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Abstract 
 

Risk analysis of heavy metals in urban aquatic systems turns significant due to 
their persistence, non-degradability, toxicity and accumulation. Thengapattinam estuary 
in Kanyakumari district is subjected to various environmental stresses due to multiple 
waste discharges through the AVM canal. The distribution and accumulation of heavy 
metals - Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Lead (Pb), Manganese 
(Mn) and Zinc (Zn) in the sediments of this estuary were investigated from April 2011 to 
March 2013. The mean concentration of these metals was 0.080 ppm for Cd; 21.82 ppm 
for Cr; 24.15 ppm for Cu; 5378 ppm for Fe; 6.833 ppm for Pb; 54.59 ppm for Mn and 
52.19 ppm for Zn. The result showed that the mean concentration of heavy metals was 
ranked as: Fe> Mn> Zn> Cu> Cr> Pb> Cd. In this study, a comprehensive approach is 
adopted for ecological risk assessment using toxicity units based on numerical sediment 
quality guidelines (SQGs) and potential ecological risk indices. The mean concentrations 
of Cd, Cr, Cu, Fe, Mn, Pb and Zn in the sediment samples were lower than the proposed 
threshold effect concentration (TEC), indicating that there were no harmful effects due to 
the presence of these metals. On the basis of the mean values of Geo – accumulation 
Index (Igeo), sediments were enriched with metals in the following order: Cd> Cu> Zn> 
Pb> Cr> Fe> Mn, while according to Contamination factor (Cf ), the order was Zn> 
Cu> Pb> Cd> Cr> Fe> Mn. According to Degree of contamination (Cd), station 3 was 
the hot spot which received water from AVM canal. The mean Enrichment factor (EF) for 
Cd, Cr, Cu, Fe, Pb, Mn and Zn vary between 0 and 10, indicating that the 
Thengapattinam sediments were not affected by anthropogenic influences. The Pollution 
load index (PLI) for the samples collected from all the stations were found to be less than 
unity indicating perfection. 
 
Keywords: Contamination factor, degree of contamination, heavy metals, risk indices, 
toxicity 

 
Introduction 

Aquatic system, an important basic component of our environment, provide food and shelter for 
flora and fauna as well as act as a sink for a wide variety of pollutants. Aquatic sediments, especially of 
urban environment, accumulate metal pollutants from various sources to much higher concentrations than 
corresponding water columns. Weathering of rocks and soils and multiple anthropogenic activities, 
discharge of industrial and urban wastes into water bodies [1] are the major pollutant contributors. Among 
these pollutants, heavy metals have been of great concern due to their toxicity, abundance, persistence, 
and subsequent accumulation in aquatic habitats [1, 2, 3, 4]. The adsorbed contaminants may be later 
released into the water column with changing environmental conditions and may pose threat to biota [5]. 
Some of the metals such as calcium, magnesium, potassium and sodium are essential minerals for 
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sustaining life and must be present for normal body functions while presence of other metals such as 
cobalt, copper, iron, manganese, molybdenum and zinc at low levels are essential to catalyze enzyme 
activities [6]. Excess exposure to these essential metals can however, be toxic. Water is unique in its 
chemical properties due to its polarity and hydrogen bonds which makes its ability to dissolve, absorb, 
adsorb or suspend different compounds [7].Thus, in nature, water is not pure as it acquires contaminants 
from its surrounding and those arising from humans and animals as well as other biological activities [8].  
Contaminated sediments are known to be responsible for degradation of water quality in the natural 
waters especially in the shallow and enclosed water systems [9,10]. In order to protect the aquatic life 
community, comprehensive methods for identifying and assessing the severity of sediment contamination 
have been introduced [11, 12, 13]. Exposure to heavy metals has linked to several human diseases such as 
development retardation or malformation, kidney damage, cancer, abortion, effect on intelligence and 
behavior and even death in some cases of exposure to very high concentrations. For these reasons, it 
would be desirable and imperative to investigate their distribution in Thengapattinam estuary which can 
provide valuable information of heavy metal pollution and help to evaluate potential environmental risks. 
The aim of this study was to investigate the contamination levels and distributions of heavy metals in 
surface sediment and evaluate the potential toxicity of the metal concentrations based on sediment quality 
guidelines. 
 
Study area  

Thengapattinam estuary (8o 14’ N latitude and 77o 10’ E longitude) on the south-west coast of 
India is situated in Paimkulam village of Vilavancode Taluk of Kanyakumari district (Fig 1). It is the 
largest estuary in Kanyakumari district, situated at a distance of about 35 km from Nagercoil. The estuary 
spreads over an area of 400 hectares and extends over 5 km. It is a bar-built estuary formed by the 
confluence of river Tamiraparani with the Arabian Sea at Thengapattinam. The climate of this region is 
greatly influenced both by the south-west and north-east monsoons. Along the west coast line, the AVM 
canal with water inflow from nearby land and streams, is used for coconut husk retting activities. The 
estuary is connected with the sea during the rainy season and land locked for the rest of the year by sand 
bar.  

 
Fig.1 – Location map of the area of study 

 
Materials and Methods 
 Ten stations were selected based on different ecological conditions for the collection of sediment 
samples from estuarine mouth bed to river basin in the Thengapattinam estuary as shown in Fig 1. 
Sediment samples were collected from ten stations quarterly for a period of two years from April 2011 to 
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March 2013. The collected samples were initially air dried and finely powdered using agate mortar. The 
air dried samples were analyzed for heavy metals (Cd, Cr, Cu, Fe, Pb, Mn and Zn) in the sediment 
samples using an Atomic Absorption Spectrophotometer (Perkin Elmer Model 2380) [14]. The digested 
samples were directly aspirated into the flame (Air-Acetylene fuel mixture). Using the absorption mode, 
the concentration corresponding to the absorption in the digest was determined. 
 
Results and Discussion 

The mean concentration of selected heavy metals in the surface sediments is given in Table 1. 
Generally, the metal concentrations exhibit fluctuations between different stations. Elemental 
concentration of  Fe was highest in Thengapattinam sediments followed by Mn, Zn, Cu, Cr, Pb and Cd 
i.e. Fe> Mn> Zn> Cu> Cr> Pb> Cd. Cadmium was the least concentrated heavy metal in all the stations 
sampled and the results are consistent with those of Ennore - Pulicat stretch [15]. Of the various sampling 
stations, station 3 showed maximum concentration of all metals, the station where pollutants from AVM 
canal entered into the estuary, and it was identified as hot spot. 

Table 1 - Mean Concentration of Heavy Metals (ppm) in sediments of Thengapattinam estuary 
Station Cadmium Chromium Copper Iron Lead Manganese Zinc 
1 bdl 21.65 27.64 4455 5.423 48.44 45.21 
2 0.187 23.56 21.23 5996 2.447 52.82 48.20 
3 0.494 27.06 33.56 14111 21.56 136.1 132.8 
4 bdl 23.41 22.54 3647 2.492 12.51 64.21 
5 bdl 26.45 26.09 2611 7.734 9.962 36.80 
6 bdl 21.47 25.73 3121 4.302 50.89 35.12 
7 bdl 18.52 23.35 3034 4.602 32.65 32.08 
8 bdl 20.69 19.66 7682 7.392 89.02 43.54 
9 bdl 22.32 25.67 8201 8.737 100.6 55.66 
10 0.1203 13.10 15.99 921.6 3.641 12.93 28.34 
Maximum 0.494 27.06 33.56 14111 21.56 136.1 132.8 
Minimum bdl 13.10 15.99 921.6 2.447 9.962 28.34 
Mean 0.0801 21.82 24.15 5378 6.833 54.59 52.19 
TEC 0.99 43.4 31.6 20000 35.8 460 121 
PEC 4.98 111 149 40000 128 1100 459 

TEC – Threshold Effect Concentration;  PEC – Probable Effect Concentration;  bdl – below detectable 
limit. 
 
Assessment of Sediment Contamination  
TEC/PEC guidelines  

An assessment of heavy metal contamination in sediments is an indispensable tool to assess the 
risk of an aquatic environment. To assess metal concentrations in sediment, Numerical Sediment Quality 
Guidelines (SQGs) were applied. The metal concentrations were thus compared with TEC/PEC 
guidelines [16].  SQGs include a threshold effect concentration (TEC) and a probable effect concentration 
(PEC) (Table 1). If the metals in sediments are below the TEC, harmful effects are unlikely to be 
observed. If the metals are above the PEC, harmful effects are likely to be observed [17]. In 
Thengapattinam estuary, the mean concentrations of Cd, Cr, Cu, Fe, Mn, Pb and Zn in the sediment 
samples were lower than the proposed TECs, indicating that there are no harmful effects from these 
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metals (Table 1). On the other hand, the concentrations of Cu (33.56 ppm) and Zn (132.8 ppm) in the 
samples collected at station 3 exceeded TEC indicating that the station 3 was the hot spot which received 
water from AVM canal.  
 
United States Environment Protection Agency (USEPA) and World Health Organization (WHO) 

The chemical contamination in the sediments was evaluated by comparison with the sediment 
quality guidelines proposed by USEPA/WHO. These criteria are shown in Table 2.  
In Thengapattinam estuary, the highest concentration of Cadmium (0.494ppm) was observed at station 3 
and the lowest was below the detectable level at stations 1, 4, 5, 6, 7, 8 and 9 with a mean value of 0.080 
ppm. Cadmium is used in the production of inorganic fertilizers from phosphate ores which constitute a 
major source of diffuse cadmium pollution [18,19].  Moreover, when ingested by humans, cadmium 
accumulates in the intestine, liver and kidney [20]. Cadmium has a range of negative physiological effects 
on organisms such as decreased growth rates and negative effects on embryonic development [21]. The 
levels of cadmium in the sediment samples of the estuary were below the WHO standard value of 6 ppm. 
The concentrations of chromium in the sediment samples of station 3(27.06 ppm) and station 5 (26.45 
ppm) exceeded the regulating limits but the mean concentration of Cr in the estuary was below the 
WHO/USEPA standard value of 25 ppm. The mean concentration of Cu in the Thengapattinam estuary 
was below the WHO standard value of 25 ppm. Copper is an essential element to human life, but, in high 
concentrations, it can cause anemia, liver and kidney damage, stomach and intestinal irritation [22]. 
 

Table 2 SQG and Concentration of heavy metals (ppm) in the sediment samples  
of Thengapattinam estuary 

Metal 
 
Minimum 

 
Maximum 

 
Mean 

Geochemical Background 
WHO 
SQG 

USEPA 
SQG 

World 
surface rock 
average* 

Mean shale 
concentration**

Cd bdl 0.494 0.0801 0.2 0.3 6 0.6 
Cr 13.10 27.06 21.82 71 90 25 25 
Cu 15.99 33.56 24.15 32 45 25 16 
Fe 921.6 14111 5378 35900 46700 - 30 
Pb 2.447 21.56 6.833 16 20 - 40 
Mn 9.962 136.08 54.59 750 850 - 30 
Zn 28.34 132.8 52.19 127 95 123 110 

Values are in ppm; *Martin and Meybeck ;  **Venkatesha Raju 
 

In Thengapattinam estuary, the maximum concentration of 14111 ppm for iron was observed at 
station 3, while the minimum level of 921.6 ppm was detected at station 10 with a mean value of 5378 
ppm. The USEPA guideline value 30 ppm of Fe in sediment is acceptable [23]. Above 30 ppm, a 
condition known as haemo-chromatosis could result. From the result of this study, the concentration of 
iron in the sediment samples exceeded the guideline limit indicating pollution of Thengapattinam estuary 
with iron.  

The concentration of lead varied between 2.447 ppm (station 2) and 21.56 ppm (station 3) with a 
mean value of 6.833 ppm. The levels of lead in the analyzed sediment samples showed that they are far 
below the limiting values by USEPA of 40 ppm [24]. The concentration of manganese varied between 
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9.962 ppm (station 5) and 136.1 ppm (station 3) with a mean value of 54.59 ppm. The common 
manganese species found in water is predominantly Mn2+ and Mn4+. Manganese compounds are used in 
fertilizers, varnish and fungicides and as livestock feeding supplements. Manganese can be adsorbed onto 
sediment; the extent of adsorption depends on the organic content and cation exchange capacity of the 
soil. The levels of manganese in the sediment samples exceeded the USEPA limit of 30 ppm. It can 
bioaccumulation in lower organisms (e.g., phytoplankton, algae, mollusks and some fish) but not in 
higher organisms; biomagnifications in food chains is not expected to be very significant [19,20]. The 
mean value of zinc was found to be 52.19 ppm and the variation was between 28.34 ppm (station 10) and 
132.8 ppm (station 3). Zinc is an essential growth element for plants and animals but at elevated levels it 
is toxic to some species of aquatic life [20]. In addition, Zn is involved in a variety of enzyme systems 
which contribute to energy metabolism, transcription and translation. Zinc is also potentially hazardous 
and excessive concentrations in sediment lead to phytotoxicity as it is a weed killer [18,20,25]. The mean 
value of zinc in the sediment samples was below the WHO guideline value of 123 ppm.  
 
Geo-accumulation index (Igeo) 

Geo-accumulation index introduced by Muller was used to assess the degree of metal pollution in 
aquatic sediment studies [26,27,28]. Igeo was used to determine metal contamination in sediments, by 
comparing current concentrations with pre- industrial levels and can be calculated by the following 
equation [29].   

Igeo = log2 (Cn/1.5Bn) 
Where, Cn is the measured concentration of a heavy metal in sediments, Bn is the geochemical 

background value in average shale of element n and 1.5 is the background matrix correction due to 
terrigenous effects. The geo-accumulation index classification consists of seven classes (0-6), ranging 
from unpolluted to extremely polluted: ≤ 0 (class 0) unpolluted, 0-1 (class 1) unpolluted to moderately 
polluted, 1-2(class 2) moderately polluted, 2-3(class 3) moderately to strongly polluted, 3-4 (class 4) 
strongly polluted, 4-5 (class 5) strongly to extremely polluted, 5-6 (class 6) extremely polluted [30]. 

In Thengapattinam estuary, the calculated results of Igeo values (Table 3) indicated that for Cd, 
sediment quality ranges from unpolluted to moderately polluted (0 ≤ Igeo<1) for station 3 and unpolluted 
(Igeo < 0) for all other stations . Igeo values of Cr, Cu, Fe, Mn, Pb and Zn (Igeo <0) in the estuary indicated 
that all the stations were unpolluted with these metals. On the basis of the mean values of Igeo, the 
sediments were enriched with metals in the following order: Cd> Cu> Zn > Pb > Cr > Fe> Mn.  

Table 3 Geo-accumulation index for heavy metals in sediments of Thengapattinam Estuary 
Station Cd Cr Cu Fe Pb Mn Zn 
1 - -2.6405 -1.2881 -3.9748 -2.4675 -4.7179 -1.6561 
2 -1.2667 -2.5185 -1.6689 -3.5462 -3.6158 -4.5932 -1.5641 
3 0.1349 -2.3190 -1.0081 -2.3119 -0.4765 -3.2284 -0.1018 
4 - -2.5278 -1.5825 -4.2637 -3.5895 -6.6712 -1.1501 
5 - -2.3518 -1.3715 -4.7458 -1.9557 -6.9999 -1.9534 
6 - -2.6529 -1.3914 -4.4884 -2.8019 -4.6471 -2.0203 
7 - -2.8656 -1.5316 -4.5292 -2.7046 -5.2871 -2.1514 
8 - -2.7056 -1.7794 -3.1884 -2.0209 -3.8402 -1.7108 
9 - -2.5968 -1.3948 -3.0942 -1.7799 -3.6638 -1.3562 
10 -1.9035 -3.3653 -2.0776 -6.2477 -3.0422 -6.6238 -2.3299 
Mean -0.3035 -2.6544 -1.5094 -4.0390 -2.4455 -5.0273 -1.5994 
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Contamination factor (Cf) and Degree of contamination (Cd) 
Contamination Factor (Cf) analysis is another important tool for the assessment of heavy metal 

pollution in estuarine study. For Cf computation, the values like Fe, Mn, Cd, Pb, Cu, Cr and Zn are 
normalized using the corresponding average metal values of shale [31]. This is because, the world shale 
average is considered as background values. The Contamination factor (Cf) was evaluated using the 
equation 

Cf =Metal concentration in polluted sediment / Background value (shale) of the metal. 
Cf < 1 refers to low contamination, 1 ≤ Cf < 3 means moderate contamination, 3 ≤ Cf <6 indicates 

considerate contamination and Cf > 6 indicates very high contamination [32].  
Hakanson analysed seven specific heavy metals (As, Cd, Cu, Cr, Hg, Pb, Zn) and the organic 

pollutant, polychlorinated biphenyls (PCB) and thus considers eight possible measures of contamination. 
Hakanson's study also proposed that the numeric sum of the eight specific contamination factors 
expressed the overall degree of sediment contamination (Cd) using the following formula 
    n 
Cd  =  ∑ Cf i 
     i=1 

The Cd is aimed at providing a measure of the degree of overall contamination in surface layers in 
a particular core or sampling site. The assessment of sediment contamination was carried out using the 
contamination factor and the degree of contamination and the data are presented in Table 4.  
 

Table 4 Contamination factor (Cf) and Degree of contamination (Cd) for Thengapattinam Estuary 
Station Cd 

 
(Cf) 

Cr 
 
(Cf) 

Cu 
 
(Cf) 

Fe 
 
(Cf) 

Mn 
 
(Cf) 

Pb 
 
(Cf) 

Zn 
 
(Cf) 

Degree of 
contamination 
      (Cd) 

1 0 0.2406 0.6142 0.0954 0.0570 0.2712 0.4759 1.7543 
2 0.6233 0.2618 0.4718 0.1284 0.0621 0.1224 0.5074 2.1772 
3 1.6467 0.3007 0.7458 0.3022 0.1601 1.0780 1.3979 5.6314 
4 0 0.26017 0.5009 0.0781 0.0147 0.1246 0.6759 1.6544 
5 0 0.2939 0.5798 0.0559 0.0117 0.3867 0.3874 1.7154 
6 0 0.2386 0.5718 0.0668 0.0599 0.2151 0.3697 1.5219 
7 0 0.2058 0.5189 0.0650 0.0384 0.2301 0.3377 1.3959 
8 0 0.2299 0.4369 0.1645 0.1047 0.3696 0.4583 1.7639 
9 0 0.2480 0.5704 0.1756 0.1184 0.4369 0.5859 2.1352 
10 0.4010 0.1455 0.3553 0.0197 0.0152 0.1821 0.2983 1.4171 
Mean 0.2671 0.2425 0.5366 0.1152 0.0642 0.3417 0.5494 2.1167 
 

In Thengapattinam estuary, maximum mean contamination factor was observed for Zn  for which 
Cf = 0.5494 (Table 4).The degree of contamination  was found to be high (5.6314) in station 3. In station 
3, the Cf for Cd, Pb and Zn was greater than unity indicating that the sediment at station 3 was moderately 
contaminated with these metals. Mean contamination factor of all the metals indicated that the estuary 
was contaminated with metals only to a lower degree. Based on the values of Cd , all the stations were 
found to be of low contamination with metals. On the basis of the mean values of Cf, Thengapattinam 
sediments were enriched with metals in the following order: Zn> Cu> Pb> Cd> Cr> Fe> Mn. 
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Enrichment factor of heavy metals (EF) 
Enrichment factor [33] was employed to assess the degree of contamination and to understand the 

distribution of the elements of anthropogenic origin from sites by individual elements in sediments. Fe 
was chosen as the normalizing element while determining EF values, since in wetlands it is mainly 
supplied from sediments and is one of the widely used reference element [15,28,34]. Other widely used 
reference metal elements include Al and Mn [35]  

Enrichment factor = (Cn/Fe) sample/ (Cn/Fe) background,  
where, Cn is the concentration of element “n”. The background value is that of average shale [30]. 

An element qualifies as a reference one if it is of low occurrence variability and is present in the 
environment in trace amounts [34]. Elements which are naturally derived have an EF value of nearly 
unity, while elements of anthropogenic origin have EF values of several orders of magnitude [36]. A 
value of unity denotes no enrichment or depletion of elements relative to earth's crust.  Six categories are 
recognized:  < 1 background   concentration,   1- 2 depletion to minimal   enrichment, 2 –5 moderate 
enrichment, 5 – 20 significant enrichment, 20– 40 very high enrichment and > 40 extremely high 
enrichment [37]. 

EF values greater than 1.5 is a clear indication that the heavy metals derived from other sources 
suggesting environmental contamination by those particular heavy metals [38]. It is presumed that high 
EF values indicates an anthropogenic source of trace metals mainly from activities such as 
industrialization, deposition of industrial wastes etc. [38]. Measuring enrichment factor (EF) is an 
essential part of geochemical studies and is generally used to differentiate between the metals originating 
from anthropogenic and geogenic sources, and to assess the degree of metal contamination [39]. 
 

Table 5- Enrichment factor (EF) and Pollution load index (PLI) of heavy metals in sediments 
of Thengapattinam Estuary 

Station Cd Cr Cu Fe Mn Pb Zn PLI 
1 0.0000 2.5216 6.4386 1.000 0.5974 2.8424 4.9886 0.0000 
2 4.8548 2.0389 3.6744 1.000 0.4840 0.9529 3.9517 0.2337 
3 5.4496 0.9950 2.4681 1.000 0.5299 3.5676 4.6263 0.5967 
4 0.0000 3.3307 6.4139 1.000 0.1885 1.5955 8.6549 0.0000 
5 0.0000 5.2565 10.370 1.000 0.2096 6.9165 6.9284 0.0000 
6 0.0000 3.5695 8.5556 1.000 0.8959 3.2186 5.5316 0.0000 
7 0.0000 3.1674 7.9869 1.000 0.5912 3.5418 5.1977 0.0000 
8 0.0000 1.3975 2.6559 1.000 0.6367 2.2469 2.7862 0.0000 
9 0.0000 1.4122 3.2484 1.000 0.6740 2.4876 3.3363 0.0000 
10 20.320 7.3757 18.006 1.000 0.7708 9.2250 15.116 0.1189 
Max 20.320 7.3757 18.006 1.000 0.8959 9.2250 15.116  0.5967 
Min 0.0000 0.9950 2.4681 - 0.1885 0.9529 2.7862  0.0000 
Mean 3.0624 3.1065 6.9817 1.000 0.5578 3.6595 6.1118 0.0949 
SD 6.4323 1.9677 4.7267 0.000 0.2226 2.5259 3.5946  0.1928 

 
Also EF is a convenient measure for making comparisons between areas. Table 5 shows that the 

mean enrichment factors for Cd, Cr, Cu, Fe, Pb, Mn   and Zn vary between 0 and 10, indicating that the 
Thengapattinam sediments are not affected by anthropogenic influences. At station 10, the enrichment 
factor for Cd, Cu and Zn were high indicating anthropogenic source of trace metals, Cd, Cu and Zn 
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mainly from activities such as discharge from agricultural fields and deposition of industrial wastes etc. 
The results indicate that station 10 was affected by the  anthropogenic heavy metal loading from AVM 
canal and Tamirabarani River and it was the bar mouth which discharge these metals into the Arabian sea. 
Based on the EF values it may be concluded that all the stations of Thengapattinam estuary were equally 
enriched with one or more metals.  
 
Pollution Load Index (PLI) 

Pollution load index for each sample was evaluated as indicated below [40] 
Pollution load index= (Cf 1 x Cf 2 x.....x Cf n) 1/n                         

Where, n is the number of metals and Cf is the contamination factor. The PLI value > 1 indicates 
pollution whereas PLI value < 1 indicates no pollution [15,28]. This empirical index provides a simple, 
comparative means for assessing the level of heavy metal pollution. A value of zero indicates perfection, 
a value of one indicates only baseline levels of pollutants present and values above one would indicate 
progressive deterioration of the site and estuarine quality [40]. 

The PLI values for heavy metals Cd , Cr, Cu, Fe, Mn, Pb and Zn in the Thengapattinam estuary 
sediments are listed in Table 5 and they ranged from 0 to 0.5967 with a mean value of 0.0949.  At all 
sampling stations in the estuary, the PLI value was less than 1 suggesting perfection. 
 
Conclusion 

The results of this study provide valuable information on the metal contents of sediments from 
different stations of Thengapattinam estuary. Moreover these results can also be used to test the quality of 
the surface water and presence of chemical components in the sediment in order to evaluate the possible 
risk to the estuary. The assessment of the ecological risk using toxicity units based on numerical sediment 
quality guidelines (SQGs) and potential ecological risk indices indicated perfection in all sampling 
stations of Thengapattinam estuary. Therefore it can be concluded that the input of AVM canal into the 
Thengapattinam estuary is alone responsible for the pollution of the sediment and must be regarded as a 
major concern. 
 
References  
[1] K.P.Singh, Dinesh Mohan, Vinod K. Singh and Amrita Malik,  “Studies on distribution and 

fractionation of heavy metals in Gomti river sediments  —a tributary of the Ganges, India,” Journal 
of Hydrology, 2005,312, pp.14–27. 

[2] A.Kaushik, Ankur Kansal, Santosh, Meena, Shiv Kumari and C.P. Kaushik, “Heavy metal 
contamination of river Yamuna, Haryana, India: Assessment by Metal Enrichment Factor of the 
Sediments,” J. Hazard. Mater., 2009,164, pp. 265-270. 

[3] J.G.Lin, S.Y. Chen and C.R. Su, “Assessment of sediment toxicity by metal speciation in different 
particle-size fractions of river sediment,” Water Science and Technology, 2003,47 (7), pp. 233–
241. 

[4] J.Q.Yuen, P.H.Olin, H.S.Lim, S.G.Benner, R.A. Sutherland and  A.D. Ziegler, “Accumulation of 
potentially toxic elements in road deposited sediments in residential and light industrial 
neighborhoods of Singapore,” J. Environ. Manag., 2012,101, pp.151-163. 

[5] Junhong Bai, Baoshan Vui, Bin Chen, Kejiang Zhang, Wei Deng, Haifeng Gao and Rong Xiao, 
“Spatial distribution and ecological risk assessment of heavy metals in surface sediments from a 
typical plateau lake wetland China,” Ec. Modelling, 2011, 222, pp. 301-306. 



 
IJCPS Vol. 5, No,-1, Jan-Feb 2016 ISSN:2319-6602 

www.ijcps.org International Journal of Chemical and Physical Sciences 
 

Assessment of Heavy Metal Contamination and Sediment Quality of 
Thengapattinam Estuary in Kanyakumari District 

D. HELEN, C. VAITHYANATHAN AND  
A. RAMALINGOM PILLAI 

- 16 - 

 

[6] A.A.Adepoju-Bello, O.O.Ojomolade, G.A.Ayoola and  A.A.B.Coker, “Quantitative analysis of 
some toxic metals in domestic water obtained from Lagos metropolis,” The Nig. J. Pharm., 2009, 
42 (1), pp. 57-60. 

[7] WHO, “Water for Pharmaceutical Use. In: Quality Assurance of Pharmaceuticals: A Compendium 
of Guidelines and Related Materials,” 2nd Updated Edn., World Health Organization, Geneva, 
2007, 2, pp. 170-187. 

[8] U. Mendie, “The Nature of Water. In: The Theory and Practice of Clean Water Production for 
Domestic and Industrial Use. Lagos: Lacto-Medals Publishers,” 2005, pp. 1-21. 

[9] L. G.Toluna, O.S.Okaya, A. F.Gainesb, M.Tolayc, H.Tuefekceia and N.Koratlod, “The pollution 
status and the toxicity of surface sediments in Izmit Bay (Marmara Sea), Turkey,” Environ. Int., 
2001, 26 , pp. 63-168.  

[10] T.Venugopal, L.Giridharan  and M. Jayaprakash, “Characterization and Risk Assessment Studies of 
Bed Sediments of River Adyar- An Application of Speciation Study,” Int. J. Environ. Res., 2009, 
3(4), pp. 581-598.  

[11] C.Van de Guchte, “The sediment quality Triad: an integrated approach to assess contaminated 
sediments,” In: Newman, P. J., Piavaux, M. A., Sweeting, R. A (Eds), River Water Quality, 
Ecological Assessment and Control. Brussels, ECSC – EEC –EAEC, 1992, pp. 417 – 423.  

[12] P. M. Chapman, “The sediment quality triad: then, now, tomorrow,”  Int. J. Environ. Pollut., 2000, 
13, pp.351 – 360.  

[13] HU, Ying, Q.I. Shihua, W.U. Chenxi, K.E. Yanping, CHEN Jing, Wei CHEH, GONG Xiangyi, 
“Preliminary assessment of heavy metal contaminations in surface water and sediments from 
Honghu Lake,” East Central China, 2012.  

[14] R.T.T. Rantala and D.H. Loring, “Multi element analysis of silicate rocks and marine sediments by 
atomic absorption spectrophotometry,” At. Absorb., 1975,14, pp. 117 - 120. 

[15] B. R. R.Seshan, U.Natesan and K.Deepthi, “Geochemical and statistical approach for evaluation of 
heavy metal pollution in core sediments in southeast coast of India,” Int. J. Environ. Sci. Tech., 
2010, 7 (2), pp. 291-306. 

[16] D.D.MacDonald, C. G.Ingersoll and T.A. Berger, “Development and evaluation of consensus based 
sediment quality guidelines for fresh water ecosystems,” Arch Environ ContamToxicol., 2000, 39, 
pp. 20-31. 

[17] H.H.Hoda, Ahdy and Azza Khaled, “Heavy Metals Contamination in Sediments of theWestern Part 
of Egyptian Mediterranean Sea,” Australian Journal of Basic and Applied Sciences, 2009, 3(4), pp. 
3330-3336. 

[18] A.D. Eaton,  “Standard Methods for the Examination of Water and Waste Water,” 21st Edn. 
American Public Health Association, Washington, 2005, pp. 343-453. 

[19] WHO, “Guidelines for Drinking Water Quality,” 3rd Edition, World Health Organization,”  2004, 
pp. 515,516. 

[20] M.C. Newman, A.W. Mcintosh, “Metal Ecotoxicology:Concepts and Applications,” Lewis 
Publishing, Michigan, 1991, pp.399. 

[21] ATSDR, Agency for Toxic Substances and Disease Registry, “Toxicological Profile for Chromium. 
Atlanta,” GA: U.S. Department of Health and Human Service, Public Health Service, 1600 Clifton 
Road N.E, E-29 Atlanta, Georgia, 2000, 30333 (6-9), pp. 95-134. 

[22] J.H. Ottaway, “The Biochemistry of Pollution,” Come Lot Press London. 1978, pp.231. 



 
IJCPS Vol. 5, No,-1, Jan-Feb 2016 ISSN:2319-6602 

www.ijcps.org International Journal of Chemical and Physical Sciences 
 

Assessment of Heavy Metal Contamination and Sediment Quality of 
Thengapattinam Estuary in Kanyakumari District 

D. HELEN, C. VAITHYANATHAN AND  
A. RAMALINGOM PILLAI 

- 17 - 

 

[23] EPA, “Sediment Quality Guidelines developed for the national status and trends program,” 1999, 
Report No. 6/12/99.http://www.epa.gov/waterscience/cs/pubs.htm (Accessed in May 2004). 

[24] J.R.Turnland, “Copper nutrition, Bioavailability and influence of dietary factors,” J. Am. Dietetic 
Assoc., 1988, 1, pp. 303-308. 

[25] G. M. S Abrahim  and  P. J. Parker,  “Assessment of heavy metal enrichment factors and the degree 
of contamination in marine sediments from Tamaki Estuary, Auckland, New Zealand,” 
Environmental Monitoring and Assessment, 2008, 136(1-3), pp. 227–238. 

[26] S. M. Praveena, M.Radojevic, M. H. Abdullah and A. Z. Aris,  “Factor –cluster analysis and 
enrichment study of mangrove sediments –An example from Mengkabong Sabali,” The Malaysian 
Journal of Analytical Science, 2007, 2(2), pp. 421–430.  

[27] S. M. Praveena, A.Ahmed,  M.Radojevic, M. H.Abdullah, and A. Z Aris, “Heavy metals in 
mangrove surface sediment of Mengkabong lagoon, Sabah: Multivariate and geoaccumulation 
index approaches,” Int. J. Environ. Res., 2008, 2 (2), pp. 139-148. 

[28] M.Chakravarty and A. D. Patgiri, “Metal pollution assessment in sediments of the Dikrong River, 
NE India,”J. Hum. Ecol., 2009, 27 (1), pp. 63-67. 

[29] G. Muller, “Heavy metals in the sediment of the Rhine-Changes seity. 1971,” Umsch. Wiss. Tech., 
1979, 79, pp.778-783. 

[30] G.Müller, “Index of geoaccumulation in the sediments of the Rhine River,” Geojournal, 1969, 2, 
pp. 108–118. 

[31] K.K. Turekian and K.H. Wedepohl, “Distribution of the elements in some major units of earth's 
crust,” Bull. Geol. Soc. Am., 1961, 72, pp.175-192. 

[32] L.Hakanson, “An ecological risk indexes for aquatic pollution control a sedimentological 
approaches,” Water Research, 1980, 14, pp. 975-1001. 

[33] S. A. Simex and G. R. Helz, “Regional geochemistry of trace elements in Chesapeake Bay,” 
Environ. Geo., 1981, 3, pp. 315-323. 

[34] K.Loska, D.Wiechula,  B. Barska, E. Cebula and A.Chojnecka,  “Assessment of arsenic enrichment 
of cultivated soils in Southern Poland,” Pol. J. Environ. Stud., 2003, 12 (2), pp. 187– 192. 

[35] M. C. Ong and B. Y.Kamaruzzaman, “ An assessment of metal (Pb and Cu) contamination in 
bottom sediments from South China Sea coastal waters, Malaysia,” Am. J. Appl. Sci., 2009, 6 (7): 
pp. 1418-1423. 

[36] K.Sekabira, H.Oryem Origa, T. A. Basamba, G.Mutumba and E.Kakudidi, “Assessment of heavy 
metal pollution in the urban stream sediments and its tributaries,” Int. J. Environ. Sci. Tech., 2010, 
7 (3), pp. 435-446. 

[37] R. A. Sutherland, “ Bed sediment associated trace metals in an urban stream Oahu. Hawaii,” 
Environ. Geo., 2000, 39 (6), pp. 611-627. 

[38] P.S.Harikumar and T.S. Jisha, “Distribution pattern of trace metal pollutants in the sediments of an 
urban wetland in the southwest coast of India,” International Journal of Engineering Science and 
Technology , 2010, 2(5), pp. 840-850. 

[39] S.Olivares-Rieumont, D. D. L. Rosa, L. Lima, D. W.Graham,  K. D.Alessandro, J.Borroto,  
F.Martinez and J. Sanchez, “Assessment of heavy metal levels in Almendared River sediments-
Havana City, Cuba,” Water Res, 2005, 39, pp. 3945-3953. 

[40] D. C.Tomlinson, D. J. Wilson, C. R. Harris and D. W. Jeffrey, “Problem in assessment of heavy 
metals in estuaries and the formation of pollution index,” Helgol. Wiss.Meeresunlter, 1980, 33 (1-
4), pp. 566-575. 


