 310 nm 35 B AY IR W /T
SO, By, H Ao AR, B = (2) 38 25 20 (3) T 5 bR <
VS AN A TR R . 3K () B kg 5240 0 8O R R 45
fi AT SO, ATV BE (Y BLIE S Al HrP R WS T o FHASCEE I U
WA £ R
T=1A— 18 = 0AS X &S 4
1.4 MEHFH T
A AR 28 R 5F . 11, 84 (mm) X 8. 88(mm), 4% & 45k 4
BE, AR E = (5) ] LUK B 4 3 48 9 L

a = 2arctg(Dy.v/2f) (5)

K- I 1) 18 W3 £ R
an = 2arctg(Dy/2f) =5.1° (6)

" H T 1A I AL A R
ay = 2arctg(Dy/2f) = 6.77° )

W) Hb 55 E B H AR XS SR B 249 R 890 m, MR (8) mI LA
— W B S R TE . Hoas A YE E 2908 81 (m) X 105
(m),



690 Stk 5 4B

5540 &

X = dtgd €D
2(c) R M0 PPN EB B

BRI A AR P B S LI 2

TR R SR B A IR I R G e . 1R 2( D ORI
SAHEFETBRENIC AL,

(a)

x10*

0 100 200 300 400 500 600

(b)

x10*

2.95
290}
2.85} i
280} I “J

2755 il

2.70

2.65 : : : : :
0 100 200 300 400 500 600

B2 P (a, )RER(D, d)
Fig. 2 Smoke plume (a, ¢) and background (b, d)

1.5 J#3 SO, #ikEREHL

FRATSE R B B R W L A 1 SO, W HER . AR T
JAEsE G Y A A R R A K KRR EE . W
WL P R R AR BRE AR, i
PP BRI C R AHE T LR K E, WK E LR 2
B — AR SN B A IR T A0 BN H AR R, T
At = T T R B BB A ) R, RO A R — A
FRAR Y S R o R Y OB AL AR A IR 4G SRR I AR Y R

JE i 2 2 ()
Q _ Ly,
ZnuaydzeXp< 2 oi)

{exp[*%%}—}—exp[*% (Z;h) :|} €D
JC(9)EP c(gem DHERWE. Qlg s DIFEMHRZE, u
s DR o, (m)IKET7 W BT S, oo (m) T EH T
ﬁJ:E’JTILﬁ%ﬁI RO R . G T XU Ta) B VS e TR Y
PR . W T4 Sk A X T KT J7 R AR B8/ (5 28 4D s i LA

DU 77 1) b SO, By R Mk B L3R 2K (10)

c(x,y,2) =

. Foo
sed = JC(I; v, 2)dy = J mejo_ exp<—

2
1 (z—h)? 1 (x+h)*
{exp > 7 -+ exp 5 5
P4

Q 1 G—w) 1 Ge+hy?
2mus 6. {exl{ 2 o }r eXp[ 2 o } }

Jonl3 3 )ar= 222

o]

I 2uo .
1 (z—h)°* 1 (z+n?
> Zgg ]ﬁLexp[—? Zgi }} (10)
AAOHf L g m
Fa kX AD

*, %4k molec + em ™ *, X0 H#E—4

scd N o
M, 10"

MRS R R E, S FHIE RIS i
THE T Y BSE: 6. =0.032(140. 000 32) 7", h=140 m,
R Al R AT R T B R B A R R
12 gAY SO, HEicE 9.2 g« s T EUERAY . SO, HEiL
READL 45 5 LI 3. B AL 0L 45 R 50 s 8 U HE g 0 R B A
SO, RHAFHEEE 29 8 X 10" molec + em %, FEEHEA H 100 m
Ik SO, RV BE B K 10" molec » em™ > 47,
1.6 SO, fiEREMNE

2017 4 5 F 20 H ¥ 12:30, FRATA A 2407 L BLAR
F G0 B B HE R AT T O — /N B I . R, RA

AR, DR, DU S RTE ) 203 HIE, FRE D,

ﬁT%i%*ﬁklaatP SO, MAE W BE . U 1R 2 58 617 B
FE o SR IEAHE ST R e 1 iy SE i SO, W, Bz
G, EAERENSHIRE ., brE s R LA 4.

sed, = an

u=1.2me+s ',



oD
B4 BEBEREHRE

%3 i 2= 5otk o b 691
sed of soy(molec./em?) 10" p R’=0.958 2 °
130 ‘ £ 1.0x10'7 4 SCD=-2.711 5x10'+6.417 11x10'7xOD
148 8
E 146 ‘ g e ®
g 144 ‘ é‘ ; °
7 9 5.0%x107 1
5 142 'Z 5.0x10
% ol :
-c —_—
E ) 3
"E: 138 ‘ S
wn
> 136 0.0 . . . .
\ 0.04 0.08 0.12 0.16 020
0

20 40 60 80 100
Dispersion along the wind/(x, m)

B3 SO, fiFREENER

Fig. 3 Simulation result of SO, slant column density

bR 45 B SO, Hk I 5 H OG22 R B A6, Mk
ZEE A 0.9582, BMEAM M. HRERWES =, BT

Hk
HAR R GG /1 DR 56 Sk i 25 08 0 EL A b XL i) 35 B
EOHE T

100

200

50 400

600

100 200 300 400 500 600

ZEGREWR L

100 200 300 400 500 600

Bl 5 BB T 12:32 53 24 BN SO, HEWR B 10 2278
Ao 25 28 2 B T A0 U 0ROP) T S DXL A B A (I S AL
PR T 5 B SO, W W {H s SO, AL e 5 Bl I 8] % A=
AR Al . FLBEF B [t O BEE A 3 N T N . 85 i R T
L 0 AP 5 £ T 1 A e R S A N s O U 7 A R R 5
W o P15 b B AL BR AL e R A3 A P . R O AR A 7 A
< T AT A A X o 5 % T T e I 22 A0 A0 P U A s TR
AR ARG | min R FEEE R 15 5K 4A . — K IELE T
Zyds, TE R BIRS2200 8 s, PIAEIRERIZ BB R L 70,
AR 2% R 23 TR BB Ry 0. 135 mu, T DA AT 530 0 o O Ay
L2mes "o WE S BT LUF B XU LK & AT B4 B0
X AGRE » HIE M SO, R v 2 1] 45 % T 000 1B 08 ) ofe V1
ANHERCI . e FA B HE TR 0 R R e E I TR AT T A
SrHT . LAIEL S 72 A e B PR D il S JBU R A e
B LA SO P R BOLA SO, WM LI 5 A, 2
ROLE 6. P 6 f ik ik BE ¥ 81 2 0 1 BT SO, Y R A Vi

ZEGHREWR L

100 200 300 400 500 600

ZESRER L

{
100 200 300 400 500 600

5 SO, HRESHT
Fig. S Distribution of SO, column density

Fig. 4 Calibration of the imaging system
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Abstract In view of the frequent occurrence of sudden accidents, haze and other pollution phenomena in recent years, the harm
scope is wide and the harm degree is deep. Therefore, it is urgent to grasp the region. the scope and the intensity of the pollu-
tion, as well as the trend of the pollution diffusion. The two-dimensional fast imaging distribution of pollution sources has an ab-
solute advantage indetermining the location of gas leakage source, identifying emergencies and identifying the scope and impact of
pollution. In this paper, the fast imaging measurement about the plume from the power plant in Fengtai is realized by ultraviolet
filter based on a planar CCD detector. The concentration of SO, obtained by the flue gas on-line monitoring technology is used as
the reference concentration. The imaging system is calibrated after the reference concentration is transformed. The calibration
result shows that the SO, column density presents a linear relationship with the optical intensity. the correlation coefficient is
0. 958, and the prerequisite that the imaging theory can be analyzed is satisfied. Considering that the angle of view of the imaging
system is small, the background is taken as lens deviates from the plume area upwind. The background intensity indicates that
the upwind intensity is uniform and there is no other influence. The 310 nm filter identifying the target gas and the 330 nm filter
dispelling the influence of aerosol are used alternately to image for the smoke plume in order to reduce the error of the plume
change during the measurement process. At last. the two-dimensional distribution and the sequence diagram of SO, slant column

density are obtained according to the linear least squares fitting at about 12:30 on May 20, 2017. The results show that SO,

slant column density is high near the chimney exit, and high SO, concentration of inclined column is approximately 1.7 X 10"
molec « em ?. The figure of slant column density distribution displays visually diffusion trend of SO, concentration, showing
that SO, inclined column density decreases slowly along the axial diffusion of the plume under the direction of the wind, and un-
der the direction of the perpendicular to the plume diffusion, the figure tells that inclined column of SO, above the axisis less than
its concentration below because of the air buoyancy, fluid dynamics about plume and the direction of wind. However the basic
trend of diffusion is that both sides of the SO, inclined column perpendicular to the axis decrease quickly. In the 28 meters away
from the center of the chimney from downwind direction, the concentration of SO, inclined column and gauss curve are taken for
fitting, and the fitting coefficient is 0. 747, which indicates that the concentration diffusion of SO, inclined column in wind direc-
tion basically follows gauss diffusion. The plume velocity is about 1.2 m ¢ s ' according to the time series diagram about SO,
column density. The gauss diffusion model is used to verify the feasibility of ultraviolet non-dispersive imaging system on the ba-
sis of the known plume SO, emissions (9.2 g+ s '), smoke plume speed (1.2 m + s '), smoke plume height (140 m) and the
surrounding environment. Comparing the results about the imaging system with the plume model, it is shown that SO, slant col-
umn density measured and the diffusion trend are consistent with theoretical predictions. This paper for the first time uses rapid
imaging method based on filter to image SO, slant column density from fixed point pollution source, and finally the distribution
and diffusion of SO, in plume are obtained successfully. The consistency between measurement results and model simulation indi-
cates that this imaging method is expected to provide measurement basis for quantitative and qualitative assessment of pollution

hazards.
Keywords Slant column density; Gauss diffusion; Sulfur dioxide; Filter
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