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Characteristics and Reactivity - of VOCs in Hangzhou During a Typlcal

Photochemical Pollution Eplsode L~ L A -

JING “Sheng- ao YE Xu-hong®, GAO Ya qln PENG Ya -rong' ", LI Yung -jie", WANG Qlan SHEN Jian-d(u)rrgf..,“'
WANG Hong- hr ¥ i 4 * A : ';'
(1. State EnVIronmental Protection Key Ldboratory of Formdtlon dnd Prevention of Uer:l Air Poltiition Gomplex, Shanghai Acddemy of
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Epvironmental Sclen(es Shanghai 200233, Chinaj; 2. H'z‘ingzhou Environmental Momtormg Central Station, Hangzhou 310007, Chlna
3 quartment of Env1r0nmental Science & Englneerlng, Fudan Umverslty, Shanghai 200433, China) =

Abstract An inténsive Observatlon of ambiéafPvolacf®’ Orgamq C‘ompounds (VOCs) was carried out in Hangzhou, a key city in the
Yangtze RlVer Delta y=during a typical photochemical pollunon episode from September 14-23, 2018. The analysis results of 80 effective
samples ,showed that the average concentration of 122 compounds of VOCs was (59.5 +19.8) x 10~° during the observation period,

and oxygenated VOCs (OVOCs) were the most abundant component. The assessment results of atmospheric reaction activity with ozone
formation potential (OFP) showed that the average value of OFP was 145 x 10~ during the observation period, of which alkenes and
carbonyl compounds were the most abundant components. The chemical reactivity of VOCs in Hangzhou was equivalent to acrylonitrile.
Based on the positive matrix factorization (PMF) model, five major sources of VOCs in Hangzhou were identified, including secondary
formation (25.2% ), combustion and industrial processing (27.2% ), solvent use (17.3% ), biogenic sources (9.2% ), and
vehicular exhaust (21.2% ). The results can provide guidance for further understanding of VOC characteristics and the basis for
scientific prevention and control measures in Hangzhou.

Key words : volatile organic compounds (VOCs) ; characteristics; reactivity ; source apportionment; Hangzhou

AR AR TAEMBR AT R TR 7R85 H5 i sl 1] 43 B 3 5, (0 — g <AH
SRR, K S AT A QB A OiEERE S IR SRR D R R OGTE 57 R
REJFEHRIAMETAETE. EEMEAVS RATIRIEY, 200 5 A EE R K = o5
Y1 (VOCs) fF R 200k AR A R L R TR Y MG Mk S WS (B RERRIA ) AR . ER AR
WGB3 TAE T AE R e 28 i LA . 48 R HReE SRR, G A VOCs B2 8] 73 Ah , 52
DL R s ) K =X D ek = A 5 = 38 R ASUBTI A 20 B, BB 23 B i Ak & P £k
ﬂﬂ]z[“ﬂ:%ﬁg’ B A % 4 A7 4t lm?%lﬂﬁﬁ—-%w—ll-zb &IiTH . 2020-02-10
i WVE K = A E IR TR MG B B&WB . W E i % i H (2018 YFC0209801 ) ; 65 F1 44FH

Fgl EH 4 BUH (21607104 ) b i AT RE & WA
N . ( 18QA1403600 ) ; Lmﬁi RGN 2 o U R E
- AT e Fdh B op = (18PT1431400) 5 L-¥fFTlT A ZREE G0 H (18ZR1432100 )
XEFVOCs BN yik, —FRARHAER T s i o0 - ) 0 B, fion 18I+ 2 )
(5265 T R G I 4] ) 1 5 SRR, 53— Sl AU RAEATHLA O K I, E-mail ingsa @ sacs. sh.

RV AL A 5 T R B SR, T SR 25 4. « TR Fomail swanghl@ saes. sh. en



7 39

SRR . MRl T YU RIS M R S AR A AL TS G B S 0 i A

3077

AL (R B () 23 B30 A, ELR AR IR
T ATTHIHFA MR FUE R B .
ASBIESE A SR B AR5 e 0 0] O R 4 K 1A AL
Wy BESE I | 45 5 T XU R SR A | RS
WAL R AE E M TR R A WL 8T e g
ik B S PR RS Yo AT A IR A 4
BN T 30k X A5 A HIL A R ik O JR R 2 B 4 i

[LRISTR
1 #R5FE

SRAE ST T T 38 DX R A I X PRy < P R
7 REBETR, 120°10'38"E, 30°17/29"N, & FE 4 20 m.
hy B IR X R XIS A7, JE 0 JC I (8 Y5 e . R
SR E LA 1.

Y SRR

THE1 RESAMRE

Fig. '1%" Location of observation site | ; 1 &

N B2 H 2018 4F 9 F 14 ~23 H %5k 10 d,
i T A 19 A AN LS & ENTECH 1900 [1 5 87 B
(L FHE RBRLIE J 3 b, S RPE B4 K
00:00 + 03:00.,/03: 00 ~ 06:00< 06700 09+ 00
09:00 + 1200, 12:00 ~ 15:00, 1300 ~ 1800,
18:00 ~21 :00 Fil21 :00 ~ 2400 , B FPATHE RIS 1 |

R RRE g . SRR S 80 A KRR o s

225648 7890A-5975C ST T AM BT , e
A2t ENTECH 7200 il 4s R Gt Bl &
WM 2 6l B9 Dean-switch FPO ) E AR [fifs 2
Bt LA S NBEFIIN I TE FID Al B As i, 5
LG WAE MS K #8 E A, FID (gt
PLOT(AL/KC1), 30 m x0.25 mm x5 pum; MS @i
o BD-624, 60 m x0.25 mm x 1.4 pum. FID {#&
] E P, AR MS 44135 (SCAN) A=t
A3, PR B S R) B T bR B T, PR TR E . T
FEER T R R 0T L AMERU B 2 x 1070
) SRS ) (PAMS) AR 1 AR AT, i
ZEWART 10% .

St BER G908 36 EDGIE A 7 P AR A, L 4E
RARTIK YR (PAMS) ([ BRI F TO-15 b5 <
KGE MR (TR M B-IR M T N R T M
B OE TR IR IE O H S O EER L 24k
B | 3-1GHR | 2R PR | LR IE R\ LPRIE T HR . &
R SRS A ) 3t 122 FE R EA LAY,

3 S A ) M SR R R M I SR R R R
SR SRS, Hod NO-NO,-NO, fifi i #4

I E 421 BAIAIST LT , O, F FHEAHL A 61401
SO REP SRS HUMRTL LA R 5 o by 1
SR, 7S min S RO S I REE N
Eﬁﬁ%ﬁ%&mﬁ@@mﬁ, il

2 EREE

2.1 WIWMIE NO, 0, FIEESME Sk T

LI 3] ] - 27 9L B N 27, 2°C, die v L 3A 5
35. 3°C.. WL b e = S U n) S g AL, S35 KGR 0. 9
mes” WA ] NO, | O, FUER 35 7K F 14 B[] )3 51
UL 2, 0, BARF 3 07E (0.9 ~101) x 1077,
WEE L EAE9 H 14 H 17:00, 9 A 15 HA19 A 23
H R AR B Bk, w8 90 x 1077, R
AUEAERT Bt — M BB H 1400 ~ 17,00 , (B I
BEH PR A B[R] W 1 T 22 A A 4 B0 0 3 ]
NO, MR FR T H7E (8.8 ~71.6) x 1077, ~FH{EH Ny
28.6 x 10 7. EHMEH KIS H N 45 Wem 2
BAE9 H 20 H 12:00, 9 H 18 ~20 HHH 4 12.00
SIS AR B S E, MRS B E R
FAMRFU B b — S d -, BRI H ek
WS — e A R MR B I RIEZ 51 2 ~4 h
Jr 33X 2 PR Ok SR AU S LR — ks e e R P
B E (W AR RS ).
2.2 WIHAE] VOCs 2 AUAFE

SLIHATE] VOCs Hh 45 4153 (R B ] 50 an 14l 3 Jr
N WA TE] VOCs MR FRA GG F (13.7 ~ 133)
x 1077 FIME }(59.5 £19.8) x 10 =, Kb Jif i F e

;

i



3078

i
e

41 &

120 60
9H —e—NO, —e-O; SRS
100 ﬁ 50
80 | ,& &0 o
L s 11 ;
?i 60 b |I ol L | 30 E
= o & I 3
g 40 J’; 1 | T 20 §
20 #+ H Jiy .‘ ‘e 5 o \ 10
‘ | 1 o, o & y g
0 LE,L—i; i.'_J—I—“:_ —I—‘ 5 s ] Pt __M-_ ;l— e ¥ ¥ 0
g 8 g8 8 8 8 8 8 8 8 &8 8 8 8 8 g & &8 g 8 8
Z 8 8 22 22 8 8@ 248 2 8 58128 388 ¢
S £§ 8 8§ 8 68 FE E % & & 5 58 8 £ £ § § & 5 %5
— —_— — —_— —_— — — — — —_— —_— —_— ~ o~ (o] (o] ~ L} o~ o o~
[ ] (HTR)
E2 XEIE NO, .0, FA%E STk F i i iE] FF 51
Fig. 2 Time series of NO_, O;, and UV radiation during the observation period

BESEIIMEH A (190 £67.8) pwg-m°, Horp i H
FEH TR R AR B (21,7 £7.9) x 1077, JFihk
WP (60.9 £23.6) pg-m ™. LI IH]
VOCs W BE A7 2 > = fH, ﬁhﬂtﬂﬂuf9 Ja 14 H

21:00 #19 A 18 H 21:00 ﬁ'ﬁ9lﬁ||17 H 03 :00.

1077 R 1.5 x 10-°  J5 4% 4. 9 x-10-

r”ﬁkz

8.3 x107° %EﬂﬂcA%ls 6xLQ
0VOC 14. 0;<I"9 R PR F g5 ﬁ’J

FE%&—}@O% A T i B IR L %ﬁluﬂ
#2140 g m” )l {MEHD 2015_@15@?’!

lﬁﬁﬂifﬁo\?ﬂmmmﬁﬁ im«u%}?%@d @w:mw*?'&w“(v {63.6x 10" ﬁﬂaﬁx&f
4y 3 i 43 $13.2 x10°Y x  BRAk s 4. r9x1d;
-‘:“I ! ;%ﬂ? Tﬁ """.""J P - | "\ '_ ] i - ”:f?j
9H HiglE EHE B B¥FE B ERE m M W JbEovoc
120 |
?'E 100 |
% 80
=
B
£ 60
S
40 B

\
0
= = =3 = = = = = = = = = = = = = = =3 = =
v = s - 2 o v b - = ol o s S = o i o
= o~ = o~ = o = o~ = o~ = o~ = o~ = o~ = () =2 ol
o = = = & =t & = [ 2| = = = = Pl = & = = =
=+ -+ wy wy o o ~ ~ o el =2l o = = — — (] (] ~” oy
— —_ _— — —_— —_— —_— - — vt w— - (] (] (] o~ o~ (] (] o
i) (H T

3 WNHAE VOCs & H 5 Hy Bt a5

Fig. 3 Time series of the mixing ratios of VOCs components

JE 4 () VOCs ZH BG4 H A8 Ak AT U S5 4] [
VOCs ¥ B H BUOBUGE AR ALARAE 55 1 NI H A
106:00 ~09:00 Bf B, 55 2 AW AE 1 B A7E 7K (7]
21.00 ~24.00 BB, H % [8] i i (A ok B v F 7 1
F. R AR 3 B i 1 (59. 8 x 1077 Y ] 5
ol e U LR AT ISP ] — B, 2k B 7K ST A, 5 W v 0 ) 4R
FRAYBUKT-(59. 4 x 10 7% ) A1 24, 40 W b ] ) g ol o5

2 BIMLB ZEHE R 5% 10 R (8] L AR 43 850 (B
SR KA T 0 e e W HE R i 35 e W R 2

SBUE LY. VOCs 19 H A2 b 32 BIHEHGR E et~
B AR B4R R RE AR N B B3 AR T, 3 h i [a]
I HERA A , A A AT U — 25 0
2.3 VOCs SR PEAFAE
W R A B # (ozone formation potential ,
OFP) R 5E Al 545 S VAT BILAD 8 0] R 460 A i A
XF BTk, 3l OFP AR X /I, Al LA R 4 A
EEfFﬁkﬁE’M'&A%ﬁF* A AR AL S 15
| E TR A2 2 X SE P il A7l 250, OFP 43



7 3] SRERAT . B b T Y RN RS A AT ML T Bk B s 3 3079

Rk R v e v R
B ik m @ m 3EovoC

1 (o'clock)
4 WHAE VOCs AR A AT

Fig. 4 Diurnal variation of the mixing ratios of VOCs components

BITIE R A WL B W B S i Rl )
B KB B NN MR B0 (maximum increment

%

VOCsHE R 438 < 107

90~12:00

00:00-~03:00
00:30~06:00
00:60-09:00
12:00~15:00
15:00~18:00
18:00~-21:00

g
2
g
s

00

(a)

ke
3%

Heke
3%

HALEE
14%

reactivity, MIR) AR, AN .

OFP = > OFP, = > ([VOC,] x MIR,)
R, OFP, 2 VOCs 243 i fl 5 E A 34, B qir .
10775 [VOC, ]~ VOCs 2073 i BRI %0, B4
1077 MIR, R4l 5 i 135 KM 1 5 I 39 14 5, LA
0,/VOCs it , A5 E) MIR {E2E H Carter 15
iEm]

K5 R 6 JE T ] VOCs 7R 43 RN
OFP M4 A%, LA B AN HEZ4 1T 10 fk &4, Hoh &
HAMARFR M EE B VOCs H I U 2 S i Ak A5
1 26% JLE OVOC 24% HidE 22% <RI 14% 05
& 8% IR R IE Y A 3% . VOCs PR 23 Ui 10
WA YDA IR N BE LR LT LR TR . &
Hbe SEPTEE, S 1,2-2 5 &8, BRAL A IE
T, 1 10 14?_6%/:%'%5}3 VOCs %‘55%%; f

k-

[ ¢ /f RS () VOB (b) SR S
¥ E5 SRIHIE VOCs Ao 400 L6 2 AL # B A
Fig. 5 Composition of VOCs and OFP during the observation period
B <107 OFPX 107
0 3 6 9 12 0 3 6 9 12 15 18
i ' ' : /R ]
S LES |
zmem || it |
zmwE || mkzmem | ]
~anse [ 2 —
sl || ETR[ ]
-2 womx [ ]
2-—mzs [ | ww ||
—waen || zmzm | ]
—— (a) VOCSHBU e ok [ (b) SRS

6 MMHEAE VOCs R BRI E &R BT AT 10 H4 7
Fig. 6 Top 10 species in VOCs and OFP during the observation period

AU A A5 5 OFP SE 4418 Ky 145 x 1077, H
rh SRR R 2 o 2 5 R R R AL & ), — 3 TRk
Y905 B OFP 1) 34%, H & be ke fda &, — 3 vk

¥ 11%, Ho&2 OVOC 5Tk 8% . %t OFP BTk i 10
AWK M B/ X - W28 W28 NS 5 2
S/ 2 OE T AB-—H 2K N LR CER AN 2



3080 7D 53

A0 10 fb A YA R OFP 1Y 56% . 5 Eb UL
[i1] ) SL AR FR A3 B (e s o 101 x 1077) T LU R 31
FH G AR 14 2 AR R I % Ak 2B R ST T, X
5 F R gE 45 R — 2 % e &k BN e A
OFP H i HL ik & 35 (% T g s i

Xt EGIEL S AT UL S R SRR O A T, Y R
JE R AL A 00 BTikoRE S8, o 3508 Lt A
8% K F 34%, 148 5 HE A 3% K E 1%, B i
&5 LN 26% B K 3 34%; 1 HE OVOC i
1 AR BTk g 4 /D o e ovoc 5 EE A
24% Yk /NE] 8%, foe ke i LE N 22% W/ 1%, <AL
& b7 FE N 149 I80/NE 1%; 3R 4R G 2 8% S5 M
REALA P MIR BRI SE B S e T il e i oK
AR AR R 12 3 1) B i —— RN T 1 v 1)
[ AAS /IS 3 <Y1l oy e e P2t W N N
A 2E I RE LA ST 1 G W 38 e — U AR AR AR, K
KR VOCs & 4143 % T OFP 19 5Tk 15 /Jt{*a%“ Yk 2
IR v

Xt 6 B T R A 2B ZimE AN, 2 ANl
10 1tA%{ﬁ$ﬁﬂﬁ%EE.LHIABﬁ1JCA% wﬁﬁﬂmﬂl
ﬁm¢1$$ﬂﬁa&mﬂﬁka%%XT;%%ﬁi k,;kﬁﬁ
ﬂcA%%#r%th, UEF%}E‘IW%&P% FhIRE e
X R R BRI T T AR A 5 i
/Z%Ff%njcmb’zmﬁ P43 %lJiii?’ﬂ%'Jzﬁi u

ﬁT'ﬁfﬂ"%ﬂﬁEE’Uﬁm(ﬁ M@E [ LM%«S%?W
PR VOCs KBV BT H S B9 OFP (8347401
A AR 1 AR MIR H, SE A1 A
Y1 MIR & e J5 mT 602 XA R A0 PR 7K AR 24
TFE G, B, B8 B 51 VOCs fh G 14K
SR 22 R 4 1T b | 7R b S IR M XA R AR
TG TERHIE.

AL RAF ) VOCs BT/ %05 OFP 14
BEERAE T FR ¥ 122 B S E R 152
S MIR {E (L 0,/VOCs 1, FIA) K 2. 44, 5T/
0 RN PR AR XY (2. 47) , N 5 HE VIR L,
P rh R e 20 43 S R A T 40 G, S IS 2 11
¥IMIR {50 3.75, 50K &0 09 R 1 M A0 24
(3.76). BREEAES BB E 0, Jb 5000 K A0S
T R 2 B R, AR AT
K5 AR B R A R S 2
ST TR Y B T ARG A As A, FLR I — T
UM T B HE Tl 2854 AT P 0 v s I RS e o
HC AT REAS AN BT A1 VR 2 JE 3T, o 7 i Ak T HE
RS R, O — ﬁﬁTﬁE%a_ﬁiﬁﬂﬁjﬁ
TG YL IRIRHE TAE R RS2 HE A0 1T A< b K<

e
P @i&%%ﬂzﬁ?ﬂ@ -

A < 4B
400
L]
300 }
® .
X o 8® . y=24399x
5 y=37532x F -"'. ® R2=(7593
% 200 | R2=0687 o“ My
e LX)
3 2 o0 q.‘ e
o ¢ of ©
ar.s
100 8 ® 122fhVOCs
: o JHBRE
g L : L .
0 40 80 120 160

VOCsBU 8% 1079
BE7 VOCs Mo RELEMBHNMAXMN
Fig. 7 Relationship between the mixing ratios of VOCs and OFP

PEAE AW HER R 7] e B 4 B IR 2 BT A KR
2.4 SEUERURUBYE AT

i/ VOCs 5 NO, IR U811 tt{%i,xzéfﬂlfgﬁ%
Hi X 58 4601 PR 1 22 ) ﬁVOCs/NO
MIME <5.5 lﬂu#h"ﬁéﬁﬁﬂﬁ X B4 A Lk VOCS_E@(
s £ VOCY/NO, i3 5.5 mu;%mm;z;ii
XS NO, E@Uﬁ : -

2 Y X 35 IEﬂ VOCs( LA KA1 ém*ﬁ NO,
N %ﬁéﬁ*ﬁaé@ﬂ’ﬁu”?*%ﬁ 3. 5(11[11’518) 7]\},.
T mﬁaﬁwnﬁbﬁﬂwm VOCs 5 il K. 7
AT B 1 O B DX R A3 BT 45 R S 7 8 0T o
Bp—adr *

é‘%%ﬂﬂﬁﬂﬁﬁ/\%ﬁﬂiﬁ ORI S ] B

B RFRATE 40 x 10 P AR, 3% SR04 25 VOCs 12!2
UMM RS IR  fEJE: NO, RBL3 8k h e 20
x 10 LA b iR AR X ( KT 70 x107°) £ f

SHARTE VOCs/NO, G AE K11 X 3, 3% 26 250408 i 1y
NO, —B/INF 20 x 10 7.
500
y=3.515x + 1063
= 400 | R2=0.291 80
% o [ ] '“o
ﬁ 300 | ° e _a 60 3
' R s ﬁ
g P _.._Oﬁ; o 02 40 %
%200 i ‘—!'g’.f" e . n Z
,;} _ _:_ e .ﬁ F I ° o
Biof et Ce, 0
=9
[ ]
O 1

2‘[] 3‘(} 4‘0 5‘0
NOEBUIH X 107
8 VOCs(#kit) . NO, 5 O, kRS #pia x4

Fig. 8 Relationship between VOCs ( counted by

0 10 60

carbon atoms) , NO, , and O;

2.5 VOCs 5 KU H] 6 £
AT FEFRAG Y VOCs B 5 XU K (5 B
RS TR B934 LI 9 ) DA AT D i) 3 ] 3% fA



7 39

SRR . MRl T YU RIS M R S AR A AL TS G B S 0 i A

3081

VOCs % 107

i /m-s™

1807
VOCs R 5 8 5 KA RIEHI X 7
Fig. 9 Relationship between VOCs and wind

9

direction and wind speed

VOCs ¥k BES T JEARERAE 30 x 10 LA |, 45 Ak

S TE] 0. 9 mes " A9 1 257 IR 158 FH SO0 00 38 i) <
R R RS TS YW BRe ) — W, MR AR e
J7 1) B VR B (A X, B R A KUV E R R 3 0
i VOCs WREE 2T, S5 A BUINATBUX 43 A,
TS YL AT R AT TR 1L X
2.6 VOCs K IFEf#MT

K VOCs X T B A FNANEOR ) (1) A= i AT 2
SEM it LIS HR IR A B0 A B 5 S AR R Ad
2 E MR B HELF 19 PMFS. 0 #5805 3815 VOCs Ui
PEAT I TRAE AT TAF , PMF B8 A Jir BRI SCRiR[ 20,
21].

ZREE A Y N 36 I, AT
122 Pk &4 e 40 Fl B S AR R b &
P AL (E10) |, Lt B Z R AU A T e e

o
100 100
kA ()1 O Gt
s 80 o ETRER . 1 80 %‘i
?; 60 | . e %
*
é 40 f . 1% E
20 b ¢ . . 20
N S3SSESASMNINE AT VONUIUEEE SESI4-SUN BPt I B
100 100 ?
T b 2
_— R TR bFET2 R |50 = &
B
§ 60 |y * 60 %
E‘ W0l *ee * * . 40
- . . =
20 s . e n e 420
0 Il ﬂ nlln = * * hd * +* * —e— O :. teo n H [ 4 o * o * o 0
10 AL 10
Ty () T3 {50 s
= 3
=1 . _
§ 60 .t ot 60 %
= 40} . . . 14 2
0F . . « v, W e .. . o] 20
0 Le il : : o M N o n * * * + & H il ” n ; n o .. * - ﬂ + n 0
100 v " 100
o SOF . (@) BF4 14 80 ‘_;g\;
LM i
?; 60 | {60 &
i L . 1 %
g . . 40 +
20 . , 12
0 :ﬁ LA ——— * * s &+ * * * * . = :’ . : b4 hd ﬁ ﬁ - * * * 0n * 0
100 100
! Bl RS ©HFs . {50 s
Ll
g 60 N e 460 @
= q0f} . . * * 1 40 %
= LIRS . * e . . =
20 |* . “ . . R SRR N . e 120
0o ﬂ nl'l 0 o o * nnﬂ o n!‘l - 0w oM e o 0
R R R R R R R R R R E R E R RS RN AR EREREEREEEEE
NEFPRXEAATESFHENERERXAKIEN EBENEEENEEEERERHEH
REEEHSMEHEEEY — e = e B3 NEEERE bH ENB
BB = i wglll] i N &
e g 29 iy

B 10 ZA#HF %K PMF @& H 89 & BEF VOCs L3 H R FE

Fig. 10 VOCs profiles of the resolved factors from the PMF in this study



3082 7D 53

B 41 %

WiE 5 A Has A B f BT R 7, 25 BTk
XS DTk AN 10 s,

HAr A F 1 X FREER A A Y0 B ) i R
JE |, DROMEEBR 2K A WA B B A B AR
WCKE PR 1 U R AR .

P 2 X AR R i R 5, C2 ~ CS 1
BEJ T LR R RE RE A A A R SE AR BE
FRAE; B2 XEF b, 1,2- 2 O kEA 1,2-
RN R R R R — e R F R
H R B, R 404k TR H G A AR G Pl A
L EAHUN TALFRE, 25 & T4 AR 5 HE
FCRRAE , S Je B IR 7 2 PR A R BEA T.Z5 3 R VR

3 i B R 2R a6 2R A E-—
DRI S 7 EL R R e, LA A W Sk L
BRI OB T 3 R0 R i el .

[R5 4 X5 T 57 s oo s it R B de v, () s
ST MR 2 IR FEAR QA 1 R T P AR
FOMRTRIE , ST S ooV 2 B A SR IR [
T ST AT AN S £ 0 SR S e I8

2

(RS, RBRF R 4 BUY ?%éét/}? | Ly

g

.?5 EHEE%F IEZEBE T%H’J#m )
B S afﬁg%tgﬁ&mmmw&% AN
ERRLHIAIIF lJEi’J EF'%TXT%MEWEI?EP&% B,i%fﬂ’]
A T 5 e SR
V1R E&%é@ﬂ?xﬂt VOCs E’g‘%’mf
W; Mfﬁﬂi AT 5 AP T i =
iﬁknﬁﬁs 20 JRBERI T 23 B b 27. 29% A
& 17.3% FIRIE L 9. 29% FIBLENE & 21. 2% . A
TRAH AT 25 T 5 MR SF 4517 78 1 I 3R AT M 45 R 3 A
Sl XL EAE S L 2011 AEFKZE 11 (O RF 5T 25
R ARG R R 51T B B2 A5 0 00 43 A
2 T WA BRI 1 PR i LT A b
T ER AR 36 = T T, BT DAAS IR 5t 230
ST RIRIE R TTRR , HABALSN ZE Ak T T 2 F )

B 11 PMF @4 H & ZIEX VOCs BFEH T E

Fig. 11 Percentages of various sources resolved from PMF

o FH A PR (TR P22 ol D 22 591 AN T

3 g

(1)2018 4E 9 F 14 ~23 H AT fin 5 Wi 341 ] |
KA VOCs FIRF - ECH (59.5 £19.8) x 1077,
A H s 0 - YR B BN (21.7 £7.9) x 1077,
BHAAY S HTTERAR DO B AL S ) 26% e
OVOC 24% Jt ¥z 22% . kAR 14% ., 55 12 8% s 1
3% JJE 3% . VOCs IRBAM BT 10 4B KT
il e LR T LR TR\ S BE R 2
Pt 1,2-" ALK EALERFNE T .

(2) WEPEST BT 4l SR 0, WL 91 ] OFP - $4{8
145 x 10 7, AL G WX T OFP BTRRAK IR h 55
12 34% BEFRAL AW 34% Bk 1% &kt 1% Hoe
OVOC 8% . OFP GTHKHT 10 4&’*%1&{5}%;@/7(1 i
ok PP P T BE M L 20 EATE 45
T DI | 2R 2R 2K ﬁmﬁﬁ)}ﬂﬁl@ik
ST F SL iED P / ] l,.‘

<3>j%é.%céﬁmm ﬁﬁ*ﬁ%@%ﬁa@a ik
IR R T Voc; il X XM"'JHJaJﬁU:m
WZISIIJU?#%?“?} mffaéﬁmafmm@ et

ﬂé’ﬁ 'Lurzjm ( &

(4)%@ VOCs e i B 2 PMF ﬁﬁﬁﬁu\

il s Al\_%,ﬁﬂlﬂ#;&gk.ﬁ 25. 2% KRR T2
R 27, 29% YEFIVE 517, 3%, KARTE 5 9. 2%

FIHLBI 4 21.2% .

SE ik

[ 1] EZ, XGREK, sk, 5. Jbatmi R VOCs Wi 25 43 A0 ¢
TER A2 R iE [T ]. T E R R, 2017, 37 (10) .
3636-3646.

Wang Q, Liu B X, Zhang D W, et al. Temporal and spatial
distribution of VOCs and their role in chemical reactivity in
Beijing[ J |]. China Environmental Science, 2017, 37 (10):
3636-3646.

LiLY, Xie SD, Zeng L M, et al. Characteristics of volatile
organic compounds and their role in ground-level ozone formation
in the Beijing-Tianjin-Hebei region, China [ J].
Environment, 2015, 113, 247-254.

T*RE, BRIR, 8RO, 55, 2015 45 STk X 44 2 MR HL
WL U MR R B [T ). BREERE, 2019, 40(5)
2062-2068.

Qiao Y Z, Chen F, Zhao Q Y,

atmospheric reactivity of ambient Volatile Organic Compounds

Atmospheric

et al. Composition and
(VOCs) in the urban area of Nanjing, China[ J]. Environmental
Science, 2019, 40(5) : 2062-2068.

Li L F, Wang X M. Seasonal and diurnal variations of
China
[J]. International Journal of Environmental Research and Public
Health, 2012, 9(5) : 1859-1873.

Wlelr, B, REE, & RIGTERX KSR VOCs 15
PAFERRIEMATT]. Bt f B TR M (A ARFE
J), 2018, 10(5) : 527-535.

atmospheric non-methane hydrocarbons in Guangzhou,



7 SRS . MOBDEA SIS Y TN ORI R A L 15 G AR K SN 1 3083
Shen L J, Liang S W, Wu Y T, et al. Pollution characteristics [J]. Science in China, Series D: Earth Sciences, 2005, 48

[6]

[7]

[8]

[9]

'3

[11]

[13]

[14]

[15]

i hydrqcarbons in typlcal areas of Hangzhou ,“China[J].

and source apportionment of VOCs in ambient air of a residential

area in Wuhan[ J]. Journal of Nanjing University of Information

Science and Technology ( Natural Science Edition), 2018, 10
(5):527-535.
AR, XUBTES, JaRT, 55, A0 5 AL B R T 4

FEAE BRI *m%ﬁﬂ]’;uﬂu, 2019, 35(4) : 78-84.
Zhao L, Liu X J, Fan L R,
source apportionment of VOCs during summer typical periods in
Shijiazhuang[ J].
(4):78-84.
RN, BT, BRISLL, 4. BUMT EIRX VOCs 5 YLFRAE K
RN ER)]. B4 (TA2RR) | 2019, 53(4) @ 671-
683.

Li K W, Ying F, Chen L H, e al. VOCs

characteristics and associated effects in urban Hangzhou [ J].

et al. Pollution characteristic and

Environmental Monitoring in China, 2019, 35

Ambient

Journal of Zhejiang University ( Engineering Science) , 2019, 53
(4): 671-683.

Wi, MRAB, BRE, S BUIN TR TG G
(1. hEEFREGED, 2019, 35(3) : 73-81.
Chen C, Lin X, Ye H,
analysis of ozone pollution in Hangzhou [ J ].
Monitoring in China, 2019, 35(3) . 73-81. 1
FRUK, REESC, RSO, S f}l[ﬁl‘LHﬁﬁﬁij%ﬂm
TCHHAEAAAT[T]. T EBREERIE , 2017, /3702) ; 443451,

e IE K i 72 43 A

et al. Characteristics and process

Environmental

Qi B, Niu Y W DuR G, e al. Characterlsh(‘s of surface ozone

_~eencentration, An uiban site of Hangzhou [J]

¥ Ch}ﬁa

i En\uronmt:mdl Sgienge, 2017, 37(2) : 4434511 /" &
(1098

R »,3‘;? i, 5. B ”Etﬂjzmlz ﬁ;«isx}é
ke & %féf?}géﬂ)’[ J]. %F‘ﬂééﬁﬁﬁ,'mw 22(8)
/938943

Hong SIM, Jiao L, He X, et al

¥ i
fl 5

Varmtmm

|con'éentrat10ns and. Jozone formation potennals Jof C2.-l‘2 A

RgeS_earcﬁ
of.Envurnnmf-ntal Sciences, 2009, 22(8) : 938-943.

WK, wiE, T, % R CSIER A ML
AER S eI M [T]. hEFRIEFRL A, 2015, 35(4)
987-994.

Luo D T, Gao J, Wang S L,
organic compounds and relative pollutants observed in autumn
Shanghail J ]. 2015, 35(4):
987-994.

Carter W P L. SAPRC chemical mechanisms, test simulations,
and environmental chamber simulation files| EB/OL]. https://
www. cert. ucr. edu/ ~ carter/SAPRC/SAPRCfiles. htm, 2019-
11-18.

HREME, REA, BER, % BB R AT VOCs
FEUE LSBT T ] MR B S HOR, 2011, 23(S1) .
18-23.

Cui H X, Wu Y M, Duan Y S,
ozone pollution and its potential in Shanghai Urban Area[ J]. The

et al. Characteristics of volatile

China Environmental Science,

et al.

Administration and Technique of Environmental Monitoring,
2011, 23(S1); 18-23.

Xia L, Cai C J, Zhu B, et al. Source apportionment of VOCs in
a suburb of Nanjing, China, in autumn and winter[ J]. Journal
of Atmospheric Chemistry, 2014, 71(3) ; 175-193.

HRAH, ATEREE, X3, AR JUEUT ORI R A P i G
THPELH I B HORIE [T ], hERL2A (D 8 sbhEkRE) |, 2005,
35(S1) : 123-130.

Shao M, Fu L L, Liu Y, et al. Major reactive species of ambient
Volatile Organic Compounds ( VOCs) and their sources in Beijing

-
mn ma@q F)

VOCs Characteristics of

[16]

[17]

[18]

[19]

[22]

[24]

[25]

[26]

(S2) . 147-154.

BRI, SRR, L0, %, BT VOCs RYAEAEfLAR
RS HEE ALy )], FRBER 241, 2012, 32(2) .
367-376.

Chen C H, SuL'Y, Wang H L, et al. Variation and key reactive
species of ambient VOCs in the urban area of Shanghai, China
[J]. Acta Scientiae Circumstantiae, 2012, 32(2) ; 367-376.
WFEE, e, R, TR AL
YRRIE RO AL [ 1] SRR, 2014, 27(12) .
1411-1419.

Zheng W W, Bi X H, Wu J H, et al.
and key reactive species of ambient VOCs in Ningho City[ J].

Pollution characteristics

Research of Environmental Sciences, 2014, 27 (12). 1411-
1419.
A, kil , BREL RRMEASIM]. (B2, db

Ao EAFHCE HIRAL, 2006.
ARITAT, PR, MWK, 45, 5535 H MR BER T VOCs [
S A R PR WA AT [ T]. v PR 'r'r’rI‘Url'J, 2017, 33
(4):9198. £ - -
Zou Q L, Sen X, Tian X D, et al. Ozone formanop..ﬁafenﬁal and
sources dpp()rtlonment of atmospheric VOCs difing typlLdl “periods
in summer of . :ha@han [ J]. "Environmental Monltg’hng}n “China,
2017, 33(4): 9198, | ¢ '
Norris G A, Vedaﬂtha,‘m R, Wade K, et al. EPA Posmve' Ma.mx
Fartonzatlon (PMF) .0 fundamentali & user guide| EB/OLJ
https ; //(!’fpub epa. g Uov/51/s1__,pubh( record_report. cfm‘7 Lab =
NERL&dlrentr}dd =199868"; 2008-09-22. . k2’ "F‘_,
Eny, B, R, 5 l%rﬂﬁﬂ#x%@ﬁk VOCs 153¢
FIE MR 7 ) AP 0, 2015 38(6) ; 228-
241y § | i
Wang M, Xiang P, Niu Q K,

apportionment of ambient VOCs during alternating period between

et al. Characteristics and source
winter and spring in Nanyang City, Henan Province[ J]. Acta
Scientiae Circumstantiae, 2018, 38(6) ; 2233-2241.

Liu Y H, Wang H L, Jing S A,
sources of Volatile Organic Compounds ( VOCs) in Shanghai

et al. Characteristics and

regional transport [ J ].
116902, doi: 10. 1016/

during summer: implications of
Atmospheric Environment, 2019, 215
j. atmosenv. 2019. 116902.

SRR, LT, AWM, AF SURTALIR VOCs 3R EREBLR S
HEBCH SRR )], BRETRLE, 2018, 39(7) : 3090-3095.
Jing S A, Wang H L, Zhu H L,
emission characteristics of volatile organic compounds in typical

Environmental Science, 2018, 39(7):

et al. Treatment status and
industrial sources[ J].
3090-3095.

Liu B S, Liang D N, Yang J M,

source apportionment of volatile organic compounds based on 1-

et al. Characterization and

year of observational data in Tianjin, China[J]. Environmental
Pollution, 2016, 218 . 757-769.

An J L, Wang J X, Zhang Y X, et al. Source apportionment of
volatile organic compounds in an urban environment at the
Yangtze River Delta, China [ ]J].
Contamination and Toxicology, 2017, 72(3) ; 335-348.

BT, 0T, R, . FoM T S PR YA LY
BHERSAMSFBIEHERITE[T]. R4k, 2012, 32
(12) : 3056-3064.

Ying F, Bao Z, Yang C ],

Compounds ( VOCs) and their atmospheric chemical reactivity in

Archives of Environmental

et al. Analysis of Volatile Organic

ambient air around urban traffic roads in Hangzhou [ J]. Acta

Scientiae Circumstantiae, 2012, 32(12) : 3056-3064.



3084 7D 53 B 2 41 %

[27] ke, BeEDE, @SV, 4. BT VOCs %5 ol i I i i (28] A, Brkir, FL0mi, 4. FiEgmAZERS VOCs X A

HIRE TG Gl ey ﬁ&hkléﬂ‘f[ﬂ, IR, 2019, BLACHE I Y A I DT B R IRAISE [J]. BRIEARE:, 2013, 34
39(1): 126-133. (2): 424433,

Lin Y F, Duan Y S, Gao Z J, et al. Typical ozone pollution Wang Q, Chen C H, Wang H L, et al. Forming potential of
process and source identification in Shanghai based on VOCs secondary organic aerosols and sources apportionment of VOCs in
intense measurement| J |. Acta Scientiae Circumstantiae, 2019, autumn of Shanghai, China[J]. Environmental Science, 2013,
39(1): 126-133. 34(2) . 424433,

CRE R =) (EFS 15 T

1. ORARHGE SR B BB, 18 RUWT , SCTRER , Bl aT e, 3OS 0007 (7 181 3 | R e SCIf 28 225 30 ) .« 1
K ARPEREG I H [ Z RO H bR A5 H s g 0 F SR A A B (7R 5 00 LU 2R ) . A B i e
%Bﬁa‘%ﬂlﬂﬁ&i(www. hjkx. ac. on) PEATIENT, T8 BT LAVEE B 0355 55 , 48 IR DU 40t B9 B s £ R A8 BT
FafFiE e GB 7713-87( BH B 208 SO ARIE ST 4 5 1 20 A ARE SCHY ML RS . 18 3045343 (4 HES I
f“ﬁa ﬁE VEB WA A TAR B Huhik L2 % ; v S 2L SC B I) 5 v B 20 2645 SSCHEH 1’5%‘1@@&$ME’J9&#%
SCHH B GBI 3C; Bl s 275 SCHk. et o

3. V8 SCHI R TSR F U e SO 2, — AR 20 7 D RTRIRRAE. | gl f'
4. SCRIE R AT 300 5, U = ABRS. EPIA R OIIE T AR F A0 7 a5 (600 240 ) AU i AT
SRR, SESCH R SO R, AR AR T, L e kg ) \ .,.}r "

o
&

5. IS 4G E N AT OC AR (BICRVAT) AA TAER B Y *%5fﬁlﬁ>dfr ﬂjﬁ%ﬂl U R, ;

6. SCHTIEIZRRL FpeRAG 1, [l — Wﬁfﬁﬁﬁl@i@iﬁﬁﬁ Eﬁqj%thTHﬁ@E E]f”jt“#ﬁl ity 2 A T RIS EIEPFJVQ
T JE?””%HUJ\E% CRH=ER PZJ%%':FWKM: = ﬁué?f”'ﬁlEI*ﬁ 2

/7. LTI i A RS f Mg () lejcq:mmiaamﬁa'—tﬁﬁ%r o mg(%fﬁ).,m(-ﬂﬁ) h,
(/N 4. ﬂ&%lﬂﬁlﬁﬁﬁ@llﬁn_ﬁﬁ ‘512% ﬁ%#ﬂﬁ%ﬁ%ﬁf*m L — U\tﬂflr%ﬁﬁﬁ{f%)?x s 3

8 SRS G RRERR 1,11, 1. 1. 1 sk, Eﬁjﬁﬁ%%’% 3R AEI(1) , (2) e R, Féf“zﬁ%ﬂh'a =

9 SCHR NSO BB S *Tfﬁ,ﬁdtll\? IE?HZF E%E’JfT%Zjﬂ?WF éﬁlﬂﬁlﬁﬁ()\.ﬂﬂﬂﬂ”?‘\ﬂ PR S NS

.LF#QC%’F’F?’FME}%M I o d (g L-p

10z ﬂ%‘"ﬁ?ﬁ%%ﬂfﬂ/\"‘%ﬁ(ﬁk _ITEH%EMH%H(IE%T SCRRFE S IR S5 YO . B LSRR S A

ﬁﬂﬂ.?ﬁ%‘(ﬁl‘i&%ﬁﬁiﬁﬂzﬁu).mI@U].ﬁﬁﬂ%,fﬁ,’é(ﬁﬁ) ABIL-1E T

BB e BAIM]. BAH Bt 4F. T k7.

RWE AEFH BLALAL W (In) G, SCHEA[CL. R R (BRAL) 4R 20T 1k 5T

FAORSARE B[ D] R AT AL, AR

W& AEE. R SCA R MU RS, AR

TR LRI . LR [P LRI RS A .

11 RR ST H L, V11— R 24 gl R nT VRSO R AR L B o AT. 78 3 A H PR IRIAR Tl A a4
CIE RN

12. PR B AL PR ik, W25 , L3 1, R 7 R 25 25 40 R Mk B 5T 2871 R4 ; R 4 : 100085 5 HLIG
010-62941102,010-62849343 ,1§E :010-62849343 ; E-mail : hjkx@ rcees. ac. cn; B3k ; www. hjkx. ac. cn



HUANJING KEXUE Vol.41  No.7

Environmental Science (monthly) Jul. 15, 2020

CONTENTS

Contribution of Emissions from the Iron and Steel Industry to Air Quality in China +sesserseseesemenssnsmnemensnsi e TANG Ling, XUE Xiao-da, BO Xin, et al. (2981)
Interannual Characteristics of Fine Particulate Matter in North China and Its Relationship with Land Use and Land Cover Change »«+++seseeseereeesesenenisennenne YANG Wei, JTANG Xiao-li (2995)
Evaluation of the Reduction in PM, 5 Concentration During the National Traditional Games of Ethnic Minorities in Zhengzhou ++ WANG Shen-ho, LOU Ya-min, XU Yi-fei, et al. (3004)
Pollution Characteristics of Water-soluble Inorganic Tons in Chengdu in Summer and Winter ««+eseeeeseeesemenennienienenennes FENG Yan-peng, ZHANG Jun-ke, HUANG Xiao-juan, et al. (3012)
Analysis of Transport Pathways and Potential Sources of Atmospheric Particulate Matter in Zigong, in South of Sichuan Province ««+++++++++ LEI Yu, ZHANG Xiao-ling, KANG Ping, et al. (3021)
Source Composition Spectrum of Volatile Organic Compounds in Typical Industries in Sichuan ««+«sesereereeresienenenninnene XU Chen-xi, CHEN Jun-hui, HAN Li, et al. (3031)
Source Profiles of Industrial Emission-Based VOCs in Chengdu —+xereesesreserserssrememeniennininiiiiis ZHOU Zi-hang, DENG Ye, ZHOU Xiao-ling, et al. (3042)
Emission Characteristics and Risk Assessment of Volatile Organic Compounds from Typical Factories in Zhengzhou «+-«+:=ssereeeesessescreeeens QI Yi-jin, NI Jing-wei, ZHAO Dong-xu, et al. (3056)
Characteristics, Source Apportionment, and Environmental Impact of Volatile Organic Compounds in Summer in Yangquan =~ «++:eoveoeeees NIU Yue-yuan, LIU Zhuo-cheng, LI Ru-mei, et al. (3066)
Characteristics and Reactivity of VOCs in Hangzhou During a Typical Photochemical Pollution Episode «+«+xeeeseseersesneeserenennncnens JING Sheng-ao, YE Xu-hong, GAO Ya-qin, et al. (3076)
Pollution Characteristics and Sensitivity of Surface Ozone in a Typical Heavy-Industry City of the North China Plain in Summer + -+ OU Sheng-ju, WEI Wei, WANG Xiao-qi, et al. (3085)
Source Apportionment of Atmospheric Ammonia; Sensitivity Test Based on Stable Isotope Analysis in R Language «-«++«-++-seeeseseeeneneenen GU Meng-na, PAN Yue-peng, HE Yue-xin, et al. (3095)
Distribution Characteristics and Source Analysis of Atmospheric Mercury Speciation in Suzhou +«++«++teeseesereesrernsenenennincnenenes LU Ren-jie, WU Ye-zheng, ZHANG Xiao-jie, et al. (3102)
Emission Characteristics of Light-Duty Gasoline Vehicle Exhaust Based on Acceleration Simulation Mode «+«+xe+sessereesessesenensessenenne XIE Yan, LIAO Song-di, ZHU Man-ni, et al. (3112)
Comparative Analysis of NO, Emission Characteristics of Non-Ultra-Low- and Ultra-Low-Emission Coal-Fired Power Units During the Start-Up Progess «+s+esesseesrersessscnnesinnscnnnnen
........................................................................................................................................................................... 11 Hui, ZHU Fa-hua, SUN Xue-li, et al. (3121)
Source Identification and Pollution Characteristics of Heavy Metals in Suspended Particles of Urhan Road Dust from Xingtai City =++«++e++seeseereer SONG Yi, LU Xin-wei, ZHOU Xiao, et al. (3130)
Impacts of Leaf Surface Micromorphology Variation on the Ability to Capture Particulate Matter ( )
Analysis of Hydrogen and Oxygen Stable Isotope Characteristics and Vapor Sources of Precipitation in the Guanzhong Plain - - ZHAO Ming-hua, LU Yan-wel, Rachana Heng, et al. (3148)
Analysis of Nitrate Sources in Different Waters of a Karst Basin TIAN Yong-zhu, HAN Zhi-wei, ZHAO Ran, et al. (3157)
Analysis of Nitrogen Pollution and Iis Pollution Sources in the Muli River Basin —««+«eesrerrerrerssemensmsnininsnsininisss s QI Ran, XU Fei-fei, YANG Fan, et al. (3165)
Temporal and Spatial Variation Patterns of the Environmental Elements in the Sediments of the Liaohe Estuary and the Related Influencing Factors = ++eeeeseeeeseresensisimeninsininennnn
.................................................................................................................................................................. QI Yue, SUN Yong-guang, MA Gong-bo, et al. (3175)
Transport Characteristics of Phosphorus Sources at the Multi-scale Watershed and the Associated Ecological Effects on Poyang Lake ~«++++++ee WANG Shuo-yue, GAO Yang, LU Yao, et al. (3186)
Risk Assessment and Source Analysis of Heavy Metals in the River of a Typical Bay Watershed = +-«+sesseorereeseseinmsinsnnisinieens WANG Lei, WANG Wen-dong, LIU Dong, et al. (3194)
Concentrations of Typical Perfluoroalkyl Acids and Contributions of Their Precursors in the Water of the Le’an River in China  ««+eeeeseeseesesereen ZHANG Hui, WANG Shi-liang, YU Yang (3204 )
Distribution Characteristics of Microplastics in Surface Water and Sediments of Haizhou Bay, Lianyungang ~ «++++eeeseees -+ LI Zheng, GAO Chun-mei, YANG Jin-long, et al. (3212)
Profiles and Risk of Antibiotic Resistance Genes in Domestic Wells in the Maozhou River Basin WU Dai-ling, ZOU Hai-yan, HE Lu~xi, et al. (3222)
Release Mechanisms of Iron and Manganese from Sediments in Jinpen Reservoir —+«+ssssessessessesssssnmsinsisninninninninisssnsssenen LU Lin-chao, HUANG Ting-lin, LI Nan, et al. (3231)
Characterization of Microplastic Pollution of Sediments from Urhan Lakes +«+xeseereerersersssmeienminininiiiise WANG Xuan, NIU Si-ping, SONG Xiao-long, et al. (3240)
Structural Characteristics of Microbial Communities in the Sediments of the Niyang River in Tibet «+ereeseeeererrerevssesenesinscnenne LIU Xiao-dan, HUANG Yi, WANG Yong-hua, et al. (3249)
Combined Effects of Erythromycin and Nutrients on Microalgae in Seawater «+«+«+xesesseeressessstasnnensstntiiissitntsss e WANG Na, ZHAO Wei-hong, MIAO Hui (3257)
Longitudinal Distribution of Benthic Macroinvertebrates Affected by a Hydropower Plant Cascade in the Mudan River WEN Jia-qi, WANG Hao-ran, CHEN Yong-can, et al. (3266)
Analysis of Rainwater Runoff Pollution Characteristics of Various Typical Underlying Surfaces in Ningbo - *+ XU Yusjie, GONG Yue-min, BI Jun-peng, et al. (3275)
Water Quality and Bacterial Population Driving Mechanism of Algae Vertical Succession in Stratified Reservoir —+oveeeeeeeeeeees YAN Miao-miao, CHEN Sheng-nan, HUANG Ting-lin, et al. (3285)
Distribution Characteristics of Disinfection By-Products and the Effects of Booster Chlorination in Long-Distance Water Supply Systems ~+++++-* BI Wei-wei, YE Sheng, YU Jian-quan, et al. (3297)
Occurrence and Prediction Model of Disinfection By-Products in Tap Water —«ereeseseseresssresimmenenninini LIU Jun-ping, CHEN Jing-ji, SONG Ya-li, et al. (3307)
Adsorption Characteristics and Mechanism of Cadmium in Water by Alkali and Magnetic Composite Modified Wheat Straw Biochar «++++ CUI Zhi-wen, REN Yan-fang, WANG Wei, et al. (3315)
Enhanced Chromate ( VI) Removal Characteristics and Mechanism Using Graphene Oxide Immobilized Nanoscale Zero-Valent Iron Coupled with a Weak Magnetic Field ( GO-nFe®/ WMF)
.................................................................................................................................................................. 11 Meng, BAO Jian-guo, ZHU Xiao-wei, et al. (3326)
Characteristics and Influencing Factors of Monothioarsenate Adsorption on Goethite ++ LIAO Dan-xue, SHAN Hui-mei, ZHANG Jin-xian, et al. (3337)
Fast Start-Up ANAMMOX Operation Strategy and Flora Characteristics of a Biofilter . (3345)
Effects of Aeration Strategy on Denitrifying Performance of Activated Sludge Processes in Treating Low-Carbon-Source Municipal Wastewater
............................................................................................................................................................... ZHANG Xin-rui, CHI Yu-lei, WANG Qian, et al. (3356)
Effect of Hydroxylamine on Community of ANAMMOX Sludge ~ «+vereseeseerrerssesemenenssinensinniniins s XING Chong-yang, FAN Yu-chen, CHEN Xuan, et al. (3365)
Microbial Diversity of Filamentous Sludge Bulking at Low Temperature «+«+xsstsetevsssssenesmminmiinininin s GAO Chun-di, ZHANG Na, HAN Hui, et al. (3373)
Main Influencing Factors and Strengthening of Anaerobic Transformation of Excess Sludge in China ««+xesesessereerseseemenenenninenenninenens DONG Bin, GAO Jun, CHEN Si-si, et al. (3384)
Relationship Between CO, and CH, Emissions in Urban Rivers and Sewage Discharging from a Municipal Drainage Network —«coeoeeoeseseeeessenenssenes LI Lei, CHEN Hao, ZHU Yi, et al. (3392)
Effects of Controlled-Release Urea Application on N,O Emission in Maize-Cultivated Sandy Loam Soil = +++++resesrsereereserenesneivnnnens JIANG You-jin, YUAN Jun-ji, DING Wei-xin, et al. (3402)
Greenhouse Gas Emissions for Typical Open-Field Vegetable Production in China -+ + ZHANG Fen, CHENG Tai-hong, CHEN Xin-ping, et al. (3410)
Effects of Water Management on Soil Properties and Cd Behavior of Typical Paddy Soils «++-+-- HUANG Jing, LI Xin-yang, WEN Sha, et al. (3418)
Effect of Mn-Modified Biochar on the Characteristics of Aggregate Structure and the Content of Cd in Weakly Alkaline Cd-Contaminated Soil +«+++++++ SUN Tong, FU Yu-tong, LI Ke, et al. (3426)
Effects of the Immobilization of Cadmium in Soil Alone or Combined with Foliar Application of Selenium on Cadmium Accumulation in the Plants of Different Genotypes of Tsai-tai +++++++++++
............................................................................................................................................................ CAO Kun-kun, LI Cheng-cheng, HU Xue-yu, et al. (3434)
Effects of Foliar Spraying of 2 ,3-dimercaptosuceinic Acid on Cadmium Uptake , Transport, and Antioxidant System in Rice Seedlings «+«+«+ssseesserseesesenenimimniensnnnnininsiniee
................................................................................................................................................... YANG Xiao-rong, HUANG Yong-chun, LIU Zhong-qi, et al. (3441)



	1
	07
	zml

	20200710
	2

