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Table 1 Top 10 institutes ranked by published papers on heavy metals in WLFZ in TGR
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Fig. 3 Annual yield of published papers in Chinese and English on
3 heavy metals in WLFZ in TGR
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F2 HNBEH 2BER2BULMBTICE x3 X P EZEXERFITER
Table 2 Collection of Journals published at least 2 related articles Table 3  Statistics of major key words in retrieved literatures
() () ()
5 58 19
3 50 / 12
3 47 12
2 34 10
2 20 10
2
2
2
2
) 2
¢ ) 2 2.1
Environmental Science and Pollution Research 2
ce »3cc »3cc »apee
-» L 34 8 51.85%
20 ce >y e >y e [10-12]
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Table 4 Contents of main heavy metals in TGR
Zn Cu Pb Cr Hg As Cd
36.1 ~318.75 7.0 ~98.78 9.2~145 14.5 ~145.23 0.009 ~3.72 2.8~60.14 0.01 ~3.03
105.37 33.92 27.66 48.92 0.16 11.95 0.58
® 69.88 25.0 23.88 78.03 0.046 5.84 0.13
4 Zn Cu Pb ( ) Pb
Cr Hg As Cd Cr Cr Cd
(GB15618-1995) (10121
( ) [13]
Hg Cd As
Cr (>60%) Cd
2 Cr [14-13] (145 ~ 175 m)
cd > > 11212010
3.03 mg/kg!” (145 ~ 155 m)
5~10 /
7n [1,16-18]
Cu Hg Pb
As
1 «
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[15, 19-21]
Cd
(Hg Pb Zn Cr As)
[16,22]
(Cu Zn Cd Hg)
(GB15618-1995)
[16]
1, 18,23]
(10-12] (Lgeo) (Enrich-
ment Factor) Hakanson
5
[18, 20, 24]
(. ) cd
Pb As Hg
[8, 18, 25]
x5 ZBEXRHEETIRRABRYPEECRITNAERE
Table 5 Assessment methods and results of heavy metal pollution in soil and sediment in WLFZ of TGR
Cd As Cu [22,26-27]
Cd Cu Pb [22,27]
Cd Pb As Hg Cu - [1,18,28-30]
Cd Pb As Hg - (1, 21]
cd - [4, 18, 31]
2.2
[21, 34] 12
Cd Pb Cu Zn Mn Cr
Fe As
( ) Hg
(FA-MLR)
(PCA) (FA) 6
/
( ) Cr 72%
(321 Pb Hg
Pb Hg Cu As ( )
[33] Cd 60%
Cu Pb Cu >15%)
Cu Pb 8] As (>45%)
(155 ~ 175 m) (
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Cd Pb Cu Zn )

*6 ZIXEXHESLTIREERE FA-MLR RREFTER
Table 6 Results of source apportionment of soil heavy metals in WLFZ of TGR

(%)
Pb 6.32 NM NM 12.69 75.60 5.39 [17]
Cd 62.03 8.70 22.35 6.92
Cu 15.21 64.71 11.20 8.88
Cr 9.50 75.36 12.09 3.05
Hg NM 11.0 4.1 4.7 80.0 NM [35]
As 34.3 452 16.6 3.9
Cr 15.8 10.4 72.7 1.2
Cd 59.0 21.3 6.6 13.1
Pb 73.3 0.6 20.0 6.1
Cu 62.2 53 14.8 17.7
Zn 50.3 17.2 20.4 12.1
NM not mentioned
2.3 g
23.1
Pb Cu / (421
19 23.46%
3 ( )
/ - / - /
[43] / _
[36]
(Cd Pb Cu Cr) /
11.8% ~ 33.5% {7
6 ) (9 )0~20cm [44]
20 ~40 cm 4 14 Cd Cr Cu
Mn Pb (BF= /
) 0.000 04 ~ 0.695 2 Cd Cu
/ BF
[37] Cd
cd
Cu [45-48]
/ - ( >89%)1*
/ / -
pH
(38-40] 23.2 /
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Cd Pb Cu Hg
( - 7 [54] [55]) Cd
Tessier Pb Hg 38.51% 24.74%
BCR BT >22.1% / Cd Pb Hg
Tessier
Bing M Wei U BCR
Fe-Mn Cd
BCR 50% Cd
Tessier
Cu 64.00%( 7 [44])
(0.60% 7 [53D
BCR
" Fe-Mn
Fe-Mn pH Eh
/ (36. 511 Cd Pb (>20%)
BCR Fe-Mn
Fe-Mn (521
Cr Zn
18 22.22% Cu
90% [51, 53]
F7 ZBEREETIIEMAY DRSS ERSME R LA
Table 7 Fractions of typical heavy metals in WLFZ of TGR
Tessier (%) (%)
Fe-Mn
Cd 10.30 28.21 34.78 12.22 14.49 38.51 [52]
13.36 3.01 24.62 4.19 54.78 16.37 [44]
12.66 2.53 53.16 8.86 24.05 15.19 [53]
Pb 1.54 23.20 29.74 5.38 40.04 24.74 [54]
12.91 17.45 21.37 25.49 22.77 30.36 [44]
0.33 0.33 52.46 11.01 3591 0.66 [53]
Cu 1.21 8.62 9.23 29.60 51.33 9.83 [54]
30.43 33.57 18.02 13.38 4.60 64.00 [44]
0.33 0.27 11.50 16.04 71.86 0.60 [53]
Hg (%)
4.1 15.5 18.3 10.9 51.3 22.1~51.6 [55]
[53] - [44]
[53] [55] 14
(51.85%)
3 2) Cd
1) / Pb Hg Cu
> (>20%)
55%
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Bibliometrical Analysis on Pollution Characteristics of Heavy Metals
in Soil of Water Level Fluctuating Zone of Three Gorges Reservoir

SUN Honglei'?, ZHANG Wei®", CUI Junfang®, ZHANG Jiangiang', TANG Xiangyu®

(1 Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 611756, China;
2 Key Laboratory of Mountain Surface Processes and Ecological Regulation, Institute of Mountain Hazards and Environment,
Chinese Academy of Sciences, Chengdu 610000, China; 3 School of Tourism and Land Resource, Chongqing Technology and
Business University, Chonggqing 400067, China)

Abstract: Increasing attention has been paid to heavy metal study in soil/sediment of the water fluctuating zone (WLFZ) in
the Three Gorges Reservoir (TGR). The fate of heavy metals is significantly important to the water and ecological safety in the
TGR region. The status quo of heavy metal study in soil/sediment of WLFZ in the TGR from 2001 to 2016 was critically
reviewed based on the bibliometrical analysis according to the current publications in the database of CNKI and Web of Science.
To date, in total of 81 papers, including 69 papers in Chinese and 12 papers in English, were published globally. 2011 had the
most publications (15 papers) and the annual amount thereafter stayed no less than 5. The universities and institutes of Chongqing
Municipality and Hubei Province were the major contributors to these publications. 19.75% of the papers were published in the
journals related to environmental science while the topic of investigation and evaluation of heavy metal pollution contained the
most publications (51.85%). Cadmium (Cd) showed the highest degree of contamination with the proportion of the readily
movable form exceeding 38%. Therefore, Cd is the primary element for heavy metal pollution control. Fertilization was the major
source of Cd in the agricultural WLFZ. Lead (Pb) and Mercury (Hg) in soil/sediment of WLFZ also showed a high contamination
degree with the proportion of the readily movable form exceeding 22%. Traffic wastes were the major source for these two heavy
metals. In addition, the industrial wastes that were discharged as point sources in the TGR region generally contributed to the
accumulation of heavy metals, e.g., Cd, Pb, Cu, Zn and As in the WLFZ. Heavy metals travelled mainly downward in the WLFZ
while Cd, Cu and Zn were relatively easily absorbed by several plants in this area. The variations of pH, Eh, temperature and
humic matter due to the impoundment of WLFZ exerted great effects on the interactions of heavy metals at soil/sediment-water
interface. In the future, the influence of soil physiochemical and hydraulic property variations, the application of isotope tracing
technology of typical heavy metals as well as the re-releasing characteristics of sediment associated heavy metals are suggested to
be further considered in the WLFZ of TGR region.

Key words: Three Gorges Reservoir; Water level fluctuating zone; Heavy metal; soil; Bibliometrical analysis
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