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Fig. 1 Geographic location(a) and sampling points(b) of the study area
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Fig. 2 Soil parent material type (a) and land use status (b) in the study area
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Table 1 Parameter characteristics of element content in surface soil in the Shijiaqiao area
GRS
L& R /ME R RAH -3 {H P 1 2 A 5 R EU%

RAN ) R %X

As 2.03 16.40 6.03 2.28 38 6.39 6.10 6.84
B 9.33 93.20 57.29 14.06 25 48.05 61.00 62.90

Cd 0.05 0.87 0.22 0.09 42 0.17 0.19 0.19
Co 5.75 20.90 12.10 3.11 26 10.66 13.30 12.23
Cr 11.50 103.00 60.69 18.72 31 54.30 78.20 62.40
Cu 10.20 82.70 25.24 8.24 33 23.21 27.30 24.70

Ge 1.15 1.73 1.45 0.12 8 1.46 1.49 1.49

Hg 0.01 0.69 0.21 0.12 55 0.10 0.11 0.16

K,0 0.98 3.84 2.06 0.56 27 2.59 2.21 2.07
Mn 166.00 1362.00 533.86 232.02 43 521.00 434.00 478.00

Mo 0.40 3.14 0.86 0.34 40 0.75 0.58 0.69

N 0.32 3.59 1.96 0.77 39 1.33 1.02 1.37
Ni 4.36 47.50 24.33 9.33 38 19.59 30.00 26.35
P 0.28 3.48 0.77 0.43 56 0.65 0.61 0.64
Pb 22.10 415.00 38.36 36.53 95 33.24 30.00 32.64
Se 0.10 0.76 0.36 0.11 29 0.29 0.32 0.36
v 50.80 126.00 84.80 17.68 21 76.03 102.00 83.60
Zn 45.00 165.00 90.16 20.87 23 83.50 103.00 81.00
pHfE 3.90 8.63 5.79 0.95 16 5.77 5.34 6.06

T SRS RN %, N PR &AL gke, pHETT A, H Moo H M & &t 507 0 me/kg.

(D5 WA + 3 5l GE S5, 2007) %
b, fFsE X+ KOG RALE AT RMAEN
80%; B, Cd. Ni, P, Pb, Se TE S IR E T 24
B R H N TETERER TEETRMAEN
LR GEELSETHMEMN 1545, Hg o XMW B 5
g, FEiEeE T REN 22 4%, Koo E sifshr
HeAE R EEL.

()5 M T 4 HEH SR XS L, AF 5% X 1 4
1 Cr. Ni, V. Zn JT &R & &g T2 5 {E; Cd.
Mn, P, Pb L& & & W& & T 21 5 {H; Hg. Mo

MNTRGERES TN T RME, 2REem
T EERY 2 45, 155 1.9 4%, HAoo R sidshn 5
T SR

(35 R 4 515 S XS L, BT X 415
ti Cd. Hg. Mo, N, P, Pb JUE & &I & T 2% X
5, HAor R a8 in 5 & X R EEE,

EWFSR X LA TR SR, REHOTER
() A8 5 2R E<40%, 43 A A XT3 4)5 Cd, Hg. Mn,
P. Pb 725 53 R 5 > 40%, H i Pb (92 S+ R B0
95%, 2 B 25 (A AR K, 43 A A5
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Fig. 3 Cluster spectrum of surface soil elements in the study area
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XFRFGEIX 110 F4FE 5 Y 19 W45 1T Kaiser-
Meyer-Olkin(KMO) il Bartlett BRI B 46 5 (35 2) .,
%% 2 A%, KMO {E°~ 0.72(>0.5), Bartlett 3k1E
FERR S E N 171447, fEHBE R 171 5%
T, 2 K Gsig.) A 0.000<<0.05, 15 B A%
ZRAFLE ARG, A T e 2T F K
O3 AT AL, SEBURFEAR > 1 (1 5 A 2 AR N bk
FEXT G, HAFRIEAR 2Rt 49 H STk R i 74.579%,
FEARTT LR e 2 I sk A T R A B
HGR3,

PEBUH BUE > 0.5 1y 3w 7 (G 4, il k15
W5 IX )2 LT R A B FRF: 25— FEWF F1 Uy
ZETTHRREA 27.996%, & 5% X 17 A7 19 H 5,
JCE A M N, Cr, V. Ge, Cu, Co. Zn; 5 _F A
T F2 7 Z 5Tk N 13.395%, JTLR A S H Se. N,

£2 KMO F0 Bartlett 3k, EHRIGE R
Table 2 KMO and Bartlett test sheets

KMO fi 0.72
AR 1714.47
BartlettEk JE Ji£ 6 5 H B 171
W 0.000
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Table 3 Surface soil characteristic root and factor extraction results

IR GERE(IEN e AT - 7 A TiE % 44 - 7 Al
e FRAEAR 7 22 5TERA /% RATTHRER /% FRIEAR 7 Z50ak R /% RGN %  RRIEAR 7 22 Tk % R BUTTER /%
F1 5.486 28.871 28.871 5.486 28.871 28.871 5.319 27.996 27.996
F2 3.237 17.036 45.907 3.237 17.036 45.907 2.545 13.395 41.391
F3 2.098 11.043 56.950 2.098 11.043 56.950 2.187 11.510 52.901
F4  1.958 10.306 67.257 1.958 10.306 67.257 2.140 11.265 64.166
F5 1391 7322 74.579 1.391 74.579 1.978 10.413 74.579
*4 HRREFHTEZREEFRTER
Table 4 Orthogonal rotation factor load matrix of factor analysis in study area
7 F1 F2 F3 F4 F5

Ni 0.961 0.025 0.066 —0.093 —0.065

\% 0.943 0.001 0.001 0.129 0.057

Cr 0.909 0.063 0.069 —0.260 0.078

Ge 0.879 —0.005 —0.131 0.049 0.024

Co 0.825 —0.238 —-0.027 0.069 0.327

Cu 0.582 0.341 0.395 —0.116 0.088

Se 0.034 0.887 0.148 —0.178 0.103

Mn 0.052 —0.637 0.210 0.059 0.600

N 0.167 0.618 0.296 —-0.081 —0.555

pHIE 0.181 —0.601 0.362 0.135 0.844

Pb 0.079 0.416 0.091 0.272 0.069

Cd 0.032 0.094 0.803 0.016 —-0.257

P —0.328 0.758 —0.065 —-0.233 0.317

Zn 0.585 —0.002 0.661 0.180 0.066

K,0 0.350 —0.342 —0.015 0.777 —0.127

Mo —0.153 0.190 —0.066 0.728 0.239

B 0.377 0.101 —-0.097 —-0.716 0.265

Hg —0.108 0.249 0.198 —0.399 —0.354

As 0.259 0.142 0.031 —0.038 0.118

P; 5 = RN F F3 200k HE N 11.51%, TRAH
g Cd. Zn; 550U £ T F4 97 2 TRk RN 11.26%,
JC R A AN Mo, K,0;5 % F F H F F5 43 45 Mn,
pH {H, J7 Z TTHR N 10.413%.

4 e
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IIHT AR B 4 b T2 BE A U SR HUBR AL A Rk 22 1]
(AR OC F KR, DU SE B bR ok o0 M 24 7R 1 e Bk

2 R AE AR U RE B 7o b R DL B AR
P JUAN 25 PR 2R o3 BT 4 48 00 28 s 1 3t
A A AR R ER R (g 546, 2011, AP 2 #7
SRRV, STRAGHFFIE ST 5= B
JE R AN A G S A R A G

(DF1 HFICEY A Ni, Cr, V., Ge, Cu, Co,
Zn, 55 —BERTRA A B, ¥R EEITER (NI,
Cr. V. Ge. COFEMITE (Cu, ZOA Ao K
WS I A B B I L 2Ca) ) FT PR T840 25l 2 1K
(] 4Ca)) AT AN, F1 P {8 DX 43 A 3 ] 5 15 T A
IR B s G, A G i RZ S SR
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Fig. 4 The score contour of factors F1(a), F2(b), F3(c), F4(d) and F5(e) in the study area
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LU = - S R =, B SURIE A R, 16 Y
Jite A HES o

(DF3 W T ILRAS Cd, Zn, b Zn TR &
WA T I T SR, W T R 24X
B 50H; Cd oo &R & i lg & T . N i A=
MIX A S H, Cd 28 7 R B> 40%, 7 A A,
Cd. Zn B TELEFETE, X LW 5Ky 1EMA
K (X PHAE, 2022), HFFT X B AR K& BUEER 7= ol i 1k
L, ST HEBR M R R &K . Si4h, Cd.
Zn JUE i 5 HOE A+ 3 pH (B B — E A
KM CHy AR AT, 20245 BUBTHTAE, 2019; 45 175 32 1 if
A, 2023): i 5 = FEHIBEAR, Cd. Zn TR TR
BRI WG A Zn JTCE 2 pH ERE WK, F
FEX FLZRHTRNYE 5, TERRIEAEE T Zn JTRE
FERE, & Zn R EERH . F3HEFREKX
F Ry JE R AR I A R XOR Tl AR P X 4(e)),
WEWT S A BB AT Y & @I
T DX TG e R i, R i B B Tk i3k, A 3
AR VRS eI TR, A B AR
ToAE 285 48 T AR Jmy, 2™ b A8 45 M B b T A O
P A

(DF4 AT ILEH A Mo, K,0, ¥ N —Tz
FRAE, L 4R X B A AR T 5T X AR R = ki)
R H S B CE 4Cd)) . Hidr, Mo JT & & i

T WA BN T R X R, R R
BN 40%, AT AR S) . 1 IX O R S, JE
2SS AT AR S Mo JU R &) 70 R IR sk 4
EAEA LGIIRES, 2024), LAk, BRIERS L UTRE
AT BE L Mo JT & 1Y ey &8 & 5 (B SORE Az i,
1999; #x [ & 5%, 2014) . K i E AR5 R MK
SUEAH Y, 5WTLAE T SEAH RS, 25 AR
AR, MWL R 2 S m . KGR SR
TR AR e e T HAE AL g B b 5 i
R AR R, 7K TIET 5 4b 1w %
AbIERS, FE =t BRI KRG £ DA 4 0 2
TF o A IAr R H S0 3 BRI X AR 5T X 32 B A A
B o A X, K oo R BARLUhSE-F 5 o0 &,
A BEATE B PT AR 45 A A A A A BRI DA 2 45
il 40 FES ) it P

(5)F5 AT 4% Mn, pHl, 5% A5
—F, Hh, Mn & FREYICE, BAEAYA KL
HIfgEE T E . WF9EIX Mn SR & RIS 5 T .
T T 0 SR 24 X 7 S, 8 5 R A > 40%, 40 A
A5, R, LR Mn FE L ZMHE
A T8 X AEAE B IR AR, 20000, KERsr5 +458
[t 45 J5 T2 A 4 3 DLW R FE 19 JE 25 (Shuman,
1985), Hi & 32 + 4 pH (. E bk 5 308 A
ML S R2 ek, Horb A2 pH (A A 52 i) 5 B 1
BRI G55 20205 XBFHS R 25, 2016; T 457, 1994;
FABLBR, 20155 KA TR - T) A R IR ET -SE SRR,
2017; BBEEES AR, 2019; S MRS, 2017; 28 1 4%,
2024; J& & LAE, 20190, H A 4Ce) AT A, FS K F
o L X 32 43 A 16 I 5 IX PG 5 P b b X, FS 7
ARAE DX 32 253 A0 78 2R 30 T X, 32 PR R i 51X
RS AO B DI, H AR il FH A% A Rt - g i
77O, SRR X 13 Mn JC Z AR B .
HEVWCAE AR L BV TP 45 it &, I X Min T
k= 1 XIS S TIE A,

5 g

(DAL R P X 3R S i 5 R MX
TR HR T, £)2 HEOIRERME . Cd, Hg, N,
P. Pb U &K & i 5 WA FN T ¥ Sl 2 7 &
K, HES B ER &, S E A s], 285 A
G B A TG Y K
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The characteristics and influencing factors of element combination in cultivated
surface soil of the Shijiaqiao area, northern Zhejiang Province

XU Zhenghua"?, LIN Changmu"’, ZHU Haiyang'”, LI Zhenglong'*
(1. 262 Brigade of Zhejiang Province Nuclear Industry, Huzhou 313000, Zhejiang, China; 2. Huzhou Key
Laboratory of Geological Resources and Geological Engineering, Huzhou 313000, Zhejiang, China)

Abstract: Based on the data gathered from quality survey of the cultivated land in the Shijiagiao area, north-
ern Zhejiang Province, we sampled and analyzed the cultivated surface soil of the research area at a higher densi-
ty, and obtained 19 indexes of soil elements. The study adopted SPSS to process the test results with cluster analy-
sis and factor analysis, in combination with the regional geological background and the chemistry of indexes com-
binations, and concluded the combination characteristics and influencing factors of elements in cultivated topsoil.
The results show that the surface soil was generally acidic and the content of elements was close to the back-
ground value of that in Wuxing District. The elements content in the surface soil were mainly influenced by par-
ent material, followed by the process of organic humus, rock weathering, water distribution, and human produc-
tion activities. The content of N and K was medium to rich in general, while the content of P was mainly deficient
to medium, and Mn was relatively deficient. It is suggested to fertilize reasonably according to farming needs, and
pay more attention to control pollution sources in local heavy metal anomaly areas.

Key words: cultivated surface soil; characteristics of element combinations; land quality; factor analysis;
cluster analysis; northern Zhejiang Province
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