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Tab. 1 Statistical table of surface soil test results of cultivated land

E4HJE/ (mg» kg™ )

et pH
Cu Pb Cr Zn Ni Cd Hg As
R MH 8.80 37.70 94.00 71.50 206.00 30.10 12.80 0.17 13.70
/M 8.02 19.50 35.30 59.70 63.70 19.90 0.71 0.05 7.93
-2 {H 8.27 24.61 62.24 65.59 108.05 25.11 2.76 0.08 10.94
Xf HE AT BME 8.11 21.70 27.77 65.77 72.43 25.93 0.29 0.05 10.97
TR 9 4% 1L 100 170 250 300 190 0.60 3.40 25
TR 5 il 1 000 1 300 4.00 6.00 100
GBS 8.25 17.80 18.70 65.60 59.10 28.95 0.10 0.03 11.65
w1 A 22 0.19 4.34 17.64 3.59 45.62 2.34 3.05 0.03 1.63
AR R 0.02 0.18 0.28 0.05 0.42 0.09 1.06 0.40 0.15

A S5 ZR A CCV) Sy Al 22 A7 B 0 PR AR S R B BOR R H & 8 70 A 5] 2 3 IR
MM Z ,CV<<0.1 EFHAEF,0.1<CV=1 B2HHFELF , CV>1 & 7" 8 Fif 48 & & 1728 5 R 5
R :CV e (1.06)>CV 4, (0.42) > CV 3, (0.40) > CVy,, (0.28) >CV, (0.18) >CV,, (0.15) >CV (0.09) >
CV,(0.05).Cd B CV Al 5 &, iR 5, R WIF A& IX 8 34+ 3% Cd 52 AR TG B 8 #5 K s Zn Hg . Pb, Cu Al
As 2P AEAE S NI M Cr J2 59748 5. F PR JT Rl mg 48 SR BB ia 00 ) 8] 30 Bk . = 805 Yo R S 58 45 1
Cd FaEf/MAKTERME G REE.CAdNESRZEB KT 1, HiAE 5.
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#2458, +3% Cd.Pb.Hg.Zn.Cu.Cr.As.Ni By P, JE 4354 7.10~128.00,1.89~5.03.1.67~
5.67,1.08~3.49,1.10~2.12,0.91~1.09,0.68~1.18.,0.69~1.04,Cd A S R HEEIG YL, Pb M — &
G Heg R — EEI Y Zn 2R — B Cu 2RM—RES R LIEELSE P HKE/N
PR Z Cd.Pb.Hg.Zn.Cu.Cr.As.Ni, H Cd.Pb.Hg.Zn Fl Cu W{E¥E L 78 5. R ALKEIS A
IR A A E R AL VRIS R B M A TR ) R B -3 b Cd Pb. Cr. Zn BI{H T
AT SE, S AR W E S8 Cd.Pb.Zn $8 5T 45 SR 2L, A F8 7> & 4 )@ 15 BOT M &5 A — e 2251,
X AT fig 5 e il oAt Ak A O
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t 2 2 A, Cu b BBUHE BN —0.45~0.50, &6 43 s A7 35 B T 528 B V5 YL S5 90 Ph 19 Hh BB S0k
0.33~1.70, S iE B TR BE R op 5 Y 45 90 Cr MM BRLFE B —0.72~ —0.46; Zn [ b B RIS B R
—0.48~1.22, /A ALK B T P YT Y AE G NI 1 BB B — 1,13~ —0.53; Cd 19 s R ALFR $0oh
2.24~6.42. 35 IR B T AR IS Y E 9 He M BRFEECN 0.15~1.92, 038 3] T 42 8 A i 3 75 g
Y5 As B BFRFE RO — 1,14~ —0.35. I AT 15, Zn P, Cd Al Hg 78I % X J& 11 698 s+ 358 rh 78 7 — R Y
WAL RIASC 2.1 75 Y 4 Bl 4R BRI R S RBCH W& AR B g rh i 4 e ) SR AR AT R Hh A 3L v
4 @A HE T T 20 A 5 X Y5 YR R REFE BOE M 4 R L B CA 1 P, AT BRI K U He Al P,
24 TESEEEBEESKETN

ME2 .8 FELBMN E, M K /N EFMK K R . Cd(828.00) . Hg(106.67) . Pb(16.64) .
As(9.39) ,Cu(6.91) \Ni(4.34) \Cr(2.00) .Zn(1.83) . -3 Cd Al Hg B35 1 76 KU 2 BE 43 ) S A% v A
s RI T 307.72~4 125,01, XUBS 2 B Ry 5 -4 5 s RT SF-3{H 8 975.78, - B30 70 255 A KU 72 B o i
3, Hh Cd 9 BTk 84.86 % . Hg BITTHR R K 10.93%.Cd B9 E, i [k 213.00~3 840.00, lf A 45 {3 #B7E
o AR B DA 1 K, 2 BT % X R Bk b = 3 Cd W A A2 25 KURS K7 385 0l 55 s He 19 E, JEFIN 66,67 ~
226,67  WAFFE — 2 BT A6 KBS F 58 X 3R 40 N FE A ) Cu Ph N Cr Zn A1 As AR 52 IR B2 XU . [H] e 6 BH T
J X JE i+ HE b ER 4 TR A AR B A VR AE AR A KRS L DL Cd T AR AR S XU K P die s KOl Hg M G243 A
04 T 1R B A b 38Tl el DX 0 1 B 4 398 4 R 0 AR A KU A g R B Cd A7 AR 5 A 2 XU 7K
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Tab. 2 Evaluation results of three indices of heavy metals

P 251 PN R bR Cu Pb Cr Zn Ni Cd Hg As LA TRE RI
L ReS R L R HHE TFHEEL P imax 2.12 5.03 1.09 3.49 1.04  128.00  5.67 1.18
/N FHREL P iin 1.10 1.89 0.91 1.08 0.69 7.10 1.67 0.68
SR B FFEEL P e 1.38 3.33 1.00 1.83 0.87 27.60 2.67 0.94
b 2 T BK b R BUR oK A 0.50 1.74  —0.46  1.22  —0.53  6.42 1,92 —0.35
Hiy B R B /IME —0.45  0.33  —0.72 —0.48 —1.13  2.24 0.15  —1.14
Hh B FE BT ) {E —0.12  1.15  —0.59  0.29  —0.79  4.20 0.83  —0.68
AERBERE BAESEERE Eimn 5.48 9.44 1.82 1.08 3.44  213.00  66.67 6.81 307.72
BRABEERE Einx 10.59  25.13 2.18 3.49 5.20  3840.00 226.67 11.76 4125.01
TS EE R E e 6.91 16.64 2.00 1.83 4.34  828.00 106.67  9.39 975.78
FEME TR ¢/ %% 0.71 1.71 0.20 0.19 0.44 84.86  10.93 0.96 100.00

25 TESEEEANEEEXKRTEN

M2 3 A5, HQ P #BJE : HQ (4 M A) > HQ (R Bk #2 fil) > HQ (RF IR W A ) » 15 £ A #t Il J f 45 —
B, 4 RN BN AR B0 R KRS 1 E R AR N HQ STHRRINT #% HQA. > HQe, > HQp, > HQci >
HQw>HQc, > HQz >HQu, - i, As Cr il Pb 3 FOtE K HQ STk FAY & H e . 4 93.31%. L3R &
1 HQ ¥/NT 1, F BT & X R 10 8k b+ 18 1 4 & 1 A e N 7= 2 B I8 19 = 300 £ e XU

2 4 AT L N SO fil BRE XU 8 B0 24 - CR (28 A =>CR Bz BR$% M) > CR (P AD Lt 5
AT PR — 34 PR E 48 RN CR STERR T 35 R CR o> CR A, >CR . > CR . i 1 A FE G BB
Cd M CR R 1.35X10 ", KT 10, KW FF & X 8] i1 &8 43 B Hb 1= 38 v Cd XoF A fit B 005 fat R XU s A W]
FEAZ R SC 2.4+ HETE 43 @ VAR AR S KU PEAN L F W Cd A7 76 A0 5 00 T8 7 A2 25 XU 1 PR v 40 T TR T 4
SRR MR R B 3 4 R TS Y KU PEAG A Cd A Cr 7778 B0 KUK 5 A BF 58 M1 e 3500 XU 2 17
Cr B &, 0 88 5 HAF I X R AAEW Cr 0k, B3 Cr ¥ K T 15 508 7776 — 2 1 BUa AU

£3 BATHERBEBERKE

Tab. 3 Average non-carcinogenic health risk values for adults

R Cu Pb Cr Zn Ni Cd Hg As LB C(HQ)

Z AR (HQ)  3.61X107% 1.04X1072 1.28X1072 2.11X107% 7.36X107* 1.62X107% 1.56X107* 2.14X1072 4.77X1072
I 2 A58 AU CHQ) 1.11X10712 1.61X1071° 6.82X 1071 1.72X 1071 1.67X1071 4.56X107 11 2.93X 10710
FE R AR (HQ)  9.97X1077  1.90X1071 1.42X107% 5.84X1077 5.09X107° 1.79X107" 6.17X107% 5.91X1075 1.90X 1073

HITE B (HQ)  3.62X10° % 1.06X10 % 1.42X10°2 2.12X10°* 7.87X10* 1.80X107% 1.62X10 ' 2.14X10°% 4.96X10 2

R4 LTHEEEE CdAs.Cr.Ni THEERRREE

Tab. 4 Average carcinogenic health risk of heavy metals(Cd, As, Cr, Ni) in soi

wiz A Cr Ni Cd As LA (CR)

Z AR (CR) T {E 2.84X 1075 2.77X 1073 5.61X1073
I W A4 AR (CR) FHIME 4.96X 10713 3.80X 1071 3.13X 10719 8.47X 10718 5.03X 10713
J kB2 fl U (CR) A 8.12X10°7 7.66X1077 1.58X107°
0 E B (CR) I 4.96X 107138 3.80X 10715 2.92X107° 2.85X107° 5.77X107°

26 TEEEEMNERBEMBHA
2.6.1 PCA ¥

i X - 8 FhE 48 & it i AT PCA 434,32 I KMO Fl Bartlett i %45 54746 50 , 45t KMO B
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0,642 KMO<C0.50 BfANEHE4T PCA Z34T) . Bartlett BRI BE K 36 i A REAE %4 0, /N F B 2 K F 0.05,
Ui B 25 AT & IE S, 18 H 1T PCA 43 3% BBAF AR LB 2) KT 1 /95 86 2 1 2 A4 k47
PCA 7381, LB 5ikF N 74.39% . RE T s ME LSBT EE.
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Fig.2 The eigenvalue of each component Fig.3 Load diagram of each principal component

B — FE ST TTHR A 46.08 %0, Cu Ni Cr Fl As A #5509 1E 2 (UL 1B 3 3k 5) B Rl I8 M. -3 vh
Ni,Cr.As fl Cu {6 ¥)/NF 0 BB AR fE . Ni Cr A1 As A9 B E /N T2 X 383 5 (5 A 3 A% 507 19 F- 2
{8, Cu - {E L 5 75 50 Ak B8 S SE {2308 (L D, AR SC 2.1 AT %0, NiL Cr, As Fl Cu (1978 5 R Bt H
Xof 858 /0N 3 3k X F 5 DX S AT B A B 40 R A OG Al R 3 B BT AL JE A B NiL Cr, As Rl Cu AH OGS B
A 25 45 A 6 SCRRFTE ™ AT 0, Ni L Cr . Cu Fl As 2232 bl B B0 55 1 AR B R (152 . DR A ) == B 40 1
B BE R AT F AR R

55 FE T TTHR R Z 28.31%,Pb.Cd Hg 1 Zn A %5 1Y E 847 (WL 3 F1Zk o), A RIEPE. 3k 4 7]
H1,Cd.Pb . Hg.Zn Ml 45 ¥ (H 40 BE 5T X 0 R 75 R A1) 27.6.3.33.2.67 F1 1.83 fi%. /0%l J& 3 4>
Xif B8 S 9.52.2.24 1,60 A1 1.49 %5, 9F H Cd AR RZBKT 1,2 NN IE S KPR X NA
T KWHVERR B AT A Ak H # AR PR B R HEO) P Cd L\ Zn He 45 8 4 J& 15 Y 90 . 2> 1 ni 8 3 9 £
Herp Cd.Pb.Hg M Zn %58 4 J@ 1Y & H 10 P I 32 14y 2 S B 4 JE Aol Tolk U3,

x5 THESESERNEIRSHG

Tab. 5 Principal component loading of heavy metal content in soil

) 0 4 A PP T7 AN A TR - Iy AR A 5y

gy Ak MR/ BR/ % B MBITE/ N BB/ /i MBI/ % BB/ BRSO FWR 1 B2
1 431 53.91 53.91 4.31 53.91 53.91 3.69 46.08 46.08 Cu 0.92 0.02
2 1.64 20.48 7439 1.64 20.48 7439 2.27 28.31 74.39 Pb 0.26 0.84
3 0.89 11.10 85.49 Cr 0.84 0.16
4 0.54 6.77 92.26 Zn 0.42 0.79
5 0.32 3.95 96.21 Ni 0.90 —0.03
6 0.18 2.24 98.45 Cd 0.29 0.71
7 0.10 1.25 99.70 Hg —0.18 0.75
8 0.02 0.30 100.00 As 0.72 0.54

2.6.2 APCS-MLR J5 fi# #r

FE PCA S B PR iTs Yo U 9 56k 1, SR 2 T 22 (K i) APCS-MLR B AU, Al 5075 Ye i ) + 58 4 )
B B TTRERRE SR AT A 3 o R A AR el Oy R v A% s R AT TR L ST R T R X A E AR
B TR (85 S0 A R SR R SEBE KT 0,80, BEADL 25 B ] #2552 . APCS-MLR Y5 i B 15 i 19 4% 6 % ok
TR TRk R I B 4058 X 35 0 CdL i 1 5%F Cd M STEk R R 23.40%0 . 08 2 X Cd & 2 1Y STRk R
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62.90 % , HA YR 5Tk %A 13.70 % (WLIE 4).

A0 A SRAFE FUNLFT 3 AR B AL 7] — 17 B ooy WEL W URZ W AR

X B K BB 1 5 KT A 4 4 K D "

ST A R TR K T 5 R O % K §< ol ol

KB W 45 R 2 R K B AR o K O E 4}

FLAT 5 ey Cd %5 T 4 IR A 4 41 1 3 Tl

15 Y T AR HEBR HE B K B FE L3 S X R A Weoowm o o# ok om0 #® o\
A 25 R ) Cd A A B8 2o 0 3 {H . 40 4> SR
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Risk assessment and source analysis of heavy metals in cultivated
soil around a development zone of northern Henan Province

Ma Yunxia', Peng Hua', Zhu Zejun', Zhang Tao*, Yang Huijun', Zhao Hui'

(1. Ecological Environment Monitoring and Security Center of Henan Province; Henan Key Laboratory of Environmental Monitoring

Technology » Zhengzhou 450046, China; 2. Jiaozuo Ecological Environment Monitoring Center of Henan Province, Jiaozuo 454002, China)

Abstract: In order to evaluate the heavy metal pollution status, potential risk characteristics, and pollution sources in
the farmland soil surrounding a development zone, the contents of 8 heavy metals in the topsoil were analyzed and assessed.
The results showed that the Cd content in all 40 samples exceeded the screening value for agricultural soil pollution risk. The
geo-accumulation indices of Zn, Pb, Cd. and Hg were greater than 1. indicating certain accumulation levels. Heavy metals in
the soil presented a strong potential ecological risk, with Cd showing the highest potential ecological risk level, followed by Hg.
The average comprehensive potential ecological risk level of heavy metals in the soil was extremely strong, with Cd and Hg
contributing significantly. The health risk assessment for adults indicated that non-carcinogenic health risk indices were all less
than 1, implying acceptable risk. However, the Cd carcinogenic risk index for one soil sample was greater than 10™", indicating
a certain carcinogenic risk. A receptor model was used to analyze the sources of heavy metals, showing that Cr, Ni, Cu., and
As were mainly influenced by natural factors such as soil parent material, while Cd, Pb, Hg, and Zn were primarily affected
by industrial sources related to heavy metal enterprises. In conclusion, Cd pollution in the farmland surrounding the develop-
ment zone was significant and mainly originated from heavy metal-related enterprises. Measures should be taken to ensure the
safe use of farmland by controlling heavy metal emissions from these enterprises.

Keywords: soil; heavy metals; health risk; source analysis
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Tab. S1 Test methods for analysis of soil samples
W5 H Gy BT TS i
pH (eI 58 4y 4 pH I E ) (NY/T 1121.2-2006)
Pb.Cr.Cu.Zn.Ni (HEERMPIRY THLICERMME B G X HLIOEEREE: ) (H] 780-2015)
Cd s pim A RAOME A 8 IR F R 6 e ) (GB 17141 —1997)
Hg CMEm R BOR B BETRIE SR TR 1 IR L BRI E ) (GB/T 22105.1—2008)
As ChBEpTa SR AN BT IIE BT IO0EE 8 2 W R SRk R sE ) (GB/T 22105.2—2008)
xS2 ITEELSEIMIBHTLEERI > IRE
Tab. S2  Classification criteria for three indices of soil heavy metal pollution levels
TR TR b SR AR % WTEAE S e ER A
P, 5 e B I oo YR E; AU i RI IR 2
P,=<1 7 () 7 E; <40 1% RI<C150 i
1<pP;<2 B 01 o<1 T 10<E;<80 i 150=<RI <(300 Ak
2<<P;<3 =353 1< 02 g 80<E, <160 o 300=<<RI <<600 G
3<P,<5 rh g 2 03 hpEr—TERF 160=E,; <320 = RIZ=600 &
P.>5 o 3 oo <ld o E:>320 W
4] peo<<5  TEHE—WEE
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xS3 BERRITNERZEERNFSH
Tab. S3 Exposure factor parameters of health risk assessment model
e G LA N A S8 G AL MAS %
R HHEBEAR mg/d 100 ABF (83U B JR W B PR 0.01
Riu B H WAL m?*/d 14.5 ED K a 25
PEF UL 49 IR F m?®/kg 1.36 X107 EF RTHR d/a 350
SA B bk 75 TR cm? 3950 BW RESLINTE kg 56.8
SL IR 2 B IR mg/(cm? + d) 0.07 ATEESUE AR ZUSBO T 2 d 26 280
ABF (80U 2 % B R 0.001 AT B RO B d 9 125




