HEAVY METAL PROFILE OF A SOUTHERN RIVER, KERALA, INDIA
- A QUANTITATIVE ASSESSMENT




ABSTRACT
Heavy metals in riverine ecosystems pose long-term risks to water security and aquatic organisms. A quantitative analysis of seven heavy metals—Cr, Cd, Fe, Pb, Zn, Cu, and Ni—in water and sediment samples at 18 strategic locations of Kerala's Kallada River over a 12-month period (Feb 2018–Jan 2019) in the present study was done. Using atomic absorption spectroscopy and statistically intensive treatment, the research aimed to determine patterns of contamination as well as seasonality. Significantly, the chromium levels in water were above limits in all monsoon stations, including an upper limit of 0.5684 ppm in upstream segment (S6). Copper was above the limits in midstream and downstream areas in postmonsoon, while the highest value of iron in sediment was 140.1 mg/kg at S18. Sediment analysis showed levels of lead (2.315 mg/kg) and chromium (6.14 mg/kg) above normal at certain downstream locations. Pearson correlation indicated strong relationships, i.e., Cu-S and Pb-S (r = 0.86753). Implications include industrial effluents, agricultural runoff (copper fungicides in particular), and municipal solid waste. Although water samples as a whole were in conformity with standards, sediment displayed latent ecological threats. The study concludes on recommending routine monitoring of water quality, strict control of effluent disposal, and implementation of sustainable waste management policy to promote aquatic and human health safety.
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1.INTRODUCTION
Water quality studies often include physicochemical water quality checking, trace and toxic metal analysis, microbiological analysis, etc. Non-degradable and persistent nature of heavy metals makes them one of the most widespread and hazardous contaminants of great ecological concern (CWC, 2019). Mining activities, growth of industries, expulsion of industrial effluents, domestic waste discharges and activities that speed up urbanization are the main sources of metal contamination (Mishra et al., 2021;. Rohini et al., 2016). After entering rivers, the majority of heavy metals immediately settle into the sediment, where they are much more concentrated (Alao, 2023; Joseph et al., 2025). The concentration of heavy metals in water is typically low, but their increased concentrations have been found as a result of human activity (Sofia et al.,2016). Metals like nickel enter river water from the leaching of rocks and sediments. High concentrations of nickel and chromium were found in sediments that were downstream of landslides (Joseph, 2025; Geertsema et al., 2019).). Anthropogenic sources of chromium contamination include leather industries, tanning, and chrome plating, while fertilizers and tanning contribute heavy metal copper (Joseph et al., 2024). Less soluble heavy metals either stay suspended as particles or become entrained in the sediments of the bed. However, soluble heavy metals are thought to be extremely hazardous because of their mobility and bioavailability (Baby et al., 2022).The delicate equilibrium of the aquatic systems is known to be disturbed when metal pollutants are present in freshwater (Ambedkar and Muniyan, 2012).The present study aims to quantify the heavy metals in water and sediment of the river to evaluate the status of contamination.
2. STUDY AREA
Kallada River, the longest river in Kollam District of Kerala, was selected for study. Sampling was carried out from February 2018 to January 2019. This tropical freshwater river comprises the Kallada Irrigation Project and Thenmala Ecotourism. Along the upstream, midstream and downstream segments of the river, 18 stations were selected for heavy metal analysis. S1, S3, S5, S7, S9, S11, S13, S15 and S17 represent reference sites and S2, S4, S6, S8, S10, S12, S14, S16 and S18 were test sites. Reference and test sites were chosen based on some observable criteria in the vicinity of the river. They were types of land such as forest, urban, or agricultural land, the density of roads, including off-road paths, the nature of the riparian zone and the rate of physical habitat destruction of the selected area. 
Table 1 Coordinate of the sampling sites in the three segments of the Kallada River

	Upstream Sites
	Latitude
	Longitude
	Midstream Sites
	Latitude
	Longitude
	Downstream Sites
	Latitude
	Longitude

	S1
	8.5736
	77.0518
	S7
	8.998628
	76.95996
	S13
	9.081353
	76.72517

	S2
	8.958282
	77.06347
	S8
	9.0054
	76.5621
	S14
	9.058490
	76.71102

	S3
	8.5745
	77.0217
	S9
	9.03696
	76.91734
	S15
	9.056896
	76.68894

	S4
	8.5809
	77.0102
	S10
	9.04431
	76.8966
	S16
	9.026013
	76.66482

	S5
	8.982719
	76.9904
	S11
	9.0455
	76.4518
	S17
	9.0134
	76.3848

	S6
	8.5922
	76.584
	S12
	9.0518
	76.452
	S18
	9.002742
	76.62472


3. MATERIALS AND METHODS
3.1 Water and Sediment Sampling
For heavy metal analyses, water samples and sediments were collected from all the selected sites along the Kallada River. To remove metal contaminants, the water sampling plastic bottles were washed with 10% HNO3 and rinsed thoroughly with distilled water. Soon after collection, all samples were acidified by adding a few drops of concentrated HNO3 . Petersen Grab Sampler was used to collect sediments and was stored in a polythene cover. Collected sediments were transferred to the laboratory for further processing. Determination of chromium (Cr), cadmium (Cd), iron (Fe), lead (Pb), zinc (Zn), copper (Cu) and nickel (Ni) was carried out by atomic absorption spectroscopy (APHA, 2017).
3.2 Data Analysis
Analysis of variance was done to find out seasonal variation among sites and t-test was done for site-wise variations at 5% level of significance using the software SPSS (SPSS Statistics 21.0). Heavy metal concentration in water and sediment was correlated using Pearson Correlation Analysis in software PAST (ver. 4.03) 
4. RESULT AND DISCUSSION
Heavy metal analysis of water and sediment from upstream, midstream and downstream segments of the river is shown in Tables 1 to 10. The highest mean value of zinc in the water sample was 0.1286 ± 0.008 ppm and was observed in site S6 of upstream during postmonsoon and the lowest value was in site S13 of midstream during monsoon season. In sediment, the highest value of zinc was found in site S10 (3.935 ± 0.016 ppm) of midstream and the lowest in site S17 of downstream (0.0186 ± 0.0002 ppm) during postmonsoon and monsoon respectively. However, all the values of zinc in water and sediment were within the permissible limit of national and international drinking standards. Concentration of copper in the water samples of the midstream segment during the postmonsoon season was observed to be above the permissible limit (0.05 ppm). In the downstream segment, the mean value of copper at sites S15 and S16 also exceeded the acceptable limit. But at the same time, it was below detectable levels during monsoon in all sites. Though the mean value of copper in the sediment was within the permissible limit of standards (USEPA, 1995), it reached a concentration of 1.2367± 0.15 ppm (Site S18) in pre-monsoon season. In the water sample, the concentration of iron was observed to be within the permissible limit of the water quality standard (USEPA,1999), and it ranged from 0.0011 ± 0.0001ppm in site S4 during the premonsoon to 0.1544 ± 0.014 ppm in site S3 during the postmonsoon season. In the sediment, the value of iron exceeded the permissible limit of the standard value. Site S18 of the downstream segment showed a maximum value of iron in sediment (140.1 ± 7.14ppm) during pre-monsoon season. Chromium in the water sample ranged from 0.0087 ± 0.003 ppm in site S18 of downstream during postmonsoon to 0.5684 ± 0.029 ppm in site S6 of upstream during monsoon. During monsoon, chromium concentrations in the sediment sample were lowest at site S15 of the downstream (0.254 ± 0.10 ppm) and highest at S6 of upstream (6.14 ± 0.281ppm) during post-monsoon. 
As per the t-test result, in water, there was no significant variation in the mean concentration of zinc observed between sites during the monsoon season. In sediments, it showed significant variation between sites such as S1and S2; S9 and S10; S11and S12; S13and S14; and S17and S18 in all the seasons. The concentration of copper in the midstream segment showed no significant variation between sites in all seasons. Iron showed significant variation between sites during pre-monsoon and post-monsoon seasons or both, except for sites such as S5 and S6 of upstream and S9 and S10 of midstream. In the upstream segment, chromium showed significant variation between sites in all seasons except for sites S3 and S4 during monsoon and postmonsoon seasons. In the midstream segment, no significant variation was observed between sites during the monsoon season.







Figure 1 Annual Mean Concentration of Heavy Metals in River Sediment

Figure 2 Annual Mean Concentration of Heavy Metals in River Sediment

Correlation Analysis of Heavy Metals in Water and Sediments 
Pearson Correlation Analysis was done to understand the relationship between heavy metals in water and sediment (Table 1). Results showed that a significant positive correlation (p< 0.05) exists among different metals. Zinc in sediment showed a significant correlation with lead (r = 0.61832) in water. Copper in sediment displayed a significant positive correlation with iron (r = 0.51573) and lead (r = 0.86753) in sediment. Iron in sediment shows a high correlation with lead (r = 0.71774) in sediment, whereas chromium in sediment showed a significant correlation with nickel (r = 0.7066) in sediment and chromium (r = 0.5157) in water. Zinc in water showed a positive correlation with chromium (r = 0.5060) and nickel (r = 0.5716) in water.
Table 1 Correlation analysis of Annual Mean Concentration of Heavy Metals in Water and Sediment of Kallada River

	
	Zn-S
	Cu-S
	Fe-S
	Cr-S
	Ni-S
	Pb-S
	Zn-W
	Cu-W
	Fe-W
	Cr-W

	Zn-S
	1
	
	
	
	
	
	
	
	
	

	Cu-S
	-0.05356
	1
	
	
	
	
	
	
	
	

	Fe-S
	0.235981
	0.515738*
	1
	
	
	
	
	
	
	

	Cr-S
	0.25158
	0.209816
	-0.01084
	1
	
	
	
	
	
	

	Ni-S
	0.262823
	0.19197
	-0.38006
	0.70661*
	1
	
	
	
	
	

	Pb-S
	0.150709
	0.867531*
	0.717745*
	0.093859
	-0.005
	1
	
	
	
	

	Zn-W
	-0.06701
	-0.02456
	-0.04585
	0.367394
	0.351756
	-0.18593
	1
	
	
	

	Cu-W
	0.056458
	-0.07076
	0.144884
	-0.42339
	-0.26492
	0.221718
	-0.125
	1
	
	

	Fe-W
	-0.30436
	0.280878
	0.255984
	-0.21531
	-0.26068
	0.250802
	0.082278
	0.063907
	1
	

	Cr-W
	0.202435
	-0.40355
	-0.23387
	0.51571*
	0.344488
	-0.41977
	0.506094*
	-0.41861
	0.060184
	1


*Significance level p<0.05


Table 2 Mean concentration of Zinc (ppm) in Kallada River water in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Down
stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.0353 ± 0.006
	0.00194 ± 0.0001
	0.0342 ± 0.008*
	S7*
	0.0372 ± 0.007
	0.00202 ± 0.0001
	0.0564 ± 0.005*
	S13*
	0.0337 ± 0.005
	0.00139 ± 0.0004
	0.0884 ± 0.002

	S2*
	0.0369 ± 0.002
	0.00175 ± 0.0004
	0.0670 ± 0.020*
	S8*
	0.0355 ± 0.001
	0.00185 ± 0.0004
	0.0789 *± 0.009
	S14*
	0.0369 ± 0.001
	0.00166 ± 0.0005
	0.0856 ± 0.003

	S3*
	0.0311 ± 0.001*
	0.00195 ± 0.0002
	0.0327 ± 0.008*
	S9*
	0.0327 ± 0.002
	0.00208 ± 0.0002
	0.0547 ± 0.001
	S15*
	0.0316 ± 0.002
	0.00162 ± 0.0002
	0.0753 ± 0.006

	S4*
	0.0409 ± 0.005*
	0.00181 ± 0.0006
	0.0671 ± 0.002*
	S10*
	0.0312 ± 0.002
	0.00185 ± 0.0006
	0.0672 ± 0.004
	S16*
	0.0335 ± 0.001
	0.00177 ± 0.0003
	0.0763 ± 0.005

	S5*
	0.0308 ± 0.009*
	0.00191 ± 0.0006
	0.0674 ± 0.002*
	S11*
	0.0355 ± 0.003
	0.00198 ± 0.0006
	0.04208 ± 0.002*
	S17*
	0.0285± 0.009
	0.00221± 0.0002
	0.0575±
0.002

	S6*
	0.0526 ± 0.003*
	0.00202 ± 0.0002
	0.1286 ± 0.008*
	S12*
	0.0376 ± 0.004
	0.00216 ± 0.0002
	0.0565 ± 0.003*
	S18*
	0.0307 ± 0.008
	0.00236 ± 0.0001
	0.0584 ± 0.001



Table 3 Mean concentration of Copper (ppm) in Kallada River water in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Down stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.0023 ± 0.0008 *
	BDL
	0.0147 ± 0.002 *
	S7*
	0.0036 ± 0.0005
	BDL
	0.0604 ± 0.003
	S13*
	0.0035 ± 0.0005
	BDL
	0.0152± 0.001

	S2*
	0.0034 ± 0.0003 *
	BDL
	0.0201 ± 0.001 *
	S8*
	0.0033 ± 0.0002
	BDL
	0.0541 ± 0.008
	S14*
	0.0033 ± 0.0003
	BDL
	0.0178± 0.003

	S3*
	0.0033 ± 0.0002
	BDL
	0.0215 ± 0.005
	S9*
	0.0035 ± 0.0002
	BDL
	0.0546 ± 0.005
	S15*
	0.0035 ± 0.0003
	BDL
	0.0554 ± 0.005

	S4*
	0.0036± 0.0007
	BDL
	0.0202 ± 0.004
	S10*
	0.0034± 0.0003
	BDL
	0.0483 ± 0.002
	S16*
	0.0036 ± 0.0007
	BDL
	0.0645 ± 0.003

	S5*
	0.0021 ± 0.0001*
	BDL
	0.0163 ± 0.003*
	S11*
	0.0034 ± 0.0001
	BDL
	0.0538 ± 0.002
	S17*
	0.00205 ± 0.0001*
	BDL
	0.0375 ± 0.002

	S6*
	0.0035 ± 0.0004*
	BDL
	0.0253 ± 0.007*
	S12*
	0.0033 ± 0.0003
	BDL
	0.0532 ± 0.001
	S18*
	0.0028 ± 0.0004*
	BDL
	0.0401 ± 0.004


   *singnificance level  p< 0.05 		BDL-Below Detectable Level



Table 4 Mean concentration of Iron (ppm) in Kallada River water in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Down
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.0043 ± 0.0005*
	BDL
	0.0324 ± 0.012*
	S7*
	0.0063 ± 0.005*
	BDL
	0.0639 ± 0.002
	S13*
	0.0068 ± 0.0008*
	BDL
	0.0836± 0.005*

	S2*
	0.0099 ± 0.0002*
	BDL
	0.0732 ± 0.036*
	S8*
	0.0088 ± 0.002*
	BDL
	0.0532 ± 0.006
	S14*
	0.0236 ± 0.0009*
	BDL
	0.1247± 0.008*

	S3*
	0.0016 ± 0.0005*
	BDL
	0.1544 ± 0.014*
	S9*
	0.0013 ± 0.005
	BDL
	0.0514 ± 0.004
	S15*
	0.0087 ± 0.0005*
	BDL
	0.0996± 0.004*

	S4*
	0.0011 ± 0.0001*
	BDL
	0.0536 ± 0.028*
	S10*
	0.0015 ± 0.001
	BDL
	0.0536 ± 0.008
	S16*
	0.0426 ± 0.0007*
	BDL
	0.1452 ± 0.003*

	S5*
	0.0053 ± 0.0001
	BDL
	0.0764 ± 0.022
	S11*
	0.0028 ± 0.002*
	BDL
	0.0764 ± 0.002
	S17*
	0.0109 ± 0.0004*
	BDL
	0.1058± 0.004

	S6*
	0.0064 ± 0.0008
	BDL
	0.0839 ± 0.013
	S12*
	0.0036 ± 0.008*
	BDL
	0.0839 ± 0.003
	S18*
	0.0078 ± 0.0002 *
	BDL
	0.0983 ± 0.006



Table 5 Mean concentration of Copper (ppm) in Kallada River water in three segments (Mean ± SD

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Down
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.0156 ± 0.008*
	0.1232 ± 0.021*
	0.0887 ± 0.016*
	S7*
	0.0152 ± 0.005*
	0.3348 ± 0.023
	0.1058 ± 0.006*
	S13*
	0.0637± 0.005
	0.5428 ± 0.020
	0.3639± 0.008

	S2*
	0.0854 ± 0.006*
	0.5432 ± 0.045*
	0.3154 ± 0.012*
	S8*
	0.0758 ± 0.002*
	0.3432 ± 0.037
	0.1288 ± 0.002*
	S14*
	0.0652± 0.008
	0.5648 ± 0.019
	0.3893± 0.002

	S3*
	0.0695 ± 0.005*
	0.4762 ± 0.033
	0.1874 ± 0.040
	S9*
	0.0869 ± 0.003*
	0.3862 ± 0.035
	0.1647 ± 0.004*
	S15*
	0.0269 ± 0.002
	0.2659 ± 0.017
	0.1557± 0.005

	S4*
	0.0886 ± 0.002*
	0.5532 ± 0.017
	0.2226 ± 0.053
	S10*
	0.0796 ± 0.002*
	0.4204 ± 0.028
	0.2062 ± 0.005*
	S16*
	0.0277 ± 0.001
	0.2847 ± 0.021
	0.1673± 0.007

	S5*
	0.0434 ± 0.005*
	0.5132 ± 0.080*
	0.1434 ± 0.011*
	S11*
	0.0487 ± 0.005*
	0.3524 ± 0.021
	0.1629 ± 0.002*
	S17*
	0.0236 ± 0.007
	0.2187 ± 0.015
	0.0163 ± 0.002*

	S6*
	0.0679 ± 0.001*
	0.5684 ± 0.029*
	0.2483 ± 0.023*
	S12*
	0.0584 ± 0.000*
	0.4357 ± 0.018
	0.2693 ± 0.003*
	S18*
	0.0241  ± 0.009
	0.2369 ± 0.024
	0.0087 ± 0.003*


*singnificance level  p< 0.05 	BDL-Below Detectable Level


Table 6 Mean concentration of Zinc (mg/kg) in Kallada River sediment in three segments (Mean ± SD

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
Monsoon
	Down
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.1267 ± 0.005*
	0.0592 ± 0.0002*
	0.1543 ± 0.006*
	S7*
	0.1485 ±
0.006*
	0.0256 ± 0.0007*
	0.1864 ± 0.009
	S13*
	0.1947 ± 0.002*
	0.0839 ± 0.0008*
	0.2543 ± 0.007*

	S2*
	3.158 ±
0.008*
	1.137 ±
0.006*
	3.235 ±
0.012*
	S8*
	0.1743 ±
0.008*
	0.0327± 0.0004*
	0.1875 ± 0.005
	S14*
	0.3295 ± 0.004*
	0.1038 ± 0.009*
	0.4069 ± 0.003*

	S3*
	0.0887 ± 0.003
	0.0337 ± 0.005
	0.1054 ± 0.011*
	S9*
	1.847 ±
0.015*
	0.764 ± 0.003*
	3.177 ± 0.012*
	S15*
	0.0781± 0.0008*
	0.0742 ± 0.0005*
	0.1587 ± 0.008

	S4*
	0.0964 ± 0.001
	0.0308 ± 0.004
	0.1211 ± 0.003*
	S10*
	2.956 ±
0.002*
	0.975 ± 0.007*
	*3.935 ± 0.016
	S16*
	0.1054± 0.009*
	0.0769 ± 0.0003*
	0.1671± 0.006

	S5*
	0.1085 ± 0.011*
	0.0873 ± 0.008*
	0.1532 ± 0.006
	S11*
	0.0876 ±
0.011*
	0.0268 ± 0.008*
	0.1216 ± 0.003*
	S17*
	0.0782 ± 0.0005*
	0.0186 ± 0.0002*
	0.0564 ± 0.004*

	S6*
	0.1398 ± 0.005*
	0.1021 ± 0.006*
	0.1764 ± 0.002
	S12*
	0.1121 ±
0.005*
	0.0527 ± 0.009*
	0.1545± 0.006*
	S18*
	0.867± 0.004*
	0.464 ± 0.002*
	1.112 ± 0.012*



Table 7 Mean concentration of Copper (mg/kg) in Kallada River sediment in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Down stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.1271± 0.008*
	BDL
	0.1062 ± 0.018*
	S7*
	0.1345 ± 0.009*
	BDL
	0.1162 ± 0.216*
	S13*
	0.1341± 0.21*
	BDL
	0.0546± 0.12*

	S2*
	0.3194 ± 0.008*
	BDL
	0.2536 ± 0.023*
	S8*
	0.1896 ± 0.015*
	BDL
	0.1694 ± 0.121*
	S14*
	0.1986 ± 0.20*
	BDL
	0.1467 ± 0.13*

	S3*
	0.3681 ± 0.006
	BDL
	0.2781 ± 0.043
	S9*
	0.1476 ± 0.022
	BDL
	0.1281 ± 0.039
	S15*
	0.2435 ± 0.23*
	BDL
	0.1538 ± 0.15*

	S4*
	0.3921± 0.005
	BDL
	0.3252 ± 0.027
	S10*
	0.1564± 0.008
	BDL
	0.1217 ± 0.209
	S16*
	0.3319 ± 0.17*
	BDL
	0.2887± 0.14*

	S5*
	0.2694 ± 0.011*
	BDL
	0.2163 ± 0.022*
	S11*
	0.1485 ± 0.013
	BDL
	0.1393 ± 0.128
	S17*
	0.8782 ± 0.16*
	0.1437 ± 0.005
	0.5432 ± 0.17*

	S6*
	0.4427 ± 0.008*
	BDL
	0.3461 ± 0.021*
	S12*
	0.1793 ± 0.006
	BDL
	0.1489  ± 0.082
	S18*
	1.2367 ± 0.15*
	0.1688 ± 0.007
	0.6643 ± 0.19*


*singnificance level  p< 0.05 	BDL-Below Detectable Level

Table 8 Mean concentration of Iron (mg/kg) in Kallada River sediment in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
Monsoon
	Down
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	30.51  ±
2.23
	16.26  ±
1.15
	30.78  ± 2.37*
	S7*
	28.78 ±
2.34*
	17.82 ± 1.57*
	37.18 ± 1.39*
	S13*
	129.2 ± 6.19*
	54.61± 3.20*
	73.65 ± 4.13

	S2*
	32.45 ±
2.11
	18.37 ±
1.64
	37.93 ±
1.35*
	S8*
	40.37 ±
2.67*
	23.26 ± 1.34*
	44.91 ± 3.28*
	S14*
	90.16 ± 4.21*
	44.12 ± 2.24*
	66.46 ± 2.17

	S3*
	37.22 ±
1.56*
	18.66 ±
0.56
	28.66 ±
2.34
	S9*
	54.12 ±
1.79*
	26.32 ± 1.15*
	83.28 ± 2.57*
	S15*
	59.74 ± 3.22*
	32.27 ± 1.20
	47.35 ± 3.18*

	S4*
	26.34 ±
1.25*
	15.27 ±
1.17
	27.23 ±
1.38
	S10*
	84.52 ±
2.37*
	56.48 ± 1.29*
	109.5 ± 3.21*
	S16*
	81.87 ± 4.19*
	38.64 ± 1.32
	65.33 ± 4.21*

	S5*
	28.66 ±
1.43
	16.37 ±
1.54
	32.25 ±
1.28
	S11*
	48.14 ±
2.28*
	24.45 ± 1.43*
	63.37 ± 2.24*
	S17*
	110.8 ± 6.18*
	56.71 ± 4.16*
	89.63 ± 4.89

	S6*
	28.32 ±
1.09
	16.19 ±
1.17
	28.68 ±
2.37
	S12*
	30.15  ±
2.16*
	17.58  ± 1.30*
	32.75  ± 2.09*
	S18*
	140.1 ± 7.14*
	76.43 ± 5.15*
	122.56 ± 6.18



Table 9 Mean concentration of Chromium (mg/kg) in Kallada River sediment in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Downstream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	2.21 ±
0.241*
	0.415  ± 0.153*
	2.51 ±
0.357*
	S7*
	2.23 ±
0.208
	0.541 ± 0.121
	3.18 ± 0.245*
	S13*
	3.36 ±
0.12
	0.576 ± 0.15
	3.517 ± 0.13

	S2*
	3.56 ±
0.445*
	0.710 ± 0.184*
	4.81 ±
0.448*
	S8*
	2.67 ±
0.152
	0.667 ± 0.118
	4.54 ± 0.256*
	S14*
	3.76 ± 0.15
	0.668± 0.11
	4.01 ±
0.11

	S3*
	3.72 ±
0.326
	0.562 ± 0.162
	4.11 ±
0.355
	S9*
	2.91 ±
0.142*
	0.514 ± 0.124*
	3.36 ± 0.236*
	S15*
	1.472 ± 0.16
	0.254± 0.10*
	1.734 ± 0.17

	S4*
	3.92 ±
0.257
	0.671±
0.356
	5.13 ±
0.459
	S10*
	3.562 ±
0.235*
	0.682 ± 0.127*
	5.31 ± 0.219*
	S16*
	1.681 ± 0.19
	0.342± 0.14*
	1.921 ± 0.19

	S5*
	2.53 ±
0.263*
	0.662 ± 0.225
	4.78 ±
0.268*
	S11*
	2.516 ±
0.271*
	0.719± 0.131
	5.91  ± 0.281*
	S17*
	3.412 ± 0.22
	0.469 ± 0.17
	3.64 ±
0.15

	S6*
	4.87 ±
0.214*
	0.665 ± 0.238
	6.14 ±
0.281*
	S12*
	3.012 ±
0.223*
	0.796 ± 0.119
	2.38 ± 0.231*
	S18*
	3.92 ±
0.19
	0.482 ± 0.15
	4.012 ± 0.18


*singnificance level  p< 0.05 		BDL-Below Detectable Level


Table 10 Mean concentration of Nickel (mg/kg) in Kallada River sediment in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Downstream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.0721 ± 0.014*
	BDL
	0.0521 ± 0.014*
	S7*
	0.2658 ± 0.003*
	BDL
	0.1477 ± 0.002*
	S13*
	0.0307 ± 0.0002
	BDL
	0.0613 ± 0.0007*

	S2*
	0.4831 ± 0.012*
	BDL
	0.3571 ± 0.015*
	S8*
	0.3698 ± 0.006*
	BDL
	0.2253  ± 0.005*
	S14*
	0.0316± 0.0001
	BDL
	0.0711 ± 0.0008*

	S3*
	0.3574 ± 0.024*
	BDL
	0.3274 ± 0.027
	S9*
	0.3202 ± 0.008
	BDL
	0.2098 ± 0.011
	S15*
	0.0336 ± 0.0001
	BDL
	0.0771 ± 0.0009

	S4*
	0.4688 ± 0.021*
	BDL
	0.3523 ± 0.016
	S10*
	0.3727 ± 0.007
	BDL
	0.1781 ± 0.008
	S16*
	0.0363 ± 0.0006
	BDL
	0.0897 ± 0.0003

	S5*
	0.4863 ± 0.018
	BDL
	0.3701 ± 0.017*
	S11*
	0.1851 ± 0.006
	BDL
	0.1241  ± 0.006
	S17*
	0.0412 ± 0.0002*
	BDL
	0.0722 ± 0.0007*

	S6*
	0.6298 ± 0.015
	BDL
	0.5698 ± 0.024*
	S12*
	0.1812 ± 0.004
	BDL
	0.1486 ± 0.012
	S18*
	0.2541 ± 0.003*
	BDL
	0.3996 ± 0.013*



Table 11 Mean concentration of Lead (mg/kg) in Kallada River sediment in three segments (Mean ± SD)

	Upstream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Mid
Stream
	Pre
monsoon
	Monsoon
	Post
monsoon
	Downstream
	Pre
monsoon
	Monsoon
	Post
monsoon

	S1*
	0.2156 ± 0.015*
	BDL
	0.1824 ±
0.021*
	S7*
	0.6759 ± 0.117*
	BDL
	0.5166 ± 0.124*
	S13*
	0.5173 ± 0.046
	BDL
	0.5815 ± 0.018

	S2*
	0.8826 ± 0.019*
	BDL
	0.8236±
0.015*
	S8*
	0.8355± 0.128*
	BDL
	0.5275 ± 0.137*
	S14*
	0.5725 ± 0.028
	BDL
	0.6723  ± 0.011

	S3*
	0.6738±
0.012
	BDL
	0.5232 ± 0.003*
	S9*
	0.8762 ± 0.126*
	BDL
	0.5573 ± 0.118*
	S15*
	0.5502 ± 0.015
	BDL
	0.6227 ± 0.026

	S4*
	0.6267 ± 0.026
	BDL
	0.5234 ± 0.003*
	S10*
	0.7708 ± 0.134*
	BDL
	0.6348 ± 0.129*
	S16*
	0.8315 ± 0.085
	BDL
	0.9214 ± 0.024

	S5*
	0.5243 ± 0.022
	BDL
	0.5225 ± 0.008*
	S11*
	0.8812 ± 0.215*
	BDL
	0.8341 ± 0.204
	S17*
	1.242  ± 0.136*
	BDL
	1.568  ± 0.018*

	S6*
	0.8346 ± 0.018
	BDL
	0.0324± 0.005*
	S12*
	0.6643± 0.176*
	BDL
	0.5721 ± 0.227
	S18*
	2.143 ± 0.242*
	BDL
	2.315 ± 0.038*


*singnificance level  p< 0.05 	BDL-Below Detectable Level

Discussion

The concentration of heavy metals varied significantly in water and sediments of all segments of river. The concentration of zinc was high in water samples from upstream segment and high in sediment from the midstream segment. Though zinc is found naturally in Earth’s crust its high occurrence in upstream segment might be due to heavy rainfall and consequent leaching.  It is also widely used as an anti-corrosive agent to prevent corrosion of metal but when it is exposed to hydrogen and oxygen it make various zinc compounds (Wunaand Okieimen, 2021;Rajappa et al., 2008).Copper concentrations in water samples were found below detectable levels during monsoon season. More than 60% of the samples in the midstream segments and 10% of the samples in the downstream segments showed copper concentrations above the acceptable limit during the postmonsoon season. Copper concentrations in river water become higher when it is used as agrochemical in combinations with sulphate as copper sulphate and chlorine as copper oxychloride (Jio et al., 2022; George et al., 2017, Lalfakawma et al., 2014). Rubber cultivation was found in the study area mainly in upper and middle stretches of river. For the control of fungus, copper fungicides are frequently employed in rubber plantations (Mathew and Radhika, 2022; Prasannakumari and Jessy, 2017). In the current study, upstream stretches of river had substantial concentrations of chromium in sediment and water along with nickel in sediment, which might be due to the frequent landslides in the catchment area of river’s origin because landslides typically contain high levels of nickel and chromium (Geertsema et al., 2019). However, the presence of these metals in lower stretches may be due to anthropogenic activities such as disposal of municipal garbage, laundry detergents, paints, leather tanning, electroplating etc. (Yahiya et al., 2023; Banerjee et al.,2016). The study of Rahman and Hassan (2020) also revealed the significant contamination in water and sediments due to industrial discharge.
Lead concentration also exceeded the acceptable limit and it was observed as high in middle segment, particularly at site S8, where plumbing and car wash operations were prevalent. Lead paints and automobile batteries are two potential sources of lead for entry in to water bodies (Chakraborty and Bhattacharya, 2021; Abagale et al., 2013). In the water sample, iron was detected during the premonsoon and postmonsoon seasons. In the present result of sediment analysis, the value of iron exceeded the permissible limit of 30 ppm (Alao, 2025; Alao et al., 2024; USEPA,1995). Weathering of rocks generates iron oxides in great extent and at the same time domestic effluents also contribute to the increased concentration of iron in sediment and water (Nair et al., 2010; Nair and Kumar, 2019). 
Pearson Correlation Matrixunveils a delightful synergy, revealing that zinc in sediment showed positive correlation with lead found in water. This notable connection may stem from the geological tapestry that nurtures the coexistence of lead and zinc. Due to their akin chemical characteristics and their affinity for sulphur, zinc and lead compounds often appear hand in hand (Nayak et al., 2022). The surface runoff cascading from agricultural landscapes may serve as a pivotal reservoir for these metals (Klake et al., 2012). In this exploration, chromium and nickel also showed positive correlations, aligning perfectly with earlier investigations into heavy metals (Luo et al., 2021). The significant interrelations between specific heavy metal concentrations in both water and sediment could arise from the metals' mutual reliance, pollution emissions from identical sources, contamination at comparable rates, or a blend of these influences (Day et al., 2021;Ali et al., 2016).
5. Conclusion

The present study on heavy metal analysis of Kallada River water indicates significant insights into the contamination status and potential ecological risks associated with anthropogenic activities. Elevated concentrations of certain heavy metals such as Chromium and Copper at specific sampling points suggest inputs from industrial effluents, domestic sewage, agricultural runoff, and urban drainage systems. However,the concentrations of all the metals, except iron, in the sediments were within the acceptable limit. The spatial variation in metal concentration reflects the influence of local land use and point or non-point pollution sources. Regular monitoring and the implementation of pollution control measures are crucial to safeguard the river's ecological integrity and ensure safe water quality for dependent communities. Furthermore, there is a pressing need for strict regulation of effluent discharges and promotion of sustainable waste management practices in the catchment area.
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