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Distribution and Potential Ecological Risk Assessment of Heavy Metals in

Surface Sediments of Inflow Rivers to Northeastern Lake Tanganyika

YU Cheng''?, CHEN Shuang'*, ZHANG Lu'
(1. Key Laboratory of Watershed Geographic Sciences, Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences,
Nanjing 210008, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As the second deepest lake in Africa, Lake Tanganyika plays an important role in supplying fish protein for citizens in the
catchment. However, the lake is increasingly threatened by environmental pollution with the development of social economy and
expanding of population. In order to reveal the external source of heavy metals in Lake Tanganyika, 16 surface sediment samples from
the rivers which flow into the northeast of the lake were collected and analyzed. Besides the contents, the potential ecological risk
indices (RI) of each heavy metal were also analyzed. Furthermore, the relationship between land use and the spatial distribution of
heavy metals was also discussed. The average contents of Cu, Zn, Cd, Pb and Hg were 18.4, 21.2, 0.05, 6. 6mg - kg 'and 8. 4
ng+g”', respectively, with the maximum values of Zn, Pb and Cd located in Bujumbura urban rivers. The data indicated that all the
inflow rivers were at low potential ecological risk. RI of heavy metals ranked as the following order; Cd > Hg > Cu >Pb > Zn, as Cd
being the key element contributing to the risk. The relationship between land use and heavy metals showed that the contents of heavy
metals were highest in urban areas, followed by estuarine wetlands, and woodlands were least polluted by heavy metals. This
distribution type implied that human activities could cause the heavy metal accumulation in the surface sediments of nearby rivers. The
urban areas and estuarine wetlands need to be concerned in the further study.

Key words: Lake Tanganyika; inflow river; surface sediments; heavy metals; potential ecological risk; land use
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Table 1  Name and location of the sampling rivers

FRE S LA FR zpEE/(0) /() R

1 Rusizi 3 29.271 1 3.3528 ARkl

2 Mutimbuzi i 29.3283 3.3542 Akl

3 Mugere {1 20.3528  3.4801 Ak

4 Mtungurusi 7 29.8789 4.6062  HERT
5 Luiche /i 29.879 6 4.6058 HFERI
6  Luiche /T 29. 864 8 4.6511  HFRW
7 Mgonya Ji 29.6666  4.8389  HFRJEW
8  Kidawe Ji 20.8312  4.8745 HRJRW
9 Luiche T 20.7402  4.8679 < HFJRL
10 Kaseke ] 29.733 1 4.8529  HFRJRE
11 Luiche [ 20.6938  4.9275 < HFERRTW
12 Luiche i/ 0 20.7014  4.9406 HRJEL
13 Luiche [ 1 29.705 4 4.9327 HFJRL
14 Malagarasi i 29.8029 5.2575 HRJET
15 Malagarasi ] I 20.8198  5.2347 HRJRW
16 Malagarasi wH 29.8413 5.2146 HRJEW
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Table 2 Standard of the potential ecological risk according to E and RI

TH
& Tt [E] P TR
E! <40 40 ~ 80 80 ~ 160 160 ~320 >320
RI <150 150 ~300 300 ~ 600 >600
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Table 3  Contents of heavy metals in surface sediments

G 7

P2 =X DA Cu Zn Ph cd Hg Al Fe Mg Mn

/mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /ng-g”! /mg-g ! /mg-g ! /mg-g ! /mg-kg !
1 8.7 24.4 5.0 0.06 8 46.6 37.3 6.1 721
2 7.9 48.1 18.2 0.117 HRA 55.3 52.1* 10. 4 1237+
3 13.8 48.4Y 18.5Y 0.07 14 75.8 41.6* 8.8 612
4 15.5 12.0 3.8 0.03 5 45.6 46.6* 4.7 531
5 5.14 6.2% 3.3 0.02 6 78.0Y 94,17+ 12.1V 1715V
6 45.8* 21.9 5.3 0.05 EN oA 62.5 86.6* 9.7 1366 *
7 64.4V+ 41.5 5.2 0.07 8 21.6% 10.74 .14 1564
8 10.9 7.0 7.1 0.02% R 33.5 25.5 1.6 429
9 16.6 16. 1 5.7 0.04 8 43.0 55.2* 5.9 588
10 7.2 8.6 5.1 0.04 Kok i 26.7 19.1 1.8 163
11 17.2 15.3 5.6 0.04 10 43.8 41.1+% 4.8 491
12 18.7 17. 4 5.7 0.06 8 46.4 44.8+ 5.3 564
13 15.9 14.4 5.6 0. 06 6 45.8 38. 1 4.2 444
14 6.8 9.8 2.6% 0.04 EN o 33.7 35.9 6.0 529
15 17.9 21.1 3.9 0.04 19 58.7 45.8+ 7.6 711
16 22.7 26.5 4.4 0. 04 2V 64.9 49.4% 8.8 1707+
FHME 18.4 21.2 6.6 0.05 8.4 48.9 45.2 6.2 747. 8
HAHD 33 95 19 0.11 50 — 41 — 770

1) AR EHRAME, VAE RS, + R T RESE; 2) 2530 13,22]

®4 FENREREKERAYEERIENLL" /ug-g™'

Table 4  Comparison of heavy metal concentrations in inland water sediments of Africa/pg-g”~

1

BT B Hg cd Pb Cu Zn Mn Fe( x10°%) ik
JEEBE T, 5 K — 1.06 — 85.6 139.0 387 0.5 [24]
Wiwi 7], in4h 0.21 0.16 13.4 4.7 16.0 — — [25]
Papenkuils {1 , B 3E 0.35 102. 30 170.7 71.4 289.0 150 12.0 [26]
Swartkops ¥, B IE 0.02 1.00 17. 8 10.5 35.5 177 15.5 [26]
ISR SR LR AW 0.01 0.05 6.6 18.4 21.2 748 45.2 N
o 0.05 0.11 19.0 33.0 95.0 770 41.0 [21,22]

1) SRR
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Table 5 Concentrations of heavy metals in three different functional zones

Cu Zn Pb Cd Hg
URELS /mg-kg_] /mg-kg_] /mg-kg_] /mg-kg_] /ng-g_l
IREH 20. 1 28.3 10 0.06 7
] 132 3 15. 4 18. 4 4.7 0.05 11
TG B X (AR b ) 22.1 13.4 4.1 0.03 5
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Fig. 2 Land use composition of buffer zones

around monitoring sites
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Fig. 3 Distribution of the organic carbon in surface

sediments in inflow rivers
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Table 6 Relevance of heavy metals, other metals and organic carbon in surface sediments of inflow rivers

Cu Zn Cd Pb Hg Al Fe Mg Mn TOC
Cu 1. 00
Zn 0.37 1.00
Cd 0.22 0.85"" 1. 00
Pb -0.14 0.76 " * 0.71** 1. 00
Hg 0.11 0.31 0.01 0.02 1.00
Al -0.21 0.24 0.02 0.33 0.43 1. 00
Fe -0.10 -0.14 -0.18 -0.04 -0.02 0.77" " 1. 00
Mg -0.22 0.26 0.16 0.29 0.25 0.90" " 0.84"" 1.00
Mn -0.09 0.10 -0.01 0. 06 0.26 0.78" " 0.81"" 0.87"" 1.00
TOC 0. 10 0.10 -0.09 -0.20 0.85"" 0.30 0.03 0.23 0.44 1. 00

1) # % 2R a=0.01 BFREMRK, * FIR a=0.05 B BEHL, =16

2.4 Ui E &R R A S IR
DI & & B AR S K TR 45 R n 3k 7
Jr 7R, INERIGRURS: 48 Ok B, 45 1 & R 1E & S
A 25 XU R B4 /N T 40, Y {EVE L (0. 22 ~
13.36) , 5 4 Jm W 76 A 725 XURS: 2 B A0 K /N I P
H:Cd>Hg>Cu>Pb>Zn,Cd B EEMES
KU TR 7 (YL R 4. 21 ~28.91) , X FHE &
T Cd B8 R BAHXT Ph, Cu, Zn, Hg 0%
x=17
Table 7

vy, 0 T A6 LR A A S XU R RO A S KU
TR RS R K. NEGEAE XK IEECRE , %
ST YA AR TR A A 2 UG R B AU 48 20
$99.07 ~37.62, F¥{EH N 23.86. M 3 A4~
F S X ) 254 KU 8 BOR B, 00 X 28 5 AL
S8 BOE 8 Ay 25. 91, 3] R 3y 25. 21, AR #E
oA 16. 60, 7E LLUS (4 A& J'é v by 1 B 308 5 0]
T M 11 T 4 i V5 e )
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Individual and general indices of potential ecological risk,and risk grades assessment

in surface sediments of inflow rivers at different sampling sites

DR BB

R b o s
R AL Cu 7n cd Ph He il RIEHE,

1 1.31 0.26 15.59 1.31 6.10 24.57 1%

2 1.19 0.51 28.91 4.80 — 35.41 fi%

3 2.09 0.51 18. 60 4.88 11. 54 37.62 ik

4 2.34 0.13 8.16 1.00 4.32 15.95 1%

5 0.77 0.07 4.21 0. 88 4.91 10. 84 fi%

6 6.93 0.23 14. 45 1.40 — 23.01 i

7 9.76 0. 44 18. 41 1.37 6.75 36.72 ik

8 1.65 0.07 5.47 1.88 — 9.07 1%

9 2.51 0.17 11.38 1.50 6. 60 22.16 fi%

10 1.10 0.09 11.94 1.33 — 14. 46 i

11 2. 60 0.16 11.58 1.47 8. 00 23.81 fi%

12 2.83 0.18 15.08 1.51 6.24 25.84 1%

13 2.40 0.15 15.12 1.49 4.96 24.12 fi%

14 1.03 0.10 10. 87 0. 69 — 12.70 i

15 2.71 0.22 11.90 1.03 15.28 31. 14 i

16 3.44 0.28 12.02 1.16 17.39 34.28 fi%
¥ 2.79 0.22 13.36 1.73 8.37 23. 86 fi%
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