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(1. FRN K224 2 2 BE aélidll 450001 ; 2. ¥B9~I~Ijti%%f%%ﬂr%ﬁﬁﬁ&n, AN 4500015 3. J& 1A A5 3R 8 JR 0036 40 R
1T 466000)
FEE . RGBT PM,  FZRIFELL R 2705 22 R, ARG8T 2019 4EHEAT PM,  JAIISRAE  JF 40T PM, T B TEHLK I P
BT R ICRWRE. S5 R N 2019 AERARRTRE S Y PM, PR R (67.0 £37.2) pg-m 7 AR IE R E  H
T, PM, s FEA KU SRR EAR BRERAR AP (OM) HhreW) BURITC R b , BT Z e Y B AR '
T R L ZGRIRER NN A G DL S SRR VR B A . R AR AR BR L AT R AR 1 R R UR , B 2R 2 b A N B
B ATZEAN N BRIV $. NO; /S02™ Ml OC/EC HIME R IR T PM, (3215 4 R S HE AR B L K&
W) BURBE R BOR. IR AT A SRR, 2019 4F IR TTRR A 5 (49. 8% ) , HorPTEA R TTHRIA B 56. 5% 5 — W, b7
BFZE(15.2% ) FIBKZE(11. 4% ) o5 LUm sy, MLBIZE TR AE B ZE DTk K (12. 3% ) , & 2232 RIS ALK (13.2% ). 2014 ~2019
AEFRM T PM,, (52 IR R AR TR s Tl AR BB P IR IR U5 Ak 2 TR 3.
S BN PM, o5 —KTEHLER s BRI 5 5 AL Tk e
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Chemical Components and Sources of PM, . and Thelr Evolutlve Charactei‘lstlcs

i o & ’

in Zhengzhou L T . -
ZHAQ _Xiao- nan , WANG Shen- bol’2 YANG J;e.ry. MA Qiu- hong 2 LIU Yang ; ZHANG Rui-qin"* "

(1. College of C‘hemlstry, Zhengzhou Unlvemlty-, %k‘éngzhou 450001, China; 2. Instltute of | ,Envrronmental S(nences Zhengzhou r
University, Zhengzhou 450001 China; 37 Xlarigcheng Ecaiogwal Environment Bureau of Zhoukoug Zhoukou 466000, Chlna)

Abstract: To explore _,Lhe main sources of PM2 s and the fliorageristios of seasona], differences’ 1In Zhengzhou, PM, samphng was
condtictedin 2019 and the concentrations |of i ,norgamg: water-soluble ions, carbon gemponents, and various elements were analyzed

Resulis shdwed that the average mass congentration of PM2 5 in,2019 was (67.0 £37.2) pg+-m > with the highest concentration in
winfed and the lowest in summer. The main components of PMZ 5__Wé're nitrate, ammonium, sulfate, organic matter, crustal matter, and
elemeéntal garbon. In spring and autumn, PM,  was greatly affected by crustal matter and elemental carbon, and In summer,
concentrations were mainly affected by sulfate. In winter, the concentrations of organic matter and nitrate increased significantly
produced by photochemical reactions in summer and aqueous-phase reactions under high humidity in winter. Carbonaceous aerosols
were greatly influenced by automobile exhaust emission, coal combustion, and biomass combustion. Source apportionment showed that
secondary sources were the greatest contributors in all four seasons, particularly in in winter (56.5% ). Among the primary sources,
the proportion of dust in spring (15.2% ) and autumn (11.4% ) was slightly higher, and the contribution of motor vehicle pollution
was the largest (12.3% ) in summer. In winter, PM, swas greatly affected by coal combustion (13.2% ). From 2014 to 2019, PM, ,
in Zhengzhou increased annually under the influence of secondary sources. The contribution of industrial sources, biomass combustion
sources, and coal combustion sources exhibited a downward trend over this period.

Key words: Zhengzhou; PM, ;; secondary inorganic salt; carbonaceous components; chemical mass balance
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AL T 146 =
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1 HE5HE
1.1 FERCRE

SRAF b, 1A T T T 2 M T R M K A A X
(34°48'N; 113°31'E) % SR R QT oo ma g
$ﬁ%h%ﬁ%ﬂﬁ@*iﬂ&mw@4ﬂﬁ%$

F, 7 ARFEE T, i TR T RKA Z B0k 475 Y 7™
E,l—llﬁilﬁﬁﬁﬁf‘i*#, 9 ~11 AMFERZE, 12 HH
2020 4 1 AARERA T SRAAUER R s Ram AR
ARTHUEAFIRY 4 JEIERAEAS (TH- 16A) RAE PM,
JEHE i, R AL S A AR 47 mm [P LR
AN B4 47 mm 1) Teflon JEAE, 4 NEE MR EDY
4 16.7 Lemin ™' RFERTE A H 10, 00 EX H
0900, ELERAE 23 h, 152G R0 133 4.

1.2 FEEAHT

KL ZEGE TR S T 3 4 450&1*me
Fybe 4 b, 9K ek T 58 1 R AR R (20
+5)C AIXFIBEE (50 #45) % ] i V-4 48 Wl RS
WE R T35 2 R - FE A 22 24 e T
TR ( Mettler Toledo XSZOS ) PR, HfF{%llEﬂiﬁW»j
M’r\%ﬁ‘%rﬁ%ﬁﬁp 03" mg. f’KEmﬁEFﬁi/\ﬁ?
WA¢%Fwﬂﬁ$ﬂEMWﬁmﬁ?%ﬁ%W
Rt - 20%C kb PR R BRI,

ﬂiﬁﬁﬁﬁﬂiﬁmm%ﬁifz/%ﬁu (E£H Sunset
Lab Inc Model) 73 #7 4 Hlfk ( OC) MIITEMK (EC) , 2K
FHE F i (1CS- 90 HIFI 1CS- 900 Kl ) i 5E 7K %5
PR F(Na® | K™, Ca®", Mg®" . F~, CI” | NH; |
NO; H1S0;™ ). JEHLICE 4430 M ik At FH 72 ) A
N EE ) S8 TIGER B3k KU X 4858t
JETEAL. ELARAES JRER 43 M O ik R0 S 5 DL SRk
[28,29].

1.3 Srirrik

WOk 2 4y R A PM, R A4Sy A, &=

A $E H 5 W) i ( crustal matter, CM ), A HL ¥

(OM) ,EC IR AL 1. OM 5 CM By H 4 J7 ik
.
CM =1.89 x [Al] +2.14 x [Si] +
1.4 x [Ca] +1.43 x [Fe] (1)
OM =1.4 x [0C] (2)

A (AL [Si].[Ca] . [Fe]FI[OC]ZrmIft3 Tix
YL 3 AE PM, s MR (pgem ™).

SOC H OC/EC e/ AR, T 20 #r
TRAHURIE L (SOA) XA ML (OM) f BTk, A%
FFE%T SOA 5 POA A7 15, kT .

SOA = 1.4 x [SOC] (3)
POA = 1.4 x [ POC] (4)
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FIFH CMB ST 4 A~Z=75 19 B HE R
DA DT k% | AU T B A A PRSI B | R 3 A
ANHARE B, SR B G A I e, T B HE R
B EBRE Y 2 BN kA RN BT T,
CMB R N7 T HE R AN 3R 858 32 AR 55040 =2 18] 1
i, SRIFAGE T IR PM B BTRR ™. CMB AR AT L
TN

ZF (5)
2o, 7 RHEROE B C ;@ﬂiﬁszﬁxuﬂl (% i,
VREE  F R A TR A | Rl RIXT IR BE 5 S, 4R
ANPERG TR, RELTA I SCRk[31].

2 HFR5IHE

2.1 PM, iR EERHE

2019 4F PM, 5 SS9k 0 (67.0 +37.3)
pg-m SR T HBRIE(35 pgem ) K 1L 911 +H
HRKE 4 N FTWEES N (61.7 £27.2) (44. 1
+14.7) (61. 8+25 7)HI(114.5 +53 5)fgom™,

Hirfr PM, & 22Uk B 2 B K (MR 2 R & A R )
(GB 33095-2012) H ¥ “ AR HEFRH (75 pg-m ™)
(1.5 A5, 4200 8 I i T B HH T A TR BRI,
LT W I8 25 o P AT L AR DR s 3 25
RSN, AR F 15 P8, 76 12 A 24 HikE
Ik 210. 1 wgem & T HARERMERY 2. 8 £
FHEEEE T 2015, 2016 F1 2018 4FEHS M i PM, |
AR EE R (£ 1), 2015 ~2019 4E4EH Ik i 5
SR NIUERE, EEHLEN B
PEAER AL A, 1B 2016 4FJ5 BUMFF IR 15
WAl i BB R B TR T L
SRR X HLB) ZEBRAT UK 52506 5 4 20 A AR W G
SHAIR AR L, ¥R T 2019 4FE PM, (AFEE ke E 5
2018 4FZ [T | 2017 AEHEHR T 55 2016 4F b 5 7
ASFEF- EUAH e Y 1 BT, K M T 2019 &
PM, e 5 2015 4F i SR IIA0 1. 5 4% Rt 8
GRITAE SRR Ti=BM,, VR 1522 I 151}35LT{§IE
ZHT B, J#Hm?%alﬂ LAt 3T m%ﬁéﬁﬁfjllﬂi
mﬁ%gtﬁ/@%l% \ -

- / =1 zkﬁﬁn’iﬁftﬁﬁﬁﬂﬂ&ﬂi PM, spzer#mtxug w
lalﬂe l { Comparison of PM, 5 (‘once’ntrauol)fn t-lﬂll% study with those reporled fmm nther years“and olher cities/Lg m 2

el R oy T, ol #5 2%/ gees g | %2 5 i
B 2015 13,0 |/ Lo 80 85.0 “7110.0 174.0 [26 15
R 72016 119,0 4 ooglo 47.0 ‘ 88.0 221.0 [32]
T | 5 2018 74.7 o 47619~ = 55.6 79.4 " 86.9 [27]
A -l 2018 85.8 * TS 46.9 90.5 104. 8 [19]
e 2017 85.7 64.6 64. 8 82.5 131.0 [33]
Jes 2016 87.7 61.5 73.2 104. 2 111.8 [34]
i 2015 54.0 50.3 41.2 47.4 77.0 [34]
il 2015 50. 1 50.0 28.3 45.3 76.7 [35]
ERN 2019 67.0 61.7 44. 1 61.8 114.5 AHFSE
2.2 PM,  EEALAELLS 5T HTT 1 (20.3% ), OM (5 1 (25.2% ) b F it
2.2.1  AERRIE ST 7 6.2%.

ML () FTLATE BSR40 43
W TR ER (13.9 ng-m ™) > HHL(13.1
pegem ) > HREL (8.6 wg-m ™) > T (7.8
pgem ) > #E (7.0 wgem™) > EC (1.5
pgem ). BB RV PM, (7E PM,, T AR K
i, PM,, s v BE A, LAY, 10 AR 11 A K
PM, /PM,, HL{EL 23 %110 0. 41 #110. 50, [l it 10 A Al
11 H R 535140 T 48 K PRt b 58 ) B fk 2552
IR YD 2 A 5 i e 3K R 4B I8 35 i
RAZENHERKEZE, I LU R £ 18 K W B 45 o B
8,5 201677 F112018 4E ML 1(b) ], WBRE:
o7 FL R BB M, OM i L 2019 4F B 35 FEAIG
FH L LA T R T AR R AR 5 b (26. 8% ) i Tk

A MREHIZ LMW PM, 1Y 52
S , e WU R BB A5 12 E R 8l , il RIS 3 W)
P MR S A A [R5 Qe e 2R A
X T 04 308 e W 0 R AR (A B ok - Ak A R
RS, 1 R ORI A IR ZREL . 2019 4F 4 A4
M > B > &% > FF, KKK
HIR AR, R I XGE RANE. %2 R
MT 4 MFETRERMNS P, S H BB 501 R
IRIMAH I R, 5 R s, BRI B {)dﬁ
BLER B A R, %ﬁ%ﬁﬁ*ﬁa‘é(l) <0.01); Bk
55 IR 5 M B R R 2B R, 2 B E ARG (P <0.01)
AFN P, 5 TR EHLER S WA OC (P <
0.01) , KU 5 YL ™.
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Time series and component comparison of major components of PM, 5 in Zhengzhou

Fig. 1

R T BRAGTHTRS N T S B AL 2 B A R AE AR AN
[ 2= AN lVE YL 2 90 T b PM, 75 Je i i K i 5T
U] PM, 5 I 0 AR ¢ (s 0 4 )
(GB 3095-2012) H ¥ —Z b3 ERRE (75 pg-m ™)
IFH 3 AEEG IR (PM, s <75 pg-m ™) . —
VEYER (75 wgom < PM, <150 ug-m’) 5&EJ5
PR (PM, , >150 pg-m ), W0 2. HZ EEZ Al
fREbm, B & R UMM S ALY FET5
ey B R N I T R A L

_.ml_ﬁ y

HII(HE-H)

lﬁ,SlEo 2.91%
S 25.22%
13.5%  15.09%
= oM B ECc [ shimedk

T mimgesh [ gk OO Hsetm

LB — J e FPM, ;o R A I 3 A
KA S U R SR A e B
ISR SRR T AHUIRZ . BB v
135 e F T 5. 4 A1 AL VP B TS O 2
SN T 5 T 5 e R UG L 8 o 2 1
A 5. 14, BT R A, 2
1SR AT B e ALY 05 T 0
L2 5 PM, BB, U R BLAR R E) T £ %
e
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Table 2 Pearson correlation coefficients between PM, s and meteorological parameters
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Fig. 2 Concentrations and proportion of PM, 5 components at different pollution levels

2.2.2  IRFTCHVEE LA AR
SRS SR 2 B R T AILER S M T 4 A
PM, s P R Ay TR B B R AR A R 3k 32
ZE A SO, MNO, M4k, i %4k (SOR)
RAMF(NOR) 7] 4350 T 3278 SO, F1 NO, [n] Bt
PR AR RIS R 3 (0 5 AL R2 . A 9T R W, 24 SOR >
0.25, NOR > 0.10 i}, SO, 5 NO, & — k4%
A2 WM E SOR 5 NOR ARS8 43514 0. 4 i
0.2, IR T PM, 52 — KA iU DT 2 2. SOR 1Y
HAEE (0. 6) femy , HIKEAZ2(0.5) , 5 2018 4F
M T2 SOR Z= A5 REAE AL, I 3 1T LU i, 4B
TR ZE N AR, SR RS SOR Jhiy , B 4%
SR Ak 2% RN 7= AR ] BB AR HE T S0, 1A AH T
2. NOR Y U Z= 35 4:0.2 0.1, 0.1 =
0.1.0.1+0.1F10.3+0.1,&%F_"RKEMAHEREE,

AT RESE TSR AR 5 A i , 4 2 STRAIK, A R T ks
PIMIR R E AT B . LAk, SOR 5 NOR 7E 42
A WEAEYE(r =0.8) . ZENLIN I 18] HF A& ZR 5
YR T (K1 3), SOR il NOR &7 I+ , Ui WA v A
A SN AT i AR A SEIS N T A% 2 i 1 RS TR 6 7

BLBh 4 B SR BRBEHER 43 32 NO, 1 S0, 1Y
FEETTERIE , X PM,, 5 FP RS R ER FNBT Rk A Bl 52 i) 1
ik NO, /S0; mI LA I [ 5 5 5 8% s U 1 o1
ik, PEAEHRR RS Zh T A BTk RS SRR S RS N
i PM, s H NO; /802~ FUAESME J 1. 83, i T FH &
T 2018 AEFKA I 1. 041 | 5 2016 4EAH L |
FEMEN 1.0 38542 1. 83, W] i ol T30 45 A KR N T XoF
BRI T SR ROR B3 , IR G s
B, Geitah BRI T LB A 1 2016 45



3638 o8 B ¥ 42 %
06 / 1.0 PM, (H EZEILHLE F & NH, . NO; 1S0; ™,
y —y = L, NH; % LI(NH,),S0, . NH,NO, fil NH,Cl fJE =t

g YOg FEE, NH] B 55 0L 4 A (NH,),S0, 5
“MU$%&EE%KWQK%M [ NH,HSO, , K5 FI A9 NH,; 15 NO; 3 L™ kv 4

0 : 47 1 NH,NO, 5% NH,CL, % NH, /S0~ Itk T
| 20, SO 1 NH; A (NH,),80,%. %
100 - — R W :: FESAIE], ABH T NH, /S0;~ BE R 2. 14[ Kl 4(a) ],

ﬁmMﬁ {Wj%% Lo DRMIR A B M R R R

E 60 N :MC L, ﬁ (NH,),S0,. Bl 4(b) T HEEZ &87E 11 1ZLL T 3R W]
a0 A, T KN 5 S0 SR R LR A B
ol PRI R [ NO;,{}?QTJ{%NO , "TBELL Ca(NO,), 3% NaNO,

gggggzggggggiéggggggggggg S R AFAE s 5 T LA O 5 485 1 A
H#H (A-H) ﬁﬂ”'

3 SORS5NORBEEERESEENINFTELES
Fig. 3 SOR and NOR change trends with temperature

and humidity over four seasons

(¥ 272. 4 TR F) 2019 45 385. 6 Jii. ek
(2.6) >BkF(2.1) >HF(1.9) > HF(0.4), K
A RARRT R fF R NHNO, HCJ%%;E Es
ik, 53 NO, B Tﬁﬂ,gétm&mf‘j@'
Aﬁwmakqwﬁwﬁmmméx@%[%yﬂ
JRI51 ﬂﬁﬁgﬁ*’EAimfeﬂ s ¥ 4

-*"‘.‘

2.2.3 BRI ERRIE
T3 v X AN [ 3 1 6k L4 Wi T L)
2019 4F K M i PM” fOC 4F # 1L§U~9 4
peem BT M BRI A BT
>HE > HBE, Hﬂj‘ﬁﬂl%%n EC £ PM, 4l ’JE%%H
ﬁ%%%ﬂﬂﬁm“i%ﬁm&& Sk 0€ i
EC MR THERI AR L3 T
ﬂm(mmcm@ﬁﬁ?ﬂﬁﬁﬁﬁfg%ﬁz%
mﬁ%%ﬁ$ymﬂMZ@ﬁEﬁmw%@fﬁ

o

- _.|’

7

L/

Table 3! Carbén componenl co_ncf-ntrat_mn in different seasons/ pgem

%:ﬂ %mé'ﬂﬁﬁnﬂﬁl&}#/ug em -~}

-3

| e i y . 4 . =
i | % F T = wE P e
‘@r(‘ 8.8+3.2 7.6 1.7 8.9+3.7 13.4+6.3 9.4 +4.3
EC 1.0+0.3 1.2£0.5 1.6 0.8 2.3£0.3 1.5£0.9
POA 8.0x2.1 7.6 £3.0 8.7+4.3 17.3 +£8.0 8.5+5.1
SOA 5.3+3.8 4.0+1.9 4.8+3.3 3.7x2.1 4.6+3.1
2
(a) . . (b)
L

£ * I;'.f

g * 2t

= . . =

z . z

o
%
..‘.\. oy *
® { L4
.
[ ]
U 1
1 0 1 2
S04 /ueq-m™ (804 + NO3 ) peq-m™

Ed4 PM, hEEXNEFHEATLR

Fig. 4 Charge relationships of major inorganic ions in PM,



8 3] RAZEA] A . RIS PM, 2 A R S R il 3639

BB AT EA L5 OC/EC AR TT LK Wy PM,
FRBR T ZH 0 B0 E BRI 0.5 ~ 4.2 KR Sl 2 K
W40 R HE R R T2 1 ORI 2.5
~10.5 FRBRMEHECON FEZHOR IR 5 16.8 ~
40.0 FoR FE R [ AW BB HERY ; 32.9 ~
81.6 Fm EER [ ARG . A 78 19 1] 407
1 OC/EC JEETE 2.4 ~ 13.9, PR 42 B < HENK .
JEEIRIRBE LA KA ) ST BRIEXT PM, s BB ZH 4345 5 1.

K5 3l R EL PM, S5k 404> . POA il SOA £

30
(a)
o Fr=071
25 ¥ r=0.66
s For=0.72
& p=
Tt % r=10.79
&
5 15
C
10 |+
5 F i\
U 1 1 1 1
0 50 100 150 200
40
(c) o #Fr=056
35 - ¥ r=0.78
o Fr=0.75
30 - % r=0.81
™ 25
g
2 20}
<
o
(-9 ]S —
10 |-
5 L
0 e 1 | | 1
0 50 100 150 200

3

PM2 s/pg-m”

4 NZEAT Y Pearson A G Hitp OC Al POA 5
PM, £ 4 2100 35 A0 G, I HLBE & B A 2215 Y
TNEEAH PR SR | FEH] POA X H M T Bk & 2275 2 7
HREE K. SOA/OM 78 7 R & M 43 3] /&0 0.3 +
0.2,0.320.2,0.3+0.2 F10.2 0. 1. SOA X OM
FITIRRTE 4 ST AR AN B 2, IF FLAK T POA Xf
OM 5Tk (0.6 £0.1, 0.6 0.2, 0.6 0.2 F1 0.9
+0. 1), LA AP RN EE S POA 19 4E g
A

5
(b)
o #Fr=056
= ¥ r=0.78
K r=0.76
& pr=-0.13
E =
@
3]
=
-
1
0 Il Il 1 L
] 50 100 150 200
14
(d 4 0 4§ r=0.55
1L a ¥ r=-025
&k r=026
£ r=0738
. 1
'
28}
3
-
I .
4 I -
2 L Ly &
A
0 9 L A 1 L L
0 50 100 150 200
PM; s/pgrm™

5 BHK(OC) TEM(EC) . —REHNSAR (POA) . ZRENSAR (SOA) 1 PM, (7 4 METHEEM
Fig. 5 Correlation of Organic carbon (OC), elemental carbon (EC), secondary organic aerosol (SOA) ,

primary organic aerosol (POA) and PM, 5 concentrations in four seasons

2.3 ORI

i CMB BERIGFRS M T 4 > 2275 P47 K U5 A
e, A8 P A T8 B A3 1 B S 1 Cao 2515 (R F 5. I
W RTEHLER . SOA AR ALah 408 i R
Yy R RN Tk U5 430 5 PM, 5 B 41. 7%, 8. 0%,
11.2%.9.7%. 9.4%. 3.9% F15.5% . W& 6, % T
TR AT > B S KT > RS KWK S
B ZPRIGERR, B TR, KRR S 2,
B A EA AR S, #E— 2l T AR Y A Ak
R A T 2 B R . X F— kIR, & TILE
SO A AR A IRAE R = SRR g
L, A ARG A, B SERNEEK T LURER

B PRV EK X — 4510 5 Z 04 5 5y B 2
WAL, B h FRREIR S R sk 51K, AL
SRS TR

XiF LN T 2014 ~2019 AEJRIBHTES RAFH (3
4), PRSI TR K, A 2014 4F 30. 1%
W3] 2019 4F 48. 0%, Hirp 2019 44 2 k2
2014 4y 2. 1A, PRI s X — ks Y i 2
IR . 2018 45 FF R £ X 2 Toll SR
VOCs FIALSN 275 YL 36 BRI TG Y KA 205 5
AU R IR BEIE LB AU 7 2 UE AN Tl Ui
JUAFHR LT B 3. WRBREIR A 4 2R M e K, A L
2014 4T FE T 87%, vhd B B N T R A < S B R



3640 7D 53

42 5

B _OvBmEREMAER | o0 e
Fig. 6 Results Of":nurce analysis of CMB over four sﬁaion% II I|I ‘ .._.f"'ll {‘//f | In'.
5 = | § .-"I ,-"‘

| %qf %BJH?EEMEHDF%E#E %/% e v . B ol €

& F i Table 4 An‘alyﬂ('al re@ult% _f, %oul_r_cﬁ:ieported from other 3 vyea:rs mthcngziou/ % _ g -‘..'A
ey F euse e |l J% v Bl T aflin e wie Wkt
o | ‘| J 57 13.9 2 135'5,-” 140 ALy, Tiso w0l 55 _.-;?"

|} A F 387 1074 ;' RERS :r"'7_' 3 — S\ ded b 62.2 . 3% 4
2014 (| # ~ o 6.1 | s b ) s g sl les  eso 2,§“ff‘
F tn l'x2@ 2o 25.1 v | 2.4 i"" 18.5) — P # 60 40 480 3.2
‘,lf;; ATEZINN 16.4 o 13{3g | A—-"6 — — 256 165 57.6 3.1
/e P i ’I 31.2 15.1 o 186’ f";gﬁ? 6.7 7.1 6.7 20. 1 52.8 1.4
Y | "2 419 17.5 17.4 12.1 5.3 5.8 5.3 28.4 67.6 1.4
2o1qf%J ik 33.7 16.5 16.2 15.8 9.6 8.1 9.7 14.9 69. 1 1.1
& 35.0 21.1 16.9 11.1 8.1 7.8 8.1 6.2 46.7 1.8
AR 35.5 17.6 17.3 15. 1 7.7 7.2 7.5 18.0 59.5 1.4
# 23.9 9.4 11.3 27.6 2.5 9.4 16.0 18.8 56.9 1.4
= 49.3 1.1 10.9 3.8 2.0 5.7 17.3 30.3 61.9 1.1
20182 #* 54.4 10.5 9.7 8.3 4.0 4.5 3 18.7 53.3 1.1
% 49.8 12.8 8.7 9.9 4.0 6.4 4 4.8 46.4 1.4
A 44.4 11.0 10.2 12.4 3.1 6.5 12.5 17.6 54.3 L3
* 50.3 8.7 8.5 15.2 5.6 3.7 8.0 18.1 43.7 2.6
= 45.0 10. 4 12.3 5.6 5.1 4.6 17.1 29.2 60.6 0.7
2019 (AAFFY)  FK 40.3 10.5 8.8 11.4 5.0 5.2 18.9 17.2 61.5 2.4
ES 56.5 13. 1 9.8 6.9 2.0 7.0 4.6 4.4 54.0 2.0
AR 48.0 10.7 9.8 9.7 4.4 5.1 12.2 17.3 54.9 1.9

BT AE O HUS I A, (HR BRI o LR SR 5
LB FEIRFEAR I SE B TR T RS e R TR
W1, D 2016 4 18. 6% T[] 2019 4 8. 5%, i H
ML A BRA TR e 1) B R, 2016 4R E K
AT S S B BIL BN 42 ¥ G HE b 1 B R 2 B 5 A%
W T T 2014 ~ 2018 4EIE AL T PR T &
AR B, B3R 2 T TAEKELT, HIb /R4 2014
AEFE 2018 AEHB I TR (B8R E T
. TE 2019 AR KU E T 2018 4 (H47 20 I T [

T 12, 4%, B 2019 AFBUM X528 RSP 1 it 15 51
A 2019 AT R A AR ASIEEIT T Tk RS
TSR 6 AL I Zm A A Tk Al i 5
—ZRYNAT)T % K 2019 4E Tl K ZE (5. 2% )
B AIK T 2016 4F (9.6% ) , H &4k FH, Tk &
2019 ARG AT LTS BUR 5 s X5 i6 27 200 7%
522019 AEAEW BB IR 5 2018 AFAH L, /MR 3
KHEZRAL R E W ZE, KL kg hnas s #% F7
BERRAETE. L5 DA, FRARAS N 77 R USRS i HE



8 1

R S, FRIMTT PM, 204 Sl B L AR ReAE

3641

T, N80 S I A R i 2 [ A
ARG, B2 PLah 44 B, & 0
MABERTHFE 2B RREHI T 4 21T PM, B9 T2 2805
A RORAE.

3 it

(1) RAEIIIE, PM, AF 39V 4 (67.0 £37.3)
wgem TR AL G, A T B A, & TR
[(114.5 £53.5) Jug-m ° EEZ (A2 E R
fE) (GB 33095- 2012) H ¥ = 947 i B (75
pgem )Y 1.5

(2) BFFE 1A PM, 5 3 %2 2045 o 1 BLAYD i 2
MR R AR AR M5 R EC, o R
(26.8% ) SHHWI(25. 2% ) o5 iz . e IR A T5
YSEGT , “TEHLER RIS Y S T g v BRI,
PM, | BB BTk _

(3)SOR 15 5 2 fh Tk g A b i T
K7 th F R AR HE K A% S B, B SOR 55 NOR
W BT NO; /S0P LA IR . & 7 %
BB RN B A AT SR s M P
TS T AT 2  RFEWIE NHY/$0,7 T
2. 14 K T R R R 4 U R 45 Rk
(NHL) S0, 3| B B 3 I 7 ik 32 ¥ A HIng 1
KPS RNBE R B wiv ke K| e POA 3 oM/
ik T S0Au e : A=

()R BT S ] 2019 4K T 1L 5K U
BTG YR (49.8% ), HUCE MR (11.2% ).
H& B 5HE RS RS TERSKE 65
SREZAHRINE, E L 15 Y d ek
5 A TSR AL . 2014 ~2019 4R, IR
VA IR TR L R, A% I SRR
22.8% ; — IR, TV IR HRIEIR 5 A= Wy o ) BT
POk S 5 U 0, R U 40 2 R B
PR U RS B IC TS VR R TR VR IR K.
P b 374 L P A R T R, %
B4 %) MLah EB(HE) B (ERE) M
AT SE PR A0 4

Sk
[1] Wang X Q, Wei W, Cheng S Y, et al. Characteristics and

classification of PM, 5 pollution episodes in Beijing from 2013 to
2015[J]. Science of the Total Environment, 2018, 612 170-
179.

Hinwood A, Callan A C, Heyworth J, et al. Children’s personal
exposure to PM10 and associated metals in urban, rural and
mining activity areas[ J]. Chemosphere, 2014, 108 . 125-133.
de Paula P H M, Mateus V L, Araripe D R, et al. Biomonitoring
of metals for air pollution assessment using a hemiepiphyte herb

( Struthanthus flexicaulis) [ J]. Chemosphere, 2015, 138 429-

A

[4]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

437.

Brunekreef B, Forsberg B. Epidemiological evidence of effects of
coarse airborne particles on health [ J]. European Respiratory
Journal, 2005, 26(2) : 309-318.

Bell M L, HEI Health Review Committee. Assessment of the
health impacts of particulate matter characteristics[ J].
Report ( Health Effects Institute) , 2012, (161) . 5-38.

Guo S, Hu M, Zamora M L, et al. Elucidating severe urban haze

Research

formation in China[ J]. Proceedings of the National Academy of
the United States of America, 2014, 111(49) . 17373-17378.
Liu Q, Jia X C, Quan J N, et al. New positive feedback
mechanism between boundary layer meteorology and secondary
aerosol formation during severe haze events [ J]. Scientific
Reports, 2018, 8(1), doi: 10.1038/s41598-018-24366- 3.
Huang R J, Zhang Y L, Bozzetti C, et al. High secondary
aerosol contribution to particulate pollution during haze events in
China[ J]. Nature, 2014, 514(7521) . 218-222.

HOOE, SRS, s, AF. dbaUHT R AR TS g 5 ok
TEEHTRTZEL)]. PRSI, 2016, 36(11) : 3203-3210.
Han L. H, Zhang P,FZhang H L, et al. .Pol}uli_orr".;nd source
apportionment of atmospheric fine particles in _'Bé'iﬁng[ I1].
Environmental Science, 2016, 36 (11) : 3203-'3219’.. o

Wang S B, Yin S S , Zhang R Q, et al. Insight lnl‘oI theformation
of secondary inorganic aetbsal based on high-ljf“r;.t:-}rgaélbluliorll_ data
during }llgize episgdés and ‘snowfall periods in Zheﬁgzhep.g"'t.kdﬁa
[J]. Science Qf..the Total Environment, 2019, 660" 47-56.
Cheng‘“ Y F, %beng G J,‘.. Wei C, et al. Reactivein‘itrogenl
chemist'.r.y.. in aerosol water “as a source of sulfate (}uri_pg .hﬁ'z.(%j
events jn China [.‘J].‘. Science Advances, 2016, 2 ( 1287
16015304 ol F )

Wang G, Zhang R Y, Gomez M E, et al. Persistent S’iflfate
formation from Tondon Fog to Chinese haze[ J]. Proceedings of
the National Academy of the ‘United States of America, 2016,
113(48) : 13630- 13635.

Hui L R, Liu X G, Tan Q W, et al. VOC characteristics,
sources and contributions to SOA formation during haze events in
Wuhan, Central China[ J]. Science of the Total Environment,
2019, 650 2624-2639.

Zhang R'Y, Wang G H, Guo S, et al. Formation of urban fine
particulate matter [ J ]. Chemical Reviews, 2015, 115 (10)
3803-3855.

Wang H L, Zhu B, Shen L J, et al. Water-soluble ions in
atmospheric aerosols measured in five sites in the Yangtze River
Delta, China: size-fractionated, seasonal variations and sources
[J]. Atmospheric Environment, 2015, 123, 370-379.

Hung H M, Hoffmann M R. Oxidation of gas-phase SO, on the
surfaces of acidic microdroplets: implications for sulfate and
sulfate radical anion formation in the atmospheric liquid phase
[J]. Environmental Science & Technology, 2015, 49 (23) .
13768- 13776.

TR, HRERE, AR, 55 BRSNS QIR PM, 515
SR E S HURRT )], FRHURRERESE, 2014, 27(2) ¢ 13-
119.

Wang J, Bi X H, Feng Y C, et al. Pollution characteristics and
source apportionment of PM, 5 during heavy pollution process in
Urumchi City[ J]. Research of Environmental Sciences, 2014,
27(2) . 113-119.

BRI, BN, FOCE, . WA ZE PM, KRR T
PSRRI )], FRIERLERTSE, 2020, 33(4) : 831-840.
Lei TY, Zang Y, Gao Y G, et al. Chemical characteristics of

water-soluble ions of PM, 5 in autumn and winter in Heze city



3642 2N b} s = 2 %
[J]. Research of Environmental Sciences, 2020, 33(4); 831- [32] T FBMITT 2016 4 PM, s FAb2E20 5015 YRR e SR IR g dir
840. [D]. FRIM: KBHR2E, 2016,
[19] INAE, 24w, EHEE, & ZHTTKS PM, s Tk T [33] Zhao L, Wang L T, Tan J H, et al. Changes of chemical
ZEAHRAE M R VR AT [ T]. FREERL 2%, 2020, 41(1); 75- composition and source apportionment of PM, 5 during 2013-
81. 2017 in urban Handan, China[J]. Atmospheric Environment,
Sun Y C, Jiang N, Wang S B, et al. Seasonal characteristics and 2019, 206 119-131.
source analysis of water-soluble ions in PM, 5 of Anyang city[ J]. [34] sk&Ad, BEESC. 2015 4Rdbat | LI FIBLEE PM, o W BE H 48
Environmental Science, 2020, 41(1) ; 75-81. AT H BRAS BT[], iR 254k ( BARBRARR) | 2018,
[20] ZEWPFe. JbmT KN BURL 4 1 Ak 24 20 IR A B R I BT 54(4): 705-712.
[D]. dbxt. j[ﬁ}?’:'fk]:j("—}l’, 2018. Zhang D J, Xue H W. Interdiurnal and diurnal variation of
[21] kEFK. BERLAERB VOCs AR AT K H X B 420 A B 1) 5% PM, 5 concentration in Beijing, Shanghai, and Lhasa in 2015
[D]. & MAalE B TR K2, 2018. [J]. Acta Scientiarum Naturalium Universitatis Pekinensis,
[22] Huang S, Rahn K A, Arimoto R. Testing and optimizing two 2018, 54(4) . 705-712.
factor-analysis techniques on aerosol at Narragansett, Rhode [35] fad&md, T4, KE®, & BYIdi KX PM, S Joki )RR
Island[ J]. Atmospheric Environment, 1999, 33 (14). 2169- BATLI]. MR, 2017, 23(5) : 363-366.
2185. [36] L, XI5, BRHE. M HIKX PM, s 1 PM,, 28 fbRRIE K
[23] JA#L LR PM, RN L. S TR B G iE 1 3 HERGEEXRFZWRT]. WmRFFMmARBER) ,
Fhsz RBERIL )], FREERM:, 2020, 41(5) : 1997-2005. 2020, 50(4) : 391-401.
Zhou M. Comparison of three receptor models for source Wang T, Liu Y, Shao T T. Variation characteristics of PM, 5 and
apportionment of PM, 5 in Shanghai: using hourly resolved PM, 5 PM,, and their relationship with meleorological facfors in. urba
chemical composition data[ J]. Environmental Science, 2020, area of Zhemgzhou city[ J]. Journal of Henan Umv'grsfi}’ (Natural
41(5): 1997-2005. Science) , 2020, 50(4) 391-401. Y
[24] %%, Iﬁi@, ZERS, 5 Kﬁﬁiﬂ(géjﬁ%éﬂﬂ%@ﬁ%@ [37] Liu X H, Jlang N, Yu X, et al. Chemlcal (’hara teristics,,
YLRRAE HORVR AT [ 1], FREERL24, 2019, 40 ( 8 ): 3421- sources apporllonment and risk assessment of? PMZﬁ-"m dlffPlenl
3430. d functlonal arcas of“an’ emerging megacity in Chma[]] -Aer__pso]
Chen C, Wang T'] LiY H, et al. Pollﬁli(m oharacteristics and™, and A].r Quahty- Rese ch, 2019 19(10) . 2222 ’2238,,
source apporudnment of fine partlculate mattet; in/ autur!l‘n ;md‘d [38] Iﬁ;@é ’ﬁ'ﬁ{_g_, M‘*‘kﬁj :‘»1% FRHN T PM, séﬂﬁ’é? ﬁ‘f ?E
" wilter in Puyang| chma[ J1. Environmental” Scrbnf/"ZOiQ}f 40 &%bﬁiﬁ)}ﬁ[ﬂ *@Tt’%%(ﬂﬂ 2020, 36(4) 61-68. '-l-.._;.r
< (8) ;3421 3-430 L Chen MY B Yuan M H,, Lin'Q J, et al. Seasdnal (‘haractenif_lb'.@
[25] | Hemrah, %*ﬁ Iﬂ: & KBTI 2013- 2014 ﬁikﬁgﬁ(i and source appomonmen{ of PM, 5 components in “Zhengzhou/eity

M, BRHTIIIET AL W 2015 45 SR BERL 0 4 A

[29]

[31]

SRR (B [C.

M HM A, 2017.

WO, Ll B, . KM PV, S5 1 552
PSR BOR IR AT [1]. PR, 2020, 41(11) : 4813-
4824.

Zhang ] F, Jiang N, Duan S G,
composition characteristics and source apportionment of PM, 5 in
Zhengzhou[ J]. Environmental Science, 2020, 41(11); 4813-
4824.

Jiang N, Duan S G, Yu X, et al. Comparative major components

et al. Seasonal chemical

and health risks of toxic elements and polycyclic aromatic
hydrocarbons of PM, s in winter and summer in Zhengzhou:
based on three-year data [ J]. Atmospheric Research, 2018,
213 173-184.

Wang S B, Yan Q S, Yu F,

chemical elements in size-resolved particles in Zhengzhou,

et al. Distribution and source of
China; effects of regional transport[ J]. Aerosol and Air Quality
Research, 2018, 18(2) ;. 371-385.

TRAR, TR, UK, 5. RRALRRAR R R RBET
SIRBACAA SRR T ] BRI, 2017, 38(12) : 4932-
4942.

Zhang C, Yu X N, An J L,
characteristics for different air pollution levels in north suburban
Nanjing[ J ]. 2017, 38 (12):. 4932-
4942.

The USEPA, 2005.
Agency. hitps://www. epa. gov/scram/chemical-mass-balance-
2005-06-29.

et al. Aerosol chemical
Environmental Science,

United States Environmental Protection

cmb-model ,

@ I ri"lilﬂ“f“ﬂ?%zzﬂms.
1 3568-3565, 7= J A _Jf/,,u [39]
) s oM, | LA e A 7 O

[40]

[41]

[42]

[43]

[44]

[J].| Environmental Monitoring in China, 2020, 36 (4;)"‘!‘I 61-
68. 4 = ]

Kong L W, Tan Q W, Fé‘ng M,
characteristics and source analyses of PM, 5 seasonal variations in
Chengdu, Southwest China[ J]. Chemosphere, 2020, 243, doi:
10. 1016/j. chemosphere. 2019. 125267.

TEE, M, A, & HMTRAHFE PM, Al
PM, T HIZM R AE S 5 SRR R LR [T]. IR IR IR 27
iz, 2018, 9(2) . 182-192.

Meng Y Y, Fu CF, XiJ J, et al. Temporal distribution of PM,,

and PM, 5 and its relationship with meteorological factors during

et al. Investigating the

winter and spring in Weinan[ J]. Journal of Earth Environment,

2018, 9(2): 182-192.

TR, R, FRRE, G, AMIIRX PM,, . PM, (iR EEAR

ARHIE XX RGP F i m L [ 1], SFEEO AR, 2019,

45(6) : 76-83.

Wang C L, Zhang J, Zheng Y, et al. Variation characteristics of

PM,, and PM, 5 mass concentrations and their response to

meteorological factors in Zhengzhou city [ J]. Environmental

Protection Science, 2019, 45(6) ; 76-83.

Ohta S, Okita T. A chemical characterization of atmospheric

aerosol in Sapporo [ J]. Atmospheric Environment. Part A.

General Topics, 1990, 24(4) ; 815-822.

AW, T, AL, AR BN T PM, s KIS MRS FRAE
BRWEAHTLI]. EERLE, 2019, 40(7) ; 2977-2984.

Yang L M, Wang S B, Hao Q, et al. Characteristics and source

analysis of water-soluble ions in PM, s in Zhengzhou [ ] ].

Environmental Science, 2019, 40(7) : 2977-2984.

T, EWE, WL, & BHIRTTAKR ZE P, fhf 2 5 Kok
ML), PRI, 2020, 41(3) ; 1036- 1044.

Wang C, Yan Y L, Xie K, et al. Analysis of chemical



8 1

R 5, FBINTT PM, 255 Rl X L

i AR REAIE 3643

[45]

[46]

[49]

components and sources of PM, 5 during Autumn and winter in

Yangquan city [ J]. Environmental Science, 2020, 41 (3):
1036-1044.
Qiao B Q, Chen Y, Tian M,

soluble inorganic ions and their evolution processes during PM,

et al. Characterization of water

pollution episodes in a small city in southwest China[ J]. Science
of the Total Environment, 2019, 650 . 2605-2613.

%%’f, M, 1, %? AL KB A TR LA
JBARES RN R [J]. FREER} 22440, 2020, 40 (1) : 58-
64.

Wu X H, Yin Y B, Tan R, et al. Characteristics and influencing
factors of secondary organic aerosols in winter at a regional site of
North China Plain[J].
(1):58-64.

Turpin B J, Cary R A, Huntzicker J J. An in situ, time-resolved

Acta Scientiae Circumstantiae, 2020, 40

analyzer for aerosol organic and elemental carbon[ J]. Aerosol
Science and Technology, 1990, 12(1) : 161-171.

Watson J] G, Chow J C, Houck J E. PM, 5 chemical source
profiles for vehicle exhaust, vegetative burning, geological
material, and coal burning in Northwestern Colorado during 1995
[J]. Chemosphere, 2001, 43(8): 1141-1151.

Zhang G, LiJ, Li X D, et al. Impact of anthropogeni¢-emissions

and open biomass burning on regional carbonaceous gerosols in

[50]

[55]

South China [ J .
3392-3400.
Chen Y J, Zhi G R, Feng Y L, et al. Measurements of emission

factors for primary carbonaceous particles from residential raw-

2010, 158 (11):

Environmental Pollution,

coal combustion in China[ J]. Geophysical Research Letters,
2006, 332(20), doi: 10.1029/2006GL026966.
Schauer J J, Kleeman M J, Cass G R,

emissions from air pollution

et al. Measurement of
€1-Cap
compounds from fireplace combustion of wood[ J]. Environmental
Science & Technology, 2001, 35(9) . 1716-1728.

He L' Y, Hu M, Huang X F, et al. Measurement of emissions of

sources. 3. organic

fine particulate organic matter from Chinese cooking [ J ].
Atmospheric Environment, 2004, 38(38) ; 6557-6564.

Cao J J. A brief introduction and progress summary of the PM, s
source profile compilation project in China[ J]. Aerosol Science
and Engineering, 2018, 2(2) : 43-50.

rhie N RN o Je N RBORT. 55 B 56 T EDACAT il K AR
TR =471 R 8 %1 [ EB/OL]. http://www. gov. cn/

zhengce/ content/2018- 07/03/ content_5303158. htm 20.18— 06-
27.

T A | 24 Tmﬁmﬁﬁlw
KAIGY lg_{lil 6 AgIﬂ'fqﬁ?Eﬁ@%ﬂ[EB/OL] hllp /781}1]1
henan. gnv. cn/2019/04 09/1031746. html , 2019‘ 04




HUANJING KEXUE Vol.42  No.8

Environmental Science (monthly) Aug. 15, 2021

CONTENTS

Characteristics and Control Strategies on Summertime Peak Ozone Concentration in Shanghai «+«+«++sstssesssesssesensssnienensiinicnens YAN Ru-sha, WANG Hong-li, HUANG Cheng, et al. (3577)
Characteristics and Sources of VOCs at Different Ozone Concentration Levels in Tianjin WANG Wen-mei, GAO Jing-yun, XIAO Zhi-mei, et al. (3585)
Pollution Characteristics and Source Apportionment of Atmospheric VOCs During Ozone Pollution Period in the Main Urban Area of Chongging ««+«+«sssesseessessesenssmmienensinincneenns
..................................................................................................................................................................... 11 Ling, LI Zhen-liang, ZHANG Dan, et al. (3595)
Emission Characteristics and Atmospheric Chemical Reactivity of Volatile Organic Compounds( VOCs) in Automobile Repair Industry -+ CHEN Peng, ZHANG Yue, ZHANG Liang, et al. (3604)
Analysis of the Continuous Heavy Pollution Process in the Winter of 2016 in Beijing, Tianjin, and Hebei MAO Ye, ZHANG Heng-de, ZHU Bin (3615)
Evaluation of Air Pollution Characteristics and Air Quality Improvement Effect in Beijing and Chengdu - -» DANG Ying, ZHANG Xiao-ling, RAO Xiao-gin, et al. (3622)
Chemical Components and Sources of PM, 5 and Their Evolutive Characteristics in Zhengzhou ZHAO Xiao-nan, WANG Shen-bo, YANG Jie-tu, et al. (3633)
High-frequency Responses to the COVID- 19 Shutdown of Heavy Metal Elements in PM,, 5 in Shanghai »++eseseereeseerseeeseenenenenes CHENG Kai, CHANG Yun-hua, KUANG Ya-giong, et al. (3644 )
Analysis of Ultraviolet Aerosol Index in Guangdong-Hong Kong-Macao Greater Bay Area ««+xtoetovereessmesvsnssniisiniinensnnnen DUAN Jia-le, JU Tian-zhen, HUANG Rui-rui, et al. (3652)
Vehicle Air Pollutant Emission Inventory and Characterization in Henan Province from 2016 10 2019 «+sersereeressersenseeseneneninencniens GAO Dan-dan, YIN Sha-sha, GU Xing-ke, et al. (3663 )
Characterization and Exposure Risk Assessment of Non-phthalate Plasticizers in House Dust from Guangzhou -+ + LIU Xiao-tu, PENG Chang-feng, CHEN Da, et al. (3676)
Distribution, Sources, and Risk Assessment of Polyfluoroalkyl Substances in Main Rivers and Soils of Tianjin WU Qian-gian, WU Qiang, SONG Shuai, et al. (3682)
Differentiation of Hydrogen and Oxygen Isotopes in the Water Source Treatment Wetlands of Stream Networks +«++sesseeeeessessesesieneneneenne YANG Ting, WANG Yang, XU Jing-yi, et al. (3695)
Characterizing Sources and Composition of Chromophoric Dissolved Organic Matter in a Key Drinking Water Reservoir Lake Tianmu «+eeeoeereresserenssnnsnie
......................................................................................................................................................... ZHOU Lei, ZHOU Yong-giang, ZHANG Yun-lin, et al. (3709)
Sources and Optical Dynamics of Chromophoric Dissolved Organic Matter in Different Types of Urban Water Bodies -+ YU Xiao-gin, CUI Yang, CHEN Hui-min, et al. (3719)
Temporal and Spatial Evolution Characteristics of DOM Spectra in Sediment Interstitial Water in Typical Zones of Baiyangdian Lake —«+«+eseessesressesemenninenennnncnninn s
...................................................................................................................................................... ZHOU Shi-lei, CHEN Zhao-ying, ZHANG Tian-na, et al. (3730)
Sources and Spatial Variation of Dissolved Organic Matter in Summer Water of Inflow Rivers Along Chaohu Lake Watershed -«+-«+:esseseeseee NING Cheng-wu, BAO Yan, HUANG Tao, et al. (3743)
Spatio-temporal Distribution Characteristics and Driving Factors of Zooplankton in Hongze Lake = «++eeesereereresrsinenensinniniinienen CHEN Ye, PENG Kai, ZHANG Qing-ji, et al. (3753)
Effects of Farming Practices on Soil Nitrogen and Phosphorus Concentrations and Its Loss in the Drawdown Area of the Tributary Embayment of the Three Gorges Reservoir
........................................................................................................................................................................... LUO Fang, LU Lun-hui, LI Zhe, et al. (3763)
Temporal and Spatial Evolution of Non-point Source Pollution Load of Total Nitrogen in Tuojiang River Basin = +«sseseereereeereseneneeiencnnens XIAO Yu-ting, YAO Jing, CHEN Shu, et al. (3773)
Microplastic-Induced Alterations to Antibiotic Resistance Genes in Seawater —«+seseseeeseesesssenensninineniini e ZHOU Shu-yi-dan, ZHU Yong-guan, HUANG Fu-yi (3785)
Enrichment of Antibiotic Resistant Bacteria and Antibiotic Resistance Genes by Sulfamethoxazole in the Biological Treatment System of Mariculture Wastewater —«-«eveseesesrerseseesennennenees
+=+ WANG Jin-peng, ZHAO Yang-guo, HU Yu-bo (3791 )
Optimization of Tidal-Combined Flow Constructed Wetland System and Tts Removal Effect on Antibiotic Resistance Genes -+ CHENG Yu-xiao, WU Dan, CHEN Quan-le, et al. (3799)
Temporal-spatial Distribution and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soil of Xiangxi Bay in Three Gorges Reservoir Area «-v+seseeseereeesesenensininenennincneneenes
..................................................................................................................................................................... HUANG Ying-ping, JIN Lei, ZHU Can, et al. (3808)
Spatial Distribution Pattern and Influencing Factors of Industrial Pollution Emissions in Yangtze River Economic Belt LI Yun-yi, LIU Li-ping, LIU Yuan-yuan ( 3820 )
Aging Process and DOC Analysis of Four Different Types of Plastic Particles in Freshwater Systems LI Wan-yi, LIU Zhi-lin, MIAO Ling-zhan, et al. (3829)
Promotion and Mechanisms of DOM on Copper Adsorption by Suspended Sediment Particles ++= DING Xiang, LI Zhong-wu, XU Wei-hua, et al. (3837)
Transformation Characteristics of Dissolved Organic Matter During UV/Chlorine Treatment of Municipal Secondary Effluent +-++++s+-++: WANG Xue-ning, ZHANG Bing-liang, PAN Bing-cai (3847)
Effects of Different Nitrite Generation on the Short-cut Nitrification Denitrifying Phosphorus Removal Granules System «+«esessesressereeesennenens WANG Wen-gi, LI Dong, GAO Xin, et al. (3858)
Ammonia Nitrogen Removal Performance with Parallel Operation of Conventional and Inverted A%/0 Sewage Treatment Processes in Winter -+ LI Jin-cheng, GUO Ya-ni, QI Rong, et al. (3866)
Diversity and PICRUSt2-based Predicted Functional Analysis of Bacterial Communities During the Start-up of ANAMMOX -+ YAN Bing, FU Jia-qi, XIA Song, et al. (3875)
Microbial Community Structure of Activated Sludge and Its Response to Environmental Factors —+««+xesesseseesessssmenssenensnsineneens MA Qie-gie, YUAN Ling-jiang, NIU Ze-dong, et al. (3886)
Distribution and Sources of Microplastics in Farmland Soil Along the Fenhe River «++:toeeveesesrevesvsineisiniinennininene ZHU Yu-en, WEN Han-xuan, LI Tang-hui-xian, et al. (3894 )
Source Apportionment of Soil PAHs in Lanzhou Based on GIS and APCS-MLR Model = «+«+seseereereereeesenenenenincneninincniens GUAN Xian-xian, ZHOU Xiao-ping, LEI Chun-ni, et al. (3904)
Migration, Transformation Characteristics, and Ecological Risk Evaluation of Heavy Metal Fractions in Cultivated Soil Profiles in a Typical Carbonate-Covered Area —+-«+sessesreeeesesneneenes
-+ TANG Shi-qi, LIU Xiu-jin, YANG Ke, et al. (3913)
Effect of Elevated CO, on N,O Emissions from Different Rice Cultivars in Rice Fields «+++++++: YU Hai-yang, HUANG Qiong, WANG Tian-yu, et al. (3924)
Effects of Coconut Chaff Biochar Amendment on Methane and Nitrous Oxide Emissions from Paddy Fields in Hot Areas «+:eoveseeseereseens WANG Zi-jun, WANG Hong-hao, LI Jin-qiu, et al. (3931)
Effects of Biochar Addition Under Different Water Management Conditions on N,0 Emission From Paddy Soils in Northern Hainan ««+e+s+esverererrsrerenresnmnenneiinnscne e
......................................................................................................................................................... WANG Hong-hao, TAN Meng-yi, WANG Zi-jun, et al. (3943)
Ecological Effects of Species Diversity on Plant Growth and Physico-Chemical Properties in a Ph-Zn Mine Tailings * YANG Sheng-xiang, CAO Jian-hing, LI Feng-mei, et al. (3953 )
Investigation of Dominant Plants and Analysis of Ecological Restoration Potential in Lailishan Tin Tailings »+++«eseeeseerereesesesenens QIN Fu-rong, ZHANG Shi-ying, XIA Yun-sheng, et al. (3963)
Responses of Different Degradation Stages of Alpine Wetland on Soil Microbial Community in the Yellow River Source Zone «:+:«++++se=se-: LIN Chun-ying, LI Xi-lai, ZHANG Yu-xin, et al. (3971)
Effects of Straw Returning with Chemical Fertilizer on Soil Enzyme Activities and Microbial Community Structure in Rice-Rape Rotation ~ ++++++++ JIN Yu-ting, LI Xian-fan, CAI Ying, et al. (3985)
Shifts in Rhizosphere Bacterial Community Structure, Co-occurrence Network , and Function of Miscanthus Following Cadmium Exposure «+++- CHEN Zhao-jin, LIN Li-an, LI Ying-jun, et al. (3997)
Investigation of Soil Fungal Communities and Functionalities within Karst Paddy Fields =~ +oveeeeveeeseeressnsenensininn ZHOU Jun-bo, JIN Zhen-jiang, XIAO Xiao-yi, et al. (4005)
Adsorption Characteristics and Mechanism of Cd and Pb in Tiered Soil Profiles from a Zine Smelting Site «+++++xseseereeseesveerereneenes LIU Ling-qing, XIAO Xi-yuan, GUO Zhao-hui, et al. (4015)
Influence of Different Soil Conditioner on the Transfer and Transformation of Cadmium and Phthalate Esters in Soil = ««+sseesseeeseereees WANG Can, ZHANG Yu-hang, HE Ming-jing, et al. (4024)
Immobilization Mechanism of Four Types of Amendments on Cu and Cd in Polluted Paddy Soil =~ +«+xeseesrerrerssesenenmssninensininnenns DING Yuan, AO Shi-ying, CHEN Yi-hong, et al. (4037)
Foliar Application of L-Cysteine; Effects on the Concentration of Cd and Mineral Elements in Rice = +:esveeereeresseseseneininen ZHANG Ya-hui, WANG Chang-rong, LIU Yue-min, et al. (4045)
Effect of Cadmium Stress on Phytochelatins in Amaranthus hypochondriacus 1. During Different Growth Periods —«+«eseseeeereereeseeesenenees LIU Jia-xin, CHEN Wen-qing, YANG Li, et al. (4053)
Evolution of Material Metaholism in China’s Pulp and Paper Industry +-«ssessereesesesereneneminenniniiiiss LIU Xin, YANG Tao, WU Hui-jun, et al. (4061)



