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Abstract The geological structure of China is complex, and the geological evolution history of different geological structure areas is significantly different, which also affects
the distribution, pollution characteristics, and sources of heavy metals in the topsoils. In this study, Chengkou County of Chongging Municipality, located in the junction
between the Qinling geosyncline and the Upper Yangtze platform, was selected as a case study area. Statistical analysis and a positive matrix factorization model (PMF) were
employed to assess the content, spatial distribution, pollution characteristics, and source apportionment of heavy metals in the topsoil derived from different geological tectonic
units. The results showed that; (D) the heavy metals in the topsoils were at a moderate pollution level, and Cd was the major polluting element. @) The topsoils in which Cd
exceeded the standard were mainly distributed in the northern region of Wuping Fault. ) The median values of Cd, Cu, Ni, Sh, and Zn in topsoils derived from the Lower
Cambrian and Ediacaran strata of the Qinling geosyncline were higher than those of the Upper Yangtze platform. @) The main sources of heavy metals in the topsoil of the study
area were the weathering of parent rocks, transportation, and coal-burning activities, and the weathering of parent rocks contributed 75%, which was the main factor
controlling the distribution and pollution of heavy metals in the topsoil of the study area. These results could provide a good example and scientific basis for further illustrating
the distribution, enrichment, and source of topsoil heavy metals in different geological structure areas.

Key words: heavy metals; content differences; Qinling geosyncline; Upper Yangtze platform; positive matrix factorization model ( PMF)
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Table 1  Descriptive statistics of different heavy metals in topsoil at the study area
e /M WKME  BHARME LRIz SD cv it £ Ui R
pH 4.70 8.16 7.15 7.26 0.54 7.51 -1.59 4.29 nd
(SOM) /% 0.20 16.2 2.77 2.49 1.88 68. 1 3.61 22.59 nd
w(Cd)/mg kg™ 0.08 14.0 1.48 0.61 2.06 139.0 3.25 13.81 0.28
w(Cr)/mg-kg™! 27.4 301 79.5 73.2 32.0 40.2 4.14 22.89 74.4
w(Cu)/mg kg™ 6.10 224 51.8 41.3 33.5 64.5 2.85 9.78 24.6
(Ni)/mg-kg ™! 16. 8 158 4.7 37.3 22.1 49.4 2.70 9.08 31.6
w(Pb)/mg-kg ™" 6.47 58.7 27.9 26.9 7.6 27.0 0.82 2.44 28.1
w(Sh)/mg-kg ! 0.26 18.4 2.62 1.67 3.1 116. 4 3.67 14.98 1.28
w(Zn)/mg-kg ™" 26.5 819 191 136 138. 4 72.5 2.46 6.74 81.9
1)SD Frnbrifi2: , CV Frn 28 57 280, nd F7m SCHk b i
x2 HRRFRLDELEHEXREER
Table 2 Spearman’s correlation coefficients for heavy metals and altitude in the study area
pH SOM Cd Cr Cu Ni Pb Sh Zn
SOM -0.028 :
Cd 0.037 0.028 =1 IF
Cr 0.277* -0.014 0.581" : o 4
Cu 0.127  -0.117 0.767*  0.649"
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Ph -0.014 0. 054 0.129 ~0.441% 0.227 * 014 | ‘ & g
sh 0.100..  -0.057 0/870 % 577, 0. 826 ** 0.814%7 0161 ol ~
Zn 0032 | -0.148 0. 806 2. 0. 9.-1'"6 et 0.853 {0g854 ™ . 0,099/ o084 7
H ~0.256"1  —0.082 02442 /' 67081 0.219 ** 0.277 % —op86  0.224 0.368 % =
1) HER I SR Beo.01, s P <0055 v " g J T - . &
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Zn 5EHIAT 60% 31 3% FII60. 1% Rk i b Fbz g

RGBS B RE Sl v R S G G F

Pb 1Y 1, Z2/NT 0, FAAS R i b T 52 52 5l
VG, R X E LD Cdi5geh =, ikl
Zn Fl Cu.

£3 BIRERTHESEMN I, ST

Table 3 Statistical characteristics for I seo of the topsoil in the study area

wAME wORM FARKME

AN T] Hhy RS G KA

| I Jil| v \ Vi VI
Cd -2.36 5.06 0.92 0. 54 36 30 20 15 11 2 1
Cr -2.03 1.43 -0.56 -0.61 107 7 1 0 0 0 0
Cu -2.60 2.60 0.29 0.16 42 58 11 4 0 0 0
Ni -1.49 1.74 -0.20 -0.35 82 28 5 0 0 0 0
Pb -2.70 0.48 -0.65 -0.65 109 6 0 0 0 0 0
Sh -2.89 3.26 -0.02 -0.20 73 26 10 3 3 0 0
Zn -2.21 2.74 0.38 0.15 40 53 17 5 0 0 0

1) T FRRTiss, D FRonigisg, WERoR PSR, VIR h BRI Y, VIR ERETS e, IFOR T EERE S I TR BE 5 G

2.3 RLELENME TG YT FI2S 8] 531

PAFR E A M+ 58 4 Jm i v 2 i, i H
WS SR EOTM I 5% X R 1 8 4 | 15 YRRk, 45
R, Ftd ed, Cr, Cu, Ni, Pb, Sb F Zn AYEA
FI5YARE(P) G 4350 . 0.27 ~46.77 . 0. 14
~1.53,0.06 ~2.24,0.17 ~1.58, 0.05 ~0.49
0.02~1.22 F10.11 ~3.27[ K 2(a) . \H{HE 1L
Cd AbF s g o 4 8 Ab T 615 Yok F. it

AEESH P AT RIS YK, 2805 Cr, Cu,
Ni F1 Sb b T A5 Yok 7, HA A 0 FE i Ak T 5%
JERPEETG YL, 439 13.9% F1 4. 34% BIFE S Zn
WF R EETG YR ~ TG YK £ Cd b F
KiGYe | BRREETGYe | S YL RN B TS YR B
3R 23.5% , 24.3% . 11. 3% F140. 9% , £+
Cd EEL TR ~ \EEGY, AR X -
B E g R, AR A, LT Cd M Zn HAR



5746 T

B 43 %

S A TP 2L (F2) KUIAE X [ & 2(b) 1 2
(c) 1. P (F2) LA 5 M mE Rl FE Rl ~ Wty

100

(a) IR 5 YRR

=

91%%%%%%$

5 BB M

0.01 - L L
PACd) P(Cr) F(Cu) P(Ni) P(Pb) P(Sb) P(Zn) Py
R (c) Fi(Zn)
« 0.11-1.00
o 1.01-2.00
@ 2.01-3.00
@ 3.01-327

{ o

0.20 ~38.5, "{H%% 1. 50. Hefh I, HFEIX %+ iy
BV A Taeqe | AR RRHE | iR R S Yt
i BREAR B 17.4% ., 13.0%., 25.2%,
13.0% 1 31. 4% . W58 X 5@ i Py EE AT 5
PP (F2) LIAL B3Rl R gt Fn g€ i 2o )23 [ 18] 2
(d) ], TR L AA TR REHIMFR X Cd, Zn J
H A e 4 i v e o A i E R

3 itig

3.1l BEA R 4 A A s (AR S S

Mo TR R I WS X Ak T 2308 MRS A 4% b
Gt K 3 (a) R, BRI X £+ Cd,
Cu, Ni, Sb Ml Zn Fitm T LY FHE X (HE L
Pb &t MIAH. B 3 (b) FIE 3 (c) /R, KE T%#
WA i X N FE RS 13 Cd, Cu, Ni, Sb #l Zn
FTEBREST I THEX FTERSEMN, MAFT
AN el R R L2 F IR E SRS
HINEA A5 X R I OR ) T 1 T,
R b 2 A [7] | E G Bl i) 4 68 RO 85 L
HZES I SR ES R SRR B R.

gVl = ol la |
P ER MR L TSR R PO

AAHLZ , S P R LA R 2 rh A AU [ 8] 1
(b) .

(b) P{Cd)

.« 027-1.00
o 1.01-2.00
@® 201-3.00
® 301-46.77

(d) Py

« 0.29-0.70
o 0.71-1.00
@ 1.01-2.00
@ 2.01-3.00
@ 3.01-3354

[ S—

r 1 J Wl““ ) r’ L B o J'.
- 2 BrERt hE SRS AR A5 T | 7

(=% Fig. 2 Pollution Chal‘!-;cl&‘l‘isli@é anﬂ;“'.spalial distribution of soil hg;al{/y méls in the study: area

AR AT, B h 4 8 i 7 4 il
FErREESE ST EES OV RIS IX 5
R FRERGREAE R | Bl R R Bk
Ha gt U KR RBERBUA S 1 (b) ] A5
W, FERGIRM R RBOA R ETEL
FEAEICR Y BEREK T A IR A
EHESBAIBEY . TP E X R
FHENFER R BOE RMRIREE S . B R IR R
o BERWE KA T Sk iR S b
H BT T ERGHBEEEEEBNROERZ
HNITALRT A b 2 T R 4 R A RO
R, ZIA A X 2S5 F TG X2 &4
EERNER TSR LEAFNLERSRSE
Fs e R A 2R K 2(c) ME 3] 1t
Ah ST XA 0 Py (A1 3 A A T BRI
(F2) by Rhr e MoE e 2 2 B[ K 2
(d) ], FRER IS AR T RE SR S 5EIX Cd | Zn
B A HE T 4 @ 5 Yo A i R B R R

ZR U4 MR DR 141 M 5 X R HE R R R A
BalRpremZ HE L RENHRES R EA R
FME2ER[ K 3(b)FIE3(c) ] JEEATREANT . DM



12 KRR M JFOR 3 B TC S 2 b PP G J 95 YRR X b S U T« LA DRI 0 3 DXy 7] 5747

1 000

(a) A [A) ¥t fpL T

. $%$$$%+%

e

0.1

100 | $%

P

A ik img-k

B ARk
L ks
0.01 L I I I 1 L 1
Cd* Cr Cu* Ni* Pb Sh* Zn*
1 000
(b) A [l it o0 R $
100 | EHIIEI

¢$$$@é+$

#

10

Frfit/mg kg™

0.1 +

0.01 1 1 1 1 1 1 I
Cd* Cr Cu* Ni* Pb Sb* Zn*

(o) ¥ Mt HTE 34
o| o g ue
RN

| §? .

0.1 1 1 1 1 1 1 1
Cd Cr Cu* Ni* Pb Sb* Zn*

500

L fit/mg-kg™!

# 2781814 Mann-Whitney U 58 (P <0. 05)
E3 HRRAEHUEATEENIETFESEREMEE
Fig. 3 Box-plot of heavy metal content in the topsoil

at different tectonic units and strata

MR FERGHLEABEHER T M
Zre I i R X S8 ST D0 R 85 D 5 3 i ) il -2
RIFEREE, W S AP, 5 TR B Jm . M
Ly s XH RS IR 55 A AL -1k B Y
T ] 217 -V PR, AT HILJSOR R A R B 4 T
Fr AR @F IS M A ek R R R
HB-E R R R OETCS | B A A S,
1M F4 i Xl R PR R MR A =
HRUR AP T DUE . 25 A HT AT A AT A
MDURIEAS , RDDURRAR 9 22 5 2 S Fol B A AR

EVEAE HE SR & B A B E 2R EEEN
Z— NMFECLE H by 35648 & & A §
FREHA B E 2R
3.2 R ESERE

BT PMF 5.0 #cfF, e N T8 2, 3,4 M
5, BN 20 K. G DN AR R
%[1 ®thusl ﬂl Qtruc%{ﬁ5 meust/ chpcctcd@:; ®;(IJIME
SR A A 5E RAE(RD) PN gt 2t
BT BN 3, KER IR LU 5% 227E - 3.0
~3.0 ZIn]; H4 o I R A S (B A5G ZR 8L
(R*)7E 0.630(Ni) ~0.997 (Cd) Z[H], 3 £t 3 W fff
FEIX K+ 0 4 Jm A [ 4. 4 SOk 21,28 ] R R
U IEANRE S8 A AT B 43 R R R IR B EE A5 G A G
FE EERIGREBIE . GIS 0 DL LA
B Al R A 53 A 5 A AR HT R T
R } | ( ] .-'{-‘MI y

5 1 4 Znd Cu, Ni, Cr. Ph il Sh 5Tk
SR 55. 1004 52. 6% | 51. 4% . 35. 6%, 38. 1%
33.8% (F4 4) A Cd (0405% ) Tk %4 15 26
Cu. Ni, CrPb Al SB A B A K TH/NF, 0, 5K
A 0, HL6 FhOER BT 4k T I 15 oK
ST 75 R B A T 4 T % — e\ B
FHARA L AI T 13 Zn, Cu N Lr,
Ph il Sh BT R AR AL 30% (] 4) , & W) 6 Fi e

i TC R LA AR R R Y R RE MR K. RGP F 1

FEH HRUE.

HF 2 Xt Cd (83.1% ) 51wk & = (&l 4), Sb
(51.4%) . Zn (40.7%). Cu (31.7%). Ni
(24.2% ) . Cr(20.1% ) F1 Pb (9.3% ) 1 mik K K [
5. WMEB G QPPN R DFFE X R - 223 Cd
JURIGH[ K3, K 2(a) ], H CV Hib e (£ 1
F2) MRIXESEHLEREERI (K 2),5 Pb
Ah,Cd 5HA 5 FhEE 4 Jm #0 5AT 3 IEA COC R,
ULEH Cd 5 Ay S FheE 4 )@ vl s BA AL R IR, 1F
% X AL Z2 08 MR AN L4 5 A H A, SR T
WREE  LHIE R AR (B A X &8
WA M Cd SR IS PR B[ 2(b) ],
RINPIE Z BIIHA 3 25 AR G, R &R f
FERATFR A Cd 15 YRR FERAR. J3 51, S iy 6l 52 A=
S RECR  AFFE IR T s XA 98T LAl 14
2 M 3 Bon, XL Cd St EA BA R —
— XN R MR FE R - AR R Z R A R
LFERBMRL Cd & e, vl R i
HRIX KL Cd FRamry EEHER. Wi, H+ 2
o0z 5 P 5 WA R i 7.

K3 "1 Pb(55.7% ) Ml Cr(44.3% ) HA K&



5748 57

L 43 %

L
&

DRk, 1M X H Ay 4 o0 2 10 BTk R AR T AR
(K 4). #F5EIX Ph Al Cr i s RS E P E e/, H
PIFOTE CV L iR/N(FR 1). &2 B/, Cr 5 Pb
ZIAEH R EIEAHKL KR (r=0.441, P<0.01) ,iX
SR Ph A1 Cr W] BEELAT M IRV, i AAFFE R0,
Pb EZFEFIAREL KERA . IR IRFA 4
F O R AR R ) B AR AR TS Y . B SOk
(1], R RAHE S 8 2B KA Pb HE= 1Y
2/3. W5 X 32 I8 M A 25 R [ &1 1 () ], 3X T R
2 I B A, BUR R SR A Ph I
K. 222 v Ph SR L B O O R R, A R AEAT:
2 & B )2 e P & S AT, X SE B

Pb ] RE 2R T A3 5 . HR, B 5T X /NIRRT
A2, Dy s 1Y il R 2 R U Fn AR, 1 R
hCr Bl R KA. Cr SIBRME AR (r =
-0.081, P>0.05) ,fE— &M LU, -5
g3 Cr R VR T RADLRE. Kk, 5 3 k3838 Flk

gi LA, mr ORI 1 AR 2 D91 3 8k
U5, B AR Ak, 2R RS R K+ 3
Ry A8 FRRETE 3. 8 B KA ZE3E SRHE T B
XIFGY X 2% 1 H 4 Jm R VR BTk 2 4 0 R 75% Fn
25%, FRW LR BERMRX R L ES)E S =
Sy A AN YRR B E R K.

102 F 100
T, 10'f Wik CER 180 .
- =)
o Ilao_'l’ [ &t - - m| o0 %
% 102 |- u u | | 40 ?j{
& o 20 ©

107 - 0
_ e TES) 100
= 10! [ ] 80
D100 160 5
i . "l e
& 0| . = 420 7

1074 | 0

100

T 10 73
2 0l 180 o
f%o 107! n 160 3%
= o2 . 140 &
o u - n - 120 ©

10 | 0

Cd Cr Cu Ni Pb Sb zn
i a ) _— __ N
N - ‘ E4 EFPMFHBTNTESSERERE

Fig. 4 Profiles of sources of heavy metals from PMF model

4 it

(DHIWMAOHXFEL T 0(Cd) . o(Cu) ., w(Ni),
w(Shb) il o (Zn) WP HE 5354 0.61, 41.3 37.3,
1. 67 F1 136 mg-keg ™' AT KT LT F(H. b 52
FRER BRI 2 48 53R Cd Bz X R iy
FEIG IR, Kb, i BRIE BR W, 26. 1%
17. 4% Wy H3ERESL Cd 430 A T 54 B ¥ Ge Fnrh B2 s
Y 22. 6% FIERES Cd AT EE G Y, b
e M EEL s KRR SR 24 T ARG
E il

(2) 3 Cd A Zn AR S AT SRR
JCHEIX i H X F B Rl R R 2 F IR R 2. %
X R+ EZ2HESE SRS T LS TS
X, Horgam Rpr 2 ~ IR R 2 B i E
SREGEDERT L TG XAHFRRACHZ. 45
SRR BEA T B R 3 DR A 58 22 57 ] F: 3K
HEREMTEESRETEES.

(3) W5 IX 3+ T 4 Ja ofe U 32 B0 Bl £ BF2A X

PN ARIET 3 , FL TR 50 50 75% H125% ,
RN REA R I X 3R 1 4 R 5 i A
R EERE R,

SE Lk

[1] Yang Q, Yang Z F, Filippelli G M, et al. Distribution and
secondary enrichment of heavy metal elements in karstic soils with
high geochemical background in Guangxi, China[J]. Chemical
Geology, 2021, 567, doi: 10.1016/j. chemgeo. 2021. 120081.
sk, R, LA, 5. RITEFWH L - 4w s
DAt R IEA [ 0], FRBERIA:, 2022, 43(7) : 3763-3772.
Zhang Z, Lu R, Wu S Y, et al. Heavy metal pollution and
health risk assessment of mine soil in Yangtze River economic belt
[J]. Environmental Science, 2022, 43(7) : 3763-3772.

RenZ Q, Xiao R, Zhang Z H, et al. Risk assessment and source
identification of heavy metals in agricultural soil: a case study in
the coastal city of Zhejiang Province, China [ J]. Stochastic
Environmental Research and Risk Assessment, 2019, 33 (11) .
2109-2118.

Guo K G, Xiang W, Zhou W D, et al. In situ plant bionic
remediation of cadmium-contaminated soil caused by a high
geological background in Kaihua, Zhejiang Province, China[ J].
Chemosphere, 2021, 269, doi: 10. 1016/j. chemosphere. 2020.
128693.



12 14 XA b JBTR 385 BT S48 26 4 rP e 43 A ¥ YRR IR X b S LT - AR DRI 11 3 DXy 7] 5749

[5] Yang S H, Qu Y J, Ma J, et al. Comparison of the ﬁ%iéﬂ?%k%—%iﬁlﬁﬁﬁﬁi$n%“” . DI, 2020, 38
concentrations, sources, and distributions of heavy metal (loid) s (5): 1111-1122.
in agricultural soils of two provinces in the Yangtze River Delta, Zhao K, Li T T, Zhu G Y, et al. Development environment and
China[ J]. Environmental Pollution, 2020, 264, doi: 10. 1016/ formation mechanism of lower cambrian source rocks in the
j. envpol. 2020. 114688. Chengkou area, northeast Chongqging, south China [ J]. Acta

[6] Wang F F, Guan Q Y, Tian J, et al. Contamination Sedimentologica Sinica, 2020, 38(5) . 1111-1122.
characteristics, source apportionment, and health risk assessment [19] LiuR P, Xu Y M, Zhang J H, et al. Effects of heavy metal
of heavy metals in agricultural soil in the Hexi Corridor[J]. pollution on farmland soils and crops: A case study of the
CATENA, 2020, 191, doi: 10.1016/]. catena. 2020. 104573. Xiaoqinling Gold Belt, China[ J]. China Geology, 2020, 3(3) ;

(7] oM, #hotsk. ST E v e e sny T & B T 540 402-410.

FRBATAR [ 1], FBERISE, 2022, 43(6) : 3269-3277. [20] B, XS, SRR, 45 SRR X LR R AR
Zhang Q, Han G L. Speciation characteristics and risk MR AEFIE S YR [ 1], AEERl2E, 2021, 42(2) : 941-
assessment of soil heavy metals from puding karst critical zone, 951.

Guizhou Province [ J]. Environmental Science, 2022, 43(6) . Wang R, Deng H, Jia Z M, et al. Characteristics of cadmium
3269-3277. enrichment and pollution evaluation of a soil-crop system in a

[ 8] WAEy, MOMRIL, ] mens 55 4 4 58 i3 Jw ik ol 98 28 2 i) typical karst area[ J]. Environmental Science, 2021, 42(2)
[J]. FEFE, 2014, (5) :10-11. 941-951.

[9] Yuan X H, Xue ND, Han Z G. A meta-analysis of heavy metals [21] Bhuiyan H M A, Karmaker S C, Bodrud-Doza M, et al.
pollution in farmland and urban soils in China over the past 20 Enrichment, sources and ecological risk mapping of heayy.metals
years[ J]. Journal of Environmental Sciences, 2021, 101; 217- in agricultural soils of dhaka district employing SOM..- PMF and
226. GIS methods{ J]. Chemosphere, 2021, 263, d01 -'f(] 1016/]

[10] Zinn Y L, De Faria J] A, De Araujo M A, et al. Soil-parent chemosphere. 2020 128339. o
material is the main control on heavy metal concentrations in [22] ffFASR, XB{@ TR, 2. EHE*LUEJ[Z*B?R Hﬂf;hgié%
tropical highlands of Brazil[ J]. CATENA, 2020 185 doi ; 10. B @mmlw fﬂ o [ T, 2020, 47 cé) L625—
1016/j. catena. 2019. 104319. 1636. & :__.-‘

[11] FryK L, Wheeler C A, Gillings M M el al. Anthropogemr . Bao L/ R Deng H Jta Z M, et al. Ecological“and hEﬁhh risk

~eontamination, of resw]entlal environments from smélter A’s l,,@'ﬁl a%%e%meﬂt of heavy metals in farmland soil of northwest Xrushan g
" and Pb .e'mlssmm Implications for hmmm‘ b ,[ J o Chongqmg[]] Geology in Chma 2020, 47(6)-; 1625- 1636’ &
- EnVIronmergfﬂ Pollullon 2020, 262 ,-doi: 1'6 lOlﬁ/J q_nvpol [23] GB 15618 2018, ﬂ:%ﬂiﬁﬁ%;ﬁ Zzﬁﬁﬂﬂj:tﬁ{’? }I‘J_Ugﬁ *%ﬁ
[2020.114235." | i i3 (ﬁtmﬁ s]. ]
(120 T, SRR, R, 4. T?)%f?ﬁii%%ﬁ%ﬁ}imﬂi{t%é G [24] IMEG CRORIE, ARETE, . JETHRMIURE syt
b RS R . %W&rﬁﬁ B, 5009 3(3). 277- | i R P B R SRR [ ). BRSBTS, 2018, 31
[ 282 ‘ . A ,("/ (4): 774-781. i
/ He Yo Zhahg Cl, Xu Z Q, et al. Geoc hemlcal chamclenzat}o Sun Z J, Zhao ST, Lin X D, et al. Deriving soils environmental
and. ‘evaluation of heavy metal elements in cultivated soil of criteria of antimony in China by species sensitivity distributions
Wanyuan area[ J]. Computing Techniques for Geophysical and [J]. Research of Environmental Sciences, 2018, 31(4) . 774-
Geochemical Exploration, 2009, 31(3) . 277-282. 781.

[13] Liu XY, Shi HD, Bai Z K, et al. Heavy metal concentrations [25] HJ/T 166-2004, +EFEE Wi RBIE[ ST,
of soils near the large opencast coal mine pits in China[]]. [26] Bi XY, Zhang M H, Wu Y J, et al. Distribution patterns and
Chemosphere, 2020, 244, doi: 10. 1016/j. chemosphere. 2019. sources of heavy metals in soils from an industry undeveloped city
125360. in Southern China[ J]. Ecotoxicology and Environmental Safety,

[14] WangJ W, Zhang Y S, Wang T, et al. Effect of modified fly ash 2020, 205, doi: 10.1016/j. ecoenv. 2020. 111115.
injection on As, Se, and Pb emissions in coal-fired power plant [27] Paatero P, Tapper U. Positive matrix factorization; A non-
[J]. Chemical Engineering Journal, 2020, 380, doi;: 10.1016/ negative factor model with optimal utilization of error estimates of
j. cej.2019.122561. data values[ J]. Environmetrics, 1994, 5(2) . 111-126.

(157 BRfL, E80, E8. WL D04 B 38 1 4 ) ot I A BT [28] XU43ife, E4EM, iEEE, % WS AE X LT R Bk Ik
LS [)]. FREERLE, 2022, 43(5) :2719-2731. ZERME SURANT . LIRS H X R XA BI[ )], HEiRka,
Chen H, Wang Y, Wang S. Source analysis and pollution 2022, 43(3) . 1535-1545.
assessment of heavy metals in farmland soil around Tongshan Liu S H, Wang D W, Shi Z M, et al. Geochemical
mining areal J |. Environmental Science, 2022, 43 (5) :2719- characteristics and source apportionment of soil elements in an
2731. urban-rural integration area: a case study in the Qinglong area of

[16] Yang S C, Hu W X, Wang X L. Mechanism and implications of Tianfu new district[ J]. Environmental Science, 2022, 43(3) :
upwelling from the Late Ordovician to early Silurian in the 1535-1545.

Yangtze region, South China[J]. Chemical Geology, 2021, [29] WulJ, LiJ, Teng Y G, et al. A partition computing-based
565, doi: 10.1016/j. chemgeo. 2021. 120074. positive matrix factorization ( PC-PMF ) approach for the source

[17] LiuZX, Yan DT, Du X B, et al. Organic matter accumulation apportionment of agricultural soil heavy metal contents and
of the early Cambrian black shales on the flank of Micangshan- associated health risks [ J]. Journal of Hazardous Materials,
Hannan Uplift, northern upper Yangtze Block, South China[ J]. 2020, 388, doi: 10.1016/j. jhazmat. 2019. 121766.

Journal of Petroleum Science and Engineering, 2021, 200, doi: [30] Norris G, Duvall R, Brown S, et al. EPA Positive Matrix
10. 1016/j. petrol. 2021. 108378. Factorization ( PMF) 5.0 Fundamentals and User Guide[ R ].
[18] X s A s s FSi%:] N 5. wp EAEET i A LI O X JE US, Environmental Protection Agency, Washington, DC, EPA/




5750

w5

Bl

2 43 %

[32]

[33]

[34]

[35]

[36]

371/

[38]

[39]

[40]

" into local lrl"ologltally driven redox dlbequlllbﬂumEJ

600/R-14/108 (NTIS PB2015-105147) , 2014.
Bocardi J M B, Pletsch A L, Melo V F,

values for heavy metals in soils developed from basic rocks under

et al. Quality reference
tropical conditions [ J ]. Journal of Geochemical Exploration,
2020, 217, doi: 10.1016/]. gexplo. 2020. 106591.
Bonfatti B R, Dematté ] A M, Marques K P P,

mapping of soil parent material in a heterogeneous tropical area
[J]. Geomorphology, 2020, 367, doi; 10. 1016/j. geomorph.
2020. 107305.

Gruber F E, Baruck J, Mair V,

parent material maps - A random forest-supported analysis of

et al. Digital

et al. From geological to soil

geological map units and topography to support soil survey in
South Tyrol [ J]. 2019, 354, doi: 10. 1016/j.
geoderma. 2019. 113884.

Ayoubi S, Adman V, Yousefifard M.

susceptibility to assess metals concentration in soils developed on

Geoderma,
Use of magnetic
a range of parent materials[ J]. Ecotoxicology and Environmental
Safety, 2019, 168 138-145.

A, BALE. ERMOX T ERGEBREARESESE
FEAE RO A AR (] . #BR S 3REE, 2012, 40(1) : 93-
99.

Cheng J, Cheng L J. The Concentrations of heavy metals-in the
in  Chengkou/ .district,
Earth and

lower Cambrian black rock series
Chongqing and their environmental effects [ J ].
Environment, 2012, 40(1) ; 93-99.

Pages A, BarnesS, Schmid S

, et al. Mic“ronvsrale distributieri of -,

~metals in Cambrlan metalliferous shales,, South China ]hmg]wts

(Jhe{;;lcdl

Geology, g(fl9, .528, doi: 10. 1016/4% chemgeo 2019_._

1119283. f | 4

Pi D H, Jiang S Y Luo L, et al. Deposmonal env1ron1416nls for

stratiform withetite' deposits in the Lower Clambnan hlaqk shale

"; seqi'ljence‘ ofjhe Yangtze Platform, southern Qilnling ’I:Qgion:;fj:;y‘

/ Chings Evidence! from redox-sensitive trace“element geochemiS

[J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 2014,
398. 125-131.

Dong Y P, Sun S S, Yang Z, et al.
accretionary tectonics of the South Qinling Belt,
Precambrian Research, 2017, 293, 73-90.

Liu H, Zhao J H, Cawood P A, et al. South China in Rodinia;

Constrains from the neoproterozoic suixian volcano-sedimentary

Neoproterozoic subduction-

China [ J].

group of the south Qinling selt [ J]. Precambrian Research,
2018, 314 170-193.

Nie H, Ye R S, Cheng H, et al. Neoproterozoic intrusions along
China
and tectonic implications [ J ].
10. 1016/]. precamres.

the northern margin  of south Qinling, central
Geochemistry ,
Precambrian Research, 2019, 334, doi.

2019. 105406.

zircon ages,

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

et al.

Frei R, Xu L G, Frederiksen J A,

chromium-cadmium

Signals of combined

isotopes in basin waters of the Early
Cambrian-Results from the Maoshi and Zhijin sections,
Platform, South China[J]. Chemical Geology, 2021, 563, doi:
10. 1016/j. chemgeo. 2021. 120061.

Han T, Zhu X Q, Li K, et al. Metal sources for the polymetallic
Ni-Mo-PGE mineralization in the black shales of the Lower

South China [ J].

Yangtze

Cambrian Niutitang Formation,
Reviews, 2015, 67 158-169.
Liu X K, Song HJ, Bond D P G,

extinction and survival patterns of foraminifers during the

Ore Geology

et al. Migration controls
Permian-Triassic crisis in South China [ J ]. Earth-Science
Reviews, 2020, 209, doi: 10.1016/j. earscirev. 2020. 103329.
Liu H J, Xue Y Z. Sedimentology of Triassic Dounan-type
manganese deposits, western margin,
[J]. Ore Geology Reviews, 1999, 15(1-3) .
RISt TP e AR T IR M B
[D]. H#B: MUEREE TR, 2017.

Zhou W G. Research on depositional feature and genesis. of the

Yangtze Platform, China
165-176.
AR B B BE 5

Gaoyan type manganese deposit in Chengkqu,ﬂﬂhﬂff'g:]ing LDJ
Chengdu: Ghengdu University of Technolo%y, 20117_.1-"":_‘MI

ﬁ&.muTﬁiﬁﬁ%E§mﬁ%ﬂ5ﬁ%ﬁ&ﬁmHM

R HAREL TR 2017 )

Xlang B/ [Research' onll shale formation characjérlsucs and
reservoir formmg conditions of shale gas in lowet: Paleozmc.-"fn
Chengkou Cou-hly []B Chengdu,
Technology ] 2()17 «.- /
Fei X F. Luu Z H, Xiab R et al. Conlammatwn dssesament-a’ndj
source hﬁlppﬂortlonmem of;heavy metals in agrlcultural soil sthrotigh
the synthésis of PMF and GeogDetector models [ J T, Sciengé” of
2020, 747, doi: 10. 1016/j. scifi)"l!:env.

Chengdu” Umverqlty of

the Total’ Envirénment s
2020. 141293, ]
Guan Q Y, Wang F I, Xu C b, et al. Source apportionment of
heavy metals in agricultural soil based on PMF; A case study in
Hexi Corridor, northwest China[ J]. Chemosphere, 2018, 193.

189-197.
Gong H F, Chi J, Ding Z, et al. Removal of lead from two
polluted soils by magnetic wheat straw biochars [ J .

Ecotoxicology and Environmental Safety, 2020, 205, doi: 10.
1016/j. ecoenv. 2020. 111132.
Biswas T, Parveen O, Pandey V P,

accumulation efficiency, growth and centelloside production in

et al. Heavy metal
the medicinal herb Centella asiatica (L. ) urban under different
soil concentrations of cadmium and lead[ J]. Industrial Crops and
Products, 2020, 157, doi: 10. 1016/j. indcrop. 2020. 112948.
Shao Y Y, Yan T, Wang K,
pollution and its stabilization remediation technology[ J]. Energy
Reports, 2020, 6. 122-127.

et al. Soil heavy metal lead



HUANJING KEXUE Vol.43  No. 12

Environmental Science (monthly) Dec. 15, 2022

CONTENTS

Temporal and Spatial Evolution Pattern of PM, 5 and Its Influencing Factors in Guanzhong Plain Urban Agglomeration ZHANG Jun, JIN Zi-han, WANG Yue, et al. (5333)
+ ZHOU Zhi-heng, ZHOU Ting-gang, QIN Ning (5344 )
Analysis of Spatiotemporal Distribution Characteristics and Influencing Factors of PM, 5 and 0-5 in Changsha-Zhuzhou-Xiangtan Urhan Agglomeration, China ««+eeseesessesereneneniencnenenns

LIU Xian-zhao, ZHANG Guo-qiao, YANG Wen-tao, et al. (5354

Linkage Effect and Nonlinear Impact of PM, 5 Concentration Driving Factors in Central Plains Urban Agglomeration -

)
Chemical Composition and Source Apportionment of PM, 5 in Zhangye City =~ «+errerreerrseeresrersmrsssnnen st PAN Cheng-ke, HUANG Tao, GAO Hong, et al. (5367)
Pollution Characteristics and Health Risk Assessment of PM, 5 Heavy Metals in Tianjin and Qingdao in Winter of 2018-2019 -+++-+e+ee-- ZHAO Ming-sheng, REN Li-hong, LI Gang, et al. (5376)
KONG Ling-dong, QI Jian-hua, ZHANG Xu (5387)
)
)

Concentration, Solubility, and Sources of Metal Elements in Atmospheric Precipitation in Qingdao

Trends of Ozone Pollution in Guanzhong Urhan Agglomeration from 2015 to 2021 -+ -+ ZHAO Wei, WANG Shuo, PANG Xiao-die, et al. (5399
Pollution Characteristics of Ozone and Its Precursors in Background Region of Hainan Province e XIE Wen-jing, XING Qiao, XIE Dong-hai, et al. (5407
Identification of Ozone Formation Mechanism Long-term Spatio-temporal Evolutions in PRD Based on Two-dimensional Mutual Verification +««+«+s+eeeseseererseresemenennsnneneniinnnn

* YANG Lei-feng, XIE Dan-ping, YANG Jun, et al. ( )
QI Yi-jin, WANG Ling-ling, NI Jing-wei, et al. (5429)
YANG Yan-ping, CHEN Qiang, MENG Xian-hong, et al. ( )
+ LIU Yan, YANG Ning, SUN Lu-na, et al. (5453)
)

)

)

)

Characteristics and Source Apportionment of Ambient Summer Volatile Organic Compounds in Zhengzhou, China -+

Summer Pollution Characteristics and Sources of Volatile Organic Compounds in Lanzhou

Characteristics and Health Risk Assessment of VOCs in an Underground Parking Garage

+ LI Jia-chen, GE Yun-shan, WANG Hao-hao, et al. (
YAN Wei, LIU Shu-le, WU Zheng-fang, et al. (5470
(
(

Chemical Characterizations of Particles from Direct-injection Gasoline Vehicles +++++++sesseseees

Scenario Simulation and Prediction of Greenhouse Gas Emissions from Incineration of Solid Waste
- LIU Jia-ming, WU Wen-tao, LIU Xiao-tian, et al.
GUO Shu-fang, CHEN An-giang, XI Bin, et al.
Transformation Relationship of Groundwater and River Water in Riparian Wetland During Water and Sediment Regulation of Xiaolangdi Reservoir in Yellow River «eoesvseereereeresienicreneeees
++ XIAO Chun-yan, LIU Yi-fan, ZHAO Tong-gian, et al. (5499)
ZHANG Kun-feng, CHANG Sheng, ZHANG Qi, et al. (5509)

Distribution, Sources, and Export of the (Sub-) Metal Elements in the Changjiang River -

Analysis of Nitrogen and Phosphorus Pollution and Nitrogen Sources in the Lancang River «++:+++-+:

Spatiotemporal Variation in Water Quality of Modaomen Waterway Conveyance Reservoir Drinking Water Sources -+

Pollution Characteristics and Risk Assessment of PPCPs in Typical Drinking Water Sources in the Middle Reaches of the Yangtze River Dunng the COVID-19 Pandemic ~ ++eeeeeerreseereneeeees
Pollution Characteristics and Risk Assessment of PAHs and PCBs in Surface Water and Sediments in Middle and Upper Reaches of Bel]lang River woeseeresssmsmmsniine
............................................................................................................................................................... CHANG Sheng, BAI Yun-song, TU Xiang, et al. (5534)
Hydrochemical Characteristics and Fluorine Distribution and Causes of Different Water Bodies in Pingshuo Mining Area »«+eseseereereeeseneens SUN Long, LIU Ting-xi, DUAN Li-min, et al. (5547)
Characteristics of Dissolved Organic Matters and Their Influence on Labile Cadmium Release from Soils of Typical Water Level Fluctuation Zones of Three Gorges Reservoir «+++sessesseeeeess
............................................................................................................................................................... ZHANG Bao-hao, WU Ya-zun, XU Dong-yu, et al. (5560)
Phosphorus Cycling in a Sediment-water System Controlled by Different Dissolved Oxygen Levels of Overlying Water LIU Xiao-tian, LIU Jun, WANG Yi-bin, et al. (5571)
Water Quality Evolution Characteristics and Pollution Factor Analysis in Poyang Lake from 2011 to 2019 XIE Hui-yu, HU Mei, JI Xiao-yan, et al. (5585)
Distribution and Risk Assessment on the Nutrients and Heavy Metals in Surface Sediments of Wuliangsuhai Lake «-«+«++sesseeeseresessienicnenninnne DU Cai-li, LI Jia-xi, LI Guo-wen, et al. (5598)
Effect and Mechanism of Biochar Adsorption on Unbiodegradable Organic Nitrogen in Stormwater Runoff «+:«+:+sseseeessesenensessenennens SU Zeng-hui, SUN Ping, CHEN You-yuan, et al. (5608)
Phytoplankton Community Structures and Their Relationship with Environmental Factors in Rivers Supplied with Different Water Sources «++++++++++++: HOU Ying, LI Xin, BAI Ling, et al. (5616)
Adsorption of Typical Quinolone Antibiotics by Manganese Oxide-Modified Biochar Substrate and Its Application in CWs ««+seseeeeeeseereens GAO Hui-zi, TIAN Wei-jun, ZHANG Zi-yu, et al. (5627)
Effect of KOH Activation on the Properties of Biochar and Tts Adsorption Behavior on Tetracycline Removal from an Aqueous Solution ~ ++++++++++ XU Jin, MA Yi-fan, YAO Guo-ging, et al. (5635)
Preparation of Modified Attapulgite-supported Iron Sulfide and Its Adsorption Mechanism for Mo( V) - +eresesseressmsmsesmnsniniiinenns LIAN Jian-jun, WU Hong-yan, YE Tian-ran, et al. (5647)
Removal of Cr( VI) from Water Using Green Synthesis Nanoscale Zero-Valent Tron Supported on Eucalypius Biochar +++++++ssseseseeeesseeenes LIU Qin-wen, DING Ai-zhong, LIANG Xin, et al. (5657)
Removal of Ph( II') and Zn( II') from Wastewater via Magnesium-Modified Diatomite Product Recovering Nitrogen and Phosphorus «+++++eese2s WU Ying-giu, XIA Peng, LI Yuan, et al. (5667)
Adsorption of Methylene Blue on Sodium-Modified Bentonite from Southern Part of Henan —+«+seseeseerseseeeseneneimnieneneinnens CHENG Fei-peng, YANG Dong-liang, CHANG Le, et al. (5676)
Compound Pollution Characteristics and Ecological Risk Assessment of Heavy Metals in Soil and Groundwater of Typical Industrial Lands in Shanghai «++:eseeesrererersermenensininennn
..................................................................................................................................................................... LI Xiao-man, LI Qing-qing, YANG Jie, et al. (5687)
Pollution Evaluation and Quantitative Traceability Analysis of Heavy Metals in Farmland Soils Around the Gangue Heap of a Coal Mine in Chongging «++:+-esseseeseersesssesenensseninennnen
........................................................................................................................................................................... MA Jie, LIU Ping, LIU Jin-zhao, et al. (5698)
Species Distribution and Source Analysis of Heavy Metals in Surrounding Soil Around Typical Petroleum Sites GONG Jian, HE Lian-sheng, LI Qiang, et al. (5710)
Source Analysis of Heavy Metals in Farmland Soil Around a Waste Incineration Plant Based on PMF Model ZHANG Tian-yu, HU Gong-ren, YU Rui-lian, et al. (5718)
Ecological and Health Risk Assessment of Heavy Metal Pollution in Farmland Soil of Xianghe County =~ ++++sesseoversersssssnennennssnennennns CHEN Yu-jia, QU Xing-chen, ZHANG Bin, et al. (5728)
Comparison of the Concentrations, Sources, and Distributions of Heavy Metals in Topsoils of the Junction Zone of Geological Tectonic Units; A Case Study in Chengkou County, China -+
........................................................................................................................................................................... LIU Yong-lin, WU Mei, LIU Rui, et al. (5742)
Occurrence, Source Analysis, and Health Risks of Polycyclic Aromatic Hydrocarbons in Plants and Soils from Typical Areas of Xinjiang, China eeeoesesessersissnnisiiiiins
............................................................................................................................................................... YANG Bei-chen, XIE Qi-lai, ZHENG Qian, et al. (5751)
Effects of Strengthening Pennisetum purpureum Schumach with Fertilizer Application Strategy on Remediation of Severely Cadmium-polluted Farmland —«++vereeesresererserseneninniinennn
..................................................................................................................................................................... WU Gang-fan, ZHOU Hang, TANG i, et al. (5761)
Tobacco Stem Biochar and Phosphate Application Decrease Wheat Grain Cadmium Accumulation in Alkalescent Soils «+eesseereeseeeses YANG Yan-zheng, ZHANG Yin-ge, LI Chang, et al. (5769)
Polyamine-producing Bacteria Improve Cd Resistance and Reduce Uptake of Cd in Wheat «««+eseeorerseesemenensesnenennininessncnenns JI Ming-fei, WU Xue-jiao, LI Xiao-zhe, et al. (5778)
Effect and Mechanism of Sulfate-Reducing Bacteria on the Passivation of Heavy Metals in Alkaline and Acidic Agricultural Soils +««++++++++:- GAO Yu, LIU Yu-chen, GUO Xiao-fang, et al. (5789)
Effects of Bacillus megaterium on Soil Physicochemical Properties and Its Effects on the Accumulation of Cd and Zn in Plant +veseeeeeeeeene WANG Ping, LI Yi-man, WANG Xue-jia, et al. (5798)
Soil Fungal Community Structure and Function Diversity of Different Land Use Types in the Waterfront Area Along the Jialing River «+++++ ZHU Lan-ping, XU Fei, WANG Jia-ying, et al. (5808)
Effect of Biochar Application on Biological Nitrogen Fixation in Double Cropping Paddy Field in Northern Hainan — «++veeeeeeeereseeeeeees ZHAO Yan, YUAN Xin-sheng, TANG Rui-jie, et al. (5819)
Photodegradation Behaviors and Toxicity Characteristics of Trimethoprim into Different Environmental Media with the Presence of g-CiN, vereereseeesssssmmsennssinsciiincnne
............................................................................................................................................................ ZHU Na, WANG Xing-yang, JIAO Jun-heng, et al. (5832)
Analysis of Provincial CO, Emission Accounting in China Under the Carbon Peaking and Carbon Neutrality Goals — +++esresreereeseresrsssenesennnenenene YANG Bai, QIN Guang-peng, WU Qin (5840 )
Temporal and Spatial Differences in Carbon Conduction and Prediction Effect of Land Type Transfer in Chang-Zhu-Tan Urban Agglomeration »«+:«ssessereeresseseereens YANG Xu, LIU Xian-zhao ( 5850 )
Environmental Benefit Analysis of Municipal Solid Waste Typical Disposal Scenarios in Zhangjiagang City Based on Classification -+ ZHANG Tao, ZHENG Jun-wen, SUN Yu-can, et al. (5861)





