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a b s t r a c t

This review is the first attempt to comprehend the changes in metal contamination levels in surface estu-
arine sediments with changing time around India. Contamination factor, geoaccumulation index, pollu-
tion load index, effects range low and effects range median analysis were used to evaluate the quality
of the estuarine sediments (by using the available literature data). This study suggests that estuarine sed-
iments from the east coast of India were comparatively less contaminated by metals than the west coast.
Sediments from those estuaries were found to be more contaminated by metals on which major cities are
located. An improvement in estuarine sediment quality (in terms of metal contamination) over time
around India was noticed. This study provides managers and decision-makers of environmental protec-
tion agency with a better scientific understanding for decision-making in controlling metal pollution in
estuarine sediments around India.
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1. Introduction

With rapid industrialization and economic development, metals
are continuing to be introduced to estuarine sediments via several
pathways and may potentially result in associated environmental
and health problems. Heavy/trace meals are one of the serious pol-
lutants in our natural environment due to their toxicity, persis-
tence and bioaccumulation problems (Chakraborty et al., 2010).
Trace/heavy metals in natural waters and their corresponding sed-
iments have become a significant topic of concern for scientists
and engineers in various fields associated with water quality, as
well as a concern of the general public. It has been reported that
estuarine sediments are contaminated mostly with heavy/trace
metals. They serve as filter for many pollutants between land
and sea (Chapman and Wang, 2001). Estuarine sediments appear
to be major repositories for metals. The environmental problems
of estuarine sediment pollution by heavy/trace metals have re-
ceived increasing attention in the last few decades in both develop-
ing and developed countries throughout the world (Zhang et al.,
2007).

It has been widely recognized that heavy/ trace metals con-
tent in sediments can be useful in assessing the quality of the
sediments (Burton and Scott, 1992; Caccia et al., 2003). However
total metal concentrations in sediment are not a good indicator
of predicting their bioavailability and toxicity. Knowledge of dis-
tribution and speciation of metals in sediments is necessary for
providing a better understanding of their potential impacts at
elevated concentrations in environments. Several studies have
been carried out to understand the distribution of total metals
content in sediments of the Indian estuaries over the last few
decades (Tables 1 and 2); nevertheless, the information is quite
limited for metal distributions and their speciation in the estua-
rine sediments of India. The rapid population growth along with
the sharp increase of industrial and agricultural developments
may lead to an irrevocable metal pollution of Indian rivers. An
effort was made (in this review) to provide a better understand-
ing of metals contamination and their changes with the progress
of industrialization and urbanization in estuarine sediments
around India.

The degree of quantification of metal pollution in sediments has
been determined with respect to the metal concentrations in aver-
age shale (Förstner and Wittmann, 1983; Muller, 1979). Some
authors (Baruah et al., 1998) have considered the background va-
lue of their area of study to be the geometric mean of concentra-
tion at the different sample sites, which is the antilog of the
arithmetic average of log10 (log to the base 10) of the concentra-
tion values. The composition of upper continental crust (UCC)
(Taylor and McLennan, 1985) was used as the background
concentration (provided as supporting document, Table 1SD) to
theoretically predict the contamination factors (CF), pollution load
index (PLI), geoaccumulation index (Igeo) in estuarine sediments
around India (by using the data available in the literature). The
ERL (effects range low)/ERM (effects range median) analysis was
also used to understand estuarine sediment quality. The objectives
of this work were to (i) understand the distributions of metals in
the estuarine sediments (from 8 major estuaries) (ii) understand
the variation in the PLI, CF, and Igeo with respect to time and (iii)
understand the contribution of human activities on metal loading
in estuarine sediments around India. The summary of this review
is expected to help: (1) Environmental managers to identify and
fixing problems in estuaries (in terms of metal contamination);
(2) concerned citizens who are interested to know about the estu-
arine sediments around India; and (3) researchers who wish to
know what type of data (metal distribution) are available (in the
literature) in the estuarine sediments around India.
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