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discontinuous lava flows that either had 
erupted from fissures on the flanks of the 
cinder cone or from the main crater. Cur-
rent satellite imageries of the volcano, 
from RISAT-1 and Landsat-8, ISRO 
(http://www.sac.gov.in/Vyom/index.jsp), 
show ‘hot’ zones within the summit cra-
ter and around secondary spatter cones 
that are in tune with the current activity. 
 The Barren Island volcano is currently 
in its active phase since 1991, irregularly 
emitting lava and ash with intermittent 
quiet periods. The ash eruptions have be-
come a common phenomenon since the 
2009–10 lava eruptions; therefore, it 
should not come as a surprise if sudden 
eruptions occur during a quiet period. 
Such eruptions should not be confused 
with renewed activity of the volcano. 
 
 

1. Luhr, J. F. and Halder, D., J. Volcanol. 
Geotherm. Res., 2006, 149, 177–212. 

2. Chandrasekharam, D., Santo, A. P.,  
Capaccioni, B., Vaselli, O., Alam, M. A., 
Maneti, P. and Tassi, F., J. Asian Earth 
Sci., 2009, 35, 469–487.  

3. Bandopadhyay, P. C., Ghosh, B. and Li-
monta, M., Episodes, 2014, 37, 192–205. 

4. Sheth, H. C., Ray, J. S., Bhutani, R., 
Kumar, A. and Smitha, R. S., Bull. Vol-
canol., 2009, 71, 1021–1039. 

5. Sheth, H. C., Ray, J. S., Bhtani, R., 
Kumar, A. and Awasthi, N., Curr. Sci., 
2010, 98, 620–626. 

6. Ray, J. S., Pande, K. and Bhutani, R., 
Bull. Volcanol., 2015, 77, 57; doi: 
10.10.1007/s00445-015-0944-9. 

7. Awasthi, N. et al., Bull. Volcanol., 2010, 
72, 1131–1136.  

8. Awasthi, N., Ray, J. S., Singh, A. K., 
Band, S. T. and Rai, V. K., Geochem. 
Geophys. Geosyst., 2014, 15, 3890–3906. 

9. Koshy, J., Why did Barren Island vol-
cano erupt again? The Hindu, 26 Febru-
ary 2017. 

10. Arora, M., India’s Barren Island volcano 
active again. The CNN, 21 February 
2017. 

11. Sayed, N., Barren Island volcano erupts 
again in Andaman Sea. The Times of  
India, 17 February 2017. 

12. Volvoikar, H., NIO scientists observe 
volcanic eruption on Barren Island in 
Andaman Sea, 19 February 2017; http:// 
indiatoday.intoday.in  

13. Sheth, H. C., Ray, J. S., Kumar, A., Bhu-
tani, R. and Awasthi, N., J. Volcanol. 
Geotherm. Res., 2011, 202, 73–82. 

 
 
 
ACKNOWLEDGEMENTS. We thank the 
Indian Coast Guard for providing logistic help 
and the captain and crew of ICGS Rajkamal 
for help during the expedition. This work is 
funded by the Department of Space, Govern-
ment of India. We also thank the anonymous 
reviewer and handling editor for their useful 
comments and suggestions. 
 
 
Received 21 April 2017; revised accepted 25 
June 2017 

 
DWIJESH RAY* 

ANIL D. SHUKLA  
JYOTIRANJAN S. RAY 

 

Physical Research Laboratory,  
Ahmedabad 380 009, India 
*For correspondence. 
e-mail: dwijesh@prl.res.in 

 
 
 

Higher concentration of heavy metals in surface water and fish near a 
municipal solid waste dump in Guwahati, Assam, India 
 
Solid waste management is one of the 
biggest environmental challenges in cit-
ies and towns across India. Precipitation 
infiltrating the solid wastes disposed on 
land mixes with the liquids trapped in the 
crevices of the waste and leach com-
pounds from solid waste1. Discharge of 
potentially toxic heavy metals from the 
leachate into aquatic ecosystems poses 
serious threat because of their toxicity, 
persistence, bioaccumulation and bio-
magnification in the food chain.  
 Fishes are indicators of metal con-
tamination in aquatic systems2. Pollut-
ants enter the fish through four main 
routes: via food or non-food particles, 
gills, oral consumption of water and 
through skin3. The present study was 
planned to assess the possible effect of 
municipal solid waste (MSW) dumping 
on the concentration of heavy metals in 
surface water and accumulation in fish 
tissue collected from the adjoining wet-
land. 
 The study area is the Deepor beel wet-
land, a Ramsar site (Sl. No. 1207), which 

is contiguous to the MSW dump site of 
Guwahati city, Assam, India. Five sam-
pling points (S1–S5) were selected from 
within 3000 m around the MSW dump 
(Figure 1). Fortnightly collection of  
water samples in triplicate was continued 
for a period of 12 months (March 2011–
February 2012). Experimental fish sam-
ples (Anabas testudineus) in triplicate 

were collected from within 20 m of the 
dump site during September–October 
2011. The control site for sampling of 
water and fish was situated at a distance 
of 4928 m from the dump and was not 
connected with Deepor beel. 
 For analysis of heavy metals, standard 
procedures were followed4. Water sam-
ples were collected in acid-washed 250 ml 

 
 

Figure 1. Sampling points (S1–S5) of surface water in the wetland. 
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Table 1. Concentration of heavy metals in water samples near the dump site (mg/l). (Total number of months studied = 12.) 

Parameter  S1 (<20 m)  S2 (<500 m)  S3 (<1000 m)  S4 (<2000 m)  S5 (<3000 m)  Control 
 

Cd 
 Range  0.002–0.129 0.006–0.029 0.005–0.494 0.004–0.029  0.001–0.021 BDL 
 Mean  SD  0.024  0.016a  0.012  0.010ab  0.010  0.002ab  0.008  0.001b 0.006  0.008b  BDLb 

Cr 
 Range  0.0004–0.941 0.005–0.721 0.0009–0.090  0.001–0.054  0.0009–0.026  BDL 
 Mean  SD  0.363  0.117a  0.230  0.043a  0.032  0.007b 0.028  0.011b  0.005  0.001b  BDLb 
Zn 
 Range  0.171–0.947  0.271–0.672  0.219–0.515 0.226–0.599  0.199–0.5419  0.101–0.396 
 Mean  SD  0.590  0.258a  0.394  0.137b  0.377  0.099b  0.362  0.099b  0.334  0.112b  0.187  0.089c  
Cu  
 Range  0.008–0.312  0.002–0.099  0.005–0.494 0.007–0.442 0.007–0.110  0.001–0.046  
 Mean  SD  0.082  0.050b 0.055  0.007b 0.074  0.004b 0.077  0.013b 0.042  0.011b  0.043  0.012b 

Ni 
 Range  0.023–0.249  0.001–0.312  0.014–0.191  0.0239–0.249  0.002–0.181 0.0019–0.187  
 Mean  SD  0.287  0.009a  0.149  0.003b  0.095  0.036b 0.152  0.040b 0.083  0.024b  0.047  0.009c  
Mn 
 Range  0.514–6.531  0.211–4.011  0.192–2.530  0.150–2.531  0.132–2.192  0.071–0.254  
 Mean  SD  1.985  0.065a 1.168  0.041ab 0.956  0.671bc  0.941  0.101bc  0.817  0.527bc  0.435  0.251c  

Mean heavy metal concentration of different sites sharing a common letter (a, b, c) for a particular metal is not significantly different; P < 0.05; 
BDL, Below detectable limit. 
 
 
 
plastic bottles and stored at 4C. Diges-
tion was done with concentrated HNO3 
in a fume hood until 25–30 ml of the 
sample remained and made up to 100 ml 
in a volumetric flask. Fish tissues (mus-
cle and skin) were dissected with a scal-
pel, weighed and dried in a hot-air oven 
(70C) until constant weight was ob-
tained. Tissue was homogenized in a 
porcelain mortar and pestle. One gram of 
homogenized tissue was digested and 
processed for heavy metal analysis. 
Atomic absorption spectrophotometer 
(Thermofisher iCE 3300 AA system) was 
used for heavy metal analysis. Sample 
analyses were performed in triplicate and 
measured in milligrams per litre or milli-
grams per kilogram. Calibration stan-
dards were run regularly to ascertain the 
accuracy of the analytical procedure. 
Milli Q water was used for all purposes. 
Blanks were run with each batch of sam-
ples (25 samples in each batch). Wave-
lengths for Cu, Ni, Cd, Cr, Mn and Zn 
were 324.8, 232.0, 228.8, 357.9, 279.5 
and 213.9 nm respectively. The precision 
of the analytical procedure was per-
formed by a strict blank control, standard 
reference material of commercially 
available standards (Merck KgaA, 64271 
Darmstadt, Germany) and the analysis of 
replicates. The detection limits for heavy 
metals were 0.0045 ppm for Cu, 
0.0033 ppm for Zn, 0.0016 ppm for Mn, 
0.008 ppm for Ni, 0.0054 ppm for Cr and 
0.0028 ppm for Cd. 

 Pearson’s correlation analysis was ap-
plied to the dataset to quantitatively ana-
lyse the correlation that exists between 
the different heavy metals. One-way 
ANOVA and Duncan’s multiple range 
test were used to determine whether any 
variation exists in the heavy metal con-
centration between the contaminated 
sites, and also between the control site 
and contaminated sites. All statistical 
analyses were performed with SPSS 
18.0. 
 Analysis of surface water and fish tis-
sue samples collected from various 
points near the MSW dump site revealed 
that continuous mixing of leachate with 
beel water had deleterious effect on the 
water quality and fish in its vicinity.  
Table 1 presents the concentration of 
heavy metals in surface water samples. 
The heavy metals are found to occur in  
decreasing concentration of Mn > Zn > 
Cr > Ni > Cu > Cd with increasing dis-
tance from the source. This confirms the 
gradual spread of heavy metals from the 
MSW dump towards the wetland. The 
results of one-way ANOVA and Dun-
can’s multiple range test show that there 
are significant differences in the heavy 
metal concentration of Cd, Cr, Mn, Ni 
and Zn between the sampling sites  
(Table 1). The control site shows signifi-
cant variations between the group means 
of Cd, Mn, Ni and Zn. Statistical analysis 
(SPSS 18.0) revealed highly positive  
correlation between Cd and Ni, Cd and 

Zn, Mn and Ni as well as Zn and Cd 
(P < 0.01). Significantly positive correla-
tions were obtained between Zn and Ni, 
Cr and Ni and between Zn and Cd 
(P < 0.05) (Table 2). This could indicate 
their similar source of origin.  
 The Deepor beel supports a number of 
neighbouring villages where people use 
the water for their daily activities like 
drinking, cooking and washing. Certain 
heavy metals are essential for humans, 
plants and animals, but they can be po-
tentially toxic above a certain concentra-
tion. The concentration of Mn, Cr, Cd 
and Ni in surface water was found to  
exceed the MPL (maximum permissible 
concentration) of WHO5 (Mn – 0.5, Cr – 
0.05, Cd – 0.003, Ni – 0.02 mg/l), IS-
10500 (10500 2012; Mn – 0.3, Cr – 0.05, 
Cd – 0.01, Ni – 0.02 mg/l)6 and within 
the MPL of CPCB7 (Mn – 2, Cr – 2, Cd – 
2, Ni – 3 mg/l). The concentration of Mn 
in excess of 0.2 mg/l makes water dis-
tasteful to drink, with no specific toxic 
effects8. Zn is extensively used as a 
white pigment (zinc oxide) in paint and 
rubber. High concentrations of Ni, Zn 
and Cu indicate that paints, batteries and 
metallic materials are predominant in the 
waste.  
 The concentration of heavy metals 
analysed in A. testudineus tissue col-
lected from within 20 m of the dump site 
was found in the decreasing sequence as 
follows: Zn > Mn > Cu > Cd > Ni (Table 
3). The heavy metal concentration was 
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found to be within the MPL of FAO9. 
The concentrations of Mn (skin tissue), 
Cu (skin and muscle tissue) and Cd (skin 
and muscle tissue) was found to be 
higher than those in fish tissues from the 
control site. There are reports of accumu-
lation of heavy metals in fishes inhabit-
ing contaminated water10. As indicated 
by the results obtained in the present 
study, Zn and Mn also showed higher 
concentration in A. testudineus tissue, 
similar to the trend in surface water. Zinc 
toxicity is rare, but the concentration in 
water up to 40 mg/kg may induce toxic-
ity, characterized by symptoms of irrita-
bility, muscular stiffness and pain, loss 
of appetite and nausea11. The heavy 
metal concentration in fish tissues was 
found to be higher compared to that in 
the habitat as recorded in other similar 
studies12,13. Heavy metals might accumu-
late up to toxic concentrations and cause 
ecological and health hazards. The pre-

sent study indicates that A. testudineus 
collected near the dump site has accumu-
lated heavy metals from the habitat. Bio-
accumulation of heavy metals may lead 
to biomagnification through the food 
chain. 
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Uranium anomalies in groundwater of Sangrur district of Punjab  
(India) for cancer risk assessment 
 
THE permissible limit of uranium in 
drinking water is 30 g l–1 as recom-
mended by the World Health Organiza-
tion (WHO)1. The accumulation of 
uranium inside the human body targets 

the kidneys and lungs2–4 due to chemical 
and radioactive effects. Drinking water is 
the major source of uranium to the hu-
man body and contributes about 85%  
of ingested uranium5, food contributes  

the remaining 15%. An equivalent of 
0.1 mg/kg of body weight of soluble 
natural uranium exposure results in some 
short-lived chemical damage to kidneys6. 
Uranium is a radioactive heavy metal; it 

Table 2. Pearson’s correlation between heavy metals in water samples 

  Ni Cu Zn Cd Cr Mn 
 

Ni 1 
Cu 0.677 1 
Zn 0.885 0.726 1 
Cd 0.920 0.706 0.991 1 
Cr 0.901 0.456 0.844 0.898 1 
Mn 0.941 0.679 0.984 0.997 0.917 1 

Correlation is significant at P < 0.05, P < 0.01. 
 
 
Table 3. Concentration of heavy metals in Anabas testudineus collected near (within 20 m) the 
  dump site and control site (mg/kg)  

Anabus testudineus  Cd  Zn  Cu  Ni  Mn 
 

Muscle (exp)  0.011  0.001  2.441  0.16  0.241  1.04  BDL  1.120  0.06 
Muscle (control)  BDL  0.762  0.32  0.019  0.01  BDL  0.221  0.19 
Skin (exp)  0.043  0.02  1.410  1.02  0.160  0.09  BDL  0.528  0.22 
Skin (control)  BDL  0.814  0.414  0.011  0.06  BDL  0.101  0.07 
 
FAO (2003)  0.05  40  10  10  50 

Values represent mean of three replicates. 
 


