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Abstract: Conducting the soil environmental condition survey and accessing the distribution and potential sources
of heavy metals and arsenic in soils in Xiongan New Area are of great significance for the land resources and
environment management of the district. Based on the data of soil survey samples in the Xiongan New Area,
spatial distributions of the elements (As, Hg, Cd, Cu, Pb, Zn, Ni and Cr) are analyzed and computed by using
geostatistics and ArcGIS techniques. A combination of spatial analysis, multivariate statistical analysis, and

positive matrix factorization model is used to assess the sources of these elements. The result show that the soil
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quality is good and the pollution risk is low. Approximately 4.35% of the soil samples for Cd and Cu have total
concentrations higher than the risk screening values for soil contamination of agricultural land, and lower than the
risk control values for soil contamination of agricultural land. However, moderate and significant enrichment in
Cd, Cu, Pb, Zn and Hg in the surface soils was observed compared with their background values of Hebei
province. The contents of As, Cd, Cu, Pb, Zn, Ni and Cr exhibite a gradually increasing trend from north to south.
These elements principally concentrate in the southwest of the study area. The distribution of Hg is relatively
dispersed, and the high-values are mainly located in the urban and industrial areas. The vertical distributions of
heavy metals and arsenic in soils of different landuse types are dominantly controlled by physicochemical factors
such as pH, organic carbon, and Fe/Al oxides. Anthropogenic sources contribute 67.12% of the heavy metal
concentrations in soils, indicating the great influence on soil heavy metal accumulation. Hg is dominated by
atmospheric deposition related to anthropogenic emissions such as coal combustion and smelting activities. As is

principally affected by industrial activities. Cd, Cu, Pb and Zn are influenced by anthropogenic activities such as

industrial production, sewage irrigation and vehicle emission.
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Fig.1 Location of sampling points in the study area
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Table 1 Statistics of physical and chemical properties, heavy metals and arsenic in surface soils

LR As Hg cd Cu Pb Zn Ni Cr ALO; pHfE SOC Fe,O4

f/ M 6.06 0.016 0.09 17.80 14.80 57.10 21.70 4830 117.10 801 240 3570

SEON| I 22.10 0.207 1.22 139.70 141.00 218.00 48.50 97.10  160.70 8.90 19.70 75.80

il 11.24 0.044 0.24 33.63 29.47 88.56 33.91 7112 13501 847 998 50.85

PRI 336 0.030 0.17 16.82 17.73 28.80 6.61 9.71 1154 019 336 971

A5 5 A% 2991 57.15 68.15 50.01 60.18 32.52 19.49 13.65 855 2.19 33.68 19.10

i 1.01 435 3.69 3.60 5.01 2.56 0.41 0.40 027 002 033 057

353 1.11 2422 16.06 18.13 27.85 8.45 —0.84 -0.40 -0.97 033 0.15 —0.56
AR A 25 3.4 0.6 100 170 300 190 250
A 100 6 4 - 1000 - - 1300

Wik s Rm 136 0.036 0.094 21.8 215 78.4 30.8 683 12730
EHEAM(EF)  042~153 043~542 090~1224 0.77~6.04 0.65~6.17 0.69~2.63 0.66~149 0.67~1.34

T 5.68 0.29 0.3 55 61.74 2012 17.2 535
Jeseit? 8.14 0.398 0.204 322 40 107.5 237 57.5
gt 7.80 0.132 0.196 314 26.4 106.2 - 85.6
gt 13.62 0.12 0.21 18.02 4536 104.55 14.53 48.81
AR 9.42 - 0275 27.39 31 104.49 282 71.91
Rl 6.79 0.065 0.1 20.97 25.08 63.38 17.33 462
Feerit? 11.426 0.043 0.138 31.584 27.667 85.338 34279 74.849
EGI 63 0.08 0.34 27.08 28.06 88.53 35.57 75.89
i 8.28 0.034 0.20 24.37 26.65 77.10 27.76 60.85

V: pHIE TR, ALO;. Fe,05. SOCHU Hg/ke, T4 B AIHITEZ M me/kg, EFJ a4 250, LIAWERFRIEITEER, DT SR R Ly 5,
EF=(C/Ca sample! ( C Ca1) backgrounds I, COITERIIIMKEE, Co AT R AU EE; & 2 REUYH: EF<ORTCHEE, 1 ~ 22 MRS B4R, 2 ~ SZ I R

45,5~ 202 8] H BB B AE, 20 ~ 402 8] K B 4, >40 Wi E B4,

®2 REIESEETIMITERBETZRESN
Table 2 The error comparison of interpolation methods for
heavy metal and arsenic in surface soils

_ LGl (EwARrS RESHT
RS RS THREME)  Hr R (RMSE)
As  HUUREZ  RISeRk -0.105 89 2.146 85
Hg KIIFESS  TRIERREL —0.000 15 0.011 58
cd P=3 M5 Kriging -0.001 18 0.049 92
Cu P=2 i Kriging —0.338 38 10.651 32
Pb P=2 F il Kriging 0.117 14 477732
Zn P=3 W Kriging 0.108 38 14362 63
Ni P=2 T Kriging 0.012 20 5.072 50
Cr f&i 2fiKriging —0.108 69 7.582 89
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Fig. 2 Spatial distribution of physical and chemical properties, heavy metals and arsenic in surface soils
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Table 3 Statistic analysis of heavy metals and arsenic in soil profiles

JLE 1 /cm 0~20 20~40

40~60 60~80 80~100 100~120
J{E/(mg-kg ') 10.98 10.86 11.05 11.05 10.83 9.93
As FrifE2 233 2.53 3.02 3.84 3.06 2.62
55 R EU % 21.24 23.32 27.31 34.78 28.24 26.38
PIfti/(mg-kg ) 0.04 0.03 0.03 0.03 0.02 0.02

Hg P 0.015 0.009 0.014 0.011 0.009 0.010
W5 ZEU% 38.20 28.72 41.93 43.83 37.30 48.49
B/ (mg-kg ") 0.18 0.15 0.14 0.13 0.13 0.12
cd bRz 0.05 0.04 0.04 0.05 0.04 0.04
AR 5 0% 28.15 26.42 29.40 37.33 28.92 31.55
B/ (mgkg ) 30.80 30.19 30.17 29.40 27.99 26.73
Cu R 9.42 8.95 8.79 11.15 9.32 9.83
5 2B % 30.60 29.64 29.13 37.94 33.30 36.77
BfE/(mg-kg ') 25.17 23.90 23.57 23.99 22.34 2245
Pb bRz 5.43 461 5.28 6.59 5.39 4.74
5 R EU % 21.57 19.27 22.39 27.46 24.14 21.10
YE/ (mgkg ) 80.93 7727 76.09 73.80 73.44 69.40
Zn hrifE2E 16.52 14.82 16.62 22.11 19.21 18.29
5 ZEU% 20.42 19.19 21.84 29.96 26.16 26.35
B/ (mg-kg ") 34.11 35.18 35.72 3541 3475 34.41
Ni bRz 6.89 6.63 7.56 9.95 8.67 9.41
AR 5 0% 20.21 18.85 21.17 28.09 24.94 27.35
B/ (mgkg ) 71.09 73.05 72.64 75.03 72.98 71.59
Cr R 10.61 9.57 12.66 15.06 11.28 13.53
55 ZHU% 14.92 13.10 17.43 20.07 15.45 18.90

Z5 (K 3) . KA H A 58 pH {8 b 1 )2 %5 3 hn
EHINEH, SOC & & H /M #, v e i T
AN SRR T )2 58 pH (H, 1A LA it I LA
KA AL T B0 )2 58 SOC & & . Wi H
F )2 148 SOC Ak, W] g2 e T3l B FH b Ak 7 5
ik, R F SOC B &, I H#E )2+ 5 XAk . R 7K il
FHERBEFBRZE A VLR . 5
SOC 7£ 60 cm AT )2 48 b4/, T2 ih T U
FHXHRG SE DT ERAE Y, = e 0 AL Fe 3 5
Bifl - 23 R B 1 o S22 B S 4 R /N Y A A, T RE
BAEHT Al Fl Fe A H3E3R 2 1 N BB IFAE 60 ~ 80 cm
T EER.

4 & N oG R AR [F] A R 2 1 % 7 3 1)
YA S B . 2 As, Hg, Cd. Cu, Pb fll
Zn 5B A 2 U 2 R ARG R B, o Hg A
Cd LR B IRE K, 0~ 120 ecm + 228 M 5351 M 139.6%
1 86.8%; Pb., Zn, As Fll Cu Z5 & Ky 15.3% ~ 22.3%. 5
b4 TS S EAE b, Hg. Cd. Pb 1 Zn ££ 0 ~ 20 cm
+J2EE, As7E 20~ 40 cm + )2 & 4, Cu 78 0~ 40 cm
TEHAEEE, XETREEO~40em L 2EE, HE

Z N R AR R B 52, B AR T RE N KR
W AL R AR IR A 2506 1 As 9 T [ 43 A T2
% pHE W (P<0.01), Bifi + )2 % B34 pH {E 34 i,
As W B RE 198055 , iE A% RE 7 1G5, 11T B ) As JT
5K, Hg. Cd. Cu. Pb, Zn JGZE 5 SOC 43 #i M
H—3(P<0.05), F + ZIREE G N & s . — Bk
Sk, ML LA B K B 2 T R A B S A e
i, AE A 2 DL T E Y O 8GR
SR B EE P Ni T &S Al Fe A ALY 4 1 L
Hr—2, 5 F IEAME(P<0.01) . Ni il Cr b 3¢ 8k
TLE, FEZM AR Fe, ALELYE RS

7K W # Hg, Cd, Cu. Pb Fll Zn JC K 7F + 33 H) [
2R B, H, Hg Ml CdIL R JE TR R
F, FEAF0~20cm )2 BF, BiE - ZHER &
B TR, 0~ 120 cm + )2 & B A5 R 43 7 N 64.8%
F148.7%. Cu., Pb il Zn 5 7E 60~ 80 cm +JZ LI T A
BB REAIC, 0~ 120 em L2 & B AR IE N 16.2% ~ 17.8%.
v 8 S {EM L, As. Cu, Pb, Zn, Ni f Cr
JC & TE A [m] A 58 ) T R B YA 4 (BR Pb il Zn 7E
100 ~ 120 cm 1)), RUPDKHE F M4 T XEFELE TR
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Fig.3 The vertical distribution of the physical and chemical properties, heavy metals and arsenic in soils

HR Sy ML RS, 1 Hg, Cd. Cu fll Zn T [7] F4 RETHESEMWMITREXRY
AR5 SOC B4 B Z 40 6 (P<0.05), i HH 1 15H L Table 4 Correlation coefficient of heavy metals

and arsenic in surface soils

R S BT £ AR S ACEEALE Sl Nk
Cr, As  [1] 43 1ii 32 Fe AL ¥ ¥ 1l (P<0.01) . B 5% % ]
W, KRS BEERE A T Fe OIRAE BB M A5 AsSEBH  1g oo 1
VA N e Nt . cd 06197 04417

SRR M T 4 R R OC R AE R Lkl Cu 07 0T ot g
W15, Forlt As. He F1 Cu e 2 AE TR [ ARGk, 4y T0 OO0 040t oSt oo

7zn  0.730"7 0.404" 0.8007 09447 0909

As Hg Cd Cu Pb Zn Ni Cr

B4 30.7% ~ 132.7%. Cd. Pb. Zn, Ni Al Cr B 722 I $5 NI 06977 0221 0.6247 08757 07617 0854”7 |
JIN, JE R 10.3% ~ 22.2%. S5idt 4 + 7S B (A cr 05697 02610 0592 08347 0748 08157 09377

I, Hg 762 1F 40 ~ 60 cm 5 4E, Cr IE Z 7E 60 ~ 80 cm TE: #* 78 0.01 7K GO 1 3R G; * 7E0.05 7K CRUil) - i A1
) R ~ =21 ’ R ~

GO A W HE Hg TC 2 B 5 Y

PR 22 0 B 00 090 L 0 K ol 1 Hlg o6 2 ¢

Sy FiE#%, 7E 40 ~ 60 cm &4, Cr JLETE 60 ~ 80 cm
i A /

BB A T A 5 2 LA BT 0 Fe A ALJE 24 6 R+ REERABITRAITE 257 KMO

53 EISEACIAE I, 55 R, As e gy Derlet R RRSREIAIANy 0.866 1 947.36(dr28,
S) A B 15 pH (ARG . Ni AT Cr 4 5 Fe i AL o001 RVTRARE SIMATIIFIrHT. SR ek

As TR A I FH M (P>0.05) .
242 P50

WA . Beks JE, B3N EHW T, BREA T E RN
24 RJZ A HEE G E MR T R IR ET 92.83% (% 5) .
241 M BT % —E W F (PC1) 1 J7 2 51k N 46.68%, As.

S JH Spearman Al e RHCL M KR L B4 Cdy Cul PO Zn BAT B K (9 2 ir , 53 5l O 0.779,
BRI T2 2 W A e (32 4) . As. Cd. Cu. Pb.  0.924,0.763, 0.876, 0.811, IX %670 2 2% [u] 45 S PR 45 K,
Zn, Ni fll Cr oCE MR (P<0.01), RWIMRER A FERAEGHERX, Tolkdlk Hil, sl £ X ERZE +
Rl M. Hgoo R 5 Nifil Croo RAHCHERAR, 5 RS, Pk, B RZ ARSIl i,
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Table 5 Rotated component matrix for heavy
metals and arsenic in surface soils

F RS
JLH

PCI1 PC2 PC3

As 0.779 0.41 -0.118

Hg 0.197 0.057 0.963

cd 0.924 0.179 0.228

Cu 0.763 0.542 0.221

Pb 0.876 0.285 0.275

Zn 0.811 0.487 0.214

Ni 0.376 0.911 0.021

Cr 0.292 0.936 0.089
FEIE(E 3.74 2.52 1.17
J5 2Tk % 46.68 31.51 14.64
FRTTHR % 46.68 78.19 92.83

5 F - (PC2) 1Y J7 22 STk % M 31.51%, Ni I
Cr AR REA . XFFCHETES S SEMY, A
FERFFE X AR SR B A/ BRI, Ni R Cr e R 52 A
RGBSR N, EAZ A B T AR

5% = F P (PC3) 177 2 ST %N 14.64%, Hg H.
HERE AT . Hg oo &R 5 H M TR 25 W) /- M U 22 7
WA, AR SRR, (L X R BEHOR A, 78 T 4k
KA T B w4 . R, He 55 AJIE st E.,
2.43 PMF AR i Ay

E— 25 2R B IE 2 i R DR 155 80 (PMIF) A 7 IX 3k 3
JZ 4T 4 TR A T R AL T (R 6) o BAE 44
BT, R 25 -3~ 3, a4 R — KT 0.9(Cu
FPbILE KT 0.8),

* 6 PMF BiiRETEESEBMMITERERTME
Table 6 Source contribution as estimated by the PMF model for
heavy metals and arsenic in surface soils

B/ (mgkg ) TR/ %
H¥1 W¥2 H¥3 BHre WFr1 W2 BHF3 Hr4a

As 2.45 1.02 570 207 21.77 9.10 50.74 1839
Hg 0.00  0.03 001 0.01 0.08 62.57 18.02 19.34
Cd 0.06 0.03 000 015 2467 12.03 0.01 63.29

Cu 1337  3.67 288 1240 4137 1136 891 3837
Pb 1070  3.70  1.67 1271 37.17 12.85 581 44.17
Zn 36.59 10.66 1286 28.00 41.53 12.09 14.59 31.78

Ni 1620 3.66 9.18 478 4790 10.81 27.14 14.15
Cr 3459  9.00 1842 925 4855 12.62 2585 12.98
MR - - - - 32.88 17.93 18.88 30.31

K 1 X% Ni Fl Cr (%) 538k R B 5, 49 91 4 47.90%
1 48.55% . AR ESHNTForai R —3. Il h,
Ni #1 Cr & AR 487, LR 2R I8 T AR,

F 5% X 44 Ni fl Cr JC & 19 & S5 R B 41K, or A
¥15), 28 [ 43 A B A7 M AR AR B R fR )
SE T 1 HARTR

K 2 X5 T Hg TR B A B TTIRE, N 62.57%.
— BN, He SRR 4 = | A TG il b B ok S A A 4R
LR HE, F A o R A L R
P2 (] 43 M 25 1, W95 X P Heg TG R 20 A 88 i, 76
Tl ARl J& BRSBTS IXCE A . ik,
T2 KRRV

HF 3 %} As o6 % H A M5 19 sk, 5Tk
H50.74%. S5 REMIL, iR XKZE L As T E
R RN ELTE VY R R TR KR B A 1
WA, M S L RIA T 100%, £ W As TCRAFTE
MRS, Z B AIG SR, As TR EEORIEF0h
SR YE K, P A E S W 1 R TR B 5
BB . ARsK Az 7 DL KB R, 5 Tl I i RS
KT VA T IE s e BRI A, R R M A
K A R R Y A, i X Tl A AP AR
EUSCRUR G 3o fr ik, 7 3 35205 0 i HE JORT [=]
ORI 4 Tk 316 3h A3 56 .

Kl 4 %F Cd Jo 3= B A i i 19 TTER A, X Cu. Pb,
Zn B HA A B ok . X PUFP T R AR R R AR
SRR B A, A7 R )RR B R R RN
BB 2 NCNTG SR . A S SR, 15K HEE L 1B
FA 25 Bt P 2 1332 Pb, Cd Fll Cu JC & & A H B 5
91, Cd Fl Pb 6 2R SR IR TR A R ACHE L Sk
W R G B2 Zn SR 4R R RE B VR ),
W8V R 8 & DR Bt U8 I 39, 76 22 38 32 B 1% 8h &
Al i BB A R R RN 2 — o ek, kR
Hr R 4 T8 T AF Tk HE it J& Cd. Cu, Pb Il Zn
BRI A5 as EAMTAE S, T R B
A FE T 5 T X, A 3 I 2 A DX, Tl Aol B 3 DA
KR A M X3k . o, 7 4 o Tl -5 8 &
H.

g5 b, WY X e 4 R R O 2 32 SOk TR A4
HARIE . RADIRE . TR A = sg @ fE ik .+
& Jm RN o R B TR R WL AR 6, Hoh, B AR R BTk R
h 32.88%, T4k FN 58 3 32 i 1 8l 5Tk R K 49.19%,
KAVIETTHR RN 17.93%, WF5¢ 1 1 & 4 )8 Ff oo
R B Z R A NI, 408 A S
JIC TET R A Tk AR = 06 sl L TS K HE R . R
B A8 HE S 1 4 R B AR B LR
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(D) F 5 X 4 38 5 R IR R A, B 43 1 AR
TS YL G B K T A R b 3 TS R XU 07 2 1
4.35% + SRR T Cd R Cu 25 it R O XURS: O ok {8, 15
R T A E S R XSS EE. SMitE s
fEAH e, Hg, Cd. Cu, Pb, ZnfFEP E B EME & F
£, As. Ni fl Cr TR BRI E £ R E 4,

(2)As, Cd. Cu. Pb, Zn, Ni fil Cr JC & 2 b i 51
JCAU - BE i, B 45 5 0 b G v AP B X )
T S o R D DX 32 R 1 R A, R X R B A
MRS X PU R . Hg JC R M i, & X ik
ARG, 78 Tlb Al DR 3 B X 320 T B AR X v X

(3) - HETE & J&@ A o0 R A6 A [5] 1 A1) 27 1
)0 A LA 22 S0 . SR H RN K B E 4 R A oe R
i AR 2 R B S R, Hop, R
SEMMITE FEFEE0~40cm 12, KHESE
MRS L2 A & % (Cdf Hg 25 7
0~ 20 cm) . 305 Hb A 358 5 4 & RN A T 2 3 (m] 40 AR
Wshie K, T HEREAb Pk o 5 i 2+ T 4 AT
Km0 A LA . SOC X i Hg, Cd. Cu, Pb, Zn %
R A K, As 5 pHEAH G (K H As 5 Fe 1 %),
Ni A1 Cr /34 5 Fe #1 Al B ALY A

(4) W58 IX 4 35 5 4 J@ Ao R 3 2R AL 45 A
SRUR . KADURE . TRk A = Fsc ki . B SR 5T
kK N 32.88%, T4\l Fl A2 3 iz i 3% 3h 5t kR N
49.19%, KR ULMETTHR R N 17.93%. & @Ak Bk
M o5 55 Tl A FH A Tl 36 3l L T K R IE | PR E A 24 it
L KA 3Sm HECE AT RE A B2 AT .
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