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Abstract: Using the air pollutant monitoring data and meteorological observation data in summer and winter during 2017~2019 in
Tianjin, the effects of atmospheric vertical diffusion conditions on PM, s and O3 were studied based on the vertical observation of
Tianjin Meteorological Tower. The results showed that the mass concentration of near-surface PM, 5 decreased with height, while the
concentration of Oj; increased with height. Influenced by the seasonal and diurnal variation of atmospheric turbulence intensity, there
was a significant correlation between the PM, s mass concentration on the ground and at 120m height, but insignificant correlation
between the PM, s mass concentration on the ground and at 200m height in winter. In summer, the correlation coefficient of PM, s
mass concentration at 120m and 200m height was 0.72 and the PM, 5 mass concentration at 120m and 200m height were even higher
than the ground in the afternoon. In summer, the difference of O; mass concentration at different heights is lower than that in winter,
and the O; mass concentration were close to the ground at 120m height. Atmospheric stability, temperature inversion intensity, and
temperature decline rate were taken as atmospheric vertical diffusion indexes, which had certain indicator effects on the vertical
gradient of PM, 5 and Oj;. The correlation coefficient between TKE and PM, s mass concentration was —0.65 in winter, and that
between TKE and APM, 5 in summer was —0.39. The correlation coefficients between TKE and O; concentration were 0.46 and 0.53,
in summer and winter respectively. The correlation coefficients between TKE and AO; concentration were 0.73 and 0.70, in summer
and winter respectively. The weak downdraft has an obvious influence on the increase of O; concentration. The correlation
coefficients between the vertical velocity at 40m height and O; concentration were —0.54 and -0.61 in winter and summer,
respectively. Through the analysis of a typical PM, s heavy pollution process and typical O pollution processes, it is found that the
changes of atmospheric stability, temperature decline rate and TKE were closely related to the generation, extinction, maintenance
and variation of PM, 5 pollutants. The formation of O; pollution near the surface was closely related to favorable photochemical
reactions. In addition, the transport influence of downdraft should also be paid attention to during O; pollution processes.
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Table 1 Parameters of observation instrument

EEEA RIE A 0 SRR KA
R WZP2 -40~60C 0.05°C
RS B e bHe! 3-100% 1% min
A EL15-2D 0~360° 3°
JBuY EL15-1A 0~60m/s 0.1m/s
Ux +30m/s 0.01m/s
L X Uy Campbell CSAT3 +£30m/s 0.01m/s 10Hz
Uz +8m/s 0.005m/s
. PMas Jﬁ%ﬂ%fﬁ“ TEOM RP14.05 0~1000pg/m’ +0.1pg/m’ San
O3 JiE W Thermo 49i 0~1000pg/m’ 1.0ppb 5min

F2 AT uBEFHEREER S LIRE
Table 2 Calculating stability classification by AT and u

U(m/s) AT(°C)
0.0~0.9 A<-1.13<B<-1.03<C<-0.91<D<-0.37<E<+0.78<F
1.0~1.9 A<-1.18<B<-1.05<C<-0.91<D<-0.22<E<+1.12<F
2.0~2.9 A<-1.39<B<-1.18<C<-0.97<D<-0.16<E<+1.25<F
3.0~39 A<-1.61<B<-1.33<C<-1.00<D<-0.10<E<+1.32<F
4.0~4.9 A<-1.82<B<-1.48<C<-1.04<D<-0.04<E<+1.39<F
5.0~5.9 B<-1.62<C<-1.08<D<+0.02<E<+1.46<F
6.0~6.9 B<-1.77<C<-1.16<D<+0.08<E
7.0~7.9 <C<-1.25<D
8.0~8.9 <C<-1.40<D
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Table 3 Rate of temperature decrease, TKE and PM, 5 mass

concentration in different atmospheric stability level

KAFE WM WRME SREBIEE  TKE  PMas APMas
JEAY WEE (%) ((C/100m) ('C/100m)  (m%s?) (ug/m’) (ug/m’)

A - - 1.44+0.31 2.02+0.64 47+47 11£23
B - - 1.43£0.29 2.05+1.42 48+56 14+24
C - - 1.26+0.34 1.31+0.86 58+55 21+£32
D 52 0.18+0.77  0.67£0.52 0.68+0.66 74+64 32+41
E 67 0.91£0.95 -0.27+0.50 0.22+0.20 101+59 48+39
F 91 2.71£1.47 -0.97£0.55 0.14+£0.10 117£52 70+49
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RE
Table 4 Rate of temperature decrease, TKE and O3 mass

concentration in different atmospheric stability level

RARGE  WREREE AURIBEE TKE 03 AO;
FESEZE (‘C/100m)  ('C/100m)  (m¥sD)  (ug/m’)  (ug/m’)
A - 1.48£0.39 1.75£0.76 10251 23+11

B - 1.24+0.29 1.74+1.03 122460 23+18
C - 1.18+£0.22 1.21+0.78 89+40 32428
D - 0.78+0.37 0.79+0.64 77+41 30428
E 0.60+0.53  0.35+0.69 0.76+0.85 65+30 46+19
F 1.86+£1.02  0.35+0.24 0.76+0.36 57428 46+18

T Hi T K 2 8506 e 1) 5 6 FH [l R 1
BB LIRS SR, KR S R 4 R 2 IR
b0 L VAR R R R e 2 T s v 2 i )

KAFEEN E LU LR IR KRSFRE A D ML

i PM, s SRR T4 b 3 TP A

1A, 3 HHBUME R 40%, P X8R 0.95°C

/100m. 4 KAFEE N A~C IR H BT i Bl 5 K
AR P I T H TR R R S W N GER 3).
[ s, AR it A0 AR A 2 AP, >4 S IR ek 390 2k s i 97 1)

RAEME RN E Ik 3 FR B KRR E
I3 I, SR IR R A TKE 940 W) 5 R B, I I i
PM, s WS RT A PM, s 17 W b T i, 9 KSR e 24 D
IS, H I PSR v B Y A (R R B2 50%; 1 K8
SEFEN B, B R DTS YRR 67%; 24K
SEEEAN F OB IR L, RS Y 85%.
TKE % O5 JUs il 5 MR AT 8- AR L5 O5 122/
IR RIS BE N (8:00~20:00) P 3 A o R $fr 1 %
MIZZ 5% 0467 (K 5)F1 0.537. TKE % A O,
(200m 5 b THIVA B 2508 R 52 0 5 4 W), HOAH 5 &

HAEEFMEZREER T 0737 R 0707 4
B TKE Ml Os JFUm kR0 K, TKE
N 0~0.5m>/s” I 3o 32 2L B2 O (1A R
FES RN IR O BTV 17 150 66 1159, TKE A

0.5~1.0m>/s” I 3 L85 59,05 Tk B 1) 1 B 22 e A
K524 TKE 4 1.0~3.0m>/s” Isf i o, A 10k B 2
W Os FI) R SR O3 R E 1H) _L4ik fE
71,05 R 5 T S A B, TKE KT
3.0m?/s” I T o e, 30 AT U A R B L
I T XU K, 05 /K PRI TE B e 2018 4R
ZERIN I TA], 24 TKE 6 AL 4 AN X a) i i Os i &
T 43 1) S (57+42)ng/m’ (72+70)ug/m’,(115+80)ug/
m® FI(88+50)g/m’. 5 75 W 39 [7), K2 4 et
XTHUTHT O3 W RIAO; HAT— 2 (5, W3R 4 FioR,
Bt R BE I N, M T O IRBEFIAO; WA 2 %
8,24 KR E ARy A R B I R O3 V5 R RS
WEH R 37%; MRS e FE S C R D I, R O
15 R RAMEEEN 12%; 4 KSR BE 55400 E R F I,
I O3 75 G ] WL i IR A VR X i O ¥R 5
A # T E A R, [ X AR SR KR TR EL L
AE G o b R Oy WRFEFRSETH s i JR R 2
— U M O3 S5 1Y -5 3 M 1 O 1T 5 17N %
RIS A P T 4 M 40m w5 1 (T EE Bh i
FES I O Bk I HAT I BG4 B
(A 55 228050 9 0547 FI-0.617" . 2= 24 3 1 X



4 34 HHUR S R A5 B 3 50 A K S 52 1581

MK T omys, B Oy b THIE B I ,05 PR BE N
(60+£29)ug/m’; 43 FLIHJE 4 0~—0.1m/s 1,05 FHHk
J& A (87+36)ug/m’; 24 1 B 5 4 —0.1~ —0.3m/s H,0;
SRR E b (121245 )ng/m’; 24 T L /N T-0.3m/s
5,05 P9 A1(101£30)pg/m’. 2018 4FEH 2 40m
TR ()P 2 T A A-0.06 m/s, fHAEAE O WS
Y H (- 34 3 L 4 -0.15m/s. 1] WL, 55 R TiE 5l
XA HTHT O < FE38 N fry 5 M A FH 4.
2.4 WLIIYIE] SR PM, s A1 O 5 Yt Lo Hr
241 W PM,s s geid Bt 2019 4F 1 H
10~14 H REHI X H I — S0 H AQI i 200
P 5 Je R AR R v e FE Rl (10 H 7:00~14 H
23:00), 1 25554 PMy s JiUER IR JEBMEIE 3 213 g/
m’, H PG Y ] TS QR 84%. MRS K
A Hr,1 H 10 H ZE AR X 5 52 59
PE,850hPa LU f P59k 3, mU i 3 R AL T
FEREIX RS 3AFR e 1 BV R 16 R A A
R GEAT 75 G POER 2,10 H 20:00 5%
FOABE G YK 11 HA A, R X B
KVEHZX,12 H 03:00 K FFUHHILE RS, H4E
FEA 13 1 09:00, 411 o T35 T 003 DA S /N AL
VI PR A 440 SR A7 P SR BRI 1 K PM, 5 JT
FIRIE M 242pg/m’® T4 310pg/m’, 43/ T ik 3™
FYG YK 13 H A1), K2 59 23 /S 8, 253U
BATHTUF A2 PMy s SRR 4ERR7E 200pg/m’
PAE12 HRERE 13 H B4, — K354 2 ST R %
M) 35T v B {0 b X, 52 e T % S ), 2 R R
KB FG YKV, PM, s SRR E T 4 330pg/m’.13
F /- 18], 5204 25 /S5 W, DK 250 BUARR A GH G PR S A,
RE UL AT BT [E] TH PM, s R EMS AT TR 13 HATA], R
b DX B DAy 55 i s 34 i, Bt A R 9k, PML s Joi
WIE RS T i R B Y e R 14 HIK
T B 4 4 25 AR N R, 25 R T s A v ek
P 2 45 0.

PNERVSEE SN 0kt & U B € S
A LA 2(E 6),10 H IR, KA 2 455 e,
KARERELL ¢ M D AETKE A 0.5~1.0m%/s%,
PM, s WSS PR A T 1,10 H A2 Ta), 0 1 i i
IR KA Y A R B, TKE KR
i 1) £ 0~0.3m’/s”, KA RE FEIA B E, 4 11 H 03:00,
I b T T B kR R B 32 -0.94°C/100m, K

AR EHATHREE )N BB ANRES KT PMy s iR
WL F] 214pg/m’ 11 H AR, KT B A
YRR /KT, TKE {XAE 12:00 R J5 5 F12 0.3m?/s%,
TR B AT BE T B b1 PM s REEETH R &
250pg/m’,120m F1 200m 515 K] PMas Jit ik 35 2]
T 150 F1130pg/m’. 11 HA A 13 H L4 B SR
ST AN A R AT b I T B3 R W] S B, e
TH T YRR 120m oAy, HE TRAFAE 4~6°CIH)
SR, DA I, il B 120m AT 200m 7 LI PM; s
JR R P W) S A T R T PR TS e R SR R,
A543 Sk 3] 150 F1 128ug/m>.13 H 48], §574 45 1)
(EIUN SR bR i3 W= N e Tig: INIE ILE S <
FEZy2h 1°C/100m R38R )2 45, TKE %A W Wik T,
DAL b 243 50 2 B AT BT L e APLATY 4 o 1 T 82 7 oK
P13 A [R) B A T i 5 B 4 42 3°C/100m, TKE B 42
0.2m°/s> LL N, PM,.s Jot 3¢ R0 300pg/m’.14
H4 5, TKE F+4 0.5m%s* BL b, i TR T B 53
ZAF I M T PMy s ITEIRFEA BT 1 F%,1H 120m Al
200m 1= 5 ) PMos W AT B T 14 H 21:00 #ijJE,
24 S TR 2 S R FUR L TKE THE 3mY/s
3y N S £ Rl NG 7 N 2 e e R E b2 S s W
KR S R KT

SR LR TG Y R KSR JE S AR

HIBWER TKE M7 5 Z I 4R PM,s
SRR AT B (o) B, RS TE B A PRI
AR VR 55 3 2B T AR TR A A P A 2.
242 O v5 R ET 2018 4F 6 J1 6 HIA
8 H 10 H R HIL T P IK O iy Yeid f2, L il
XFPUGERE I Oy BB SR FE R EE
AT 7347, T LA W HAE O5 Vo Y b (1)5%
i 4 H.

6 H 6 HH e m ik F] 38.5°C,10:00~14:00
SRR ANR S SR N 43.7W/m?, R R
35%(El 7), TG AAFFI T E VA S O AT, 4
H IR T 52 A0 R 374 1), R X A B B4 5 X3,
K RI R AR O5 (1 SRR IR Os
THYERERTHAGS H 31 H~6 H 5 H), KE#—HAT 05
FEVGY4L6 F 5 H O3(MDAS)KJY CLik # 202ug/m’.5
2 1)~ 24) 3 58 4-0.49m/s, TKE 4 3.8m™/s%, K
RAEFY BAMATER Os I kAR A L6 HA
(i), T B E A TKE AT o9, (EUT Hb T 4 i K



1582 LR 7 A & I 2%

THREE O3 IRBERINE, 1R pExt O BRI HARKFYTE EUE R 0m/s, TKE 2974 1.5m%/s’,
FLEETE 6 H Os(MDASWKSEIAR] 337pg/m’>7 H KAIREY BRI T O5 11 R4k, [l I Bt b
AR B AR AR 6 HABIAVRIT Os ARG IR 7 T XU 48 5k 59,05 PR H W 2 R

100

15000 —

- (a) FJE]J_IU ~--’+E%T/x)f£“‘ﬂ—>ﬂ?\g(4m/s) %0 S

{% 10000 o =

= ;;}“W»y\;t,awm@ P ak 7&4—4%»%;'%’;—@, b 60 =

99 5000 = > Vo402

Jm =

=
1

o 400

¥ 300

[31‘-] =)

e g 200

< 7 100

[= 9 ——

JE o o T TKE - EE AR =R NE %
—~ & r c N
°:(\,, ;_H ER /- \, ‘ ] @ g
e |®Db \ I \’ 0 =S
g2rel ] ° e S
2oleB || |||| 129

KA uml"""'h s U] e .|. n .lll"l"llll"llnllln defllina I .II"h A 2

(=}

00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00
I 2
6 20194 1 H 10~14 HRE DT E DL AHXHERE . IR KU PM, s BRI BERT TKE AR/ TRGE B Tl T FLE IR
ALK
Fig.6 Visibility, relative humidity, wind speed and direction, PM, 5 mass concentration, TKE, atmospheric stability and vertical

decline rate of air temperature in Tianjin during January 10™ to 14" 2019

~ 60 _ i _
E 50 :(5) L@ — - - AR M — 4 180
2 4F0 , NS
= ~35F ’ I s &
R 30 F e . - ! e
T e o 4, s I S Wi 0 E
S 10F 25¢ P \/‘_ 20 =
o 0
OME 500 ® :
D 400 | — M -—-120m----200x}1_n, .
B
¥
iz
wﬁ
S ! ! ! ! , .
6 : 0.5
© — TKE  --- % P J ) %
% N Z
E 4 N 0.0 =
g2 :
~
0
0:00 12:00 0:00 12:00 0:00 12:00 0:00

I %1
7 2018 4 6 J1 5~7 HIGA I DAl ADRHGAE . ) WG . S AME ST 9,05 BRI EA TKE. 3 FLg AL Dt
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vertical velocity in Tianjin during June 5™ to 7, 2018
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