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RERBATAM O REAARRIIEFL BT R R L H, mBdst & LT LR THRENT S,
AT A R 8 LI F 4B 545 AE, FIBSTH 575 R £ A B KRR, RmiR A4k ads sl o5 £ uk,
HEL BT RAFEEIERBEREE L, KRXRETHRMETIEE LIEH S (0~20cm), 7 & EBEF
BT AR Ao KA K36 % (ICP-MS/OES). & -F 3 &k % (AFS) & & T it 4F & 4% (IES) *F As, Cd. Cr.
Cu. Hg. Ni. Pb. Zn ¥ 8 # &4 B /7M XA pH 2 #7; #1H % 0%k, B F M- L&k e )2
(APCS-MLR) % AKX R 8 A EL BT AR 5B KR, # A G £ R FFu R ARG
TFRIEFTEFN, ZREN: OMRLEFTELEEZTERBS., R Crolh, RTEAHMTLERFT
{669 1.04~ 14045, R P CAHRBRABENE, QAR ELESHMEK TR0 H TRMATME R L,
OATFTEERT . ERII . TRHSHSI A APCS-MLR RMIT LRI T, ARARELBIRA =/ kR
B BRBI NI, As. Cu, Cr#gTudkE 55 A 98%. 94%. 80% % 63%; TR Cd &9k FEH 78%;
H AR M £ FE R AR . RBER 6 4R, *F Cr. Pb., Hg #9 Tk & 431 4 37%. 35% % 33%.
DIERISHEN, ARREELBULFTLEAE, MCARBEERS, EVPE. P-EEFE, THEFE
BHERSHNA 9N SARIA, FAEIAMMEEFTEAE, 2L, CA EIRREMPZERAR, A
BEMIZFEAE; TR, ARR., RLKIERAEMBERETLENIEZRRE, KAALED O
KRB = A w, F RIS 2,17 % ait—F k),
KA A EIE T LB, KRBT, LB FHoH- S LRI (APCS-MLR) LKA, KIS #H; KA
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AT EN,
(3) TR, BRR. RILACTEEIKBER 67 2 TR FE 5 A A 44.45%. 21.93%. 11.34%, AR ELE
HENERRR,
FE4SES: S151.93; X820.4 TEARIRAD. A
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+HEE RIS YT R K LT
R [l X T J T Rk TR i, 2 e s U e
T2 LD g Lol KO R 5% K BR, 322 3
H As TEE TG YOS IA , H AR S8 R ERRTR
YT R T 4 R 10 S Y B AR 2
RO WX R HE 5T & BE, 8 FP 42 JE (As. Cd.
Cr, Cu, Hg., Ni, Pb, Zn) & AN T T & 155
HA —EMEENSE, H Hg 1 Cd fA7Ed . 8
LA A A A, TR Bk BRI 2

T A8 P R G /N 7 e, oA T
INZ PR A T R A, Y AR 7 i B S
EOZRNZ R, R A TR 1
8 FhE 4 Jm 5T I, 0ot X 4 i & bt T4
FE - 9 XURG: 05 8, LR rh BRI ()
{2 - 18 4 V5 e R R IR A 2 BLAF e 2 RS
IR, S 157 b o} o 4 R 7 /KT BOR IR AL E
FFHIWTE A LA X 35 4 38 4 i 5 A PR A S
Fro PR, Xt Pk 42 )8 5 Y IR IR TR, 2 i
F TG YR X TG 2R R AR X 5T kR, BB R A
A 38 5 4 JR A0 A B AE K75 Ytk B, X ARl AR 2
WP, PRFR R S R R 2 HAERE L,
AR SC LA R 48 5K PH T A ST X, DL 3 As, Cd.
Cr. Cu. Hg. Ni, Pb }2 Zn NWFFEX 4, KL T8
TEAHT . 25 18043 il P A D A 9% 4% B 4 J 1 2 it
K23 (B A3 A4 AE, i3 & 48 11 (BF). db BFLES
B (Lyeo) X 49875 Y R BE AT 407, a3 3 o0 o AT
(PCA). #ax 573 -2 Ju 2t vl 19 (APCS-MLR)
SZ ARG 55y 1 T 4 SR R R T AR AT O

SO PN 3R BTRRR, DT 2 5 DX ) 25 e,
DAY A DX 3l A 25 U AR L 38 e B i B A (i
FRAS PP BERL AR, 5852 X 5 R PPN B B IE
Hehio

1 WFRIXHENR

o BT S 300 /A 48 48 2 AR M T P 0, STl R 2
A St A Bl (8] 1), BT 3 AR FH
Koo B M oA 3=, 4300 o - R TET FR Y 62.88% .
21.82%; T4 F 10U 3= 2R # b, R R bel b, 212 FH
T A R VG B P B 0] B AR 2oL ey, R 2 AL T
A3 MV BB X, AL L DX B YT A
H RIS IR X . 2 BH T 3 oA 32 B 7 g 2R A
S, DO L S A A3 A T T, A P
+ 20 A TSR X R R . AL R X, i 4ok 322
H AL (B 1b)e 2 FH Tk sy MR B AR Tolk
D N = i | = A RIS ] R e |
“HHEEFINZ 27 (& 1a).
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2.1 HESRES B

AR YR T AE 78 92 BT 4 50T e, T 0E 1w AL
365.78km”, FESATBELL 1 2 5 T HUE IR IR, L4
S5 KR — KA AT S A B, AR TR
M, AL N 4 REkm® . SAEEATEANE 1 FTR,
)2 4 HERE S REEIREE A 0 ~ 20em, B 5 S FRR
A AR LR AR, A T AE B R T
2113 4, I ORUE X A1 PE B FF i SR AE S8 0T £ 38 3
1.5~ 2.0kg. FEMZEBAEAL ASAXT S, H 10 HE
T G 32 07, PRAE BB i KT 300g, W+ pH 1A .
Ji R B 43 B 100g ¥y fe 2k 200 B e Jed, T
LR TR

R RS EE A R IR AT L, B X AS [ A A
1 H, HA 1740 R : DCd., Cu, Ni, Pb R HLK
FE G 45 8 TR i (ICP-MS, iCAP RQ %, 2[4
ThermoFisher /A 7] ); @Cr. Zn, Fe & H B JE&HE & 55
BT K 5% (ICP-OES, PRODIGY SPEC %,
%% [ Leeman /4 H); @As, Hg K H IR F 26tk ik
(AFS, AFS-3100 A , 3& ThermoFisher /A &) );
@ P pH A R FH B ¥ 3% £ Wk 7% (IES, PXSJ-
216 #Y, 35 [E ThermoFisher/A 7).
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R S A AT TR PR AT R A TR A e S B
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I ARESR (R4T))(DD2005-03), {4 ZsHbak ik #
PERRE S 3BT H AR BR AP ST R ) S - b o et b sk
A2EPEM HIE N (DZ/T 0295—2016) Z5AH S RN
AR AR R, 4 50 FFRE S BEHLIR A 4 4
K — A o S R, 2 o R R R o
WA . A2 B (RSD) KAl th 3 WA 1, srHr it bn
PR T HARBRIE, S HrEics B il &g

F 1 WTiIRBR IR

Table 1 Quality control of analysis method.
E ok Fr R W RSD  RiliR
(mg/kg) (Alg0) (%) (%)
As AFS 0.2 0.008 2.84 100
cd ICP-MS 0.03 0.010 4.64 100
Cr ICP-OES 2 0.011 2.58 100
Cu ICP-MS 0.3 0.006 5.39 100
Hg AFS 0.0005 0.003 5.53 100
Ni ICP-MS 0.3 0.005 5.19 100
Pb ICP-MS 0.3 0.014 3.75 100
Zn ICP-OES 1 0.004 4.17 100
Fe,0;  ICP-OES 0.05(%) 0.006 1.88 100
pH IES 0.1(JC i 49) 0.009 491 100

2.3 SERMABAE LR

AR AL VI L KA B/ IMEL 2 5 R AL
GRS TAE A . E5r 53 i SPSS
Statistics16 A Excel HA45ERY, FFFIVEH Mapgis6.2.
Origin2021 &,
24 BT ES)E KR

& B K (Enrichment factor) iz #] & H >k Al 5
NSk U5 TR Py 52 e () — Tl i T O 3, AR ORISR
— 332 —

(a) The geographic location of industrial enterprise; (b) Soil types and sampling site of the study area.

T B EARE . 55— X548 E 31T
PREALAL B, HH T Fe A ARSI HAR & i HAZ
N9 U R AR X e /N 1) R AR R ok
Fe fEMpRfEALTTE . THAAUNF:

EF = (Ci/Fe)siuiic/ (Ci/Fe) s (1)
K (C/Fe)gmu WWFTE X i K 5 Fe ) H{H;
(C/Fe)ypphy TIEHERILS T RAH P i TR S5 Fe
WAE . ASCH RS SHE S % (A R BEIX
BR AL L UHE(E 5 5 A0 TR AL S, As. Cd.
Cr. Cu, Hg. Ni, Pb, Zn 175 5t {f (mg/kg) 43 K
9.42, 0.15, 68.82, 19.20, 0.045, 24.71, 22.17. 56.73;
Fe (s e AR 5T 9 43 R0 Fe,O, $51MiA
EF /Sy BARHEIN T : 24 EF<0.5 1, K ES B TE
FEORIE T HFE; 24 0.5<EF<1.5 B}, R ESEE T
FETOR A BT [ SR KA R 2 EF>1.5
B, R 48 TR ok AR R EEE A 2R KL
TR, WS AR SIS Y A R A
2.5 MREPHEEBORS HRES)EG IR

K H M R FRAEEL (L) W 118 42 R V5 YL /K-
PEATPEAG o 207 AT DL RIS S e [ 4R 4600 R 45 it
JEAE FH B N i sl 42 Jm A B s L 3
= W

Lyoe =10g,(Ci/1.5B;) (2)
X ¢ o R AR i U R IRAE; B, N E
&8 1 JUE HIE A 1.5 R e B ShRiTE:
Loe <0, V595 01, <1, BTG YL 1<1,,,<2,
JETG Y 21, <3, H-F V5 Y 31, <4, HETS
Yoy A<, <5, TARTEIGYs; S<I,., W5,
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2.6 APCS-MLR Z{ABREH|M e 3K 5

F 85343 #7 (Principal component analysis, PCA)
SRR 22 T A M DT B A 2 S — b
B ZRAHRVE R I . B S TR ARIE] B O
TR J32 DR il R 45 8 A 8 PR 2R = T AR 0B 2R, 36 AR DG
BEICE I T REEA RN Y . APCS-MLR %
PAASEARY D 258 b % PCA R4 A I 0 i 45 3 1) —
Fofr S VBT o0 2R R R BB A B e M 1, BT LA
AR R-TRR TR 0 T 0

XA IR TIA TN 0 B AIEEAR, 31
B0 MEREAR I T8, 30N

Zy=(0-C)/o (3)
L@ H:Zy HBETTEM O FREHETF; CGRHITEI T
HAFEIE; 0 HITR | A EAARIEZ

1 DR 720 M A B A 32 D A5 20 2 0 MeBEREA
(4 32 N T BT 15 2 BN REAR ) APCS; JR 5 APCS
YEN B As i, HamITR & o AL, T 204
PE LA 70 A, 45330 59 (019 Z 800 APCS #: 46
PR30 17 PO 75 e R0 A SRR AS R e JEE TR, A5

C; = by +Z (b, X APCS ,) (4)
X @) e CHITER 1 B ; by Ay B1H 5 FE 5 %L
Tt b, FRoRIE p XFICE 1 1Y R 2L APCS, M T
p WA EN T 5. bxAPCS, WIAT p Xt TF G
)& JEOTER, A FEARY b, xAPCS, 1 F-3{E R) R A
+ p XTI T5 YRR Y46 X BTRR

%2 WRXERLEEEE SR

Table 2 Heavy metal concentrations in surface soil of the study area.

3 HiR
3.1 BBt ESE S RS RHIE

o P T B b+ HE T 43 R B i e T ARRAE DL 2,
S 4 T T (R R T A S A
2020 A RET H (R A R B X bk A 2 (E 5
SCEAFSE ), T A T R R A (R T i
A b A 3585 G XU A 4 AR E (I T) )(GB15618—
2018) rf L Afth £ M A FH 25 B AE 6.5< pH<7.5 K
pH>7.5 150 T 4 b+ 39875 Y XU s e (. F
FEIXFJE T pH N 6.85 ~ 9.17, BANE-HIME (FIMH,
T A 8.22, £55mE. 8 fE4E LR STEMNF
BIEA3594 As(10.61mg/kg). Cd(0.21mg/kg). Cr(61.21
mg/kg). Cu(20.74mg/kg). Hg(0.047mg/kg). Ni(26.15
mg/kg). Pb(23.70mg/kg) M Zn(65.70mg/kg). 5AM
7 e S A L, BT IX 4 e i e A i,
{HYE A 1.04 ~ 1.40, 17 Cr &2 5A%, (AN T
SCHAY 0.89 £ . 25 R WY, % BH T HF A8 43 42 )
fEtE—E RN RME . As, Hg. Ni TR
Pt X EOE A A A, AT R W 2 X B A 4,
Cd. Pb. Zn AU JEE Ko At B2 (B A, 6 W HLAFAE R 40
IRUEAEEAE

A5 5 R (CV) R —Fh s B 43 s 25 (0] 22 S 7
FE B 7 vk, B MO, FeMT R 4R ARy sy 121
WFFEIX 8 i 4 J 119 48 S R B0 ek /N B KT
Cr<Ni<As<Cu<Zn<Pb<<Hg<Cd, Cd. Hg L%
B AR K (CV=0.36), 728 5t R 504 1M 0.89,
0.71; Cu, Pb., Zn ZHEEAR T /KF- (0.16<CV'<<0.36);
I As. Cr, Ni WJ& F{R4E 5K F (Cr<0.16), £ 51

i H pH As Cd Cr Cu Hg Ni Pb Zn
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
AARFHE 8.22 10.61 0.21 61.21 20.74 0.047 26.15 23.70 65.70
JUAF-EE 8.22 10.52 0.20 60.94 20.54 0.041 26.00 23.32 64.29
LREIVEd 8.21 10.40 0.20 60.80 20.20 0.041 25.60 23.10 62.90
AN 8.25 10.20 0.19 59.60 19.80 0.034 24.70 23.40 57.40
HARbRER 0.22 1.45 0.19 5.86 3.23 33.30 2.99 8.05 20.34
JUfThRiE2E 1.03 1.14 1.36 1.10 1.14 1.62 1.11 1.16 1.20
BRME 9.17 21.00 7.29 120.00 70.10 0.87 4730 344.50 645.00
B/ME 6.85 4.80 0.08 39.50 11.60 0.0089 14.80 16.40 37.70
5 R E 0.03 0.14 0.89 0.10 0.16 0.71 0.11 0.34 0.31
Pt 3 -0.0056 1.28 27.08 1.08 3.74 9.71 1.71 30.88 14.47
313 0.72 4.68 955.90 7.36 34.81 193.50 5.73 1202.63 345.98
TN T 5 8.11 9.42 0.15 68.82 19.20 0.045 24.71 22.17 56.73
S e 6.5~175 30 0.3 200 100 2.4 100 120 250
pH>7.5 25 0.6 250 100 3.4 190 170 300
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Fig. 2 Spatial distributions of heavy metals in soil of the study area.
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(EF) a3 LE 3. W E AT %1, As, Cd. Cr. Cu, Hg.
Ni. Pb. Zn®) EF{E 75 Fl 4r 5] & 0.86~ 2.80,
0.68 ~ 6.72, 0.81~ 2.01, 1.08~ 3.53, 0.27 ~ 7.98,
1.15~3.10, 1.04 ~ 2.47, 0.96 ~ 6.62, H:H', Cr, Cu,
Ni, Pb % 4 Pt R EHEN T EESMAE05~152
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FEAERR Ay AL P E N TR T 1.5, RIS 3Z
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Hrr As, Cr, Ni = Jn R &S F RIS MBS
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V5 YL B 54 4 (2.56%); Cr TCEAVAEAE 1 MR
V5 YL RE i Ni JG 3R JoT5 Y4 FF 2321 2090 1~ (98.91%),
B2 IS YLt 2SR 23 1 (1.09%); Cu JC 2 1Y JET5 4L |
BREEVG Y . RS Yt s R 2057 4> (97.35%).
554~ (2.60%) 2 14~ Pb, Zn, Hg JCEFE S0 A 5
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Fig.3 Box diagram of enrichment factor distribution for heavy

metals in soil of the study area.

4.2 TIEEEB)ERIERT
4.2.1 FEL BT

j# i Pearson AH 3¢ 43 #F (I8 4a) 7] %01, As-Ni,
As-Cu. Cd-Pb, Cd-Zn. Cu-Ni. Cu-Zn M Pb-Zn Z [H]
TEAEMN B 3 IEAIE (P<<0.01), Hirf Cd-Pb, Cd-Zn
KRFH Fik 0.89, 0.82, KIATLE B HERILFATTH
FHRL, AR R]; 78 PCA Lo b (& 4b), 2%
iy A5 e 2 B 2T D) EL A R 1 A S, PR o X
+3 8 Fh F 4 J® 7l 43 A Cd-Pb-Zn, As-Ni-Cu-Cr &
Hg =K G . WG W YI0EK HAHIC R BUE BRI
W 2 1] 1 AH OC OG22 B, Hon] g BA AR
THYRI 22 T 2 AR AR G RO, R
AR EMLKR, RPX =R RAGZ M5
RIFAEAER R 2E 7, FTREEA 2Rk
422 EWSHT
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Table 3 Geo-accumulation index of heavy metals in soil of the study area.

B S EEER VYRR IRE AR ()
EEEILE (1. )3 sy . NN N NN Sy NN N
o pREES R Y s Y -G Y EEETG Y i & iv] W5
As -1.56 ~ 0.57 2059 54 0 0 0 0 0
cd ~1.45~5.02 1556 529 19 5 3 0 1
Cr -1.39~0.21 2112 1 0 0 0 0 0
Cu -131~1.28 2057 55 1 0 0 0 0
He —2.92~3.69 1841 248 20 3 1 0 0
Ni -1.32~0.35 2090 23 0 0 0 0 0
Pb -1.02~3.37 2079 32 1 0 1 0 0
7n -1.17~2.92 2000 105 7 1 0 0 0
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Fig. 4 Correlation plot and PCA plot of heavy metals in soil of the study area.
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Table 4 Principal component analysis matrix of heavy metals

in surface soil of the study area.

AR T I T

F4mItE
Kedfitn RS BCERS HEER

As 0.565 0.496 —0.383

cd 0.775 —0.563 -0.157

Cr 0.451 0.479 0.325

Cu 0.701 0.431 0.194

Hg 0.553 -0.148 0.696

Ni 0.565 0.653 -0.228

Pb 0.790 —0.455 -0.237

Zn 0.832 -0.349 -0.017

()RR R(ED 3.556 1.755 0.907
I ZETTERE (%) 4445 21.93 11.34
S TR (%) 44.45 66.38 77.72

B— T (F1) Jr 22 5THk%R N 44.45%, Z i
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— 336 —

G35 NG BhsEm . B AR G 2 B K oe R 23 [A) o0 A
PRI, B DU o6 2R (B HLA 23 [ AHOG M Cd 2 — iR e
G B0 TR AR N 2 T Y i R AR
AL AP RENSIE M Cd. Zn Zo0 R 14 8
P %, SEOLmH PR E SRt [,
PP A B BT AR S A Poalh 2 —, D —
Oy FEAZ T A PG SR

5T (F2) (5 25T 21.93%, 2 A
BEnE4SE T EE Ni(0.653). As(0.496).
Cr(0.479). FIT#45 17 HF5E %M, Ni, Cr EH w4
TR, S LA T, BRI R AR S R0
7 0.11, 0.10, J&ARAE 5K, KB N0 Bl
BN, PRICER — g B2 R AR

5= E T (F3) 7 22 5T R 11.34%, Hg
JEFREANICER, Hakfrh 0.696, HIHISEHE 1T
2R Af S WA, He o0 & MR IR 3 T HAb T &,
HH R EARS, mEs 220k, T Hg £
T POy NG W BTV -t ok AR RN S i 4 7Y
AN “ IR R AL
4.2.3 APCS-MLR “Z{&fim

WF 55X 8 Ff 8 4 J& APCS-MLR 52 {4 45 1 41
5 PR, AHSERBUR? ) S FH Tt e A 8 5 S s
E ARG, Y H BB AT 1, 2R ML
L LSS R er © ) 0 As, Cd. Cr, Cu, Hg. Ni,
Pb. Zn AYAHE R KL (RY) 4514 0.553, 0.917. 0.406.,
0.673. 0.327. 0.739. 0.831 1 0.813, [% As. Cr. Hg
“ICES, HAb T R A RO AR . S APCS-
MLR SZARREARY, 4353 R4 F1. F2 S AR


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24

SRIF, S5 {7 R 2 FH TR 3t 3 o 5 S A R IE SR SR A

543 4%

X & ICE M TTERR (K 5), F1 4 e o & Cd,
HTTRRN 78%. BFFEIX Cd HA RIS T4k, 23 1]
Oy AT 25 S 2, FRBH A2 A B T R T
AR, Cd MARISRIEEEN TR S ArReYA
be B0 R AERSSAsER AR B Ak B
& WFRIX Cd B E X 5 Tl Ak 5r A &, i F1
ARSIR Tl I8

# 5 HONHA T -2 e (APCS-MLR) 32415
Table 5 Absolute principal component score-multiple linear

regression (APCS-MLR) receptor model.

TL/THE ZARBLAY R
As C(As)=—0.498+0.219APCS;,+1.058APCS,,  0.553
cd C(Cd)=0.016+0.181APCS;,+0.003APCS,,  0.917
Cr C(Cr)=22.498+0.404APCS;+3.719APCS;,  0.406
Cu C(Cu)=5.596+0.967APCS, +2.47TAPCS;,  0.673
Hg C(Hg)=—43.78+17.641APCS;,+7.262APCS;, 0327
Ni C(Ni)=—0.452+0.159APCS;,+2.566APCS;,  0.739
Pb C(Pb)=8.283+7.291APCS, +0.856APCS;,  0.831
Zn C(Zn)=4.034+17.793APCS, +4.422APCS,,  0.813
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Fig. 5 Source contribution ratios of heavy metals in soil of the

study area.
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Distribution Characteristics, Ecological Risks, and Source Identification of
Heavy Metals in Cultivated Land in Xingyang City

ZHANG Yan'*?, ZHAO Xinlei'*®, FENG Xuezhen'*®, GUO Yajiao"*"

(1. Henan Academy of Geology, Zhengzhou 450001, China;
2. Henan Geochemical Ecological Restoration Engineering Research Center, Zhengzhou 450001, China;
3. Henan Research Center of Urban Geological Engineering Technology, Zhengzhou 450001, China)

HIGHLIGHTS

(1) All heavy metal elements except Cr exhibit an enrichment trend in surface soil.

(2) The predominant status for each heavy metal element in the study area is uncontaminated. However, the Cd
element has 3 points with heavy contamination and 1 point with extremely heavy contamination, making it a
primary potential pollutant.

(3) The variance contribution rates of industrial sources, natural sources, as well as agricultural fertilizer and coal
burning sources are 44.45%, 21.93% and 11.34%, respectively, which are the three main sources of heavy metals

in the study area.

w

— )
o =]
—_—7

ER

PC3 (11.5%)
f=} W
T

U

Oo-0-0
- . "x, " Correlation -10 L

! . analysis
% 30
Principal 100%
analysis 80% | i
60% i | -
ﬂ 40% |

rels % sl _ 40
=5 - 20
10 2= >0

0\

5 L

Poy 15 e . o
(44_0%)20 e >790 QQ’L

20%

0% :
APCS-MLR As Cd Cr Cu Hg Ni Pb Zn

MW F1: industrial sources
I F2: natural sources

11 F3: mixed sources of agricultural fertilizer and coal combustion

— 338 —


http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn
http://www.ykcs.ac.cn

%24 SRIF, S5 {7 R 2 FH TR 3t 3 o 5 S A R IE SR SR A 5 43 5

ABSTRACT: The quality of arable land is closely related to people’s livelihoods, and heavy metals are one of the
significant factors affecting arable land quality. The spatial distribution characteristics and sources of eight heavy
metal pollutants in the cultivated land of Xingyang City were investigated by multivariate statistical analysis and
absolute principal component score-multiple linear regression (APCS-MLR) receptor model, and soil pollution
assessment was carried out by enrichment factor and land accumulation index. The results show that the heavy metal
content in cultivated soil was higher as a whole, and the accumulation effect of Cd was more obvious. The heavy
metals in the study area were mainly distributed around Xingyang City. Industrial, natural, and the mixed sources of
agricultural fertilizer and coal-burning are the main sources of heavy metals. The accumulative index shows that the
heavy metals in the study area are mainly unpolluted, and the Cd exceeding standard rate is the highest. Therefore, it
indicates that human activities have affected the cultivated land in the study area, and measures should be taken to
avoid further aggravation. The BRIEF REPORT is available for this paper at http://www.ykcs.ac.cn/en/article/
doi/10.15898/j.ykcs.202306300084.

KEY WORDS: heavy metals in cultivated soil; source analysis; absolute principal component score-multiple linear

regression (APCS-MLR) receptor model; risk assessment; Xingyang

BRIEF REPORT
Significance: Arable soil serves as a crucial medium for agricultural production, with its quality directly impacting
people’s livelihoods. Heavy metals represent the primary pollutants that adversely affect the environmental quality
of arable land. Characteristics such as non-degradability, strong persistence, and accumulation make soil heavy
metals a significant threat, as they can be absorbed by crops and subsequently enter the human body through the
food chain, posing risks to human health!). The sources of soil heavy metals are complex, encompassing both
natural and anthropogenic origins”. Analyzing the origins of pollution sources is a crucial prerequisite for the
assessment, prevention, and control of soil heavy metal pollution!'”. This has practical significance in implementing
the national strategies of “scientific pollution control” and “precision pollution control”. Henan Province is the
main wheat producing area in China, with both its planting area and wheat yield ranking at the top nationally, so
local agricultural products and eco-environmental security have been widely concerned. In the research, the
distribution characteristics and pollution status of heavy metals in farmland soil in Henan province was clarified, and
the relative contribution rate of various pollution sources to the accumulation of elements was calculated. It is of
great significance to the assessment of agricultural ecological environment and the safety of food and residents.
Methods: The current study was conducted throughout the entire Xingyang City, with a working area covering
365.78km?. Surface soil samples were collected at a depth of 0-20cm, and a total of 2113 samples were analyzed.
Surface soil samples (0-20cm) were collected, and eight heavy metals (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) and pH were
analyzed using inductively coupled plasma-mass spectrometry (ICP-MS), inductively coupled plasma-optical
emission spectrometry (ICP-OES), atomic fluorescence spectrometry (AFS), and ion-selective electrode method
(IES). Multiple statistical analyses, spatial distribution mapping, and methods such as enrichment factor (EF) and
geo-accumulation index (/,,) were employed to analyze the degree of soil pollution. We also utilized principal
component analysis (PCA), an absolute principal component score-multiple linear regression (APCS-MLR) receptor
models, and other methods, to quantify the contribution rates of various influencing factors, thus identifying the
main pollution sources in the research area.
Data and Results: (1) Overall distribution characteristics. The average concentrations of eight heavy metal
elements (Table 2) were as follows: As (10.61mg/kg), Cd (0.21mg/kg), Cr (61.21mg/kg), Cu (20.74mg/kg), Hg
(0.04mg/kg), N (26.15mg/kg), Pb (23.70mg/kg), and Zn (65.70mg/kg). In comparison with the soil background
values of Zhengzhou City, the overall heavy metal concentrations in the study area were relatively high, with ratio
— 339 —


http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202306300084
http://www.ykcs.ac.cn/en/article/doi/10.15898/j.ykcs.202306300084

5 2 1] E=R AR B =.9 2024 2

http: //www. ykes. ac. cn

ranges from 1.04 to 1.40. Notably, the concentration of Cr was lower, at only 0.89 times the background value of
Zhengzhou City. These results indicate a degree of accumulation of some heavy metals in the arable land of
Xingyang City.

Coefficient of variation (CV) reflects the degree of spatial variability of heavy metals. The larger the CV value,
the more uneven the distribution of heavy metals™®' . The order of CV of 8 heavy metal elements in the study area is:
Cr<Ni<As<Cu<Zn<Pb<Hg<Cd. Cd and Hg were highly variable (CV'=0.36), with CV of 0.89 and 0.71,
respectively. Cu, Pb and Zn were moderately variable (0.16<<CV’<0.36), while As, Cr and Ni were low variable
(CV<0.16), the CV of Cr was only 0.096, which indicates that the spatial distribution of Cr is uniform and less
affected by humans. Compared with the soil pollution risk control standard of agricultural land, the average content
of 8 heavy metal elements in the study area was lower than the risk screening value, but the values of Cd, Pb and Zn
were still higher than the risk screening value. The order of the number of samples exceeding the risk screening
value was as follows: Cd (13 samples)>Zn (3 samples)>Pb (1 sample), showing that there was a certain risk of Cd
pollution in cultivated soil in the study area.

(2) Spatial distribution characteristics. Among the eight soil heavy metals, Cd, Hg, Pb, and Zn exhibited a
similar distribution pattern, forming a high-value zone in the central part of the study area, particularly around the
periphery of Xingyang City. The high-value zone for Ni was exclusively in the northern part of the research area. Cr
and Ni were primarily influenced by parent material, thus showing less disturbance by human activities. Sporadic
high-value zones for As and Cu were scattered in the northern part of the research area and around Xingyang City.

(3) Pollution assessment. The Enrichment Factors (EF) were ranked from highest to lowest as follows (Fig.3):
EFcq (1.86)>EF,, (1.5T)>EF \ (1.53)>EF, (1.46)>EFy; (1.44)=EFy, (1.44)>EFy, (1.40)>EF, (1.21). This indicates
that Cu, Ni, Pb, Hg, and Cr were primarily influenced by natural soil process. Cd, As, and Zn showed enrichment,
especially with Cd being significantly impacted by anthropogenic disturbances.

The Geo-accumulation Index reveals that the number of non-contaminated sample points for As, Cd, Cr, Cu,
Hg, Ni, Pb, and Zn were 2059, 1556, 2112, 2057, 1841, 2090, 2079, and 2000, respectively (Table 3). The majority
of heavy metal samples in the study area were non-contaminated, with Cd exhibiting the highest pollution level and
the presence of extremely contaminated sample points, making it a primary potential pollutant in the research area.

(4) Source analysis. Through Pearson correlation analysis, it is evident that there were highly significant
positive correlations (P<0.01) between As-Ni, As-Cu, Cd-Pb, Cd-Zn, Cu-Ni, Cu-Zn, and Pb-Zn, with Cd-Pb and Cd-
Zn reaching as high as 0.89 and 0.82, respectively (Fig.4). After Kaiser normalization and Varimax orthogonal
rotation of the factors, three principal components with eigenvalue greater than 0.9 were identified, measuring
3.556, 1.755, and 0.907, respectively. The variance contribution rates were 44.45%, 21.93%, and 11.34%, resulting
in a cumulative contribution rate of 77.72%. The results of both correlation and principal component analyses
indicate that heavy metals in the study area can be categorized into three groups: F1 (Zn, Pb, Cd, Cu); F2 (Ni, As,
Cr); F3 (Hg). F1 is mainly affected by industrial production activities; F2 is mainly affected by weathering of parent
rock and F3 can be classified as “remote atmospheric transport”.

The results of the APCS-MLR receptor model indicate that Cd constitutes a relatively high proportion, with a
contribution rate of 78% (Fig.5). Previous studies suggested that external sources of Cd primarily include industrial

1 automobile exhaust and traffic dust’®”, as well as pesticides and fertilizers®'=!,

emissions and fossil fuel combustion!*
The high-value areas of Cd in the study area overlap with the distribution of industrial enterprises, thus identifying
F1 as an industrial source. The deposition of atmospheric Hg, through both dry and wet processes, is considered one

of the major contributors to excessive soil Hg content?®”),

In the study area, winter heating and cooking
predominantly rely on coal combustion, with high-value points of Hg spatially scattered, especially around urban
areas. Therefore, other sources can be identified as a mixed source of agricultural fertilizers and coal combustion.
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Cr, Cu, and Ni are significantly influenced by geochemical factors, mainly originating from geological and natural

sources

[36-37

1. Thus, F2 is considered to represent natural sources. Cr is greatly influenced by geochemical genesis,

mainly from geological natural sources™™. The spatial variability of Cr elements in the study area is small and the

enrichment coefficient is mainly distributed between 0.5 and 1.5, indicating that they basically maintain the original

background state in the surface soil, mainly controlled by the biogeochemistry of soil environment and soil-forming

parent materials, and are little or basically unaffected by human activities
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