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Distributioﬂ Characteristics and Risk*'”Assessment of Heavy Metal Pollution in

Farmland Soils and Crops in Luancheng, Shijiazhuang City

MENG Xiao-fei'*, GUO Jun-mei®, YANG Jun-xing' >, ZHENG Guo-di'**, CHEN Tong-bin'-*, LIU Jie*

(1. Center for Environmental Remediation, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China; 2.
University of Chinese Academy of Sciences, Beijing 100049, China; 3. College of Environmental Science and Engineering, Taiyuan University of Technology, Jinzhong
030600, China; 4. College of Bioscience and Resources Environment, Beijing University of Agriculture, Beijing 102206, China)

Abstract: In order to explore the distribution characteristics of heavy metal contamination of farmland soil surrounding Luancheng town, Shijiazhuang City, Henan province,
the concentrations of As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn in the surface soil and crops were determined and assessed. The principal components were also analyzed for
source apportionment. The heavy metal concentrations in crops were further detected, and the non-carcinogenic health risks in the study area were evaluated using the
probabilistic risk assessment method, as to provide a theoretical basis for the treatment, prevention, and control of heavy metal pollution in farmland soil in Luancheng.
According to the results, (Cd), w(Cr), w(Cu), @(Pb), and @(Zn) in the soils were 0. 06-1. 08, 22. 14-473. 47, 12.83-150. 74, 10.75-577.72, and 62. 23-652. 78
mg-kg ™", which exceeded the standard with over-standard rates reaching 1. 83%, 1.22%, 0.61%, 0.61%, and 1.22% , respectively. Further, Cd and Ph were transported
into crops, in which Cd concentrations exceeded the standard in some corn samples, and Cd and Pb concentrations exceeded the standard in some wheat samples. The total
non-carcinogenic health risks (TTHQ) to the human body caused by the consumption of heavy metals in corn grown in the study area were all less than 1, with no obvious
negative effects, and TTHQ was higher than 1 in wheat, increasing the likelihood of negative impacts on the human body. With the influence of the distribution of pollution-
related enterprises in the industrial zone, heavy metal concentrations were higher in the south, west, and middle directions of the study area. Among them, the study area soil
was slightly contaminated by Cd (Level 1). Cd and Hg had a slight potential ecological risk (Level 2), whereas other heavy metals had low potential ecological risk (Level
1). In general, most of the surface cultivated soil was not obviously polluted by heavy metals in the study area. According to the PMF results and survey, we speculated that
soil heavy metals mainly came from soil parent material (52.05% ), artificial pollution sources ( historical sewage irrigation and industrial manufacture) (32.98%), and
atmospheric deposition (14.97% ). To summarize, the study area should be divided into a priority protection category and safe utilization category. The input of pollution

sources should be strictly controlled for the priority protection category, and alternative planting, rotating, and fallow should be implemented for the safe utilization category to
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reduce the risk of standard-exceeding agricultural products.

Key words: industrial area; farmland soil; Monte Carlo; spatial distribution; risk assessment
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Table 3 Classification of geo-accumulation index
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Table 4  Toxicity coefficient of heavy metals
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Table 5  Classifying standards of potential ecological risk index and pollution degree of heavy metals
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Table 6  Non-carcinogenic reaction dose of heavy metals
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Table 7 Probability distributions of parameters

5 2R MR AR A HER 37 HUE
B ONEBEAR/g-d BRI w=135.1, 0 =5.4%]
o NEFEAR/g-d IERSHM w=105.7, o =3.8%]
B OEARBEAR/g-d EEMM w=15.3, 0 =1.4%]
o EAKFEAR/g-d ERH w=14.3, 0 =1.1%]
5 KT (BW)/kg  IEZSME Py =60. 1, Pys =75.00%]
@ KT (BW)/kg  IEZSME Py =53.1, Pys =66. 0020
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Kb, X, WEER kSRR PR S R (mg- kg ™) ;
g, JIRER | AETE YR n R TR f, RS YA T
1E n VTR s e, FRAE O, F bR R EUS T h b
VEYLTH T ES | LA R A A . TS W T
BRI 7 ok o BRI (MDL) A o 2 28 5t
(3) B, 8/ APHIXEIE R 0. 1, € IR IS el
Bt MDL R A B -
1.5 %&%Eé}iﬂ'—fféﬂﬁ} (¥_-
R FH SR A AL T R 2
1. %[}Eﬁﬁ(%ﬂﬁ’*ﬁ’ﬁiﬁﬁ Microsoft Excel=#l1 'S_‘l:’SS
Statistics 19:58 Wi, 75 Y WA HT (5 ] EPA PMF 5.0 5%
A, et XU A 2 142 P @ sk 52 1, 11 25 41 7 R
HH Origin Pro 2021 52 i, %5 [H] 434 A il I 7E ArcGIS
Pro 2.5 F15E K.
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2.1 WFRXERELIEESEE & A S K
2.1.1 WIRIXERZEHEESE &SRR

ifF5E X )2 - HE S Ak (pH {H 8. 09 ~8.27),
t 4 8 FhE 4 g i 1T I AR T AR N 0 S (L
(n=327), 8 FhEE &)@ & AR T LA S EM
e 4] 43 5 R 97.55% . 5.5%. 60.6%. 11.0%.
47.1% . 71.6% . 70.3% #18.0% (% 8). w(Cd) .
w(Cr), w(Cu)., w(Pb) Fl w(Zn) 535K 0.06 ~
1.08, 22.14 ~473.47 12.83 ~ 150.74, 10.75 ~
577.72 1 62.23 ~652.78 mg-kg ™", #RA> A A M it
AR FH b A 3895 YL i, MR A B I 6 4
2.2 M4 A, AR SN 1.83%, 1.22%,
0.61% . 0.61% 1 1.22% . w(As) . w(Hg) flw(Ni)
F9F- S48 43 5 K (9. 49 £ 1.66) . (0.05 +0.09) Fil
(28.17 £6.43) mg-kg ™", RAZAYAE S SR T HH L 77
TEH. WF5E X BR pH 4b, Har 8 Fh 4 8 48 = R4
e, R EN/NIFF 4 . Hg (180.00) > Ph(151.11)
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Table 8 Descriptive statistics of pH and heavy metal concentrations of soils in the study area
SitHebs pH As Cd Cr Cu Hg Ni Pb In
A 4 327 327 327 327 327 327 327 327
iR/ mg-kg ™! 8.09 ~8.27 5.59~15.50 0.06 ~1.08 22.14 ~473.47 12.83~150.74 0.01 ~1.14 13.63 ~49.14 10.75 ~577.72 62.23 ~652.78
A/ mg kg ! 8.21 9.49 0.21 74.43 30.10 0.05 28.17 22.97 115.84
P/ mg kg ! 8.24 9.31 0.18 64.51 28.37 0.04 28.18 19.67 101.95
PR/ mg kg ™! 0.07 1.66 0.12 41.20 11.65 0.09 6.43 34.71 52.43
I PEfE/mg kg ™! — 25 0.6 250 100 3.4 190 170 300
IRFH RSO % — 97.55 5.5 60.6 11.0 47.1 71.6 70.3 8.0
AR AN — 0 6 4 2 0 0 2 4
R/ % — 0. 00 1.83 1.22 0.61 0.00 0.00 0.61 1.22
R FE % 0.85 17.49 57.14 63.42 38.70 180. 00 22.83 151.11 45.26

>Cr(63.42) > Cd (57.14) > Zn (45.26) >

Cu(38.70) >Ni(22.83) >As(17.49).
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Fig. 2 Horizontal distribution of heavy metal concentrations along soil profiles
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Table 9 Pollution degree and potential ecological risk of heavy metals in the study area

TR As cd Cr Cu Hg Ni Pb Zn Zh
WG AR R P,) 0.38 0.35 0.30 0.30 0.02 0.15 0.14 0.39
o BRRE R (1) -1.10 0.57 -0.46 -0.12 -0.11 -0.71 -0.49 -0.02 —
YR % Te-th g % % x % % x —
£33 0 1 0 0 0 0 0 0
TR 7 (E) 6.98 67.02 2.18 6.90 55.55 4.57 5.34 1.48 150. 03
VP A R R 1% 4 is i3 g is i3 e %
o 1 2 1 1 2 1 [y 1 ad. ¥
As(6.98) > Cu(6.90) >Pb(5.34) > Ni(4/57) > B0 —— _ i e _ 100
Cr(2.18) >7Zn(1.48) ,Hg #l Cd jgtjn%%*fijﬁﬂ Eror | — —
K (2 90)  HARK AR A KU (1 90) R N
2. 14 AW R E S AT | /) /4 PR oo s -
/R PMEMTRI 28 iﬁiEi&Bﬂi’%Eé S I ¢

EE/J%ME 8 fﬁl@é)ﬁ'mﬂl¥ﬂ’ﬂ*ﬂ%tm/ € ol 1=
N)t@jw( 52) < strong” A5 Tk P M4 LS el |20
S it e R P T AN i h ﬂ
A Tl s 43 4 B, Mﬁﬁﬂaﬁs% N & o G e N oz
FE T 15 Y TRA AT S e 1"

BF5EIX 8 F T 4 B 15 e R A %ﬂnl’fﬂﬁﬁ ol = e ]
N, HF 1 TR KRIITERE A As, Cr, Cu, Ni, —
Pb #l Zn, 5T Bk R > B N 74.43% . 69.20%. % ol | foo
68.28% . 76.18% . 69. 18% H157.14% . [H 1 2 _E M %
Hg b AR, DTN 81.61% . A+ 3 X & 1E-02 1 140 =
Cd W DTk de e 7@94 67% ,%f Cr, Cu., Pb Hl Zn

{9 T 1k R 43 5 25.26% . 26.05% . 25. 38% F 503 »

37.60%. 3 B F 19 5T #k 53 Bl O 52.05%, o L (™[ [®] [®] [® m == |,
14.97% #1 32. 98% . - As CdCr Cu Hg Ni Pb Zn -
2.2 R IXAVEY) 4R & S U H¥3 = —
2.2.1 B E SR & 1E+01 1 I e T B I

SR X R AR I /N LB KR o (Cd) 23 51 K x ot [ ]
(0.026 = 0.018) mg-kg™ A (0.007 + 0.016) 5 . -
mg-kg ™ HOPHESL B (AL AT R Aol F ol {0 &
U ER ) (GB 2762-2017) , # A5 R 43 5 ok o . |m -
2. 13% FI 1.20% . WLAL, #43/NG2 Rk fh e Ph ikl o3 || ® ul = .
e A N B, H bR AR X B, O 5. 32% . 7 1E-04 : 0
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REMEREM T, As | Cr S TER 5 IR
EELT A Z e EZE(E 10).
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Fig. 3 PMF source analytic factor analysis
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Table 10 Heavy metal concentrations of crop samples

A5 WM FE bR As Cd Cr Cu Ni Pb Zn
A {E/mg kg ™! 0. 056 0. 026 0.515 4.359 0. 873 0. 140 33.035
N bR/ mg kg ™! 0. 052 0.018 0.414 0.971 0. 640 0. 042 7. 456
FRAfEfE/ mg kg ™! 0.50 0.10 1.00 — — 0.20 —
HARR/ % 0 2.13 0 — — 5.32 —
A {E/mg kg ™! 0. 057 0. 007 0. 558 2.751 1.593 0. 051 32. 486
ok FrifE 2/ mg kg ™! 0. 042 0.016 0. 099 0.797 0.59% 0. 058 6. 165
FRUE(/mg - kg ™! 0.5 0.1 1.0 — — 0.2 —
PR/ % 0 1.20 0 — — 0 —

1) B TR SRS EFFRE 255 0 R & (GB 2762-2017) Hisc A 45 L AAEY/INE M E K Cu., Ni Fl Zn BBREFRE

2.2.2 WS IXAEY)E 4 ) £ R XU P4

FH 2R 11 AT 50, AT 55 M R R AR5 X /N A2
A K HR ) BN T 4 X AR (B = A 1 B0 ik
FEXUS: (P ) ¥9/NTF 1 (THQ < 1), # A/NE P2 A 1)
faE R AU /5 T K. AR EE 4w 7 A 9 3 00 fat
JABS: H e BT 7 : As > Cr > Zn > Cu > NiipPh >

Cd. & 4 T B AMFFE X /N FESS 20 A 43 i)
Xof N AR VA 7= A B J ) 6 TS 0] ( TTHQ < 1),
HEABIFE X FOKAESS 99 1 43 (3 i Sob At s 47
YL ST (TTHQ < 1) . EATZRFIE 6] 2 1
2k (R SO (R R Bk 5 1 > r&“ﬁﬁﬁ/\m
ﬁEE#Fi%@%H&%ﬂﬁﬁi>%

z1 #%)\ﬁﬁzml:d\ziufﬂcﬁﬁkiﬁa Efut&?iﬂﬁﬂﬁﬁrﬁz)ﬁm’* ‘_,r 5
Table 11 Noncarcinogenic hefllth risks 6f wheat and corn intake to adult men and” women i1 the study area = &
I - v WER S P
STH / T VIWE 5 T T 4 z W
. | j .'I Py, Pis J _.“ v/ F:; o Py f P 7€ Py, i =
| As = 03631 0.5950 | 0.3170% £50.5263 0. 040'95 7 006270 0. 043 39 20. 06661 ¢
cd 0.049 7 0.0743 | ./ 0.044 2 00662 0.001 511 [ 0.00389 0. 001 57 0004 13
Cr 0.3302 0.5170 | lo. 291 0,457 6 0.04038 = 0.04794 0. 042 69 0. 050 64
2 Ci 0. 208 4 0.2504 10,1848 0.2223 0.014'83 0.018 58 0.015 74 0.019 65
I Ni 7 0.0839 0.1279 4 0.0787 = 071126 0.017 14 0.02223 0.018 25 0.023 72
Ph/" 0.076 8 0. 095 2 0.068 05— 0.0845 0.003 14 0. 005 60 0. 003 34 0. 006 05
Zn 0.2108 0.254 1 0.1875 0.224 8 0. 023 38 0. 027 97 0. 024 95 0. 029 50
100 —— WFFE XI5 Yol 5. BFoT IX 4 22 3 Aok IR,
ol HA T 3 %) Cd 5 9L i3 e i, i 94. 67% , X Crr,
075 =«
{ Cu., Pb F Zn B9 BTHR R 43900 N 25.26% ., 26.05% .
£ osof P 25.38% M1 37.60% . W 5% X & — A i 38 5
i — BN E . R SN i e NN
| P s o MR ANE DX 23 ] T K HEAT AR E S 2015
0254 - & I8 0 ok U, sy R RN —
/ L il - SRR B, B K R Cd A B2 A F B /K R A
e - - - E(GB 5084-2005) Cd % FR{E (0. 01 mg-kg™") 1)
B EBR AR R A 10 5 (B AR & 32, A AT HVERE. 548 H o
B4 BAFREANERMER R E SN WFFE X E 225t k5 KRR (B s s HE T RE AR T
L= R B R R RS

Fig. 4 Noncarcinogenic health risks of wheat and corn intake

to adult men and women in the study area
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Fig. 5 Spatial distribution of PMF source contribution

TR . B AGZAIFGT IX /N2 Xof A AR = 1 1 ke B RS
W G e T OK P AR R VR A AT RE AR R A OG
MR, 5 E KM, NENELSRER RN E
SR, AR A REE A, AN R A
Z— O H P 2 B T OK R AR A
P4 e RS, B . AN (] 3] P A B AF 5 X/
2RI K A 1) A R RIS AT T A (], 53 PR A58
IX/INZ 77 H ) M R DRSS R T Pk T 2 P B A5
[P S a2 97 9PNy am m 2R I E B3I Ny NS = 4
e S, BN ERA R B &S T&
PR, B AREEA R 5 LA 2ZEA K, B AR 5
m T bk, A NE R FIR/BW (A /1K) #
e, A IR 4 S R BE VR 2500, Sk 2R AR R XL
b5 B 1R, I B A KB U R B 2 PR FIR/BW B
1o, BRI, 7 A e o XU 35 o v AR 5 IX /N 22
TRFER As A B AR, (H 72 Az il XU 21 e
%‘,ﬁ%%%ﬁ? 6 FhE &R AL, As 1R B0
D = R = I&tfﬂiﬂﬁﬁ%ﬁéﬂ%ﬂﬁ}t
Em 1M Zn A1 Cu 58K A6 B0 B v ¥ &, H R i



9 1

dalbe AT A1 G TR X A FH 398 4 J 3 A1 R A B VR XURSE A

4787

INEMEKRPFEN Zn 1 Cu FEBEZL, HiLr=
A B e R XU A X 58 . A 9 X /N 22 AR oK R R
L Cd A Ph FRIEAR, HAREUE RV T
As, R IR Az 1 4 e RURS: o AF W B M. 38 40 b, 2
FHIZIIF 5T DX A8 7N 28 R0 6 K A AR 7= A B {8 e JXUBS: AN
AR KA AR D /N | EREL R &
B 2 E R R ME(GB 2762-2017) L4,
RSB IX bR AR A A X 9T X
TR 0
3.3 IR ESREIGR RS

MR I ERBE T i AR FH Hl - 49895 G XU A 9
FRUEY (GB 15618-2018) , KA FH Hh 8] 43 M 1 5
TR T E) | Laf A2 (K TEEME)
TR AR 2E (R TSI . 28I X AR R + 805
LA PR ST KB S 2 —, TS TR B AR
ﬁ%k%ﬁi&ﬁéﬁﬁ%ﬁ?ﬁ%ﬂi&ﬂ 5 Vi
e ‘

T WA ETE R T4 ECdCr@fPh
ﬁm%i@%mn%ﬁﬁswﬁﬁf% AN

& RCR BB B8 15 R AT 25 ] 4 )h
Eﬁfﬁﬁ %¢TH

CAiLP 75 B i3
m 0.1-07
= 0.7~1.0

1.0-1.2
m||2-15
518

Cutf P {5 54R %

= 0.12-07
= 0.7-1.0

1.0~1.1
| l1~13
| 1.3~15

ZniL PG R
m 0.2-0.7
® 0.7-1.0
1.0~1.5
m 1.5-20
u 20-22

— i

A FH Ml A 3 Y RS i S5 0, I ) 43 e SE PR 2
%*ﬁﬁ%ﬁ@kﬁlﬂﬂ?%?ﬂfﬁ%%?%
B A o O A A B B, AT, b
T, Ak, EE L TR Wl IR E AT A
Al PEEB *%ﬂﬁ%ﬂﬁ%%ﬁui%iéﬁﬁ
ﬁﬂmmiﬁm 5 7 S AL, 0 PG A7 A 40 0
i Cr % ﬁﬁ(wf)mm7¢ﬂ4nm
mg-kg ™' FEARR A 1. 22%, PR R HAE A B 4 A5
fii Cd, Cu, Pb Fl Zn & 5845 , AR A4 E053 5]
J6, 2,2 A4 A, el ik #) 1,08,
150. 74, 577.72 F1652.78 mg-kg ™", AR F4 5 Ny
1.83% . 0.61% . 0.61% #1 1. 22% , v ¥ 43 hy %2 4= F
FHZE. AERFGEIX A PG &R | rh R R 5 4 A1 5 K
%I\%ﬂ\%%ﬂﬁﬂkﬁiﬁwwafiﬁL

By, WTREHFRL T —SE B Cd, Pb, Cu MlZn % &
AﬁﬁAﬂﬁme%ﬁﬁuﬁéFV: <
ﬁtﬁwﬁfﬁ A, gl
W 3 A, B, A4

W, 5.
IKEEREFE SAA
Mﬁﬂw

(

ewﬁw%i
HE i

2 4 13T B
o %ﬁﬁﬁ;

Crop [R5 dedh il
m0.1-0.7
m 0.7-1.0
1.0~1.2
m12-14
m 1.4-1.83

P -F 5 il 3

" 0.06-0.7

" 0.7-1.0
1.0-2.0

®20-3.0

m30-34

A .
S

7 1294.69
N 3401

+ HHETS el

4 km

I

6 MRAXKRELESLERFHEENGSEEESREZESH

Fig. 6 Spatial distribution of signal pollution index and potential ecological risk in study area
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