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Pollution Characteristics of PM, . Chemical Composition in Zhejiang Province
ZHOU Jing-qing, YU Lei, CHEN Shu-xin, LU Jia-feng, XU Ya-lu, JI Hai-bing, ZHANG Liu-fang, LIU Jin-song, WANG Jing "

(Zhejiang Key Laboratory of Ecological and Environmental Monitoring, Forewarning and Quality Control, Zhejiang Ecological and Environmental Monitoring Center, Hangzhou
310012, China)

Abstract; To investigate the seasonal and regional pollution characteristics of PM, 5 chemical composition in Zhejiang province, this study was based on manual sampling
monitoring data from 11 sampling sites of four regions in Zhejiang province from October 1, 2019 to September 30, 2020. The results showed that during the observation
period, the average p(PM, ) of the four regions ranged from 34.3 pg+m™> to 46.4 pg+m~>. The PM,  mass concentrations in the hinterland areas of western Zhejiang
and northern Zhejiang were relatively high, 15.1% and 13.2% higher than the mean value, respectively. The PM, s mass concentrations in the coastal areas of eastern
Zhejiang and southern Zhejiang were relatively low, 8.4% and 14.9% lower than the average, respectively. The seasonal characteristics showed a higher concentration in
autumn and winter and lowest concentration in summer. The seasonal variation in PM, ¢ mass concentration from autumn to spring was not obvious in southern Zhejiang,
whereas in western Zhejiang, the PM, 5 mass concentration followed a descending sequence of autumn > winter > spring > summer. In northern Zhejiang and eastern Zhejiang,
the trend was winter > autumn > spring > summer. During the observation period in the inland area, the p(PM, 5) of the scenic area, administrative area, residential area,
and mixed area of commercial traffic and residents were (40.2 £10.2), (46.3 9.6), (50.1+10.6), and (46.7 £10.2) pgem >, respectively. The highest value of
p(PM, <) was in the residential area. During the sampling period in coastal areas, the p(PM, ;) of the cultural and entertainment area and mixed area of commercial traffic
and residents were (27.4£5.8) pg-m >and (37.2£5.6) pg'm >, respectively. The contribution rates of organic matter (OM) , NO, , 803, NH," , trace elements,
and crustal matter in PM,,  were 26.4%, 15.4%, 12.4%, 9.0%, 7. 1%, and 5.7%, respectively. The SNA, including SO~ , NO, , and NH,’ , contributed 36. 8% in
PM, 5. In terms of seasons, the contribution of OM to PM, 5 in autumn, spring, and summer was higher than that of other compositions, which accounted for 28.3%,

27.7%, and 26.3%, respectively. The contribution rate of NO; in PM, 5 was the largest in winter, reaching 24.3%. In terms of spatial distribution, SNA contributed the

rfs HHA: 2022-03-14; 1&ITBHA: 2022-06-07
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most to PM, 5 in all regions, ranging from 32. 8% to 39. 7%, with the highest in northern Zhejiang and the lowest in southern Zhejiang. The SNA of all regions presented
NO; >S02~ >NH, . Based on the backward trajectory clustering analysis, the main air sources of northem Zhejiang were the Yellow Sea-southern Jiangsu (autumn)
northern Anhui ( winter), East China Sea (spring), and western Jiangsu (summer) areas, with contribution rates of 38.11%, 35.28%, 37.46%, and 27.87%,
respectively. The main air sources of western Zhejiang were the Yellow Sea-southern Jiangsu ( autumn) , southern Anhui (winter), eastern Zhejiang (spring) , and northern
Zhejiang (summer) , with contribution rates of 38. 11%, 37.50%), 46.55%, and 32.58%), respectively. The air of autumn, winter, spring, and summer in eastern Zhejiang
were influenced by air masses from northern Hebei (36.07%), eastern Shandong (38.06% ), East China Sea (30.17% ), and southern Guangdong (34.43%),
respectively. In autumn, winter, spring, and summer, southern Zhejiang was affected by air masses from the Yellow Sea (35.66% ), northeast Anhui (34.44% ), Fast
China Sea (26.72% ), and southern Fujian coast (35.00% ), respectively. The regions in Zhejiang province showed large seasonal differences. The difference value between
= in autumn and winter, respectively; the

the maximum value of p(PM, ;) in the northwest and the lowest value in the southeast was 21.0 pg+m > and 20.3 pg-m

-3

difference values in spring and summer were 10.4 pg+m > and 6. 1 pg-m . Thus, the northern air mass had a certain exogenous contribution to PM, 5 in autumn and

winter in Zhejiang province. However, with the weakening of the northern air mass trajectory in spring and summer and the increasing contribution of the southern and east

China Sea air mass to the air flow in Zhejiang province, PM, 5 pollution showed a trend of improvement.

Key words: Zhejiang province; PM, ; chemical composition; backward trajectory; cluster analysis

e FEl Fp sk ik ’J 78 D SR RIS i A TR ) A 12

TEPAH LA S 2 TF R R CR MR, d A i T2
RSEE lﬂ@hﬂ%ﬂé’]ﬁkﬁﬁ EER e T R

PM, s FlGL ST Y 320 il oy BELAS: 3 (1 3k T I:isjzl
SR IAPR EEIR . KA P K E E’J%ﬁﬁ%Tﬁ

S K F R 200 B 2 i B At e 52
T PM, 19 B AL 4 21 A %‘ﬁm”,aﬁﬁﬁ
SRR LR B LR

PM, S ’Jéﬂéa*’iﬁaﬁa%‘—*“” JI_%:BMU»@ i%%\
FHcE %ﬂﬁfiéﬂﬁ% 2 B, F EF'7J<{M$% F3 féﬁ
KA h&a%‘rﬂﬂ({“‘ ﬁfﬂ%&%“““ %mm%@g
ﬁiiﬁm%“’ R 4 5 IE@%&%‘*}L@%(GC)%H
m’%ﬁifz(EC) P2 HW%%%XTKIEH&ETHHT
IEHEXE’thm M, 5 5t i J 1% 41 4% #%?FE%%TJ
L%A%?{“‘ U EIRED th,a 2 AN RRE A M
PM, JFE S HEAT 443 40T, R BT WL 5 43 5
27.8% F1 30.9%, H K J& IR THLKLF (23% ~
24% ) . IR (11%) | TR EITER. A5
XFACEIR X PM,, B2 53 i 47 22 k15 YR ik ok
WA 00 X B2 R 9 & BRAL UK PM,, B
J2H 53 LR B, 2 B0 B ks G RRAE, H R
WIRJEAL BT PM, B H5 EZOR . AR X K
J4Z8 PM, (ALRLITSE K IRRE G PM, 515 YL e B 38
I, OM FIE™ Py A o LR RS T SNA 19 Ll dn 23
T PN RS T B R TR R 2 OR [ T B X
() PM, s & B A4 2 8, & B P, JoT 6 VK R/
K TALIX > IR S 2563 > Wi X, & DhBE X Bk
MEAZHEETEHES, T XAEETKIENE Tk
FER . AR AR Y W AE T T T A 0 I K
PEE T, 45 R Z B R B HLE F (NO, | SO;~ Al
NH,' ) & R E KB T, BT E . ZRAEAR
(IIEEL\ Tk ) Fn47 2R P2 TR PM, 1 E 2

YR UR. P T 3 2 IR AE R BTN IR X PM, &%
&Mﬁmﬁﬁs LA 0 & %) 25 1 AR AL R AE. Liu

DY SERUN T PM, s KR TERS T @B TR M
SR (TC) HEAT 5B e B, /K IR 1 1 X PM, 5 A9
TR AE 32. 3% ~ 36. 7%, TC TRk 3K 27. 8%, G
A PM, I FERRRAE 1. 7% ~ 2. 0% 22 il Xu %1%
BEHUR N AN T A AW AL X, X PM, S&ﬁbkm@
- (WSII) HY B2 28 AR HE B oA TR ik T?Eﬁﬁi K
BT PM, 1YL R X A b o %aﬁ?ﬁ?/f“ jt/J\
EI.S02" SN0 SNHS >Cl >K*, TalHE
%ﬁ%ﬁﬂ:&%ﬂa@&%ﬁmmﬁwﬂc
WSIL 9 F 5. i K X A PMZSE’JE?%;,
}_%%*fj??ﬁéﬂﬁﬁﬂ%ﬂﬂk EL) Y [ 1
PRy A RO AT IX 435 4 T‘?Faz%ﬁﬁ%mﬂéﬂ?
&%%#ﬁﬁ” o

R 1% UL R 2L 43R5 1 A I I R
WFge e P e pU s R IX | Bk =A%)
U Z 3 R = A L DX S 37T A3 R = A
[ T O R b R EE YRS Bk Sl = R IDO R
TLAR 448 DX 18 U 40 (1A A S BIF 5 A AU B T e
T SEA TR T, X 448 R X 3l R DL % 5 Bf
[ 13 PRI 11 ML, 0 R R % 2 5315 Y SRR 200 £
il FET IR IEAE W VLA 248 X 3k N RS2 0 [R]
JFBIR 1 a BRA PM, JBE S 38 2 35038 Wiy 48 i
KATIRE D) L A R | B4R U B 7K AR AL A
ET T e 4248 URi 1) 15 Gy LR B 32 T AR, $85+K
ST

1 #MeEFE

1.1 HEREE

Fig B4 W I 4 2 5 1 SO AR B SR Wi VLA
R AR M DX WG i DXV DX R R X
LRI 11 A AR KRR R SR AR L. R
PRAUEWE B HA AR M | AT HPE R A B S
WS T I35 2 SR 5 R O, & T 2 A
P DX A U W A, ELAR S A A B 1.

A 5T AL ] R 2019 4F 10 1 H & 2020



3

JEIE AR . WL RABRLY) PM, A2 20 0315 YRR S0 BT

1299

9 H 30 H Ui s sk a3 d 1k, Hrp
RRRFE SR AE 23 h, SRERTE] 2 09,00 ZX H
08 :00. AN EAEF 1 A 4 /N R R
44 PM, R (2 DA BEUE AR 2 A R RERUR
PEERESD ) | RFEFRE 530 16.7 Lomin ™", KA
WIN AR H & 50 F A v R 8 RE 1N
BEUEREZS FREAL B 1 A SRR RUR B B S R, 3
SRAEA B ERE T 536 A S 3RAR A Hh RO )
21T Y B 2T AR Ak B R , K UL B ] B 43 A Bk
Z5(2019 410 ~11 H) | £Z(2019 4 12 H ~2020
2 ) HZE(2020 43 ~5 H) FIE ZE(2020 4E 6
~9 H )il
1.2 FESHT

Wi 5 A PM, (MR 9 Rk A PER

F1 HNIE SRR SEHY BN = 6L

T, 24 FPICHLICE MK 24 7 55 46 T, HAK 5 1 10
205 s A s L3k 2.

o PM,, VRS SR E L HEATIN A2 | B (AT
I ) S B BR TG4 . DB I 18] S > 24 b, g
B SRR i i 7 A IRDOEL . 3 4 1 T A TR 3 G 14T
55 FREIERR AP B UK TR A R P A T P
5 1h J5 PFREE , DN SRAE g /N SRR R — D8 s
PR T 22240 /NT 0. 04 mg, 75 W) 5058 g8 47 1
PR, SRR U AR B ) — 45 K5 SRFE)R
FE A DB T 4°C B B IRAE , 20 d N 58 PR .

KB TR AR T Il sk HEAT 0T, BB /4
PTFE JEMETRER AT o A 258 TR A $ I, 2
BT A AR A A BT, FEA R FR A A
S AR e B R T A B T (i e
FAZ BT I oL R BN T 0.5 pS-em Lo i £
0.45 wm BEFLUEELIE , B 225 A BURA, b1k 2

Table 1 PM, 5 sampling sites of regions in Zhejiang province ) . ) . F SR
1 R A X THRUEHR, SRR, LR EGRIEA RS S &7
CEIS RS 2 TBX - THLIGE UL PIAREE ] X 5 oot e i f
3 X/ [ - N el
WM LS X SR I X A M e 2
— A Rl 3 R A K o NN Y W ey AN .
E2S T AL SR R AT, B TOER A L A A 11X S 2R 2 I 20 I )
e ~a iy K SR " S IS O R (R AE D K AR 7 20 g A B X PR
] T N _~ VR ! N F A . L. , " r
e (- [ i Py " S, FO I 2 FE ETE WD-XRF Wit i
% 5 e ARD ) |\ L3R X Sk I A 5 R B, B R e
B | | SRR | R BE , 7E ST IR R R X D ROE
: NS YELA e N N S L L .
— U OVORRRRE R g I S AE 20 min LY.
Fx2 BRHASSWEE, FEMNE
Table 2 PM, 5 chemical composition items, methods, and instruments
o) T AR H IR xR &
PM, s BiHHIE 47 mm 3335 ( Whatman ) PM, 5 H 7L (HJ 618-2011) ; a@g@&g%&ig
KIEMEPIE T 46.2 mm PTFE JEM ( Whatman)  Na* | NH; | K* | Mg®* Ml Ca?*  B§FAi%uk(HJ 800-2016) &5 F{41%{X ( Thermo
KEVEBHES T 46.2 mm PTFE JE ( Whatman)  SO3~ . NOy | F~ A1 Cl- BTk (H) 799-2016)  1CS-5000)
V) 8k (Fe) B (Zn) | i
(Cd) $&(Cr) Hhi(Co) Al (As) |
BRCAL) (B (Sn) (B (Mn) (R o0 W e e gy
— - . . - T KA X SR X #F & ok X
TAHICE 46.2 mm PTFE JEM% ( Whatman)  (Ni) i (Se) fif: (Si) Bk (Ti) . {\ ‘i .
B Ba) B (Cu) . 4 (Ph) 4T JeiE ik (HJ 830-2017) (BRUKER $4 pioneer)
(Ca) JBE(Mg) B (Na) Hi(S) .
S(Cl) VB (K) FIBE(Sh)
I . e . W B A7 HLBR/ T 2 R 4>
TedH 5y 47 mm A7 JPEMRE (Whatman ) JCERK (EC) ALK (0C) POk 147) BFAL( DRI Model 2015)
1.3 otk WHSIREL . L NO; W EETT,

AWK 5 - 7 VR S M LA PM, 51k
SRR S HT B T A 1) A2 4 Rl 4 R AR
9 ANRA

OFEHHI(OM) ;L) 1. 6 x OC HJEH,

@ILEW(EC) : L EC #EF it

QWM EL . S02 ™ W,

&R LU NH, W

@& LL Cl W,

DHFEY T 2. 20( Al) +2.49(Si) +1.63(Ca)
+2.42(Fe) +1.94(Ti)"™;

OMEILE:K+Mg+F +Ba+Cd+Sn+V +
Cr+Mn+Co+Ni+Cu+Zn+As+Se+Pd+Cl+Sb



1300 7N R - A - 4%
Nat ST, P LW 5 T ) B 0 5 22 5 Bk

@ Ath. PM, , BTV . OM, HFREL | SR
iR EER | JuEmk, EEL . T I ARE TR,
1.4 RAEOR A ik B AR Al I i

AR W 1) 75 Y 2 X 8k 9N Ry HE TR A [
I, A2 B3 i % 7 A R AN B g T
A 58 ) TrajStat 2544 1 42 BR 5% KL [F 1L & 48
(GDAS) T HHs , R R4 4 2019 45 10
H %2020 45 9 W HEE W VLA 4% 2200 1S B
BT b3, 15 7 P M B 500 m, LLAEH 0000,
06:00, 12:00 F118.00 A9 48h it M) Pl a4 71
J5, LA DA DX 350 A% i 52 W) P9 o7 R A AT I VA8 45 X
B PM, %% AR

2 HFREITE

2.1 PM, BV K15 YRk
2.1.1 RN
2019 4 10 A % 2020 4£9 A, SHHLA %é 0]
F L p(PM, o) FH1H A (40.3 = 12. 4)|J,g n ? %ﬂﬂ
Ep(PMzs)JFi’;}{E«BEIﬁ 34.3 ~46,4 pg-m7
@Lﬁ¢uﬁﬁﬁ@%W%ﬂngJﬁ$@%%
7 s LS. 190 13, 2% “&‘ﬁ’%ﬁ%ﬂﬁﬁﬁf
i M 1P, (R W 1R 331 i 244 8. ;t% Gl

14%bfﬁﬁwETMF@&F%EMmW < )
EM%%?%&%%?&%%?HE%E%ME%J”

(%)lejﬂﬁ[ﬁ*ﬁﬁmﬂ*éf‘?_f A 3% HE X SR TR ST
53 SMR R LI 4 ﬁé%%l:ﬁ?ﬂjiﬁf“ﬂjﬂik

FIEE 23S bR (GB 3095-2012) i) — % B 1A
(35 pgrm ™).
60.0 wT m T
m 2T m M
500 F mES
: 40.0
-::J 30.0
3
= 20.0
10.0

AT i 2 i i i)
E1 #I&&HEX PM,  iREFHE

Fig. 1 Average mass concentration of PM, 5 in each region

2.1.2 RS FRRAE

HF 2019 410 ~ 11 H (FkZF) | 2019 4F 12 H
£2020 42 H(4ZF), 2020 3 ~5 H (FZFE) A
2020 4F 6 ~8 H (HZ) RAEHIE] PM, o iy Wil 25 5
X448 £ M X PM, s (VR BE 43 22 iEA T 500 , N2

JL.»-'

BNATE PM, R e B P 39ME 13.9%; H 5
PM, ik & B A, I T 39 1E 24.3% . B E % (30.5
pgem ) A KT AR R Uk O S (E B it
35 pgem .

A HL X =, BRI HB X A PM,, R R RK 2 |
RBMEFFWAACAR I B AN, HA A H X Bk
K PM, IRE RS THEEME R FEEHRT
k2 A AR (0 IR AR R 55 110 B IR S8l
z:mr“ﬂﬁ[fk{fwﬁﬁ'i‘mﬁkmﬂ%m% , [ -

e 515 Y W 2 MR G, &1 IX B 22 PM, Sk
BZﬂJ/J VIR X MES, HESWREH/NT 35
ug-m” DLW AR X B vk B R AR, AR 27.9
z%mlﬁﬁf&jtﬂf% 1%5«1131 L%

pgem”

R s BRI IEAR 55 i o R
S, ﬁﬁﬁﬂﬁl:@(f'\ﬂkﬁﬂim l_ﬁl 58:¢ }Lg m .
{?ﬁjhﬂeﬂ{ﬁ}?i’d}g—igaaﬂ,ﬁ =i

>%§>-
FAAAEL 'ﬂ” 4
K2 4 #HT;H?‘FB;HIEH PM“{ZGT“F@H{%’WL/’J
ﬁj@MMﬁérnHﬂ%ﬁ 2020 4 1 ]I (%)
p (PM, ) Hyil—J ﬁ?ﬂ 5.3 pgem ﬁﬂﬁ-ﬁlﬁﬁ
34. 1%,,&:%%2019 28 (%), 2020@6 7
%usﬁ(Eé)p(PMzs)ﬂﬂﬁE 435K 26.6 2602 i

30.5 pgem .

X5 b X R PMZS%U“i’JT6 8 H(E%)
HIEARAE, 7 2019 4F 12 F #12020 47 1 H 4
FEE. AT FUHUE RS (2020 422 ~3 ) Y52,
K HLIX 2020 42 H PM, (R FEARES FoRAEDIA 4 2
A9 HA A 43 (2019 4F 12 A 12020 4E 1 A) ,2020 4F
3 7 PM, s #k FEAHEE TR AE A 0] 2 22 00 A A 4y
(2020 4F- 4 H A5 ) 359 H B KR BE A RIS
2.1.3  AN[FEZEHSALR) PM, TR 2557

r T 47 74 b PN T 3 X R0 3 4K R UV b X AR B
PM, ¥ BE7KFAN ], S T I b 3l ] 1) 22 S50 R
[ 2SR A6 28 5 0 B 3 DA WA i, DX R Tt X, L
ezt B UL 3. B[R] — X 8k P AN ) 28 0 467 1)
PM, V& FE K A 80, P i i KRS N, KU 44 T
X ATHCX R R XCF R A3 R RIE A XY
p(PM, )48 %1 h (40.2 +10.2) . (46.3 £9.6) .
(50.1+10.6) F1(46.7 £10.2) wg-m ~° , JHE X S
(1) PM, 515 e /K- 7E 5 _E R o i 1. 6T 45250 1)
SRAE S 2T S A e i, 49 R B AR B R A1, Bk
A TR R . A BB ERIX p(PM, 5)
B, 59,5 weem P HI52.5 pgem L M AAE
I 25 1) d e (B 87 M B 7 M 22 3 T BRI X, 43



3

PRI . WL KR P, A

5315 Y RRAE 43 B 1301

p(PMa5)/pug-m™
70

p(PM2 5)/pg-m™
70

=
=1
-
=
[}
L

p(PMa 5)/pg-m™

=

p(PMa s)pg-m™ p(PMz 5)/pg-m™>
35 70 0 35 70 0 35 70

2019-10

2019-11

2019-12

T T

2020-01

2020-02

2020-03

A (5-1)

ISR ENL
T

2020-04

2020-05

2020-06

=4
n\;
=

UU!E

2020-07

2020-08

2020-09

g

uuqyuuuu 1N

UL
UL

L

=
E

UIJ
(0000

M2 #ELEREE PM, s.zwﬁﬁ*m*,ﬂ?
Fig. 2 M-onthly Lhanges in PM, 5 mass concentration/in each rgg;oh

M 57.2 pgem, 71361 pgem” %E#ﬁﬂfﬁbﬂ
yos %%E&)Z%tﬂfﬁﬁ ST S A PV 4V ig)
HE A g 0 20. 892 iféj:#@%
F 2020 F 4 h TN S KR uryi/f}yj: 3
%ﬁjﬁ TBI A, ﬁlzﬁjiﬁlfﬁkm%l, ﬁ/ﬁiﬁb%ﬁﬁ% J
$f%%£
@ﬂm;é‘#ﬁm S B M B TR A
l:ﬁﬁpcPM“)ﬁa‘ﬁlJﬁ(z7 4+£5.8)pg-m > HI(37.2
+5.6) pgem 7,2 NRAIAY S AL PM, W AR EA
WA S 1 BT R AE P SR IR SR X p (PM, 5 )
L I8 E 35,4 pgem 7 I(E 29. 5% . B3 iE
Ja BRIRE XAKZE p(PM, ) W& T4 2=, 730l h 42,5
pgem *F140.0 pgem™’
2.2 PM, fb2E 250 FEIE
2.2.1 RS

4 25 T 4 X PM, B b2 s R,
ARG , WA HEE KA PM, 1 EZ4 5 A
PLYI(OM) | fERREE (NO; ) | BiLARER (SO ) | Hedh
(NH,") | R ITR e T, HX PM, o SR EE )
TOHR R A BN 26.4% . 15.4% . 12.4% . 9.0% .
7.1% F1 5. 7%, o Ath & B %8 (14 4153 19 5Tk 5k
18. 7% . —IRICHUS VIS SNA (FRARER | AR 5 Ak
i) R F MK IEVETCHLE 7, HAE PM, 5Tk
ikF] 36. 8% ,0M FIRHIREE DTRRIK Z. T IRE: | 1
PR &R AN ER T 2% th U S AR R, DR I T VAR
PM, 5 [ R G A0SR B A TG R, R R STk K.

@/H”}%w PM, Smﬁﬁ?/ﬁ;f&%ﬁf/

) p
1 Ill ..._,--’ f I'l
." F .-" ‘I ' | -"-.j Kf
60.0 - .
() WBIBEX w22 50 R BT A X
500 - IR AAE X “i
. = SRR K e
‘s 400 LRy ¢ES
= 300
%—,‘- 20.0
100
U —
KT 47 5% S st
60.0
(a) firift (X AL IRR X
50.0 w il A8 R R X
= 400
i“] 300 F
é 200
10.0 -
0
T &%

B3 #ild& Kﬂé’éi,\‘—iuﬁ’] PMZ.SPSEFT*/R

Fig. 3 PM, smass concentration in different sampling sites

M PM, 5 41 53 25 6] 43 A1 15 B ok &, 4% X 8k
PM, (M H R FE A — 2, %F PM,, | 5T Bk 3 H 8 K1)
Pifh E2 & SNA | OM | i o A 7e iy Joe. Horp
SNA X £ L IX. PM, 5 1Y 57 Bk 241 8 K, BT Bk 58S [ hy
32.8%~39. 7%, Widb HiIX SNA TRk F b i, Wi fg i
IX. SNA TTHRFEEAL. OM VE A& HIX PM,  AY5E —4H
4y Wi X PM, 1 OM 53 ik R 5 1, 3K 29. 3%
Wit s IX e fIK, N 22.6% . 45 31X PM, , H i & T
R WY EC AR TTRk 2 RN, TTECR
JLFE 535 0 6. 8% ~7.6% ., 5.8% ~6.0% . 3.8% ~



1302 woos B 44 %

4.5%F1.0%~1.4% . mOM MmEC m AR m EiEEER o ek
it T4 M K SR, 4 2 LR R > BRRR L > BAS RATPR WHRkat EAE

EEER NG OL , WS IRk T2 Rk A A R BHER oe S HIL i -

B4R ASHE A NO, R B AR B R 3 A [

JE BRI e 7= A 1) SO, R A R, B4R . -

N2 FEZORIE T NH, 5 KA SR s A g,

DRI VT 48 48 X B4 7 13— 20 sl s R £ | iR -l [

AT NO, F1 SO, J5 IR PM,  BHEHL. Soicd =
PM,, &Rk TCA A5 A HLik OM FIJLR § 7 p oy % e

B EC, F 45 1 DX 0 Wa i 2 S v LA Y it . Wi 4R | B /%

WG FUHT g L X A9 TCA X PM, 4 B4 BTk 2R 43 51
26.4% . 31.0% . 32.9% 1 33. 7% ,H 2 75 Wi ma b IX.
L TCA > SNA, UEHHWTTTHLIX () PM,  H kTS5 Y45
. EC BRI R — TS e ) s
P1,0C Bk 7RI T — A ML HE IR, 7] B ik R
T UCAH IR AL, A BRI, 0C/EC T LA
KEAE PM, qﬂﬁim%%ﬂﬁﬁkﬁk%ﬂ?&%@ﬂﬁ%
PSS H OC/EC >2.0,38 ] PM,; it OC, zg;ﬁ

T A DL A ) *Fﬁ;ﬂﬁjﬁ]ﬁ?/ﬁt% 0C/.

EC 594 %1 3. 9,@&*.‘1:13&@%#%1!\ it

Fica 1) AL R (3.8) OB ATy

3.9 %%éﬁ@f’é‘ PIMZSEPﬁm@%EE?H?J? U

GIE7 Gk gt j
2 2;;2 ’PM“éﬂé?'ﬁﬂEJ SALEEAE i 4 |
'hﬁgﬁﬁzwmmﬁmé PV, i £ 5

4

I .-""...l i Ih'
Ij“ |f'lll !‘J:::‘:'

4 WTESRE PM, LA NS
Fig. 4 Regional pollution characteristics

of PM, 5 chemical composition

BRR R S Bin. Bk HEAEZE OM X} PM_“E/J
ﬁ}tm?/ﬁ\méﬂﬁz\,ﬁ@tié}%w 28.3%, ,27,,:*7%
7126, 3% . T RIRALAS PV, , 19 SERFAR L7
%t PM, , () FREE o OM 35 %) 24. 3% 473 4
SRR e S b 1 R
Wﬂ%wﬁimw)mmm%mujmxéﬁﬁ%
m10¢¢u¢%%4gﬁﬂé %éﬂﬁ%ﬁg
%Em%%h%a?m ﬁﬂzﬂ%ﬂ&ﬂﬁ@
%ﬁ%ﬁﬁ@%@ﬁ%ﬁ%ﬁﬁfk%%nﬂﬁ
P BT SRR (3. 9% ) W1 ST I

J “"‘-ﬂ,éﬁ ﬁ.ﬁﬂké%éﬁifﬁﬁﬁﬁﬁ?ﬁ“ e FZRFH

w&f“ FAEEISE S UEESE SR & RZI KB R =N 225

LI Prini)y
TETCH
| il

B5 #iIld& PM, sIASFERETELER

Fig. 5 Seasonal pollution characteristics of PM, 5 chemical composition in Zhejiang province



34 SRR WL KR PM,, =2 415315 GAF Nk 70 Ar 1303

b DT A g g A5 2 A [ S5 I D>

K HLIX PM, ;1 220 5 DTER R AR 6 7. X
TUrAC T A X Fk e | FRFE ZE OM Xt PM, |
B TR 447 F e, Herb i A L IX = Sk R o o
22.9% . 24. 6% F1 26. 1% , Wi % H X 5T #k 2R 43 51 M
29.2% ., 28.2% F 27. 4% , 4 7% W] 2 il R £ XF Wi At
FIHT 7R b X PM, s W BE DT kSR 5 K, 4351 h 28. 7%
H24.5% . XF THH AR HLIX Bk 2 | &2 B
FE ZE OM X PM, 19 BTRR S fe ey, L rf il v s X g

k= %% H% ES
100
80
N st
raloT
w0 | BT
% -
o
=
40
~j
20 ﬁ
0
2 & & £ = K H E ¥ E & =2 K H E
B R =B = = o= o= = = B = = B = =
\'“V & IF e ‘ pol —
L ,-"::' - E6 HiX PM, ANHENSTELER
& Fig. 6 Seasonal pollution characteristics of PM, 5 chemical composition in each region

2.2.3 R[EIZEAEL S AT PM, (4153 A8 AL RRAE

L7 25 8T SR AE 30 1) P i il X 4% 25 78 T g IX
PM, 153 BEZ TG B RRAE. X T XEE A X 4T
BRI RIX, fk | HEME ZE OM X PM, 51 5T
MRS R, H KU A X A OML 78 PM, | B i 53
MR AR R % (357 30.2% ) ,(HH p(OM) =
8.30 pg-m " HUZEAL, EEIEH TR ERIZNE
24 Wk DX it I 2 8 s X ML B 42 R ARCHE Y
Heohn, gEmHETEE ZE XU 44 HEX ) OM X PM,, 5 1Y 5T
k. TR A DX A7 B DX R X4 2 350 Ry i R
EhvrlR RS, 0N 29. 6% 24. 5% F127. 7% . X
TR ASGEEEIREG X, OM 7EE | &% HEA
K2R TR e, o3 2 30. 7% 29. 1%,
31.5% F 21. 7%, 22 i T AR T A2 AU i 1)
B DX i, Rl 3¢ 38 i TR A X AL Bh 4= HE ik
HKIEA, MHLEh 4R AAER OM FZEHEEE , K 0L i
A2 E JE IR A IX B PM, o OM STikR 1Y 244
i, I M RRER (19 DT HR R AE 45 2SR s A 1 2= Pk

ZE TR 9K 30. 4% 27. 4%, 30. 5% F123. 8%,
W R ML X BT RR R0 32.2% , 28. 1%, 28. 7% Al
27.4% . F b X IR TTHLRE B SNA X PM, 5 9 5T
MR S e (34 A A 2= Wl Wi AR . Wi ve Fn i
B XA Z5 SNA 4350 53. 1%, 51. 1%, 42. 4% FI
45. 4% . 5 HNFRERAE S H X A A AR 2 B KR
FERIBEC Wb . WIAR . VS R R L IX A FR S
A3 I 4{H 68. 2% . 48. 5% . 76. 0% F1129. 8% . %
b DX (0 2H A3 RRAE 25 9 AR AL AR — 3L

ZRIR LT IR R DT R N 21. 6% ~29. 6%,
MEZETTHCRL N 5. 4% ~9. 0%, i FR £k F 5 21k
ARRMIRGE 77 A | & 28 32 AU D7 Rz (9 52 0, D] Ik %
PM, B BTRk A K.

Wr X 25 2 R I BE X PM, 40 70 Bt 2= 15 A8 Ak
FAREAIE DL ] 8. [RIFE b, X6 F Rl ¢ 38 B A IR A X
OM 7ERKZE | &2 | HFREME FIUZEXT PM, 1) 5Tk
I B, o 31.2%, 26.2% ., 28.7% Fil
28.1%. AR R X, Bk, BHEME Z= OM Xt
PM, ;1 BT Bk 8 3 B K, 40 3R 25. 9% 26. 9% Fi
23. 4% AN H IR R Tk R 5 =, M 25. 0% .
WX T PR i DX ORI VA e X U0, PM, 77 7 4K Ak v
JE E A S (H R4 AURRAE S AR — 3K
2.3 TR MG RIS T R AR Y ik B AR

A TR WA 25 XA 22747 1 S 43l
RNH, G PR RIS A R A E 9 PR, JERT
REJG R B AT W, 20 W 45 3 W3 3.
FKZRWIVTA 45 DX 32 22 22 AU 7 B AR v T s X By A



44 %

Bl

iR

1304

- ,
W
Ay \ w |
JJ,, N | =
Ll B 00°5T SNZ St L 7,26 25 24 16°8 S-NZ ofst Bl Ty 00°S SNZ B 99 °6¢ SNZ
HESSE IS SL ¥ 7-NZ Il g fgl >l YT LT 7-NZ i ehhd Il 68 €1 7-NZ LIS vL'S 7-NZ
TS vevl €NZ Y L9 J.J €NZ v g 0S°L1 €NZ T B LA el 22 sy €NZ gt
I gt g} Bl ¥ °TT TNZ oist Bl Tl T ..‘L...N-z..mlw #Ary T L TNZ NN 01°6C TNZ
11y iyt 9¢ €T 1-NZ bt ch T 1T NG TN L1°6T 1-NZ Ty 00°ST 1-NZ
1 fgd sty ¥8°6 I V/ LR , Nm....?., R e T 6 $-X7 shit B M T gl B gLl DV
gl gt g Bl Ls°¢1 VX7 it Bl b 1 22 R ..u”mmo@ .m.”.ﬂ-wﬁxw......; ol Bl bl T 687l vXZ S BT M L0711 vXZ
T o exz IR S5 OF " XTI 08 Xz BN It S6°Sl  €XZ WM
o s ¥L°0€ X7 Sl b Bl T 91°8C X7 St B g 27 0S°LE X7 i BT 11°8¢ X7
bl 86T 1-XZ A €6°CI 1-X7 B ST e 1-XZ kTS TS 9Ll 1-XZ
EEARE Sz0l §-az LRSS 6111 s-az PRt e 876 $-az Iy €2°92 $-az
I Byl 0TSt v-az SRAFFEE oy .om . .__w v-m,m. “ HNM%W@ 0S°L v-az BT TLIT v-az
WY sl eaz T R (/A1 [ 90°8€ €Az WMITRMEYE  pLS AT
R gve Taz gy L= ot | /w.“m_N Sprmraras  ww W AR I o Taz
B4 SLpL 1-a7 T RA TS e 28 &6l o (U, sy 7692 1-az UEIS e sTol 1-az
e e el -4z i £ I 28 §6°g e R 19 s-az st B TR 11°8¢ -4z
Il g9t v °TT p-dz it b hd T2 01T VA Sy E Y] 19°€1 v-dz b bl 7, 61 "0C vz
Il fglfglsly ¥ 81 V4 1l gl fgl>ly 9¥°LE €-az fgl e sl €€°€T €4z PRI B 1 [ Y 22 8€°L €47 g
sl B B T S i €8°LI -qz A S0z B ful 0961 -qz [t S Sz 1L L9°1T a7 SR ER 12E 69°8C -4z
sfit B L 18°LT 1-97 MR AR Y] 16°T1 1-97 ﬁ#@%%%ﬁ% 8T °5¢ 1-47 )y €€°¢ 1-47
ful L€ %/ & LTS %/ T [ o ML %/ &G LIEs %/ =34
WY SV PSR HEHY S, e 1S 412 SRV RRSETES Y MY RS Y
B T , i o F¥ e

UOTSAI OB UT $ILI0109[RI) PIEMYOR(-SNOLIRA-JO-SOTISIINORIRYD [RUOSBIS ¢ AqR],

WERRTWUSHRER T €%
| - el



34 JERE A WA KUY PM,, A6~ 2 015 AR AE 2B 1305
e s 5% %
=
i ="" gt
O = = - e
. it TE
=
3
: B
oK oM o Mo X X eSS . S .S . - .  YR .
m 4o B 8 H & = g H &« E 8 B 4
X o H 3 X b B R X - B R ¥ - m @
|
E7 WX PM, AN HENETELEL N \
=
Fig. 7 Seasonal pollution (‘hal"aCleHStldsi"_‘ wof PM, 5 chemical composition Hf h}'g’t—;and of Kkheﬂlang province /:‘
— S JIl IL = I J“J Jj
" %% e q%
E
o
=
HE
bd | b o] i
4 4 = <z
= b= = B
B8 ifEiHX PM, AN HENSTELER
Fig. 8 Seasonal pollution characteristics of PM, s chemical composition in coastal areas of Zhejiang province
AR SR, FErh W AL DR P9 X2 i A R B v R DX RS AT R e R i X

YL 7 ] A A a0 o LAk 2R SR I 1Y) Bk
TR, B0 38, 1%, Wi b HL X 325k A 9 51 B
YA B S A (28. 69% ) RE MK Z 5 Wi P b X L[]
i 322K A 2R 35006 1 A AT (17, 62% ) 52005 Wi 7R
XU AT b b A5 >k i <A (36. 07% ) S fe ki
PRSI , R Ry >k B0 I SO BTk R
X FEEZ A B ARG A 5 7 i <A Pl s . 44 2
WA 4 X 8 2 Az ok B A6 S B 52 i i) 1] s

2K H e 38 B2 AL X ) R A sk R ok,
K 35.28% ; Wi AR M X R [ ¥l L AR 2R 5 1L X 45
] ST o5 AR B 38. 06% , 32 A R T 1
D7 I B A HR . Wi A7 Ok BB TR
FEEE B S A BTk B K (37.50% ) 5 WTEE 52 3K 2
RTINS (34. 44% ) TR e e ] I K 4 2 i
T4 PM, iR EEHIE K TRE ZE IFHESA KX
IA] PM,, o Wk B2 A7 76 B 25 S5, P A L b X



1306 7D 53

o | 7 %Jﬂﬁ?sf
[ F 9T

P, «wﬁi@@j@ﬁﬁffwﬁwﬂz fﬁinﬁ@@a&@ﬁ
(ﬁ)ﬁ'm%ﬂ’m %Dﬁ‘ﬂ—f&éﬁﬁéi&[ﬁﬂ’]pﬁ Mf)’
EFi’j{EE(Q% i£21.0 pg'm IS éﬂimm

X %ﬂ;{«fﬁe F43 T 7 4L X B p (M, ) %ﬂj{aﬂﬁ%ﬁL
20.5 wg-m 7, [ U B AL O S A 6 Wi KA 2
PM, AFTERR RSN DR, B 2= LA 45 X3l 3
B FACTT | VR 5 1) FAR BBV i b DX S
2, b A d X 52 AR i O ) /Y <A BT R
(37.46% ) fc K, HU Rk AL thaRpy <l TRl FE
)T 2R i, DX A, 2 32 2 08 7 1) ) S BT ik (30. 17% )
T K, R by g b B 7 ] AT 5 7 G )R DL
DA Oyl T < R W T B e B T = W 1= Y
46. 55% , H AP B, KA B e 22 5
T e b X 2 22 2RV W 2R [ R A S PG i T I )
P TEmkAH S , 23 51 R 26. 72% F1 25. 86% . H Z T
B XA 2ok B i MR S50 s iE g%
S AR S T T b X LAY 5 G R 1 B
T 77 1] B9 <AL BTk o E, i R 27.87% Al
22. 54%; WiA b X W DAK H R I R8I AR L
J7 W B BTRR R 4390 34 43% F125. 50%;
WP X 322 H WG 7 R R R RV T AR
A BTk R =, 49 32. 58% H1 30. T4% ; Wi e Hb X
FEERZ K A w7 1) (B 2 ML 5 ) STk,

/\&ﬁff 7X FRWG ZN'%T(#{%' ) ﬂ;f"“’ ; ¥~
Eﬁ;ﬂéth%ﬂ$£ﬁ$ﬁ#% -
Fig. 91 Barclj}rqjectory clm{g; in each region dun.ﬂg diﬂrentu seasofs |

| /

ik 47, 549l YR fijﬁﬂﬁmlﬂ STk, o oM
HF 4% XK ] PMZSJEE/ZEV%#@UJ\ E=s|
B ¥ B2 e e 1Y T L M X 'ﬁﬂiﬁﬂﬁﬁﬁﬁﬂbliﬁﬁ
p(PM, ) F¥HEMZME N 10.4 pg-m | HEHKxH
BT b X5 A I T AR b XY p (P, ) ~F-J41E
MIZEMEACH 6.1 pg-m ™ HE— L UG FH 2L
T SRR AT B 08055 , LA e v 5 M 7R i
T BB WA SO0 DTk A 1S DR, PM, | Jo H v
JURERER IR P B

3 i

(1) REEIE], WL 25 11X p (PM, ) F-H{E
JEFEH 34.3 ~46.4 pg-m WU R, Wi AR
WA OM ., WifREh | GRfRER | Bl | R IT R Ml
e AR R MR B PR BT R R A B 26. 4%,
15.4% . 12.4%.9.0% . 7. 1% F15. 7% . SNA Tk %
IKF 36. 8% , [N ILHITT A PM, (1) IR EEAL SN 45
THER. 5 XIR PM, s 20 5344 A — 20, XF PM, BTk
FEA KA ) Bl 2 B2 SNA . OM, fiE JC & Al M7
Y.

(2) Bk R4 2 PM, o Wk B 3 g, M HE 3 (E
13.9%; HE 7 PM, , W JE AL, KT 3{E 24. 3% . %



34 S A Wi RAUBR PM,, {2z

5315 Y RRAE 43 B 1307

X ZE PM, JRIEB/NTRAEE | & ZMEZE. #idt
WIXFKZE  HZEMEZE OM X PM, ;i 57k R 2 i
LN 22.9% | 24. 6% F126. 1% , 4 Z2 | 2 iR
R TTMR R e K (28. 7% ). TRIRE 1Y T 4% 3t IX s 2 Bk
% HEMEZE OM X PM, 1 5TRk R 5w, 50 )
H29.2% ., 28.2% F1 27. 4% , 2 Z= hil R £h BTk R ¢
K(24.5% ). WidG AT R L IX, 45 Z= 15 OM 7E PM, |
R DT RF2 fe e

() AT RE X AR E , RAE N R R IX S
7 p(PM, ) fiefi, 5 %] (50. 1 +10. 6) wg-m {5 ifE
i X SCA I AR X S A p (PM, ) B, AU A (37.2 +
5.6) pgem . KEEABEX ) OM 7E PM, 5 H % i 51
BRI IR B 2R (A3 30. 2% ) , T T E 2 Rz MG
2 WX it T E 2, 5% X P ML 3l 2 B S HE UK IR Y
HEANAT B OM ¥ BE A 34 1. 55 41 i b A0 i R
RA X AL EHEBORIE R, OM 7ERK TR | 45 &
75 I B 7 DU 2 BTk A J 8, P M X 3K 2 L7 %
~31. 5% , VG IX ik 26. 2% ~31. 2% . -

(4) Wit %Einﬂkf&%nﬂéz@ixjtﬁ&?
%(ﬁ@iﬂciﬂu/\m—h{m?ﬂy_?ﬁnn %%%ﬂﬁ 5'5
] A ?F/&@%/@:J: EE%%%’%IZJE’J? %E
55 A1 p(PM”) %ﬁfﬂé%uﬁzﬁxﬁ N 21 0

%é%ﬂﬁ%’ﬁ"%’ﬂj} 10. 4
Lﬁﬁjtﬁmiﬁﬂfrﬂiéﬂ(

ugm %ﬂZOSugm
ggl 6L pgHm

T P (e N SR, AR

jtﬁmﬁlﬁﬁﬁﬂié A B30 £ 055, L K i 4

VR L PR T T 48 SR SR (91 K | PM R vk

AR S5 B 3.

SE

[1] WangS X, Hao J M. Air quality management in China: issues,
challenges, and options[ J]. Journal of Environmental Sciences,
2012, 24(1); 2-13.

[ 2] SKER, WRiE, Wiwnhh, %, T EGBRY(PM, ) 154k
Mz A4 [T]. RN, 2015, 37(7) : 1339-1346.
Zhang Y J, Chen X, Xie G D, et al. Pollution status and spatial
distribution of PM, 5 in China[ J]. Resources Science, 2015, 37
(7): 1339-1346.

[3] Huang X J, Tang G Q, Zhang J K, et al.
PM, 5 pollution in Beijing after the improvement of air quality
[J]. Journal of Environmental Sciences, 2021, 100: 1-10.

[4] ZEikdE, 4R, XUX4AL, 5. 2013-2015 4EH1[E PM, 5444k
Btz ARAR[ )], SEERREDEST, 2017, 30(5) « 678-687.
Li S X, Zou B, Liu X Q, et al.
temporal variations of PM, 5 in China during 2013-2015[J].
Research of Environmental Sciences, 2017, 30(5) : 678-687.

[5] Pui D Y H, Chen S C, Zuo Z L. PM,; in China:

visibility and health effects, and
mitigation[ J |. Particuology, 2014, 13, 1-26.

(6] P98, WM, 505, & RAMRYXHERE M T].
ERLE . AR, 2014, 44(6) : 623-627.
Rui W, Tan M D, Zhang F, et al. Adverse health effects of

Characteristics of

Pollution status and spatial-

measurements, sources,

(7]

[8]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

particulate matter[ J ]. Scientia Sinica ( Vitae) , 2014, 44(6) .
623-627.

BN, BREG, TRE, . S5 S EANURIY) 9 RSOV [T ]
Fl#5@ M, 2015, 60(30) : 2808-2823.

Hu B, Chen R, Xu J X, et al. Health effects of ambient ultrafine
(nano) particles in haze[ J]. Chinese Science Bulletin, 2015,
60(30) ;. 2808-2823.

Zhao H J, Che H Z, Zhang X Y,
visibility and particulate matter ( PM ) in an urban area of
Northeast China[ J]. Atmospheric Pollution Research, 2013, 4
(4):427-434.

GuJ X, BaiZP, Li WF, et al. Chemical composition of PM, 5
during winter in Tianjin, China[J]. Particuology, 2011, 9(3) :
215-221.

B, A K, Ribe, 55 FIE A X5 PM, fL2E 45045
fEBORIEMAT]. BHEHAR S TR, 2014, 14(31 ) : 129-
135, 154.

Zhao H, Zheng Y F, Wu X Y, et al. PM, 5 Chemical component
characteristics and source apportionment in our domestic_typical
areas[ J]. Science Technology and Engmeerm 2()-1'4.-l14 (-3‘1 )
129-135, 154. | — g
07, A, ﬁﬁ%fﬁ, G KL FREH BM2 Sﬂ,H\I
%ﬂiﬁﬂﬁia%’é# ?E EPEIHP‘ﬂ;a 2008/ 28/6 ) 481-
486. / |
Li W Fl,' Bai 7 Ps#Wei J D,
PM,. 5) and its m‘:in components in Tianjin winter atmosphere[ J].
China! En\/lronm‘_gnlal S(’IPH(’P, 12008, 28(6) : 481-486. J & .
Huang W Cap J ], {fTao™ { B, et al. Seasonal Varlatlor-l" of I

et al. Characteristics of

et al. Pollutlon Lh'aIstel:lStl(,s Fof

Lheml(atf species dbsoudted with short-term mortdhty effects! ﬁf
PM, £'in )Qf:an a central city/in China[ J]. Amefican Journal of
Epldemm‘logy, 2012, 175(6) ; 556-566. !'j
W, Bl RN, 45 “‘lﬂ%ﬁﬂ‘%ﬁ*ﬁ%éﬂﬁﬂﬁiﬂﬂmﬂﬁ
mﬁ;z%%%m. H I FRBEIE, 2019, 35(6) ; 16-27.
Dao X, LiJ J, Tang G G, et al. Prospects and design of national
atmospheric [T].
Environmental Monitoring in China, 2019, 35(6) : 16-27.
AL, XIGRER, AR, 4. RAANBURIY) 20 43 53 AT B 5T
[J]. BURFR2AILES, 2014, (3): 123-126.
Zhao L, Liu B X, Yang D Y, et al. Analysis and research on
atmosphere fine particle main components[ J ].
Instruments, 2014, (3) . 123-126.
KARER, WIAME, THRE, &5, BT RSR PM, KM
TR BRI L], PR, 2016, 36(7)
1947-1954.
Zhang Z W, Hu G R, Yu R L, et al. Characteristics and sources
apportionment of water-soluble ions in PM, 5 of Xiamen City,
China[ J]. China Environmental Science, 2016, 36(7) ; 1947-
1954.
TR, TR, 5KI55F, 4. WRERTT PM, s oK JCHLES
TG YR BORIE M 1], PREERl 2R354, 2015, 35(11) .
3443-3451.
Meng C C, Wang L T, Zhang F F,

characteristics and

particulate  chemical-speciation-network

Modern Scientific

et al. Pollution

source apportionment of water soluble

inorganic ions in PM, 5 in Handan City [ J]. Acta Scientiae
Circumstantiae, 2015, 35(11) ; 3443-3451.

TREIC, XITHE, WA, % JLRiAF PM, R BT RIKIE
FEAERORIRAHT[ 1], FREERLF, 2017, 38(3) : 876-883.
Qiao B W, LiuZ R, Hu B,
and sources of trace metals in PM, 5 during wintertime in Beijing
[J]. Environmental Science, 2017, 38(3) : 876-883.

MBS, sk, TRUE, . LT PM, 7534 SRk

et al. Concentration characteristics



1308 I A 2 44 %
%{Eﬁgi‘ﬁ[ﬂ . L{—'[ﬂﬂ:ﬁﬂri, 2019, 39(2) . 487-496. source apportionment of PM, 5 in urban area of Beijing [J].
Tian S 'S, Zhang X, Bian S S, et al. Characteristics of PM, Environmema] Science, 2022, 43(5) ; 2251-2261.
pollution components and their sources in Shenyang[ J]. China [30] fEWF, BAORSE, B8, . KEMATERFEGEEET PM,
Environmental Science, 2019, 39(2) ; 487-496. E’Jﬂziéﬂﬂi\ zﬁa‘ﬁ%ﬁ&ﬂwﬁé%‘[ J]. Rl 2022, 43

[19] akoker, DhSCif, 2258, 45, P92 BORBKAW) PM, 5 TPk 53 (5):2317-2328.

SMTT]. R TR, 2015, 33(5) : 95-99. Ren J, Zhao R R, Wang M, et al. Chemical compositions, light
Zhang CZ, Ma W J, Li Y, et al. Analysis of carbon components extinction effect, and oxidative potential of PM, 5 under different
in PM, 5 during late summer and early autumn of Xi’an City[ J]. pollution levels during winter in Taiyuan [ J]. Environmental
Environmental Engineering, 2015, 33(5) : 95-99. Science, 2022, 43(5) ; 2317-2328.

[20] Eff, TKHT, 345, . FoE E B RABURY K B 4 [31]  PhACHE, JEk, TR, 5. B 2ITTARSIREX RS PM, 1k

PG ROK RIS HERE[J]. BB TR 2R, 2021, 11(3) PN FENEMBRIRAN[T]. BB, 2022, 43(5)
287-295. 2304-2316.
Cui Q, Zhang Y P, Mo Y, et al. Research advances in Sun Y M, Fan J, Xu B, et al. Source apportionment and
atmospheric particulate matter and carbon component pollution seasonal changes in PM, 5 chemical components from different
levels in major cities of China[J]. Journal of Environmental functional areas of a provincial capital city [ J]. Environmental
Hygiene, 2021, 11(3) : 287-295. Science, 2022, 43(5) ; 2304-2316.

[21] Liang Z B, Zhao X F, Chen J Y, et al. Seasonal characteristics [32] Mp%%, %5, M, & T HET e AR 5
of chemical compositions and sources identification of PM, 5 in PRPEMEFIE AT [J]. IR, 2022, 43(4): 1716-
Zhuhai, China[J]. Environmental Geochemistry and Health, 1724. y
2019, 41(2) ; 715-728. Yang M R, Pan Y, Huang Z W, et al. Source analy51s and

[22]  BASCHE. BN b IX RAIBUR 75 YL bk '?ﬂé/ﬁﬁg*ﬁ[ 1. composition~characteristics of water- soluble IOl’lS'_.d‘ﬂrI:lhg Spring
M. WYL K2%, 2018. Festival in Nlr}gbo[ J]. Environmental Science’, 2Q22 ,43(4) .

(23] ko, HBRE, XA, & RN PMZ,Sch%éiﬂ@ﬁfr/i?év\ 1716-1724. [ =
M B RIAIHILI]. BRI, 2019, 40(11) ; 4764-4773. [33] #ERE, PROCH, fﬁwkiﬁ A BRI KA 4@/5 i
Zhang H T, Tian Y Z, Liu B S, ey ak Spatigl“. temporal HE Rz PM}_J’E’F?@EE%[ T, E I 2020_3_ 36 (.;5)“ :
characteristics an.d“ ¢luster analysis of c}‘iemical coerouen.t_s"ff)r i 88-95.) v A r =

_~ambient PM,_ “in Wuhan[ J]. Environmental Sciena'e,“ZQll‘Q ““40_ Jiang Q Q Chen W C, Xu B Y, et al. The charactel:}stlcs of
(11) . 4764 4773 J atmosphenc pa,mdes ahd polentlal sources of PM, 5 in urﬁan

[24 7%= XAARk, ﬂﬁf’ﬂ%, J%‘{R . jtjﬂfﬁ PM, Sﬂ’f ?Eﬁﬂ& Hangzhﬁul]]. Enviropmental Monitoring in Chlna, 2020, 3'6

| KSR 41 LRSS %”i& 2015 35(1,2) (5) 88-095, ] e
44053- 4060 ! ) [34] LiuG, i JH,Wu D, e al.| Chemical composition and'“‘s'iurce
Liu’ B|X | ZhangD W, Chen T, et al. Characterlstlcs and major | apportionment of the ambient PM, 5 in Hangzhou, China[J].

'I: chal’mcal“co;nposmons ‘of “PM, 5 in Bel]mg J] A(’llz.i_-l'.‘ Smenuajr/,f
/ Circumstantiae, 2015, 35(12) ; 4053- 40607 -

[25]

[26]

[27]

[28]

[29]

WA, BT, thksE, %, Ls M, .;ﬂﬁ%%f‘?ﬂﬁﬁfé?
BT )], SREALE , 2004, 23(3) ; 326-333.
Yang F M, He KB, Ma Y L,
balance of PM, in Beijing [ J].
Environmental Chemistry, 2004, 23(3) : 326-333.
T, SRR, XIOREK, 45 BET PMF BIALAY AL 5T PM,

et al. Characterization of mass

chemical speciation

HIRMIRTZS A FRAE L) ], T E IR, 2015, 35(10) .
2917-2924.

Wang Q, Zhang D W, Liu B X,
variations of ambient PM, 5 source contributions using positive
China Environmental Science, 2015, 35

et al. Spatial and temporal
matrix factorization[ J].
(10) : 2917-2924.
T, SR, XK, 25 2015 AEJEEURX RS PM, 5
ONH, L NOy | SO~ KR RAMRMTS YR e[ 1], REER
2%, 2017, 38(4) : 1307-1316.

Ding M M, Zhou J N, Liu B X, et al. Pollution characteristics of
NH," , NO; , SO3~
2015 in an urban area of Beijing[ J].
2017, 38(4) . 1307-1316.

BB, R, XUPRER, S5, b T AR A vk B AL B
HAZHEmERLI]. FRERE, 2021, 42(12) : 5633-5643.
Cao Y, An X X, Liu B X,
influencing factors of black carbon aerosol in Beijing [ J].
Environmental Science, 2021, 42(12) : 5633-5643.

BRI, B, E3F, S JEETIX PM,, s % 4 0015 G K
RIAIHILI]. FRIFERLE, 2022, 43(5) : 2251-2261.

An X X, Cao Y, Wang Q, et al. Chemical characteristics and

in PM, 5 and their precursor gases during

Environmental Science,

et al. Characteristics and main

[35]

[36]

[39]

135-143.
, Xu M X, Snape C, et al. Temporal and spatial variation

Particuology, 2015, 18
XulS
in major ion chemistry and source identification of secondary
inorganic aerosols in Northern Zhejiang Province, China[ J].
Chemosphere, 2017, 179 316-330.

B, TR, B, . SET LM AR AR PM, 20
PRSI )] TPERERN, 2020, 40(5) - 1857-
1868.

Luo G, Wang T J, Zhao M,

source apportionment of fine particulate matter in Xianlin area of

et al. Chemical composition and

Nanjing basing on-line measurement [ J]. China Environmental
Science, 2020, 40(5) : 1857-1868.

EaE, A, FUAF, F KEMALF - REIBRUFK
B HREPE BT R R AR R (1], $RBiRba#, 2015, 36
(7):2337-2345.

Wang M T, Zhu B, Wang H L, et al. Composition and regional
characteristics of atmosphere aerosol and its water soluble ions
over the Yangtze River Delta Region in a winter haze period[ ] ].
Environmental Science, 2015, 36(7) : 2337-2345.

FLLE, RM, TORIER, &5 3279 10 18] A 50 i R AR kL
BOPARRRELT]. PRIERLA:, 2014, 35(2) ; 442-450.

Wang H L, Zhu B, Shen L J, et al. Size distributions of aerosol
during the Spring Festival in Nanjing [ J ].
Science, 2014, 35(2) ; 442-450.

Wang N, Xu J W, Pei C L, et al. Air quality during COVID-19
lockdown in the Yangtze River Delta and the Pearl River Delta:

Environmental

two different responsive mechanisms to emission reductions in
China[ J]. Environmental Science & Technology, 2021, 55(9) .
5721-5730.



3

JASEE A . WA KUBRLY) P, A2 045 G AR AE 20 A

1309

[40]

[41]

[42]

[43]

| cities in lhe Sichtian Basin[ J].
22021, 41(11) ; 4366-4376. Fy @)
_ R R, R, % ﬂ%élziﬁﬁjtj’fnﬁ%ﬁ%?ﬂ%:_,“
‘ fﬁfﬁiﬁiﬁl’*%ﬁiﬂﬁwﬂﬁ[ﬂ. B, 20_20, a@) . _1_52@5:_._;»
[ 15348 A F p—

Sun P, Nie W, Wang T Y,

secondary formation on haze pollution in the Yangtze River Delta:

et al. Tmpact of air transport and

in situ online observations in Shanghai and Nanjing [ J].

Atmospheric Environment, 2020, 225 (6), doi; 10. 1016/].
atmosenv. 2020. 117350.
B, Rt, EL0g, & K EMh X — 3k X5 Qe # v

YA ORLH 1 S DA BT B OGS R [ D). MR, 2021,
42(2): 556-563.
Xia L, Zhu B, Wang H L,

optical properties of fine particles associated with regional

et al. Source apportionment and
pollution in the Yangtze River Delta[ J]. Environmental Science,
2021, 42(2) : 556-563.

WRLL, BERE, XA, % BRI = MMM PM, fb2F
SRR B X RARE W BE RS [ J]. BRIERLA:, 2015,
36(8): 2758-2767.

Yang Y H, Qu Q, Liu S X,
PM, 5 and its impact on visibility in summer in Pearl River Delta,
China[ J]. 2015, 36 (8):. 2758-
2767.

LiJ W, Zhang Z S, Wu Y F,

compositions in fine particles and their identified sources on

et al. Chemical compositions in

Environmental Science,

et al. Effects of chemical
hygroscopic growth factor during dry season in urban Guangzhou
of South China[ J]. Science of the Total EnvironmenE,_:.-ZOZl s
801, doi: 10. 1016/]. scitotenv. 2021. 149749.

B, /N, BRAEE, S DU Gt SRR PN T it
TR RAE RN J]. BRI

; =
ractef";tlcs

and source’ d'f)portlonmenl of PM, s p(rl'futlon-‘ process ‘in typ],cal

Acta Smentlae Clrcumstant'lae

L1 R Li Q, Xu J et al. Regional air pollution process in winter
over the Yangtze River Delta and its influence on typical northern
cities[ J]. Environmental Science 2020, 41(4) : 1520-1534.
r R RS W R BRI s SR R DA A Wy vk e R
(AT (3B =) [LB/OL]. https://imgl. 17img. cn/17img/
old/NewslImags/files/201431118462. pdf, 2014-02-28.

MREH, RAFNLL, &R, S Wiira mE R4 5 iR
[J]. KR, 2014, 42(3) ; 474-481.

YuZ Y, WulL H, Gao D W, et al. Investigation of methods for

season division in Zhejiang province[ J]. Meteorological Science

A, 2021, 41(.1--1): 3
A4366-4376. | ‘ /
Qian J, Feﬁg X Q, Chen J H, et al. Composm

[48]

[49]

[50]

[51]

[52]

[53]

[55]

[56]

and Technology, 2014, 42(3) . 474-481.
A, AR PM,, o A2 Bt B AR B 5 B 20 43 AR AL AR AE
BrD]. n#B. PUREsCHE KA, 2019.

Turpin B J, Lim H J. Species contributions to PM, 5 mass
concentrations; revisiting common assumptions for estimating
organic mass [ J]. Aerosol Science and Technology, 2001, 35
(1):602-610.

T, JUAHE, i, AE R AR R R
PM, s HAMFFIELT]. T E SR, 2020, 40 (12) ; 5115-
5123.

Wang S B, Fan X G, He B, et al.
characteristics of PM, 5 in Henan Province during the Spring
Festival and COVID- 19 outbreak [ J ].
Science, 2020, 40(12) : 5115-5123.
RAVER, AL, TR, 4. 2015 4F 12 ARBLERTHE = A
DX AR AR e BE RN A BRI [ D] BREERL-2 2440, 2016,
36(12) . 4285-4294.

Zhu S H, Zhou M, Qiao L P,
trajectories on PM, 5 concentrations and distribution.in the
Yangtze River Delta in December 2015 [ J].
Circumstangiae , 2016, 36(12) ; 4285-4294.
YuSC, ZhdngQY Yan R C,
during a weekly heavy haze episode in Hangzhod

Chemical composition

China Environmental

et al. Impact of the air mass

Aéf; Scig.ntiae
Origiﬁ‘of dll‘ pollution
inal J ],
Environméntél Chemidiry Letters, 2014, 12(4)'; 543-550.)

Ye B M Ji X L, Yarig H Z et al. Concentration and (;hen}_zcal
(’omposmon of PMZ Sﬁm Shanghal for a 1-year period ['J ].
Atmosphénc hnv1r0nment 2003 37(4): 499-510. “

Mkoma S L, Chl XJG = Maenhaul W. Characterlzallon- of_-ﬂ

carbnngbeous matehalsu‘,ln PM, s and PM,,' size fractions” in

et al.

Morogloro_,“.ﬁanzania, difring 2006 wet season campaign [J7].
Nuclear Tasttunients and Methads in Physics Research Segtion B:
Beam Interactions with Materials and Atoms, 2010, 268 (10):
1665-1670. g

CaoJ J, Wu F, Chow J C,
apportionment of atmospheric organic and elemental carbon during
fall and winter of 2003 in Xi’an, China [ J].
Chemistry and Physics, 2005, 5( 11) . 3127-3137.
KT, LT, EHER, % KT EART G
PM, ot OC 1 EC 15 RB5HE [ 1], o SR BRI zozl,
(7) : 3066-3075.

Zhang Y X, Ren W H, Wang J H,
organic carbon (OC) and elemental carbon (EC) under different

China

et al. Characterization and source

Atmospheric

et al. Characteristics of

pollution levels of PM, 5 during winter in Shenyang[ J].
Environmental Science, 2021, 41(7) : 3066-3075.



HUANJING KEXUE Vol.44  No.3

Environmental Science (monthly) Mar. 15, 2023

CONTENTS

Research Progress of SOA Formation from Anthropogenic VOCs Under Complex Pollution Condition
Advances in Microbial Degradation and Transformation of Per- and Polyfluoroalkyl Substances( PFASs) SUN Hong-wen, FANG Bo, CHEN Hao, et al. (1214
Research Progress on Remote Sensing Monitoring of Lake Water Quality Parameters +++ WANG Si-meng, QIN Bo-giang ( 1228
Research Progress on Trojan-horse Effect of Microplastics and Heavy Metals in Freshwater Environment ~ «+++- - ZHAO Wei-gao, TIAN Yi-mei, ZHAO Peng, et al. (1244
Temporal and Spatial Characteristics of Net CO, Emissions and Decoupling Analvsi% in Yangize River Economic Belt - +++ WU Yi-fan, XU Yang, TANG Yang-bo, et al. (1258
Changes in Land Use Carbon Emissions and Coordmdled Zoning in China -+ LI Yuan-yuan, WEI Wei, ZHOU Jun-ju, et al. (1267

CHEN Tian-zeng, LIU Jun, MA Qing-xin, et al. (1201

Multi-dimensional Analysis of the Synergistic Effect of Pollution Reduction and Carbon Reduction in Tianjin Based on the STIRPAT Model ~ +++xeeesereesserseereneneieinensnsininsnnien
............................................................................................................................................................... LIU Mao-hui, YUE Ya-yun, LIU Sheng-nan, et al. (1277)
Railway Emission Trends in China Based on Fuel Life Cycle Analysis «+eserrerrereremessememesmmssnne s TONG Hui, FAN Zhao-yang, LIANG Xiao-yu, et al. (1287)
Pollution Characteristics of PM, 5 Chemical Composition in Zhejiang Province »+ ZHOU Jing-qing, YU Lei, CHEN Shu-xin, et al. (1297)
Seasonal Variations, Size Distributions, and Sources of Chemical Components of Submicron Particulate Matter in Nanjing XU Zhen-qi, SHANG Yue, DING Feng, et al. (1310)

Seasonal Variations and Source Apportionment of Carbonaceous Components in Luoyang: Implication for Brown Carbon Contribution ««+s«sssseessessereseneneninenenenisininensinnee

YAN Guang-xuan, HOU Ming-yang, ZHANG Pu-zhen, et al. (1319)

Establishment and Spatial Distribution of S/IVOCs Emission Inventory in Jiangsu Province in 2019 - - e ++ SONG Tong-ai, ZHANG Jia-ying, GUAN Lu, et al. (1328)
Compositional Characteristics of Volatile Organic Compounds in Typical Industrial Areas of the Pearl R Imporlance of Oxygenated Volatile Orgamc Compounds  +eeeeseseesnereeneenes
...................................................................................................................... SONG Xin, YUAN Bin, WANG Si-hang, et al. (1336)
Evolution and Characteristics of Full-process Vehicular VOCs Emissions in Tianjin from 2000 to 2020 - ++ SUN Lu-na, LHONG Chong- zhl SUN Shi-da, et al. (1346)
Port-owned Mobile Source Air Pollutant Emission Inventory «=«+«+ssssessessesessersenssienienenninncnenees ++ XU Xiao-fan, WANG Bao-qing, WU Jun—cheng, et al. (1357)
Simulation and Regulation of Sustainable Utilization of Water Resources in China Based on Improved Water Resources Ecological Footprint Model =«+x+xesseeerersesnenseeeenennennsininennnen
OUYANG Xing-tao, LIAO Hao-yu, JIANG Qiu-xiang, et al. (1368)
Occurrence Distribution and Risk Assessment of Organophosphate Esters in A Typical Area of the Estuary in the Yellow River Basin «-«+essesrerresesesreniensnnenenininininninenen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" CAO Miao, GUO Chang-sheng, ZHANG Heng, et al. (1378)
Pollution Characteristics of Organochlorine Pesticides in Water and Sediments of Huixian Karst Wetland in Guilin =~ «seseereeseeseseesenennenne YU Yue, XING Xin-li, CHENG Cheng, et al. (1387)
Risk Assessment and Source Analysis of Heavy Metal Pollution in Surface Sediments from Major River Systems in Maoming City, Guangdong Provinge »«+esessessereeesemenensineneneinnes
- . B RRAILIN -+« CHEN Xiao-xia, ZHANG Min, LI Bei, et al. (1397)
Temporal-spatial Distribution and Ht:dlth Risk Assessment of Heavy Metals in the Surfdu: Water of Ningbo  +++++ ++++ XU Mei-juan, YANG Jia, REN Xiao-jing, et al. (1407)
Analysis of Water Chemistry Characteristics and Hydraulic Relationships of Different Water Bodies in Typical Mountain-oasis Systems in the Northwest Inland Area «+-«+seseereeeerererensenceees
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ++ WANG Shi-yu, SUN Cong-jian, CHEN Wei, et al. (1416)
Hydrochemical Characteristics and Control Factors of Pore-water in the Middle and Upper Reaches of Muwen River -«eeereorereeesssnenesiennens LIU Yuan-qing, ZHOU Le, LU Lin, et al. (1429)
Spatial-temporal Variation in Groundwater Quality and the Contamination Source Analysis in Shihezi-Changji Area ««+esseoeseeresesescrenees DING Qi-zhen, ZHOU Jin-long, JI Yan-zhen, et al. (1440)
Analysis of Mechanism and Start-up Thresholds of Seasonal Algal Blooms in a Northern Eutrophic Stratified Reservoir <+« WEN Cheng-cheng, HUANG Ting-lin, KONG Chang-hao, et al. (1452)
Characteristics of Benthic Diatom Community Structure and Water Ecological Health Evaluation in the Lalin River Basin - s+« SHAN Tao, YUAN An-long, HUANG Zi-rui, et al. (1465)
Bacterioplankton Communities and Assembly Mechanisms in Wet Season of Lakes, Nanchang GAO Peng-fei, WANG Peng, HUANG Yi, et al. (1475)
)

Seasonal Variation and Influencing Factors of Bacterial Communities in Storage Reservoirs ««+s+=sessesesessesresssssencnnseninensenens DING Ning, YANG Ying-ying, WAN Nian-xin, et al. (1484

\ y Estimation of Reservoirs in Central Yunnan Plateau
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" GUO Yu-jing, LI Hong-hing, WANG Shu-ming, et al. (1508 )
Preparation of Narrow Pore Diameter Phosphorus Containing Cotton Stalk Carbon and Its Adsorption Mechanism for Tetracycline -+ ZENG Shao-yi, LI Kun-quan ( )
Preparation of High Specific Surface Thiourea Modified Peanut Shell Carbon and Adsorption of Tetracycline and Copper *+ MIN Bing-kun, LI Kun-quan (1528 )
Distribution Characteristics of Antibiotic Resistance Genes on Different Water Supply Pipes «+vereereeeeserenenseenenennnen LIU Chen-xu, BAI Xiao-hui ( )
Effects of Vegetation Restoration on Soil Organic Carbon Sequestration and Aggregate Stability in Water-Eroded Environment; A Meta-analysis »«eoeeesesrereeresemenenenmenennineen
YANG Rui-zhe, YANG Shi-long, WENG Xi-zhe, et al. (1542)
Effects of Warming and Fertilization on Soil Organic Carbon and Its Labile Components in Rice-wheat Rotation + DENG Xu-zhe, HAN Chen, XUE Li-xiang, et al. (1553)
Horizontal Variation Characteristics of Alpine Grassland Soil Function and Vertical Changes Along Soil Genetic Horizons in the Three-River Headwaters Region «+«eoeeeeeseserseneniennennsen

.......................................................................................................................................... LI Bo-jian, SHEN Cong-cong, LIU Si-yi, etal. (1562)
CH,4 Fluxes and Their Comprehensive Greenhouse Effects with CO, Fluxes in Direct-seeded Rice in Poyang Lake Plain ++ SHI Yuan-zhi, CUI Yuan-lai, CAI Shuo, et al. (1572)
Vertical Pollution Characteristics and Source Analysis of Soil PAHs in Different Land Use Types ««+eseeeveeseseenuesnsicneens ZHOU Zhi-yan, ZHANG Xiu-xiu, WANG Fei, et al. (1583)
Pollution Characteristics and Health Risk Assessment of Per- and Polyfluoroalkyl Substances and Emerging Alternatives in Road Dust, Shijiazhuang -««+eeseseererreresemsiennesinsicnnnneens

.................................................................................................................................................................. LI Peng-fei, WANG Yuan, YANG Chen, et al. (1593)
Spatial Distribution Characteristics and Assessment of Heavy Metal Pollution in Cultivated Soil of Agricultural Small Watershed in Typical Mining Area in South China ~+++++esseeeressesneeeee

.................................................................................................................................................................. YANG Yu, GUO Ting-ting, LIU Xiao-li, et al. (1602)
Pollution Characteristics and Source Apportionment of Heavy Metals in Vegetable Field in the Three Gorges Reservoir Area (Chongging Section) ++r+sssstseresssssssssisnsieninssinnneniinnene

SHI Yusjia, FANG Lina, FANG Biao, et al. (1611)
Accumulation Characteristics and Influencing Factors of Heavy Metals in Cultivated Land Surface Soil in Lanzhou -+ KANG Le, PENG Xin-bo, MA Yan-long, et al. (1620)
Enrichment Characteri Source Apportionment, and Risk Assessment of Heavy Metals in the Industrial and Mining Area of Northern Guangdong Provine «++s+sssesseesessesssnsensnnnenne

WANG Yue, MO Li, YU Xin-xiao, et al. (1636)
LU Xiao-hui, YU Fang-zhong, FAN Yi-ming, et al. (1646)
WANG Shi-yu, LI Chun, ZHAO Hong-wei, et al. (1657)

Spatial Distribution Characteristics and Source Analysis of Heavy Metals in Soil of a Lead Plant in Sanmenxia *
Distribution Characteristics and Pollution Assessment of Heavy Metals in Soils of a Testing Range

Effectiveness and Mechanisms of Chemical Leaching Combined with Electrokinetic Technology on the Remedlauon of Heavy Metal Contaminated Soil = ++++svseereesrevesssssnnsimninnineninnnns
.................................................................................................................................................................... MA Qiang, WEI Ze-hin, WU Qi-tang ( 1668 )
Emission Characteristics and Control of Heavy Metals in Secondary Copper Smelting Process : ++ LIN Bing-cheng, WU Guang-long, ZHENG Ming-hui, et al. (1678)
Heavy Metal Pollution Characteristics and Health Risk Assessment of Soil-crops System in Anhui Section of the Yangtze River Basin -w++++++++- LIU Hai, WEI Wei, HUANG Jian-min, et al. (1686)
In-situ Remediation Effect of Cadmium-polluted Agriculture Land Using Different Amendments Under Rice-wheat Rotation ««++++sssseseereseeene ZHANG Lu TANG Chan YU Hai-ying, et al. (1698)
Effect and Persistent Effect of Thiolated Montmorillonite on Safe Production in Cadmium-contaminated Cropland —««++«+esseseeseens FENG Xian-cui, LHEI\ Ya-gang JIAO Hong-| peng el al. (1706)
Effects of Earthworm, Straw, and Citric Acid on the Remediation of Zn, Ph, and Cd Contaminated Soil by Solanum photeinocarpum and P/erOC)psela indica :
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" - ++ CHEN Min-ni, NIE Xiao-qi, ZHANG Xing- feng, el al. (1714)
Availability of Se-rich Arable Land in High Geological Background Area and Suggestions for Zoning «+:++sessesressssemensisnsnsiinnn WANG Rui, LI Yu, YU Jing, et al. (1727)

Characteristics and Causes of Ge Enrichment in Vegetable Growing Areas of Beixintun Town, Zhangjiakou City -+ AN Yong-long, YIN Xiu—lan, JIN Aifang, et al. (1735)
Structural Diversity and Its Temporal Variation in the Soil Bacterial Community Under Plantations of Taxodium distichum in the Riparian Zone of the Three Gorges Reservoir Area ««+:++veeeee
--------------------------------------------------------------------------------------------------------------------------------------------------------------- TAN Xue, DONG Zhi, ZHANG Li-miao, et al. (1748)
Effect of the Process of Returning Farmland to Forest in the Loess Hilly Area on Soil Fungal Communities ~+++-seseeesessesnensenenennenens ZHANG Lei, WANG Qiang, YANG Xin-yue, et al. (1758)
Effects of Chemical Fertilizer Reduction Substitute with Organic Fertilizer on Soil Functional Microbes and Lemon 3
......................................................................................................................................................... WANG Ying-yan, XIONG Zi-yi, LUO Dong-hai, et al. (1768)
Dynamic Changes in Antibiotic Resistance Genes During Biological Fermentation of Chicken Manure and Pig Manure «+«+++eeeseeeeseese ZHANG Dan, PENG Shuang, WANG Dan-qing, et al. (1780)

Effects of Cow Manure Application on Soil Microbial Community in Farmland ««toveveeereeeresssiensmeninn ZHANG Ya-li, GUO Xiao-ming, HU Hui, et al. (1792)





