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Fig. 1 Map showing the general geology of the Xiangjiang River watershed (a) and the locations

of sedimentary cores (b) for his study
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In Fig. (b), the ZH (ZH4, ZH1), ZF, ZU (ZUl, ZU4), and ZX are sedimentary cores collected in river channels through the Gymnasium,

Shifeng Bridge, Metallurgy Plant and Xiawan at the Zhuzhou City, respectively; the X2Q, XS, X30Q, ZB (ZB5, ZB6) and XT (XT1, XT2) in

river channels through the Xiangtan Bridge-2, Xiashesi, Xiangtan Bridge-3, Zhubugang, and Highway Bridge at the Xiangtan City, respectively; the
HZ, JZ (JZ1, JZ4), SG, and XW (XW1, XW4) in river channels through the Houzishi Bridge, Juzizhou Bridge, Sanchaji Bridge and Xianing at

the Changsha City, respectively; and the WH, XY, QS, and QN in river channels through the Wanhe Town, Xiangyin County, Qingshan Town and

Quyuan Town at the Xiangyin County, respectively. The ZZ, XT, CS, XY, and DT represent river section at the Zhuzhou, Xiangtan, Changsha,

Xiangyin cities and the Dongting Lake, respectively
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Table 1 Statistics results of concentrations of major ( %) and trace element ( pg/g) in bed sediments from

lower reaches of the Xiangjiang River

el (n = 56) W (n = 120) K (n = 95) WH(n = 86)
M Rt 4 P Rkt [P M Rt 41 M| ot 2
ERTE
Si0, 26.98 | 77.99 | 59.07 | 0.21 |56.03 |79.18 | 64.85| 0.07 |55.78 | 80.05|65.00| 0.08 |52.17 |83.87 [63.60| 0.12
TiO, 0.69 | 5.87 1.26 | 0.82 | 0.78 1.18 | 0.91 0.07 | 0.62 1.00 | 0.87 | 0.08 | 0.41 1.22 | 0.88 | 0.19
Al, 04 8.34 [18.61|13.97 | 0.19 | 8.02 [19.15|14.35] 0.16 | 8.26 |18.40|14.67 | 0.16 | 7.55 [20.53|15.14 | 0.21
Fe, 04 4.39 [ 44.05|10.04 | 0.96 | 4.64 | 9.79 | 6.86 | 0.16 | 3.91 | 9.25 | 6.75 | 0.16 | 2.12 | 8.88 | 6.38 | 0.24
MnO 0.07 | 0.60 | 0.24 | 0.45 | 0.06 | 0.80 | 0.28 | 0.55 | 0.11 0.61 0.31 0.37 | 0.07 | 0.69 | 0.23 | 0.56
MgO 0.76 1.29 1.04 | 0.34 | 0.57 1.43 1.02 | 0.17 | 0.65 1.49 1.07 | 0.14 | 0.39 | 3.41 1.39 | 0.51
Ca0O 0.44 [ 12.53 | 1.89 | 0.97 | 0.29 | 1.76 | 0.77 | 0.34 | 0.49 | 2.40 | 0.79 | 0.32 | 0.20 | 5.87 1.16 1.22
K,0 0.68 | 3.94 | 2.10 | 0.31 1.14 | 4.11 2.26 | 0.12 1.69 | 2.64 | 2.34 | 0.07 | 2.14 | 3.09 | 2.60 | 0.07
Na, O 0.28 1.83 | 0.68 | 0.50 | 0.24 | 2.43 | 0.57 | 0.55 | 0.27 1.23 | 0.46 | 0.40 | 0.28 1.02 | 0.48 | 0.44
P,04 0.10 | 0.70 | 0.21 0.31 0.09 | 0.46 | 0.19 | 0.37 | 0.11 0.28 | 0.21 0.18 | 0.06 | 0.29 | 0.18 | 0.38
Ti/ Al 0.12 | 0.45 | 0.13 | 6.09 | 0.14 | 0.09 | 0.09 | 0.62 | 0.11 0.08 | 0.08 | 0.71 | 0.08 | 0.08 | 0.08 | 1.28
T4
Cd 5.07 [440.8 | 101.6 | 1.11 | 11.35(297.3|72.19] 0.87 | 3.09 |139.2{49.95| 0.67 | 0.93 [73.29|15.64 | 1.27
Vv 32.70 | 373.0 | 126.4 | 0.45 |56.32 |204.4|105.7 | 0.24 |{39.13|277.9]105.8 | 0.30 |34.56|200.5|116.9| 0.30
Cr 15.08 | 300.2 [ 97.32 | 0.52 [56.91 | 186.7 [{92.10| 0.26 |35.91|212.7[94.56| 0.31 |35.74|178.0|105.2 | 0.29
Mn 670.5 | 5112 | 2041 0.48 [539.2 | 6736 | 2355 | 0.57 | 809.4 | 5251 2448 | 0.41 | 618.3 | 6391 2006 | 0.58
Co 11.39 {94.72 | 26.33 | 0.44 | 8.92 |28.06 |20.12| 0.21 7.40 [45.6719.59| 0.28 | 6.55 [32.13]20.59 | 0.28
Ni 28.66 | 521.2165.07 | 1.00 | 20.87 | 1423 | 60.23 | 2.10 | 17.80|93.45|48.63| 0.29 | 8.36 |145.0|54.52| 0.51
Cu 35.73 | 751.8 | 161.2 | 1.22 [39.57 | 394.6 |96.34 | 0.57 | 24.91|205.2(72.92| 0.33 |13.89 | 132.4|67.75| 0.38
Zn 233.0 | 8172 1444 1.28 | 167.7 | 1169 |550.4 | 0.37 |109.0 | 1121 |461.2 | 0.37 | 118.5| 1165 | 460.5 | 0.63
Pb 76.85 | 7186 | 866.8 | 1.72 |71.71 |401.6 | 178.6 | 0.34 | 9.78 | 306.1 | 138.4 | 0.38 |[52.64 |394.2 | 155.2 | 0.55
V/Cr 2.17 1.24 1.30 | 0.87 | 0.99 1.09 1.15 | 0.92 1.09 1.31 1.12 | 0.97 | 0.97 1.13 1.11 1.03
Co/Ni 0.40 | 0.18 | 0.40 | 0.44 | 0.43 | 0.02 | 0.33 | 0.10 | 0.42 | 0.49 | 0.40 | 0.97 | 0.78 | 0.22 | 0.38 | 0.55
N LT

Ba 221.21691.31497.4| 0.22 |368.4|872.8 |514.8 | 0.19 | 181.0|929.8 | 507.6| 0.27 |287.4|643.0|523.6 | 0.15
Se 8.52 [33.98|15.25| 0.27 | 9.56 [19.7313.62 | 0.16 | 8.56 |35.43|14.03 | 0.23 | 3.93 [21.22|15.06 | 0.30
Th 16.91 | 78.39 | 28.43 | 0.45 | 18.80 |89.09 [ 29.16 | 0.32 | 2.22 | 65.27 [25.12| 0.31 |10.18 | 93.11 |23.53 | 0.41
U 5.32 [22.01| 8.65 | 0.37 | 4.49 [19.76 | 7.48 | 0.25 | 0.51 |18.08 | 6.67 | 0.32 | 3.05 | 9.60 | 5.99 | 0.30
Cs 5.34 [23.5316.80| 0.28 | 8.62 |25.36 |17.29 | 0.20 1.03 [29.55|17.63 | 0.25 | 7.84 |26.16|17.62 | 0.32
Ga 12.43 [ 49.13 [ 22.28 | 0.25 [13.61 |31.65[20.85| 0.17 | 6.96 [29.11 |19.54| 0.20 | 8.82 |31.10|21.93| 0.25
Ge 0.18 | 10.00 | 3.01 0.56 | 0.31 5.14 | 2.79 | 0.27 | 0.68 | 4.79 | 2.98 | 0.21 1.20 | 2.48 1.87 | 0.16
Rb 34.09 | 215.4 | 147.0| 0.31 | 110.8 | 267.1|162.5| 0.15 |[20.97|251.8 | 157.1| 0.20 | 127.1|253.5|177.5| 0.16
Sr 42.21 1183.6|78.93 | 0.40 |38.18 | 131.0 |159.62 | 0.20 |33.33[196.1|56.41 | 0.31 |29.68 | 149.9 | 68.33 | 0.41
Y 36.11 | 117.3 [ 48.09 | 0.38 | 18.56 |76.65 |43.24 | 0.19 |19.12|70.66 | 38.88 | 0.23 | 10.98 | 52.26 | 33.84 | 0.21
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FRM (n = 56) W (n = 120) Kb (n = 95) WA (n = 86)

BoME|BRME | FE| €, |[B/ME | B PFE| C,  |H/ME|[BKME | EE| C | BoIME|SRE|FfE| C,

Zr 229.6 | 1850 |518.6 | 0.61 |76.27 | 2818 |593.3 | 0.71 |95.89 | 1544 |398.5| 0.69 | 144.0|956.4 | 272.4 | 0.41

Hf 6.23 | 51.48 | 14.31 | 0.60 | 2.56 | 78.66 | 16.12 | 0.70 | 2.84 |45.96 | 11.52| 0.67 | 4.17 [26.65 | 8.02 | 0.39

Nb 16.73 | 67.41 [23.38 | 0.43 | 3.79 |43.43[19.73 | 0.18 | 5.84 |33.14|17.99 | 0.21 [10.19 | 22.44|18.02 | 0.15

Ta 1.57 | 7.89 | 2.81 | 0.49 | 0.28 | 14.01 | 2.51 | 0.58 | 0.53 | 7.03 | 2.20 | 0.38 | 1.25 | 8.40 | 2.06 | 0.38

Th/U | 3.18 | 3.56 | 3.29 | 1.22 | 4.19 | 4.51 | 3.90 | 1.28 | 4.35 | 3.61 | 3.77 | 0.97 | 3.34 | 9.70 | 3.93 | 1.37
Zr/Hf 33.95(39.96| 36.1 | 0.05 [29.78 | 39.86 | 36.4 | 0.04 |30.04 |37.01 |34.31| 0.04 |30.85| 37.5 [33.93| 0.04
Nb/Ta | 3.67 |13.26 | 8.57 | 0.26 | 2.34 | 13.77| 8.47 | 0.17 | 3.74 |13.06 | 8.5 | 0.13 | 2.32 |13.04 | 9.12 | 0.2

i oo &

La 40.74 [ 113.5 [ 62.90 | 0.21 | 41.81 | 149.5 [ 60.64 | 0.23 | 11.25|115.6 | 53.89 | 0.27 |20.01 | 75.94 | 51.00 | 0.19

Ce 78.45 [ 238.1[125.2| 0.22 |82.93|305.4|122.4| 0.25 |23.89 | 244.4 | 109.0 | 0.28 | 40.38 | 152.7 [ 103.0 | 0.17

Pr 9.72 | 27.46 | 14.57 | 0.22 | 9.58 | 34.06 | 14.02 | 0.23 | 3.37 [28.04 | 12.63 | 0.28 | 4.62 | 18.05 | 11.84 | 0.18

Nd 36.84 | 97.79 | 53.42 | 0.22 | 34.57 | 124.6 | 51.62 | 0.23 | 14.59 | 102.0 | 46.06 | 0.28 | 17.52 [ 69.02 | 44.86 | 0.18

Sm 6.62 | 18.15| 9.99 | 0.22 | 6.31 |23.38| 9.49 | 0.23 | 3.58 | 18.37 | 8.62 | 0.28 | 2.99 [12.50 | 8.09 | 0.19

Eu 1.09 | 2.92 | 1.51 [ 0.20 | 1.01 | 2.34 | 1.43 | 0.13 | 0.74 | 1.77 | 1.37 | 0.19 | 0.53 | 2.12 | 1.41 | 0.21

Gd 6.66 | 16.89 | 9.07 | 0.23 | 5.36 | 17.72| 8.29 | 0.20 | 3.57 | 14.81| 7.54 | 0.26 | 2.54 [11.31| 7.33 | 0.19

Th 1.08 | 2.92 | 1.47 | 0.26 | 0.76 | 2.74 | 1.35 [ 0.21 | 0.59 | 2.34 | 1.21 | 0.26 | 0.38 | 1.74 | 1.14 | 0.19

Dy 6.41 | 18.81| 8.74 | 0.32 | 4.00 | 14.73 | 7.94 | 0.20 | 3.48 | 12.98| 6.99 | 0.25 | 2.24 | 9.97 | 6.56 | 0.20

Ho 1.34 | 4.27 | 1.83 | 0.36 | 0.74 | 2.91 | 1.63 | 0.20 | 0.69 | 2.67 | 1.43 | 0.25 | 0.45 | 2.01 | 1.32 | 0.20

Er 3.78 | 12.96| 5.19 | 0.39 | 2.03 | 8.66 | 4.63 | 0.21 | 1.91 | 7.40 | 4.00 | 0.25 | 1.31 | 5.64 | 3.72 | 0.20

Tm 0.56 | 1.92 [ 0.78 | 0.39 | 0.29 | 1.40 | 0.70 | 0.24 | 0.28 | 1.15 | 0.60 | 0.27 | 0.21 | 0.84 | 0.55 | 0.19

Yb 3.55 | 12.22| 5.10 | 0.37 | 1.94 | 9.96 | 4.64 | 0.25 | 1.86 | 8.12 | 3.98 | 0.28 | 1.47 | 5.37 | 3.62 | 0.19

Lu 0.54 | 1.85 | 0.78 | 0.36 | 0.29 | 1.69 | 0.72 | 0.28 | 0.29 | 1.30 | 0.61 | 0.29 | 0.25 | 0.80 | 0.57 | 0.18

SREE |199.0 | 540.6 |300.5| 0.22 [ 196.1 | 698.1 | 289.5 | 0.23 | 72.40 | 560.3 [257.95| 0.27 |94.90 | 356.0 | 245.0| 0.18
(La/Yb), | 3.36 | 9.92 | 7.68 | 0.21 | 5.75 | 13.84 | 7.88 | 0.13 | 3.10 | 12.59 | 8.11 | 0.13 | 6.02 | 13.73| 8.42 | 0.12
(La/Gd), | 4.99 | 7.68 | 6.76 | 0.08 | 6.25 | 8.17 | 7.08 | 0.06 | 3.01 | 8.20 | 6.92 | 0.08 | 6.00 | 7.66 | 6.75 | 0.06
FuwEu® | 0.29 | 0.67 | 0.55 | 0.17 | 0.23 | 0.69 | 0.56 | 0.15 | 0.29 | 1.11 | 0.60 | 0.16 | 0.38 | 0.76 | 0.63 | 0.12
Ce/Ce™ | 0.87 [ 0.99 | 0.93 | 0.03 | 0.82 | 1.03 | 0.94 | 0.03 | 0.60 | 1.00 | 0.95 | 0.05 | 0.84 | 1.02 | 0.94 | 0.03
Nd/Sm | 5.56 | 5.39 | 5.35 | 1.00 | 5.48 | 5.33 | 5.44 | 1.00 | 4.08 | 5.55 | 5.34 | 1.00 | 5.86 | 5.52 | 5.55 | 0.95
La/Cr | 2.70 | 0.38 | 0.65 | 0.40 | 0.73 | 0.80 | 0.66 | 0.88 | 0.31 | 0.54 | 0.57 | 0.87 | 0.56 | 0.43 | 0.48 | 0.66
La/Zr | 0.18 | 0.06 | 0.12 | 0.34 | 0.55 | 0.05 | 0.10 | 0.32 | 0.12 | 0.07 | 0.14 | 0.39 | 0.14 | 0.08 | 0.19 | 0.46
La/Ba | 0.18 | 0.16 | 0.13 | 0.95 | 0.11 | 0.17 | 0.12 | 1.21 | 0.06 | 0.12 | 0.11 | 1.00 | 0.07 | 0.12 | 0.10 | 1.27
Y/Ho |26.95|27.47(26.28 | 1.06 |25.08 | 26.34 |26.53 | 0.95 |27.71|26.46 | 27.19 | 0.92 |24.40 | 26.00 | 25.64 | 1.05

O ¢, WAERRE, © Ml B MBI B Cd Rk B 2% (2008) , K/Mi(2011) , Mao Longjiang et al. (2013) , Chai

. Eu, . Ce -
Liyuan et al. (2016) , Liu Jinjun et al. (2016) , Liu Hui et al. (2017) , @ Eu/Eu” = m, Ce/Ce™ =2 ﬁj\ld“’n AR ERAL IR A
FrifEAL

TR vh 2 4 A 5 3% 0 2 W Ba, Se U, Cs, Ga,
Ge Rb.Y % SRS it LA FRE (€, < 0.25)
SIAAHXT ST . QTR KV M BT B TURR A T N
14 i P B (AR ARE ) KR 43 508 19. T3 g/ g
(3.79 ~ 43.43 pg/g) 17.99 pg/g(5.84 ~ 33.14
pe/g) \18.02 pg/g(10. 19 ~ 22.44 pe/g) . fHF
Yot & Zr Hf Ta W& HBMAK(C,> 0.3), 507
FIREANE — HLA 1 R 2T 3 B B i fR
Zr Hf Ta ST T i & A 8 T FRAR N 22 1k
SAE, 0 Ze B0 P (E (RS D) AR YR 23 A
593.3 pe/g (76.27 ~ 2818 pg/g).398.5 pe/s
(95.89 ~ 1544 pg/g) .272. 4 ng/g(144.00~956. 4

ne/g) o

Fis 70 R AE TR 22 Be i) b S AR e
FHXFAEE (€, < 0.25) , 4 WA I T8 21 96 BF B T R
Eu 9 & 2 P EMR KA 1.43 pe/g. 1.37 pe/e.
1.41 peg/g. X REE AKX 430l h 289.5 peg/g.258.0
ng/g.245.0 pe/g, HFi £ RFFAES B (La/
Yb),.(Gd/Yb),.(La/Gd), . Ce/Ce” .Eu/Eu” {H
15 BE—3, 40 Ce/Ce ™ #4351 4 0. 03,0. 05,0. 03,
FEA A5 ] BERR 70 R (e /A X A ]

A BRI Cd V. Cr Mn Co ,Cu . Zn Pb %
H4)E, M Ba,Sc.Cs.Ga,Ge . Rb,Cs ,Rb Sr.Nb,
REE %A ME I t R R EN T ELZ S ALO/
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Sio, W 2 B LM IEMEKR (7> 0.1,P <
0.01), /R UL h K TR S =AW
b AL BE LN

{ERRIN B DR i i e R AR E AR SR B
S, UURRY) o 4 ) 1 1 S48 2 728 Ak 3 161 B Jnd e
M BER (F2 1), 30 Cd . Cu Zn | Pb %5 5 4 J& 16 kR
Bty b & E AR KIR N 5.07 ~ 440.8 pe/g.
35.73 ~ 751.8 pg/g.233.0 ~ 8172 ng/g.76.85 ~
7186 wg/g, F-HMEMK KN 101.6 pe/g. 161 pe/g.
1444 pe/¢ 866 we/g, IR KT & FIH AW ETIH
PAARAE . BR Y Zr Hf Nb S8R HAB MR TR 5 H
AT B S AR — 30, A Ba ZE R Y M 4 V0 FH B
TIBAY & i X 8] R 221.2 ~ 691.3 pg/g.368.4 ~
872.8 wg/g.181.0 ~ 929.8 wg/g.287.4 ~ 643.0
ng/go

i b WL T UUR Y T F | IOC R Sio, (Tio, |
Al O, Fe,0, .K,0 45 FfiE It ®E V CrCo Ba . Sc,
U.Cs.Ga Rb.Sr Nb.Y REE %575 LY 23 A A
X5 (€< 0.2), i MnO MgO ,Ca0O Na,0.P,0,,
K Cd Mn . Cu.Pb Zn Zr Hf Ta 27650 b o A
WARBEI(C,> 0.25) , Hk AR DT oo R 1)
Sy AR, BRI AN A A3l i I A T T S AN 5
3.2 TEEEHIE

IR AT R WL N EERRTUR Y oK 2 &
AR TR AT P R S B AR RO . HTH
BRUTEITCZR 43 A0 BRL AN, R AFE TC R A VT
R E S T BRIE, X S IOt R X XU
ST C R SR T AR AL, TR TR e 4
REEF H, R M on RN E S/ T BRE, EF (H
AT .

zw (1)

( Ci/X) backgrounc |
(C/X) e HHTER €, SBWOTR X fEFEM P&
HIHAA, (C/X) ot HIETCE €, 5SHITHE X

TESH R A R LU, S PR T 43
A IESA N ERICE ALO, (Bl Al HHE
BBNLERIEA —BOE N F () PSRBT E,
H (1) ALO, TE MBI Y b o3 A A 3 — %
RASEEUIN € < 0.2) 5(2) AL FEREMAL RTRUE
AR R MR RS T 2, fEiibs Sk
RPN G B IR 5 (3) TUBU R AL D B AR

UL B N, BOTR AL RS BT T
JiRE(1) ATHE

PR AL AR ) G 3R 2 B i e Y R 2R L

M FE- I (51045, 1999) | ik LA [ 4R 35 L s 5%
NS A IR W EF ), kB R A DT
PICR & RFHE, MR FHse o = P
£ T 45 U0 NASC ( Gromet et al. , 1984 ) PAAS
( Taylor et al. ,1995; Condie, 1993) # FI1ES AR
VAN UL o0 &R & 4R R AE ( Bayon et al. , 2015;
Babek et al. ,2015) , A< 3CiE #4632 TUA (NASC)
(Gromet et al. , 1984) 15 IR A EF {8, FZH N
Gromet et al. (1984) i) NASC JCRA WA LG+
i i oC R A dE, HS B8 NASC ( Gromet et al. |
1984) 5 % H& PAAS (Taylor et al. , 1995; Condie,
1993 ) 15545 2 1Y 1 45 2R JC W] @ 22 51| ( Peng Bo et
al., 2014) , [AIA}, 82 IR Sutherland ( 2000) 1) & 5
TREEVPHIFRAE(EF =2 0.5 <EF <2 EF < 0.5
TCEMMNEE AEEBUATE FHGITER) kK
VM ICER IS &/ 7 WL,

WL i 4 MBI TR EF (HITH 4
ST AE (K| 2), T, FEIeE Sio, Tio, |
Fe,0, MgO .CaO K,0 P,0, %5 547 Fl& 8o %
Ba.Sc.Ga.Ge . Rb Nb.Y REE %5 KE4ET V.,
Cr.Co Ni FFEIHEY P &L/ 7AW E (0.5 <
EF <2), fHE4J® Cd Mn . Cu.Zn Pb %5 E5gIC
E Zr Hf Ta(EF = 2) , N3EATCE Cs FAEVIA
T R (EF = 2), YLEWI Y Na,O A1 Sr Il
HE5H(EF < 0.5),

KRN 20 B B, S £t R (E AR Cd,
Mn Cu.Zn Pb Th U %, }& Zr Hf Ta Cs %) [ & %
TR TR WA, 0 Cu B EF {8 A BRI M
Kvb B 43 510 8.05.4.17 .3.01.2.64, H
HERITRFIE TP, kB s % Th U, Cs,
Ge Zr Hf Ta %TCEK , WF B & 4 Th U Cs Zr Hf,
Ta FI0E , KB E 4 U Cs Zr Hf 550K, M
BN H Cs §4E,

IAR, BB B S s R T R AE DU T
HARE K, A AN A TR s B 5 BURRAE
AN ) JC R AE DU b & A A A N R E (3R
1) o FIATORY) b ELAS [R] 23 A FREAE 1 70 3 R B
AN A PRI el
4 TTRHRENITE
4.1 BAREREEANAETEREAN

OB e 2k IR HN 2 15 S (a1 HR 1 SE il

RIS ] Sk 5L 174 6 28 17 198 BROAS [) 19 5 vk 11337 Sl
(Albanese et al. ,2007 ; Matys Grygar et al. ,2014; Xu
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Gang et al. ,2016) , MU, ACHITE Al S oo
Z BRI RE S (n = 357) U T B & TR
WEAR TR BE N 5 HEAT B3 3T, ik — 20

1000

DU h R TR AR AR AR, 3 AT KMO
W EE(E R 0. 777, Bartlett BR A 5 AHFEHER R 0, 38
BRI 5347 (Shama et al. ,2000) . HAF—FE M
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1000
. (d) #HBH Xiangyin section
100
2 10 * :
EZ : : % 2 é . : f i
. 2 ; % % T ? 5 é *
: ' : é &
1%%% ;éé é %% & %% i E%é:f & :
’ =
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I
00 TRL L0 0T AEFETITLIFIVCIELS W ELXY
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Fig. 2 Box-plot of theEF values for major and trace elements in sediments from

lower reaches of the Xiangjiang River
WA RBOTR I ST B SO RN B MR B RV BOUB Cd 9 KR ZE(2008)  OC/ME(2011) Mao
Longjiang et al. (2013) ,Chai Liyuan et al. (2016) .Liu Jinjun et al. (2016) \Liu Hui et al. (2017) £ 43

For EF calculation see equation (1) in the text. Data for Cd concentration in sediments from the Zhuzhou, Xiangtan and Changsha sections are cited

from Li Jun (2008), Guan Xiaomin (2011&), Mao Longjiang et al. (2013), Chai Liyuan et al. (2016), Liu Jinjun et al. (2016), and Liu Hui

etal., (2017)

53 PC, S —FE W45 PC, S = F 5 PCy X =
A F RS AT I 4 FRAE B 60. 76% ( J7 24 TTHR %
ZA14:30.33% + 21.91% + 8.52%=60.76%) , H.
AR R RE 15 A2 i (FFIE(E . 6. 36 4. 67 .3.06) .
BB S PC, PC, PC, 128 fr B RE S W L FR 4
JLR T FHIE

JCE T W #far PC,—PC,—PC, #3FE (K
3) Wi e R B SR AR T IO AT X, B T
R AREB T 4 2.

812K ON5 2 RS PC, AT 38 Y IE 3
(PC,>0.5) it ®R . 45 Cd . Mn,Cu,Zn Pb
FELE, XELEETRY MRS
(€C>0.3), HZREXHEFEEF >2.0), H
5 FEITEN Pearson HHITEHIEE R (£ 2) BN,
XEETLE Y Fe,0, . TiO, MnO ,Al,0, % F LK
SERYEIEA X, IS Fe,0, LR IEM MBI G (r >
0.65,p < 0.01), WE/RTURY % 2L 43 8 £ 2K
FET Fe—Mn E ALY W) B 10 1) 55 48R0 W) AH
H, HAEDURRY) b B2 AR R AIE W /R X BB T R

ATREA AR A

BN 3 B B KT 058 2 K
o3 LEATANTF 0~0.5 Z[HAITE (PC,> 0,0 < PC,
<0.5), %% Ba.Co.Cr.Ga.Ge Nb.Ta V. U.Sc.
Sr.Y.REE 53 A TR, RETRAEVIHY & it
FEXSRRE bR Sr I 5 S (EF<0.5) , R R
MEAIH S B4, W AR 5 (0.5 < EF < 2.0),
H: Pearson FIEMEHT (£ 2) B XETTE S EL
HEHILE ALO, BIEMXKLR (r > 0.32, p <
0.01), Hi/RXEITE EEMA T3 -0 Y5 6EED
R yrh . HAETUR Y R B s 4/ 5 B
fE(0.5 < EF < 2.0) , B7m X it oo &l fg £ %

M 1 By LM KT 0.5 582 &
WAy EEAAT-0.4 ~ —0.8 FITE (PC,> 0.5, -
0.4 < PC,< -0.8) . f4% Th Zr Hf E5RIICE
XETTRIEDURY o il 2 AB5)(C,> 0.2),
EHEWE(EF > 2.0), 5F&EILEK Si0, BxUEm
EMIXRKR(r > 0.37, p < 0.01) , BiRXLEITHE
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S oal NRBL
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AR NI
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Fig. 3 Plots of principal componentsPC, vs.
PC, vs. PC,, showing four groups of trace
elements in sediments from lower reaches of the
Xiangjiang River

Pt Cd Al Mn Z2AH OGS0 Hr A 4R B T 00 B Js %
m

Information for metal Cd and Mn in theplot were added
after results of the Pearson’s correlation analyses

and enrichment factor calculation

SV N1 Fr BTN T 0,
552 Eior BEe /T 0.2 5 3 E o
#EAT/NT 0.5(PC,< 0,.PC,< 0.2 PC,<
0.5) MJc%& ., 4% Ni,Cs Rb il T
R, XETRETEY D EEAU R, B

5 ALO, A K] AR R (- > 0,60, p

<0.01),

78 X 4870 3K 3 A T3 L0 4

R2MITHARYEETESMEITTE Pearson IHXESTER

Table 2 Pearson correlation analysing for correlations between major and trace elements in sediments from

lower reaches of the Xiangjiang River

Si0, Tio, Al 05 Fe, 0, MnO MgO Ca0 K,0 Na, O P,0,
Cd -0.376* 0.253°% 0.319* 0.614* 0.502* 0.226 0.274°% -0.123 -0.211 0.799*
\ -0. 595" 0.473" 0. 605" 0.177* 0.358" 0. 349" 0. 156" 0.039 -0.011 0. 465"
Cr -0.371* 0. 349" 0. 480* 0.072 0. 309" 0.182% | -0.027 0.031 -0.082 0.301"
Mn -0.292% | -0.091 0.491* 0. 054 0. 940" 0.1 -0.117°% 0.202* | -0.191* | 0.415%
Co -0.0614" | 0.374* 0.411* 0. 405" 0.341% 0.222* 0.217* -0.107° 0.113% | 0.395%
Ni -0.109% | 0.026 0.113°% 0.037 0.09 0.057 0.042 0.003 0.033 0.057
Cu -0. 680" 0. 788" -0.078 0. 869" -0.05 -0.088 0. 423" -0. 606" 0.336" 0.034
Zn -0. 646" 0.619* -0.119°% 0.782" 0. 001 -0.110% | 0.592% -0.562% 0.467* | 0.171%
Pb -0. 546" 0. 545" -0.113°% 0.657" | -0.056 -0. 087 0.521* -0.487* 0. 446" 0.061
Ba -0.193* | -0.160* 0. 422" -0. 141" 0.365" 0.305* 0. 031 0.259" 0. 007 0.225"
Sc -0. 666" 0.415" 0.677" 0.236" 0.267" 0.453" 0. 196" 0. 055 -0.04 0.427*
Th 0. 188" 0.057 -0.174* | -0.057 0. 064 -0.284* | -0.191* -0.06 0.026 | -0.143*
U -0.274* 0.517" -0.072 0.431* 0.181* -0.288" 0.02 -0. 355" 0.126% | 0.002
Cs -0.249% | -0.229* 0.755" -0. 159" 0.535* 0.013 -0. 333" 0.382" | -0.342" 0. 402"
Ga -0. 642" 0.301* 0. 769" 0.178* 0.343" 0.311* 0. 048 0.113% | -0.055 0.375"
Ge -0.181% 0. 149" 0.270" | -0.03 0.282" -0.06 0.043 -0. 094 -0. 002 0.353*
Rb 0.011 | -0.419* 0. 600* -0.381* 0.416" 0.151* | -0.384" 0.645" | -0.335" 0.223"
Sr -0. 624* 0. 542" 0. 101 0.417" | -0.101 0.523* 0.751* -0.309* 0.413" 0. 169"
Y -0.378* 0.631% 0 0. 467" 0. 198" -0.120% | 0.09 -0.417* 0.195" | 0.016
Zr 0.371* 0.028 -0. 462" -0. 101 -0.124°% -0.304* | -0.126° -0.193* 0.163* | -0.321%
Hf 0. 380" 0.018 -0. 465" -0.104 -0.120°% -0.307* | -0.135°% -0.175* 0. 148" | -0.317*
Nb -0. 487" 0. 770" 0.078 0. 474" 0.007 0.019 0. 206" -0.372% 0.235* 0.021
Ta -0.011 0.229* -0.084 0.085 0.077 -0.161% | -0.051 -0.117°% 0.075 -0.03
REE -0. 063 0.274* -0.012 0. 096 0.132°% -0.140* | -0.095 -0.151* 0.082 | -0.042

TS p < 0.05;,*8E p < 0.01
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FESRRER Yrh S HARTEOT R |

25 b DR R T R W] 2 A O TR A
IR A A SRIETT R PR L Hi & A4S Cu Pb Zn,
Mn.Cd SFHE 48, 5+ V. Cr.Co,Ni,Ba, Sc,
Th.U.Cs.Ga . Ge . Rb Sr.Zr Hf Nb.Ta .Y .REE %
FRAOFEIZIRITER
4.2 TEMERETE

WL 32 R A IR BRI TE S s 2
WOETURYITCR 5 S TS BKHE FR TR 7
ARHIE B ARBEOT R 5 A NS T R X 3T
R EPEAE I 5 EE S BR TR 5% (B ( Birch,2017)
PRITAR AR R B AL, A JRUAR R 32 Nk 1% 2l 52 Wil 1) 370
TR SCOTRR A 1) T O 3R b sk Ak 27 43 B i AN 3
SHTITRTREMITR,

MG o3 M Ir kAT U R W SHE R TSR 1]
P53 R e B R BT X R T vE S 20 24T
I RAUIRAG T2 AN [ Tl AN 5 TR W 2 B4
AT AT LU SR A 00 2 545 1B ( Matschullat et al. |
2000 ; Fernandes et al. ,2018; Yan Yu et al. ,2019)
WO Bk BARIEICER A SCE M IR0 Rl s
X E T S . T A A RS
il Cd Mn ,Cu Zn ,Pb % H G JBIT R YT SHET,
MRAETCER 7 A RRAE , Jeb N 52w B S5 i) Bk N Bt
FRWAE i 0 5%, P 22 1 T 3R Y 3R 11990 3 o0 A1 i 2
(CDF HH4E) (Xu Gang et al. ,2016) , #—GIFR %
N R S 8 S AR i, 9K ) R [ 051 3 4
JRH & SRR A B LR A S,

4.2.1 [ORASHE

15 53 B kb 32 R JT R & i T A Ry
52 OTR HATLANE RE S0 Hr, AR 95% A7 X
(] ZI A i, FR AR i BBV A S e K S i TR
Yy, IR A7 5208 ( Karim et al. ,2015; Xu Gang et
al. ,2016) ,

Ve Z OT R 2 A S ik ) B . # IR 2
ML & B4 ALO,, TiO,, Fe,0,, Sc, #i + 70 R %%
(Gatuszka et al. ,2011) , A4 FiT SCA5 20 Hr , X HLAT)
PEFE AL O, fEAZ BT R AT RIH 3 HT T

LR RS ALO, BIEMICKER, MiZTT
REZWA TR YT (Xu Cang et al.,
2016) . MR 4% 0 K B # 5 T L o H 5
ALO; BYIETEAr Hrmisk i 15, SR 75 G A i
Ja  FeRICE SRS ALO, B I B3 Uii
SIBRECRPRAE (Xu Gang et al. ,2016) . HIBR 5 R4
i 28 Kolmogorov—Smirnov ( K—S) K56, #59# 1& 1E

B (UGS p > 0.05) , WIS BR G A% RE A
TCER T 4 SR B, AT N T 5008, T 5
+20 RNT AR, A R ESS A,
HRL L +2 4 X TR 22 (MAD) |, RSRTFIF R TR
Y 5% E YU ( Jﬁﬁﬁ%ﬁ%, 2014 ; Fernandes et al. ,
2018;Yan Yu et al. ,2019) , Horp 4t i {i 22 F IR
o o 22 2 B, O AR SR R R Tk A
T B 4 1970 A ( Esmaeili et al. ,20155)

HARIEITCE 5% MnO MR FEmITE, XV,
Cr.Co.Ni.Ba.Sc . Th U Cs, Ga, Ge Rb Sr Zr Hf,
Nb.Ta .Y .REE i TR . FHAETURY & &
ARACAEXIRRE , A3 A AT I 5] HAS SE R M
A, ELAERTETE 95% B A7 X ] (FI52 IX) IR ah Al
AR A AR SUE R DT AR &, B X TE) A (B
SO ) HIRE S NE A S AR IR . oo V. Cr,
Co .Ba Sc SEM EIH 53 H7 ULIE] 4a d g .j .m, HAIBR F
HHMEN & RS ALO, HUMEMRKIK WA 4b e h,
k.on, BXEETTERAHIBRFH 5 0 & 000550 A AR IR
WE de f010, NIES/RE,

XA N RIRE N E 4% Cd Mn Cu Zn Pb
A TR AR LA A R E | Sk RN B TR A
mnAlBE , 2 H TR B CDF Lk ( Bt i)
(P& 5) , i 2 X8 5000 A i ] 4 5 BOT 5 LA 3
Mtk o 4 39 0 (O B2 SR /M AL ) Z 5 B i
VERAR 15 4+ 8F, Bk AR, WE S8 Cu (K
Sc) K HE KT 43.2 pe/g MIRES BB, SRJE 1K
MR SRR T 2 1Y 58 07 vE R AT e v a1 I3 43 #r B
95% & {7 X [H] F i 75 YAt i S B

RATLR G ES ALO, BIZ A 42
o WA 4b e h k. n FI7R,V 5 ALO, B
r=0.61(p<0.0)4FHkr = 0.86(p < 0.01),
H2 K—S K56, i Br T P,0, . LOI J& TImA 01
Sh, HAIFF G R 53 A0 SO BUE R 04 . X5
IR WIS AT R LR 3 h iy
-1,

4.2.2 RBAEEEF

Jeyih e ALK ( Matys Grygar et al. ,2014) 15

N,

M

M, (2)
F. RERIEEFF, M RHICE S o L WAE, M,
HICER TR SUE TG (R 4. 2.1 o3 — R4k
FUEAHTPEIE) o AP Rim B o R
Jey il A PR 0T 6 W Y Tukey #8524 & (K] 6) , B

Fip=




ERE

AR5 4 T T W RO T SR s kAl 2 75 SHEAG 11

JCE TR MI LN, ARSI L A
SEEAE (RPACHIR B R2 384 ) , BB S5 E,
5 ) 4 k8 T 4T K—S 56, 3% 2 IE S 4 A
(UMK IAE p > 0. 05) , M HF- B + 20 1E R 5
1H,

A ANl R IS A W A 2 2 %) i 22

(MAD) ,K3R 153 F /R TR B9 15 5 ff ( Fernandes et
al. ,2018) , X—JriERIANAZ ICER /3 A6 152, HAH
X TOUER B i AR A (R R BE 2D U0 S W0, T
J iz f# FH ( Fernandes et al. ,2018;FH#55,2019) .
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Fig. 4 The linear regression scatter plot of concentrations of trace elements againstAl,0,(% ) and content distribution diagram

(after eliminating that of outliers) of trace metals in sediments from lower reaches of the Xiangjiang River
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Fig. 4a, d, g,j ,and m represent the linear regression analysis process of V, Cr, Co, Ba, Sc, and the gray strip represents the 95% confidence

interval. Figure 4 b, e, h, k, n; ¢, f, i, 1 represent the liner regression models and content distribution diagram of the samples after eliminating

that of outliers by regression analysis
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Geochemical background of elements in bed sediments from lower
reaches of the Xiangjiang River in Hunan Province, China
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Objectives: The objective of this study is to establish the background values of major and trace elements in
sediments of the Xiangjiang River by understanding the element composition of the sediments, and discriminating
between the natural and anthropogenic sources of heavy metals in the sediments. Thus, the geochemical background
values of elements with different sources in the sediments were calculated by using different estimating methods .

Methods: Samples for this study were collected from sedimentary cores obtained by drilling into the bed
sediments of the river, then the major and trace elements were analysed using XRF and ICP-MS techniques,
respectively. Principal component analysis ( PCA) and enrichment factor ( EF) values were used to identify
element sources. For elements from natural sources, this study used reference element ( Al,O,) regression
analysis, Tukey’s boxplots of local EF etc., to eliminate outlier values and calculate the background values of
elements. For elements with input of anthropogenic sources, the cumulative distribution function (CDF) curve was
used after the calculations of regression analysis and Tukey’ s boxplots of local EF to eliminate the samples that were
polluted by human activities.

Results : The results suggest that major elements Si0,, TiO,, Al,O,, Fe,0,, and K,O, and trace elements V,
Co, Cr, Ba, Sc, Th, U, Sr, Ga, Ge, Rb, Nb, Y, and REE relatively have less variation ( C < 0.20) of
concentrations in the sediments, and they are believed to be homogeneously distributed in the sediments. These

elements do not show significant enrichment or depletion features in the sediments (EF < 2.0, except the depletion
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of Sr). While, major elements MnO, MgO, CaO, Na,O, and P,0,, and heavy metals Cd, Mn, Cu, Pb, and Zn
generally have considerably high variation ( C, > 0. 25) of concentrations in the sediments, and they were
distributed very heterogeneously in the sediments, among which the heavy metals are significantly higher enriched
(EF > 2.0) if compared to that of the NASC.

Conclusions : The principal component analysis (PCA) and Pearson’s correlation analyses suggest that the
elements with EF value around 1. 0 are hosted mostly within the silicate minerals, and they are of natural sources.
While those heavy metals that are significantly enriched in the sediments (EF > 2.0) reside mostly within the Fe—
Mn oxide minerals, and they may include the proportions that were contributed from the anthropogenic sources.
Thus, different estimation methods were applied to calculating of the background values of the elements that have
different source features as above. Then the background values of 47 elements in the bed sediments of the
Xiangjiang River were established in this study, and the reliability of this background was testified by this study.

Key words: natural sources; anthropogenic sources; geochemical background of elements; bed sediment;
Xiangjiang River
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