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e Cr,Co Ni Cu Zn Cd Pb 1 Hg 193 & DA K 4504 pH {5 ORLBEFIA HLIT, R SR FHRE0L SR A REB0L M EAE S faH
FEEE XK RS R 4 B VS Yt AT TR, TR AR SE T R RIS HOR IR T T 02 MR, A5 E kR
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Heavy metal concentrations and pollution assessment of riparian soils in

Shandong Province

ZHANG Ju', CHEN Shiyue" ", DENG Huanguang >, WU Aiqin', SUN Weibo', CHEN Yingying'
1 School of Environment and Planning, Liaocheng University, Liaocheng 252059, China
2 College of Resources and Environmental Science, East China Normal University, Shanghai 200062, China

Abstract: A total of 39 riparian soil samples were collected in 24 rivers, five reservoirs and Dongping Lake in Shandong
province from September to October 2010. Concentrations of heavy metals, such as Cr, Co, Ni, Cu, Zn, Cd, Pb and Hg,
as well as some basic physiochemical properties, including pH, particle size and organic matter content, were measured.
Using the soil background concentrations of heavy metals in Shandong Province as standards, single factor indices and
comprehensive indices of heavy metals were calculated to assess the degree of heavy metal contamination. The potential
ecological risk index method was applied to evaluate the ecological risk of heavy metal contamination in riparian soil. The
results showed that the riparian soil was mainly alkaline with a pH range of 5. 67—38. 66. The organic matter content was
2.60—33.74 g/kg with an average of 9.39 g/kg. The riparian soil had coarse granularity with an average particle size of
89.69 pwm. Silt and sand grains were the main particles in riparian soil with average volume fractions of 50. 33% and
38.48% . The average concentrations of Cr, Co, Ni, Cu, Zn, Cd, Pb and Hg were 53.03 mg/kg, 10.33 mg/kg, 24.96
mg/kg, 18. 38 mg/kg, 56. 13 mg/kg, 0. 142 mg/kg, 22. 48 mg/kg and 0. 020 mg/kg, respectively. Heavy metal

concentrations in the riparian soil samples were all lower than the heavy metal limit values of the class II environmental
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quality standard for soils in China ( GB15618—1995). Heavy metal pollution in riparian soil was generally low and posed
low ecological risk. The degree of contamination of the different heavy metals decreased as follows: Cd>Hg>Ni>Zn>Pbh>Cr
>Cu>Co and the potential ecological risk were in the order of Cd>Hg>Ni>Pb>Cu>Co>Cr>Zn. Thus, Cd and Hg most
contributed to the ecological risk with average ratios of 46.8% and 33.6% . A higher degree of heavy metal pollution was
found in riparian soil from Zhu Zhaoxin River, Liaohe River, Menlou Reservoir and Dongping Lake than riparian soil from
other water source areas. Correlation analysis revealed that heavy metal concentrations were significantly and positively
correlated with each other, and also with organic matter; in contrast, they were negatively correlated with average particle
size. Hierarchical cluster analysis, based on Pearson correlation coefficients, was used to identify the sources of heavy
metals in the riparian soils. The results suggested that the heavy metal concentrations in riparian soils were determined by
both the soil parent materials and external sources related to human activities. Specifically, Cr, Co, Ni and Cu largely
originated from soil parent materials; Zn and Cd were associated with contaminated surface runoff, Hg might be related to

industry and domestic solid waste, and Pb probably derived from vehicle emissions.

Key Words: heavy metal; soil; pollution assessment; riparian zone; water source area
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Fig. 1 Sketch map showing the sampling sites
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Table 1 Assessment standard of potential ecological risk index

g BT 4 R A A 25 XU e Rl 25 R
" Ecological risk level of single heavy metal Ecological risk level of the environment
<40 R fEE R <150 A fE FH R
40—80 A fEE A 150—300 B fEFE g
80—160 ARG ER R 300—600 B EFERE
160—320 EBfEFES =600 HBfEE
=320 S EER

2 #BREITR
2.1 K IR A B R

IR IR L S50 3% 2, 14 pH ERE RN 5. 67—8. 66, Hir, H BRI DR INZKFE | &k K
J#E IREKIZE ARTRIFL L A A pH (BN T 7, R, HoAt 5 0 H IR R AR A R B
JI 2 B2 I B N SRR R 2 A LA R A T S, e, 51, 3% RS A AL B
HANT 10 g/kg, M AIRACKIEERE KR 138 B U R AR RN 3,5 AN S0 HIERE R S KT
0, Hor B B K P (A A Bk 5 BB i, R 10..90%  FP-EAPRIAR AT UL /K At 3 I R AR A0 R, 25 6% 1) s v 4358
SRR KT 100, 7K AT 907 RE R AL Y & 5 B A2 2 B o 4 B MR A1, K R A o b AR I
VDI B PE TR BE DA SR K AR HE VK 7 i 5 2 18 v A 4R BRSO DT TE T TR VL AT B S UK A
OB AR B A LR AR IR AR A R 2T A AL SR A S R B0 | K R A PLT S B kL
JE B 2 1) 3 A 22 SRR, B W T 038 5 R SR A RUR ) 25 S

®2 KEHLEENSHET

Table 2 Physicochemical characterization of riparian soil samples

LR biiE Ay bR ARy bk iR SRR
it S5 . > Clay volume Silt volume Sand volume Gravel volume Average
L pH & Organic matter . . . . .
Statistic fraction fraction fraction fraction particle

pH value content .
parameter /(e/kg) (<0.002mm) (0.002—0.05mm) (0.05—1 mm) (1—3 mm) size

&/ke /% /% /% /% /pm

A Average 7.84 9.39 10.72 50.33 38.48 0.47 89.69
#z/IME Minimum 5.67 2.60 3.51 18.32 5.30 0.00 13.42
e KAE Maximum 8.66 33.74 27.00 74.40 77.60 10.90 455.21
FrifEM 2 Standard deviation 0.76 6.08 5.53 17.84 21.80 1.92 95.98
s B Z A
AR5 AR
Coefficient of variance/% 9.7 64.7 51.58 35.45 56. 66 408.61 107.0
T B 25X Skewness -1.45 1.78 0.88 -0.60 0.40 4.86 2.16
W 2B Kurtosis 1.34 5.60 0.82 -1.16 -1.26 24.96 5.06
INZRAE LT R
Soil Background values of 7.7 11.6 — — — — —

Shandong province

2.2 KFEWHIERESEN G EKF

&2 Rk Ry I 4w S R B . 8 Shapiro-Wilk ¥ X503 7R 4T IF 455, Cr . Co \Ni . Cu Fl
Zn W 20K 0,8 T IE 2305, Cd  Pb 1 Hg F EE 2 BOK T 0, 5008 52 1F w2500

3 KW LIEE SR S RSG5 R TR AR HE (GB15618—1995 ) — bR HE(ELAH LL , BR
Cd FMHA 7 Fp 42 J@ S I AT B —BbR e, 1T Cd A 7 A SR, BAREN 17.9% ;5 —JhrifE(EAH
e 4 EBibbr, HILARA T S L, Cd WP & R 20 015 S EM 1.7 £%, He 15 s & T S fE,
M HAth 6 Fp 42 @ A-F- 2 S Y/ N T S, /KM He M1 Cd 75 5 0925 18] 40 A 22 SR, Hidie KAE 43 31
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Fig. 2 Histograms of frequency of heavy metal concentrations in riparian soil samples
®3 KEHFIEESERESHEI/ (mg/ks)
Table 3  Statistic values of heavy metal concentrations in riparian soil samples
#1135 Statistic parameters Cr Co Ni Cu Zn Cd Pb Hg
XA Average 53.03 10.33 24.96 18.38 56.13 0.142 22.48 0.020
#z/IME Minimum 6.42 2.25 5.72 3.94 25.91 0.037 14.74 0.003
& K{E Maximum 90.53 17.50 44. 64 35.01 107. 60 0.382 42.97 0.069
FrifEM2E Standard deviation 17.16 3.33 8.71 7.19 16.49 0.067 5.52 0.016
AR 52BN Coefficient of variance/% 32.4 32.2 34.9 39.1 29.4 47.5 24.6 78.3
I 74 Skewness -0.47 -0.12 -0.09 0.22 0.65 1.23 1.52 1.51
U B AR Kurtosis 0.98 0.46 0.31 0.39 1.28 2.91 3.78 2.59
INZRA LT Rl
66.0 13.6 25.8 24.0 63.5 0.084 25.8 0.01
Soil background values of Shandong Province 3 3 ?
HE— bR (GB15618—1995
* ig bHE( ) 90 — 40 35 100 0.20 35 0.15
National standard-Class [
HARZE Over-limit ratio/ % 2.6 — 5.1 2.6 2.6 17.9 2.6 0.0

2.3 K R AR TS YN

K AT 1A T 4 R P-4 BRI AR BRI 1 Cd (1. 69) >Hg(1.06) >Ni(0.97) > Zn(0.88) >Ph(0.87)
>Cr(0.80)>Cu(0.77)>Co(0.76) ,Cd Fl Hg KM A4eT5 Y, HAbFH & Jm R AR5 Y, NS ELR L H T
BN AtE S ARE (B 3) :Cr.Co Ni Cu.Zn I Pb 0I5 Y38 B8 /N T 2, BRI ARG Y, RO RT5 4,
Horp Ni A TG YRI5 Yo i LU B 3530 . Heg R R B ARTG Yy, HR AR5 Y 15 Y4850k T 2 KRB
rh s YA VS YL AR T O ERR 12, 8% . S EE & @ ORIE], Cd BRI RIS Y, Wk s g R is
PeREaA 17 15.4% JFHIEH 5. 1% RM K EIG G, MNGEERREBORE, HiuHE R 0. 56—3. 53, F-B{E N
145 BARRM AR EI Y, KEWLIERERS B S BEN MW T . BEIE Y (66. 7% ) >AK 15
(20.5% ) > ETE Y (10.3% ) >HEIFYL(2.6% ) ,

KR 8% T AR T AR RS E REUNTEEN 0. 19—144. 82, A4 4 8 B S e E R =
KFLIR (E<160) , 4 48 1P PG A S 6 REBERM N . Cd(50. 67) >Hg (42.40) >Ni(4. 84) >Pb
(4.36)>Cu(3.83)>C0(3.80)> Cr(1.61) >Zn(0.88) ,Cd Fl Hg HA HF25E i L 5063 i HAl 6 FhE4 B R
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A FEN AR, IS EERIBTEAERGE R MTENKE (K 4) :Cr Co Ni Cu.,Zn Fl Pb IETEARS
FEUAVEE R 0. 19—8. 65, ¥/NF 40, RIUH AN ARG E ;AL Cd Al Hg RILH P ELL LK FAESEE,
I H Cd BRI PELESEERN LS, 8 FhE SR MBS A EIRE (R WIER N 30. 42—309. 61,
SERE R 112. 38, AR R I R0 R 2506 3 Hor | Cd FI He X P 70 2R 2506 3 iAok, HOE 2 Bk 540 5o
46.8% F133.6% . KEH HIEE S mIS LS EEREN M  ASEFERM(T9.5% ) >HEREE T E
(17.9% ) SHEBfEFB (2.6% ) .

0<40 40—80 E80—160

100 o<1 @12 B23 83 wry [ 0 M O ]
L ] < 80 b
g ¥ : ] )
50 - i : = : ! [ [ #
g 60 | i ; 8 60 ri. ! [ & - e
5] i 7 : 5 g § [ [ #
2 . : a :
o . .
= 40 b : Z B 40 [
2 1 ; &
= . L = :
o 20 | L [ s 20 FI
= : . I :
0 , L, LB FELE L o bl L LB L) L ﬁj‘ Ll 1)
Cr Co Ni Cu Zn Cr Co Ni Cu Zn C Pb  Hg
H4)® Heavy metal H 4 )8 Heavy metal
B3 KewtERESEEEFEENSH B4 KEFTIEHFREECREBELETETHEENS®
Fig. 3 Percentage of riparian soil samples in varied single factor Fig. 4 Percentage of riparian soil samples in varied potential
index classes ecological risk index classes

MUL BBl LUE SRR TR 805 L8 B 80 Fs 7 4= A 16 F A B0k PN 25 R B B i — 3
Hg Fl Cd (75 e 8 B AR HR T # I R B, I R I P AR AR S e F . Ni BAR BA B3R
FATE Y (BRI R TE YL i FL B AR T Cd, Hys e & a3y 5 G . AR, 45 /K R 3
A BAL TR R B S fEFRAL, #2000 6 8 15 e PPN 18 B0 25 [l 73 A FRAE . 275 15
YK SR R TS YL LA (P>2.0) [FI B FR 25K S DL e A 506 B A7 (RI=150 ) A 35 R X HT T
BT T THOK ERZAR 8 . Co Ni\Cu . Zn ,Cd Il Hg & 2 MR RAESS H B0AE LR 07 AR & v TR] B 3 % B vk
BT 1A AR 2 A2 h i 8 Al 4 Jm & e S e 75 e, v BT IRl ) 25 5 75 Y s BRI
ARG EIR B R, 5o 3,53 F11309. 61, S A i A e — 2 Bk 75 Yl R i A A5 VRS 1) Ao
FRAERTRAE A3 8 BB AR 0 25 R A o3 W 30, bk a5 B 4 v5 e ml B S Rl TR TS G ARF AR TR 15K AT
B LA B K UG5 YA 5, AT B i) G 3 ) ety 4 T 4 IR 1 25 5T Y AR i, HV LA R AR IIE e AR
%, X EZIEM T Heg M AESGHFR R (E>80) 81,
2.4 KA L HEE SR RSB

JCE (B A AR SE AT RIS RINR T o AT S e T 7 ik i 32 I8 1 - 8 4 35 e AR SR IR A AT 20
ATIFFE R FAAR D AT AR 28 A X K ey - 3 78 4 i R TR R AT 00 45 (10 20 Mr . 7K R A 38 R 42 s e 2% R
fEFEFRAY Pearson FHIE RELUNFE 4, Cr Co Ni ,Cu.Zn,Cd Hg Z [AIfF7F i & A AH G, Horfr, Cr-Ni |, Co-Ni | Co-
Cu Ni-Cu,Cu-Zn Fll Zn-Cd BIAHI REIIFE 0. 90 DAL, i Pb X5 Cu Zn il Cd BEMK, SELRISHI
[t 8 B A OGS T HEA AL H 4 R B AR, BR Pb # He Ab, A 8 68 34 5 3Ry Bk iR 24k
WENAAL, KESES pH (HAM PRSI Cd F1 Pb 5 pH /0952 B EA LA, N4 H
FEAEFRIYAH NS E A HLTR A pH (H 15 ki 12 5 i3 e,

FRAE B 4 )@ Z 18] (1) Pearson H156 22 BUHAT RIS /T, 45 SR ANK S FiR .8 Pl & B TR T IR N4 25.(1)
Cr-Ni-Co-Cu; (2)Zn-Cd; (3) Hg; (4) Pb,Cr Ni,Co ,CuZ [H]£77E M 8 3 AH S , v I HEL A 34 1) A AR A=
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x4 KEFTTEESEFMELIEFRA Pearson 1% R

Table 4 Pearson correlation coefficients of heavy metal concentrations and physiochemical properties in riparian soil samples

o1V i) T

JLHR

. Co Ni Cu Zn Cd Pb Hg Organic Average pH
Element . .
matter particle size

Cr 0.88a 0.96 a 0.86 a 0.73 a 0.70 a 0.16 0.39b 0.56 a -0.55a 0.29
Co 0.94 a 0.94 a 0.82a 0.77 a 0.26 0.48 a 0.60 a -0.61 a 0.26
Ni 0.94 a 0.84 a 0.80 a 0.28 0.43 a 0.61 a -0.60 a 0.28
Cu 0.93 a 0.86 a 0.36 b 0.56 a 0.71 a -0.65a 0.32
Zn 0.91 a 0.54 a 0.60 a 0.79 a -0.54 a 0.28
Cd 0.37b 0.66 a 0.80 a -0.60 a 0.34b
Pb 0.24 0.52 a 0.16 -0.36 b
Hg 0.63 a -0.28 0.07

AP

Organic -0.36 b 0.03

matter

PR
Average -0.61 a

particle size

a: 99% BIFXAIEE; b: 95% E 5 XA W3

KER, HH SRR T 5E, TERIO RT3, N R P L S )
ﬂﬁdyﬁﬁ%@ E ?K}'G{JE EI] iﬁgﬂﬁ%o 7n %ﬂ cd i@%ﬁ Dendrogram usin?;;i;;nﬁsk;i;Between Groups)
E)“_‘%@J A;’é(ﬁﬁj%ﬁ uﬁl E"J 7_.5% y F% ﬂﬁ?ﬁ—é {}]2‘314 N d: {ﬁ {;5 7J( LJ & - Rescale(i Distar;‘ce éluster Combine
TALBEA R A 70 1 CA UKL gy e 2

WM S Bk 1 FHRAE T s e L ks O
IR 84. 6% Y Cd RIUNERIL UL LYK Zn &0
A7 30. 8% KBV Y, LTI Zn-Cd 1R 2]
(R FRAR T TS g, WIS S WL, (1) RI(2) o e
B AR, ST T KA BT 4 9 f o
S [ SRR F AR VSN E S A IR . Hg 175 2 Hs AEBLRRERARRIHRE
B RV 2B Lk T Cd{H 1A 5 Cd Zn B¢ Fig. 5 Hierarchical cluster analysis dendrogram of heavy metals
2 LA AR IR AR U, AR L Hg &
T B BORZ S S | T Hg SR — Pl LA B HE A PERO T ORI 0T A K A A 32 Tl 35 e gt
KITRHL IRVEHI i SRR HE OB DL BOK A R M BRI SR e . o TR A 30T 5 T 4%
SOER, H SA KR A T ARARIE Ph, T2 KT T It Ph T A R S
SERTE SR
2.5 vhig

S5 1992 AFXF N ARRRHEIS (BT AR 6 L BV 77 8 IR UT A8 AU ) MR 1O TR A 4 SR L
(#5) KR LHEd Cd P Ni Cu Zn & EWTEEES , Ho Cd 192 3 oW RRBEIX 13809 3. 46 £, Hg (19
PRI T AR 4, Cr B9 SRR, K FEHE L HOH Ni L Cu Zn Pb 5 REKAL IR AL TR L 485
P4 T /N T 4 A 5 0 PRI — 3, Cr M85 kD 8 T E SR DX, T Cd O 0 2
TR KAL IR AR R TR LA AR T 0T, M 19 3 AR T8 L/ N T e, ol R IL I ARk TR E i
AT ST K PRt - 8 T 4 T LA AT 52 BB AR BRI 9 T 5B . KR LR
JB Cd B R TR R IR S SN Cd RS R T e, — R E R T I )
VI K PSR VTS YK A R SR A IS S, T Hg 1O B S A S M O R TR X

)

ﬂ

N oo AN W —

in riparian soil samples
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L3 Hg (35 (3R 5) X T BT U SUAR SR L ZRAE IR A5 Y2t 80 Hg AT 6

x5 KEHFIRECRAESHMMRERMLILE

Table 5 Comparison of heavy metal concentrations in riparian soils of different areas

Cr Co Ni Cu 7/n Cd Pb Hg
ENTE S Average 53.03 10.33 24.96 18.38 56. 13 0.142 22.48 0.020
This research 1 Range 6.42—90.53 2.25—17.50 5.72—44.64 3.94—35.01 25.91—107.60 0.037—0.38214.74—42.97 0.003—0. 069
AR X 24 SEHIME Average 50. 80 — 16. 60 12.50 38.1 0.041 11.5 0.048
Brown earth areas of
rown earth areas o WM Range  17.2—102.9 - 4.84—33.0 4.04—28.8 15.1—76.1 0.0093—0.102 4.00—26.1  0.007—0. 11
Shandong Province
Ak AR TR -
a— I Average 24.3 - 24.8 18.8 54.3 0.0546 17.0 0.020
Field soil in Shandong
Province of eastern li »
rovinee of eastern fme JEF Range 13.9—49.4 - 15.6—44.2 9.70—46.0 30.8—96.6 0.0156—0.129 5.80—32.8  0.007—0.046
project of water allocating
from south to north
b/ TF-H{H Average 13.1 13.9 — 21.7 58.5 0.131 20.0 0.0357
Soil in the Xiaoging Rive
ol in the Maoding TUVer kg B nge 51—307  5.80—24.0 - 6.00—84.0 19.0—109 0.051—0.307 6.20—38.0 0.0047—0.700

valley, northern Shandong

ARFFEAE—ERRE FAER T IR 53K a1 139 5 4 Ja 1 Y (RO R R, (8 32 2 (R BRI, 76 4%
Kb B SRR R SE B /D 43 W B R A I e i - SR AR TR B B R AR IR AN A T
3 &g

(1) INZRAA BB K A I 48 Cr.Co Ni.Cu.Zn 1 Pb B X & HE /N T 75 5408, He W&/ T 5018,
12 Cd B i s TS, AN Rl 1.7 f5, &KW HEE SR NS EA S LR fa
YRt

(2) B FHREOE LA TR BUR NG A AR B FEAR BRI 45 SRR KR R &R R R RN
BTG A ERAR, Hrf Cd 1 He & EEATE R F A SAEE RN T, ESJET5 Y0075 [ 046 FEE
KT, PRARCHTIT BT IR K AR S WK R A R A R TS AR AN AR S e E B T A K
P,

(3) MK H LSRR KR H R E SR & B2 M HA B E A, B5 3 A L
JETRRL BE R DIAROC o 7K Ry T8 o 4 T 1) % B 32 3 A AR IR (W BR 5T ) R Y5 A R 52 e, U 3 A
FEHRARTE Tl RS I3 RN AZ 3 12 5 25 75 L IR
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