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Distribution of Heavy Metal Concentrations of Groundwater in Rural Areas in Pingyi County

ZHANG Fang'?, CHANG Chun—ping?", LI Jing', SONG Shuai', CAT Wen—jing"?, LI Fa—dong'"

(1.Key Laboratory of Ecosystem Network Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chi—
nese Academy of Sciences, Beijing 100101, China; 2.College of Resources and Environmental Sciences, Hebei Key Laboratory of Environ—
mental Change and Ecological Construction, Hebei Normal University, Shijiazhuang 050024, China)

Abstract : Groundwater is one of the most important water resources for drinking in the rural areas, so the assessment of heavy metals in
groundwater is essential for evaluating water quality. In this study, groundwater samples were taken from 49 villages in Pingyi County which is
a representative mountainous area in the south of Shandong Province, China. The concentrations of Cu, Fe, Pb, Zn, Cr, and Cd were analyzed
using Inductively Coupled Plasma—Optical Emission Spectrometer(ICP—OES ). The results indicated that the concentrations of Cu, Fe, Pb,
Zn, Cr, and Cd ranged from 0~0.127 mg-L™", 0.01~0.532 mg- L™, 0~0.006 mg-L", 0.025~8.459 mg-L"', 0~0.035 mg-L", 0~0.001 mg-L"'
respectively. The concentrations of heavy metals of most samples were lower than the limited values of drinking water standard of China and
EPA. However, Fe concentrations of 2 samples and Zn concentrations of 3 samples exceed drinking water standard of China and EPA. Corre—
lation analysis demonstrated that Zn and Fe, Cr, and Pb showed a significant correlation in pairs, which suggest Zn and Fe, Cr and Pb have
similar sources or transfer path in the study area. The spatial differentiations of 6 heavy metal concentrations were large with a character of
patchy distribution, suggesting their concentrations may be influenced by human activities.

Keywords: groundwater; heavy metal; correlation analysis; spatial distribution; pollution sources
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Table 2 Correlation coefficient between heavy metals of Cu, Fe,

Zn,Pb,Cr,and Cd of groundwater samples in Pingyi County

Cu Fe Zn Pb Cr Cd
Cu 1
Fe -0.115 1
Zn -0.204 0.416%** 1
Pb 0.184 0.059  -0.053 1
Cr 0.224 0.102  -0.119 0.413%** 1

cd 0.067 0201 -0.006 -0.016 0.013 1
e g PR DG 0.01CMUR ) o

Note: **Correlation is significant at 0.01 level (2—tailed ).
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Figure 2 Dendrogram obtained by hierarchical clustering analysis

for heavy metals

®1 FEREMTKIESRRERZITER

Table 1 Heavy metal concentrations of groundwater samples in Pingyi County

i H Cu Fe Pb 7n Cr Cd
K 2/ % 86.20 100 31.03 100 53.45 63.79
e KA /mg- L™ 0.127 0.532 0.006 8.459 0.035 0.001
/Mt /mg - L 0 0.010 0 0.025 0 0
SEHE /mg - L 0.021 0.053 0.000 7 0.550 0.005 0.000 7
i 0.024 0.084 0.001 4 1.767 0.006 8 0.000 5
[ 5 K AR E(GB 5749—2006) 1.0 0.3 0.01 1.0 0.05 0.005
EPA TR K i 1.0 0.3 0.015 5 0.1 0.005




130 RAIMEF FF IR EEIRIET B
N
A o f‘ﬁ*ﬁ Bk
AT
ﬁjﬁ.ﬁﬁjﬁ". s Jia
AL 0 ot okt
Jic i ’Yii
° g
ﬁiﬂgﬁ .gzzﬂ LIk
e FrpRAL o]
RKE S TE R
. o W
oMoy a? dorgh LR
o0 "B JTENIs
S AR aHES e T
ST SRR fl @ IE
f%# o I -
SRR s AT
e AR © o“f'ﬂ
AT
e ® L
[t}
{ I L
@
PG 1451
® gy TR @ e ® it
_— Cu/mg-L" Fe/mg-L"
S 0~0.02 0~0.02
[ L 0.02~0.04 0.02~0.04
FEASL I 0.04~0.06 S I 0.04~0.06
I 0.06~0.08 I 0.06~0.08
Y2 =g'(1)g~8'i(3) I 0.08~0.10
K HllD=L: : I 0.10~0.13
.@iﬁ 0 3700 7400m 0 3m 0m

3 CuRERT
Figure 3 The distribution of Cu

(VAR Y ci A (PN e R e oy (e
AR AFFE UK BT AR e, &R m Rk A
B L, HRZ 3 A Tl 8Ol Bk s i X, B A
M AR R b T 55 T P R 3 B < i
PRI FEEEN . Gr 7w T IR R, AR 2 B
PRI YT, MBI FUK SCR AR5 2 BAH L
i 5 2003 SRR AT T R K P 4 e 5 R
BEAT AT LU P B B T oK h B4 R 5
TR T (R 3), X ] LG, F 2 Bl R ok
EE ey a2 & NSl

1P 3 AL, S B R K Cu & s X
SR AAAREE, At M DX BRI . S B AR O A
FE R BRI AR ZEE (0.127 mg - L) Rl 55 A
(0.081 mg- L), IX-5 RAMREEL oy JBE 6 3K B A1 5 A7
TP FEDIARSE  FEAREECLE XX DEOT KA FH A [ P2 )™
AT RIS, 32 B AR Oy B 1) T
M, AR KA E (VR T T, ik ey Jor ik A+

4 Fe EBHN T
Figure 4 The distribution of Fe

FIHE 7K H 458 T N AR IR . A BRI,
KA B BB AR R Cu B i S A OGO &R, BIK
PRI MEER TR KR Cu Sty Ihab, Bk
A — AR A, T RS T K Cu 55—k
Ji, AR H AT E B R K Cu R H E 5K
FHA S AR, (RS WA BUCR B FRAS s, F- &2
BT KK 2% 3 Cu (755, ISR A 53R 851
fi i N AR

- B R K Fe WREE A ST, AN
o 1 15 (I 4) 43 53] HH B i AL VG SR ) (0.532
mg- L) FELE £ BRI A (0.319 mg- L), B i 17
I IR R K T AR vE A EPA IR K G b . M2
WFFE WP, 3R K Fe JUER B34 FRAE 2 5 X
WA HERE T R RV TS sh SR R A, B F
WFFEPE S B RL B  pH IR 1358, L KA i Fe
BTl ORI AFI T K, BHIF Fe 511
EEATR , W B T /K Fe St dm . PIAF



T E BRI Tk P T SRR 131

N

A 6 f‘ﬁ%‘gyu%ﬁ

L & 5
i
& j‘;

&} ® 9

o
R
AAFIIE g#ﬁ%ﬂ% %
@i

iﬁﬂlﬁ?ﬁ
VFZRIE ASFHAR

g 2RI
g

e
eitkmp iR
N

. ST

sy
It "

I

Q@
I E | P il
b ABHGIAN @ Jpts
Ph/mg-L"

oAl 0~0.001
® e 1 0.001~0.002
o 0.002~0.003
A% . 0.003-0.004
I 0.004~0.005
I 0.005~0.006
of 0 3700 7400m

| I ——

5 Pb ZEHT
Figure 5 The distribution of Pb

o Ja T4ty B A SR A a3 Rk K R
TR, IF HAZA AR B HESK I Tl el X PN A 48 1k
EPRRI SR HAMZER AL TR I A 3, P22, )2
BR AR T HZR K MBI BY, FrloR S Fe
BTSRRI OK S FROK BT BB T
K K EHE I T R ER Y, K Fe
BT ORI AT K . BUE S R RN TP R
SRR R, B AN &3k, 3R K2 N R
THREN AR R, MK Fe VR VTRE S
KA BT Fe SRAL, MR TELET, &
LR T T SRR A b, X P RS M SR
BT b T 7K b Fe v BE A R A 32 AL

- Eth R K Ph ARG A AR (31% ),
W JEASAEE IS K (0.001~0.006 mg« L), #&A~ ELig o
At 2 I T 2851 (0.004 mg- L) =K (0.006
mg- L) TS (0.004 mg- L) 3 AN B4 R 1 (&

b
S
g .ﬁ*%@lz A B4

® otk

® okt
Zn/mg-L"
0.025~0.083
0.083~0.095
Ak 1990.095~0.152
0.152~0.433
I 0.433~1.800
I | 800~8.459

ok 0 3700 7400 m
[ ] [

Eo6 ngENTH
Figure 6 The distribution of Zn

5), HAWAE S S A AR E R . A MIREE R E
ANELPh BRI F TG Y 285 R SR K Hh
KA Ph AT R IE T8 & RS R A I
XSRS FERAG TR0, BT RS IR0 ) R fif
FH A& &2 Ph i Mok 05, I Rl A HE
NN NEOFTS SEEW N T | = A (1 B2 B N
Hi K HEA S RN R /K P (B JER S K
i) Pb AT BB iz b b BT A5G O, REEA £ E ML
TR, TUA TR AT REAT P B98TIR , DABOZ LM TR K
Pb WK

A 6 A1, P B T K Zn BMR BEVE R AE
AR, FE v B d e BV AR Y 3 M FE s 2 Tl -2
B EE (8.459 mg- L) . HFAEINET 45 F (8.044
mg - L) FlHb 5 B A PE A THAT (5.263 mg+ L) . Zn [ 32
By YLt R Tl AR PP R . AR DL S A 2GR IE
BRI S TN el DA s AR A 206 7l L R ML B



132

RAIMERF 2 EIRVET B

0 @‘a%ﬁ .ﬂﬂ%ﬁ.

. T
Mjﬁiﬁﬁiﬂﬁ‘. i< 3ig
BT i

JichL
®

Hogrg A
B

[ 4]

@ R
Cr/mg L™
0~0.001
0.001~0.002 5

JEARSL B 0.002 5~0.005

i I 0.005~0.01
I 0.01~0.02
I 0.02~0.035

0 3700 7400 m

| WSS N—— T—

B7 GRENH
Figure 7 The distribution of Cr

RIFEMRMTAPESGEEZEXTLE (g L)
Table 3 Comparison of heavy metal concentration in the study area

to those in vicinity(Jining City,, Shandong Province ) (mg-1.")

EXI N7 - (3 51(2011) AR B 71 (2003)
Cu 0~0.127 0.000 9~0.007 2
Fe 0.01~0.532 0.004 7~0.029 2
Pb 0~0.006 0.000 8~0.004 9
Zn 0.025~8.459 0.004 0~0.024 1
Cr 0~0.035 0.004 0~0.024 1
Cd 0~0.001 0.000 8~0.005 7
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