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Abstract ., In order to' clarlfy the spatial distribution charactéristics and the-présent suuatlon of heavy metal pollution in cultivated soil of a typical mining basin in southern

.r"

China, the dontents of Cd, As, Mn, Cu, Zn, and Pb in cultivated soil in the selected small watershed were determined, and the spatial distribution characteristics of heavy
metals wete analyzed using the spatial interpolation method. Further, the ecological risk was evaluated using the geo-accumulation index and potential ecological risk coefficient
(PERC). The results showed that the average contents of Pb, Zn, Cu, As, and Cd in the topsoil (0-20 ¢m) in the small watershed were approximately 11.9, 3.8, 8.2,
4.7, and 14.2 times that of the background value in Hunan soil, respectively. Compared with the soil risk screening value of agricultural land, the over-standard rates of Pb,
In, Cu, As, and Cd were approximately 24%, 56%, 75%, 44%, and 48%, respectively. Zn and Mn showed medium variation, whereas Pb, As, Cu, and Cd showed strong
variation, which indicated that there was an obvious enrichment of heavy metals in the small watershed. The spatial analysis results showed that there was an obvious consistent
characteristic of six heavy metals in the topsoil, that is, there was enrichment in the mining activity area and its downstream and the township streets in the west of the small
watershed. Additionally, there were high value points of some heavy metals on both sides of the main river, indicating that the main pollution sources in the study area were
mining and metallurgy activities and sewage irrigation. The results of the geo-accumulation index and potential ecological risk index showed that there was compound pollution
of heavy metals, in which the degree of Cd pollution was the highest, and the soil of both sides of the river could pose the strongest potential ecological risk.

Key words: small watershed; heavy metals in soil ; spatial distribution; geoaccumulation index; ecological risk assessment
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Table 1  Classification standard of geoaccumulation index
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Table 3 Statistical analysis of heavy metals in soil
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Fig. 2 Spatial distribution of heavy metal contents in soil
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Fig. 4 Spatial distribution of geoaccumulation index
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Fig. 6 Spatial distribution of single coefficient of potential ecological hazard

FPEMNESRE GT50, b Cd B AR 4 MES)R
JLER AR FOATAE B ey ) A S XU

it

AT 6 Fh LAY 4> J@ U R R/ N A ] Y
HARIS AT AE 5 R ) S R AR 2 O S ok X ) 9 A
SEIR AR —B0, e G UiF OB G A X A
PR A A5 T S R AR B i B B R T L
IR R AN R AN e R GNP S 3 -%5)
KA R HRIG B, e AR = T S AL
BRI TG HEL , 38 1 R AU . Bl R T ) s 7K
VR A5 R B T A R AR KRN 3 2 B R IR b
N LY 1 A I & B, 3 B S E R
FEAHERT | 6 AT 1 B R 3 i o T U A o R
A= 4 mT LA I KA | T AR A R % o
WK S e AR i 2 9 | /K U8 sk 4 s B —
B e AR b N A T R E T

3

S50 R A T T T b B P P R e w3 E R o R
Yot AR AU A A (K4 R 6) , DR
WA A B4R 77 R if i Bz i 30, o rT fe
R IR K K R i A3 Y E A bR R 2 —
7 ERE AR LR, Cd, Cu A1 Zn 7E /N R
TR R R B R[] T As . Mn Fil Pb (1R
b 5 Ly XL ARE B+ T 4R G Y st )
S ARRHIE B FE A5 ik — B0 B AR 98 A
R IRTIAT A7 DX ] LA T - 8 o 4 Jes A e )™ EE 1Y)
S Cd, PR A PRI S B0/ I BT it 3 s B i
Cd FEER & EINE RN Z — 7] G & L5
SRIERT B AR, SEBR b R R SR TR
A ) F I 2E 2 Z R R H 2, inoo R i
PEIT | FETERSFEART P WAAE R . A% K
SCHE A B A BB V] g sg i - 4R T R
A HBIR AL 22 17 S, DT 38 B 78 23 18] L % A X B
A1) N B ) A [ A M 1 e 1) 43 A 1)



1608 7D 53

oo 44 %

AHIEI P, — BRI 3 T4 19 1
G 7 I 53 A S RE LU+ HC 3 5 1O e o
FUMERE. AF S S (1 2) ST BRAY I s 50
IKSCRRATE | B AR MR8 3, 150K
WEE | AT i RS AT S A 2 A T
MU FR DRI 145 b TR A SRS 0 77 00T 2 50
SCPE R VR B R

VB A 5 R B R P T A T 4
IR 5 G | FRBE TS Y (R U, L RS
Yk i R S B A 4 DL 25 AT
R 540 SR 95 2 X 4T 2 1 Y 2
BRI EE R R B, Cd 2L 25 AU S ey, 5
ARG 6 Ffll 1T 42 7/ 25 1 AR BO A
GER—(F 5) M RBURHOT M &5 1 SRS
RIS BT A 45— B 4 R 6) . A AR
e LR R TE 2, Cd R AT PSR P2 B AR
PR R I 1 B TR R T R R
25 AR Hakanson 142 19 ¥ 0 bR ofl, L7 1 R Kl
e AR OB R RR T VS e X, 2 T B 1Y B
UL, TP X 19 A SR 4 SR BE T Cd A2 T
ST ERGSAER B W Cd A G ek
5 R A L i T R AR R G
o BF L bR PR b B o 7 T ke o
R R A5 Zneft 4 LB ALIRF Gu (B U 82

(IR A5 B ST A P E 32 I AT A e

SRR A 3 10 7 4 a8 5 1 S
FERES) HEE RROT SRR | SRR
TR B P B 5. 8 SR Al A 7o v
7 24 SR T 4 7 A X R ORI L% R
RS I, 0/ T 4 R T AR 1 B R e 4
.

BHRARBIC R N2 P 4R
Ai5Yy B4 E 4 JB TN Cu 1 Ph, Al BEAA7E T IR 15
Yo AR B TS Y AT A A KRB (5
Bl e 4 AR ARBTG5 AR A R 3 AR
8 (DJFJRA H R R AT GE T A RSB0 R
At I S SO ) XU [ B4 S L £ 065 5 1
i3 @45 T4 A IR 1 75 Y ok T AL AN R T, LA
T SEORE U S M S B 2 5 44 T4 B A 25 %
PRVAIE SR L AT | WA G K R 3 2 A 3R
B4 5 v B EE R 2 A AL, BT SR A SICH G e 1
TSR IR, (REA 2 4 72

4 #ig

(1) BFFE /NI N #EZ 3 Pb |, Zn, Cu, As FlI
Cd By & I B8 & T 2 375 =8, 3R

TR 11,9, 3.8, 8.2, 4.7 il 14.2 5, ML T
A P 3 = M 35 Gt XIS T T2 L B A 28 93 301l O 24%
56% . 75%  44% F148%; HH Zn F Mn S B H 45

AR5, Ph As, Cu Ml Cd 5258 AE 5, 25 W] B FiCRE JEE A

SRR, 2 NN TR B K.

(2) /Nl A A o 45 i 1) 2 (8] 23 A A7 B IR 1Y
BEARFFIE:Cd, As, Mn ., Cu, Zn Fl Pb 7EA V5 3 X
RILTUAEE R A X, A Cu F1 Zn 7E 30T i
VEFRA S5 — R (E X, Pb AT Mn £ 4 LA 330 5 0l
AT R AR

(3) MR TG GePE0 5 bk PP 45 R AR — 2
NN AFTE R AR 2 Fh R G150, B —
ARG Cd 5 YRR B 5 KUK 25 PR =i, Cu I
Ph A BEAFEAE T PR 75 G 5 8k Ll yar 3 9 000 A0 3tb + %
2 A 25 R 25 0l DX IR 7, SR 4
T AT X, B A EE AL .y
SE Ak “ ‘

(1] VLRI, p R, . \GWR BB R i i
RO, MR 2017, 72(3) (5338844, S
Jiang Z/L, Yang“ﬂY S, Sha J M. Application of QWR’modéf in
hyperslpe(.;tral l;)redictibn of soil heavy metals [ J¥.; Acta
Geographig Sffica 2017, 72(3) . 533-544. (¥ _-

2] WK, ﬁllﬂ\iﬁ, Tl AR RJGUTT G o] f A T
%%ﬁ%’ﬁﬁ%ﬁﬂéﬁ,ﬁmﬁm. W RL #2022, 43(5) :
2500-2509. -~
Hu J, Zhan XY, Wang T T, et al. Distribution characteristics,

—

evaluation, and source analysis of heavy metals in soils of Fenhe
riparian zone in Taiyuan City[ J]. Environmental Science, 2022,
43(5) : 2500-2509.
Mt K, ZeSew, . WIRT A & R IR R 5 R
Aioll JA s A e 4 S G AN KA AT T ], M AL A,
2021, 40(9) : 2667-2679.
Chen D D, Tan L, Nie Z M, et al. Evaluation and source
analysis of heavy metal pollution in the soil around typical metal
smelting and mining enterprises in Hunan Province [ J].
Environmental Chemistry, 2021, 40(9) : 2667-2679.
(4] e, B8, T8 W 0e X A F - e 4 I ok U A AT
RS [J]. BEERk, 2022, 43(5) : 2719-2731.
Chen H, Wang Y, Wang S. Source analysis and pollution
assessment of heavy metals in farmland soil around Tongshan
Mining area[ J]. Environmental Science, 2022, 43(5); 2719-
2731.

5] JiaJ, Bai J H, Xiao R, et al. Fractionation, source, and

—

ecological risk assessment of heavy metals in cropland soils across
a 100-year reclamation chronosequence in an estuary, South
China[ J]. Science of the Total Environment, 2022, 807, doi:
10.1016/j. scitotenv. 2021. 151725.

Nag R, O’'Rourke S M, Cummins E. A GIS study to rank Irish
agricultural lands  with  background and  anthropogenic
concentrations of metal (loid) s in soil [ J]. Chemosphere,
2022, 286, doi: 10.1016/]. chemosphere. 2021. 131928.
Hossain Bhuiyan M A, Chandra Karmaker S, Bodrud-Doza M, et
al. Enrichment, sources and ecological risk mapping of heavy
metals in agricultural soils of dhaka district employing SOM, PMF
and GIS methods[ J]. Chemosphere, 2021, 263, doi: 10. 1016/



3

WA . BT S DA/ N Bl - S T 4

S 3 A R iR B s G v 1609

(9]

[10]

[11]

[12]

(137

[14]

[15]

[17]

[18]

'iﬁﬁéﬁ{‘: ”“&mﬁﬁﬂzm[ J].
. 1024-1030. &
Yu .I Y, LiB Yy Zhou Y M, et al. Pollutlor'll and risk a@se%%ment
. | of heavy “me.,‘.fll in agrlcu‘ltu‘ral soil around an abandon }-:gme site<in _,,.f
Hunaw Pronce[J].

j. chemosphere. 2020. 128339.
W TR, VRBE, KDL, SF T EDRE I K L E
SR LA G ERIEANLI]. FERSE, 2018, 39(10)
4670-4683.

Shang E P, Xu E Q, Zhang H Q, et al. Spatial-temporal trends
and pollution source analysis for heavy metal contamination of
cultivated soils in five major grain producing regions of China
[J]. Environmental Science, 2018, 39(10) ; 4670-4683.

R NRIEE EZ g it R, hEgHEY 2021 [M]. dE
AU PEZTT MR, 2021

LiZ G, Feng X B, Li G H, et al. Mercury and other metal and
metalloid soil contamination near a Pb/Zn smelter in east Hunan
Province, China[J]. Applied Geochemistry, 2011, 26 (2):
160-166.

XIKHT, $ets, UAESE, 55, BT UNMIX BEAIFNSE = 45 80y
MR A O R R SR T[], FIRREFR, 2021,
34(10) ; 2446-2458.

LiuZ Y, Fei Y, Shi H D,
heavy metals in Rucheng County of Hunan Province based on
UNMIX model combined with Moran index [ J ].
Environmental Sciences, 2021 , 34(10) : 2446-2458.

BOBOE, AR, RIBEEE, AF. W PR Ak L A S
FRUE R R[] *lﬂi’ikﬂﬁgf‘?ﬁ, 2018, 20(6¥: 80-
87.

Duan S H, Zhou Z C, Liu Y J, et al.

et al. Source apportionment of soil

Research of

Distribution” and source

apportionment  of soil heavy metals in (‘Pntral south of Hunan ,
~Province[ J ],
" 2018, 20&.5');‘ &0-87.

Journal of Agricultural Smence- an Techt'ololgy"

ﬂ@ﬁﬁﬁil e
%F‘W" “2020 39(4)

G, R E P, %,

Environmental Chemlstry, 2020, 3949
1024 1030. o

Bk, BERE, B, A BT MR IR M H RN &
KRR AT 15 QAR AE B A U PN [ ] BREERE, 2020,
41(6) ; 2869-2877.

Xiao B, Xue P Y, Wei L, et al. Characteristics of Cd, As, and
Pb in soil and wheat grains and health risk assessment of grain-
Cd/As/Pb on the field scale[ J]. Environmental Science, 2020,
41(6): 2869—2877

i, NS, A BT GIS X T B RRAR X
ﬂi&i%@ﬂédﬁﬁﬂﬂ J]. FREERL2E, 2022, 43(11):
5192-5204.

Zhang K K, He J, Zhong Y X, et al. Identification of soil heavy
metal sources around a copper-silver mining area in Ningxia based
on GIS[ J]. Environmental Science, 2022, 43 (11). 5192-
5204.

Liu HB, Qu M K, Chen J, et al. Heavy metal accumulation in
the surrounding areas affected by mining in China: spatial
and influencing factors

2022, 825, doi: 10

distribution patterns, risk assessment,

[J]. Science of the Total Environment,

1016/j. scitotenv. 2022. 154004.

9K>4 JELA, BB, AF. RITZTE Tl X -3 4 s
SYLRIE ST [ T]. HEERIE, 2022, 43(4) ; 2062-2070.

Zhang Y, Zhou X Q, Zeng X M,

assessment of heavy metal contamination in soils of industrial

et al. Characteristics and

regions in the Yangtze River economic belt[ J]. Environmental

Science, 2022, 43(4) : 2062-2070.
Ren SY, Song C Q, Ye SJ, et al. The spatiotemporal variation

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[32]

in heavy metals in China’s farmland soil over the past 20 years: a

meta-analysis [ J ]. Science of the Total Environment, 2022,
806, doi: 10.1016/]. scitotenv. 2021. 150322.
Fei X F, Lou Z H, Xiao R,

oriented risk assessment of heavy metal pollution in agricultural

et al. Source analysis and source-
soils of different cultivated land qualities[ J]. Journal of Cleaner
Production, 2022, 341, doi: 10. 1016/]. jelepro. 2022. 130942.
yAREE , SWE, M, AF B0 BH-L S L X T B 4R )
BEpaL)]. HEERZERAH, 2020, 38(6) : 172-175.
Yi FT, Wa X ]J, Qing Y B, et al. The geological environment
problems and prevention of Qibaoshan Mining area in Liuyang
[J]. China Resources Comprehensive Utilization, 2020, 38
(6): 172-175.

IR A LTI A BE. W1 L E GRS  1L BER
LEabia TR R]. Kb WA SR B A B, 2017.
Muller G. Index of geoaccumulation in sediments of the Rhine
River[ J]. Geojournal, 1969, 2(3);: 108-118.

T, W, TN, S ST RN EE SRS
DB . AN EE A 75 0 B[], %ﬁﬂ:*‘ﬁ, gms, 34
(2):225-233. = o

Wang F, Huang Y!Z, Wang X L, ei al ;.go{oglcal usk

assessment; of hedvv metals in surrounding soil§ of tu'ngsten ores:

comparison of dlfferent evaluatmn methods [ J
Chemlstry 2015, 34{2) 1205-233.

R ﬁﬂﬁﬁié&ﬁmﬁ&ﬁﬁﬁ/ﬁf[M] jtﬁ TE%‘
ﬂ%mhfiﬁ 1988. Y =

Liu R/, W'anﬂ M E, Chen W P, et al. Spatial pattern 0( heavylj
metals a(,(umulalwn fisk 1n urban soils of Beljmg _and="] llb
Environmental Pollutlon, 2016, 210':

o Enx}mﬂmental

1nﬂu9no‘1ng factors { J J
174-181 ., 7\ ;
Xiao|Q, ‘Zung YT, LuS'G. Assessment of heavy metal pdﬁfmon
and human health risk in urban soils of steel industrial city
(Anshan) , Liaoning, Northeast China [J].
Environmental Safety, 2015, 120, 377-385.

Hakanson L. An ecological risk index for aquatic pollution

Ecotoxicology and

a sedimentological approach [ J]. Water Research,

1980, 14(8) : 975-1001.

control.

EME, fEPRAE, RE, F YRR R G )R TS YT
TiERA L] ?}:I?Ejt%%ﬂ%( HAABHAIR) , 2021, 33(4)
300-306.

Wang H, Jiao Z H, Wu H, et al. Review on evaluation methods
of heavy metal pollution in soil around lead Zinc mine [ J].
Journal of Shenyang University ( Natural Science ), 2021, 33
(4) : 300-306.

XA, Rk, BAER, S5 g9 BH TR 17 D) Ak X 1o 1
BB PAFERITN ], BERE, 2016, 37(6) : 2322-
2328.

Liu YN, Zhu S F, Wei X F,
characteristics of heavy metals in soil of different functional areas

2016, 37(6): 2322-

et al. Assessment and pollution
in Luoyang[ J]. Environmental Science,
2328.

XISCE. ZRAE A H L E SR A S IEMID]. &
B A HE Tk 2, 2020. 25-26.
TR, Xk, B PRPIBORE RN R )R s
SFERIFEL)]. HEAESRAER, 2007, 15(3) : 86-91.
Ning M Q, Liu H B, Wu W. Determination of the characteristics

() 2%

of soil heavy metal spatial variability with two soil sampling scales
[J]. Chinese Journal of Eco-Agriculture, 2007, 15(3) : 86-91.
B, ZR 0 Wiedy, 55, B sk H IR E SR
FHIE RIS PP [ T]. BRERLE ) 2021, 42(2) : 909-916.

Chen J L, Li RY, Xie X J, et al. Distribution characteristics



1610 A 44 %
and pollution evaluation of heavy metals in greenbelt soils of B4R TG YR TR R B[], SR F
Nanjing City[ J]. Environmental Science, 2021, 42(2) . 909- B2, 2021, 37(5) : 636-643.

916. Cheng J, Yuan X Y, Zhang H Y, et al. Characteristics of heavy
[33] BA/IME, RIEE, B, % BoKE RS X RS metal pollution in soils of Yunnan-Guizhou phosphate ore areas
JE 2 843 A . R IR K35 Yy [J]. 8Efk:, 2015, 34 and their effects on quality of agricultural products[ J]. Journal of
(12) ; 2248-2256. Ecology and Rural Environment, 2021, 37(5) : 636-643.
Chen X M, Zhu B H, Yang W, et al. Sources, spatial (421 ORSSEU%, Bhdke, Ty, W X e fbsi iy 55 55 b2
distribution and contamination assessments of heavy metals in gold T R B TR S - = ARSI IR X A [ ],
mine area soils of Miyun reservoir upstream, Beijing, China[]J]. [E b 5T, 2005, 32(3) . 477-482.
Environmental Chemistry, 2015, 34(12) ; 2248-2256. Hao L B, Lu J L, Ma L. Relation between the chemical
[34] Bai Y R, Wang Y K. Spatial variability of soil chemical compositions of residual soils and bedrocks in shallow overburden
properties in a jujube slope on the loess plateau of China[J]. areas and its significance — a case study of the northern Da
Soil Science, 2011, 176(10) ; 550-558. Hinggan Mountains[ J]. Geology in China, 2005, 32(3); 477-
[35] Wilding L P. Spatial variability: its documentation, 482.
accomodation and implication to soil surveys[ A]. In: Bouma J, (437 PRt 2oy, IR, A5, 1 RE 4 L A0 i Bk A b - 4
Nielsen D R, US Department of Agriculture, et al (Eds. ). Soil iGN AR Y& Al [_[%[J] %ﬁﬂ"\_‘f’{lﬁﬁ‘t, 2021, 34(3) .
Spatial Variability [ C ]. Netherlands: Pudoc, Wageningen, 715-724.
1985. 166-194. Shen HY, An R, Shi H D, et al. Heavy metal pollution and
[36] iﬂiiﬁ*ﬁ, WJE)L"IE, V. I 5 T X ] A [ influencing factors of agricultural land in a typical waE(_:_rshed in
IR TS YT LU o ()], W 1R TR, 2005, 25(6) : 9-13. Hunan Province [ J 1_. Research of Env‘i_ronlrlnemﬂ;-Scie!_npes,
Dai T G, Liu X H, Tong Q M. Comparison of environmental 2021, 34(3) . 715-724. - .-“’
pollution at different period of time in Qibaoshan mine area, [44] ATInH, £L UlitEE A, Eﬁ(“ﬂmﬁ’i}{?ﬂéﬁﬂ%\%ﬁ TiEE
Liuyang, Hunan [ J]. Mining and Metallurgical En&'ﬂpﬂing, 4 JEI5 YL ﬂ:’ﬁc&ﬂé{ﬁ%*ﬁ [J]. Btk #, ,2'02’}‘}.401(9)
2005, 25(6) : 9-13. i 2658- 2666 P R F
[37] fEaEd, N&LE, RN %ﬁ%ﬁ*i%i%ﬁ@%ﬂ@ﬁﬁ Ren J G Wang A ,4Shi H'D, et al. Evaluation and” soj;tce
R[], r‘FﬁﬂﬁT 2022, 51(3) 787 792. | & _.--" analy%ls nf heau?y met; pollutlon of surface s6il“in agricultural
~Ren 7], Yu, £ H, Xu B B. Research/ progress iy héavy' land of Léa,n River basm[]] /#Environmental Chemlstry, 2()21
. pollution of’ road?lde soil[J]. Applied Chenmi¢al 1 ‘,?er# 40(9) : 2558 2666 i & -
 S103) : 787792, g 48" ras] e & e, bt . R R o N
[38] |LiHM, Wang JIH, Wang Q G, et al Chemlcal fractlonatm‘h of /\Eﬁ?ﬁ%?ﬁ&?ﬁ%mmﬂ:ﬁ\ [J]. %F‘ﬂ';a, 2022” 43
.+ arsenic and heavy metals in fine partlde mdtter .Jand its (9) 4779-4790. .“'Tf;‘#
lmplrcatlons forlrisk assessment: a case Qtudly 1n Nanjlng, "China |/ Meng X F, Cuo J M, Yang ] X, et al. Distribution
JT At]“nos;)herlc Enyironment, 2015, 1035 339 34% _:ﬁ:“/ characteristics and risk assessment of heavy metal pollution in
[39] Dudn.,.} C4¥Tan J H. Atmospheric heavy Hetals and arsenic farmland soils and crops in Luancheng, Shijiazhuang City [ J].
Chma situation, sources and control policies[ J]. Atmospheric Environmental Science, 2022, 43(9) ; 4779-4790.
Environment, 2013, 74 93-101. [46] GRLLIR, BokW], B, 45, KRS, ANASHPRLR | 4
[40] Iv]S, Liu Y, Zhang Z L, et al. Identifying the origins and ERBOIMFE L) ]. HEREE, 2010, 31(2) 488-

[41]

spatial distributions of heavy metals in soils of Ju Country

(Eastern China) using multivariate and geostatistical approach

[J]. Journal of Soils and Sediments, 2015, 15; 163-178.
FREE, R0, FIHE, 5. & St X B4 Xk

495.

Zhang H Z, Luo Y M, Zhang H B,
plant uptake factor of As,
[J]. Environmental Science, 2010, 31(2) : 488-495.

et al. Characterizing the

Cd and Pb for rice and wheat cereal



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)





