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Abstract In order to evaluate the soil heavy mental pollution and health risk of watermelon
planting region in Kaifeng, four watermelon planting region including Zhuxianzhen, Fancun,
Xijiangzhai and Xinghuaying in Kaifeng city was selected as the study area, and the contents of Cr,
Ni, Cu, Zn, Cd and Pb were monitored and analyzed by inductively coupled plasma mass
spectrometer (ICP-MS). The results showed that heavy metals of Cr, Ni, Cu. Zn. Cd and Pb
were all exceeded the A layer soil background value of Henan Province to a varying degree. The
coefficient of variation of the six heavy metals was between 10% and 100%. The over-standard rate
of Cr, Ni, Cu, Zn, Cd and Pb in the soil was calculated to be 17.60%, 0.75%, 11.24%, 13.11%,
80.52% and 0.75% respectively, by “soil pollution risk screening value of agricultural land ™.
According to the single-factor exponential method, the Zhuxianzhen watermelon planting region was
slightly polluted by Cr and Zn, the remaining sampling areas had not been polluted. All sampling
areas had not been polluted by Ni, Cu and Pb, while slightly polluted by Cd. The analysis results of
Nemeruo comprehensive pollution index showed that Xijiangzhai, Xinhuaying and Zhuxianzhen
were in a state of light pollution, and Fancun was in a state of alert. Based on the calculation of the
potential ecological risk index, it was found that strong ecological harm in the investigated region
with Cd as the major pollution factor, and other metals were of slight risk to the environment. From
the correlation analysis and principal component analysis, it could be seen that pH was significantly
negatively correlated with Cr, Cu, Ni, Zn, Cd and Pb at the level of 0.01 confidence, the pollution
sources of heavy metals were mainly agricultural sources in watermelon planting soil in Kaifeng
City.

Keywords Kaifeng City, watermelon planting area, soil heavy metals, principal component

analysis.
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1 MRLE )7 (Materials and methods)
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Fig.1 Location and sampling distribution of watermelon growing areas in kaifeng city
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DA R 5 36 500 v it 1
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Ko, G P YT R § W SHIE; C, R H TS YT R  TEI AR IE. P <1 R TCIEYL, 1 <P, <
2 FRRBEMIG Y, 2 < P, <3 FREREIS YL, 3< P, <5S FoR RIS YL, P> 5 RNE FE TG YU P Sk UK
B AT YA 8L, (Pl T4 rh i 1 4 S R AR BCT BB 0T 5 s max(P) Oy - b i 4 s i
Rl H8 e K5 Y4840 B2 Prpy < 0.7 I, SRR RIS P SF N 425 0.7 < Py < 1.0 B, BRI
1.0 < Py <2.0 B, JERETGYY; 2.0 < Pyps < 3.0 i, NP EEIGYY; Prs > 3.0 IF, W EEIGYL,
1.3.2 WAL SKE A

K ] Hakanson 78 78 A5 25 XURS 5 B0 %) 5 4 Ja 15 Ye b AT A S RS VA, iz 7 ik DA 3 8 4 s
MITCER T S e, 456 H AR M AR GREMEm R ) . SRR (75 Y48 50 T HE e AR
BB BB VRN AR

RI= ZE = Zf(T;‘ xCh) = Z;’(T;' X Ci /CL) (3)

Arb, CONERIRITER ( S JHEEG Co HIETPE SR ICR ( AN i Co S IR T E A R OT
RiMFHEEmET; ENELSIR TR i LS RZEG RINVGAEEESKEREER. Ea)R
Cr. Ni, Cu, Zn., Cd F1 Pb 98 RE5300 R 2. 5. 5. 1. 30 Fll 5(3& 1).

R OBTEAESARIEG R R 2

Table 1 Classification of potential ecological risk assessment indicators

E ' %lﬂ?i%&f@%&@f RI p5) ﬂ@i&ﬁi?&ﬁi%ﬂfﬁ
Single factor ecological harm degree Total potential ecological hazard
<40 1% Slight risk <150 21 Slight risk
40—80 h%Medium risk 150—300 Hr4FMedium risk
80—160 5 Strong risk 300—600 i Strong risk
160—320 51 Very strong risk 600—1200 fR5# Very strong risk
>320 5% Extremely strong risk >1200 5% Extremely strong risk

L4 Bl
FA I M AT B0 50 A R FH SPSS 19.0 B0 A, AR SCAE 20 A1 K HH Pearson #5¢ ZR Br Hr i i,
SN B IR TR RO A 2 255 15 Y AR Bt AT 7o M, JH ORIGIN 9.0 73 Mk fF it 4722 141

2 ZER 54718 (Results and discussion)

21 HERGE

e R IR AT AR B, TR R R AR S - A i o T A R AR 2. 3 2 WA,
(A HE PR e b 13995 G KU A5 5 A v ) (GB15618—2018 ) 4% FH 1 392 75 e KUK 575 ¥ {8 h Crr.
Ni, Cu, Zn, Cd 1 Pb & & {8 43 % & 250, 190, 100, 300, 0.6, 170 mg-kg . Cr, Ni, Cu, Zn, Cd Fl
Pb HTH I A JZ2 588 SR 4351 62.5, 26.1, 19.2, 58.4, 0.07, 19.1 mg-kg .

28 5 TF BT VG AR X pH 49{E 0 8.98, PH 2238 . AT . A5 468 RN B pH {H 23 %14 8.95.
9.27. 8.75 F1 9.30, ¥ S a1k 1+ 4. P4 IFIAE X 138 Cr. Ni. Cu. Zn. Cd F1 Pb iyF- 2118 535l Ky 181.7,
71.00. 57.40., 209.3. 0.97. 73.5 mg-kg™", 7 5l MR A AJE T HEW AR 291, 2.72, 2,99, 3.58,
13.86. 3.85 fif, H1 25 A A9 P4 kb + IR R A, Al 4H - 58 rp H 42 )8 Cr. Ni, Cu, Zn, Cd 1 Pb & &
¥ kB, o3k 2552, 99.30, 81.81, 299.3, 1.16., 87.74 mg-kg™, 73 M m 4 A JZ 3T FHEHM
4.08. 3.80, 4.26. 5.13, 16.52. 4.59 i, 43 5l >~y 4 F M A 3 75 4L XURS: i 28 {EL % 1.02, 0.52., 0.82, 1.00,
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1.93, 0.52 1% ; Hoyk A 46 %, 4@ Cr. Ni, Cu. Zn. Cd Fl Pb B & 543 9 & 191.5, 71.02, 57.40,
209.6. 1.07, 74.90 mg-kg™, 435 MR A A )JZ B SAEM 3.06, 2.72, 2,99, 3.59, 1522, 3.92 fi%, 4
9] kg A FF i - 358 5 G JXURS: 57 YR (B 1Y 077, 0.37. 0.57. 0.70. 1.78. 0.44 1i%; P42 5€ + 5 Cr. Ni, Cu Fll
Zn S/, A3 9273, 42.88. 32.94, 125.4 mg-kg ™!, 3 S AT A A 2 IS SE ) 1.48. 1.64,
172, 2.15 45, g4 b 3835 e KU 076 HE 8 19 0.37. 0.23., 0.33, 0.42 1%, Jukf H3Ed Cd 5 Pb /)y, 43
Sk 0.63 mg-kg! H159.47 mg-kg !, AR A 2T SAHAY 8.95 5 M1 3.11 £, J&A¢ F M+ 1E 75 e
XU T e (LAY 1.05 45411 0.35 1%

R 2 JPEMIUE R R SRR 0 (mg-kg ™)

Table 2 Descriptive statistical analysis of heavy metals in watermelon soil in Xiangfu District, Kaifeng City (mg-kg™)

KA 5 Sampling site Cr Ni Cu Zn cd Pb
VG 3E(pHB.06—9.46) 92.73 42.88 32.94 125.4 0.91 63.62
JuiT(pHS.54—5.59) 1325 51.97 41.15 1447 0.63 59.47
A AEE (pH7.76—9.49) 191.5 71.02 57.40 209.6 1.07 74.90
A4 (pHS.84—9.60) 2552 99.30 81.81 299.3 1.16 87.74
+- 3R UE(ESoil standard value 250.0 190.0 100.0 300.0 0.60 170.0
+ 175 £ Soil background value 62.50 26.10 19.20 58.40 0.07 19.10
FH{E The average 181.7 71.00 57.40 209.3 0.97 73.54
i KAH The maximum 708.7 280.7 241.4 798.6 434 186.6
Fe/METhe minimum value 6.37 3.51 2.36 6.96 0.41 3.81
FrifE2: The standard deviation 110.8 39.58 34.57 118.2 0.48 23.08
75 5 2 HU Coefficient of variation/% 60.95 55.74 60.22 56.48 49.87 31.38
bR Exceeding rate/% 17.60 0.75 11.24 13.11 80.52 0.75

T 11 PG IR DX SR SR A 267 A, DAz A 38 FH b - 4385 G JXURS: 07 126 (6 R AR A 2 o 8 1T 1=
SIS YR ARTE DL, RAEE AR Cr, Ni, Cu, Zn, Cd I Pb & 4354 47, 2. 30, 35, 215 F1 2 S HbR 5, 48
PRI K 17.60%. 0.75%. 11.24%. 13.11%. 80.52% 1 0.75%. HAth T 4> J@ ¥ 7 [ 52 + R 48 o 4k
JH Hl - 558 5 e XU G e 1B DA N, AR AR HE(EL, T IA JC 387 e fi 3 XU

5 S FRBOT] RR A S Z [ AR SRR A, AR R RBUNT 10%, J8 55748 71, 7E 10%—100% J&
AR R, KT 100% Ao As k. FFET 6 FhviE 42 )@ 128 55 REUYTE 10%—100% Z 6], J& T H 448 57,
HeHE 4R Cr B R 25U K, 5 60.95%, HK M Cu. Zn, Ni, Cd, Pb. Xt 48 Cr 52 SN Wi 45
HoAthH 4 & K, =5 1) 3 S5
22 HEJRIGYITEAN

M RE b R B DR AR B0k 5 M R T G R B0 X PR IR AR X 45 R AE X - AT P, 45 R L
2.

Mr % JEXijiangzhai
[ 337467 Xinghuaying
20F [ ¥HFancun
] #Al4fiZhuxianzhen

Single factor pollution index
S
T

NN

N\

/ /| II
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Fig.2 Single factor pollution index of soil heavy metals at different sampling points in watermelon planting area
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VY TR DX 25 SR AE L Cr Zn RANVEER 05 G4, AR TCI5 Y45 NiL Cu B TET5 9%, VY VR IX 4R
FER Cr. Niy Cu. Zn (3R -5 Ye 8 550 IR B/ N HE T Y 0 RANVB> AR ESIEA > 228, Cd 1y
b TR0 G, 42 SR B/ I HE T R AR5 A6 8 > PE 22 28>0, Pb 13440 T 075 YR A, B8+
15 YL B IR BN HE T g ARANVB 15 65 > V8 222804

NG 25515 YeAR BOR T, VG TR RE X 45 RAE A R e rh N 25 505 Y48 80 i 114, 0.83,
1.37 1 1.53, PHZEFE ., AL | ARABEAL T4 B TS YRS, YER AL T8 GUIRAE, 3 IR 2/ HE T
RN AL > VG 228>
2.3 WIS

P RE L S EITE 6 MESE A S K R BTE 3, TLUE G228 k. S M
AR Cr, Niy Cu, Zn F1 Pb, b FHGUE S KK, Juk Cd BAFTESRAE S e, T2 | AL EM
AN Cd MRS AE B EF AL TR, VE 2228 | AT . 6B AR B 28 508 A2 A S XS 8 5oy
IR 428.6, 313.0, 516.5 F1 573.7, F4b T3 A5 3 A= 250K FF 3877 76 b + 48 1 4 J A= S KU R 8050
Sk 5.81, 14.95. 3.58. 415.0 Fl1 19.25, Cd A M AESfEFH, HRMA BB ESINE, G ELES
KT8 E R 472.2, FELESRAE ARG FHE . Cd X PG ZFE | ok . A AL RN 1 25 B VB e 2B 8 XUR 48 2ot
BR300 K 91.00% ., 86.26%. 88.79%. 86.65% Fl1 87.88%, HtAR Cd 244 Al A= 25 6 3 1 32 B KURS: A -

R 3 TTE T e W A S KU AN 0
Table 3 Evaluation on Potential Ecological Risk of Heavy Metals in Soil of Watermelon in Xiangfu District, Kaifeng City

KA s Sampling site Cr Cu Zn Cd Pb RI
[EE=3 2.97 8.58 2.15 390.0 16.65 428.6
JEA 424 10.72 248 270.0 15.57 313.0
A 6.13 14.95 3.59 458.6 19.61 516.5
Al 8.17 21.30 5.13 497.1 22.97 573.7
Frafh 5.81 14.95 3.58 415.0 19.25 4722

2.4 HHEE SR AT

REER T TG 6 R 4 8 15 ok H AR 175 YRR, 115 T R BEIX 428 Cr. Cu. Ni. Zn,
Cd. Pb 22 [a] () Jz SR #R A OE 28, W3 4. REEIX ) Cr. Ni, Cu, Zn, Cd, Pb 22 [a] )5 3 1A, I BE
HA MR W5 3. JFET pH 55 Cr, Cu. Ni, Zn, Cd. Pb #5 g 3 FAH K.

R4 CREEX L IEH G R BURARMC R

Table 4 Pearson correlation coefficient of soil heavy metals in sampling area

F&trIndicators Cr Ni Cu Zn Cd Pb pH

Cr 1
Ni 0.524™ 1
Cu 0.640™ 0.919" 1

JK#E X Sampling area Zn 0.541 0.883™ 0.914™ 1
Cd 0.443™ 0.4227 0.521™ 0.6417 1
Pb 0.279° 0.416™ 0.475™ 0.528™ 0.677" 1
pH —-0.257" -0.173 -0.229 -0.146 —-0.124 -0.114 1

TAEO.0 LK CBUI) I 3 A5G 720,05 K- CRUIN) | 3 AR K.

“Correlation is significant at the 0.01 level; “Correlation is significant at the 0.05 level.

2.5 FERS AT SRR AT

WL ERAHOCHE T, RIS Uk AEE | R A AR TR LAY B A, R
A Bartlett BRIE B 4G 50 AH A1 A8 4625 8 0.000, /N T 5 2 14 7K 0.05, KMO(Kaiser-Meyer-Olkin) £ 5 45 11
B 43914 0.77. 0.83. 0.83. 0.90, KT 0.7, i, 4 KA B4R B E & TAER F 0. hak 5 al
L, PG AT 6 PP E B ITE I T 2 F M, PR FEME — E AT E TR R
58.44%, Cr. Ni, Cu Ml Zn 58w W IEATEL, Cd 5 Pb (W fa AL K.
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RS ORFEX HHETE SR T AR

Table 5 Principal component analysis results of heavy metals in sampling area

[K &t Factor loading
JLZ Element [LE= FeXT) s Al
PC1(58.44%) PC2(25.74%) PC1(61.13%) PC2(18.90%) PC1(83.50%) PC1(82.61%)
Cr 0.82 — 0.71 — 0.89 0.94
Ni 0.97 — 0.88 — 0.96 0.98
Cu 0.98 — 0.91 — 0.95 0.97
Zn 0.94 — 0.91 — 0.98 0.98
Cd — 0.83 0.53 0.74 0.86 0.60
Pb — 0.87 0.68 0.56 0.87 0.93
Tr ZE TR % 58.44 25.74 61.13 18.9 83.5 82.61
ST/ % 58.44 84.18 61.13 80.04 83.5 82.61
TE: TBCN A T (85 TR TEBVE I B TTIRAS; “—FRiZon s’ TR0 B R oy B/ T0.4.
Note: the percentage is the contribution rate of each factor (principal component) in the total variable; “--” means that the element's load on

the corresponding principal component is less than 0.4.

5 Y T 2 TR N 25.74%, Cd 5 Pb (5 A 38 = 1Y 1E far 20 A B 8 — T o 1 22 DT kR
4 61.13%, Cr. Ni, Cu, Zn, Cd I Pb (5 47 4 & B9 15 ff 2858 — F A i 7 Z 5k R R 18.90%, Cd 5
Pb i AR I IEAT 2. 3 5 TR AEE L ARAVE IR — A . HIEE S B AR 2, AR RS
Y. TalkIEK 388 i RBHIRBE SO AR TR | RERHEE A s Yol R S i S H R S R A )
KR NGB S A2 (B 22 St B AR 1 H 5 S 8 S B AN S o0 A

B IR AH G RT 0, PE 2238 L YUk A AEE  ANNAE A EE 45 8 OT R AT RE A AR [R] B 75 YL IR, T IR
L IXCR AR A 4 Cr. Ni, Cu M1 Zn (F- {5514 160.7, 63.42, 50.88. 184.7 mg-kg', 43 |~ [ 75 44
A Z I RAA M 2,57, 243, 2,65, 3.16 5. 3% 1 Al A, PUZE3E  JEAT . A 4EE  RINBECRFESN Cd 5
Pb ¥y bl w4 - ST S0 0E, PTHEMN VY 222 | JEAT . A AL L ARAN81 Cr. NiL Cu, Zn, Cd 5 Pb 7£—
SERRFE 2 BRGS0 XA A6 L A — 2P o MK i — E B, AR R
AR 6 P 43 @ 0975 YLk I AT BEARA]. AHOCHFSE R W], Cd. Cr. Zn. Cu. Ni F1 Pb F %€ A £l iEK}
(Rt P, SR RE, R . LML IR A S T T HERC < = L RS R B R L T T AR IR AR RS TR, HE
HE . 25 A5 HILAE A0 (5 2! 29, I e AR A0 5 BT B 7T A 4678 A BN 300 m i B P ) - F 4 T
Tt I v T R IR R B T S, Zn F VR IR RS IR AT B RS NN, Cu FE S 2R A B, e i
FBCAGR L, 7725 & Cu, Zn (R 2R E A 3820, HASTEESRAE X B Ol Al ik & ik, k]
DL 4675 1 2 R R Al 5 5 28 S8 VR A TR A TR ARV ZE — 7=k R B ol B 98 2 0, 7 33 1t 72
i TR M ENER S, KE R RCE TR AR g sh o HE RSN, B R R T E S E R
B AR S T, B A Tk, Tl Al 2 KK L A B HERGE AR, i - b i R
4 & I R ARY, SRAEX Y Cr. Ni. Cu. Zn, Cd. Pb X5 35 1FAH G, W ARANEE 09 32 K 7] R b Al I
5TV AR A TR P62 5 JER HE— 25 0 K W e A A P S — F 84 Cr. Ni
Cu M1 Zn (5 A B = IERT 2L, Cr. Ni. Cu Ml Zn BFTTHRR N 58.44%, 8 # K, 1589 (1% Cr F1 Ni &
B R T B, 52 A2 I /N, Cu H1 Zn AT A] RE K [ 2838 T8 P M R H6 R BE S . 1l T Il AR
P, WU 58 55 5 38 G 20 75 Yl 30 4 Jm R SRAHEY, DY 32 ZE A0 T A M ST s i ok, W
PO FE A0S — 15 YL T RE 0 A ARG 2SI VR 45 & TR A IR P 115 Ye P 5 Ve A6 285 XU DA
TN R Cd fe FZ G YL+, P9 L FEMN B AR GR . LA PO Z R EY AR 2 i, Cd A1 Pb (1)
FIHTTARR N 84.18%, P4 2 FE K+ 2 N 1% 5 74 22 2838 3k fift % Cd TR Ko AR BEEA G0N, T 7Y 22 5€ 1)
BG YL PR v RE A IR, JEAT S — 43 Cr. Ni, Cu. Zn, Cd #1 Pb (54 8 M IE 2k, Cd ki E25
YLK F-, RS A f FH L AR RE A 256 | T K It - T A SRR R, JaA & B A Ve
JILARER L B O RS2, TSR £ 32205 YL I8 ] 5 R Ak 5.



6 4 SR BRI 25+ T T G TR AR s 3 o 75 g B XUBG AT 1721

3 2515 (Conclusion)

(1) FFETVERFIE X H Cr, Ni, Cu, Zn, Cd Fl Pb AYFBFRRAT A 17.6%. 0.75%. 11.24%. 13.11%,
80.5% F1 0.75%. 6 Pl E 42 J& 1) 228 5 REIUTE 10%—100% Z [0], J& T rh 5548 5.

(2) 4 R T5 YeF8 B 5 08 70 A2 2 KB PEAN 45 SRR IX - S8R AT 2 A, PRI A X 45 SRR P Cr 55
Zn, RANEE 05 G, A TS V5 G 78 A X Ni, Cu #l Pb 214k T T35 YR 455 Cr., Cu. Ni, Zn, F
Pb ¥4 Bt 0 A= 25 XUBG, T3 713 P IR X Cd A7 78 W 5 A 25 AU, Cd S A8 il A 25 75 38 19 32 22 XU
HF.

() PHEZE  Juk . AL . RANEELA Cr. Ni, Cu. Zn 22 [A] 345 35 1F A0 56, JF 3¢ v IR A X
pH 5 Cr., Cu. Ni. Zn, Cd. Pb 5 1 35 A & JF 3477 V8 IR X 1 48 5 4 J@ 1 35 Y IR 8 22 R ARl IR,
AEE R X A T 4 8 V5 YL VR R ARl 5 5 3038 JR A TR B s ARANAEURAE IX 0 B 48 15 YL TR AL R
TP IR AR A TR s P 22 28 RAE X0 25 Yl ROl R, 58 15 4L il A AR RS Tl IRZS A IR A TR
TR & SRBE XY 3 5 YT RO .
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