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Fig.1 Geological map (a) of the Xiangjiang watershed (after Zhang et al., 1987) and location (b)

of sediment cores for sampling
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1—Sedimens of the Quaternary; 2—red purple shales and sandstones of the M esozoic and Cenozoic; 3—carbonates of the Paleozoic;

1—

4—sandstones and slates of the Pre-Cambrian; 5—granites of the Indosinian —Y anshanian Period;

6—the Dongting Lake; 7—sediment core; 8 —channel of the Xiangjiang River
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U and L represent the upper and lower layers of the WH and XY sediment cores, respectively
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Pb 5mL 1 mol/LL. HNOs3
Pb, Pb Pb
Pb
(ZOGPb/204Pb 207Pb/204Pb 208Pb/204Pb) ,
Pb (**Pb/**Pb > Pb/ *Pb),
Pb )
Pb (Monna et al.,
2000; Schettler and Romer, 2006)
NIST-981 ,
207p}, 4 pl, 26 pl,y 24 pp, 28 py 26 pp,
( ) 36. 6927
16 9364 2. 16650 Q 914554,
36 7219 15 4963 16 9405 2. 16771
= 20) Pb
Q2% 0.06% 0.07% Q 005%

208 p,/ 2% py,
207 p,/ 2% p1,
15. 4892

0 914750(n
(2SD)
0 001%

3

31
4 87 18
ALO; 1, Ba
, Sc’V Cr Mn Co Ni Cu Zn Mo Cd Th U
, Sn Sb Pb TI A

B

(Lee et al.,
1998; ,2009)

(2 :

1 ,
(WH XY QN) ,
RSD> 0. 10(n= 31 28 13),
RSD 0.90, Cd WH
U 5. 885 mg/kg (n= 15),
RSD 0.92
(L), (RSD> 0. 10)
QS ,
(Mo Sh )
Mo Sb QS
(RSD 0.8 0.57, 1) ,

(RSD< 0. 10)

Mo Sb

Cd Sn Sb Pb XY
(D,

WH , Zn (n
=31) 227.2 mg/kg 739.7 mg/ kg, XY
(n= 28) 367.1 mg/kg 382. 1
mg/ kg ,

)

, (RSD< 0.20) Ba  Ph,
WH ™ XY QN(n=
31 28 13) 498.1mg/ kg 491.2 mg/ kg
596.6 mg/ kg 149.6 mg/ kg 155.7 mg/ kg 248.4
mg/ kg) , Ba
., Pb QS

(n=15) 62. 95 mg/ kg, Zn

WH™ XY QN QS(n= 31 28 13 15)

483.5 mg/kg ~ 374.7 mg/kg  906. 4
mg/kg_) 170. 3 mg/ kg

(D

( Choi et al., 2007; Zhang et al.,
2008) )
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et al., 2005; Schettler and Romer, 2006)

(Roussiez et al.,
2005)
( Peng et al., 2004;
Roussiez et al., 2005; Zhang et al., 2008)
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1

Al 05 (%)
Table 1 Concentrations of major dement AL, O;( %) and heavy metals ( mg/ kg) o the sediments from
the four sediment cores of the Xiangjiang River

(mg/ kg)

[Ab0s] Ba [ Bi [ se [ vV [ [ Mn]| o [ N [ co|zn] Mo ca[sa|sh [ [ [1n]u

WH
Wi [ 12.50[457.0] 8.04 [9.515]78.89 [ 70. 19 [1602 7] 15.95 [ 29.30 [41.72[2%. 4| 1.577[8.085 [ 25.23 [ 25. 06 [ 137. 7| 1. 265 [ 23.32]5.917
W2 | 10.82 (438 0| 4.87 |7.432{60. 88 | 60.37 | 982.5 | 12.51 | 20.80 [30.54 |215. 4 [0.997 |5.221 [ 17. (2 | 10. 57 | 103. 4 | 1. 275 | 16.56 | 4.964
W3 | 12.39455.4| 3.80 | 10.06|73.85 | 62 34 [1217. 3] 16.35 | 26.66 [30.79 | 173. 6 [ 1.177[3.353 [ 20. 10 | 37. 17 | 90.65 | 1. 257 [20.91 |5.625
W4 |15.65|518.5| 2.61 [13.85|102.8 |91. 22 {1777. 1| 18.27 | 36.56 [36.75 [ 189. 5| 1.440 [2.293 | 13. 18 | 8. 298 | 83.99 | 1. 339 | 23.07 | 6.009
W5 |15.51[526.4| 3.45 [12.93]102.2 | 84.91 [1912 8| 17.13 | 35.43 [37.21|215.2 | 1.383 | 3.458 | 15.00 | 12. 59 | 92.73 | 1. 288 | 26.52 | 6.244
W6 | 11.2 |423.2] 2.53 {9.042{70.33 | 61. 89 | 890.6 | 16.09 | 21.55 [47.67 | 152.0[1.077 [2.607 | 13.41 | 6.585 | 81.32 | 1. 121 | 17.85|4.906
W7 |10.32|411.7] 2.15 |8.055|61. 25 | 55.10 | 807.2 | 12.33 | 19.94 [27.31 | 145. 4[0.793 [ 2.580 | 13. &2 [ 4. 394 [ 71.30 | 1. 133 | 13.594.120
WO |9.68 [4022|4.42 |6.459|51.41 [49.47 | 748.4 | 11.79| 16.88 [27.54|133.9[0.847 | 1.952 [ 17.27 | 5. 67 | ©.10 | 1. 145 | 15.17 | 3.476
WII | 10.24(438.0| 2.18 [6.698|57. 73 | 52 65 | 864.4 | 11.74 | 19.02 [23.05 | 160. 7|0.704 [3.756 | 28.93 399 | 76.80 | 1. 223 | 15.24|4.313
W13 | 12.52]460.8| 3.15 | 11.07|85.56 | 74.06 |1168. 1| 15.76 | 30.34 [41.54 [230. 4| 1.319[7.065 | 15.87 [ 6.409 | 103. 3 | 1. 247 [20.03 | 5.824
W14 | 12.95 452 8| 2.80 | 11.36{87.70 | 76.15 |1121. 9| 14.69 | 28.60 |35.17 | 183. 6 | 1.068 |3.931 | 14.75 | 5. 400 | 87.57 | 1. 097 | 18.66 | 5.371
W16 | 14.25]494.5| 3.08 | 1293|9559 | 80. 39 [1280. 4] 16.73 | 33.78 [41.41 [202. 3| 1.199 [ 2.893 [ 17. 17 | 5.305 | 100. 3 | 1. 234 |21.27|5.530
W18 | 15.58473.0| 4.03 |12 86| 109.4 | 93. 05 [1373. 0| 17.04 | 40.43 [46.62 [297. 1[1.270[9.368 [ 17. 85 [ 15. 06 | 107. 5 | 1. 245 |22.00|6.132
W19 | 14.71 |435.0( 3.65 | 11.53[99.47 | 91 74 |1550. 3| 17.12 | 38.26 [45.23 | 282. 2| 1.212|8.258 | 16. 15 | 14. 37 | 106. 3 | 1. 198 [17.93|5.633
W20 | 13.36 452 5| 4.83 [12.03|110.7 | 95. 34 [2204. 2 22.92 | 44.62 [ 61.86 [525. 7| 1.551 [ 23.46 | 17. 14 | 7. 288 | 140.7| 1. 267 | 17.92|5.595
U 12,78 ]455.9{ 3.71 | 1039|8318 | 73 26 [1300. 1] 15.76 | 29.48 [38.20 [ 227. 2| 1.174 | 5.885 | 17. 51 | 11. 21 | 96.84 | 1. 22 | 19.34 |5.311
RSD®| 0.16 | 0.08 [ 0.40 [ 0.23 [ 0.24 [ 0.22 [ 0.33 [ 0.19 [0.29 [ 0.26 [ 0.43 | 0.22 | 0.92 | 0.25 | 0.81 | 0.22 | 0.06 | 0.18 | 0.15
W22 | 12.34 |456.6 | 4.28 | 11. 18| 103.0 | 96. 89 [2075. 1| 21.85 | 36.53 | 55.02 |497. 4 | 1.434|19.93 | 25.74 | 6. 136 | 134.3 | 1. 189 | 17.87|5.546
W24 | 15.72(534.4| 8.50 | 14.85|124.0 | 135.3 [2527. 1] 25.15 | 54.98 [83.64 [939. 2| 1.719[69.99 [ 25. 66 [ 11. 06 | 192. 5 | 1. 433 |21.66 | 6.304
W25 | 15.5 |521.4 8.64 [ 14.72{123.2 [ 133.9 [2314. 0 23.17 | 53.91 [83.49 [831. 6 | 1.587 [ 67. 35 | 26.22 [ 9. 055 | 199. 4 | 1. 442|22.96 | 6.603
W26 [16.15]520.4 | 9.25 | 15.81[143.6 | 142.4 [2657. 8 24.20 | 59.71|88.21 [862. 2| 1.773 | 71.25 | 26. 62 | 9. 421 | 2020 | 1. 43 |21.35[5.993
W27 |15.91(512 4| 7.81 | 14.24{132.6 | 136.6 [3019. 4] 27.59 | 56.55 [75.19 |805. 8 | 1.649 | 64. 43 | 24.97 | 11. 18 | 182 3| 1. 360 | 19.92|5.885
W29 | 13.98(456.3| 4.91 | 11.01|103.4 |99. 33 [3396. 4] 32.13 [ 41.79 [51.85 |547.2[1.279[35.33 [ 15.39 [ 8.504 | 139.8 | 1. 031 | 16.16|5.161
W30 | 15.1 |565.9| 6.65 | 13.68|113.5|129.1 [1913. 5{ 23.42 | 46.80 | 77.40 [ 679. 9| 1.361 [37.78 | 21. 73 | 11. 2 | 187. 1 | 1. 406 |22.14 | 6.246
W3l |18.26607.7(10.51| 17.1 {139.5 [ 170.1 [2109. 7| 27.12 | 69.78 [ 88.48 | 723. 7| 1.842 [41. 83 [ 29.09 [ 16. 39 | 222.6 | 1. 666 |26.40|7.291
W33 | 18.6 |597.7(10.29(19.04|150.7 | 178.0 [2404. 3| 25.33 | 72.53 [88.59 | 731. 6 | 1.926 [40. 06 | 28.24 9. 394 | 215.2 | 1. 758 | 26.22|7.758
W34 | 18.6 |571.9[10.02{20.03 [ 138.7 | 141.0 [2468. 0] 25.80 | 76.47 |92.47 | 742. 8| 2.163 | 39. 28 | 36. 77 | 8 583 | 215.6 | 1. 738 |25.77 [ 6.903
W35 | 18.36591. 4| 11.02|18.52|157.9 | 149.5 [2727. 1] 25.54 | 76.75 [ 85.49 | 742. 1| 2.044 [29.75 [ 28.56 | 13. 76 | 223.5 | 1. 533 [25.61|7.161
W37 |19.39]620.2(16.53|19.49|152.3 | 151.5 [2598. 0] 26.93 | 73.79 [ 110.8 [933. 1[1.962 [27.01 37.65 | 12. 65 [301. 1| 1. 528 | 31.7 |8.490
W39 | 16.5 |526.0[12.06|15. 18 [127.5 | 127.1 [2583. 4| 24.69 | 57.5094.78 [818.2| 1.536 | 24. 08 | 31. 88 | 9. 530 | 254.4 | 1. 438 |27.63 | 6.772
W40 | 16.44(519.8(10.03 | 15.93|120.0 | 133.6 |1812 5[ 22.90 | 49.23 [80.60 | 741. 5 | 1.245 [ 20.23 [ 24.79 [ 9.077 | 221. 8 | 1. 335 |26.946.251
W4l |15.61(514.6| 8.35 | 13.38{103.8 | 119.1 1712 2| 20.30 | 45.22 [ 73.05 | 676. 2| 1.287 [ 18.45 [ 22. 51 [ 7.093 | 195.6 | 1. 380 [22.73|5.512
W43 | 18.1 |550.5| 6.27 | 16,84 [124.1 | 142.3 [1806. 5{ 22.22 | 53.85 [ 82.33 | 562. 7| 1.882 | 16. 68 | 24.28 | 7. 147 | 151. 2 | 1. 419 |24.89 | 6.626
M 1640|5417 9.07 |15.69 | 128.6 | 136.6 2382 8] 240.90 | 57.84 | 81.96|739. 7| 1.668 | 38 % | 26 83 | 10 | 2024 | 1444 [23.75 |6.531
RSD®| 0. 12 | 0.00 [ 0.33 [ 0.17 [ 0.14 [ 0.16 [ 020 [ 0.11 [0.22 [ 0.17 [ 0.17 | 0.17 | 0.49 | 0.20 | 0.26 | 0.21 | 0.13 | 0.17 | 0.13
WH 1458|498 8| 6.39 [ 13.04]105.9 | 100.9 [1841. 4| 20.33 | 43.66 | 60.13 |483. 46{ 1.421 |22 2 | 22.2 [ 10.61 | 149.6 | 1. 333 |21.54 [5.921
RSD®[ 0.19 | 0.12 [ 0.56 | 0.28 | 0.28 | 0.35 | 0.38 | 0.26 [ 0.41 | 0.42 | 0.59 | 0.26 | 0.98 | 0.31 | 0.61 | 0.42 [ 0.13 | 0.2 | 0.17
XY

X3 [7.55 [304.4] 1.55 [3.925[34.5 [ 35. 74 [ 618.3 [ 6. 547 [ 8. 363 [ 13.89 [ 118. 5[0.427[2.411 [26.51 [2 726 [ 54.35[ 1. 139 [10.183.053
X38 | 9.7 [392 1] 2.72 |6.997|56.40 | 52 95 [1031. 5| 10.55 | 18.45 |25.41|220. 6 [0.668 | 6.435 [ 139.3 | 4.088 | 78.19 | 1. 242 | 23.64|5.317
X37 | 7.92 |317.7| 1.91 |5.139|44. 44 |45.45 | 774.0 | 8 9% | 142 9|16.83 |166.5[0.624|5.004 | 13.34 | 8 305 [ 65.50 | 1. 201 [23.65 |4.053
X36 | 10.09 |408. 4| 3.75 {6.135|51.21 | 56.93 | 856.5 | 9. 512 | 16. 14 [30.66 | 222. 2 0.901 | 3.663 | 14. 01 |3.223 [ 93.29 | 1. 339 [26.18 |4.073
X35 | 14.88 [502 7] 9.30 | 14.09|99. 41 | 87. % |1345. 4| 16.97 | 36.78 | 73.80 |468. 6 [ 1.718|6.328 | 23. 01 | 18. 23 [ 202 3 | 1. 581 [26.53 | 6.414
X34 |15.38(531.8] 9.67 | 14.73| 111.0 | 116.9 [1700. 6| 19.67 | 42.64 [80.61 |498. 8 2.156 [6.782 | 22 66 | 7. 269 | 214. 3 | 1. 647 |28.15|7.159
X32 | 13.79465.5| 8.07 | 12.88(97.25 |92 04 [1427. 1] 16.10 | 33.99 [ 71.52 |418.0 | 1.604 | 5.695 | 26. 65 | 23. 12 | 185.5 | 1. 420 |27.97|7.277
X31 [11.32[412 1] 6.37 |9.383|72 28 | 76.01 {1022 4| 12.78 | 96.59 | 61.68 |329. 8 [ 1.514 | 4.641 [ 25.95 | 8.290 | 145.6 | 1. 352 [49.17|9.599
X30 |10.73|419.3] 6.51 {8.741(69.31 | 91.96 | %41.5 | 11.92 | 21.76 | 56.44 [308.2 | 1.194 [4.301 | 18 13 | 7.489 | 1327 | 1. 366 |29.396.986
X28 | 13.65 502 4|11.37|13.41(96.97 | 97. 36 |1488. 3| 17.07 | 34.69 [90.53 [490. 9 [ 1.786 | 5.511 [24. 16 [ 7. 172 | 218.4 | 1. 609 |30.05 | 6.591
X27 | 15.73 [555.8(13.92|16.29{119.0 | 120.7 [2069. 7| 21.16 | 45. 14 | 108. 8 {616. 0| 2. 177 6.059 | 27. 16 | 9. 039 | 245.3 | 1. 706 | 25.46 | 6.366
X25 |16.43|518.8(10.80| 16 |117.4 | 108.5 [1548. 7| 20.40 | 44.79 |77.35 |466. 6 [2.368 | 6.546 | 29. 95 | 8. 355 [ 237.0| 1. 926 |27.05|7.628
X24 | 18.33577.8|14.46(19.25|145.5 | 137.9 [2999. 3| 23.22 | 58.57 [91.13 | 537. 9 [3.504 [6.032 [ 5299 | 12. 91 [ 305.9 | 2. 102 |26.92|7.276
X233 [19.14[614.6|13.05| 19.8 | 156.7 | 128.6 [3762 4| 23.01 | 57.63 | 84.67 | 526. 2 3.203 | 6.046 | 53.76 | 13. 28 | 311. 2| 1. 962 |28.73 | 7.087
X2 | 19.91(643.0{13.15|21. 15| 161.1 | 140.9 [3303. 0| 21.79 | 60.99 [89.27 | 516. 2 3. 181 5.772 | 56.39 | 12. 86 | 354.7 | 2 167 | 26.63 | 6.938
X20 | 19.59624.7|14.65 | 19.73 | 154.3 | 120.6 [3240. 9| 21.51 | 56.49 [91.39 | 525. 3 [3.423 [6.3%4 | 55.22 | 15. 68 | 394.2 | 2 372 |28.02|7.789
X19 | 13.96 [460.9| 6.78 |12.02{89. 10 | 82 10 [1619. 8| 14.19 | 32.96 |52.04 |321.2[1.729|3.290 [ 22 14 | 9.336 | 145. 4| 1. 436 [20.81|5.419
X18 |16.92|517.3| 6.49 | 15.17|110.6 | 107.4 [2073. 7| 18.49 | 40.94 [59.33 |34.90 | 1.665 | 3.967 | 15. 61 | 4.829 [ 132.0 | 1. 434 23.26 | 6.353
X17 | 9.94 |376.3] 2.93 |7.354]54.47[53.92[913.9 | 10.44 | 18.17 [32.10]189. 4]0.823 | 1.589 [ 10.91 |2 913 | 78.59 | 1. 083 | 12.13]3.294
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ALLO;] Ba Bi Se v Cr Mn Co Ni Cu Zn Mo Cd Sn Sh Pb Tl Th U

13.95/481. 3| 8.29 | 12.75]96. 89 [ 92. 31 |1723.0[ 16.02 [ 45.68 | 63.55[367. 1|1.824|5.082 [ 34. 62| 9. 427 [ 189.2| 1. 583 |24.78 | 6.246

RSD® {0.28]0.21 [ 0.54|0.42|0.41 | 035[05 | 033 |0.68|0.45[0.46 | 0.53|029| 085|058 |05]0.23]0.39 |0.27
X15 [19.28(508.6| 5.82 | 17.65(130.9 | 145.1 [2051. 0] 20.91 [ 43.06 [64.95 |311. 5[ 1.484|2.553 | 16. 84 | 3. 410 | 98.02 | 1. 371 |21.53|5.656
X13 |7.59(287.4(13.60|5.747|44. 0 [41. 60 | 660.0 | 7. 734 [ 11.65|40.14 [ 191. 8| 0.954 | 1.682 | 12. 92 | 4. 500 | 86.52 | 1. 056 |93.11[9.276
X11 |16.42(508.6| 8.42 | 15.35]|122.4 [ 118.1 |1335.7| 18.74 | 40.31|80.77 [460.7|1.801|5.206 | 17.73 | 5. 512 | 148.8 | 1. 403 |21.00 | 6.637
X10 [15.79(488.9] 6.51 |15.06|109.7 | 116.5 [ 1571 | 19.61 | 112.3(77.00|451.3(1.649|4.418 | 18.76 |4. 770 | 135.2 | 1. 433 |20.78 | 5.428
X8 [14.72|473. 1| 6.65 |13.37[103.1|96.95 |1567.3(16.99 | 32.82(62.90 (373.7|1.674 (4.217 | 21. 8 | 13. 81 | 122. 2| 1. 343 {20.33|5.193
X6 [19.2]546.1(9.49 |18 35|136.6|139.3 |2154.0{21.15|50.91 (73.84 (464.9|1.677 (4.845|17.56 |5.753 | 138.5| 1. 583 (25.29|5.884
X4 120.53(593.0( 8.36 |20.33(143.9 | 157.2 |2488.9( 22.62 | 53.83 | 72.79 |485. 1|1.703|5.012 | 19.30 [ 8. 065 | 149.3 | 1. 607 [27.16 | 6.436
X2 |19.25|544.1| 5.48 [18.38(131.2|123.6 (1420.0| 19.71 | 101. 9 |57.82|344.4(2.8693.336 | 15. 99 (4. 117 | 112.4 | 1. 490 | 25.93 | 6.600
X1 |17.75[559. 1| 5.43 |18.47(136.0 | 123.3 (1493. 4{ 20.09 | 44.79 [59.02|355.9|1.6433.600 | 16.36 | 5. 832 | 109. 7 | 1. 467 | 26.58 | 6.581

O B~ = O 3 W oo W

16.73|500.9| 7.75 [15.86|117.5 | 117.9 |1637. 9] 18.62 | 54.62 | 65.47 | 382.

—

1.72 [ 3.87 |17.48 | 6.20 (122.3] 1. 420 (31.30( 6.41
RSD® |0.21 |- 0.16f- 0.32- 0.25|- 0. 24|~ 0.25|- 0. 26|- 0. 22|~ 0.51|- 0.18- 0.23|- 0. 17|~ 0. 29|~ 0. 13|~ 0. 48|~ 0.16|- 0.1 |- 0.74- 0. 19
Xy 15.34/491.2| 8.02 | 143 |107.2 [ 105.1 |1680. 5[ 17.32 [ 50.15|64.51 [374.6|1.771|4.478 [26.05 | 7. 812 [ 155.7| 1. 50 |28.65|6.328

RSD® {0.27]0.19 [ 0.49]0.36]0.35[033[049]|02 |0.62[0.37[0.39]0.47|034][098][06 |05]0.2] 0.5 [0.24

ON

Q1 ]19.01|1611.4[15.60(20.46|146.6 [ 97. 95 |3586. 6( 27.26 | 69.12|83.94 | 608. 8|3.275(20. 74 | 62. 57 [ 13. 10 | 223. 2| 1. 89 [30.84|9.080
Q2 |19.05(619.2]16.28(20.93(179.4 | 116.8 [4906. 2| 28.34 | 101. 9 (96.54 | 637.2(4.061 |20.35 | 50. 89 [ 35. 81 | 227.2 | 1. 80|31.24(9.559
Q3 |18.82|617.3(19.46(20.44|200.5 [ 134.5|6391. 0| 31.09 | 115.0|102. 9 {692.5|4.130(22.99 |59. 02 [ 17. 13 |260. 6 | 1. 811 [31.74]9.565
Q4 |18.56|573.5|31.86(20.95|183.5 [ 134.2|5582. 5/ 28.8097.63 | 132.4|917.6|4.875(29. 66 | 87. 37 [ 23. 03 | 357.9| 1. 917 (29.35]9.390
Q6 |18.16(597.827.10(20.05(151.6 | 119.9 [4071. 0] 27.88 | 72.68 [ 114.3 | 1041 [3.30236.62 |82 95 [22.27|353. 1 1. 873|29.46(8.819
Q8 |18.79|597.6(16.20(18.56|138.9 [ 107.4 |3317.2(27.50 | 73.37|97.57 | 787. 62.906 [ 30. 62 | 58.29 [ 13. 79 | 227. 5| 1. 749 [28.86 | 8.246
Q9 ]18.34|576.4(13.07(21.22|163.7 [ 117.4 |3%1. 0 29.73 | 77.98 | 111.9927. 6| 3.045(36.71 | 65.96 [ 16. 29 | 251. 6 | 1. 87 (27.32]8.372
Q11 |[18.2516029(17.18]19.63|135.2|125.9|3113.2(29.89 | 67.42|107.5(967.5|2.374|44.19 |90. 14 | 11.97 [ 202. 0| 1. 02 (25.72|7.111
Q13 |[17.4(577.4]9.90 |18.72(134.0 | 123.2 (3473. 1| 27.70 | 66.67 [90.43 | 965. 2 (2.257 | 44. 48 | 46.45 | 14. 31 | 183.2 | 1. 611 | 24.87 | 6.878
Q14 |[17.89|558.8(10.57)20.68|163.6 | 138.8 |4307. 2( 27.05 | 86.07 | 96.59 [862. 4|2.777|39.25 |45.68 | 23. 28 [ 187. 1| 1. 664 |26.81 | 8.323
Q16 [17.98|589.4(13.83)20.32|148.0 | 147.7 |3388. 7 27.75 | 69.90 | 104. 4 {1134. 6| 2.281 | 59. 80 | 59. 27 | 10. 60 [ 230. 4 | 1. 649 |26.89 | 7.706
Q19 |18.42(608.0]12.93]20.47(151.9|128.7 3679. 9| 27.10 | 83.69 [ 108. 8 | 1165. 3[3.295|73.29 | 50.37 | 13. 86| 280. 3 | 1. 757 |27.98 | 8. 185
Q20 [18.991626.2(12.94]20.05]139.7 | 132.6 |2603.0[ 27.78 [ 101. 4 | 101. 5| 1076 |2.436|64. 88 [47. 19 | 13. 51 [ 245.6 | 1. 795 |26.84 |7.572
ON 18.44|596.6116.6920.19]156.7 | 125.0 |4027. 7[ 28.30 [ 83.29 | 103. 8 [906. 4| 3.15 |40.28 [62.01 | 17.61 (248 4| 1.770| 28.3 | 8.37

RSD® 0.03]0.03 [0.38]0.04]0.13]011[02 | 004)0.19[0.12] 02 |0.25]042]025][039[02]0.05]0.08[0.11

QS

0S1 [14.03[512 2] 0.91 [14. 76| 112.5 [ 112.2[1014. 8] 19.49 [ 62.41 [54.26 [ 144. 6]5.072[0.99% [8.203 [ 1. 725 [ 52.64 [ 0. 754 [ 14.04 [ 3.197
083 [15.16]573.8] 0.97 | 16.66 | 126.9 | 90. 75 |1073. 6| 20.38 | 49.51 | 55.87 | 155. 8| 0.856 | 1.046 [ 9.728 | 8. 128 | €0.66 | 0. 875 | 15.33 | 3.329
0S4 |16.18[587.6] 0.95 | 17.64 | 124.8 [ 90.01 | 961.1 | 19.74 | 48.22|51.19 | 152. 1]0.864 [0.927 [ 9.294 | 2 043 | 56.88 | 0. 221 | 17.00 | 3.733
0S5 [14.41[591.2] 0.92 | 18.19|134.9 | 98. 59 |1109. 5| 21.77 | 58.19|56.36 [ 168. 1]0.909 | 1.074 | 8.907 | 2. 276 | 59.39 | 0. 883 | 16.66|3.916
0S7 [13.08[543.2] 0.73 | 16.58 | 126.0 [ 90. 61 |1087. 3| 21.89 | 53.29 | 61.51 [ 172. 1]0.880 | 1.204 | 7.206 | 1. 509 | 60.89 | 0. 697 | 14.42|3.241
0S9 |14.6|6126] 0.84 |19.72|149.6 | 106.4 |1313. 1| 24.67 | 59.23|77.81 |211. 1| 1.164 | 1.252 [ 8.888 | 2 126 | 88.23 | 0. 812 | 15.66 | 3.605
QS11 [14.31]641. 4| 0.84 | 19.44[150.6 | 105.8 [1301. 0 24.60 | 60.78 | 75.01 | 209. 7| 1.088 [ 1.217 | 8.565 | 4. 300 | 86.82 | 0. 783 | 14.93 | 3.462
QS13 [13.81604.0| 1.08 | 18.65 | 141.7 | 102.2 [1365. 1{ 23.30 | 57.77 [67.57 | 190. 7| 1.115 | 1.254 | 8.224 | 1. 954 | .85 | 0. 781 | 16.25 | 3.657
QS15 [13.24]562. 6| 0.74 | 16.31[127.0 |92 97 [1218.3[ 20.84 | 103. 0 [57.41 | 171. 6| 0.916 | 1. 191 | 7.462 | 2. 322 | &3.21 | 0. 743 | 13.85 | 3.249
0S17 [13.31]554.3] 0.85 | 16.66 [ 127.993.93 [1137.9[ 21.47 | 51.33 |58.18 | 167. 9] 0.867 | 1.117 | 8.585 | 2. 530 | 62.40 | 0. 787 | 15.58 | 3.428
QS19 [14.45[611.2] 0.93 | 18.85[138.9 | 102.7 [1307. 7| 22.60 | 56.86 [60.99 | 178. 6| 1.019 | 1.171 | 9.052 | 2. 481 | 63.25 | 0. 865 | 16.63 | 3.652
0S2 [14.19]580. 6| 0.88 | 17.62[127.5|98. 47 [1196.7| 20.75 | 52.57 | 56.17 | 164. 5| 1.266 | 1.365 | 8.848 | 3. 037 | 56.27 | 0. 853 | 15.74 | 3.491
0821 [13.96]571.7] 0.95 | 17.4 [123.9]97.93 [1251. 9] 21.02 | 51.15 |54.55 | 163. 6|0.914 | 1.496 | 9.581 |4 940 | 55.59 | 0. 843 | 16.00 | 3.606
S22 |13.66]575. 6| 1.00 | 16.25| 115.1 | 87. 81 [1054. 5[ 19.23 | 46.03 [49.28 | 153. 4| 0.832 [ 1.378 | 10. 88 | 5. 282 | 53.65 | 0. 889 | 16.86 | 3.620
0523 [13.69]562. 1] 0.90 | 16.38 | 121.6 9270 [1159. 0[ 20.16 | 145.0 |51.84 | 150. 6|0.935 | 1.374 | 9.357 | 2 661 | 54.45| 0. 893 | 16.82[3.611

0S 14.14|578.91 0.90 | 17.41|129.9 [97. 54 |1170. 1{ 21.46 [ 63.69 |59.20|170. 3| 1.25 | 1.2 [ 885 | 3.15 |62.95]|0.830|15.72| 3.52

RSD® {0.06| 0.05 [ 0.10 | 0.08 | 0.09 | 0.07 [ 0.10 | 0.08 | 0.40 | 0.14 [ 0.12 | 0.85| 0. 13 | 0. 10| 0.57 | 0.17 | 0.08 | 0.07 | 0.06
©]12.28]554.1] 0.30 | 0.8 |42.00]44.00[450.0]10.30[21.2 [20.0 [76.0 | 165|033 [250] .10 | 2.0 |0.60 | 148 | 3.6

: @ e (1983) (1984) (1986) (1988),
1) ( 1 ( 3).
( ,1997) (EF>2) Bi Sc V Mn Ni Cu Zn Pb Cd Sn Sb
(1 EF  EF , V Mn Ni Cu

3 Sutherland (2000) (2< EF< 5),Sc¢ Zn Pb Sn Sb
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2011

2

(mg/ kg)
Table 2 Concentrations ( mg/ kg of other trace elements of sediments from the four sediment cores in the Xiangjiang River

Ga Ge Rb Sr Y Zr Hf Nb Ta Cs |Zn/ Pb|Zn/Cd|V/Cr |Th/U [Ga/Ge |Rb/Sr|Zr/Hf N Ta|Th/Sc|Zt/ Sc

WH
W1 17.53 ) 1.74 (172.1 (45.67|31.82(352.5]|10.69 [14.43[ 1.81 |15.97| 2. 15| 36.7 [ 1.12 [ 3.94 | 10.1 [3.77 | 33.0 | 7.9 [ 2.45|37.0
W2 |14.66| 1.58 |175.2 [41.0530.05(301.4| 9.11 |12.75| 1.52 |14. 16| 2.08 | 41.3 [ 1.01 | 3.34 [ 9.30 | 4.27 [ 33. 1| 842 | 2.23 | 40.6
W3 |16.81| 1.58 |166.6 |43.45]30.58(314.0( 9.55 |15.44(2.23 [15.46| 1.92 | 51.8 [ 1.18 | 3.72 | 10.6 | 3.83 | 32.9|6.92 [ 2208 | 31.2
W4 |21.8[ 1.99 [180.0 [53.46|34.83(273.4| 8.34 |17.482.07 |19.35| 2.26 | 82.6 [ 1.13 | 3. 84 [ 11.0 | 3.37 [ 328 | 8.46 | 1.67 | 19.7
W5 |2L03| 1.92 [175.2(50.87|33.81(244.0| 7.40 |17.59 1.95 |18.57| 2.32 | 62.2 [ 1.20 | 425 [ 11.0 | 3.44 [33.0 [ 9.04 [ 2205 | 18.9
W6 |15.36| 1.60 [165.4(39.7126.21(328.7|9.32 |14.43|1.64 |14.45| 1.87 | 58.3 [ 1.14 | 3.64 [ 9.60 |4.17 [ 353 |88 [ 1.97 | 36.4
W7 1394 1.51 |[161.2(40.47|23.97(335.4|9.92 |13.98|1.92 |13.74| 2.04 | 56.4 [ 1.11 | 3.30 [ 9.30 | 3.98 [33.8|7.28 [ .69 | 41.6
W9 |12.67| 1.51 |[168.5(38.0819.61[266.4| 7.66 |12.62| 1.55 |13.75| 1.94 | 68.6 [ 1.04 | 4.36 | 840 | 4.42 [ 34.8 | 8. 15 [ 2.35 | 41.2
WI1 |[13.11] 1.53 [177.9|38.76(25.02|216.6( 6.89 [12.37| 1.45 |13.80( 2.09 | 42.8 | 1.10 | 3.53 | 8.60 [4.59 | 31.4 [ 855|228 [32.3
WI3 |[17.24] 1.78 [171.8 |46.60(30.43]305.0( 9.52 [16.74[ 1.90 |16.67 | 2.23 | 32.6 | 1.16 | 3.44 | 9.70 [3.69 | 32.1 |88 | .81 [27.6
W14 [17.69] 1.72 [161.8 |45.98 (35.33332.1(9.52 |[17.80( 1.88 |15.36| 2. 15 | 48.0 | 1.15 | 3.47 | 10.3 [3.52 | 34.9[9.45 | 1.64 [ 29.2
W16 |[20.74] 1.97 [173.0|48.53(36.48308.5(9.10 [19.70(2.15 |17.19[ 2.02 | 69.9 | 1.19 | 3.85 | 10.5 [3.56 | 33.9 [ 9.17 | 1.65 | 23.9
W18 |[21.01| 1.84 [168.6(50.01 [36.28267.2( 7.95 [18.12(2.11 |17.69| 2.76 | 31.7 | 1.18 | 3.59 | 11.4 [3.37 | 33.6 [ 859 | 1.71 | 20.8
W19 |[19.60| 1.86 [164.0|47.23(33.46|264. 1| 7.94 [16.65( 1.87 |17.39| 2. 65 | 34.2 | 1.08 | 3.18 | 10.5 [ 3.47 | 33.3 892 | 1.56 | 22.9
W20 |[19.11] 1.56 [165.450.83(30.34|217.4( 6.70 [15.36( 1.89 |16. 12| 3.74 | 22.4 | 1.16 | 3.20 | 12.2 [3.25 | 32.4 8 14 | 1.49 [ 181
17.49 (1. 710 [169.8 [45.38 |30.55(288.5(8.640 | 15.70 | 1. 860 |15.98 | 2.35 | 38.6 [ 1.14 | 3. 64 [ 10.2 | 3.78 [ 33.3 | 8.45 [ 1.91 | 29.4
RSD® [ 0.17 [ 0.10 | 0.03 | 0.11 [ 0.16 | 0.15 | 0.14 [ 0.14 | 0.13 | 0.11 [ 1.97 | 0.47 | 1.11 [ 0.09 [ 0.10 | 0.11 | 0.03 [ 0.08 | 0. 16 | 0.29
W22 |17.39( 1.72 [153.1]49.98(29.30|221.4| 6.52 |12.75| 1.53 |14.77( 3.70 [ 25.0 [ 1.06 | 3.22 [ 10.1 [3.06 | 34.0 [ 8.33 | 1.60 | 19.8
W24 [22.77] 1.99 [172.4|58.25(34.84|243.0( 7.12 |[17.25(2.10 |19.54 [ 4. 88 | 13.4 | 0.92 | 3.44 | 11.4 [2.96 | 34.1 823 | 1.46 | 16. 4
W25 [21.92( 2.10 [173.1]58.28|35.83|256.6| 7.98 |17.982.46 |19.46( 4. 17 | 12.3 [ 0.92 | 3.48 | 10.4 [2.97 | 32.1 [ 7.31 | 1.56 | 17. 4
W26 [|22.70( 2. 14 [174.7|58.93(35.49|230.2| 6.76 |17.91|2.12 |19.81( 4.27 [ 12.1 [ 1.01 | 3.56 [ 10.6 [2.96 | 34.1 [ 8.46 | 1.35 | 14.6
W27 |21.65] 1.96 [168.4|55.13(34.10]205.5( 6.05 |[16.46(2.02 |18.34 | 4.42 | 12.5 | 0.97 | 3.38 | 11.0 [3.05 | 34.0 |8 14 | 1.40 | 14. 4
W29 |16.90( 1.20 [141.4|45.32(27.88|175.3| 5.22 |11.73| 1.43 |13.72( 3.91 [ 15.5 | 1.04 | 3. 13 [ 14.1 [3.12 | 33.6 [ 8. 18 | 1.47 | 15.9
W30 |21.65( 1.81 [171.0]53.54(31.27|213.0| 6.27 |16.24| 1.95 |18.77( 3. 63 | 18.0 [ 0.88 | 3.54 [ 12.0 [3.19 | 33.9 (833 | 1.62 | 15.6
W31 |26.45] 2. 12 [190.8 |61. 16 [38.75]|255.9( 7.61 [19.93 | 2.31 |23.57(3.25 | 17.3 | 0.82 | 3.62 | 12.5 [3.12 |33.6 |8 61 | 1.54 [ 150
W33 [|27.65( 219 [194.9]62.94(38.73|253.3| 7.37 |19.91|2.39 |23.62( 3.40 | 18.3 [ 0.85|3.38 [ 12.6 [3.10 | 34.4 (835 | 1.38 | 13.3
W34 27.95( 2.25 [208.8|61.26(39.73|252.2| 7.62 |19.77|2.16 |23.16( 3.45 [ 18.9 [ 0.98 | 3.73 [ 12.4 [3.41 |33.1[9.14 | 1.29 | 12.6
W35 |27.57] 2.23 [198.2]63.15(39.30|221.3( 6.37 |19.44(2.18 |23. 15[ 3.32 | 24.9 | 1.06 | 3.58 | 12.4 [3.14 | 34.8 [ 891 | 1.38 [ 11.9
W37 |28.65( 2.28 (202.4|61.42(38.25|236.2| 6.86 |20.96|2.43 |25.83( 3. 10 | 34.5 [ 1.01 | 3.73 [ 12.6 [3.30 | 34.4 (8. 62 | 1.63 | 12.1
W39 [24.50( 2.03 [185.8|58.23(36.54|220.3| 6.70 |18.07|2.13 |20.82( 3.22 [ 34.0 [ 1.00 | 408 [ 12.1 [3.19 | 32.9 (8. 49 | 1.8 | 145
W40 |[22.74] 1.89 [172.8|54.05(33.33]|259.5(7.83 [18.35[2.26 [19.85( 3.34 | 36.7 | 0.90 | 431 | 12.0 [3.20 |33.2 |8 13| 1.69 [16.3
W41 [21.76( 2.03 [179.0]55.00(32.16|223.0| 6.73 |17.29|2.04 |19.02( 3.46 | 36.7 [ 0.87 | 4. 12 [ 10.7 [3.25 | 33.1 [ 8.46 | 1.70 | 16.7
W43 |25.46( 2.24 [193.6]60.97|31.79|202.2| 6.03 |18.73|2.07 |21.71 | 3.72 [ 33.7 [ 0.87 | 3.76 | 11.4 [3.18 | 33.5[9.05 | 1.48 | 12.0
23.61| 2.01 |180.0(57.35|34.83|229.3]| 6.81 [17.67]2.10 (20.32]| 3.65 [ 19.0 | 0.94 [ 3. 64 | 11.8 | 3.14 | 33.7 | 842 | .52 | 149
RSD® | 0.15]0.13 0.10]0.09 | 0.11 | 0.10 | 0.11 [ 0.14 | 0.13 [0.16 | 0.84 [ 0.35 [0.88 | 0.09 [ 0.09 [0.04 [ 0.02 [ 0.05 [ 0.09 | 0.15

XY
X39 [ 8.8 | 1.25|156.5(29.68(10.98]343.5[10.67 [10.19]| 1.37 | 9.05 | 2.18 | 49.1 | 0.97 [ 3.33 | 7.1 |5.27 [32.2 7.4 | 2.59 | 87.5
X38 [12.37| 1.47 |167.8 [37. 61 [26.94]723.3(19.65(14.31|2.11 |11.10| 2.82 | 34.3 | 1.07 [ 4.45 | 8.4 | 4.46 [36.8 [ 6.79 | 3.38 [103.4
X37 [10.29| 1.39 |170.2(32.36 (15.71]267.6| 7.94 [19.51| 8.40 |10.46 | 2.54 | 32.7 | 0.98 [ 5.8 | 7.4 |5.26 [33.7 [ 2.32 | 460 | 52.1
X36 [12.68| 1.44 |177.1(38.00(18.73]229.9|7.19 (10.38| 1.60 |12.36| 2.38 | 60.7 | 0.90 [ 6.43 | 8.8 | 4.66 [ 32.0 | 6.49 | 427 | 37.5
X35 [19.99| 1.76 |168.7 [58.76 [25.05]|144.0| 4.17 (16.72|2.23 |17.81 | 2.32 | 74.1 | 1.13 [ 4. 14 | 11.3 | 2.87 [ 34.5 | 7.50 | 1.88 | 10.2
X34 [22.00( 1.97 |179.3 [63.20 (34.43]316.1[10.09 [18.14|2.27 |18 84| 2.33 | 73.5 | 0.95 [ 3.93 | 11.2 | 2.84 [ 31.3 [ 800 | 1.91 | 21.5
X32 (1850 1.74 |167.7 [56.57 [34.16]469.3[13.89 [17.52]|2.03 |16. 46| 2.25 | 73.4 | 1.06 [ 3.84 | 10.6 | 2.96 [ 33.8 [ 8.62 | 2. 17 | 36.4
X31 [14.50 1.43 |152.3 [50. %4 [36.44]956.4(26. 65 [18.282.20 |122.79 | 2.27 | 71.1 | 0.95 [ 5.12 | 10.2 | 2.99 [ 35.9 [ 8.29 | 5.24 [101.9
X30 [14.05| 1.69 |167.0(52.54(29.20]619.6(17.5615.03| 1.86 |12.65| 2.32 | 71.7 | 0.75 [ 421 | 8.30 | 3.18 [ 35.3 [ 810 | 3.36 | 70.9
X28 [18.77| 1.86 |166.4 (72.37(29.99]312. 8| 9.51 [16.82] 1.99 |16.37| 2.25 | 89.1 | 1.00 [ 456 | 10.1 | 2.30 [ 32.9 | 8.44 | 2.24 | 23.3
X27 [24.31| 2.08 |185.6(77.05(36.60]276.3| 8.05 [19.98]2.16 |19.22| 2.51 |101.7]0.99 [ 400 | 11.7 | 2.41 [ 34.3 [9.25 | 1.56 | 17.0
X25 [23.73| 2.01 |192.8 (58.76 (36.61]301. 4| 8.99 (18.92|2.12 |20.71 | 1.97 | 71.3 | 1.08 [ 3.55 | 11.8 | 3.28 [ 33.5 892 | 1.69 | 18. 8
X24 [28.36 1.99 |226.7 [63.57 [40.66]256.2| 7.52 (20.46|2.26 |23.27| 1.76 | 89.2 | 1.06 [ 3.70 | 14.2 | 3.57 [ 34.1 [ 9.05 | 1.40 | 13.3
X23 [29.45| 1.43 |235.4 (63. 67 [40.00]221. 2| 6.50 (20.72]2.15 |25.00 | 1.69 | 87.0 | 1.22 [ 405 | 20.6 | 3.70 [ 34.1 [ 9.65 | 1.45 [ 11.2
X22 [30.71| 2.48 |249.4 (62.25(41.49]197. 1| 5.81 (20.96|2.22 |25. 48| 1.46 | 89.4 | 1.14 [ 3.84 | 12.4 | 4.01 [ 33.9[9.43 | 1.26 | 9.30
X20 [30.16| 1.93 |253.5(60. 44 [41.66]209. 4| 5.98 (20.83|2.19 |26. 16| 1.33 | 82.2 | 1.28 [ 3.60 | 15.6 | 4.19 [ 350 9.50 | 1.42 | 10.6
X19 [19.56| 1.71 |182.7 (50.14 (29.75]238.6| 7.05 (15.98|2.34 |17.21 | 2.21 | 97.6 | 1.09 [ 3.84 | 11.4 | 3.64 [ 33.8 [ 6.8 | 1.73 [ 19.6
X18 [23.35| 1.68 |185.2(56.22(30.89|244.5| 7.37 [17.82]1.98 |20.74| 0.26 | 8.80 | 1.03 [ 0.02 | 13.9 | 3.29 [ 33.2 [ 9.01 | 0.01 | 16.1
X17 [12.55| 1.42 |156.0 (34.77 ({20.32]157.9| 4.52 (11.31| 1.25 |11. 82| 2.41 | 119.2]| 1.01 [ 3.68 | 8.80 | 4.49 [ 34.9 [9.06 | 1.65 | 21.5




2 Pb 289
2
Ga | Ge | Rb | s | Y | zr | HE | Nb | Ta | G |Z/Pb|Zo/Cd|V/Cr |Th/U |Ga/Ge|Rb/Sr | Ze/HE NI Ta|Th/Se | Z4f Se
U 19.69 | 1.72 [186.3 [53.63[30.51(341.3] 9.95 [17.05| 2.35 [17.24 | .94 | 72.2 | 1.05 | 3.97 | 11.3 | 3.65 [ 340 | 8.04 | 231 | 359
RsD® | 0.35 | 0.18 [0.17 | 0.25 [ 0.30 [0.62 | 0.58 | 0.20 | 0.63 [ 0.31 | 0.86 | 1.56 | 1.18 | 0.31 | 0.28 [0.24 [ 0.03 | 0.21 | 0.56 | 0.88
Xi5 |28.22| 229 [191.7 |63.85(30.27[228.5(6.360 | 19.00| 1.99 [25.26 | 3.18 [122.0] 0.90 | 3.81 | 12.3 [3.00 [ 35.9 | 9.55 | 1.22 | 12.9
X13 10,16 1.24 [129.5 [35.60 | 26.46 | 432 8|14.03 | 13.63 | 1.66 [9.200 | 222 | 114.0| 1.06 | 10.0 | 8.20 [3.64 | 30.8 | 8.23 | 16.2 | 75.3
X11 |21.70| 1.85 [157.9 [92. 36 [33.58 [ 321.2{9.230 | 18.75| 1.93 [18.18 | 3.10 | 88.5 | 1.04 | 3.16 | 11.7 [ 1.71 [ 34.8 | 9.60 | 1.37 | 20.9
X10 |23.21| 1.93 [175.3 |70.84(33.60| 302 4(8.070 |19.08 | 1.95 [18.78 | 3.34 {1022 0.94 | 3.83 | 12.1 [2.47 [37.5| 978 | 1.38 | 20. 1
X8 |21.20| 1.91 [177.6 |59.42{32.79|365. 4| 10.52 | 18.16 | 1.91 [18.18 | 3.06 | 88.6 | 1.06 | 3.91 | 1.1 [2.99 | 347|950 | 1.52 |27.3
X6 |28.51| 224 [193.9 70,08 |35.49|227.8]6.59 [ 19.96 | 2.08 [23.08 | 3.36 | 96.0 | 0.98 | 4.30 | 12.7 |2.77 | 346 | 9.62 | 1.38 | 12.4
X4 3110 229 |204.2 |72 57(37.79|220.3]6.130 |21.30 | 2.23 [26. 10| 3.25 | 96.8 | 0.92 | 4.22 | 13.6 | 2.81 {359 | 9.53 | 1.3 | 10.8
X2 |27.38| 1.95 [193.7 |66. 68 |34.54 | 222.7|6.290 | 19.82 | 2.14 [22.67 | 3.06 |103.2] 1.06 | 3.93 | 14.1 [2.90 [ 35.4 | 9.25 | 1.41 | 121
X1 |28.17| 2.06 [195.3 [67.18(33.67|213.3]6.200 [20.34 | 2.18 [23.50 [ 3.24 | 98.9 | 1.10 | 4. 04 | 13.6 [2.91 | 344|931 | .44 |1L5
L 24.41| 1.97 [179.9|66.51 |33.13| 281.6[8.160 [18.89 | 2.01 |20.55| 3. 12 | 98.6 [ 1.00 | 4.88 | 12.2 | 2.80 | 34.9 [ 9.39 [ 3.03 | 226
RSD® | 0.23 | 0.15 [0.12 [ 0.22 [ 0.08 [ 0.26 | 0.31 | 0.11 |0.07 [0.23 | 1.39 [ 0.79 |0.94 | 0.45 | 0.12 [0.18 [ 0.05 | 0.04 | 1.0 | 0.87
QN
Q1 [30.05| 1.97 [230.8 |66. 27 |45.84|228.3]6.950 | 21.2 | 2.46 [24.59 | 2.73 | 29.4 | 1.50 | 3.40 | 15.3 | 3.48 | 329|861 | 1.51 | 11.2
Q2 [29.25| 1.86 [224.1|71.55(48.50(223.8|7.110 | 21.4 | 2.47 [24.19( 2.80 | 31.3 | 1.54 | 3.27 | 15.8 |3.13 | 31.5 | 8.66 | 1.49 | 10.7
Q3 [28.66| 2 14 [213.077.72(52.26 | 229.8|7.320 | 22.4 | 2.57 [24.38 [ 2.66 | 30.1 | 1.49 | 3.32 | 13.4 |2.74 |31.4 |8 72| 1.5 | 11.2
Q4 |28.01| 219 [220.9 |71.78 |48.22|216.9]6.880 | 21.8 | 2.70 [25. 17| 2.56 | 30.9 | 1.37 | 3.13 | 12.8 | 3.08 | 31.5 | 8.05 | 1.40 | 10.4
06 |27.74| 2.33 [222.8 |65.30[43.58 | 221.3|7.040 | 21.0 | 2.57 [25.35| 295 | 28.4 | 1.26 | 3.34 | 11.9 [3.41 [31.4 (820 | 1.47 | 110
08 [27.92| 222 [219.3 |65.30(43.90|217.4]6.69 | 21.3 | 2.45 [25.28 | 3.46 | 25.7 | 1.29 | 3.50 | 12.6 |3.36 | 325|868 | 1.55 | 11.7
Q9 |27.68| 241 [211.3 |64.07|40.47|217.0]6.530 | 19.4 | 2.36 [24. 16| 3.69 | 25.3 | 1.39 | 3.26 | 11.5 |3.30 | 332|820 | .29 | 10.2
Q1 |27.99| 233 [215.5 |66.86 [43.21[224.0{6.920 | 20.5 | 2.58 [26.13 | 479 | 21.9 | 1.07 | 3.62 | 12.0 [3.22 [ 324 | 7.96 | 1.31 | 11.4
Q13 |25.66| 223 [197.3 |63.19(38.87(240.7(7.520| 19.7 | 2.43 |21.83 | 5.27 | 21.7 | 1.09 | 3.62 | 11.5 | 3.12 [ 320 |8 11 | 1.33 | 129
Q14 [28.03| 235 [204.0 |72 18 [45.17(246.5(7.370 |20.34 | 2.37 [22.42 | 461 | 22.0 | 1.18 | 3.22 | 11.9 [ 2.83 [33.5 857 | 1.30 | 11.9
Q16 |27.17| 2.36 [196.3 |65.50 [40.53(250.9(7.910 |20.25 | 2.42 [22.96 [ 4.92 | 19.0 | 1.00 | 3.49 | 11.5 [3.00 | 31.7 | 836 | 1.32 | 123
Q19 |26.85| 209 [201.5 |68. 63 [42.36|224.5(7.070 | 19.85| 2.40 [24.21 | 416 | 15.9 | 1.18 | 3.42 | 12.8 [2.94 [31.8 | 8.28 | 1.37 | 110
Q20 [29.15| 2.39 [216.5 [69. 69 [42.17|246.4|7.490 [ 19.95 | 2.38 [24.30 [ 4.38 | 16.6 | 1.05 | 3.54 | 12.2 [3.11 [ 329|830 | 1.3 [ 123
QN 28.01 [2.221(213.3 | 68. 31 | 44.24| 229.8(7.137[20.70 | 2. 474 |24.23 | 3.65 | 22.5 [ 1.25 [ 3.38 | 12.7 |3.13 | 322 [ 837 | 1.40 | 11.4
RSD® | 0.04 | 0.08 | 0.05 | 0.06 [ 0.08 [0.05]0.05]0.04]0.04]0.05]091 [048]1.22]005]0.100.07]0.02]003]0.07]0.07
Qs
QSl |18.46| 1.56 [129.5 |114.7[20.78 | 245.3| 6.79 | 18.55| 1.48 | 8.53 | 2.75 [144.7| 1.00 | 439 | 11.8 [ 1.13 [ 36.1 |12.56| 0.95 | 16.6
03 |20.64| 1.73 [148.5 [116.4[31.75(232.8] 6.63 |18.85| 1.58 [10.27| 2.57 [ 148.9]| 1.40 | 460 | 11.9 [ 1.28 [ 35.1 |11.89| 0.92 | 14.0
Q04 |21.86| 1.82 [152.5 [102.3 [32.44[243. 4| 7.05 |18.34| 1.54 [10.85 | 2.67 [164.1|1.39 | 455 | 12.0 | 1.49 [ 34.5 |11.85] 0.96 | 13.8
0S5 |21.80| 1.80 [147.7 |115.5[36.62|244.5( 7.03 | 19.69| 1.58 [10.21 | 2.83 |156.5] 1.37 | 425 | 12.1 | 1.28 [ 34.8 |12.45] 0.92 | 13.4
0s7 |20.33| 1.65 [127.1[137.0(31.63[251. 1| 6.98 |19.70| 1.53 | 7.84 | 2.83 | 1429 1.39 | 4.45 | 12.4 [ 0.93 [ 36.0 |12.91| 0.87 | 15. 1
0S9 |22.86| 1.89 [144.8 [148.734.12]225.9] 6.23 |21.34| 1.63 [ 9.95 [ 239 |168.6| 1.41 | 4.34 | 12.1 [0.97 | 363 |13 4| 0.79 | 115
QS11 |21.89| 1.77 [140.1 |149.9 32.05[218. 4| 5.98 |20.22| 1.55 [ 9.45 | 242 [172.3] 1.42 | 431 | 12.3 [ 0.93 [ 36.5 |13.01] 0.77 | 11.2
Qs13 2172 171 [138.7 [132.5[33.16[253.7| 7.16 |20.33| 1.58 [ 9.92 | 273 [152. 1] 1.39 | 444 | 12.7 | 1.05 | 35.4 |12.86| 0.87 | 13.6
Qs15 20.00| 1.66 [132.8 [130.9[31.86[254.6| 6.87 |18.75| 1.45 [ 8.70 | 271 [144. 1| 1.37 | 426 | 12.0 [ 1.01 [ 37.1 |12.89] 0.85 | 15.6
Qs17 |20.34| 1.57 [136.1 |127.5[31.44[259.7| 7.32 |18.77| 1.58 | 9.16 | 2269 [150.3| 1.36 | 454 | 12.9 [ 1.07 [ 35.5 |11.87] 0.94 | 15.6
QS19 |22.27| 1.83 [147.5 |121.8 [32.38[241.7| 6.85 |19.09| 1.53 [ 10.9 | 2.82 [152.5( 1.35 | 455 | 12.1 [ 1.21 | 35.3 |12.46] 0.83 | 12.8
0520 |21.33| 1.77 [142.1 |113.8[30.83[244.3| 6.87 |18.91| 1.52 [ 9.88 | 292 [120.5] 1.29 | 451 | 12.1 | 1.25 [ 35.6 |12.46| 0.89 | 13.9
Q21 |21.37| 1.89 [141.9 [109.7 [30.84(244.7| 6.85 |18.90| 1.57 | 9.84 | 204 [109.4| 1.27 | 444 | 11.3 [ 1.29 [ 35.7 |12 11] 0.92 | 141
022 |21 02| 1.51 [145.1 |107.2(32.48|264. 5| 7.42 |18.72| 1.61 [ 10.2 [ 286 |111.3]| 1.31 | 4.66 | 13.9 | 1.35 | 35.7 |11.63| 1.04 | 163
Q23 |19.64| 1.74 [139.5 [105.8[30.62[252.3| 7.26 |18.34| 1.53 [ 10.1 | 2277 [109.6| 1.31 | 466 | 11.3 [ 1.32 | 34.8 |12.02| 1.03 | 15.4
Qs 21.04| 1.73 [140.9 | 122.3|32.13 | 245.1[6.880 {19.26 | 1. 5509.730 | 2.710 | 141. 4| 1. 330[4.470 | 12.20 | 1. 170|35. 60 [ 12. 40 [ 0. 910 | 14. 20
RSD® | 0.05 | 0.06 | 0.05 | 0.12 [ 0.05 [0.05]0.05] 0.04 |0.03 | 0.09 | 0.68 | 0.91 | 1.17 ] 0.03 | 0.05 [0.15 [0.02]0.03 | 0.08]0.11
: WRSD
(5< EF<20), Bi Cd Cd,
(EF 100) Ba Mo Cr Co TI 3.2
Th U(V) (WH XY QN) 2
(EF< 2) , Ga Ge Zr Hf Nb
T a, Rb Sr Y Cs
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3 Al EF
Table 3 Enrichment factors (EF) of heavy metals relative to index element Al of the sediments

from the four sediment cores in the Xiangjiang River

Ba Bi Sc v Cr | Mn Co Ni Cu Zn Pb Mo Cd Sn Sh Tl Th U
WH 0.66 |8.54(10.0]1.55|1.40(2.11|1.30 | 1.01 [1.44[1.96 |3.90 |0.05|5.45|4.13|4.16[1.63[1.01]1.22
U 0.95126.3(13.812.4211.99(4.502.04|1.93[2.61(6.36|8.01 |0.0965.3|13.9|22.4(2.45[1.55]|1.62
(n=15) 0.79 [11.9(12.5]1.90|1.60[2.78 | 1.47 | 1.34 [ 1.84 (2.87 |4.23 10.07 | 17.1 | 6.739.80[1.96 | 1.26|1.42
WH 0.67 [14.2(12.1]1.94|1.98(2.99|1.46|1.68 [2.28(5.02 |4.66 |0.05|34.3|5.41|4.41(1.51[0.96]1.20
L 0.83(29.2116.6(2.6012.67(6.63[2.74(2.39]3.5319.66 [7.18 ({0.08 | 165 |10.2|10.0|1.97]1.39|1.53
(n=16) 0.76 [22.6 |114.7(2.2912.33(3.96(1.81 [2.04|3.07|7.29 [6.89 [0.07 | 88.4|8.05|6.81|1.80]|1.20(1.36
XY 0.67 |8.30(7.981.341.32(2.23|1.03|0.64(1.13(0.33 |4.01 |0.04]5.95|4.53|3.56(1.73(1.01]1.13
U 0.89136.2(16.312.392.39(5.37|1.60 | 10.5[4.25(6.33 19.94 10.14 |24.6 | 17.2 | 18.7[2.61 | 3.60|2.89
(n=19) 0.76 [24.3(14.012.03|1.85(3.371.37|1.90 [ 2.80 [4.25|7..57]0.10 | 13.6 | 12.2 | 7.55[2.32 | 1.55|1.53
XY 0.58 [11.7(11.6]1.70|1.53(2.37|1.21 | 0.88 [ 1.80(2.61 |2.84]0.05]|4.93|4.29|1.97(1.45(0.93]1.00
L 0.84 |73.4(15.212.24|2.14(3.31|1.48 |4.12(3.25(4.62 |6.37 |0.11 | 11.8|8.37|6.62(2.85(10.2|1.38
(n=9) 0.66 [21.4(14.312.05|1.97(2.991.33|1.89(2.40(3.95|4.08 |0.09]10.9|8.34|5.69(1.73[1.55]|1.31
N 0.68 [23.3(15.2]2.15|1.44(3.74|1.71 2. 11 [2.71[5.18 |5.8410.09|39.8|13.17.32(1.88(1.17]1.33
Q 0.73170.3 |17.3(3.89(2.2919.27(1.97 [3.53(4.38(10.2]10.9]0.19| 148 |24.3|21.02.11|1.40(1.73
(n=13) 0.72137.0(16.82.48|1.89(5.96|1.832.62(3.46(7.90 |7.5210.13 |81.3|16.5|10.7(1.97(1.27]1.55
0s 0.812.30(16.1]2.25|1.55[1.93|1.45|1.73(1.94[1.66 |1.960.03 |2.13|2.87|1.37(1.10(0.83]0.73
i 0.99 (3.19120.9(3.0812.23(2.69(2.01 [4.51]2.68]2.37 [3.39(0.26(3.993.915.98]1.25]1.02(0.93
(n=18) 0.912.60(18.912.691.93(2.26|1.81|2.61(2.57(1.95]2.49]0.07|3.173.08]2.49(1.19(0.92]0.85
Sutherland (2000), EF< 2, ;2< EF< S, ;5< EF< 20, ;20< EF< 40, s EF> 40,
WH QN QS , RSD< 0.05( 2) Th/U GalGe
RSD 0.15 0.08 0.09( n= 31 28 (4.47 12.2) ,
13, 2) XY Zr/ Hf Nb/Ta (35.6 12.4)
(RSD 0. 60, n= 28) , Th/Se ( 0. 91)
EF () , Ga (EF Rb/ Sr Zr/Sc
1.3~ 3.9 , 3.20,n= 87) (RSD> 0. 11), (1.17 14.2)
(EF< 2.0) ;
, (WH
XY QN) ( Zn/Pb
Zn/ Cd V/Cr 0.26~ 4.92 12.1 ( 23,
~ 122 0.75~ 1.54 , RSD> ) ,
0.35) ., Th/U Ga/Ge Rb/Sr Zr/ Hf Nb/Ta Bi Sc Cd V Ni CuZn Pb Sn Sb
Th/Sc Zr/Sc , WH (EF> 2),
Th U 3.2~ 4.4 (RSD< 0.09) O , Ba Cr Co
XY Mo Tl Th U Ga Ge Zr Hf Nb Ta Rb Sr Y
(RSD> 0.12), Ga/ Ge Zr/Hf Nb/Ta Cs (EF< 2),
\ 10. 2
~12.7 32.2~ 34.9 8.04~ 9. 4(n= 87) , 3.3
RSD< 0. 10(  2) XY QS Pb
(QS) 4 XY U Ph
, ZIl/Pb ZI]/ Cd V/CI’ (n: 206 Pb/204 Pb 207 Pb/204 Pb 208 Pb/204 Pb 207 Pb/
15, ) RSD> 0. 68 Th/U Ga/Ge Zr/Hf *®Ph *® Pb/** Pb 18. 509 ~ 18. 680

Nb/ Ta Th/Sc , 15. 700 ~ 15 728 38 811 ~ 38 939 0 8418 ~
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Q 8482 2. 085~ 2 097 , 18 587
15 715 38 881 Q 8453 2 0918 (n=19),RSD

0.05 0.06 004 026 0.16 L Pb

18. 503~ 18 680 15 687~

15 714 38 774~ 38.953 0. 8412~ 0. 8478 2 0852

~ 20956 , 18.580 15 703
38 863 0 8451 2. 0916 (n= 11), RSD
0 003 0 001 0 01 0. 002 0. 002) XY

Pb .

26 pp, /24 pl, 27 ply 2 pp, 25pp, 24
' 207 Pb/
2°Ph *®PL/**Ph  ( : 0. 8455
2 0918, :0. 8451 2. 0916)
QS Pb (7 Pb/
204 Pb 207 Pb/ 204 Pb 208 Pb/ 204 Pb 207 Pb/ 206 Pb 08 Pb/
% Ph) (RSD 0 003 0 0003 0. 001
0002 0 001) Pb (
18 572 15 685 38 778 O 8446 2 0881, n= 15)
XY ( 4
(XY)  (QS)  Ph
, Pb
26 pp/ 2% P27 ply 24 Pl 2% ply 2% P2 Pl
*%ph « 3 , Stacey-
Kramers (Stacey and Kramers, 1975)
, U L QS Pb
XY QS
(YZ) Pb (Millot et al , 2004; Choi
et al., 2007; Zhang et al., 2008) s
(OS, Kramers and Tolstikhin, 1997)

206

?

Pb
Pb

4
4.1

(Muller, 1969)

lew = log2[ Ci/ (K ( Bi)] (2)
(2) ’ Igm ? Ci i
, Bi i K
, 1.5

(L)
(4
( Muller, 1969), 4 s
(WH XY ON) Cd Sb Bi Sn Pb Zn U
T1 Th Mn Cd
(Is0>5),Sb Bi Sn Pb
(2< lew< 5), Zn U T1 Th Mn Cu

(1< < 2)

Cr Co Ni V Sc Ba (g <
1) Cd Sb (2< 1 geo
<4
( Qian et al., 2005;
, 2006; ,2008) ,
(o
, (D (
, 1997) ,
(1
( ,2006)
15 ,
?
4.2
4.2.1 Pb
Pb ( 35.0%8.5
mg/ kg, Zhang, 1999) Pb

( 27.3%5.6 mg/ kg, Zhang et al., 2008)
Pb (35.5 mg/kg, Feng et

al., 2004) , Pb
, Pb 2

Cno.

Pb ,

, Pb

R ALO;
s AL0O3 ,
, AL O;
(Zhang et al., 2008; Singh, 2009)

XY UL , QS Al20s

7.55%~ 19.9% 7.59% ~ 20.5%  13.2%~
16.2% 13.9% (n= 19) 15.7%
(n=11) 14.1% (n= 15), Al 03
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4 Pb Pb
Table 4 Pb isotopic ratios, EF values of lead, and calculated proportions of anthropogenic Pb
in sediments from the XY and QS sediment cores in the Xiangjiang River

(cm) |206pp) 204 p}, | 207 ppy/ D4p}, | 08 ppy/ 204p}, [ D7p}y/ 200 pl, [208pY,/ 206 pfy EF Pbai1(%) [ Pbauir2( %)

X Y39 1~ 2 18. 6802 15. 7253 38.959 0.84179 | 2.08558 4.02 58.63 59.18
XY38 2~ 4 18. 6469 15.7176 38.928 0.84292 | 2.08765 4.48 70. 80 71. 40
XY37 4~ 6 18. 6562 15.7218 38.902 0.84269 | 2.08514 4.62 65. 46 65.93
XY36 6~ 8 18.5550 15.7083 38. 848 0. 84659 | 2.09367 5.16 75.67 76.16
X Y35 8~ 10 18.5147 15. 7005 38.818 0.84798 | 2.09660 7.59 88.23 88.79
X Y34 10~ 12 18. 5094 15. 7001 38. 811 0.84822 | 2.09687 7.78 88. 85 89. 40
X Y32 12~ 14 18. 5415 15. 7045 38. 837 0.84700 | 2.09454 7.51 87.15 87.72
XY31 16~ 18 18. 5991 15. 7106 38. 866 0. 84471 2. 08967 7.18 83.71 84.30
X Y30 Xy 18~ 20 18.6172 15.7145 38. 890 0.84408 | 2.08893 6.90 82.21 82.82
X Y28 22~ 24 18.5172 15.7057 38.833 0.84814 | 2.09713 8.93 89. 03 89. 60
X Y27 24~ 26 18.5183 15. 7066 38. 845 0.84817 | 2.09766 8.71 90. 11 90.71
XY25 28~ 30 18.5952 15.7216 38.905 0.84542 | 2.09202 8.05 89. 48 90. 14
X Y24 30~ 32 18. 6034 15.7218 38.905 0.84510 | 2.09130 9.32 91.48 92.16
XY23 32~ 34 18. 6110 15.7254 38.915 0.84493 | 2.09094 9.08 91.58 92.26
X Y21 36~ 38 18. 6246 15.7279 38.926 0. 84448 | 2.09003 9.94 92.37 93.07
X Y20 38~ 40 18. 6216 15. 7254 38.914 0.84447 | 2.08975 11.2 92.98 93.67
XY19 40~ 42 18. 6060 15.7184 38. 900 0.84483 | 2.09073 5.81 83.71 84.33
XY18 42~ 44 18. 5558 15. 7092 38. 863 0.84658 | 2.09435 4.35 82. 41 82.99
XY17 44~ 46 18. 5844 15. 7151 38. 869 0.84559 | 2.09148 4.42 71.25 71.73

18.5872 15.7148 38. 881 0.84546 | 2.09179 7.57 82. 90 83. 49
RSD (0. 06) (0. 06) (0.04) (0.26) (0.16) (0.09) (0.03) (0.03)
XY15 50~ 52 18.5633 15. 6926 38. 834 0.84537 | 2.09198 2.84 76. 64 77.20
XY14 52~ 54 18. 6090 15.7058 38. 868 0. 84400 | 2.08867 6.37 73.57 74.11
XY13 56~ 58 18. 6198 15. 7141 38. 882 0.84395 | 2.08821 5.06 73.56 74. 09
XYI1 58~ 60 18. 5028 15. 6865 38.774 0. 84781 2.09557 4.78 84.39 84.90
XY10 Xy 60~ 62 18.5422 15. 7000 38. 836 0.84672 | 2.09450 4.63 82. 81 83.39
XY9 62~ 64 18. 5489 15.7026 38. 848 0.84653 | 2.09435 4.03 81.98 82.56
XY8 66~ 68 18.5710 15. 7080 38. 877 0.84582 | 2.09347 4.06 81.02 81. 64
XY 6 70~ 72 18. 5550 15. 6988 38. 847 0.84606 | 2.09359 3.26 83.12 83.72
XY 4 76~ 78 18.5738 15. 7031 38. 868 0.84543 | 2.09266 3.45 84.16 84. 81
XY2 78~ 80 18. 6206 15. 7089 38.905 0.84363 | 2.08940 4.08 79.23 79.90
XY1 50~ 52 18. 6801 15. 7141 38.953 0.84122 | 2.08521 2.84 78. 48 79.23

18. 5806 15.70 38. 863 0.84514 | 2.09160 6.37 79.91 80. 50
RSD (0.003) (0.001) (0.001) (0.002) (0.002) (0.26) (0.05) (0. 05)
QS1 0~ 2 18. 6247 15. 6882 38.814 0.84233 | 2.08401 2.09
0S3 4~ 6 18.5972 15. 6872 38. 802 0.84352 | 2.08645 2.23
0S4 6~ 8 18. 6044 15. 6844 38. 814 0.84305 | 2.08626 1.96
QS5 8~ 10 18. 5868 15. 6846 38.798 0.84385 | 2.08741 2.30
Qs7 12~ 14 18.5583 15. 6834 38. 764 0.84509 | 2.08879 2.60
0Ss9 18~ 20 18.5107 15. 6788 38.707 0. 84701 2.09104 3.37
Qsl11 20~ 22 18.4572 15. 6742 38. 671 0. 84921 2.09513 3.39
Qs13 QS 24~ 26 18. 5206 15. 6815 38.732 0. 84671 2.09127 2.82
QSs15 28~ 30 18.5252 15. 6815 38.737 0.84650 | 2.09108 2. 66
QS17 32~ 34 18. 5476 15. 6833 38. 764 0. 84556 | 2.08995 2.62
QS19 36~ 38 18. 5747 15. 6841 38.779 0.84438 | 2.08773 2.44
0820 38~ 40 18. 5986 15. 6871 38. 804 0.84346 | 2.08642 2.21
0Qs21 40~ 42 18. 6076 15. 6877 38.812 0.84307 | 2.08582 2.22
QS22 42~ 44 18. 6455 15. 6915 38. 852 0.84159 | 2.08374 2.19
(0S23 44~ 46 18. 6141 15. 6894 38.823 0.84288 | 2.08566 2.22

18.5715 15. 6845 38.778 0.84455 | 2.08805 2.49
RSD (0.003) | (0.0002) | (0.001) (0.002) (0.001) (0.17)

:RSD sEF Pb 5 (1): Pbaun1  Pbanwe (3) (4
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Fig.3 Plots of lead isotopic ratios 2°°Pb/ ®*Ph to 2 Pb/**Pb and 2°°Ph/ >*Ph to **Pb/**Pb
Geochron— ( Bodet and Scharer, 2001), UC— ( Zartman and Haines, 1988); AC— (
Stacey and Kramers, 1975); YZ — ( Millot et al., 2004; Choi et al., 2007; Zhang et al., 2008); GR— (

Zhu, 1995); 0S—

Geochron—A single-stage evolution of the earth mantle (after Bodet and Scharer, 2001); UC—the evolution of upper continental crust
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Abstract

Xiangjiang River is one of the rivers that have been contaminated most seriously by heavy metals in
China. The present study conducted a systematic analysis of concentrations of trace metals and Pb isotopic
composition of the sediments using ICE-MS and MG-ICE-M S techniques. The results show that the river
sediments are significantly concentrated and enriched with heavy metals Bi, Se, V, Mn, Ni, Cu, Zn, Pb,
Cd, Sn and Sb. This metal enrichment may cause heavy metal contamination to the sediments. Evaluation
by using the ges-accumulation index (/) show that the river sediments were potentially contaminated by
heavy metals Cd, Sb, Bi, Sn, Pb, Zn, U, Tl, Th, Mn and Cu, among which metal Cd arrives an
extremely high degree of contamination, metals Sb, Bi, Sn and Pb strongly to moderately high degree of
contamination, and metals Zn, U, Tl, Th, Mn and Cu moderately to slightly high degree of
contamination. However, the lake sediments were not significantly contaminated by these metals except
moderately high degree of contamination of metals Cd and Sb. Pb isotopic compositions of the sediments
suggest that Pb in the river sediments is a mixture of mult+sources of Pb, which Pb contributed from both
natural and anthropogenic processes. Pb of natural source may be the Pb contributed from weathering of
granites distributed in upper river areas, and the anthropogenic Pb may mostly include Pb from different
Pb-Zn ores distributed and exploited in the upper river areas and Pb from coal combustion in the lower
river areas. The proportion of such anthropogenic Pb in the river sediments is about 80% . Pb in the lake
sediments is mostly composed of anthropogenic Pb from Ph-Zn ores and coal combustion, and is less
influenced by Pb from granite weathering taken place in upper river areas. It can be deduced that the heavy
metals Se, Cd, Bi, Cu, Zn, Sn and Sb also are mixtures of natural and anthropo genic processes, like metal
Pb. Therefore, the protection of heavy metal contamination for the region should be stressed on various

industrial activities of mineral application of Pb-Zn metal ores in the watershed.

Key words: heavy metal contamination; lead isotope; Pb of anthropogenic source; Pb of natural

source; sediments; the Xiangjiang River



