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Abstract: Shallow groundwater of vegetable fields in North Henan Province was sampled during dry
and wet season, and the heavy metal concentrations in groundwater were determined by ICP-MS.
Spatial distributions of heavy metals in groundwater and principle component analysis were used to
analyze the sources of heavy metals. The results demonstrated that the mean pH values of the shallow
groundwater during dry season and wet season were 7.26 and 7.15, and the mean EC values were
1200 pSecm™ and 1256 pS+cm™' respectively. The groundwater during wet season had low mean pH

values and high mean EC values. The heavy metal concentrations in shallow groundwater in the two
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seasons did not exceed the " Groundwater Quality Standard" Class Il standard. Mean heavy metal
concentrations decreased in the order of Ni>Zn>V>Cu>Cr>Co>As>Pb>Cd in dry season,and V>Ni
>Zn>Co>Cu>Cr>Pb>As>Cd in wet season, respectively. Except for V, Co and Ni, the mean
concentrations of other heavy metals had no obvious differences between dry and wet seasons. ( 3)
The spatial distributions of Pb,Zn and As of shallow groundwater in the two seasons demonstrated
that groundwater with high heavy metal concentrations mainly distributed in the southeast and west
part of studied area which were mainly covered by vegetable fields with high application of fertilizers.
Four major components could be extracted through PCA analysis. The first component,including Cr,
Pb,Cd and V,might derive from phosphate fertilizer use , and the second component including Ni and
Cu may reflect sources from both parent soil and rock and compound fertilizer, and the third one was
Co mainly derived from parent soil and rock,and the last one included As and Zn from Zn fertilizer
and organic fertilizer.

Keywords: vegetable fields, groundwater, heavy metals, distributions, sources analysis, North

Henan.
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Fig.1 Location and sampling sites in the studied area
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2 %58 5418 ( Results and discussion)

2.1 BIFZE X MR KA RN o 4 T i A A G T T AT

T X 3 T AR A2 PR I A R o 4 S BTN ER 1 R, 2 550 MO RE S B0 o 34748 5 R AU e
FAE R AR 2 -2 22 SRR KIS A HZH T KT 4R s 7 RO MIUF R
4 PbZnCrCd+Cu~Co~As Ni 1 V, b F 7K pH F1 EC {5 (75 5 R 504/, Fok (10 ) WEH T K
4B AR B BB/ MK R CroCu<CoPbNi.Cd As .V Fl Zn( FE 1) .

K-S 56 S 6 905 M —FEAR TR [ 3 — R 40 A (1 7125, DARE AU () SRRV o0 A 5 o BRI
1A HAE A5 A TR A 22 BEAR /N, WIS AR AR I A B R 22 20 A0 . SPSS Gt t 25 48 thFEAR ST & IE &0
AR AERE A/ N F 3055 B K P-( 0.05) I HEAR SR S IES i BEES  RZ AR &
TEASAME P S A K A 2 AT R K A B A R G AR A S E M (R 1)

GEITHRRIEE (W0 22800 Kurtosis) #7437 126 10 i 2 MUK, Fz AR AN (10 45 R B2 B, P ofE IE
AT A 3, MU RE ZBORT 3 B, A TEAS LIRS /A TR, AR X AR R A “ARie 7 43 A, 2 2 W) R A X
R P03 A 2 1 AT LU L BESE COR K0 R 2 M R K B AL B R Pb R Cu f 14 3 28K
KF 340 HAHRFRE/INT 3, LAY L IE S A 2%, Ol O 74045, F K TR 2 b /K B AL H8 B
Hilk Pl Zn (IR RBOKT 3 40, HARFEIRI/INT 3,00 “Fg " 2 fi.

T 3 2280 Skewness) FH TR 437 O X RRE L 2 W T 28520 A A BURB AR AIE , e b ofle 15 285 004 17
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Table 1 Descriptive statistics of heavy metal contents in groundwater in local area

I ] W% LA BAE BME FHE R ERFEH KSR BERH WERK R
Time Content Unit Max Min Mean Median CV/% K-S test Kurtosis Skewness GB/T
pH — 7.68 6.90 7.26 7.25 2.46 0.480 0.46 0.23 6.5-8.5
EC pSecm™! 1996 628 1200 1153 27.13 0.587 1.01 0.57 —
Vv pgel™! 6.19 2.13 3.97 3.75 28.97 0.697 -0.59 0.42 —
Cr pgel! 7.94 0.50 2.46 1.99 81.87 0.885 1.76 1.50 50
May Co pgel! 3.72 0.76 2.09 2.08 40.24 0.443 -0.55 0.36 50
n=22 Ni pgel! 30.64 8.08 18.93 20.29 33.20 0.785 -0.76 0.18 50
Cu pgel! 10.00 1.35 3.78 3.40 51.49 1.203 4.27 1.87 1000
Zn pgeL! 18.08 0.39 4.56 3.08 109.66 1.441 2.51 1.81 1000
As pgeL! 3.78 1.07 1.86 1.72 38.40 0.630 0.83 1.01 50
Cd pgel”! 0.05 0.01 0.02 0.02 53.03 1.432 1.11 1.19 10
Pb pgel”! 6.21 0.08 0.85 0.34 157.34 1.325 13.33 3.40 50
pH — 7.38 6.85 7.15 7.17 2.32 0.605 -0.82 -0.27 6.5-8.5
EC pSecm™! 1922 907 1256 1155 27.49 0.710 0.68 1.27 —
v pgel! 14.58 4.58 9.26 8.95 34.20 0.448 -1.02 0.24 —
Cr pgel! 12.05 0.00 3.44 1.97 123.84 0.899 -0.02 1.17 50
Oct Co pgeL! 7.90 0.70 3.81 3.52 56.68 0.573 0.15 0.63 50
n=12 Ni pgel! 16.66 2.56 8.89 8.38 51.25 0.515 -1.22 0.27 50
Cu pgel™! 9.95 0.00 3.64 2.96 94.68 0.591 -0.31 0.80 1000
Zn pgeL! 6.83 0.57 5.45 5.99 32.64 1.047 5.32 -2.26 1000
As pgeL! 1.96 0.61 1.11 0.88 41.09 0.908 -0.49 0.97 50
Cd pgel! 0.06 0.01 0.03 0.02 51.23 0.786 0.73 1.14 10
Pb pgel”! 6.30 1.56 2.30 1.88 56.07 1.271 10.52 3.17 50

H: GB/T: b /K iR ifE( GB/T14848-93) M 25 /KA5HE Groundwater Quality Standard Class I standard

2.2 REZTH T /KA FE /K pH A1 EC [

BFSE XA ZK 3 R 7K pHAELTE R 2 6.90—7.68 , ¥ 047.26 , 48 S R K ( CV) 92.46% , ECIHTL N

628—1996 uSecm™', ¥{E H 1200 pSecm™, A5 2 HL
R 27.13%( 3 1) EKI LT 7K pH {EFE N 6.85—
7.38, ¥{H N 715, A R R E( CV) 4 2.32% , EC {E L[
9 907—1922 uSecm™ , H{H K 1256 pSecem™ 253 F
A 27.49%( 32 1) Ak7KIIHL T 7K pH Y{EHE /K
K pH F{ERE 1 EC {ERAIS, XL R 7K pH {E AN
EC (RSB AR (R =0.44) (E 2) .

R XA K ERK pH {HIE ]y 7.64—8.68, 3
{Bk 8.23,EC {H 5 [F N 1008—1192 pSecm™, B{E K
1126 pS+em™; 2E/KI pH LK 7.99—8.24, H{H K
8.15, EC {H i [l & 902—931 uS -+ cm™', ¥y {H K
922 pSeem™ KM K pH SEA EC ¥EI KT
F K HIH R 7K pH BIE AT EC ${f , X P #bF2/K pH {E
1 EC AR EIIEMSEER (R =0.34) (K 2).
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i 7K 3 b 2K S AR K3 R KM FE B B Y As AN Cu 5 s 34918, 2K b /K 5 Fk b K
FHIEEEA B ) PbCoZn .V Fil Cd & EA.

PP ZR 5 22531 ( ANOVA) B I LA IMEAE- Y8z TRl 9 25 S v, DT 2 PR 35 X i 4 SR A
T R R 455 ARG AR 2 1 T 7K pH (- EC B DL N 4 )8 & =K1 AR B B K 5 5 2243
My, EBAR [R) 1 X i IX 7R 2 R 7K pH (- EC (B LA K 4| & s 5 m. 25 R 01 v 2 b R /K
HiBRk V.Co FI Ni 4, oAy T 4 JE 845 A B2 pH B AT EC {E7E F= /K W ARG /K 8172 7K 9 3 125 R A
i M F K FPER/KAR pH BV A1 Ni A5 =E /K AR A DI3RT 7K Y 2 022 S IR S ok , A8 AR AN i
2.4 WIRIXARRIZTRZ M T KESE 't

HiZK RIS IX 12 2 bR K BEALSE AR IA] AR ¢ R En 36 2 s, vl LAE ) pH (H 5 EC (B4 AR
£ (P<0.01) ,pH {5 V FI Ni 2IHIEM KK FR(P<0.05) , 5 As EIAA KK FR(P<0.05) .V 5 Zn Hl
Cd ZIFLIEAHIE KR (P<0.01) ,Cr 5 Zn 1 Pb 2P IEA IR ( P<0.01) ,Co 5 Ni 1 Cu I IFEAH K
Z( P<0.01) ,Cd H1 Pb S IIE A6 2 ( P<0.01) A, V. Zn.Pb.Cd 1 Cr HA &I AH M, i CoNi
H1 Cu HA BB A OGP

R 2 MBS IXIR)Z MR K B SR R AE G

Table 2 Correlation between chemical compositions of shallow groundwater in dry season

pH EC v Cr Co Ni Cu Zn As Cd
EC -0.58**

% 0.40" -0.52**

Cr 0.15 -0.20 0.27

Co 0.24 0.31 0.23 -0.23

Ni 0.41" 0.21 -0.03 -0.05 0.65**

Cu 0.18 0.40" 0.16 -0.06 0.83** 0.53**

Zn 0.18 -0.31 0.70** 0.53**  0.03 -0.28 0.16

As -0.43" -0.02 0.31 -0.13  -0.05 -0.35 -0.06 0.33

cd 0.16 -0.38" 0.77** 0.36 0.00 -0.19 0.05 0.75** 0.31

Pb 0.00 -0.16 0.33 0.71*% -0.18 -0.05 0.01 0.49" 0.00 0.58™*

HE:* P<0.05; * * P<0.01.

FOKIIWESE X FRZ 4R K BEALFE AR IR A OGS 8026 3 Fin, nT LA pH {5 EC {E3HA ikl 5%
KZ(P<0.01) ,pH {H5 Cr BRI IEA KX ZR( P<0.01) .V 5 Pb fl Cd L HIE M 96X & ( P<0.05) ,Cr 5
Zn B AR ( P<0.05) ,Co 5 Ni ILIEAHICIE R ( P<0.05) ,Ni 5 Cd EIHIEA KK R(P<0.05) ,
Cu Fll Zn EIFAH KK R (P<0.01) , 5 Cd BHIEAH K IE R (P<0.05) ,Zn Fl Cd BEILHAAH KL R (P<
0.05) ,Cd i1 Pb 2 BLIEAH XK R ( P<0.05) W] W, V. Pb. Cd. Cu A5 BAF W AH G, Co FI Ni A5 47 (1 AH
P

R3 FARIBIFEXR)Z T K BRAIR bR G

Table 3 Correlation between chemical compositions of shallow groundwater in wet season

pH EC v Cr Co Ni Cu Zn As Cd
EC -0.85**

\ 0.23 -0.18

Cr 0.78** -0.60" 0.43

Co -0.38 0.40 -0.33 -0.16

Ni -0.40 0.64" 0.15 -0.10 0.59"

Cu -0.01 0.14 -0.10 0.17 0.32 0.48

Zn -0.44 0.34 -0.25 -0.58" 0.10 -0.27 -0.71**

As -0.18 0.36 -0.11 -0.41 -0.20 0.01 0.01 0.29

cd 0.21 -0.12 0.52" 0.42 0.29 0.54" 0.52" -0.61" 0.00

Pb 0.30 -0.28 0.56" 0.35 0.12 0.15 -0.03 -0.10 -0.10 0.61"

HE:* P<0.05; * * P<0.01.
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ARV B A7 2 1] BT B0 0 T R 5 06 2 38 B ok S S8 b2 42 PR 26 02— B0, 4 pHL (B A1 7T i 5
RN T A 5, R TR Ak 25 AUORHAS: | R R 1T g ) 98 T 4 i, i A0 b 30830 1 X 1 2 b
K B RIS LM R 7K EC (BT BT X T3k 116y M 80 () A B B SE b T IX L 3R 035 T 2, IX
P I 7K SRk v R K. i 3 AT, S R KT EG 1K P AsyCd CoNi P I V & H 4575
(R PHAAT K 22 75 e P E, — AR A FE 7K 90 TR 980 7K D00 52 90 J8T 8 LA % B 385 5 ), it S 3R
FRYAT K HEA U, ELIX Pt D B3 (7500 7K T8 90 25 49 DAL HE IR T K T 0 R o 1 7 4 5% . 30
S AREERTT 2 K S X P b K A S T e B SRAE A 17 B BRI, B G IX P e R K Th 4R
EZ NN R TSR ML A HUIE L) B o 2545 A2 230 48 Cd 1y sk el L B 5 LG f91
L 50% M RN B TS A EL RS Ph S i {E N 0.93 mgekg™, &5 LR Ph SN 2
BB EATHRS Zn B Cu S8k (AT 5K 348.2 mgeke™ 1 10.79 mgekg '™ BEAE R 4 Atk Zn
Yh AT B I CdPhy Cu AT As 3820 R I A [ AR AT 5 12 = 4001 b S /K S [ 2K 2 4
.

2.5 BFFEIXH T KT 4R 155 [ M5 R AE

PEPERIFZT XA AR = 7K 4 J2 8 7K T2 A 396 3 B M 45 7™ 5 9 PhZn 1 As 55 ek 025 il 43
BT, A 4 B 55 W (1) Ak Ph A i e 5 (0 3 T 7K B T 4 A ZE 55 IX A5 A 3 PR 4a) , 7k )
U 2 43 7 VG (PR RI T ST FEIE) (P 4b) 5 ( 2) Ak Zn 48 s (9 M F 7K 323840 A5 ZE R 5T
DX AR R 8 L B P 3 ( FHT S0 T S AR M) ([ de) 32K Zn 55 i EARECAR ARSI L (EL ARG 25 B X
ST AE TP ERF S X AR5 R 90 LA S PR 5 90 ] A8 AR BT 18] 4d) 5 (3) Ak As S s (i R /K 43 7
DX P R S AT 38 P 5 0 T A 3T AR FEHE) (18] de) L 2Kk As 5 Skt Bt A SO L ARG 5 8 IX BRF 58
DX AP AN .7 SR RS BT As S kA X R ( T 4f) 5 (4) 2547 1 b 0 L 7T L& BLIX P9 3
KT 4R PhZn Fl As 145 {E X 5240 A0 75 55 3042 PRI X, 16 K FH 5 S A2 o 6 o A £ 14
AR A T B LA B A HUIE 25 B 285 L X Py b 7K 4 i J2t Jm 3 T 7 Il B ot R 5 XA 7k 39
3T 7K 33 B B TR A TG HUBBRR: R0 22 (o 32, 3o (o P 2 I B 225 e o F Ak A, 7=
TR IR YEYI TR E 25 530 T K kIR L A Ak Ak 7 2

& U AE XA ZK SR /K 0 R 7K T 4 i Jeb s IR A0 25 S T R 2% 1 B0 SR R 5
Al B R 5 G 42 R AR 7 P 1 L B 7K RS o R . 1 T B PR AN 05 SR 2 LA
A2 AR A SR P o VOt ECR A AR K S0 0 7K 7 4 R 2 11 235 ) 28 Ak 1 5% O R B g
VA RS AR A K 2 K 3012 S S KSR R A0, K BB REF  22 , F/K  2 Wk B B T A
SR SEB IS Y IRET K T8 (ELR R BT S TR RS T 0 R /K T 428 2 i, s /K 0 R /K &
S IR A EBINT R K, 53— S T K Zn AT As A BRI (&) 4e R 4d, [&] e FIE 4F) . [R]
R K — B T2 SRS, 15 P Vs B KR B 7 0 B, U0 SR 35 Y SR SR V5 e &7 K,
R Y VB ) A T I ) TR 4 B T K 35 R Vs Y R 4 TR
2.6 BFFEIX ML T K E 4R R P

RN NG 24 75 5 s A SRy /0 B EL RS A S 1 LA 7B 38 3o /0 1 7S e A B B 2 A5
B MR RIF T X G5 A7 TLAS 3228 5200 905 61 A D DRIt 3 08020 23 BT 126 3 P SIe AR 5095 e ok
VL, ) AR TR T SRR S T K AR K R 2 0 R K T 4R A 2 R, AR R
PRI XA A R 27K 0 M R 7K 7 4 8 A b 4 A T 2 RS 4T TR A 5 IX T M AR i
TAJE & BT 3BT 45 2 W1 KMO {#( Kaiser-Meyer-Olkin) y 0.646 , Ui BIRFSY X Mo F /K 7 42
BAREEE & F RSN MT, [F A Bartlett BRIE RG24 tH 1A FEHESR A 0.000 , /N TF 5 21K F 0.05, P 4R
4 Bartlett BRI R U6 10 AR 8 & BT

25 SPSS BRIFHIEE , 7 2R 5, JEHRI 4 A S, By £ 5k 79.15( 35 4) , FT4RER
()15 JELREAS S WL IX P 3 /K T 4 SR R UL 0 135 18, SE A4S 1( PCT) 4245 CroPb Cd I V 4 A B4R T E %
HH oK T 43 J T A U — 80, 205 A 0 AR AR 2 Bl v 5 i A7 78 8 85 1 Cra VA Cd 11 P,
i PC1 F Wi 86 7 4 J& S RELME A 6. TR 2( PC2) 4145 Ni I Cu 2 AN EAJBICE , W H R I —
B, N TEEAEALF IR SIS, 320k [ TR B AR A DRI % AR P 2 LA R A B A 2
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36 %

HERHR 5520 RS> 3( PC3) A4E Co, Co BRI T A £ 57, Al A HERL A X HsZ w4/, £ o) 4
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Fig.4 Spatial distribution of Pb and Zn in groundwater during different seasons

R4 W XEZH K E AR sl

Table 4 Results of Principal Component Analysis for heavy metal in groundwater during two seasons

A Bl Y2 Y3 B AR kR 2
Varible PC1 PC2 PC3 PC4 Variable commonality

Cr 0.86 0.08 -0.29 -0.18 0.86

Pb 0.80 -0.22 0.21 0.08 0.74

Cd 0.75 0.10 0.32 0.37 0.81

v 0.65 -0.42 0.38 -0.06 0.75

Ni -0.23 0.83 -0.10 -0.06 0.75

Cu 0.15 0.77 0.41 0.03 0.79

Co 0.08 0.11 0.92 -0.09 0.87

As -0.28 0.18 -0.32 0.79 0.84

Zn 0.35 -0.23 0.14 0.73 0.73
HHE(E Eigenvalues 2.63 1.63 1.51 1.35 —
FiHkZ Contribution rate/% 29.22 18.10 16.82 15.02 —
S5k Cumulative contribution rate/% 29.22 47.32 64.13 79.15 -

KMO = 0.646; Bartlett iy ERIE K56 Sig=0.000

?71994-2018 China Academic Journal Electronic Publishing House. All rights reserved.
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3 28 ( Conclusion)

(1) HFFE X2 R K E G A R Gl R /K B b i) TJARfE, B V. Co AT Ni &b, HAR TR
&R B BEAERS AU AN K0 22 52

(2) WF5E DXTT /A F 5 Ja X il R /K L 5 B R LA R, X A P T < Js o0 A e (L DX, 7 3L T 2R
i IS R S ST P AT A0 S T A HER At e 2 i DX DA 3 7K o 4 s 5 e ) T A

(3) &ia 2 [ AT FAE LUK 2o e T4 2R WEFE KR JZ R /KR CeoPhCd AV 45 4 Rh G &
TR A BRI AL AERE, Co T ERIRT BRI, Ni Al Cu W AR BE BRI 5 IR A53R B HO 45 2R, Zn Al
As R T HEAL A HLAC A
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