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Abstract-The main objective of the study is to assess the pollution status of sediment samples by analysing heavy metal contamination. For 

this purpose, five sampling stations were identified in Valliyar River along Kadiyapattanam estuary, Tamil Nadu, Southwest coast of India.  

Sediment samples were collected monthly throughout the year continuously from June 2015 to May 2016 covering the monsoon (June-

September), post-monsoon (October-January), and pre-monsoon (February-May) seasons. The sediments of river were contaminated due to 

discharge of untreated industrial effluence and land runoff from intensive agricultural field. In the present study, heavy metals such as zinc, 

copper, iron manganese, lead, and cadmium were estimated following standard methods, using Perkin Elmer A Analyst 200 Atomic 

absorption spectroscopy. The result obtained indicated that the concentration of Iron and Manganese exceeds Sediment Quality Guidelines 

limit proposed by WHO and USEPA.  All other metals like (Cu, Zn, Pb, Cd) showed concentration below this limit. Contamination factors, 

degree of contamination and pollution load index were calculated and the values noted are below unity. From the present study, it was clear 

that the pollution status of the riverbed and estuarine sediment was below the guideline values. 
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I. INTRODUCTION 

                 Sediment is the important part of aquatic ecosystem, which provides natural habitat and feeding for many aquatic 
organisms. The environmental characters cause wide range of fluctuations in sediment characteristics. The physical and chemical 
characteristics of sediment are greatly influenced by anthropogenic activities [1]. Sediments play an important role in the 
degradation of organic matter and mineral cycling [2]. Heavy metals are the natural component of earth crust, but their increase 
in concentration in environment is a matter of concern in recent years [3]. Untreated   industrial effluence and land runoff from 
agricultural field may contain pesticides, insecticides and fertilizers, which may enter directly into water body, but the ultimate 
recipient of all these pollutants in the aquatic system is the sediments. Therefore, sediments are considered as the sink of all the 
pollutants that present in the aquatic ecosystem [4-6]. In aquatic ecosystem, heavy metal pollution is a serious issue because of 
their toxic nature and bioaccumulation and bio-magnification in the food chain [7]. Among heavy metals certain dangerous metals 
like lead, zinc, cadmium, copper, iron and mercury are toxic[8]. Heavy metals’ concentration in aquatic environment is a critical 
issue due to the toxicity of metals [9]. Heavy metal analysis in sediments gives information about critical sites of water system 
[10].   

Description of Study Area  

                   Kanyakumari district is a coastal district of Tamil Nadu, situated at the southernmost tip of India. It is situated 
between77015’and 77036’east latitude and 8003’and 8035’ north longitude. This district receives rainfall during monsoon 
seasons, both southwest (June to September) and northeast monsoon (October to December).                  
Kadiyapattanam is one of the minor estuaries in Kanyakumari District. Valliyar is the one of the main river systems in the district. 
It originates from Velimalai Hills in Western Ghats and conflicts with Arabian Sea through Kadiyapattanam estuary. Station 1 
Kadiyapattanam Estuary is the bar mouth of the river Valliyar. Station II Manavalakurichi Bridge is situated approximately 2kms 
from estuary station. Station III Thiruninarkurichi is situated 3kms away from station II. The surrounding area of this location is 
mainly agriculture field.  Station IV Keezhekalkurichi is situated approximately 4.5kms away from station III. Station V 
Puliyoorkurichi is situated approximately 3kms away from station IV. 
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II. MATERIALS AND METHODS 

                The present investigation, heavy metal content of sediment in and around Kadiyapattanam estuary was analysed over a 
period of twelve months starting from June 2015 to May 2016, covering pre-monsoon (February-May), the monsoon (June-
September), and post-monsoon (October-January) seasons. The samples were air dried for 1-2 weeks, then finely grounded using 
pistil and mortar and sieved through a 2mm sieve. The sieved sample was used for further analysis. Analysis was done using 
standard methods and procedures (APHA)[11]. Extraction of metals from sediment was done using mixed acid digestion method 
(Nitric acid and perchloric acid). Total concentration of heavy metal zinc, copper, lead, cadmium, iron, manganese, and Mercury 
were estimated using Perkin Elmer A Analyst 200 Atomic absorption spectroscopy. 

 
 

III. RESULT AND DISCUSSION 

 
                  The sediment samples collected from five different locations in the study area and heavy metal such as (Fe, Mn, Cu, 
Zn, Pb, and Cd) were estimated for a period of twelve months continuously. The seasonal average of metal concentration was 
given in table 1. The abundant metal iron is found in all types of sedimentary rocks and the geological occurrence of the metal is 
high in riverbed sediments. Seasonal variation shows that the highest value (267ppm) of iron was observed in samples from 
station II in pre-monsoon season and lowest value (120.62ppm) observed at station IV in post monsoon season and the mean 
value obtained during the study period was (192.38ppm).   The highest value (56.01 ppm) of manganese was observed at station 
III in pre-monsoon season and lowest value (10.91ppm) of manganese found at station I in the post monsoon season. The mean 
concentration observed was (31.32ppm).  

                    Zinc enters into riverbed sediments through weathering process. In this study, zinc recorded maximum concentration 
(4.98ppm) in samples from station II in pre-monsoon season and minimum (0.50 ppm) observed at station I in the post monsoon 
season and mean concentration as (2.33ppm). Lower concentration of copper is essential to maintain the metabolism of human 
body. However, higher concentration leads to poisoning effect. The highest mean value of copper (3.68ppm) was found in station 
II during post monsoon season and lowest mean value of copper (0.38ppm) was seen at station I during post monsoon season 
with mean concentration as (1.35ppm).   
                   Lead and cadmium are hazardous heavy metals and the main sources are sewage, batteries and various anthropogenic 
sources. Seasonal Variation of lead showed that the highest mean value (2.45ppm) was observed in post-monsoon season at station 
II and lowest value (0.60) at station I in the monsoon season. Mean lead concentration obtained was (1.35ppm).  The concentration 
of cadmium varies with highest as 0.04 ppm at station III in pre monsoon season and lowest recorded as BDL in most of the 
seasons. The mean concentration of cadmium was noted as (0.01ppm).  The order of seasonal average of metal concentration in 
sediment was Fe> Mn>  Zn> Cu> Pb > Cd. 
                                         
 
                                                         Table:1. Mean concentration of heavy metal in sediments 

 
Seasons Stations Fe Mn Zn Cu Pb Cd 

monsoon 

I 179.62 14.46 2.06 1.51 0.60 BDL 

II 202.16 15.93 2.00 0.77 1.42 0.03 

III 213.84 18.93 3.26 2.01 1.31 0.04 

IV 181.28 18.76 2.17 1.23 1.02 0.03 

V 155.56 15.01 1.53 0.96 0.93 BDL 

Post 
monsoon 

I 120.62 10.91 0.50 0.38 0.71 BDL 

II 205.62 45.60 3.22 3.68 1.39 BDL 

III 249.08 53.41 1.50 1.43 2.20 0.03 

IV 156.04 37.96 2.53 1.86 0.80 BDL 

V 168.78 43.26 1.98 1.22 0.63 BDL 

Pre 
monsoon 

I 159.65 28.45 0.76 0.63 1.62 BDL 

II 267.19 37.09 4.98 0.86 1.65 BDL 

III 221.53 56.01 2.44 1.23 2.41 0.04 

IV 199.38 36.70 2.84 1.05 1.93 BDL 

V 205.37 37.36 3.25 1.46 0.90 BDL 

mean 192.38 31.32 2.33 1.35 1.30 0.01 
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                       Overall result showed that most of the heavy metal recorded higher concentration in pre-monsoon season and lower 
in monsoon season. The reason for this might be due to the solar radiation increase in rate of evaporation during summer months.  
The rate of fresh water flow into the river decrease during pre-monsoon season therefore water become stagnant and the suspended 
metal particles in the water may be adsorbed or settle down by the underlying sediment. Anthropogenic activities may also increase 
the heavy metal concentration in the water and sediments. Lower values obtained in the monsoon and post-monsoon season may 
be due to the heavy flow of water into the river, which erode the top layer of the sediment during rainy season.  
                       Higher heavy metal concentration was observed at station II & II, which are freshwater regions and lowest was 
recorded at station I, which is an estuary region. Station II &III are surrounded by agricultural fields. The intensive use of fertilizers 
may also contaminate the river system. From the above observations, it is clear that the riverbed sediments are highly polluted 
with heavy metals compared to estuary region.  
                      For the determination of heavy metal contamination in the sediment samples, Numerical Sediment Quality 
guidelines proposed by WHO [12] and USEPA [13] were followed. SOG and metal concentration was shown in the table:2  The 
heavy metal concentration in sediment samples was compared with SQG values . 
 

 

Table: 2.    Sediment Quality Guidelines (SOG) 

 

Metal Minimum Maximum Mean TEC PEC 
Geochemical 

background mean 
shale concentration 

WHO 
SOGs 

USEPA 
SOGs 

Fe 120.62 267.19 192.38 20000 40000 46700  30 

Mn 10.91 56.01 31.32 460 1100 850  30 

Zn 0.50 4.98 2.33 121 459 95 123 110 

Cu 0.38 3.68 1.35 31.6 149 45 25 16 

Pb 0.60 2.41 1.30 35.8 128 20  40 

Cd BDL 0.04 0.01 0.99 4.98 0.3 6 0.6 

   TEC- Threshold Effect Concentration; PEC- Portable Effect Concentration; BDL- Below Detectable Limit; USEPA- United State Environmental 

Protection Agency. 

                     The results obtained indicate that the concentration of Iron and Manganese exceeds SQG limit and all other metals 
(Cu, Zn, Pb, Cd) showed concentration below this limit. The heavy metal concentrations obtained during analysis were compared 
with TEC/ PEC guideline values [14][15].  TEC are lower value and PEC is upper value. If the heavy metal concentration in 
sediment is lower than TEC unfavourable biological effects may occur rarely. If the metal concentration is above PEC, harmful 
effects may happen frequently. Minimum effect may occur, if the range of metal concentration is in between these guidelines. In 
this study, the concentration observed is below TEC in all stations and seasons and no adverse effect occur due to metals’ 
contamination [16-18]. 

Contamination Factor (Cf)   

                    Contamination means any substances that are present in the environment as high percentage. The pollution status of 

the river water can be assessed by determining contamination factor.  Contamination factor of metals present in the sediment 

samples and Degree of contamination are represented in the table: 3. considering world shale average as background value, Cf is 

calculated using the expression as concentration of metal in sediment/ Background (shale) value of the metal. 

Cf = 
� �����

� ����������
 

             Cf  < 1 considered as low contamination. If it ranges between 1 ≤ Cf < 3 means moderate contamination. If the range 
varies between 3 ≤ Cf < 6, contamination is considerable (high) and if Cf > 6, refers to very high contamination [19]. In the 
present study the result obtained for the calculation of contamination factor was Cf< 1, indicates that the sediments of 
Kadiyapattanam Estuary and Valliyar was considered as low contaminated by heavy metals. 

  Degree of contamination (Cd)   

                 The overall pollution status of estuarine sediment can determine by calculating degree of contamination (Cd). It is the 
sum of contamination factor of metal found in the sediment. Degree of contamination is calculated using the formula [20]. 

                                      Cd    = ∑ Cf�
� i                  where      i = 1 to n 
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Table: 3. Contamination Factor and Pollution Load Index of Sediments in Kadiyapattanam Estuary 

              

                         

 

 

 

 

 

        

 

                    

                                      Cf - contamination factors of metals,    PLI- Pollution load index 

                  The present study the contamination factor obtained for various metals are higher in pre monsoon season except Cu. 
Copper exhibit higher concentration in post monsoon season. The result obtained showed that all the values observed are below 
unity. Therefore, the river and estuarine sediments were less contamination due to these heavy metals.  

Pollution load index (PLI) 

                  It gives an idea about the pollution load of the sediment due to heavy metals and can be calculated using the expression 
[21] 

                          PLI = (Cf1 x Cf2 x Cf3 x Cf4 x Cf5 x Cf6)1/n    

                  PLI >1shows base line pollution and indicate the site quality deterioration.  PLI<1 indicates no pollution in the sediment 
samples. In the present study, the result indicated that PLI<1in the sediment samples. Hence, there was no pollution load due to 
heavy metals. 
 

 
IV.CONCLUSION 

 
                 To analyse the pollution status of the sediments of Kadiyapattanam estuary, samples were collected monthly throughout 
the year. Heavy metal concentration of the sediment was estimated and the seasonal variation showed that most of the heavy 
metals recorded highest in the pre-monsoon season and lowest in the monsoon or post-monsoon season. Moreover, fresh water 
regions of river Valliyar contained more heavy metals’ concentration compared to Kadiyapattanam estuary region.  The results 
obtained were compared with guideline values. Concentration of Iron and Manganese exceeds SQG limit and all other metals (Cu, 
Zn, Pb, Cd) showed concentration below this limit. Contamination factors, degree of contamination and pollution load index were 
calculated for the assessment of pollution status of the riverbed and estuarine sediment. The observation showed that the 
contamination factor and pollution load index value are less than 1 and the pollution load in the sediment Kadiyapattanam estuary 

was negligible due to heavy metal contamination. 
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