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AR R A RSB IR S T &R TR
WS T8 1, 28 DB, 1932—2007 4E & &R
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Fig. 1 Locations of sediment cores and soil sampling in the Dashiwei sinkhole section of the Bailang underground river
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Table 1 Content of main heavy metals and organic matter in sediment cores

WEE/ Cu Pb Zn cd Ni Cr As Mn Hg TFe  CaO  MgO  SOM
GO

cm /mg « kg ! /%

1 2007—2005 23.3 22. 84.5 1.58 22.3 56.8 11.3 756 0.058 2.69 1.32 0.73 1.48

w

2 2004—2002 22.8 20.7 80.3 1. 36 22.0 59.2 10. 8 689 0.252 2.81 1. 39 0.75 1.03

3 2001—1999  22.8 20.3 80. 6 1.43 22.4 55.6 10.9 836 0.208 2.90 1.46 0.75 1. 08

4 1998—1996  24.5 22.4 88.9 1. 60 23.7 62.8 11.7 868 0.302 3.05 1.47 0.78 1. 37

5 1995—1994  23.9 21.7 86.0 1. 54 22.8 59.8 11. 4 830 0.271 2.88 1.52 0.78 1.37

6 1993—1991  23.3 20.7 83.7 1.40 22.8 58.0 11.0 801 0. 284 2.90 1.37 0.78 1. 20

7 1990—1989  23.1 20.1 80. 8 1.35 22.5 57.7 10. 6 77 0.272 2.90 1.27 0.76 1.03

8§ 1988—1986  23.3 20. 8 78.7 1.31 22.2 56.3 9.92 861 0.270 2.80 1. 08 0.79 1. 08

9 1985—1983  22.5 20.1 73.3 1.27 21.2 54.3 10. 3 918 0.248 2.90 0.77 0.78 1. 20

10 1982—1981  25.0 22.9 80.9 1.41 23.4 58.9 10. 6 995 0.297 2.98 0.57 0.83 1. 65

11 1980—1978  26.0 23.5 84.7 1.34 24.4 61.4 10. 6 904 0.225 3.11 0. 50 0. 84 1. 20

12 1977—1975  25.2 22.8 83.0 1.22 23.4 60. 4 10.5 695 0.263 3.12 0.43 0.83 1.31

13 1974—1972  24.8 21.9 79.0 1.16 22.7 59.0 9. 87 565 0. 204 2.98 0.42 0. 81 1.43

14 1971—1969  25.5 22.6 82.5 1. 10 23.1 61.1 10.2 429 0.282 3.07 0.43 0.82 1.43

15 1968—1967  24.9 23.1 80.1 1.12 22.7 60. 8 9.77 588 0.243 3.05 0.41 0.81 1. 65

16  1966—1964  27.1 22.7 82.7 1.29 23.3 63.2 9.54 929 0.296 3.05 0. 41 0. 88 1.54

17 1963—1961 29.8 24.6 89.7 1.31 25.3 65.6 9.54 901 0.288 3.22 0. 44 0.95 1.77

18  1960—1958  27.2 25.0 87.8 1. 04 24.3 63.9 9.48 423 0. 304 3.48 0.41 0. 88 1.77

19 1957—1955  23.1 20. 8 74.2 0.95 20.7 54.6 8.75 691 0. 247 2.76 0. 34 0.76 1.37

20 1954—1953  19.4 17.5 61.5 0. 86 17.5 47.3 7.00 719 0.194 2.54 0.29 0. 66 1.03

21 1952—1950  21.8 20.0 71.6 1.27 20.9 53.1 7.48 1220 0.215 2.37 0.22 0.68 0.97

22 1949—1948  20.6 19. 4 66.0 0.93 19.0 49.3 8. 36 904 0.261 2.53 0.29 0.70 1. 20

23 1947—1946  28.4 23.4 78.7 0. 89 22.3 56.9 8.41 475 0.272 3.16 0. 40 0.81 1.77

24 1945—1944  24.4 20.7 67.7 1.17 19.5 54.0 10. 4 1067 0.277 2.93 0. 41 0.68 1.77

25 1943—1941 19.0 16.2 56.9 0.77 16.3 44.7 7.65 747 0. 206 2.45 0. 24 0.58 0.74

26 1940—1938  22.9 19.3 62. 4 0.79 18.2 50.7 9.15 604 0. 204 2.77 0.32 0.61 1.54

27 1937—1935  21.0 17. 6 59.2 0.77 17.2 48.3 8.10 584 0.186 2.77 0.25 0.58 0.91

28 1934—1932  19.6 19.2 57.2 0. 86 16.5 49.5 8. 60 816 0.174 2.53 0.27 0.55 0.91

YIME 23.7 21.2 76.5 1.18 21.5 56.5 9.71 771 0.243 2.88 0.67 0.76 1. 31

5 R % 10.97 10.02  12.95  21.27 11.60 9.55 13.01  24.37  21.65 8.72 69.21 12.77  22.35

TKT RYL T ES 14.3 46.0  137.0  5.70 29.6 132.0  16.50 / 1. 100 / / / /
TKD K 5% 14.7 27.9  134.0  4.20 14.7 40.8 6.08 599 0.536 1.43  22.90  3.36 /
TKH X T 22.6 20.0 71.7 0.83 20. 4 52.9 8.19 728 0.152 2.85 0.90 0.85 /
PR RE 27,8 24.0 75.6  0.267  26.6 82.1 20.5 / 0.152

hEEEESME 22.6 26.0 74.2  0.097  26.9 61.0 11.2 / 0.065
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Fig. 2 Distribution of Hg and Cd in soil and sediments

of the Dashiwei sinkhole section of the

Bailang underground river
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Fig. 3 Vertical distribution of Fe, CaO and MgO content in sediment cores
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Fig. 4 Vertical distribution of trace elements content in sediment cores
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®2 HHPELETER SOM E K 1HXHERE (n=28)

Table 2 Correlation matrix of heavy metals and TOC in sediment cores (n=28)

TTE Cu Pb Zn Ni Cr As Cd Hg Mn TFe CaO MgO TOC
Cu 1

Pb 0.913 5 1

Zn 0.768 8 0.8551 1

Ni 0.826 5 0.890 6 0.978 5 1

Cr 0.863 1 0.919 0 0.940 4 0.953 9 1

As 0.390 3 0.514 0 0.7231 0.6639 0.6537 1

Cd 0.3510 0.490 8 0.7809 0.7280 0.6504 0.8282 1

Hg 0.401 3 0.401 3 0.416 5 0.7280 0.507 8 0.2104 0.164 4 1

Mn —0.1636 —0.1361 —0.0405 0.4722 —0.0866 0.084 0 0.4275 0.059 6 1

TFe 0.875 4 0.8331 0.7288 0.7700 0.8285 0.4946 0.2865 0.5565 —0.3763 1

CaO 0.020 8 0.120 7 0.5329 0.4029 0.3317 0.7662 0.7781 0.0430 0.1235 0.1030 1
MgO  0.865 2 0.873 1 0.8917 0.9391 0.9069 0.4778 0.5408 0.564 2 —0.067 0 0.8003 0.194 2 1
TOC  0.8058 0.772 0 0.5074 0.5424 0.6094 0.2923 0.1590 0.3646 —0.1869 0.706 8 —0.119 3 0.615 2 1

PR Z (8] JCAH DG . B AR S R AL AR, W e AT &
BORWET N 5 g 534k, B 1975 4 CaO R B2 L
R Cd Lkl 2z 8, SER TR A b 8y Cd A #43
VAT H AR X AT LR BT TR A &8 R v Cd &%
W OR R BE & TUURY A BESL,
3.3.3 E&kkh % FIEMAESH

HIAE & X DR th i 2 35 05 18 (PAHS) A
BTG Yyt A7 T W5, 3¢ B F B9 b T 9 e AR

x3

FE PAHSs SR IR DUERIE AR M O £ . PAHSs /9 %4
KA T J5— SRR TORRAE (21 em) . DOFRAE 1
~5 cm X AL BE 1 cm PIE], 6~21 cm X [H] #% [H]
B 2 cm DIE] MG N &R IT R 5 PAHs G
PEAYKH EERICER S & FAEE 1~5 om X [H%
L em P37 6~21 em X[EIFE MG 2 cm 115
. B4Rt R S PAHs 1Y R AHC R EWLER 3.
3 WME N AEEFERE RSN 12 F 20 R, R

RBAEHNESRETEESRFTENARERE (n=13)

Table 3 Correlation matrix of heavy metals and PAHs in sediment cores (n=13)

JL#E /PAHs Cu Pb Zn Cd Ni As Hg TFe Cr
Nap —0.012 8 —0.097 1 —0.569 8 —0.496 1 —0.3712 —0.793 8 0.001 2 —0.264 6 —0.3057
Acy 0.534 6 0.420 4 —0.000 6 —0.327 4 0.299 9 —0.268 2 0.154 3 0.423 6 0.2315
Flu —0.389 4 —0.326 1 —0.493 4 —0.169 6 —0.586 4 —0.490 1 —0.200 9 —0.520 9 0.010 3
Phe —0.161 6 0.044 7 0.220 6 0.381 3 —0.058 8 0. 386 6 —0.051 2 —0.269 1 —0.049 2
Ant —0.2820 —0.086 3 —0.018 4 0.325 3 —0.217 0 0.167 6 —0.172 4 —0.395 5 —0.118 3
FIA —0.298 0 —0.123 6 0.130 3 0.352 3 —0.163 2 0.2910 —0.149 2 —0.3151 —0.086 4
Pyr —0.444 6 —0.2315 0.070 0 0.429 4 —0.245 6 0.312 6 —0.165 9 —0.374 4 —0.162 6
BaA —0.3937 —0.130 3 —0.040 7 0.141 9 —0.3511 0.074 1 —0.365 2 —0.4116 —0.078 5
Chr —0.477 2 —0.243 3 0.030 0 0.287 5 —0.453 0 0.342 5 —0.5297 —0.503 9 —0.3584
BbF —0.313 2 —0.1617 0.167 4 0.378 6 —0. 2656 0.275 6 —0.2911 —0.3253 —0.091 4
BkF —0.456 1 —0.307 6 —0.069 2 0.2617 —0.3591 0.105 6 —0.457 3 —0.461 0 —0.1825
BaP —0.176 7 —0.130 7 0.586 6 0.542 2 0.119 0 0.622 0 0.2977 —0.107 9 0.212 0

2 LMW —0.022 8 0.176 8 0.094 2 0.204 9 —0.057 4 0.143 7 —0.098 9 —0.2150 —0.012 0
2 HMW —0.346 6 —0.2230 0.569 2 0.618 5 —0.049 7 0.715 3 0.093 7 —0.2826 0.102 3
2 PAHs —0.3351 —0.188 6 0.526 7 0.605 1 —0.072 8 0.682 9 0.065 9 —0.3119 0.076 4
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Sedimentary record of metal elements in the Dashiwei sinkhole
section of Bailang underground river, Guangxi

KONG Xiangsheng', LUAN Rijian’, HONG Tao',QIN Xiaoqun', QI Shihua
(1. Institute of Karst Geology sCAGS/Key Laboratory of Karst Ecosystem and Treatment of Rocky Desertification ,
MLR, Guilin, Guangxi 541004, China;
2. Shandong Testing Center of China Metallurgical Geology Bureaw, Ji’nan, Shandong 250014 ,China;
3. State Key Laboratory of Biogeology and Environmental Geology s Ministry of Education, China
University of Geoscience » Wuhan » Hubei 430074, China)

Abstract In this work, the concentration of metal elements and sediment organic matter (SOM) in sediment
cores of the Dashiwei sinkhole section from the Bailang underground river has been studied, and the pollution
history of the river basin from 1932 to 2007 has been reconstructed by combining the ***Pb dating and histori-
cal records. The results show that concentrations of main toxic heavy metals Cd and Hg in the sediment
cores are high, which are 3.4 and 0. 6 times than the soil background values of Guangxi. respectively, even
more than 11.2 and 2. 7 times of the soil background value throughout China, respectively. On the whole,
the distributions of heavy metal elements have a similar increase tendency in the sediment cores. The vertical
distribution of metal elements in the sediment cores shows that metal element pollution in the underground
river were associated with many events in history, such as peasant movement, the war of Anti-Japanese,
Great Leap Forward age, the early stage of reform and opening up , and the rapid development of economy.
Especially, the vertical variation of Ca and Mg in the sediment core records indicates that a new construction
climax has begun in this karst mountain area since 1983. Correlation and clustering analyses show that, (1)
Cr and Pb came mainly from natural environment, (2) Cu, Ni, Zn, As and MgO originated {rom natural en-
vironment and artificial sources, (3) Cd, Hg, Mn, CaO and SOM stemmed from artificial pollution sources.
Correlation analysis with polycyclic aromatic hydrocarbons suggests that part of Zn, Cd and As came from
coal combustion. In a nutshell, metal elements in the sediment cores better recorded pollution history of the
Bailang underground river.

Key words Bailang underground river, metal elements, sediment core, historic record
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