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Table 1 Background values of heavy metal elements
along the Xiaoqing River (mg/kg)

WEFEX B R
Ik S an AEt
(n=2702)  (n=13720)
As 10.0 103 9.3 10
cd 0.150 0.141 0084  0.09
Cr 72.8 64.5 66.0 65
Cu 24.0 21.8 24.0 24
Hg 0.030 0.031 0019 0.04
Ni 29.2 27.6 25.8 26
Pb 23.6 214 25.8 23
Zn 68.0 63.8 63.5 68




532 h =

Hi J 2012 4F

Pb WY Sl Y& T4 E I E , UL/ W R 4
T AR S e b sk Ak ML, B i S
J&ICER Cd . Cr Ni Pb & #EAERAEFZMT A AT
[STEEE:

X E /N T L A R R - T R R
(B )T RS, B0 T F Mn ALO;.S,
MgO KO # S AR T Hh il AT i 468 51, Sio,
Fl Na,O 7E bl R S b sy, mHAMITR S
TR 0T SUENR Tl T R R
B, "Hif - d As B .Cu.Cd.Cr.Co.F.Hg Mn,
Ni, Pb.Zn Se FFICR T 5 ME¥ & T b MiF 50
R RE, H cd Hg Se 7358 i 175 5l
M 1.3.1.6 A 1.4 4%, 1 SiO, Al Na,O WK T 1 | F
Ui 375 S {6 F . Mn ALO;.S MgO KO TiiF>T
> F % ;As .B.Cu.Cd.Cr.Co .Hg Mo ,Ni.P, Pb,
V.Zn . Se N . TFe,O;.CaO: H Jif > I iiE > T iiF
Na,O . Si0,: L iE> T >z

FAE/NET b R WEOT R T R Y 22 Y
NS o G P U TR O S WA A= R IR e T we vy
B 18 7K R T ) 43 A e AE A6 3 T T R A
B 1B 05 0 B ] L& B . /NG T U TO1( XA) JT02
T3 WHRZ HERZMMEITREYS Sio, 4k
PER R 25 i A 7E XA HTEH SIBRAS
fH S5 ,As .V . Mn Ni fl Co 5L E 5 Si0, &t
KRABI HZHHEITERE Si0, LR RTIA

12r
1M1 F

SR (E

TCER R

I (A E R AR BR Cd S EOT RN, XA HH IR
EEEMEILEY Sio, WL LR BRE HEE
TRZ L ERRE LIEDMEICRS Sio, it
ZIP SRR, — I 6855 /NG WS 4k
HEWE YO R MRS R IRE LA G 5 —
DT, /N TG KA T RE S 75 A O 2R e £
TR 000 £ e 2 b T K i IR R BT R S
i BT NEW B R T RE Y 25 Sk
itk INE=9) IS - A LSS TR Y
xR, dEM R TR R ES
(Bl 2), A~ M, w3 Hg P Pb N SiO,
Fl Na,O 15 S (B & Tb R R on R 5ol Hrp
Hg /&b & H 8% 5119 1.2 £5 ;As B.Cd.Cr.F,
Mn Ni Pb.Zn Se %570 % K AW AL T A0 A 4 4
JTLRTHAE, HP As S .CaO 70l bR L3 5
{E19 0.86.,0.88 Fl 0.81 fi% .
32 TEEEEXLERERETFM
321 AL %

4 [ 22 H bR X 3 BR Ak 27 P8 2 78 43 BT 1 45 2600
Rt AEITEMNZ M0 5 R A TR
W, R e Y S RS B AT i R L
BiE Y SE bR T R ST R R A R AR P bR IR
R AT VAL 3875 Yo S H G A A IR BT T B = A 1 52
M), SR SO S8 i R A T A5 RT3 2 Al AR ST
PITE 2 H br DX 3 3R Ak 27 8 25 S Ay L 3 5 /D i s

1.2 3

4 5 6 7 8

9 101112131415 16 17 18 19 20 21 22 23 24 25

TLRFS

B NS L o R TR R

Fig.1 Background values of soil elements of the upstream, midstream and downstream parts of the Xiaoqing River
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Fig.2 Background values of soil elements of the south and north bank of the Xiaoging River
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Table 2 Soil environment quality evaluation geochemical standard of the near—
shore area of the Xiaoqing River (1 g/g)

. RN T
Iy ikt

As Cd Cr Cu Hg Ni Pb Zn

i 10 0.15 72.8 24 0.03 29.2  23.57 68
FEATEEIX 11.9 0.186 809 287 0.040 340 26.83 79.1
— R HEX 13.8  0.222 89 334 0.05 388 30.09 902
TR HEX 157 0258 971 38.1 006 436 3335 1013
ZRIGHIX 176 0.294 1052 428 007 484  36.61 1124
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Table 3 Statistics of soil heavy metal environment quality square of the near—shore
area of the Xiaoqing River (km?)

15 QLR As Ccd Cr
TV X 11629 12648 1253.4
FEAGH X 741.5 833.3 715.8
— s YX 403.7 371.7 384.8
s YeX 212.3 159.7 181.5
=t 182.3 732 167.2

Cu Hg Ni Pb Zn
1350 963.2 1230.6 11675 1226.9
713.9 688.2 842.9 8262 787.1

395 42222 432.8 404.5 428.7
161.7 200.7 155.4 159.7 164.4
81.9 428.3 40.9 144.8 95.6
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Table 4 Soil Nemerow pollution index evaluation

standard
S WSS IR beE 2t
I P<0.7 T (% 42)
II 0.7<P<1.0 FATIG (B2 4)
il 1.0<P <2.0 Y (R S
v 2.0<P<3.0 =R YR
\Y P>3.0 =G R(ETTHY)

AR 14.75%; 1128 R EERRSE I LA 1 423.6 km?,
di A X R ALY 52.67%, J@ FEA T IE X G
X, fF7F 4 8 15 e 1) 3 ST BN 880.5 km?,
42 DR AR 32.58% , Herh — 9% TS YL Y T S T
BUN 7421 km?, 5 2 X 5w LU 27.46% ; —
FETG e () 1 T AUN 58.7 km?, 4 IX b BT ALY
2.17%; —FH GG IR 79.7 km?, i 2 X
T I A 2.95% ; H RGN 50 A 2L IV
KMV,

INEUT R IR E S B AT, %
5 YL (X AR P L A R T X el A E AR
L XS B /NS T R, P S Y X A A
FEVR I ZERSEH Aoy & B | — U Ris Y X 2 8L
AR TR ALE /NI T rh i ) e I — G B IR A b R Ul
T B 45 Jr 3 b IX 57 B 5 4 TR R s U (B 3)
3.3 TEELETENRIFRT

FHER R E SRS Y £ A Hg Cd . Pb.Cr %
TLRMEERR As FEY R EN TR, LA —
EFMER Zn Cu Ni 0 ER, REPENESE
AR A KA ) ™ by, P 4
J& & B A2 N R AN R T IR R Ak
BB EEK SRR T RE R K IR E S B TR REE

x5 MNETLERBLIREEREANIET SRIEHTNER

Table 5 Soil heavy Nemerow metal pollution index evaluation

result of the near—shore area of the Xiaoqing River

T HEFRBE ) 75 YL MRBYkm® BT TR A L%
JES T (ZA) 398.5 1475
112 FEAEE (LT 4) 1423.6 52.67
1IES YRR ) 742.1 27.46
IV e JCHEREE ) 58.7 2.17
V% SRR (ETT YY) 79.7 2.95
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Fig.3 Heavy metal element pollution comprehensive evaluation diagram for surface soil in Xiaoqing River basin
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341 A EXEERE TS

/NI 5 e B XA ZKF-Fl T 2 3 K 5 A
WIZHR RS T RIS 85 2R (R 7) AT L
KRR ZE T ZHOCE TR A &
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Table 6 Year—input flux characteristics table of surface soil elements in Xiaoqing
River basin (unit: kg / km* *a )

TLE As cd Cr
KATFRAE 453 086 578

AV HEBEK 004 002 0.1
Al i e 0.33 0.01 0.14
PuB b 490 089

58.05

Cu Hg Ni Pb Zn

2640 009 1247 4330 57.00

0.16 0.00 0.46 0.02 1.69
0.15 0.00 0.10 0.14 0.49

2671 0.085 13.03 4346 59.18
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Table 7 Content of relative active elements and Percentage
of all elements in soil along the profile

e XA £ JZ(0=28) XA ¥ JZ(0=35)
WA WA NS A%
cd 87.2 47.94 51.52 46.42
Co 0.244 1.85 0.33 2.72
Cr 0.525 0.61 0.37 0.57
Cu 1.30 3.84 0.62 2.97
Mn 1257 20.46 112.1 19.40
Mo 0.028 3.18 0.03 4.66
Ni 1.07 3.33 1.00 3.34
Pb 1.46 5.79 1.06 5.29
Zn 1.22 1.69 0.26 0.44
As 25.0 021 8.6 0.08
Se 113 343 6.64 5.90
HLRE TR 60 e PAF HHERE S S B

Cd.As.Se N ng/g, HAWITT RN po/g,
LA RS S A R4 . XA Bl L Cr . Cu . Pb,
As.Se FILR WA E ST ERE, HH b 542E
El‘]l:l:ﬁﬂm?ic%‘ FARZH X EIR TR R IR A
{H%ﬁzfﬁﬁﬁjﬁiﬂﬁi RN
B2 L B 45 R R U] XA B R Z L
Pb.Cu ST R WA G S & & E8 w3 ERZ2 T

*9 LTiEpH{E .Corg STEREMS

F 8 #5EIE pH 5 Corg &£ (n1=239)
Table 8 pH values and Corg content of some profiles

(n=239)
EELaN XA HIHCFME B
pH 8.39 7.89~9.16
2 Corg 1% 1.00 0.16~1.87
#JZ Corg 1% 0.36 0.13~1.61

T R pH BE AN RE ELE 2

K FNARAE W o i B AT T U
342 FE L BAZTEDELEL pH A Corg X%
WF9E X 3 pH 2B T 7.89~9.16, AR5
P BT R E A LR & R T 0.16%~1.87%, 7 T
FJZ(0~20 con) A HLIR-T- BB = TIRIZ T (E 8).,
— ML pH S E A B TR G S A T i
AR, 5AESBITE As Se WIEHL LR,
B Se Fl As ZEBRME S50 N2 IE S, MR MR
JERER,; KEZHBOTRMIE NS SH TR 2
IEMCCRM HE O TUE N, xR hE &
SRS pHEEMAAXLER, Hb Cd.Co.Cr,

Pb.Zn FILEE pH B EFE ALK R, HXR
By R —0.357 . —0.414 . —0.292 . —0.419 . —0.329;

Cd.Co.Cr.Cu.Zn As ¥ICH 5 Corg 2 ¥l I ¥ IE
A OC &R, M OC R B4k Wl ik 0.593.0.284,0.341

0.347 ,0.436 ,0.602 ,0.645 ; pH {5 Corg 3¢ & £k
F—0.676 (R4 n=100 B} ,99% & 15 & |, # 5& REGA

EHHEXRERE 0=157

Table 9 Correlation coefficients of pH, Corg and content of element activities (n=157)

pH Corg Cd Co Cr Cu
pH 1.000
Corg  -0.676 1.000
Cd -0.357 0.593 1.000
Co 0414 -0.284  -0.173 1.000
Cr -0.292 0.341 0.302 -0.020  1.000
Cu -0.209 0.347 0.076 -0.078  0.041 1.000
Mn -0.006 0.163 0.558 0.442  0.154  -0.040
Mo 0.245 -0.007 0.490 0.386  0.102  -0.073
Ni -0.095 0.243 0.749 0.280  0.347  -0.007
Pb -0.419 0.436 0.476 0.103  0.256  0.073
Zn -0.329 0.602 0.354 -0.131  0.197  0.501
As -0.390 0.645 0.270 -0202  0.194  0.127
Se -0.119 0.172 0.067 -0.055  0.196  0.092

Mn Mo Ni Pb Zn As Se
1.000

0.493 1.000

0.728 0.679 1.000

0.641 0.052 0.351 1.000

0.136 0.017 0.073  0.267  1.000

0.132 -0.170  -0.109  0.438  0.593  1.000

-0.035

-0.106

-0.044

0.123

0.224

0.253

1.000
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) 0.254 BIE FAOC), HIKAT UL As Cd . Cr,Pb %
HEAJE TR IEM & R AZ pH H A Corg 1Yl
2y, RilJE As 1 Cd, N B E AL pH E &
Corg T HEIX BYIX K ITE 5 ; [WII A AL XS 1 1
pH EHMA KK, AL S s, +
pH {E AR AR (R TR ) | S T - 558 8 i 1 % IR
Bl R sE R, 5340 WEFR XL T pH 5 As Se F it
R R, HIER AT A,
4 45 8

()/NEMIE RN EEG RN FREESE TR
Cd.Hg.Cr.Pb.Zn, R TRIIKER LIEHE SRS
P ER S 3

(2)E &R ITE Cd FE/NE W L E B+ 1S
Yo BTk e R, HLTE S A B s ik 56.17% , 16 Ak iE
& U RE J7 9, R RAE W) AR G K,

(3)As.Cd.Cr.Pb X HEEBICREWIGENE T E
B 52 pH (M Corg M2y, W% m B ALK pH
{E 5 Corg TIEXHAY As Il Cd TTH V5 Ye [A) 8,

5% ik (References) :

[1] Siegel F R. Environmental Geochemist of Potentially Toxic Metals
[M]. Berlin: Springer—Verlag Berlin Heidelberg, 2002, 15—42.

(2] PhEHE, JHLR B 2R 15 Yk A5 M), LT RS R A L,
2002:127-212.

Sun Tieheng, Zhou Qixing, Li Peijun. Pollution Ecology [M].
Beijing: Beijing Science and Technology Publishing House, 2002:
127—-212(in Chinese).

(3] I FEAE, W E, X0 5 6, B0 I T 2 2 A LR

). EMLET, 2004, 31:72-79.
Zhou Gouhua, Dong Yanxiang , Liu Zhanyuan, et al. Temporal—
spatial variation of elements in soils in the Hangjiahu area [J].
Geology in China, 2004, 31:72 =79 (in Chinese with English
abstract).

[4] B 835, ST, BRI . AR MR AL 2 (M. LS MR R
1, 1999.12-14.

Yang Zongfang, Zhu Lixin, Chen Yuelong. Modern Environmental
Geochemistry [M]. Beijing: Geological Publish House, 1999:12—-14
(in Chinese).

[5] Anonymous. Chemical time bombs newsletter II, March 1993 [J].
Special edition on European state —of —the —art —conference on
chenical time bombs. Veldhoven, September 1992:1-9.

(6] VEZH e, MR lCUe, 25 75 5. b /N T 0 - G 22 4 4
TE R RGBT R T A )] BTGB, 2005, 2:160—164.

Pang Xugui, Chen Changfeng, Li Xiuzhang, et al. Element

distribution characteristics and environmental quality assessment of

Xiaoqing River basin at the north of Shandong Province [J].
Geological Bulletin of China, 2005, 2:160—164 (in Chinese with
English abstract).
[7) BAVESR, EXGRE RIGUR . A5 /N T R R BT R R SR,
R4 M 53 2 BE, 20092 10.
Zhao Xiqiang, Wang Zenghui, Ji Shunle, et al. Soil Environment
Quality Research at the Xiaoqing River Bank [R] . Shandong
Institute of Geological Survey, 2009 10.
W, EAF e, R, A L ZRA BT T i ek D e 2t R
2= (R, LA 48 H TR A B, 20102,
Zhan Jincheng, Wang Cunlong, Ji Shunle, et al. Regional

=

Ecological Geochemistry Evaluation of the Yellow River
Downstream Basin, Shandong Province [R]. Shandong Institute of
Geological Survey, 2010:2.

(9] F e, P, X Te. A5 AR 48 T 90 AL Julk 2 i K 1
JCRIERS Iy ARSI L [R]. LU 2R 48 4 BOR A e, 2000.
Zhou Gouhun, Sun Binbin, Liu Zhanyuan, et al. Research of the
Migration Way of the Main River Water Elements and the
Influence to Side Leakage at the Yellow River, Shandong Province
[R]. Shandong Institute of Geological Survey, 2009.

[10] B, BEWIA . TR AL 200 3R F L BAE T M. b st b
[t RAE, 2007 ;12
Chi Qinghua, Yan Mingcai. Applied Geochemical Element
Abundance Data Manual [M]. Beijing: Geological Publishing
House, 2007 :12(in Chinese).

(1] B/NIR, +HET5 e HuBR A 27 v T 5 0 4 B 8 ). 098 5
AR, 2006, 30(6) :471—474.

Xi Xiaohuan. A discussion on the geochemical standard and grade
division of soil pollution

Exploration, 2006, 30 (6):471 —474 (in Chinese with English

[Jl. Geophysical and Geochemical

abstract).
[12] BRIEDE, RemLr, A E A, . o0 205 B AR 9kl 7 J7 ik G
R P E T, 2011, 38(6):1631—-1639.
Chen Gouguang, Liang Xiaohong, Zhou Gouhua, et al. Grade
division method for soil geochemical contamination and its
application  [J]. Geology in China, 2011, 38 (6): 1631-1639 (in
Chinese with English abstract).
JE B A AR 5 TT. AR BRIV = A N A A A R L e
GBI MBI A, 2004, 23(1):1088—1092

(13

Zhou Gouhua, Xie Xuejing, Liu Zhanyuan, et al. Potential
ecological risk assessment of heavy metal in soils in the Zhujiang
River delta: Heavy metal activation in soil [J]. Geological Bulletin

of China, 2004, 23 (1):1088 —1092 (in Chinese with English

abstract).
(4] R, B35, REA3E, % W3 e 90 I MR 1t K LY+ e

JB R IR )], MU HTZ, 2006, 13(1):98—104.

Yu Tao, Yang Zongfang, Tang Jinrong, et al. Impact of
acidification on soil quality in the Dongting Lake region in Hunan
Province, South China [J]. Earth Science Frontiers, 2006, 13 (1):
98—104(in Chinese with English abstract).



538 i %] i J 2012 4F

[15] % /807, G0l ik, 45 A AR S 3R 40 X8l AR 25 Ml sk Ak 2 3 geochemical assessment for agroecosystems: a study of Cd in
B 7RJEWESE . LR 2 0% IX L4 Cd S l)). H2# AT 2, 2008, Chengdu economic region [J]. Earth Science Frontiers, 2008, 15
15(5): 23—35. (5):23—35(in Chinese with English abstract).

Yang Zongfang, Hou Qingye, Yu Tao, et al. An example of eco—

Distribution and migration regularity of soil heavy metal pollution along the
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Abstract: This paper aims to clarify the degree, pollution sources and the plant availability of the soil heavy metal
pollution along the Xiaoging River so as to provide the basis for the scientific management of the heavy metal
pollution in this area. It is found that along the basin of the Xiaoqing River, the main heavy metal pollutants are
As, Cd, Cr and Ni. According to the Nemerow pollution index evaluation, the area without heavy metal
pollution in the study area is 1822.1 km?® while the soil area contaminated by heavy metals has reached 880.5
km2, accounting for 67.42% and 32.58% of the total area, respectively. The both sides of the Xiaoqing River
from Beiyuan Town to Huashan Town of the Jinan City are heavily polluted areas. An analysis of sources of
heavy metals in soil shows that that the dry and wet atmospheric deposition obviously from irrigation and
fertilization are the main sources of heavy metal pollution. The bioavailability evaluation of the heavy metals was
carried out by the method of sequential extraction, and the result shows that the active state of the heavy metal
Cd is as high as 56.17%, with a strong capability of mobilization and migration, which constitutes the most
harmful pollution factor aftecting the ecological environment in this area. In addition, the contents of active state
of As, Cd, Cr, Pb and other heavy metals are significantly constrained by pH and Corg content, and in areas with
low pH and high Corg content, great importance should be attached to the pollution problem of As and Cd.
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