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Table 2 Classification of potential ecological risk index

R TR TG AR R C) BTSSR S B BT S RS 5L R

e SN Y ST A S Y
Ci<l B Ei<40 ik RI<150 kB

1<C/<3 g 40<E!<80 HhE 150 <RI<300 T

3<Ci<6 HF 80<EI<160 B 300<RI<600 EE
Ci=6 FEE 160< E£ <320 Y53 RI=600 T

Ei=320

JEHE

4 KA E G JE A IR

41 KEELEESESHHIFME

3 KR ES R SR, WAL K
Ko MESETFHETRERRK, S ESE T
FrER/MIUF K Zn>Cu>Cd>Pb>As>Hg, 43 71l 2 Hi
FKIREE bR UERY 6.7 4.8 43.3 .3.5.0.5.0.6 17,
A A KA KA Zn Cu Cd . Pb As  Hg 7 A [ 72
FERTE Y,

MIKARHE 4 8 & i i 28 Bl o3 AR B (B 2) , %k
FERUK A 3 8 R B B R IMRICH $2>81>86>85>

S12>83>S14>S817>S16>S15>S20>S18, /K& H Cu,
Zn Cd W5 f i 7E S2 SRAE A Ph He MR %
FE S6 RAFF 15 As (R & R 7E S18 SRAFF A, 1K
H1 Cu,Cd \As \Hg A5 A% & 1 7E SR A L S20 AL,
Pb Zn B AR & HBLTE S18 RAEES . HEAEMN
AR AR T b K PR EE i IV b

(HAF TR KR As & B0 A AN ] T HAlh
HEERICE, W P As T REINTE B,
A E 4R R RN 3 PR AR 34, X i i
MO FARARET K AR T RS T SRR S kA
BUIERHEA BT | (5] It 7T DL TR v i i
TR 2 B0 fifp W RNV A DL TEAE TR T 6

K3 KEHESEIERITHHE

Table 3 Statistical characteristics of the heavy mental contents in the water samples

_ 5/ ME SN M e " RIS i i IV b
SIS . A . bR SR I
/(mg -+ L") /(mg -+ L") /(mg -+ L7") /(mg - L7")
Cu 0.005 30.63 4.796 10.55 2.20 1
Pb 0.0006 1.019 0.1759 0.28 1.61 0.05
Zn 0.07 77.35 13.34 25.25 1.89 2
Cd 0.0003 0.8633 0.2164 0.27 1.23 0.005
As 0.001 0.152 0.048 0.05 1.12 0.1
Hg 0.00008 0.00279 0.00057 0.0009 1.49 0.001
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Fig.2 Variations in the concentrations of heavy metals in the water with water flow
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Table 4 Water quality evaluation results of Nemerow pollution index

s pH Cu Ph Zn Cd As Hg LTS Y IREL
s1 4.67 25.96 2.39 30.42 117.24 0.07 — 86.6
2 4.19 30.63 8.60 38.68 172.66 0.03 — 127.1
s3 6.78 0.03 0.05 1.24 21.44 0.01 — 15.5
S5 7.00 0.12 5.91 3.42 43.10 0.12 0.43 31.1
S6 7.35 0.35 20.38 3.22 94.42 0.52 2.79 68.3
S12 7.59 0.02 0.99 1.23 31.06 0.04 0.45 22.3
S14 7.65 0.02 0.76 0.96 24.84 0.19 0.17 17.8
s15 8.10 0.05 0.57 0.17 4.50 1.05 0.27 3.3
S16 8.09 0.08 1.14 0.19 4.11 1.25 0.58 3.0
S17 7.52 0.26 1.39 0.35 5.14 0.98 0.26 3.8
S18 7.29 0.02 0.05 0.04 0.84 1.52 0.10 1.1
S20 7.61 0.01 0.01 0.15 0.06 0.01 0.08 0.1
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Table 5 Statistical characteristics of the heavy mental contents in the sediments

JLHE f/IME/ 1076 B KAE/1076 FHIE/107° brifEzE R RE Hilg L R > /107
Cr 43 80.1 61.6 10.6 0.2 70.2
Zn 4253 13800 5999.3 4417.7 0.7 68.5
Pb 60.6 15900 4819.5 5387.4 1.1 18.8
Cu 39.4 8449.8 1795.6 2282.6 1.3 24.1
cd 2.689 2908 502.816 832.31 1.7 0.116
Hg 0.03 476.6 65.07 129.15 2 0.02
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Fig.3 Variations in the concentrations of heavy metals

in the sediments with water flow
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Fig.4 Variations of heavy metal enrichment with water flow
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Table 6 Potential ecological harm index in sediments
(i35 SRR Cr Zn Pb Cu cd Hg RI
D1 1.7 110.2 436.9 1408.3 6452.6 27.5 8437.2
D2 1.4 89.9 492.8 760.4 10713.4 53.5 12111.3
D3 1.4 47.5 398.0 486.9 5808.6 43.0 6785.4
D4 1.7 134.9 496.5 1753.1 9243.1 72.0 11701.3
D5 2.0 148.9 4228.7 399.8 167568.1 23830.0 196177.4
D6 2.0 169.3 3909.6 279.2 280603.4 17490.0 302453.6
D7 i 1.6 201.5 3457.4 421.3 752069.0 5845.0 761995.8
D8 1.5 182.5 3430.9 358.9 634396.6 4833.0 643203.3
D9 1.8 146.0 2249.8 220.7 195284.5 2609.0 200511.8
D10 2.3 116.6 1379.4 170.7 140275.9 1356.5 143301.3
D11 1.8 60.7 783.4 107.0 40422.4 614.0 41989.3
D12 1.7 72.1 912.1 115.7 49991.4 741.0 51834.0
D14 2.3 58.8 606.3 117.1 35224.1 301.5 36310.1
D15 1.2 6.2 67.5 20.1 2661.2 116.5 2872.8
D16 1.3 7.1 75.7 23.8 2298.6 105.5 2512.0
D17 T UiE 1.9 6.7 62.4 25.2 2556.7 97.0 2749.9
D18 2.1 9.3 68.3 29.3 4428.9 427.0 4964.9
D20 2.0 8.4 16.1 8.2 695.4 1.6 731.6
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G FrE s, S20 SR FE ST R 4 R A i A
ik,

2) RRIAKE P FEESETG RN Cu,
Pb Zn Cd; IR EEE 4R I5 Y0 Cd He,
Pb Cu N ERWEHE GT5% . RAZGRREGENT
IRRB AR AT BR T SCTAL TCT5 Y oh K
RS A AR TGS SRR A 25 KBS H5 BO0
AR JIEVEHT | 2R I U8 Sk i T 7E A= 25 XU 8

3) ARRIRIAK 4 Ja i % 1k S B R T
A ARG 5 YA ol o LA U Hh Y B 4 Jm o
I AR R AR A K R e R
R R N a2 S W R T E RV AL 7/ Nl e g



- 656 -

v %

5

e 43 %

WA T B H 2 I, R UK AR G R 15 SRy
TRIG YR DR AR R BT — AR TS YL U
e D)1 IAE R R L

S % 3k ( References) :

(1]

(2]

(6]

(7]

(9]

B, 5, A A I DR T 4 )R Y5 YRR S
AN )], hEPRERNE,2013, 33(1) : 147 - 153.
Jia Y, Fang M, Wu Y J, et al. Pollution characteristics and poten-
tial ecological risk of heavy metals in river sediments of Shanghai
[J]. China Environmental Science, 2013,33(1); 147 — 153
TREEE, BAEu, IMENE SE. R AT /ANE T R R TR

v e 4 IR A TR A3 A AR 25 XU S IR BT[] P4 R S K2
Sl FORRRERR, 2017, 42(2) ; 78 —84.

Yu X X, Zhao X Q, Sun B F, et al. Spatial distribution, ecologi-
cal risk and source apportionment of heavy metals in sediments
from Xiaoqinghe watershed of Jinan[ J]. Journal of Southwest Chi-
na Normal University, 2017, 42(2); 78 —84.

Fu J, Hu X, Tao X C, et al. Risk and toxicity assessments of
heavy metals in sediments and fishes from The Yangtze River and
Taihu Lake, China[J]. Chemosphere, 2013, 93 (9). 1887 —
1895.

Varol M. Assessment of heavy metal contamination in sediments of
the Tigris River ( Turkey ) using pollution indices and multivariate
statistical techniques[ J]. Journal of Hazardous Materials, 2011,
195(1) :355 - 364.

B BRI BE 5 AL 2 D UTE v 22 Bk rh o 4 B I ST
[D]. KW WIR A, 2008.

Huang G. Study on the removal of heavy metal lons in the water by
combined intensifying coagulation and chemical precipitating[ D ].
Changsha; Hunan University, 2008.

WK, FEE, KRS % REILED R XK 48 15 4
FEAE B A RS R PEAN ()] FRERLEETRSE, 2016, 29(11) 1701
—1708.

Huang F,Wang Z H, Cai K Z, et al.Pollution characteristics and
potential ecological risks of heavy metals in water of Tailing zone in
dabaoshan mine , Guangdong Province, China[ J ].Research of En-
vironmental Sciences,2016,29( 11) . 1701 —1708.

Naicker K, Cukrowska E, Mccarthy T S. Acid mine drainage ari-
sing from gold mining activity in Johannesburg, south Africa and
Environs[ J ]. Environmental Pollution, 2003, 122( 1) :29 —40.
iR, AR, X EIE, L IFERRSIE R I 6 R IB S
Tl AR LB PP [ 1], Al PR 224, 2017, 36
(6):1192 -1201.

Zhang ] H, Lu C L, Liu Y H, et al. Vertical distribution charac-
teristics and risk assessment of heavy metals in core sediments from
Kaifeng suburban rivers[ J]. Journal of Agro-Environment Science,
2017, 36(6) :1192 — 1201.

Hakima Z, Mohamed M, Aziza M, et al. Environmental and eco-
logical risk of heavy metals in the marine sediment from Dakhla
bay, Morocco[ J]. Environmental Science and Pollution Research ,

2017,24(9) : 7970 — 7981.

[10] Zedest X0 SOM . HR 4 R T DX SRR EE B i 3P40 [ ) ] 05

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

5164K,2012,36(6) :1014 - 1019.

Li C L, Liu W H. An assessment of the soil environmental quality
in the downtown area of Baiyin city, Gansu Province[ J]. Geo-
physical & Geochemical Exploration, 2012, 36(6) :1014 - 1019.
KR, R, FERR R TE R 5 e IR K LR A A B
HLJ]. H5A CEIE,2013(9) .72 - 73.

Zhang S Z, Wu S Y. Current status of heavy metal pollution in
Dongdagou, Baiyin and comprehensive countermeasures [ J ].
World Nonferrous Metals, 2013(9) : 72 —73.

2N, WS, WIRR. FART LKA AN TURY o 4 B
HAL P B RHE )], MRS FRET, 2008, 36(3):218 -
224.

Li X H, Tang Z L, Chu F Y. Analysis on speciation and transpor-
tation of heavy metals in water and sediment in Baiyin mine[ J].
Earth & Environment, 2008, 36(3) ;218 —224.

Py, EEP, R, ARTR K LR E AR
PEBUR SR BT E[)] . SRR, 2013(16) 224 —224.
Zhang D, Wang X Y, Zhou F Q, et al. Status and treatment of
heavy metal pollution in the upper reaches of Dongdagou, Baiyin
city [J]. Modern Journal of Agricultural Science and Technology ,
2013(16) : 224 —224.

UK. AR T 5 7K X A B BRA5E B /N 22 77 Sk Ik 1) 52 i)
FE[I]. HOR AR, 2000(6) ;46 —47.

Han B. Study on the influence of sewage irrigation in Baiyin city on
farmland environment and wheat yield and quality [ J]. Gansu Ag-
ricultural Science and Technology, 2000(6) : 46 —47.

X AR, HR AR QT8 U A T 9 i R 7 e B S
1E LAY — AR R G T AT R e AL [ D] 220 22 M
K, 2017.

Liu B L. Heavy metal contamination in farmland soils and it trans-
fer in the soil-crop-human system within the Dongdagou watershed
Baiyin, Gansu[ D]. Lanzhou;Lanzhou University, 2017.

O R BRI T & R 5 e IR S AES R G B R
MM AL AL RO A, 2012.

Heavy metal pollution remediation and ecosystem restoration plan-
ning in the Dongdagou watershed of the upper section of the Yellow
River [ M]. Beijing: Peking University Press, 2012.

SL187-96 K BURFEHAMAR[ S].

SL187-96 Technical regulation of water quality sampling [ S].
GB5084-92 A HHHEBEAK b [ S].

GB5084-92 Standards for irrigation water quality [ S].

TR, 2=, ki, 5. L HOKER SIS Y BP b g I 45 45
BRG], ARl TAE%R, 2009, 25(11) ;74 - 79.
Yu G Q, Li Z B, Zhang X, et al. Dynamic simulation of soil wa-
ter-salt using BP neural net-work model and grey correlation analy-
sis[ J]. Transactions of the CSAE, 2009, 25(11): 74 -79.
LA, PR, KRITZRS % L BOK BT[], KL
PRFEEEAR, 2000, 14(4) 1104 - 107.

Yan W J, Chen F X. Water quality assessment on Yangtze River
near Maanshan Anhui Province[ J]. Journal of Soil and Water Con-
servation, 2000, 14(4) :104 - 107.

GB3838-2002 HuF /K FRbE B bR S].

GB3838-2002 Environmental quality standards for surface water



3 3] SRENEAE SRR UK R AR e H 4 J 15 YL b o - 657 -

[s]. 30(1):103 —109.
[22] Hakanson L.An ecology risk index for aquatic pollution control; A [25] R EFREEMEDI G g R EEE M) At E %
sedimentological approach [ J]. Water Research, 1980, 14,975 — Rl H R, 1990.
1001. China environmental monitoring center. China soil background val-
(23] #gHH, & ,Jrﬁdﬁﬁi s S5 I RS U8 T 4 R I A 0 b RS e A ue atlas [ M]. Beijing; China Environmental Science Press, 1990.
TRLER[T] A TR, 2016,35(9) :8 - 11. [26] Stead-Dexter K, Ward N I. Mobility of heavy metals within fresh-
Mei M, Wen L, Qi J L, et al. Review on methods of morphological water sediments affected by motorway stormwater[ J]. Science of
analysis of heavy metals in river sediment and pollution Evaluation the Total Environment, 2004, 334,271 —277.
[J]. Value Engineering, 2016,35(9) :8 - 11. [27] fRER3C. FERTTZR i i 3ek T 4 5 e A0 B 48 3 B S iF 52
[24] BUiR, skF13C, sk, 45, 3T 4 Jm 75 Yo v 16 XU I [J]. HiRHE, 2015, 31(24) .6-8,11.
[J]. tH5Hb5,2011,30(1) ;103 — 109. Ni D W.Countermeasures for prevention and control of heavy metal
Yang X Y, Zhang L. W, Zhang F J, et al. Potential risk assess- pollution in Dongdagou Watershed of Baiyin City[J]. Gansu Sci-
ment of heavy metal pollution in soil[ J]. Global Geology, 2011, ence and Technology,2015,31(24) .6-8,11.

Contamination situation and evaluation of heavy metal pollution in
water and sediments of Dongdagou area, Baiyin

ZHANG Zhao-Rong', DUAN Xing-Xing”, XIA Ming-Zhe'
('1.School of Earth Science and Resources, Chang’an University, Xi'an 710054, Shaanxi; 2.Xi’ an Institute of Geology and Mineral Resources, China Ge-
ological Survey, Xi’ an 710054, China )

Abstract: In order to provide scientific reference for the ecological control of the water and the risk assessment of sediment treatment,
the authors analyzed the content level, the distribution characteristics and the content change trend of heavy metals such as Cu, Pb,
Zn, Cd, As and Hg in water and Cr, Zn, Pb, Cu, Cd and Hg in sediments. The Nemerow Index and the Potential Ecological Risk In-
dex were used to evaluate the accumulation degree and potential risk of heavy metal pollution in water bodies and sediments. The results
show that the average content of six heavy metals in water is in the range of 0.005 7~4.796 0 mg/L, and the content exhibits the order
of Zn>Cu>Cd>Pb>As>Hg. The content of As in the water body shows an increasing trend with water flow, while the other heavy metals
content in water decreases obviously with the water flow. The average content of six heavy metals in the sediments is in the range of
(61.6~5999.3)x107°, with the order of Zn>Pbh>Cu>Cd>Cr>Hg. The content of heavy metals in the sediments of the river sections
has undulating changes, but the overall change trend is that the content of heavy metals in the sediments decreases obviously with flow-
ing water. The main heavy metal pollutants in Dongdagou water are Cu, Pb, Zn and Cd, and the single factor pollution degree is in or-
der of Cd>Pb>Zn>Cu. The Dongdagou water evaluated by the Nemerow Index shows that there are different degrees of polluted water in
the river. The contaminations in sediments are heavy metal pollutants Cd, Hg, Pb and Cu, and the degree of ecological risk is in order
of Cd>Hg>Pb>Cu>Zn>Cr. The evaluation of the sediments in Dongdagou by using the Potential Ecological Risk Index shows that the
total potential ecological risk index of the sediments in the whole section of Dongdagou is serious.

Key words: heavy metal pollution; water; sediments ;pollution assessment; prevention and control ; Dongdagou
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