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Abstract: The farmland environment is directly related to the quality and safety of agricultural products. In order to understand the characteristics and main influencing factors
of heavy nietals in farmland soil in the Yellow River irrigation area of Ningxia, sampling and monitoring were conducted for five consecutive years from 2017 to 2021, and the
distribution characteristics and correlation of heavy metals were analyzed. The pollution status and potential ecological risks of heavy metals were evaluated, and the main
sources of heavy metals in farmland were analyzed. The results showed that the average values of Pb, As, Zn, Ni, Cu, Hg, Cr, and Cd in the soil of the Ningxia Yellow River
irrigation area were 19.74, 11.67, 66.88, 29.09, 22.55, 0.03, 62.27, and 0.19 mg-kg ™", respectively, which were enriched to some extent compared with the
background values of the soil environment in Ningxia. Among them, Hg and Cd had middle- and high-grade ecological risk points; however, none of them exceeded the control
value of agricultural land soil pollution risk, and all sampling sites had no high-risk or extremely high-risk levels. The results of source analysis based on positive matrix
factorization (PMF) and correlation analysis showed that there were five main sources of heavy metals in farmland soil in the study area; natural sources, mixed sources of
industrial and mining activities and the production and life of residents, transportation sources, agricultural production activities sources, and industrial sources, with
contribution rates of 26. 54%), 25.59%, 22.52%, 15.63%, and 9.72%, respectively. On the whole, the heavy metals in farmland soil in the Ningxia Yellow River irrigation
area did not exceed the standard, and there was no high-level ecological risk. The production environment of the farmland soil was good, but the contribution rate of human
activities to soil heavy metals was large.

Key words: Yellow River irrigation area of Ningxia; farmland; heavy metal ; risk assessment; source apportionment
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Table 5 Background reference values and toxicity coefficients of soil heavy metals in Ningxia/mg-kg
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cmol - kg~ ' {Ej{l 2 57 cmol- kg SFi’] {Ej{l

10. 02 Cmol kg ¥ ﬁfa,%@z E T 0. 37(%%6) €

BURCPA 5 1936 -k 16T 4 A BURF 2

{E(18. 63 gkg ) HURALAL T 0.002 £0:02 mm A

T R i P T 49 i 322,81 gokg T LR

0.05 ~ 0.25/ mm Ki 42 B9, & 4 ¥ H K 247,14

g-kg ;s MO0.5~1.0 mm BEARH 1.0 ~2.0 mm Rifz
E’meﬁ?ﬂﬁiﬁi”\ EECEFREAY 14.66 g-kg ™' Fll
7.00 g-kg™'.

F6 RETEVMAR., pH FEE FXIREBIHE

Table 6 Mechanical composition, pH and cation exchange capacity in the surface soils

+ g HE T ARPRLAR DU & B/ g - kg ™!
i no eI g - - B N - i
i p Jarkg! <0002 0.002~0.02 0.02~0.05 0.05~0.25 0.25~0.5 0.5~1.0 1.0~2.0
/cmol -kg mm mm mm mm mm mm mm
KA 441 441 441 174 174 174 174 174 174 174
T 8.41 14.36 10. 02 173.01 322.81 159.97 257. 14 65.38 14. 66 7.00
KM 9.08 35.80 27.40 388. 60 684. 00 385.50 609. 90 739. 30 355. 80 255. 40
R/AME 7.30 2.15 2.57 2.70 30. 00 6. 00 65. 10 1. 40 0. 50 0.10
e 2z 1.78 33.65 24.83 385.90 654. 00 379.50 544. 80 737.90 355. 30 255.30
w2 0.27 5.66 3.74 91.13 139. 40 67.08 121. 13 121.99 40. 36 25.08
BREK 0.03 0.39 0.37 0.53 0.43 0.42 0. 47 1.87 2.75 3.58
95 0.96 0. 80 3.37 -0. 64 -0.39 0.73 -0.02 11.99 42.22 63. 69
B -0.48 0.52 1.28 0.08 0.16 0.41 0.71 3.31 6.11 7.53
2.2 RETEDESE S ERE w(Cu) . w(Hg) . o(Cr) Fl w( Cd) B FEIME 55 K
A E B MR B EoF Pb, Cd, Cr, Hg, As,  19.74 11.67, 66.88, 29.09, 22.55, 0.03, 62.27

Cu. Zn 1 Ni 55 8 e 4 J& 51 R O e 45 Vs 44

FREDR & 3 7 OB G JE s AR R R
21.499% ' Bkt 57 5 4 R V5 YT Bk
Frp 2z \m PR G XA 8 FhE 4R A ik
PSR T. 0 (Pb) | w(As), @(Zn), w(Ni),

F10.19 mg-kg™ ', Hd Pb, As FI Ni KT TH +
HES 54, Zn . Cu. Hg. Cr F1 Cd W43 T 5
1.14.1.02,1.43, 1.04 A1 1.70 £, ¥iW5x 5 Fp &
A)%‘Z?TTFJ%%F?E’J;% HE R 5eERE L
HETSRHEAR L, As. Ni, Cr M1 Cd 239 T 15 S fd
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1.06, 1.08 ., 1.02 F11.96 135 ; M5 T [ 4 FH s -+ 5
TG Y IR O VE(ELAH LE , 8 b 5 4 J ¥ (T 0 e (i, oF
JEREAR TR, I AT X - A 22 4 A &
4 JE B AR A T KUK

75 5 RO MRS A A B OB B 1) — N — R
, —ROR UL BT RUR BB, R S R B K AR
SRBOBUN, R IZE SR AR AR RN T,
AR S ZRBOBR W) 2 B A3 A 52 Ky PR 2 ) A
BRI B 5T X AR R E(CV) g
[RAE S ( <0.16) , HAE 5 (0. 16 ~0.36) Fl AL 57
(>0.36) ], THEGIHHEX L H 8 flE 4 EI L F
ZRK/NHEF N :Hg > Cd > As = Cu > Zn > Ni > Pb

B2 44 %
>Cr, ZEEFEAE 0.16 ~0.43 ], J8 T, A

S, R T G R s W AR L) AR R R R
1, 25 ) B IR B A K, 32 Nk TR 25 5 ) 1) 1T fig
BRANSESETENMERE,Pb, Ni, Hg,
Cr Fl Cd BT AR B A IE R4 , R X 2kt
RZE AT E T RA WM IESS 6. HI,
BT A 4 T A v N 3 A R AR Y A,
R AT ETE YL W i A, QT 5 o L VS8R FH K K B W
W sk 24 10 M il FH 78 B . 7™ A AR 0 sy 3 A A
77152 W W T i s R RS R B ST K
9. RIS AR 7= e b MR A 7 o B R 1
DZARAT 2 A4S

®7 RETESSEHMELITY

Table 7 Heavy metal characteristics in the surface soils

.."‘-l..

TiH Ph As Zn Ni Cu Hg Cr _d
KA 441 441 441 441 4417 441 BT gaddE
FHME/mg kg ™! 19.74  11.67 66. 88 29.09 22.55 0.03 62,2705 /0l19
B/ mg-kg ™! 33.40 T 18.90  113.37 53.00 | 42,29 0.06 90. 00 /0.33
5/ ME/mg kg ™! 6.80 '470.30 30. 00 13.00/ . 10.10 § 1 0.00 35,004 “},;O.I)é
2%/ mg kg ™! 26.60 - 18.60 83.37 40.00 | 32.19 1 '0.06 55.00 47 0.30 .
PR 2/ mg kg ! 3.28 % 2.69 13.55 5.27 510 0.01 10.21 | -0 06"
o AR S 017 0234 0.20 018 o028 W 0.43 0.16 030
- S | /8 76 57 o 0.47 088,/ 006, 046 ~0.44  -0[44 -
< g "0 o 0. 00 o.0of  Lols® o1 0.08" ~—=031
TE A HOERE R /mgekg ! 20.9 '1'1...,9k' 58.8 36,5 4 2241 50021 60 0412
wlﬂéé)%i%%“%{am/mg-kgfl 260 111.0 74.0 27067 23.0 0. 065 61 0. 097
RIS YN, 6.5 <pH<7.5] |f120.0 | " 130.0 = 1250.0 10040, £100.0 21400 200 0.300
i e R pH >7.5 170.0 25.0 4 _300.0 190. 0 100. 0 34400 250 0. 600
A fis L RRE 4 6.5 <pH<T7.5  700.04 12005 — — — 4.000 1000 3.000
M /mg kg pH>7.5 1000.0  “100.0 — — — 6.000 1300 4. 000
1) B AAT A
2.3 CRHHEE &R TS YOIRGLITAN T 99.09% ,Zn TCT5 Y55 915 95. 01% , Cu W
R T EERRHE, b T E LR BRG] H 98. 87% WIFE #i N TCT5 L 59, Hg Fl Cd B9 T V5

HEL (PR AU | 3 W A T I 3 3 b SRR 5K
PATEERFY (RS, WFoE XA H 3 E 48 2
IREAR V5 YR Y TE T 15 Yo R B T e 25 g, Horp
Pb I TCT5 QLS89 5 R ASUBLY 99. 77% , As TCT5 44

YLEE oy 5 7 BT A R A R 52. 38% Fil 38. 55%), Ni
F Cr W45 R 015 Y 90, AT SR a5 8 Fh e 4
B ML AR, T E S X
A A R A0 384 7= 5

®8 MRARKRETEEGESEEE

Table 8  Pollution degree of heavy metals in the study area

. o o o AT G 25 G i AR
B gE| JTLE R Fe/ME A per B T T =
Ph 0.09 -2.20 ~0.69 440 0 0 0
As 0.08 -5.89 -0.66 437 4 0 0 0
Zn 0.36 -1.56 -0.43 419 22 0 0 0
/ Ni -0.05 -2.07 -0.94 441 0 0 0 0
Cu 0.35 -1.71 -0.60 436 5 0 0 0
Hg 0.99 -3.98 -0.21 231 210 0 0 0
Cr 0.00 -1.36 -0.55 441 0 0 0 0
cd 0.97 -2.53 0.12 170 271 0 0 0
2.4 WTEA SR 10, LIS TEAE S KR (E,) 1, Pb, As,

P XA ST A 25 XU T R4 R Nk 9

Zn, Ni, Cu I Cr ¥ R4 KK ; Hg A 55.56%
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(R R 1 A R SR AR A XU L 20. 63% A i S
AN ; Cd ARAE S BRI (72, 11% ) R &%
G B, AUA 5. 67% B 5 R S5 9 A 25 AR 31X
HEREM XSmO B X AE F B %R
X 3 4 R B ST 45 R A — 3. AR X Ak
+ 35 Hg M1 Cd G 3 N3 3 S5 A 28 XU A AT
W& T T AR T R S (HE R T AR b
39875 Y RS A AR 110 HL Hg A1 Cd 198E P B &
B K, 435 °M 40 mg-kg ™' F1 30 mg-kg ™", A Xt
E, W TTHRE K, PR xt A 26 16 i AT RE PR /N, BT
A P S8 TG v IR, AR AR e AU S5 2. AR Bl 27 5 1
FEAES B TE B (R K, 441 ASRAE s AR

AR B HE A9 858 985 (60. 77% ), HH 35 2 XU HO R
BN 39. 23% , ok i Al SR AR A KU AR

AR F , T H 51 X AR A TG XU R
1o AU S AR 0, DA A I 91X A B A 7= 2 IR
RAF. desh, b 4R S s I R R T+
Wb E SRS R, R P E S R B 2k
SRR T4 B N R R AF I 25 04 T 2B A RV A AH 1Y
FrtE RIS A=A 2 5 B . RA 545
FIR BT RGBT YA R, AR
SPEAr 1 4 T 42 8 T R V5 YR fe F AR . PRk, A
FIWT NP 48 A F AR R R — LR ATT
4 T T 2SR A 50 D T A A SR

x99 BEESREEHSI

Table 9  Statistical table of potential ecological risk index of soil heavy metals

5 e A NG A T  BRER
Pb 4.72 1.63 7.99 0.79 017 |
As 9. 80 0.25 15. 88 2.26 P o3 =
Zn 1.14 4 osl 1.93 0.23 . 2075
P Ni 3.98 1.78 7.26 [F 1 0. 72 (O
' Cu 5.10 2.29 9557 s 4 1.5 0237
S Hg 159114 L 381 119.52 ¥ 25.61 043
- A b 208y /7Y T B0, of 0.34 016 /4
“ Ak ca sesdl) o & 1T 88. 39 1540 ~0.30 ., = J
<l A 1338 T b4 60 244. 14, 5 35,60 0.26 o
N i = = —
- i i -
#10 ﬁﬁ?ﬁﬁiéﬁiiﬁiaﬁﬁiﬁmm%ﬂ#mtwﬂ '
" ‘ Table 10 _Heavy metal ecologiééﬂ risk index of soil in the study area
ok o) ‘ I AR SR AT A 25 X S R A LB/ %
¥ . LR R BRI R e RS AR BRI R R
) 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
As 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
7n 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
P Ni 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
' Cu 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
Hg 105 245 91 0 0 23.81  55.56 20.63 0.00 0.00
Cr 441 0 0 0 0 100.00  0.00 0.00 0.00 0.00
cd 98 318 25 0 0 222 72.11 5.67 0.00 0.00
RI 268 173 0 0 60.77  39.23 0.00 0.00
2.5 AR AP 2 S S m A, HBEE A VULHE

ISP 4 S g XURS R B, T 12 v 1 1401 o 4
JE AR 4B S Y i e b 2 L R
FF I e 4w v G i U R BT I 5, T LB ) 4
48 PO R)G Yok R S AR STk, o bR 4
Ja 5 G 1 RS W | TR A EURT OR B Al A 7 e 4
RO AR YR
2.5.1 FHXMT

1L Pearson FHXCAMT (1), EIAHLET S 8
Rl 4R 5 35 IR A OCOC & BIVREE A AL 1S A,
e 4 R AW S, X S S A
X i A S A FHHL AT 5T 45 2 — 2. A mFoe 3R I il

R 4 B8 o R

PHES Fac it 5 A ML . 2k, As, Zn,
Ni, Cu, Hg, Cr il Cd 2 B IEMKEK R, MY pH
FURY DL 1 3 A 6. 3230 2 R R bk 2 4 FH
BRSSO, BT DL P s
FE AR, RS 4 M BH B R D) A R AR
(CAALBA R ) S 80, 1A LI A BH B8 732
Per e KT B, A AU 2 1) e BH 5 1
At PR TG 0 A IR ARG OC R R
H Rt A HLAE, in_EAEDIAR 2 50 I HILIR M
T AT A5 A0 A HLAE s, - 5808 i 24 Bl
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; KRR IR Ak ST A 20239 1 52 DS %
g | 55 B ARG, A AT AL 75 Y 5 2 B 3
%g o4 P SO A, S5 N LB 743 03 b7
e v mmenee FEAPARAEHE | B i) R 2 DR 7 0I5 06
= W 0 F {35 B A S S 36 I i — L3R DA 7
™ . E:‘ﬁ. AR R R, T
m| S EEEE 0d ARBEES Yy e e R SRR X M — 2 A KT
ol .ggu;g; ili'- 06 EIEUN, BRI A SR e
4 e nr S > :L 08 DRI ) R v ) ol R A A R, A TR X
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a. Pb,b. As,c. Zn,d. Ni,e. Cu,f. Hg,g. Cr,h. Cd,i. pH,j.
SOM, k. CEC,l. MC( <0.002 mm) ,m. MC(0.002-0.02 mm),
n. MC(0.02-0.05 mm),o. MC(0.05-0.25 mm),p. MC(0.25-
0.5 mm) ,q. MC(0.5-1 mm),r. MC(1.0-2.0 mm) ,SOM JyA#L
i, CEC 2y £ 3P B F 38 e i, MC A HLARAL S = KR P <
0.05, = FR P<0.01
E1 #RERALRESEOEXESIN | o

Fig. 1 Pearson’s correlation coefficient of soils in the study area
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FOAEER M ARPRL( >0.5 mm) W 5 E 48
pRTE Y S

Pb. As, Zn, Ni fll Cu iX 5 85 4 J& 0] HLoA 4%
T AR G R %8, BB IEA GG R, R BT fE
FRALAG S R & 5 4 5 1 B S b BRI 2R AT o
Hg 5 As, Zn fil Cu L EA 3 A, (B Pb
AN oA, Cr BRS Pb TC R EHH OGN, 5 Hifth 7
P e 4 IR S 3 HH 56, 1T Cd X5 Hg #1 Cre (7]
TCRFEMCHE. TR FM RN ESBE LIS AR
NGO S/

2.5.2  IEEMBEETF

H A, 5 AT 5 AR 58 X 8 B A R 0T L4y
PR S 7 AR S T A2 (R B 5T
AZ IR 2R 278 BRI, JF B AN T HE O Y
HEs S5, AR5 s e e A o i | R A 2]

BEA T i5 e i UR f b

AT & HE i 4R T E ORI A R
S, S — A BT 4 S AR I VR, X 5T X
(1) 8 43 R R HEAT PMF 5 RERARHT. 12 ] EPA PMF
5.0 5l RERTH(3 ~9) Lﬁaéﬁzuﬁj’z@ X,
BEHL L) 18 AR UGB AT PMF B, S

R (S/N) e i S/Nﬁ"l E’J%%
W% IE R IER TG 51> /N >0.5 fly 5 2 25N
<0.5 E’JD"J;E%F T AR Oy, t(PMF*i":’F”
1 Robust ﬁ’t—ﬁr @Jﬁ’] Q*TIZ]}(& Q Eﬁﬂiﬁﬁ%ﬁ‘)%ﬂ
Qe ( Bﬁf&%ﬂl Q E@E{E)Eﬁfﬁﬁ’wﬂﬁﬂﬁ 33[34':
BT H A E J 2T R 2 T
{E2 T ARG R ), i e PR ABF5E
SMEHR S AN T, B He JC2Ah, Hofth S/N > 2,
e LR “ strong” AR i HKRHR 0 5REUEAE -3 ~ 3
ZIE). 245 A A S, SIS AR AR A
FECR #>0.80 (F 11) , BEUIBAY SR RLE RO
B, T IR H800T L 78 43 M At o D 4 5 T A
T E S B RS B BET I TR AE AT 0 5 2L

BT IX 8 il EE 4 @ T YL W5 b 45 SR AN 181 2
~NHEF1IWEESEITERE Ph, TR R
54.60% . A W9 F W, Ph 2 A2 18 HE 1Y 2 B hn ik
Yy, Kk Ph ORI 28 T H A BHA b | 154
S8 VRIS IR R R ORR G A 5
BV XTI AR (58 ) 14 503, 8 B S A e | K
Az i B, K AR W 2 23S E o A , 3l is
e - HE Ph BURAY FEFER i AT X A
AMLAR AR BE 5 s , TRV 2 335 Ph E AR FH R Y
Bl KAHN, X 5 8185 e g i —50 ]
B H 2000 AEAR E AR BRI A Pb YR, H
Ph 7E 8 p 1 REVSRAEAEST L BT LL, AT LA A
T 1 AR IE .

WF2WEELEBECERE C, Tk E R
47.88% . Cd J2RMIG S MARE TR, WA1E MR Z
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Table 11 Fitting results of measured values and predicted values of PMF model with different input variables
iz 3AHEFIE 5 4 P HEFIE = 5 A HFIE 5
B Gk R’ A R i R’
Pb 0. 83 0.72 0. 87 0.90 0. 88 0.92
As 0. 83 0. 80 0. 98 0.91 1.01 1. 00
Zn 0. 80 0.76 0. 82 0.78 0. 83 0. 80
Ni 0.75 0.78 0.78 0.79 0.81 0.81
Cu 0. 67 0.77 0.76 0. 81 0.78 0.83
Hg 0.51 0.43 0.51 0.43 0.92 0.90
Cr 0. 83 0.76 0. 86 0. 80 0.92 0. 85
Cd 0. 66 0. 60 0.77 0.77 0. 85 0. 85
10 e TEEAE A BN 2 ] 78 AR B IRk, A AT A 4
E3E . FiRE '$§ ERZ1 60% ~80% 1) Hg &K A T A NHER ™, ik
£on® Lo R PR SR S A T TR
© oo ol " " Tl 0 RREAR I BB B B T T
P MmN G B o w, LT 7Ju}@r%nai;r£ﬂruk m l%
Yol — ] — PP 3 A LA AR T U,
£ o - FIF 4 g2 4l 4 i e % 2 Cr(mﬁkiﬁ
& 001 L [ m 20 33.79% ), Eﬁkjriijﬁ(& 27 mg-kg] )”’lﬂ% T“F
E g kg i
1 B _

R & N o Ht_-Cr @ E{j;ﬁ%;n%% E%ﬁ§(60 00 mg-kg™") , HHAHR I3
Y = m __w| WA Cr {Ef&?TEﬁiiﬁﬁ?ﬁ%{E G
2 ' ] .m% SR £ 5 A BT e ) B, IO TR 4
£ 01 R s " v < e [t il
= A {0F  crma el e | R A

0.001 LI - | mll ’_‘ | m 0 ”ﬁl,ﬁﬁ%k?@$ﬁﬁﬁd\ﬂﬂ’l@?4 & St

o B T T L MR AL AT SO
P i i e 0 o BT 5 dv As & LB T E, TR

’:.-I) () H\ N — e ==
2 o 0B 55.05% . TEA HI Al i sh e S 3k 3 As B4
Goo/ml gl m|m g RS ez AT K

TR M oM oo oo o B BEFTAR 2GR THEIE ) ok a7 BRI
o0 — — TES e JRR AL £ T K ik 0 T 4 S DT R B A T e
s - 60 & T As HVE BRI R B O B2 L 1)
%ol ol (®]|m = VE MRS 0 S,

0.001 = w0 ALT7 Z HiA L9 he BB 1 A= 36 7 =X, AR R B

Pb As Zn Ni Cu Hg Cr Cd
E2 RHELEZESE PMF REFEHT R

Fig. 2 Contribution of heavy metal PMF source

analysis in farmland soil
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Al Az 7= 1 .

K3 MBS EITEED Hg i EE AT,
TR 515 85. 81%, 2t = T HA T R By DTk %, 7l
DU BEZ IR F 1) £ B B B X Heg 25 &
B R (0.43) , Ud W37 21 4 A58 T H0 580 B e 5, 1%

A R OO BT S A 1 T 4 e K AT A £
b, BeAh  AEFR S IR A A JE 1B S B AR By A
YR, W 2s 2 TR K ol il B35 e 1 A S 3 0
As FIBLRM G, T RO IR T 5 A N T 1 B
Ko J B A = AR I BOTR A TR

ZE bk b 7 B g | B Xk A 4 JE ot
BRI - 4 A SRR (26. 54% ) AT+ 5
TG 8l B B AR P A TR TR AR (25.59% ), Hik
T 1 ASWIB R (22, 52% ) B T 2 gl 4=
TSR (15.63% ) 1T F 3 Tk TR STHRR E AL, R
9.72% (K 3). BB KAE , ARG ShxT A H - 4
JE I BTIRE R, & T A DTikoR 1Y) 73. 45% , i & F 3
YEM.
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Fig. 3 Contribution rates of dlffmﬁn‘t sources based on PMF to hed1vy ﬁleldls in fa.rﬁdand soil ,.-'"r
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