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Ozone Sensitivity Analysis and Emission Controls in"Dezhou in Suminer,.{,'.!" y
YAN Ru-sha !

(State Environmental Protection Key Laboratory of Formatlon and Prevention of Urban Air Pollution Complex, Shanghal A!Cademy of

Environmental Sciences, Shanghai 200233, [China) [ { o~ .

Abstract: In recent yedrs there have been frequent ozone pollutlon episodes in Dezhou G'hmd In the stmmer of 2018 ( from; Aune to

— -

August)’,  Dezhou expenenoed serious ozone pollutlor-l eplsodes The daily 8-hour max1mum “ozone  concéntrations exceeded the natlonal-
standard for 60 l‘lays with' the standard exceed‘lng tatl{ of"'éﬁ% The average of dally 8-hour mexlmum ozone concenitation—was 176 i
pg-m7’ over these three months, and the highest value redched “was 262 pgem . Tn'thig study’,. the WRF-CAMx model Loupled with the
higher-order decoupled direct method (HDDM) was used o analyze the ozone sensnwlty‘?dnd emission control plans in Dezhou durlng,thls
peried. The results showed that ozone fOImatlop Wals in the/strong VOC-limited regime/in the urban area of Dezhou, while it was'in the
NO, ind VOCs transition regime in suburban areas. VOCS sensitivity values (dO,_V5,) were positive eyvery day in summer, which was
= -3 -3 -3

higher in June (18.7 pg'm " in urban area, 19.7 pgem-in s_t_l_bﬂ'fbdn area) and August (15.3 pg-m™ in urban area, 16.4 pg-m

in suburbafarea) than in July (13.0 p,g-rrf3 in urban afea, 11.8 pg-m™ in suburban area). NO_ sensitivity values (dO,_N ) were
positive gt negative in the urban area, and most days were positive in the suburban area, which were close to the VOCs sensitivity values.
For urban areas, VOC reduction should be the priority for emission reduction plans, whereas for suburban areas, NO,: VOCs =1:1 is
recommended because the reductions in NO_ and VOCs emissions had the same effect on ozone pollution control.

spatial-temporal

Key words: ozone; sensitivity analysis; higher-order decoupled direct method ( HDDM ) ; reduction controls;

characteristics

KAH 80% ~90% MY R4 (0,) FLE T 7T
TiLZ | B B WIS A PH 8 A B O (B R 2
RGO, IR RS, QS Tk B S T S AR

PR, BAE 1990 4F Sillman 281 5t R H X 800 A2
BRI TR E LA e NO, 5 0, A e L E
X FR, Fra L T =FZ B EKMA % &, b5

K EY) e fa R 3. R, B 1B X2 O, W S
BT R R KA IR U hy S T 1 IS ) —.
SHRZE 0, & T RS NO, Fl VOCs ik, 78
KBAFRS I APE T, e — R AR 2= B Ak 2 s g A
B AR T3k s X, R 3 Ak R A R, &
Tl 328 45 S K = HE i NO, FiT VOCs 45 i {4
Y AR O, 15 YL n] 8 H 3500 .

T 0, J& AR ™Y, SHiAY No, A
VOCs ZHIFAER A AR R, X T & A Wi
SHLIX T, O, SRR 2 A AR 16 A [] Al o o G
I TR 0, A B BURYE M EE O, MR S HEK
2 [R]85 28 A T A2 O, FT IR 90 11 ik 5 s ) O ke

FIH EKMA hZeokRAE 0, kB S5 RTIARY 22 18] i ¢
AWATEN 2 N0]  IEAE E AN L T
ST O, A BRI I TF- B 2 R0 20 ORI i) £
FERTFETEHE 8715 0 OBM 1 S F By, MY
FO A 3 H %, T AR IS8 3% (BFM) , Wang 451 Al
FH BEM F-B, 7 AN [ i A 4 0 HE A 5, 1152k =
FAHLIX O, A A BUR A HR R SRR R i
R m,ﬁﬂ%frﬁTiﬁt%%%iﬁcﬁﬂﬁﬁ%;m%‘ﬂ?

BRIt 2Z 4b, 38 mT LLR] A H 2 2 88 & 75 (DDM/

Yr7s BHA: 2020-01-23 ; 1&iTHHA: 2020-03-25

HEWE  KCE R SR T H (DQGG0304-18)

EZ BN 2?5 (1988 ~ ), 2o, Wik, TR, FEMFR T NE S
JEEBEAE)  E-mail ; yanrs@ saes. sh. cn



3962 7D 53

B 41 %

HDDM) 3K +34 0, = LR 1, Cohan 2512 7] J]
HDDM (58 F B 43 17 26 [ AR g 3 1 X O /%
PE b nt REE ZE 0, IR IX )8 VOCs 45 i 1M
RRIX K NO, Fl VOCs Hip Al 456", Shen 451 Fi
F HDDM 15 T Bk =48 0, 4= 5 R d 2 8] i) 56
F, R I XS [ i (8] 47 7 48 K 22 5. DDM/
HDDM 5 BFM AHLL, HA R 45 R AR e Mg
VRS S I SRy R RS S I A, I 12

LU ZR 48 1M T 2 2017 4 5276 Rk & ZE I IR 7 %6
2 +26” T Z—, Bl B LE, LA PM, s H
TR 5 Y15 B A GA (0 O, V5 YR8 H 15
M X AQT iAAR 1K, HRTEF XHEEM T 0, 75
YL (AR DA 5 FEA 23 Bl ASBIFGE S T 00 25 44185 A
0, 15 YRR, A ] HDDM (1475 325, 0 B =N 17 0,
Az AR, LI B T O, 15 YB3 i 52 Ml
A

1 MRS i

1.1 WRF-CAMx *E%U i i
ABFFER L WRF CAMx @m}ﬁg P g\ ﬁ
% jZJ £ WHFu-v3 9 1 ( Weather ﬁqsea'
Fore‘castlng)ilzm.f;ﬂir”;| ot ﬁ}fﬁ%’lﬁfﬁ ﬁ
2 fs((DOJ . D02/ D03 ). . ey )’Eﬁ,jg 1 }QJE

34° N DO, D02 Fj-D03 B’vkﬂ?%ﬁﬁ%@ﬁh% 36 |
kinbg36Mhn {12k 12°km il 4 km ><4 km,,il‘j%_tﬁ F

E_ﬁ‘ﬁﬁ% 27 )2, BETUZ K 100 hPa. 4D
FUSI Vel Fl NCEP/NCAR 9 1° x 1° 25k 45

Mot D R4 6 h B —k

AR5 R R 25 TR B AL CAMx-v6. 50 Jit
AL ERI % Carbon Bond 05 S AL 2R B s
KH 14 J2TEH 402, D01 Y A% Bk 252 x 243,
D02 FRIAR K 228 x 135, D03 1Y RIA& I 136 x
173. DO1 A1 D02 % H MEIC HEjig B2, po3 X
R MEIC 8 5 754 T R AR BF 5% 1A BA 5 1)
2017 AFHEAICTE B, KSR IR HE BTS2 i MEGAN-
v2. 10 BRI IO X el B & 1 TR,
1.2 DDM/HDDM J5i%

DDM J7 i 2 4 A T 8 AR 15 0 — P AT 5
THEP Pt R A R A R AU T R4 AR E
WX LSS S LR B A R R 2= )
JEFFR i TS g %%?zﬁ%ﬁﬂﬁﬁﬁm
(AR HERICEE A )4 46 1F A0 251 ?@M&%
Forh DDM 75 S 1y — [5)1 o AP O,
TEAEARSR I P X 5 | .EKXTiﬁcj(HUW%E'HJEEJJ
s i L Hakami % 2 DDM 193
ERO T B RS, B e Ei‘i%&%’”ﬂk‘

(HDDM){ ﬁ;azéifr;%@ﬁﬁ
@ _-l" ﬂ _oC _- "'
Cad b9 Naey e S 4
.“Si‘f - ( ! ap, ) de,8 72
/ﬁ\ﬂlj/ziit(l)ﬁ l@”l‘ﬁﬁlﬂi@ Bl DDM, A3 (2)

S T UEE B HDDM. P, i A S50, Haksh p,
SRR E AR B & O LI, C NI FIR R L —

N

40"

30° [

0 807 90° 1007

110° 120° 130° 1407 E

W GS(2019)1930%

FAREEE k)

1 RERERIXKIERE
Fig. 1 Modeling domain of WRF-CAMx model



9 1

FEUTE ;PRI TR T R A UM ARk B HE T 5

3963

B 0 B R B 5 W e R L A — 2T X
T 0, W X THiAY NO, Fl VOCs HIHERN =,
R ] Fak A

AO, =ANS( + %ANZS{VZ) £ AVS(D 4
AVESE + ANAVS) (3)
Hrpr
S\ = d(0;)/d(NO,)
SV = d(0,)/d(VOCs)
S = d*(0,)/d(NO,)>
S = d*(0,)/d(VOCs)*
&) = d*(0,)/d(NO, - VOCs)

A, AN Fl AV FRIORHTAY) NO, A1 VOCs 1y IHE L
], S\ Ay 05 W ST NO, HERLH — U R AL,
S\ O, WREEGT VOCs HERH — M iU 3 4, S0
0, KT NO, HEHCH — M BUB RS\ i O,
WX T VOCs HEH “ B BUR AR S\ 0 0, e
KT NO, 5 VOCs HidE R ok R
Jf, HDHM FEAEF O, MHT gty
K, V\uﬁﬁ@ﬁﬂszéﬁvﬁﬁ“g %ﬁ% o ]
T SO% 4t By 19 HDDMFHAE L™ i
0, FHIRYIHBE, L NO, 5 VOCs

aﬁi 50% Pt |
r‘ago mﬁ? SN 4O, N dog_*vsomﬁ;m

HIEWAE, 4 dO,_Nyy =5 pgom ™, H dO,_Ng, >2 x
dO,_V,,fif R NO, #&H11X; 24 d0,_V, =5 pg-m ™, H
d0,_V,, >2 xd0,_N, Ik VOCs $#55H11X ; 24 dO,_N,,
=5 wg-m B dO,_Vy, =5 ug-m 7 HPIEETE 2 £
LA, i NO, 5 vOCs Dhlal#El; 24 -5 <dOo,_N,,
<5 H -5<d0,_V,, <5 i AAEfEH X 24 do,_N,,
< -5 H dO,_V,, <5 i, NO,_ jiiE X .
1.3 fERRER

P 2 A S AR ABE UL [19] 119 328 /) B A5 80 S0 SR A
AHIF SR 35 B N T L SR el o W 0 3 A (A T Ik
X)) DA R U SRl (7 T A8 IX) E 47 458 750 o A e
5. 5 R RH SRR O] DU AT I T 2018 4R 2
TEINTT O, W AR a3 (HEXT 6 H A Frfisl, 7
A8 H RAER MR | R AIAE EI IETJ 0, I
{1, BT T I S 40T ~ P

T SR HDDM ﬁ«xwﬁfm’ K
WOMTR T ] I BFM 55 fri%;ﬂxzjté‘jﬂﬁ L T
W, B NO, %ﬂ\‘/ocs ﬁuﬂﬁ 50% i1y 0, e aﬁﬂl
T TR (BREX ) mﬁmﬁfﬁzﬁmcf
R #ﬁﬂﬁsﬁ %ﬁ“;( K 3) , HDDM ﬁ/g '3
BFM # Lt “MZIK% Ml UTE 50% LA Y éllﬂj;%%ﬁéﬁ
—5, Wﬁ%‘*ﬁﬁ?ﬁﬁ; 2 FE T X adb J X 1)
ATIAF 0, 99 L 11, P HDDM 7375 0 ~ 50943 1y

ot i B g4

:}: (a) JLAE SR [l o — W — Bl
e f’ | “ |
% ::}z , l\\ ' l.“ I’ 1A l““ I'lll‘i Hl’ ' ~\
| il ' 1 (| |
SN Y | '-‘MJ“ \M‘
0 . (:)'Liﬁ:;i’ﬁ -
§ 150

: :
= = -+ ES o = = = oo o
2 = 5 o 8§ @ & § 8§ 5
= =3 o = o =1 =1 =~ [ o -
= = = = = = = = = =

&2

07-28
08-01
08-13
08-17
08-21
8
08-29

A (-H)

0, RER EFIIHRR

Fig. 2 Validation of O; concentrations



3964 2 S - 41 %
200 - 200
(a) X (b) %BIX
¥=1.009 6x- 02168 ¥=1.001 8 + 0264
160 I R=09935 160: - R2=09902
g g
& 120 s
1 =
® ®
2 2
g % =
o 5 ba o
40
0 . P 1
0 40 80 120 160 200 0 40 80 120 160 200
BFMf Ji jpg-m™ BFM JiE/pg-m™

3 AIEMIHIR 50 % 5= T HDDM 75i% 5 BFM 75 & 18 X e 3

Fig. 3 Correlation tests between HDDM method and Brute-force method under 50% reduction of ozone precursors

2 #R5itig
2.1 O, fUstkas [
G FiR O, U X

38°00°

37°40

3

37°00°

36°40°

N

38°00°

37°40°

T

37700

36°40°

N

38700

37°40

30

37°00

36°40°

115°30° 116°00" 116°30" 117°00

0, FK 8h e R L2 1445 Ao
. (A SR B T 2 9
BUAGE 7, EEENO,  Ths SEfH R S BB, AT 10,0, e

O fi ik g -m™ T T |
-20-16-12-8 -4 0 4 & 12 16 20

ﬂvmxmﬁw%%m?gmsiﬁéﬁﬂﬂm%
il
Ell

[(a2) I>(aa)

a3

b

NO i X

Pl IX

il

2

VOCs $ifi X

NOf5 X

117°30° E 1153°30° 116°00° 116°30" 117°00° 117°30"  E 115°30° 116°00° 116°30° 117°00" 117°30" E
()6 A5 ()7 A5 ()8 H 3 Bl AR 7 okt
B4 O, BUBETXEHHHIE

Fig. 4 Spatial distribution of ozone sensitive factors



9 4] FEUTE ;PRI TR T R A UM ARk B HE T 5 3965

fiK. 6 A 0, Xt NO, HEBUHUSME Kl 4 (al ) ] K5
X dsf 2 B0 U | BVEIDRE NO, HEil s T30 6 A
HIa] O, WeBE R [ (EAE B Hru3R X, DL K R 3 A g
TS A3 X a5 7 BB T VOCs J8HEXT O, F A= A%
[ 4(a2) ]330 IF MU, 9 HUR R 08 T
NO,. )\ O BUBX AR 7345 0 [ K 4 (a3) ], 1M
6 H HIA 0, 7433t K P X 38U T NO, #1 VOCs
PIMRIE R, 1030 X % 25 B X sk VOCs il 284, %+
PR B0 X D8 NO, Fl1 VOCs HERZEI ek 244
il O, V594 B s, (BT T 3R IX 7E N AT VOCs #2iil X
HIJE NO, 25580 0, W R el A SR

7 A NO, #1 VOCs BU&H ¥ 1Y IE 7 R E S 6
JURRAR, {E AR B4 A T T [, D O, S5k X 4]
SPAE AR K 4(b3) ], P[] 48 i 2 b X G 14 X i
PPN 31X Km0 X AT3 T VOCs 3 X

8 H 0, A ixt NO, [ HUBE A , VOCs A HURR
AT 6 AT HZIE,NO, ﬁUﬂXTfﬁJlljtiKﬁ}Eﬁi
S TE R T A P L X X AT g B
HURPE 1 4 (c1) ], VOCs HU i;ﬂr‘ﬁiﬁéﬁﬁﬁjtiﬁ
B 4a(e2) ], MBI X A 7 4 3T B Hﬁ-’}ll
F il (7 IR L NO, 1 VOCs TJ}H?"?EW%/WE&
Ffﬁiﬁé}ﬂﬁliﬁ VOCs i 7] P4 ( 3.

e 1 IRAMHE, TT LI 6 RN 8 S 0, uﬁi
WAL B P A #i , 7 H*ﬁﬁﬂ%’% Mgl L

7 e, uiﬁJ;DFﬂxIKEE’J%“”ﬁ%'J iﬂlﬁﬁ)ﬁ%ﬁ s g

L KR R 3 A 1 3 VOCs P R,
VOCs HEROW: 81 0, 75 R AUR B 5 19 B ALK
B EZ 3 AR T NO, Hl VOCs BrlE il B
HilgE NO, 1 VOCs HEBOM X 26 4 X X ek #4510,
AR AR B VOCs $5 il B AR ]
RIZEERM A, 6 H Y VOCs F5 il Lk 1 AR 5 ek,
M 7 A MR AL /. Li 220 Fil Wang 255"
FAHIAE 3 7, R 3k T b X 22 DA VOCs #5 #ill U oy
F2, AR LA NO, ¥4l Y 5l 95 2 Bl [ 4 o1 ok 3. A
WRIX T & ik | 28 2% ALK I | VOCs #8468, i R
AU BB IX ER SR HE % BE A1, (EU2 R TP s T 1
MEIBTT , HRORAETE R o PR AR HE T, BRI P 210 X
& T ORI R ik — A A SCik e

2.2 O, HUBMERT R AFAE

DL BT R T H A K 8 h WY ] 145

AR EAREN AR, E A/, O, i)ﬁﬁi@%é@&
Z2 SRR AT ST H EOA N 3 X A 1 S 3k
X[ES5(a)], BB E M ERRBX [ E S
(b) 1,115 NO, il VOCs % Hld 50% L~ 0, H
K 8 h WA H AU, TRLE S, 6 HATS A
HURR BRI R K, 6 H dO,_Ny 1 dO,_V,, H

PIEIRX 5N 2.3 pg-m 18,7 pg-m ™, ZBIX
IR 19,1 wgem HI19.7 pgem ™, 8 A dO,_N,,
il d03_vsoﬁi’ﬂﬁiﬁJzEﬁ%Uﬁ0 1 pg-m™F115.3
pgem L R4k 15.0 wgem A1 16.4 pgem .
7 H Eﬁﬁi@%%&&ﬂ%ﬁ JRIX G RBIX SRR X
—FHE R IX dO, Ny, F1 dO, Ve, 705N 4.7 pgem™®
F13.0 pgem ™, ZBIX 435K 15.0 pg-m 7 1 11.8
pg+-m . ITtahasha %' F] J] HDDM & B, o [ 45 %6
TRIEERRA 22 O, A= i@ T VOCs F5 i B, 1M i
FIRER TR VOCs BUBHEIN S, NO, FUSPE IS 5%
XL S AR 50— IR 6 H (27.3°C)
VOCs BUBMERGR TR R 7 A (28.4C). Bx T
VOCs PIFEUA IE UBHESN ,NO, B H 2 IE U 3SH5 1)
FRAE, JUHSE 6 A8 A IRIX NO, B w4 i B
ey, R B S 2 Hom & ,*HFJEVJ#JIJH??%?XT@EI
APBCRAGANRY XA ) XA A 25 5 -f‘j.-- A

50

—o— d0;_Vy, —— dO; Ny,

(a) $RIX

Os i/ ug-m™

Osfi i ug-m™

Es5 @NmEHEESE O, SREFERAELES
Fig. 5 Diurnal variations in ozone sensitive factors in urban

and suburban areas of Dezhou

2.3 HIRYIHEIE %

R T 2 A A T AS R X 3 O, SO R
TIE LA B A A [l BUR 2 1 DX %) i e D 7 8, 4R B
P AR X PRI hy 38 X3 | B L P R 200 X 3y
SIHTH EKMA il 26 3T 5 [R] i 1447 42 il EL B T
FDBARSCARE , i JR ) U  JE 42 A A 509 L Py,
K6 FE 7 Bz, mriA Sl s oS i 7E NO, A
VOCs BV b B0 FAR 25 (4 A $2 T 2047, B 40, mi ik
Pk EL AR 509 B, %L NO, HER T &0



3966 woom ® % 41 %
NO, HlU 50%, VOCs AHIE ; *FTF NO: VOCs=4:1  /NYEHR T O, WEELA BT, B3] NO, Al VOCs

M5 B 7488 NO, HIl# 40% . VOCs HIIE 10%; X
FNO,: VOCs =3: 11 7 Hl Wk 77 & i NO, Hil 9
37.5% .VOCs Bk 12. 5%, DAL EHE.

M 6(a) B IX 6 AR NO, HERHY
TEOLT, 0, WREEARRER TE, 24 NO, HIWE L BiIh 20%
BF,0, HieR 8 h PR & 1T 1 pgem =, 1M1
HE NO, B Ik 509% B, A BE -5 3 1% 5L A HF
. 24 NO,: VOCs =4 T R HE B 22510 8 &
40% VS HE B A e 5 HEAEE S RFF, 1 NO,: VOCs =
3: 1T ZEHI A 20%, X4 VOCs 1Y LA F — 2035 K
F, 0, B R BT[ K 6 (a2) ], N EKMA fhZk T
DIF SR (EERAE NO, I — M LT 1% A 28 ki

B LN T 3 A58, 0, WA A4 B 3,
MiFEE VOCs HIJ8 LE B 138 K, O, Ve B2 45 T RUUCR Al
AP PR AR 30 X AE 2232 VOCs HEik
TR, BRI —FRAE , 7 3R X 2 1 de LUk HE 7
SN LMAINE, VOCs HEAE A 00 56 7% i, {3 4n 21 5
FRUHE AR S5 75 Gl i 2 X — 15 O, 0 12 ™ A% 45 1l
NO, JsHE .

XFFFEMNZB RS (B 7), 6.7 fil 8 HAEARIR
1 NO, 5 VOCs Bl LI, 0, MREH 2T R, I
HAERTARY I8 L I7E 30% LA N B, 4% A s HE L 151
BEI O, W HIBOR B, 6 AR IAY)
Hilk 30%, S AEE 5 0, HEK 8 h #JE A ¥(E

KIMAE VOCs BISMEE B AW, BIS30 VOCs FTLAR % 4% ~8%; 7 H 45381650 T 4% ~5%;
HIE LIRS, O, B SARR, W —L w7 8 ﬂ%*rﬁBT—Fﬁké% 6%, i 5% 1= E’ J‘I‘I
MIRIX 0 NO, BOURCHE R S5 T AF VOCs MO BURMER: 285 0, 1530 NO, i VOCs Il sl BT i ik
B 18 6 (b) I 6 (o) Wi, 467 RIS sl 55 VOCs il ﬁh@%uﬁ GERGET W
EAEN, a0 AL IR NO, ﬁFﬁi,?‘}ffHﬁ’U /}ﬁ}zjfiii AT AR 5 NO VOCs'=
I % F i I
sk i ngm™
100 123.0 140 i
120.1 p 135 8 —— INO, ~
‘a‘?ﬂ - 5 10} NOVOCs = 4:1 J
= L NO.:VOCs = 3:1
% 80 Kl % :i; NO;:VOC:=2:I
g s 3 il —— NO:VOCs = I:1
g 70 108.6 ']é | — NO:VOCs = 1:2
= 105.8 o 105 | —— NO:VOCs = 1:3
o« 102.9 el | —— NOL:VOCs = 1:4
50 L 100.0 95 — VOCs
50 60 70 80 90 100
O3 )i ug-m™
123.0 . i
1214 & NO,:VOCs = 4:1
119.8 2,[’ 120 | NO:VOCs =3:1
118.1 g NO,:VOCs = 2:1
116.5 = s | NO,:VOCs = 1:1
114.9 & —— NO:VOCs=1:2
) — NOgVOCs = 1:3
1133 Z 1o —— NO:VOCs = 1:4
116 © — a\;sz -
110.0 105
Orfﬁﬂff m™
“1!’3| 3 135 i
1293 st NO,,,:\:OCST4:I
127.2 :=f NO,:VOCs = 3:1
125.2 NI NO:VOCs = 2:1
123.2 % — NO:VOCs = 1:1
121.1 :é 120 } —— NO:VOCs = 1:2
119.1 = —— NOwVOCs = 1:3
= * m . — s
e = 15 b —— NOx:VOCs = 1:4
117.0 S o
s 115.0 110
50 60 70 80 90 100 0 10 20 30 40 50
NOHEH# % A0 50 b 1) %0

(a)6 A5 (b)7 H; ()8 A
BE6 2018 £H6,7 18 AEMBKXHARZKS hiKE EKMA B4R SR

Fig. 6 EKMA curves and sensitivity tests of daily 8-hour maximum O; concentrations in Dezhou urban area during June, July, and August, 2018



9 4] FERVE BN T R 2 R AR R AR Sk %8 3967

OsieiEgm™

R

146.0 150
142.8 E — {INO, ‘
s 139.5 @140 | NO,:VOCs = 4:1
3* 136.3 2 NO,:VOCs = 3:1
= X —— NO:VOCs=2:
% 133.0 = 130 F —— NOZVOCs = 1:1
g 129.8 é —— NOZVOCs=1:2
- 126.5 = 120 — NOVOCs = 133
1233 S — NO.VOCs = 1:4
120.0 - —= Yo
50 60 70 80 90 100
Oz g m™
131.8 135
-129.1 - —— {INO,
o130 f ; i
" 126.4 g NO,:VOCs = 4:1
§. 1236 = 5t NO:VOCs = 3:1
= - § —— NOZVOCs =21
= 120.9 = 120 ¢ NOVOCs = 111
9] 118.2 2 —— NOZVOCs =12
2 1155 = 157 — NOVOCs=13
" g o b —— NOVOCs = 1:4
112.7 — [RVOCs
: 110.0 105
50 60 70 80 90 100
OsfeiEugm™
100 148.0 150
144.9 @ —— faNO
w145 | o [
o 1418 % —— NOZVOCs = 4:1
= = | 4 st
3 g0 138.6 w40 NO,VOCs = 3:1
- = —— NO:VOCs=2:1
% ; 135.5 ; 135 — NOZVOCs = 1:1
o 70 1324 = I —— NOVOCs=1:2
= o 130
- 129.3 nl — NO:VOCs=13
ol 126.1 & 125 —— NO:VOCs = 1:4
: — {¥VOCs
& ; 123.0 120 i . . . :
50 60 70 80 90 100 10 20 30 40 50
NO L H% T A 1t L 151/ %%
r I
) 0T 1 ()8

uil‘l' fﬁJ F

E7 2018 &£ 6 75Fus Bi&E)

%Elaijcs h iR E EKMA B 28 SR M i

Fig. 7 EKMA curves and sensitivity tests of daily 8-hour maximum O; concentrations

in Dezhou suburban area during June, July, and August, 2018

RBIX F A I 7 5.
3 &g
(1) FE2S a] b, A T o 3 X S VOCs 4 il

AL RIHIE NO, HEBCAETE O, Wk B i i 5l T 85 X
K ; ZBIX A NO, 5 VOCs ’rj}lﬁji‘/’*ﬂiﬂiﬂ, RIHI 3 NO,
5 VOCs Bfgik #4561 0, V544 ny H Y.

(2) 7Rt k=, 6 H ﬂ%u 8 J A U R B b iR
FERCKR, VOCs BUREBER , Hirb 6 FJ do, Vsoi;ﬁjil:
F18.7 pgem 7 AR K 19.7 pgem ™, 8 HdO,_
WX A 15.3 pgem 7 ZBIXN 16,4 pgem ™10 7 H
dOS_VSOﬂEEIXﬂ?KE%E'UJ 13.0 pg-m ™ I 11. 8
pgem "y NO, BUBRME IR X RB X 22 F 88 K, 30k X 4 H
%Eﬁix%ﬂﬂﬁ AR, AR X KR 4 b IR, JF S
VOCs B E A EIT, 6.7 A1 8 H dO, _Ny, 55k
19.1.15.0 Fi115.0 p,g-m_3

(3 ) 38 2 X6 AP 3k DX FRHARTS DX A 4 1 ik 28 1)

3T, TR IX R VOCs 451, B Ik i % i PLAY

VOCs Bl ¥ Ry 05 , B 200 58 JC 125 0 2, 2 7™ #4251l

NO, 55 VOCs Bl Le ] ; %R X J& T NO, F1 VOCs

DI A L DR 2 DR ASCR B A A Y, 5 IR 2B

IHERRAEIL L NO, 2 VOCs = 1: ARG

SE Lk

[ 1] SillmanS, Logan J A, Wofsy S C. The sensitivity of ozone to
nitrogen oxides and hydrocarbons in regional ozone episodes[ J].
Journal of Geophysical Research; Atmospheres, 1990, 95(D2) .
1837-1851.

[2] Z4, BEM, TG, 5. B E R EUEF B2 K
B AR T ]. BREERLSE, 2017, 38(10) : 4100-4107.
Li L, Zhao Y M, Wang X G, et al. Influence factors and
sensitivity of ozone formation in Langfang in the summer[]].
Environmental Science, 2017, 38(10) ; 4100-4107.

[3] XulJ M, Tie X X, Gao W, et al. Measurement and model
analyses of the ozone variation during 2006 to 2015 and its
response to emission change in megacity Shanghai, China[J].
Atmospheric Chemistry and Physics, 2019, 19 (14 ). 9017-
9035.

[4] Qian Y, Henneman L. R F, Mulholland J A, et al. Empirical



3968 7D 53

Es 41 &

[5]

[11]

[12d%

[13]

[14]

[15]

[16]

[17]

development of ozone isopleths ; applications to Los Angeles[ J].
Environmental Science & Technology Letters, 2019, 6(5) : 294-
299.

Ou J M, Yuan Z B, Zheng J Y, et al. Ambient ozone control in
a photochemically active region; short-term despiking or long-
term attainment? [ J]. Environmental Science & Technology,
2016, 50(11) ; 5720-5728.

Sillman S. The use of NO,, H,0,, and HNO; as indicators for

in urban locations [ J ].

1995, 100

ozone-NO, -hydrocarbon sensitivity
Journal of Geophysical Research; Atmospheres,
(D7) 14175-14188.

Witte J] C, Duncan B N, Douglass A R, et al. The unique OMI
HCHO/NO, 2008 Beijing Olympics:
implications for ozone production sensitivity [ J].
Environment, 2011, 45(18) ; 3103-3111.
Schroeder J R, Crawford J H, Fried A, et al. New insights into

the column CH,0/NO, ratio as an indicator of near-surface ozone

feature during the

Atmospheric

sensitivity[ J]. Journal of Geophysical Research: Atmospheres,
2017, 122(16) : 8885-8907.

Ling Z H, Guo H, Zheng J Y, et al. Establishing a conceptual
model for photochemical ozone pollution in subtropical Hong Kong
[J]. Atmospheric Environment, 2013, 76 ; 208-220. =

Cheng H R, Guo H, S M,

photochemical ozone formation in the Pearl River Delta with a

Saunders et al. | é{sséssing

photochemical trajectory model [ J].
2010, 44(34) : 4199-4208.

Atméépheric Eﬁv@mnmenl,

,.-W ang X, Lharig Y, HuY, et al. Process analysis ahd sexﬁltly-rry‘

study of r,a:gmna} ozone formation over the.dPenfr.l )ﬁﬁ;er.ﬁf elta,
China, dq‘_rff]g the PRIDE-PRD2004' (’ampalgn using the
| community; multiscale  air quality modelmg syslem [I]
_+ Atmospheric Chemlstry and Physics, 2010' 10 (9 ).-‘ 4423-

4437

Cohan DS, Hakaml ATHu Y T, e al Nonhnear}@spons&—of

i ozone.to emlssmns source apportionment and sensitivity anal.ys

[JJ Environmental Science & Technology, 2005, 39 (17):
6739-6748.

e, 2, B, A JUROT R BT AR 4 ) X Y
SRR )], JERRAEAR (A RBAM) | 2014, 50(3)
557-564.

Nie T, Li X, Wang X S,
distributions of ozone-precursor sensitivity regimes in summer over
Beijing [ J ]. Acta
Pekinensis, 2014, 50(3) : 557-564.

AL, B, R, A R E R RS AR IE I
RIRB M [T, JEmiR2A 4 ( B ARFRRR) | 2017,
53(5): 929-938.

Hong L N, Huang Z C, Qin M M, et al. Simulation of pollution
characteristics and source apportionment of ozone in Tianjin
time [ J]. Acta
Universitatis Pekinensis, 2017, 53(5) ; 929-938.

Shen J, Zhang Y H, Wang X S, et al. An ozone episode over the
Pearl Delta 2008 [ J 1.
Environment, 2015, 122, 852-863.

EidE, k%, # &, 5. CMAQ-DDM-3D 7£ 4 i i ki ¥
(PM, 5 ) RIETTHE R [ T]. MRl 24224, 2013, 33
(5): 1355-1361.

Wang L T, Zhang P, Yang J, et al. Application of CMAQ-DDM-
3D in the source analysis of fine particulate matter (PM, 5)[J].
Acta Scientiae Circumstantiae, 2013, 33(5) ; 1355-1361.
Skamarock W C, Klemp J B. A time-split nonhydrostatic

et al. Characteristics of the spatial

Scientiarum  Naturalium  Universitatis

during  summer Scientiarum  Naturalium

River in  October Atmospheric

atmospheric model for weather research and forecasting

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

(28]

[29]

[30]

[31]

[32]

[33]

applications[ J]. Journal of Computational Physics, 2008, 227
(7): 3465-3485.

NCEP. NCEP FNL operational global  tropospheric
analyses, continuing from July 1999 [ EB/OL]. https://rda.
ucar. edu/datasets/ds083. 2/index. html, 2019-06-21.

CAMx. Comprehensive air quality model with extensions [ EB/
OL]. http://www. camx. com/home. aspx, 2019-07-02.
Yarwood G, Rao S, Yocke M, Updates to the carbon
chemical bond mechanism: CBO5 [ R ]. Report to the US
Environmental Protection Agency, RT-04-00675, 2005.

Li M, Zhang Q, Kurokawa J I, MIX .
anthropogenic under the
collaboration framework of the MICS-Asia and HTAP [ ] ].
Atmospheric Chemistry and Physics, 2017, 17(2) ; 935-963.
Guenther A B, Jiang X, Heald C L, The model of
emissions of gases and aerosols from nature version 2.1
(MEGAN2.1 )

modeling

model

et al.

et al. a mosaic Asian

emission  inventory international

et al.

an extended and updated framework for
biogenic [J1]. Model
Development, 2012, 5(6) : 1471-1492.
Yang Y J, Wilkinson J G, Russell A G. Fasl dll'f‘(’t SPnSIthlty
analysis of~ multidimensional photochemlcal gmd:alls 171
Environmental Suence &' Technology, 1997%731 ( 10) . 2859-
ZDSG?( i Gl 4 an
unker A M Yarwood i, Ortmann J P, et al (}Jmparlson of
source apporllonmem and Isource sensitivity of ozone in.4 thne'.é-
model LI,
TechnologyJ 2002, 36 ( 13) 2953 -2964. ’
Napelenok S Ly Cohan)D S" Odman MT, et al Exlenalon -a’nd_-’,
evaluation of sensitivityganalysis capabilities in a photochemlcﬁ]
model| J] fEnVironmema{l Modelling & Software , 2008, 2'3(‘8) :
994-999: "
Hakami. A, Odman M T, Russell A G. High-order,
sensitivity analysis of multidimensional air quality models [ J].
Environmental Science & Technology, 2003, 37 (11). 2442-
2452.
Jin L,
formation and transport for a central California air pollution
episode[ J ]. Environmental Science & Technology, 2008, 42
(10) : 3683-3689.

Ttahashi S, Hayami H, Uno I. Comprehensive study of emission

emissions Geoscientific

dlmenqmnal air’ quaht Environmental 'Science &

direct

Tonse S, Cohan D S, et al. Sensitivity analysis of ozone

source contributions for tropospheric ozone formation over East
Asia[ J]. Journal of Geophysical Research: Atmospheres, 2015,
120(1) ; 331-358.

Li K, Jacob D J, Liao H,
improving ozone and particulate air quality in China[ J]. Nature
Geoscience, 2019, 12(11) : 906-910.

Li K, Jacob D J, Liao H, et al. Anthropogenic drivers of 2013-

2017 trends in summer surface ozone in China[ J]. Proceedings

et al. A two-pollutant strategy for

of the National Academy of Sciences of the United States of
America, 2019, 116(2) ; 422-427.

Wang T, Xue L K, Brimblecombe P, et al. Ozone pollution in
China: A review of concentrations, meteorological influences,
chemical precursors, and effects [ J ]. Total

Environment, 2017, 575 . 1582-1596.
Jin X M, Holloway T. Spatial and temporal variability of ozone

Science of the

sensitivity over China observed from the Ozone Monitoring
Instrument[ J ].
2015, 120(14) ; 7229-7246.
Ttahashi S, Uno I,
tropospheric ozone over East Asia based on CMAQ-HDDM[J].
Atmospheric Environment, 2013, 70, 204-217.

Journal of Geophysical Research: Atmospheres,

Kim S. Seasonal source contributions of



HUANJING KEXUE Vol.41  No.9

Environmental Science (monthly) Sep. 15, 2020

CONTENTS

Characterization of Two Heavy Pollution Episodes in Tianjin in 2020 «+sxssessessessssssmsessnisstntnsnisntisisinsnisns s XIAO Zhi-mei, XU Hong, CAI Zi-ying, et al. (3879)
Analysis of Characteristics of Water-soluble Ions in PM, s in Chengdu Based on the MARGA YIN Han-mei, CHEN Jun-hui, FENG Xiao-qiong, et al. (3889)
Seasonal Characteristics and Source Analysis of Water-soluble Inorganic lons in PM, s in Sugian Cit MA Hong-lu, ZHAO Xin, LU Jian-gang, et al. (3899)
Characterization and Size Distribution of Carbonaceous Aerosols at Mountain Dinghu LI An-na, WEN Tian-xue, HUA Wei, et al. (3908)
Characteristics and Source Apportionment of Carbon Components in Road Dust in Anshan ««-«+«+ssssessessesesmensinnsninnnnn e LIN Zi, JI Ya-qin, LIN Yu, et al. (3918)
Spectral Characteristics and Source Analysis of WSOC of PM, 5 in Winter of Xi’an +reseeeeeeresesssssimnsiniinnsne YANG Yi, ZHANG Ya-nan, LIU Huan-wu, et al. (3924)
Observation of Aerosol Optical Properties and New Particle Formation in the Yanglze River Delta  ++eeveerereeevssesenenienninencnienns DU Ying-ying, CHEN Jun, ZHANG Jia-luo, et al. (3932)
Component Characteristics and Source Appointment of Volatile Organic Compounds in Lianyungang City =~ ««+eeseereesserensenmsencnennenes CUI Jin-meng, WANG Ti-jian, LI Qiu-tong, et al. (3941)
Seasonal Pollution Characteristics and Analysis of the Sources of Atmospheric VOCs in Chengdu Urhan Area «eoeesvereesesesenenssenen WANG Cheng-hui, CHEN Jun-hui, HAN Li, et al. (3951)
Ozone Sensitivity Analysis and Emission Controls in Dezhou in Summer «+:«+essessesesessensesentnenennsinints YAN Ru-sha (3961 )
Inventory and Distribution Characteristics of China’s Thermal Power Emissions Under Ultra-Low Reconstruction - QU Jia-hao, WANG Peng, BO Xin, et al. (3969)
Establishment and Spatial Distribution of Anthropogenic Ammonia Emission Inventory in Zhejiang Province ZHAO Rui-dong, YU Xing-na, HOU Xin-hong, et al. (3976)
Evaluation and Screening of Dioxin Control Technology in Waste Incineration Flue Gas — +we-veeseeeresrersssmemensssininssiiissenn ZHAO Si-lan, XI Peng-fei, GUO Feng-yan, et al. (3985)
Characteristics of Stable Isotopes and Moisture Sources of Two Typical Precipitation Events in Lanzhou City +++++eseeeeseeeeeeeees HAN Ting-ting, ZHANG Ming-jun, WANG Sheng-jie, et al. (3993)
Hydrochemical Characteristics and Possible Controls of the Surface Water in Ranwu Lake Basin - veeeereeseesesenienennininenenes ZHANG Tao, WANG Ming-guo, ZHANG Zhi-yin, et al. (4003)
Chemical Evolution and Formation Mechanism of Groundwater in Hetao Irrigation Area —+:«+s«ssesseseessserensenmnenensinininissinene CUI Jia-qi, LI Xian-yue, SHI Hai-bin, et al. (4011)
Chemical Characteristics of Groundwater and Material Sources Analysis in Shigi River Basin «+«esveseeesesrerserssienenennininiiiie LI Xiao, YU Shi, LI Liang, et al. (4021)
Spatial-temporal Variations and Driving of Nitrogen and Phosphorus Ratios in Lakes in the Middle and Lower Reaches of Yangtze River ~+++-++s+:e+: JI Peng-fei, XU Hai, ZHAN Xu, et al. (4030)
Spatiotemporal Variations in Nutrient Loads in River-lake System of Changdang Lake Catchment in 2016-2017 ++ LI Xin-yan, LI Heng-peng, JIANG San-yuan, et al. (4042)
Influence of Potamogeton crispus on Lake Water Environment and Phytoplankton Community Structure KANG Li-juan, XU Hai, ZOU Wei, et al. (4053)
Phylogenetic Processes and Key Driving Factors of Bacterial Communities in Jinze Reservoir +«+«ssssseeeseesersnesienenenninienienennenne LIU Ming-kun, TONG Jun, ZHU Huifeng, et al. (4062 )
Distribution Characteristics of Per-/polyflouralkyl Substances in River Sediments Around Typical Fluorine Industrial Parks —+:esseoveeeesesneneees SUN Lin-ting, ZHAO Zhen, TANG Jian-hui (4069 )
Microplastics-Induced Shifts of Diversity and Abundance of Antibiotic Resistance Genes in River Water ««+-+-sseseresersenseeseneneeees ZHOU Xin-yuan, WANG Yan-zi, SU Jian-qiang, et al. (4076)
Pollution Characteristics and Risk Assessment of Antibiotics in Lianhua Reservoir —+veseersersernemiemneneniennieniinns LIAO Jie, WEI Xiao-qin, XIAO Yan-qin, et al. (4081)
Intraspecific Variation in Growth and Alkaline Phosphatase Activity of Cylindrospermopsis raciborskii Strains in Response to Different Phosphorus Concentrations and Sources =«++++xessesseseeeees
"""" YE Jin-mei, ZHAO Li, LUO Xu, et al. (4088

LI Ya-juan, DU Yan-liang, BI Er-ping, et al. (4095
ZHANG Jia-wei, LI Tian, ZHANG Ting-xiu (4105

Simulation of Water Quality Response of Guishui River Wetland Plants and Water Diversion

Performance Assessment of Field-scale Dry Grass Swale with Shallow Substrate Layer

)
)
)
Transition of Particulate Pollutant in the Parcel-based Catchment of Sponge City — «+s+esssssessessesseremsnmnsninssinnts LI Jia, XIE Wen-xia, JIANG Zhi-hui, et al. (4113)
Adsorption of Sh( V') in Water by Natural Pyrite: Performance and Mechanigm ++sssseserereesesmsensnsmissimsnsiissises SHI Song, WU Qian-yuan, LI Xin-zheng, et al. (4124)
Treatment of Wastewater Containing Naphthalene Sulfonic Acid by Persulfate Oxidation «+«+esesseereereserenenenenieniennnnns ZHANG Jin-men, LU Jun, LIU Xiao-chen, et al. (4133)
Effect of Temperature on Performance and Microbial Community Structure of Anaerobic Biofilter-Treated Domestic Wastewater — «++++xeee-e+ LIU Zhi-bin, LIU Xiu-hong, ZHOU Tong, et al. (4141)
Start-up and Optimization of Denitrifying Phosphorus Removal in ABR-MBR Coupling Process +:«+eseereereeesesenenmsimnienenieinenne MIAO Xin-nian, WANG Qian, GUO Kai-cheng, et al. (4150)
Adaptability of Completely Autotrophic Nitrogen Removal over Granular Sludge to Low-Strength at Low Temperature - + LIU Yu-xin, WANG Jian-fang, QIAN Fei-yue, et al. (4161)
Discussion on Key Issues of Geochemical Monitoring of Soil Heavy Metal in Xiong'an New District «++eeeseseereereeresienenensinnienennns GUO Zhi-juan, ZHOU Ya-long, YANG Zheng, et al. (4169)
Quantitative Assessment of Human Health Risks Based on Soil Heavy Metals and PAHs Sources; Take a Polluted Industrial Site of Beijing As an Example —«+eoeereereereesemenensenencnennnnen
............................................................................................................................................................ WU Zhi-yuan, ZHANG Li-na, XIA Tian-xiang, et al. (4180)
Ecological Risk Assessment of Heavy Metals at Township Scale in the High Background of Heavy Metals, Southwestern, China ~ ++-++-- ZHANG Fu-gui, PENG Min, WANG Hui-yan, et al. (4197)
Potential of Accumulation and Application of Dominant Plants in Lanping Lead-zinc Mine, Yunnan Province «+«eseeeeeseerereesesiesenennes ZHANG Long, ZHANG Yun-xia, SONG Bo, et al. (4210)
Key Growth Stage of Ph Accumulation in Rice Through a Hydroponic Experiment with Ph Stregs «+«+reeseesereersersenesienienenninicnnninens HU Yu-dan, ZHOU Hang, GU Jiao-feng, et al. (4218)
Effect of Nutrient Regulation and Control on Cd Accumulation Efficiency of Hylotelephium spectabile Under Field Conditions ~ ++«++++++++++: GUO Jun-mei, YANG Jun-xing, YANG Jun, et al. (4226)
Effects of Eucalyptus Branches Biochar Application on Soil Physicochemical Properties of Acidified Soil in a Eucalyptus plantation in Northem Guangxi
......................................................................................................................................................... DAUN Chun-yan, SHEN Yu-yi, XU Guang-ping, et al. (4234)
Dynamic Effects of Direct Returning of Straw and Corresponding Biochar on Acidity, Nutrients, and Exchangeable Properties of Red Soil +««+eersesesessesenenenenienenisiininensininnnnn
.......................................................................................................................................................................................... YANG Cai-di, LU Sheng-gao (4246)
Different Responses of Soil Microbial Community Structure to Irrigation with Treated Wastewater from Domestic and Industrial Sources —+eseseereesseesiemenenminenin
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yan, CHENG Dong-hui, TAN Wen-bing, et al. (4253 )
Effects of Manure and Organic Fertilizer Application on Soil Microbial Community Diversity in Paddy Fields «e-eeeeeerereeresenenensennen LI Peng, WU Jian-qiang, SHA Chen-yan, et al. (4262)
Effects of Land Use Changes on Soil Bacterial Community Diversity in the Riparian Wetland Along the Downstream of Songhua River —«+++++ ZHANG Tuo, XU Fei, HUAT Bao-dong, et al. (4273)
Response of Soil Bacterial Community Structure to Precipitation Change in Grassland of Loess Plateau LI Na, WANG Bao-rong, AN Shao-shan, et al. (4284)
Effect of Land-use on Soil Fungal Community Structure and Associated Functional Group in Huixian Karst Wetland CHENG Yue-yang, JIN Zhen-jiang, WANG Xiao-tong, et al. (4294 )
Interactions of Fungi Community and Relationship with the Carbon Structure in Arable Mollisols with Gradient Organic Matter Content —+-«+x+sseseesseresssereresimenenniinininsie
......................................................................................................................................................... SHANG Qiu-tong, HUANG Rui-lin, NI Hao-wei, et al. (4305)
Diversity of Soil Eukaryotic Microbes in Different Succession Stages in Maolan Karst Forest of Guizhou =~ ++++eeseeesereresesiemienensinieneneennes WANG Xian, LONG Jian, LI Juan, et al. (4314)
Adsorption of Cadmium and Arsenic by Corn Stalk Biochar Solidified Microorganism —+«+s«sssssesseesesesenssimnsnensinineneisnenee LIU Yu-ling, ZHU Hu-cheng, PENG Ou, et al. (4322)
Mechanism of Inorganic Nitrogen Transformation and Identification of Nitrogen Sources in Water and Soil = «+s+sseeseereesrsenensessnenneees LIANG Xing, SUN Li-qun, ZHANG Xin, et al. (4333)



	组合
	封面
	中文目录


