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PART -B
Research Output

i) ANTHROPOGENIC IMPACT ON THE BIOGEOCHEMISTRY OF
COASTAL ENVIRONMENT

In the earth’s surface, 18% is represented by coastal zone, which provides space for
60% of the world’s human population. 70% of the world cities with population
exceeding 1.6 million are located in this zone. Interestingly, 90% of the world fish
catch is obtained from coastal zone. The coastal zone is only 8% in the hydrosphere,
but responsible for 18-33% of the total primary production. The biological wealth of
this zone is very high as it serves as feeding, nursery and spawning grounds with
rich biodiversity. It was once thought that human being, living only on one-third of
the portion of globe, cannot pollute this vast amount of water, as the marine
ecosystems are capable of serving as sink for all the pollution caused by us.
However, in reality this is not true. We have come to realize that our waste, even in
small quantities, have huge effects on ocean communities and species. Moreover, it
is difficult to believe that something so massive and seemingly resilient can really be
adversely affected by our activities.

Environmental pollution of the coast, inshore water and Deep Ocean is one of the
important topical issues in the context of human health and global warming. The
major pollutants like oil, sewage, garbage, toxic chemicals, pesticides, heavy metal,
radioactive waste, thermal pollution, and eutrophication in coastal and marine
environments, their characteristics and principal impacts are discussed in detail. The
concept of anthropogenic impact is extremely important for analyzing the ecology of
coastal and shelf zone. Various activities that are in progress in this narrow area on
the shoreline provide 50% and more of the gross national product of many countries.
All of these activities usually affect the shelf ecology directly and hazardously.

At present, the anthropogenic disturbances of the shelf zone are found on a global
scale. In many areas, they have reached critical limits. This is the prize for the
unjustifiably rapid economic growth and shortsighted environmental policy (or
rather for its absence). Underestimation of the striking complexity of anthropogenic
impact on the water ecosystems and the use of a single-factorial approach to analyze
their state, focusing on some single aspect of human activity, generally lead to a
distorted picture of the consequences of such activity. Simultaneous impacts of
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several factors can cause synergistic effects whereas the consequences can exceed
the mere sum of the effects caused by each factor separately. Such situations are
quite possible, for example, when radioactive and thermal impacts are combined.

il @) Origin of the research problem

Environmental degradation is an acute problem in many parts of the world and is
brought by the changing pattern of land and water use. The nature and specifics of
environmental degradation vary from place to place. The study of critical areas and
processes becomes necessary to better understand the causes and effects on global
scale. The quality of aquatic system is reliable indicator of the ongoing
environmental changes (Ittekkot and Subramanian, 1999). Land use change is
currently extremely rapid and its consequences are more evident in the tropical
regions, in part because of the disproportionate share of human population growth
that is taking place in the tropics. Land clearing and conversion causes substantial
loss of carbon and nitrogen and a lesser loss of sulfur and phosphorus from cleared
sites in most regions.

Climate change and increased nutrient deposition from the atmosphere will affect
soils, plant productivity and the biogeochemical cycles. The overall emphasis of the
biogeochemistry is the terrestrial regulation of element pools, transformation, gains
and losses as they are altered by components of global change. In addition, there are
a number of regions, in which land use and atmospheric composition and anticipated
climate change are likely to alter the biogeochemistry of terrestrial ecosystems
significantly and consequently cause significant change on the marine
biogeochemistry. In many parts of the humid tropics, the conversion of forests to
agricultural use has an impact on the biogeochemical cycles of carbon, nitrogen and
phosphorus.

The impact occurs in two phases: i) the initial clearing of forests, the techniques of
which are important in determining the short term alterations to biogeochemical
cycles and ii) the type and intensity of the subsequent agricultural use, which are
critical in determining the long term effects. It is estimated that between 1970 and
2000 non-agricultural land use in India has expanded from 16.2 to 26 million
hectares, an increase of 60%. Globally, during 1900-1990, the annual loss of forest
area was 17-20 million hectares and for India it was 1.3 million hectares. The
organic matter derived from land sources such as agricultural runoff, soil erosion,
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land conversion and flooding enter the natural waterways such as rivers and
estuaries and finally into the coastal oceans. Hence the detailed study on the harbor
waters, the coastal ecosystem with immense human activities, is ideal to investigate
the nutrient cycle and biogeochemistry of trace metals that effect the environmental
hazards within the coastal ecosystem.

il b) Review of research and development
il b1. Biogeochemistry

Harbor waters are the representatives of the present day ecotoxic chemical processes
involving constant mobility of materials such as water, sediment and dissolved salts
in the ocean. Many organisms serve as indicators of marine pollution. For example,
the ecological shift in the succession of phytoplankton communities from diatoms to
dinoflagellates due to thermal pollution. Usually the pollutants exceeding threshold
limits combined with environmental variables such as temperature, salinity, pH,
dissolved oxygen, hydrogen sulphide etc., give stress to the organisms. While the
migratory organisms such as fishes might have avoided the polluted area, the
sedentary organisms exposed to the pollutants experience the higher stress
conditions. For example the crustaceans and molluscs experience the following
pollution stress conditions. a) Disoriented movements, b) Abnormal muscle opacity,
c) Retardation of moulting, d) Disease in carapace & exoskeleton — white spots, e)
Black gills, f) Attachment of filamentous bacteria and protozoan as epidictic
biofoulents on external surfaces and g) Increased number of bacteria in
haemolymph.

In thermal pollution, the normal temperature of marine source water column is
increased to 7-8°C from the ambient temperature. Mostly the power generating
plants along the ocean coastlines use the marine waters for cooling purposes, which
leads to heated water expelled into the marine environment. The excess temperature
usually gets reduced by various ways. As the water has higher specific heat, it takes
prolonged time for cooling unless there is an external mechanism to accelerate this.
The dilution by surrounding water, evaporation and precipitation may accelerate
cooling within a reasonable time. Thermal pollution seems to affect the communities
immediately adjacent to the discharge. In continuous discharge the exposure time is
also continuous, which generally result in community shift, for example more heat
tolerant species may replace the normal biota.
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The longtime exposure to the heat conditions may be detrimental to the normal
biota. Many studies on the effects of thermal pollution on the marine environment
have been carried out. Thermal discharge is most noted in the tropical areas, where
organisms are near their thermal maximum. For example, mangrove trees in a
thermal heated bay no longer reproduce and no new seedlings can be found in the
lagoon. Carbon (C), nitrogen (N) and phosphorus (P) are essential elements found
either as dissolved or particulate fraction in harbor waters. The exchange and
transformation of these elements are responsible for the growth and decay of living
organisms. The biogeochemical cycle of carbon, nitrogen and phosphorus at the
earth surface depend on the rates of the process that control storage in and transfer
between various external reservoirs. The coupling of these cycles and numerous
possible feedback mechanisms complicates the dynamics and thus, the response of
the biogeochemical cycles to human intervention. For example, enhanced primary
productivity in coastal environments resulting from higher human-induced riverine
fluxes of the nutrient elements - nitrogen and phosphorus may increase the
deposition of organic matter in sediments along the continental margins.

Thus, in order to identify and quantify the processes that control the cycling of C, N
and P, basic data set is needed that includes not only a proper inventory of the
elements at the earth's surface, but also accurate estimates of present-day fluxes
between the various external reservoirs. The distribution of C, N and P in
environment that has been significantly disturbed by humans such as polluted rivers
and coastal environment, which may act as essential reservoirs, needs to be
monitored (Purvaja and Ramesh, 2000). The primary objective of this study is to
determine the spatial and temporal variation of nutrients (nitrogen, phosphorus and
silica) in water and of total carbon, nitrogen and phosphorus in sediments of the
coastal ecosystems so as to understand the human impact on their cycling in relation
to the biogeochemistry of certain essential trace elements such as Iron and
Manganese.

il b2. Anthropogenic input of Pesticides into Coastal Systems

The environmental contaminations by pesticide residues are of great concern due to
their toxicity, bioaccumulation and persistent nature. Organochlorine pesticides such
as HCH (hexachlorocyclohexane) and DDT (dichlorodiphenyl-trichloroethane),
Endrin, Lindane and Aldrin are among the most persistent and globally distributed
organic pollutants. These pesticides are long-lived organic compounds that become
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concentrated as they move through the food chain and have toxic effects on
reproduction and immunological function. Since the introduction of organochlorine
pesticides in late 1930s the residues of these compounds have been found in many
parts of the World (Hattula et al., 1978). Along with other chlorinated micro
pollutants, persistent pesticides such as HCH, DDT, Endrin, Lindane and Aldrin
have become widely distributed around the planet. Pesticides are unique in that they
are purposefully released in to the environment to control the selected species. The
chlorinated pesticides are now largely banned chemicals, which may still pose a
threat to human health as well as the wider environment.

In India, the organochlorine insecticides, DDT and HCH were used extensively for
agriculture and other public health programs accounting for ~ 77% of the total
consumption (Gupta, 1986). The pesticide transport can occur in three ways, i)
movement in the vapor phase, ii) surface runoff and iii) leaching. The tropical warm
temperatures favor evaporation from earth’s surface. Among them surface runoff
can contribute maximum load from the non-point source through streams and
canals. Hence the logic is to dictate that the concentration will be highest near the
point of release and decline with distance. Relatively mobile organochlorine
compounds have the exception with the distance because of their tendency to
partition for easy movement. In spite of their persistence nature, organochlorine
insecticides were reported in major world rivers (Oliver and Nicol, 1984; Ramesh et
al., 1990; Agnihotri et al., 1994; Rajendran and Subramanian, 1997; Yamashita et
al., 1997; Wu et al., 1999 and Guzzella et al., 2005).

A comparison of published levels of organochlorine from the surface waters of sea,
river and lake water gives a good indication of the typical contamination that might
be expected in different water types. Very little information exists with respect to
contamination of surface seawater, although it is acknowledged that the gas-phase
exchange of the semi-volatile organochlorines from the atmosphere will probably
influence their occurrence more than direct riverine discharges. Recent studies
(Schreitmuller and Ballschmiter, 1995) suggest that global distribution will be
largely controlled by gas-phase equilibrium between the ocean and the atmosphere.
A logical extension of this is the probability that the ocean will become a different
source of such compounds for many years as increasing restriction reduces their
release. Recent reports on HCH levels in the atmosphere have indicated a net source
of this compound in the northern hemisphere (lwata et al., 1993).
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il b3. Geographical Information System

Geographical Information System (GIS) is a computer-based tool developed for
handling spatially referenced data. Normally, it integrates database functions with
analytical tools and techniques for geographic analysis and computerized
cartography (Bartlett, 1993). Bloemer et al., (1986), defined major requirements and
functions of GIS and mentioned spatial data handling tool for solving complex
geographical problems. Angermeier and Bailey (1991) used GIS as a conservation
tool for rivers. The essential question addressed in this study through GIS is whether
the distribution of biogeochemical elements and pesticides in the river basin are
simply dependant on sediment size due to the physical adsorption on fine sediment
surface or are mainly affected by the discharge from agricultural and industrial
outfalls.

iii @) Objectives
This study will focus on the influence of various changes, like natural and

anthropogenic forcing factors affecting biogeochemical cycles in the Coastal waters,
with the following objectives:

A systematic survey and mapping of the usage pattern for the past decade or
so, will be carried out for the harbor and coastal regions of Tuticorin, a
representative coastal ecosystem, using both field survey with GPS.

A detailed study on siltation problem and Port handling pattern will be carried
out in high and lower end to assess the impact of these aspects on nutrient
load and consequently on the biogeochemical processes.

The distribution of nutrients such as N (nitrate, nitrite and ammonia), P (ortho
phosphate and total dissolved phosphorus) and silica in the water and
sediments of the harbor basin and their role on the cycling of trace elements
such as Iron and Manganese.

To evaluate the residue levels of organochlorine pesticides in water and
sediments of this basin in order to study the input of the handling of
pesticides.
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= To suggest an optimal handling usage plan for the Tuticorin harbor region
using the geographic information system (GIS).

= A compact water quality model will be carried out with the water quality data
using suitable modeling software package.

= Environmental Impact Assessment for the Tuticorin harbor based on the above
dataset by quality controlled analysis using X and S control chart.

iii b) Study area

The Tuticorin harbor is one of the most important nonstop cargo handling system
after Chennai in Tamil Nadu. This basin is located in the southern part of the state
and more precisely, lies between the latitude 8°10' N and 9°13'N and longitude
77°10' E and 78°10' E (Fig. 1). Tuticorin harbor and Coastal waters are selected as
study area because of the huge amount of human activities for example cargo and
coal handlings in the port, fishing activities and essentially lot of effluents by
Chemical Industries. The harbor basin is intensively used for a variety of purposes
including domestic and industrial uses throughout its course in addition to dockyard.
Several small and large-scale industries, for example, Thermal power station, textile,
chemical industries, cement factories etc., are also surrounded in the visinity. The
Tuticorin harbor serves as a nonstop source of transport for multiple activities in this
region.

——» Tamil Nadu Coastal Zone

Tuticorin coast

v

T PN T LEGEND
o
30 15 O

Fig.1 Study area
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iv) Methodology
iv a) Sampling and Analysis

Surface water, suspended and bed sediment samples for at least four seasons
(summer, premonsoon, monsoon and postmonsoon) were collected from the
Tuticorin harbor and coastal environment. The collected samples were preserved by
adding appropriate preservatives (HNOs and H»SO4) according to analysis and
transported through iceboxes (4°C) from the field and were immediately filtered
through a 0.45-um filter (Sartorius, cellulose-nitrate type) on arrival to the
laboratory. Then, the filtered water samples were analyzed for nutrients [NOs?,
NO2, NH4*, PO43, dissolved silica (H4SiO.) total dissolved phosphorus (TDP)]
using standard procedures (APHA 2007, Grasshoff, 2000). The bed and suspended
sediments were analyzed for major and trace elements using standard procedures.
Pesticide residues were extracted from the water and sediment samples according to
the method described by Ramesh et al., 1990. On other hand, about 10 litres of
surface water samples have been collected in a pre-cleaned polyethylene bottles and
is passed through pre-washed, air dried Amberlite XAD-II resin packed in a glass
column of 10 mm inner diameter and about 100 mm in length. Then it was stored at
4° C until analysis. The organochlorine insecticides adsorbed to the Amberlite
XAD-II resin were eluted with 150 ml ethanol into a separatory funnel containing
100 ml hexane and 750 ml hexane-washed water and thoroughly shaken for 10
minutes. After partitioning, the hexane layer was collected and concentrated to 5 ml
in a Kuderna-Danish (KD) concentrator. The concentrate was cleaned with 5%
fuming sulfuric acid and then with hexane-washed water. The identification and
quantification of organochlorine pesticides were carried out in a Gas Chromatograph
fitted with an Electron Capture Detector (ECD) (Nucon 5765, India).

iv b) Application of GIS

The study area have been divided mainly into three regions such as zone A, middle
(B) and C areas. The preparation of various spatial themes such as geology,
geomorphology, wetlands, cargo handling pattern, land use and land cover etc., has
been prepared. Also, the slope, relief and soil maps has been prepared using the
Survey of India topography sheets. These parameters were integrated with the field
data into the Geographic Information System to identify the potential areas for
environmental protection and other developmental activities. The GIS technique
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application has three main stages: i.e., i) digitisation ii) GIS manipulation and iii)
GIS analysis. First the study area map, the sampling points will be digitised
manually using the windows based ARC-GIS software. All the features of each
digitised lines are taken as X, y co-ordinates and the value (concentration) of each
point will be coded as z. The digitised points were stored as vector file of polygon
format and finally transformed into raster format. Interpolation of the selected
rasterised maps of individual parameters were stored in vector files of point format
would carried out. True geographical information systems provide a large set of
tools aimed at retrieving information through i) the geometric component of each
geographical entity and ii) the attribute component of each geographical entity. In
other words, the retrieval operation is a selection of specified data for direct
application or subsequent manipulation (Nasr et al., 1997).

V) Project result
Based on the quality oriented result,

= Interrelationship between geological, geomorphological and biogeochemical
processes with reference to harbor water was framed. Based on the detailed
assessment programme, the correct system forecast is derived with reference
to spatial and temporal variation.

= Most of the samples were found to have higher physiochemical, indicator
bacteria and pesticides levels than those prescribed by WHO (1998), BIS
(2009) and TNPCB (2000). This study also suggests that the study area was
heavily contaminated with pathogens and pesticides, which were crossed the
permissible limits and is an alarming situation. Most of the parameters were
found high in monsoon and summer, moderate in premonsoon and lowest in
post monsoon.
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Table 1. Coefficient correlation between microbial and physiochemical parameters
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001 003 003 24E-09 030 13E-00 060 031 070 020 0 0 11E-14  48E-06 18E-07 18E-14  26E-09
041 038 035 062 034 061 025 028 026 014 031 027 043 033 055 042 038 000 1
PO:  98r07 48E-06 03505 88E-16  63E-05  64E-15 O 0 0 009  26E04 0 20E-07 72E-05 36E-15  39E-07 45E-06 030
054 050 049 061 044 063 036 038 037 006 094 098 081 085 064 057 081 067 032 1
NUt 1 4F11  57E-10 13609 24E-15 62608  04E-16  18E-05 5306 O7E-06 049 0 0 0 0 0 91E-13 0 0 12E-04
056 052 051 061 045 062 036 038 037 003 1 091 078 085 066 059 080 074 031 094
TH  28E12 12810 256-10  33E-15  49E-08  88E-16  14E-05  51E-06 79E-06 067 O 0 0 0 0 50E-14 0 0 266-04 0

Significant levels are shown in Italic form; Negative correlation value shown in bold form; Positive (high = >0.60) correlation values are underlined



Table 2. Average concentration of OCPs (ng I'Y) in water and sediment samples

Pesticides Premonsoon Monsoon Post monsoon Summer

Range Mean £S.D Range Mean £S.D Range Mean £S.D Range Mean £S.D
Water
a-HCH <0.01 - <0.01 - <0.01 - <0.01- 0.15 0.24 +£0.00
HCB <0.05 - <0.04- 0.25 0.24 +0.00 <0.05 - <0.05-0.21 0.19+0.13
Aldrin <0.02 - <0.01-1.66 0.34+£0.59 <0.02-1.20 0.55+0.44 <0.02-0.30 0.14 +0.09
p,p’-DDE <0.01-0.04 0.04 £0.00 <0.01-0.27 0.22+0.09 <0.01 - <0.01-0.11 0.09+£0.03
o,p’-DDD <0.02 - 0.07 0.07 £0.00 <0.02-0.35 0.06 +0.12 <0.02-0.22 0.10+0.05 <0.02 - 0.03 0.04+0.01
Endrin <0.02 - <0.02 - 65.0 58.002 + 0.00 <0.02 - <0.02-3.20 2.62+0.77
o,p’DDT <0.01 - <0.01-0.33 0.31+0.00 <0.01-0.15 0.12+0.00 <0.01-0.20 0.09+£0.08
Mirex <0.01-0.7 0.27+0.22 <0.01-0.50 0.39+0.14 <0.01-0.18 0.18 £ 0.06 <0.01-0.17 0.10+0.05
Sediment
a-HCH <0.01 - <0.01 - <0.01 - <0.01 -
HCB <0.05 - <0.05 - <0.05 - <0.05-215 21.50 £ 0.00
Aldrin <0.02 - <0.02-591.4 384.65+247.10 <0.02 - <0.02 - 20.4 17.40 £ 0.00
p,p’-DDE <0.01- 4.5 3.60+0.00 <0.01 - 85.77 78.70 £ 0.00 <0.01-16.7 16.55+1.63 <0.01 -
o,p’-DDD <0.02-18.4 14.72 +9.61 <0.02 - 55.2 32.55+22.79 <0.02 - 58.2 38.95+18.58 <0.02-14.8 16.24 + 3.10
Endrin <0.02 - <0.02 - <0.02 - <0.02 -
o,p’DDT <0.01-124 13.60 + 0.00 <0.01-231.7 178.13 £ 90.92 <0.01-20.4 14.40 £ 0.00 <0.01-19.3 21.20+£2.84
Mirex <0.01-26.9 24.82+£5.14 <0.01-70.9 65.58 £ 7.24 <0.01-74.5 43.19 +£20.39 <0.01- 66.7 54.35 +40.58

BDL - Below detectable limit
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