
 

 

     Abstract—Two short sediment cores collected from mangrove 
areas of Manori and Thane creeks along Mumbai coast were analysed 
for sediment composition and metals (Fe, Mn, Cu, Pb, Co, Ni, Zn, Cr 
and V). The statistical analysis of Pearson correlation matrix proved 
that there is a significant relationship between metal concentration 
and finer grain size in Manori creek while poor correlation was 
observed in Thane creek. Based on the enrichment factor, the present 
metal to background metal ratios clearly reflected maximum 
enrichment of Cu and Pb in Manori creek and Mn in Thane creek. 
Geoaccumulation index calculated indicate that the study area is 
unpolluted with respect to Fe, Mn, Co, Ni, Zn and Cr in both the 
cores while moderately polluted with Cu and Pb in Manori creek. 
Based on contamination degree, both the core sediments were found 
to be considerably contaminated with metals.  
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I. INTRODUCTION 

ANGROVES dominate the world’s coastline and are 
one among the most productive ecosystems, lying 

between the land and sea in the tropical and sub-tropical 
latitudes [1], [2]. Mangrove ecosystems are known for their 
activity viz. primary producers, shoreline protectors, nursery 
grounds and as habitats for a variety of animals. They play a 
crucial role in the biogeochemical cycling of phosphorus, 
carbon, nitrogen and other nutrients [3]. Throughout-welling 
of leaf litter and dissolved organic matter, mangroves act as 
detritus source to the adjacent oligotrophic marine food webs, 
supporting valuable estuarine and coastal fisheries [4]. 
Mangroves with their ability to trap sediments are believed to 
be an important sink of suspended sediments [5]-[8] which are 
introduced into coastal areas by river discharge. Mangrove 
sediments being anaerobic and reduced; with high sulphide 
and organic matter content, have a high capacity to retain 
heavy metals received from tidal water; river freshwater; 
stormwater runoff; atmospheric fallout and anthropogenic 
additions. Many mangrove ecosystems which are close to 
urban development areas [9] are therefore impacted by urban 
and industrial run-off, which contains trace and heavy metals 
in the dissolved or particulate form.  
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Maharashtra, one of the important coastal states of India, is 
endowed with unique mangrove diversity spread all along its 
720 km coastline, distributed in about 55 estuaries in five 
districts. Rapid developments like housing, industrialization 
and increasing population in and around Mumbai have 
resulted into degradation of most of the mangroves. In the 
present study, an attempt has been made to investigate the 
mangrove sediments of Manori and Thane creek with an aim 
to determine the concentration as well as the vertical 
distribution pattern of selected metals in sediment and, to 
understand the degree of anthropogenic influence on metal 
concentrations with the help of various pollution indices. 

II.  MATERIALS AND METHODS 

A. Study Area 

Manori Creek, located in north-western Mumbai, spreads 
around latitudes 19○11’N to 19○15’N and longitudes 72○47’E 
to 72○50’E (Fig. 1). The creek is fed by Dahisar River and has 
abundant mangroves, mudflats and low-lying marshy areas. 
The northern bank of the creek is relatively less developed and 
forms a natural beach. The upstream part of the creek is 
known as the Gorai Creek. The creek is shallow and receives 
semidiurnal tides with spring and neap of 3.5 and 1.8 m 
respectively, in the mouth area, that result in good tidal 
flushing of the lower reaches. There are no major industrial 
units in the area, however point discharges of domestic 
wastewater in the inner creek might exert some influence on 
water quality.  

 
Fig. 1 Map showing Sampling locations 

 
The Thane creek lies at latitudes 19○00’N to 19○15’N and 

longitudes 72○55’E to 73○00’E. The creek is fringed with 
mangroves along both the banks coupled with heavy 
industrialization and urbanization. Geologically, Mumbai - 
Thane region is part of the Deccan trap that was formed by 

Lina Fernandes, G. N. Nayak and D. Ilangovan 

Geochemical Assessment of Metal 
Concentrations in Mangrove Sediments       

along Mumbai Coast, India 

M 

International Journal of Civil and Geological Engineering 6 2012

15



 

 

volcanic effusions at the end of the cretaceous period [10]. 
The creek is narrow and shallow at the riverine end and 
broader and deeper towards the sea. It receives about 294 mld 
(million liters per day) and 145 to 260 mld of industrial and 
domestic wastes, respectively, within Thane city limits [11]. 
The diversified industries along the banks of the creek, which 
includes chemical, textile, pharmaceutical, engineering and 
major fertilizer complex, release through their effluents high 
levels of nitrates and phosphates into the creek [12]. Both the 
creeks are found to be dominated by Avicennia mangrove 
species. However, in the case of Thane more cutting of 
mangrove for various purposes such as for fuel, acquiring land 
for aquaculture ponds, solid waste dumping, reclamation of 
mudflat for road, bridge, building construction etc., have 
resulted in destruction of mangroves [13] as compared to 
Manori, which sustains a better coverage and harbours dense 
mangrove formation. 

B. Sampling and Analysis 

In order to meet the objectives of the study, sediment cores 
of 38 and 68 cm lengths were collected from the mangrove 
regions of Manori and Thane creek respectively (Fig. 1), by 
driving a hand held PVC tube (150 cm length and 6.5 cm 
diameter) into the sediment. The sampling was carried out at 
low tide when the regions were well exposed. Both the cores 
were collected to represent mangroves near creek mouths, 
however, Manori core was sampled at some distance away 
from the creek mouth while the Thane core was collected 
closer to the creek mouth. GPS was used to determine the 
geographical co-ordinates. 

In the laboratory, the cores were sectioned at 2 cm interval, 
transferred to labeled polythene bags and maintained at low 
temperature (4○C) till further analysis. Later, the subsamples 
were oven dried at 60oC. Analysis of sediment component was 
carried out using standard sieve and pipette techniques [14]. 
For the remaining parameters, the sediment was ground and 
homogenized using mortar and pestle. Total organic carbon 
(TOC) content was determined based on Walkley and Black 
[15], Total Nitrogen (TN) and Total Phosphorus (TP) by 
Grasshoff [16] method. For elemental analysis, samples were 
completely dissolved and dried on a hot plate using mixed 
acid (HF: HNO3: HClO4) [17]. The digested samples were 
then aspirated for Al, V, Fe, Mn, Cu, Pb, Co, Ni, Zn and Cr 
with the help of Varian AA 240 FS flame atomic absorption 
spectrometry (AAS) with an air/acetylene flame for all of the 
above elements except for Al and V (nitrous oxide/acetylene 
flame was employed) at specific wavelengths. Together with 
the samples, certified reference standard from the Canadian 
National Bureau of Standards (BCSS-1) was digested and run, 
to test the analytical and instrument accuracy of the method. 
The recoveries were between 86-91 % for Fe, Cu, Ni and Al; 
87-92 % for Mn and Co; 80-85 % for Pb and Zn; 90-95 % for 
Cr; 82-90 % for V, with a precision of +6 % standard 
deviation. Pearsons correlation test at p<0.05 was employed to 
verify the possible relation among the variables studied using 
the software STATISTICA 6.0. 
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 Fig. 2 Range and average for a) Manori core and b) Thane core 

III.  RESULTS AND DISCUSSION 

A. Association of Metals with Organic Matter And Sediment 
Components 

Organic carbon and clay contents are major controlling 
factors that have influence on the binding of heavy metals 
[18]-[20]. This can be demonstrated by correlating heavy 
metal concentrations with organic carbon and clay content. 
The significant correlations observed between TOC with TN 
(r= 0.46) and TN with Cu (r= 0.51), Ni (r= 0.65) and Zn (r= 
0.53) in Manori core; TOC with Cu (r= 0.61), Co (r= 0.36) 
and Zn (r= 0.59), and TN with Mn (r= 0.41) in Thane core 
indicates that they have a common source. This suggests that, 
probably these metals may have been introduced to the creek 
via organic materials. In coastal environments such as in 
mangroves, the associations between organic matter, -
granulometric fractions, heavy metals and base cations act as 
functions of ionic strength of sediment solution and surface 
cation complexation [21]. Also in Manori core, the 
concentrations of TOC, TN, Ni and Zn are found to increase 
near the surface as compared to the bottom. The increase of 
chemical material deposition to coastal waters can be related 
to intensive applications of inorganic fertilizers and also to the 
population growth [22].  Further, increasing inputs of land 
derived sedimentary matter [23]; and organic C and N-
contained materials [24] associated with urban wastes, must 
have also contributed to the increase of these elements.  
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In the case of sediment components, all the elements 
studied show a strong correlation with clay in Manori core 
while in Thane core such association is not observed, even 
though, both the mangrove areas are found to exhibit 
dominance of finer sediment fraction (Fig 2). Therefore, it 
must be the difference in sediment composition and the 
proximity of the study area to the mouth of the creek that must 
be resulting in the above observation. Manori core was 
collected further away from the main channel of the creek 
mouth as compared to the Thane core, which was sampled 
closer to the proximity of the creek mouth. Due to lack of 
vigorous water motion in Manori, the fine sediments tend to 
settle on the bottom along with organic matter, rather than get 
widely dispersed by flushing which is the case for Thane. Fine 
material, with a larger surface to volume (or weight) ratio, has 
a greater potential to scavenge both inorganic and organic 
pollutants from the water column [25]. As a result, 
mud/silt/clay sediments with high organic content retain more 
contaminants than relatively coarse sandy sediment [26]. 
Fernandes and Nayak [27] found similar observation in a 
study carried out on estuarine mudflats of Mandovi River. 

When the depthwise plot of metals (Fig 3) are observed in 
Manori core, the redox-sensitive elements viz. Fe and Mn are 
found to correlate well with each other and accordingly 
control the vertical distribution of most of the metals (Cu, Pb, 
Co, Ni, Zn, Cr and V), especially in the lower portion of the 
core. This significant correlation between Fe and Mn suggests 
the presence of Fe/Mn compounds and their strong association 
to the geochemical matrix. According to the study of 
Zabetoglou et al. [28], Fe and Mn oxides/hydroxides have 
high affinity with most trace metals and Fe often correlates 
with concentrations of other metals in aquatic environments. 
However, such a correlation is not seen in the case of Thane 
core (Fig 4), where only Mn is found to correlate well with 
most of the studied elements as compared to Fe indicating Mn 
is the major source for metal absorption at this location. The 
statistical analysis of intermetallic relationship reveals high 
degree of positive correlations among the metals studied for 
both the cores. However, Manori core shows a better metal-
metal association as compared to Thane core. These 
associations can be explained in terms of identical source; 
identical behaviour of the metals during their transportation 
[29] and/or post depositional processes. 
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B. Pollution Indices 

Mangrove sediments have been extensively studied all over 
the world to assess the pollution status of the sediments. For 
example, a study carried out by Kehrig et al. [30] in Jequia 
mangrove forest, Brazil concluded that the mangrove forest 
had been polluted with heavy metals by the anthropogenic 
sources surrounding the estuary while, Ramanathan et al. [31] 
reported the concentration of heavy metals in Pichavaram 
mangrove forest in India were generally below the levels 
found in polluted and unpolluted estuaries and mangroves. 
Increase of heavy metals in the mangrove sediment was 
attributed to the abundance of fine particle with greater surface 
area by Forstner and Wittman [32] and precipitation of metals 
as hydroxide coating (mainly Fe and Mn) over finely 
dispersed particles [33]. In the present study, in order to 
evaluate the levels of sediment contamination, Enrichment 
factor (EF), Index of geoaccumulation (Igeo), Contamination 
factor (Cf) for each of the metals; Contamination degree (Cd) 
and Pollution load index (PLI) for each creek was calculated. 

1. Enrichment Factor (EF) 

The EF is a convenient measure of geochemical trends and 
is used for making comparisons between areas [34]. The 
values of EFs are obtained using equation 1,  

             EF = [(metal/Al)]sample/ [(metal/Al)]shale            (1) 
Where (metal/Al)sample is the metal to Al ratio in the sample of 
interest, (metal/Al)shale is the natural background value of 
metal to Al ratio [35].  The concentrations of average shale 
given by Turekian and Wedepohl [36] have been adopted as 
the background value for this study. EFs close to 1.5 indicate 
crustal origins while those greater than 1.5 are considered to 
be of non-crustal source [37].  

The calculation of enrichment factor for both the cores 
show that most of the selected metals are enriched in the 
mangrove sediments. In Manori core, Pb and Cu (avg. 4.50 
and 3.93) have the highest EF values among the metals 
studied. Co, Zn, Cr, V and Mn have minor enrichment (avg. 
1.82, 1.86, 1.93, 1.98 and 2.14, respectively) whereas Ni 
exhibits the lowest EF value (avg. 1.31). In the case of Thane 
core, Mn shows the highest EF value (average 2.30) followed 
by Cu (avg. 1.99), Pb and Co (avg. 1.90), Ni (avg. 1.85), Cr 
(avg. 1.32) and Zn (avg. 1.23). V (avg. 1.09) exhibits the 
lowest EF value. Factors like enhanced organic matter content, 
flocculation due to varying salinity regimes [38] and 
transportation of sea sediments to the coastal zone [39]-[41] 
contribute significantly towards the enrichment of heavy 
metals in sediments. When the EF is observed for the entire 
length of Manori core, high values are seen in the upper 
portion compared to the lower portion of the core for all the 
metals except Mn and Co. This clearly indicates the creek is 
getting enriched with metals of anthropogenic origin. Study by 
Fernandes et al. [42] on mudflats along Manori creek showed 
high metal enrichment in recent sediments. On the other hand 
in Thane creek, the values are higher for Fe, Mn, Cu, Co and 
Ni in the upper few cm of the core. The enhanced values of 
trace metals might have resulted from an increase in 
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anthropogenic fluxes related to the urban and industrial 
development in recent years.  

2. Index of Geoaccumulation (Igeo) 

The Igeo introduced by Muller [43] is used to assess metal 
pollution in sediments given by equation 2,  

         Igeo = Log2 (Cn/1.5Bn)                              (2) 
Where, Cn = measured concentration of heavy metal in the 
mangrove sediment, Bn = geochemical background value in 
average shale [36] of element n and 1.5 is the background 
matrix correction factor due to lithogenic effects. 
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Fig. 5 Metal concentration and Igeo plot for mangrove core from 

Manori creek (Fe unit is %) 
 

Karbassi et al. [44] elaborated that Igeo values can be used 
effectively and are more meaningful in explaining the 
sediment quality. The Igeo index, when computed for Manori 
core (Fig. 5), shows that all the metals fall within Class 1 and 
Class 2 of Muller’s grade scale (Table I). This suggests that 
the mangrove sediments of Manori creek are moderately 
polluted with Pb and Cu while unpolluted with respect to the 
remaining metals. From the values of Igeo calculated, 
vehicular traffic in the populated stretch of this creek as well 
as mechanized boats for fishing may have lead to the emission 
of Pb and its deposition at local scale. The increasing use of 
Cu as anti-fouling agent on fishing trawlers and other 
commercial boats being operated in the study area might be 
one of the reasons for the increase in Cu concentration in 
recent years [45]. 
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Fig. 6 Metal concentration and Igeo plot for mangrove core from 

Thane creek (Fe unit is %) 
 
 
 
 
 

 

TABLE I 
GEOACCUMULATION INDEX PROPOSED BY MULLER (1979) 

 
In Thane creek, all the elements except for a few 

subsamples for Mn falls in unpolluted to moderately polluted 
class (Fig. 6). Also, the Mn value is found to fluctuate to the 
moderately polluted class as the depth increases. An extensive 
study carried out by Sharma et al. [46] in the Thane creek-
Bombay harbour complex, reported higher concentration of 
Mn with depth in the coastal areas around Thane creek. This 
was attributed to authogenic source of Mn in the form of 
hydroxide floccules. Further, they suggested that the dissolved 
Mn when entering the sea comes in contact with alkaline and 
oxidizing environments and tends to precipitate as insoluble, 
finely divided MnO. However in the recent years, increase in 
organic pollutant loads might have resulted in the decrease of 
the authigenic Mn precipitation. The high organic matter must 
have lowered the dissolved oxygen content of water which 
consequently decreased the flocculation intensity of MnO in 
the water column resulting in observed lower Mn 
concentration. 

3. Contamination Degree (Cd) 

The assessment of the overall contamination of sediment 
was attempted based on the degree of contamination (Cd). The 
sum of the contamination factors of all elements examined 
represents the contamination degree (Cd) of the environment 
(Equation 3). 

                  ∑
=

=
m

i

CfiCd
1

                                       (3) 

Cf = Ce/Cb, where Ce = concentration of the element in 
sediment samples, Cb = background value for the element 
taken from average shale [37], m are multiple metals. The 
following four classes [47], [48] have been used to define the 
degree of contamination of each creek in the present study.  

Pollution Intensity Sediment 
Accumulation Igeo class 

Very strongly polluted >5 6 
Strongly to very strongly polluted 4-5 5 

Strongly polluted 3-4 4 
Moderately to strongly polluted 2-3 3 

Moderately polluted 1-2 2 
Unpolluted to moderately polluted 0-1 1 

Practically unpolluted <0 0 
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Cd <7=low degree of contamination, 7 ≤ Cd < 14 = moderate 
degree of contamination, 14 ≤ Cd < 28 =considerable degree 
of contamination, Cd≥28 =very high degree of contamination. 
The values of contamination degree for metals for Manori and 
Thane cores (Table II) indicate considerable degree of 
contamination. However, the values are found to be higher in 
Manori creek as compared to Thane creek. This observation 
can again be attributed to the different sampling location of 
the core, with respect to mouth and tidal flushing influence on 
the locations. 

4. Pollution Load Index (PLI) 

Tomlinson et al. [49] employed a simple method based on 
PLI to assess the extent of pollution by metals in estuarine 
sediments [50]. PLI is calculated using the equation 4, 

...** 21 CfCfnPLI =                                       (4) 

Where, Cf is the contamination factor, n the number of metals 
and world average concentration of elements reported for 
shale are taken as their background values [36]. The PLI 
represents the number of times by which the metal content in 
the sediment exceeds the average natural background 
concentration, and gives a summative indication of the overall 
level of heavy metal toxicity in a particular sample. The PLI 
value of > 1 is polluted whereas < 1 indicates no pollution. In 
the present study, the PLI values of Manori core (Table II) are 
found to decrease with depth while that of Thane core (Table 
II) show an increase. In Manori creek, increase in recent 
sediments may be due to the influence of external discrete 
anthropogenic sources like agricultural runoff and atmospheric 
inputs.  

IV.  CONCLUSION 

The results of the present investigation essentially 
contribute to the knowledge on the extent of pollution of 
sediments of Mumbai creeks. The present study carried out on 
sediment cores from mangrove ecosystem of Mumbai region, 
helped in understanding distribution and concentration of 
elements with time. The different indices of pollution 
computed indicate that the mangrove sediments are 
moderately polluted with Pb and Cu in Manori creek and with 
Mn in Thane creek; while unpolluted with respect to the other 
elements studied. Further, it is seen that finer sediment 
components and organic matter along with Fe and Mn oxides 
play an important role in concentration and remobilization of 
elements in the mangrove sediments especially in Manori 
core. From the study we can conclude that the core collected 
from Mangrove region of Thane creek being close to the 
proximity of the sea did not act as a sink for metal deposition. 
The wastewater discharged through drains and tidal tributaries 
get flushed into the sea before they could get absorbed onto 
the suspended matter and settle. On the other hand, the 
mangrove core sampled from Manori creek showed some 
signs of metal deposition especially for Cu and Pb. Pb from 
vehicular traffic and use of Cu in anti fouling paints must be 
the prime source of pollution. 

 

REFERENCES   
[1] K. Kathiresan, and B. L. Bingham, Biology of mangroves and mangrove 

ecosystems. Advance in Marine Biology, vol. 40, pp. 81-251, 2001. 
[2] K. Kathiresan, Greening the blue mud!. Revista De Biología Tropical, 

vol. 50, pp. 869-874, 2002. 
[3] J. S. Bunt, How can fragile ecosystems best be conserved? In: Hsu¨ KJ, 

Thiede J (Eds). Use and misuse of the seafloor (Dahlem workshop 
reports: environmental science research report 11). Wiley, Chichester, 
1992, pp. 229-242. 

[4] G. Singh, A. L. Ramanathan, and M. B. K. Prasad, Nutrient cycling in 
mangrove ecosystem: A brief overview. Journal of Ecology and 
Environmental Science, vol. 30(3), pp. 231-244, 2005. 

[5] C. Woodroffe, Mangrove sediments and geomorphology. In A. I. 
Robertson and D.M. Alongi (Eds). Tropical mangrove ecosystem, 
American Geophysical Union, Washington D.C., 1992, pp.7-41. 

[6] E. Wolanski, P. Mazda, and P. Ridd, Mangrove hydrodynamics. In A.I. 
Robertson and D.M. Alongi (Eds.). Tropical mangrove ecosystem, 
American Geophysical Union, Washington D.C., 1992, pp. 436-462. 

[7] E. Wolanski, B. King, and D. Galloway, Dynamics of the turbidity 
maximum in the Fly River estuary, Papua New Guinea. Estuarine, 
Coastal and Shelf Science, vol. 40, pp. 321-337, 1995. 

[8] K. Furukawa, E. Wolanski, and H. Mueller, Currents and sediment 
transport in mangrove forests. Estuarine Coastal and Shelf Science, vol. 
44, pp. 301-310, 1997. 

[9] M. Preda, and M. E. Cox, Trace metal occurrence and distribution in 
sediments and mangroves, Pumicestone region, southeast Queensland, 
Australia. Environment International, vol. 28, pp. 433-449, 2002. 

TABLE II 
POLLUTION LOAD INDEX OF MANORI AND 
THANE CREEKS FOR SELECTED METALS 

Depth 
(cm) 

Manori Thane 

 Cd PLI Cd PLI 

2 21.72 2.39 18.30 1.87 
4 21.60 2.35 19.27 1.98 
6 20.58 2.08 17.92 1.81 
8 20.82 2.14 19.03 1.99 
10 21.68 2.32 19.42 2.04 
12 22.35 2.38 18.82 1.98 
14 23.08 2.42 17.89 1.89 
16 22.51 2.34 18.76 1.98 
18 22.86 2.32 19.28 2.03 
20 22.54 2.32 18.69 1.97 
22 22.54 2.33 19.70 2.07 
24 22.67 2.34 19.63 2.08 
26 24.15 2.48 18.45 1.94 
28 21.90 2.19 20.67 2.23 
30 22.46 2.30 20.36 2.19 
32 21.25 2.22 20.04 2.17 
34 21.12 2.29 19.77 2.11 
36 10.28 1.07 19.36 2.07 
38 15.51 1.61 18.08 1.95 
40   19.09 2.07 
42   19.11 2.08 
44   19.64 2.13 
46   18.91 2.04 
48   19.59 2.13 
50   19.06 2.07 
52   18.99 2.06 
54   19.48 2.12 
56   19.65 2.12 
58   20.06 2.15 
60   19.35 2.06 
62   21.17 2.27 
64   20.33 2.17 
66   20.00 2.08 
68   20.20 2.12 

 

International Journal of Civil and Geological Engineering 6 2012

19



 

 

[10] F. Blasco, Mangroves of India (Les Mangroves de’ Inde) Institute 
Francias De Pondichery, Travaux de la section. Scientifique et 
Technique, Tome XIV. Fascicule 1, 1975, pp.175. 

[11] TMC-ES, Environmental status report prepared by the pollution control 
cell of Thane Municipal Corporation, 2000, pp.118. 

[12] G. Quadros, S. Sukumaran, and R. P. Athalye, Impact of the changing 
ecology on intertidal polychaetes in an anthropogenically stressed 
tropical creek, India. Aquatic Ecology, vol. 43, pp. 977-985, 2009. 

[13] M. U. Borkar, G. Quadros, and R. P. Athalye, Threats to the Mangroves 
of Thane Creek and Ulhas River Estuary, India. Journal of Coastal 
Development, vol. 11(1), pp. 48 – 56, 2007. 

[14] R. L. Folk, Petrology of sedimentary rocks. Hemphill, Austin, Texas, 
1974, pp.182. 

[15] A. Walkey, and I. A. Black, An examination of the degtjareff method for 
the determining organic matter and a proposed modification of the 
chromic acid titration method. Soil Science, vol. 37, pp. 29-38, 1934. 

[16] K. Grasshoff, Methods of Seawater Analysis, Verlag Chemie, Weinheim, 
1999, pp.205. 

[17] I. J. Jarvis, and K. Jarvis, Rare earth element geochemistry of standard 
sediments: a study using inductively coupled plasma spectrometry. 
Chemical Geology, vol. 53, 335-344, 1985. 

[18] A. J. De Groot, W. Salomons, and  E. Allersma, Processes affecting 
heavy metals in estuarine sediments, In J.D. Burton and P.S. Liss (Eds). 
Estua. Chem, London. Academic Press, 1976, pp.131-153. 

[19] C. A. Fletcher, J. M. Bubbs, and J. N. Lester, Magnitude and distribution 
of contaminants in five salt marshes on the Essex coast, United 
Kingdom. I. Addressing the problem, site description and physico-
chemical parameters. Science of the Total Environment, vol. 155, pp. 
312-345, 1994. 

[20] J. P. Williams, J. M. Bubbs, and J. N. Lester, Metal accumulation within 
saltmarsh environments: A review. Marine Pollution Bulletin, vol. 28, 
pp. 277-290, 1994. 

[21] A. H. Hussein, and M. C. Rabenhorst, Tidal inundation of transgressive 
coastal areas: pedogenesis of salinization and alkalinization. Soil Science 
Society of America Journal, vol. 65, 536-544, 2001. 

[22] J. C. Cornwell, D. J. Conley, M. Owens, and J. C. Stevenson, Sediment 
chronology of the eutrophication of Chesapeake Bay. Estuaries, vol. 19, 
pp. 488-499, 1996. 

[23] J. K. Stull, R. B. Baird, and T. C. Heesen, Marine sediment core profiles 
of trace constituents offshore of a deep wastewater outfall. Journal of 
Water Pollution Control Federation, vol. 58, 985–991, 1986. 

[24] B. P. Finney, and C. A. Huh, History of metal pollution in the Southern 
California Bight: An update. Environmental Science and Technology, 
vol. 23, pp. 249-303, 1989. 

[25] S. D. Madiseh, A. Savary, H. Parham, and S. Sabzalizadeh, 
Determination of the level of contamination in Khuzestan coastal waters 
(Northern Persian Gulf) by using an ecological risk index. 
Environmental Monitoring and Assessment, vol. 159, pp. 521–530, 
2009. 

[26] S. D. De Mora, and M. R. Sheikholeslami, ASTP: Contaminant 
screening program: Final report: Interpretation of Caspian Sea sediment 
data. Caspian Environment Program (CEP), 2002, pp.27. 

[27] L. Fernandes, and G. N. Nayak, Distribution of sediment parameters and 
depositional environment of mudflats of Mandovi estuary, Goa, India. 
Journal of Coastal Research, vol. 25, 273-284, 2009. 

[28] K. Zabetoglou, D. Voutsa, and C. Samara, Toxicity and heavy metal 
contamination of surficial sediments from the Bay of Thessaloniki 
(Northwestern Aegean Sea) Greece. Chemosphere, vol. 49, 17-26, 2002. 

[29] A. Kumar, I. Kaur, and R. P. Mathur, Water quality and metal 
enrichment in bed sediments of the rivers Kali and Hindon, India. 
Environmental Geochemistry and Health, vol. 20, pp. 53–60, 1998. 

[30] H. A. Kehrig, F. N. Pinto, I. Moreira, and O. Malm, Heavy Metals and 
Methylmercury in a Tropical Coastal Estuary and a Mangrove in Brazil. 
Organic Geochemistry, vol. 34, 661-669, 2003. 

[31] A. L. Ramanathan, V. Subramaniam, R. Ramesh, S. Chidambaram, and 
A. James, Environmental Geochemistry of the Pichavaram Mangrove 
Ecosystem (tropical), Southeast Coast of India. Environmental Geology, 
vol. 37, 223-233, 1999. 

[32] U. Forstner, and G. T. W. Wittman, Metal pollution in the aquatic 
environment. Springer- Verlag, vol. 110, 1983, pp.196. 

[33] A. J.  De Groot, and E. Allersma, Field observations on transport of 
heavy metals in sediments. In P. A. Krenkel. Heavy Metals in the 
Aquatic Environment, Oxford: Pergamon Press, 1975, pp.85–95. 

[34] S. A. Sinex, and G. R. Helz, Regional geochemistry of trace elements in 
Chesapeake Bay sediments. Environmental Geology, vol. 3, pp. 315–
323, 1981. 

[35] H. Feng, X. Han, W. Zhang, and L. Yu, A preliminary study of heavy 
metal contamination in Yangtze River intertidal zone due to 
urbanization. Marine Pollution Bulletin, vol. 49, pp. 910–915, 2004. 

[36] K. K. Turekian, and K. H. Wedepohl, Distribution of the elements in 
some major units of the earth’s crust. Bulletin of Geological Society of 
America, vol. 72, pp. 175-192, 1961. 

[37] J. Zhang, and C. L. Liu, Riverine composition and estuarine 
geochemistry of particulate metals in China - Weathering features, 
anthropogenic impact and chemical fluxes. Estuarine, Coastal and Shelf 
Science, vol. 54, pp. 1051-1070, 2002. 

[38] E. R. Sholkovitz, Flocculation of dissolved organic and inorganic matter 
during the mixing of river water and seawater. Geochimica et 
Cosmochimica Acta, vol. 40, pp. 831–845, 1976. 

[39] B. Rubio, M. A. Nombela, and F. Vilas, Geochemistry of major and 
trace elements in sediments of the Ria de Vigo (NW Spain): An 
assessment of metal pollution. Marine Pollution Bulletin, vol. 40, pp. 
968-980, 2000. 

[40] P. Seralathan, S. Srinivasalu, A. L. Ramanathan, G. V. Rajamanickam, 
R. Nagendra, and S. R. Singarasubramanian, Post tsunami sediments 
characteristics of Tamilnadu Coast, G.V. Rajamanickam (Ed.), 26th 
December 2004 tsunami causes, effects remedial measures, pre and post 
tsunami disaster management, a geoscientific perspective, New Delhi: 
New Academic Publisher, 2006, pp. 124- 149. 

[41] R. Ramesh, A. Kumar, A. B. Inamdar, P. M. Mohan, M. Prithviraj, and 
S. Ramachandran, Tsunami characterization and mapping in Andaman 
and Nicobar islands, G.V. Rajamanickam (Ed.) 26th December 2004 
tsunami causes, effects remedial measures, pre and post tsunami 
disaster management, a geoscientific perspective, New Delhi: New 
Academic Publisher, 2006, pp.150-174. 

[42] L. Fernandes, G. N. Nayak, D. Ilangovan, and D. V. Borole, 
Accumulation of sediment, organic matter and trace metals with space 
and time, in a creek along Mumbai coast, India. Estuarine, Coastal and 
Shelf Science, 91, pp. 388-399, 2011. 

[43] G. Muller, Schwermetalle in den sedimenten des Rheins - 
Veranderungen seit (1971). Umschau, vol. 79, 778-783, 1979. 

[44] A. R. Karbassi, I. Bayati, and F. Moatta, Origin and chemical 
partitioning of heavy metals in riverbed sediments. International Journal 
of Environmental Science and Technology, vol. 3, pp. 35-42, 2006. 

[45] L. Fernandes, and G. N. Nayak, Sources and factors controlling the 
distribution of metals in mudflat sedimentary environment, Ulhas 
estuary, Mumbai, Indian Association of Sedimentologists, vol. 29, pp 71-
83, 2010. 

[46] P. Sharma, D. V. Borole, and M. D. Zingde, 210-Pb geochronology and 
trace element composition of the sediments in the vicinity of Bombay, 
west coast of India. Marine Chemistry, vol. 47, pp. 227-241, 1994. 

[47] L. Hakanson, An ecological risk index for aquatic pollution control. A 
sedimentological approach. Water Research, vol. 14, pp. 995–1001, 
1980. 

[48] A. E. Aksu, D. Yasar, and O. Uslu, Assessment of marine pollution in 
Izmir Bay: Heavy metal and organic compound concentrations in 
surficial sediments, Izmir. Turekian Journal of Engineering and 
Environmental Sciences, vol. 22, 387–415, 1998. 

[49] D. C. Tomlinson, J. G. Wilson, C. R. Harris, and D. W. Jeffery, 
Problems in the assessment of heavy metals levels in estuaries and the 
formation of a pollution index. Helgoländer Wissenschaftliche 
Meeresuntersuchungen, vol. 33 (1-4), pp. 566-575, 1980. 

[50] D. Satyanarayana, P. K. Panigrahy, and S. D. Sahu, Metal pollution in 
harbor and coastal sediments of Visakhapatnam, east coast of India. 
Indian Journal of Marine Science, vol. 23 (1), pp. 52-54, 1994. 

International Journal of Civil and Geological Engineering 6 2012

20




