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Abstract: Spatial distributions of hydrochemical characteristics were studied during three seasons of 2007 in
Port Blair Bay andaman and Nicobar Islands, India. Nutrients (NO -N, NO -N, NH -N, PO -P, SiO -Si) in relation2 3 4 4 4

to some physicochemical features (pH, DO, BOD, Salinity, SSC) and biological parameters like pigment
concentration, zooplankton biomass and net primary productivity was studied in seven selected locations along
the bay to understand the relative importance of external nutrient inputs and the internal biogeochemical
processes. Variation in nutrients and biological status of polluted stations were reflected through higher values
with regional anthropogenic activity from adjacent residential areas. From the results nutrients did not show
any obvious tidal effect with flood tide and ebb tide. Further, Principal component analysis (PCA) and cluster
analysis (CA) were applied to evaluate the relationships between the various physico-chemical and biological
features with existing environmental conditions. The statistical analysis revealed that the Flat Bay and
Junglighat Bay were more vulnerable to anthropogenic activities. Hence, the present study is essential to safe
guard the interest of local fisher folk community in and around Port Blair waters. 

Key words: Andaman and Nicobar Islands  Nutrients  Coastal pollution  Spatial variation  Principal
component analysis  Clusters analysis

INTRODUCTION cause excessive eutrophication in the environment;

Continental shelf and adjacent slope waters represent margins leads to various ecological consequences like
only 10-20% of surface area of global oceans, but these changes in species composition and algal blooms. 
ocean margins are highly productive contributing 25-50% Nutrient enrichments in the enclosed bay like Port
of total oceanic primary production [1]. Global nutrient Blair is due to anthropogenic wastes and sewage, causes

cycles have been greatly altered by land-use changes potential deterioration of marine ecosystems, which can
resulting  from human disturbance over the last century show directly the adverse effects on human health
[2, 3]. Excessive nutrient discharges and changes in their through the food chain.  Apart from this, increasing
relative concentrations have been known to result in number of ships and ferries, which are the only means of
eutrophication. This in turn modifies aquatic food webs transport of bulk cargo and mass transport to mainland
causing  severe hypoxic events in coastal environments and other islands, becoming a significant source of marine
[4-7]. The nutrient supply is greater to bays that are near pollution. Studies on the nutrients characteristics of
densely populated regions, due to the entry of domestic Andaman and Nicobar Islands in an integrated manner are
and industrial waste, urban drainage and agricultural rather limited. Hence, an attempt was made for the first
effluents.  However, anthropogenic inputs frequently time, in this regard. The distribution, relative importance

especially where the circulation is restricted viz. coastal
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of nutrient versus biogeochemical processes along the
shelf waters of Port Blair Bay was carried out. These
investigations are very important as much of our
knowledge on nutrient dynamics in the oceanic islands in
Indian context is scarce. 

MATERIALS AND METHODS

Andaman and Nicobar Islands, lying between 6° 45’
N to 13° 45’ N and 92° 12’ E to 93° 57’ E, (Fig.1) have the
length of archipelago coastal line of 1962 km where
Exclusive Economic Zone (EEZ) comprises about 30% of
Indian EEZ. Port Blair Bay extends as a narrow stretch in
a northeast to the southwest direction and opens to
Andaman Sea on the eastern side of South Andaman
Island. The Port Blair Bay area is situated at the center of
major anthropogenic activities of the congregates share
of total Andaman and Nicobar Island’s population.
Present study was carried out during three seasons Pre-
monsoon (February), Monsoon (May, August) and Post-
monsoon (November) in the year 2007. Seven stations Fig. 1: Seven stations along Port Blair Bay, Andaman and
were selected within Port Blair Bay, i.e. Flat Bay (FB), Nicobar Islands, India
Minnie Bay (MB), Junglighat Bay (JB), Haddo Harbour
(HH), Phoenix Bay (PB), Aberdeen Bay (AB) and Open was filtered through glass fiber filter (GF/F; Whatman)
Sea (OS). and stored at -20°C until analysis.  Analysis was carried

Surface and bottom water samples were collected in out within 12h of sampling.  Chl a retained on the filter
a tidal cycle ( i.e, Low and high tide) using a 5L Niskin was extracted with 90% acetone at 4°C in dark for 24h and
sampler for Physicochemical and biological  parameters measured spectrophotometrically [9]. The analytical
like Temperature, pH, Salinity, Suspended solids precision for Chl a analysis was ± 4%. Primary production
concentration  (SSC),  dissolved  oxygen (DO), nutrients was estimated by in-situ method using the C-technique
and chlorophyll-a (Chl a). Temperature was recorded [10]. Sub-surface water samples were collected before the
using a thermometer (1-51°C range within ± 0.1°C; sunrise, immediately passed through 200µ sieve to remove
Brannan, UK). pH was measured using a portable pH large sized zooplankton and transferred to 300 ml capacity
meter, WTW Multi Line P4, having a range of 0 to 14, Nalgene bottles (3 light bottles and 1 dark bottle). After
resolution of 0.01 and accuracy ± 0.05. Salinity was the inoculation of 1 ml of NaH CO  (activity 5 µCi)
determined using a Digi Auto Salinometer (Model TSK, solution, the light and dark bottles were deployed in a
accuracy ± 0.001). DO was measured using Winkler’s mooring system at respective depth for 12 hours for
titration method of Grasshoff, et al..1999, the analytical incubation. The experiments were terminated by filtering
precision, expressed as standard deviation, was ± 0.07%. the samples on to 47mm Whatman GF/F filters ( 0.7µ pore
Three Biological Oxygen Demand (BOD) glass bottles size) and the filters were used for subsequent analysis in
filled with samples are kept in dark conditions fixing for 5 liquid scintillation counter [11] after treatment with HCl
days at 20°C and finally BOD was analyzed [8].  About 1L fumes to remove inorganic carbon. 
of water sample was filtered, through pre-weighed 0.22 mm Zooplankton samples are collected with a net (mesh
polycarbonate filters (Millipore), dried at 40°C and size 100 µm) having a diameter of 0.6 m, towed horizontally
reweighed to quantify SSC (mg L ). Nutrient analyses just below the surface for a duration of 10 min (speed 11

were carried on filtered water samples following the knot). The net was fitted with a calibrated flow meter
standard Spectrophotometric procedures [8]. The (General Oceanics, Model-2030) to quantify the volume of
precisions of nitrate + nitrite (NO +NO ), ammonium, water filtered. Zooplankton Samples were collected placed3 2

phosphate and silicate were ± 0.02, 0.02, 0.01 and in prewashed (Milli-Q) polycarbonate bottles and
0.02µmol, respectively.  For  measuring  Chl  a,  1L  sample preserved with 4% Formalin. The biomass was determined
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following  the  displacement  method. The total numbers released by photosynthesis in photic depth region also
of organisms were enumerated in Sedgewick rafter contributes for the same. The highest DO concentration
plankton counting chamber under Nikon binocular, stereo in JB may be because of photosynthesis (as supported by
microscope [12, 13]. Pearson correlation co-efficient (r) highest DO super saturation) indicating respiration
were performed to find the significance among the production is dominated by photosynthetic production
environmental parameters [14] Hierarchical cluster and making the system autotrophic during the study period.
Principal Component analysis (PCA) analyses performed Surface water of other few stations also shown
using PRIMER 6 to identify the similarity between autotrophic characteristics and bottom water almost meets
stations.  PCA was performed to classify elements of saturation level up to ~99 %. (Fig.2). A negative
different sources based on their similarities to identify correlation of DO (r = - 0.5 surface to -0.7 bottom) with
relatively homogeneous groups of variables with similar NO  be due to the higher consumption rate of NO3 by
properties [15-17]. autotrophs which produce huge amount of oxygen in the

RESULTS AND DISCUSSION inverse relationship between DO and nutrients imply that

The depth of FB, MB, JB was observed to be 2.8, organic portion of nutrients [17]. Further statistical
4.6,5.0 m respectively whereas higher depth of 12.2, 11.6, analysis revealed a significant positive correlation
12.5 m was observed in HH, PB and AB respectively. The between temperature and pigment concentrations as
open sea depth was observed as >50m. The water supported by earlier studies [18]. In marine ecosystem,
temperature was varied from 28.6 to 29.7°C (29.2 ± 0.4°C) temperature is of prime importance in the physical
at surface and 28.3 to 29.5°C (28.9 ± 0.5°C) at bottom environment of an organism to regulate the survival,
without any significant variation. The surface-water growth,  reproduction  a nd  distribution  of  organisms
temperatures Port Blair Bay area slightly higher [19, 20]. Results showed low values of nutrients at surface
temperature was observed compared to the same in the water might be due to higher biological uptake by
open sea, which may be attributed to the greater depths phytoplankton [21]. The N/P ratio was found to be < 9 (4.5
and the high-energy zone compared to the shallow and to 7.8)  (Redfield ratio, N: P: 16:1), indicating Nitrogen as
low-energy region in the bay. The pH of surface water a limiting factor in all the stations during the study period
varied from 8.0 to 8.3 (8.2 ± 0.1) and in bottom water it was (Table.2). Nitrogen is the limiting nutrient for primary and
found to be 8.0 to 8.2 (8.2 ± 0.1). Salinity was in the range secondary production in most marine environment in
of 31.3 to 32.4 (31.8 ± 0.5) in surface and 31.3 to 32.3 (31.9 agreement with earlier works [22]. Dissolved inorganic
± 0.4) in bottom water. In both surface and bottom water nitrogen (DIN), dissolved inorganic phosphate (DIP) and
the salinity of FB, MB and JB were comparatively lower Silicate concentration showed a decreasing trend from FB
than the other stations (Fig.2), because of fresh water and to OS (Fig. 2), which indicates that the nutrients are from
sewage discharge during the monsoon, which makes the terrestrial sources through the sewage in the inner bays
surface water lesser saline than bottom water. SSC was and dilution from OS water. 
found in the range of 15.6 mgL  to 39.1 mg L (26.8 ± 8.0) The nutrient concentrations in Junglighat bay were1 1

in surface water and 16.3 mg L to 30.9 mg L (25.5 ± 5.4) higher than the other bays, indicating the effect of1 1

in the bottom water. The highest value 39.1 mg L was Anthropogenic discharge. Nutrients were vertically well1

observed in the surface water of Junglighat (Fig.2) bay as mixed and were slightly higher in the surface than in
compared to other stations. This may be due to the daily bottom waters except in HH and PB. SSC content in the
domestic waste water input in the coast, maintenance of upper water column of FB, MB, JB was generally coarser
fishing boats etc. Fish landing is being the major activity than in the bed deposits and the lower part of the water
in this JB area of Port Blair. Sewage discharge from column, which indicated that SSC was modulated
adjacent settlement also contributes a major role on differently by settling or resuspension near the bottom
increasing concentration of suspended particulate matter and by advection in the surface water where as in HH, PB,
in JB and other coasts. AB and OS the SSC was slightly higher in surface than in

DO % of surface water 95.5-111.6 (101.8 ± 6.3), found the bottom may be due to churning by frequent ferry and
to be higher than the bottom water (90.7 - 104.5 (98.0 ± ships services. Similar observation was made in the
4.3), as because of some usual phenomena like aeration of Jiaoezhou Bay, China [23]. High positive correlations
surface water exposed to atmospheric oxygen. Oxygen between   DIN  and  SSC  (0.9  in   surface   and  bottom)

3

system. (Table 1. a, b). In the present study a strong

heterotrophic microorganisms playing major role in the
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Fig. 2: Physicochemical and biological parameters, solid line shows surface and dotted line shows the bottom water

and  DIP  with SSC (0.8 in Surface and 0.7 in Bottom), The  Phaeophytin  and  chlorophyll-a concentration
indicates the possible leaching of nutrients from the SSC. in   JB  is   higher   than   other   stations    (Fig.2).  This
This is in agreement with similar observation elsewhere may be due to  adequate nutrients, which allows the
[24, 25]. High concentrations of NH  (i.e. 60-70 % of DIN) photosynthesis in presence of light leading to growth of4

indicated the input of wastewater discharge in the FB and phytoplankton and hike in Net Primary Production up to
JB. Enriched concentration of (NH , NO  and NO  ) in 109.7 mg C m  hr  (Table 2). The maximum chl a4 2  3

+ - -

FB and JB with respect to adjacent open waters indicated concentration  coincides  with   the  primary productivity
that inputs from sewage and benthic fluxes were not fully at   all    stations   as    observed   in   studies  under
assimilated within the bay water [26]. similar    situations    elsewhere    [e.g.   27,    28,    29,   30].

3 1
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Table 1: Correlation among different parameters in surface (a) and Bottom water (b) Table.1.a

Surface SSC pH Sal DO DO% BOD NO2 NO3 NH3 DIN IP SIO4 WT Phaeo Chl-a Zoobi

SSC
pH -0.2
SALINITY -0.8 0.4
DO 0.1 0.8 0.2
DO% 0.2 0.8 0.2 1.0
BOD 0.9 0.2 -0.7 0.5 0.5
NO 0.9 -0.5 -0.9 -0.1 -0.1 0.72

NO 0.5 -0.8 -0.4 -0.5 -0.4 0.1 0.53

NH 0.9 0.0 -0.7 0.3 0.3 0.9 0.8 0.23

DIN 0.9 -0.5 -0.8 -0.1 -0.1 0.7 0.9 0.7 0.8
IP 0.8 -0.5 -0.8 0.0 0.0 0.6 1.0 0.4 0.8 0.9
SIO 0.5 -0.9 -0.7 -0.6 -0.6 0.1 0.8 0.7 0.4 0.7 0.84

WT 0.9 -0.2 -0.9 0.1 0.2 0.9 0.8 0.6 0.8 0.9 0.7 0.5
Phaeo 0.6 0.2 -0.1 0.5 0.5 0.6 0.2 0.3 0.5 0.5 0.1 -0.2 0.5
Chl-a 0.7 0.2 -0.2 0.4 0.5 0.7 0.3 0.3 0.6 0.6 0.2 -0.1 0.6 1.0
Zoobi 0.7 0.0 -0.7 0.0 0.0 0.8 0.5 0.0 0.7 0.5 0.3 0.1 0.6 0.3 0.6
PD -0.9 0.6 0.8 0.3 0.2 -0.6 -0.9 -0.7 -0.7 -1.0 -0.8 -0.7 -0.9 -0.5 -0.6 -0.6

Table 1b:

Bottom SSC pH SALINITY DO DO% BOD NO NO NH DIN IP SIO42 3 3

SSC
pH -0.4
SALINITY -0.3 0.5
DO -0.1 0.3 -0.6
DO% 0.1 0.2 -0.7 1.0
BOD 0.5 -0.2 -0.6 0.3 0.4
NO 0.7 -0.8 -0.8 0.3 0.4 0.52

NO 0.7 -0.6 0.2 -0.7 -0.6 0.1 0.33

NH 0.9 -0.2 -0.5 0.3 0.4 0.7 0.7 0.43

DIN 0.9 -0.6 -0.3 -0.2 -0.1 0.5 0.7 0.8 0.8
IP 0.7 -0.8 -0.6 0.0 0.2 0.4 0.9 0.5 0.7 0.8
SIO 0.5 -0.9 -0.7 0.1 0.2 0.2 0.9 0.4 0.5 0.6 0.94

WT 0.6 -0.4 -0.8 0.5 0.7 0.8 0.9 0.1 0.8 0.6 0.7 0.6

Table 2: Ranges of physico-chemical and biological parameter concentration values with Average and standard deviation

SSC DO BOD NO2 NO3 NH3
(mgL  ) pH Sal (mg L  ) DO% (mgL ) (µM) (µM) (µM)1 1 1

Surface 15.6-39.1 8.0-8.3 31.3-32.4 6.1-7.1 95.5-111.6 0.3-1.5 0.0-0.6 0.6-1.9 0.6-2.1
26.8 ±8.0 8.2 ±0.1 31.8 ±0.5 6.5 ±0.4 101.8 ±6.3 0.7 ±0.4 0.3 ±0.2 1.5 ±0.5 1.2 ±0.5

Bottom 16.3-30.9 8.0-8.2 31.3-32.3 5.9-6.7 90.7-104.5 0.3-1.0 0.1-0.6 0.9-2.5 0.5-1.7
25.5 ±5.4 8.2 ±0.1 31.9 ±0.4 6.3±0.3 98 ±4.3 0.7 ±0.2 0.3 ±0.2 1.7 ±0.6 1.1 ±0.5

Table 2: cont.

DIN IP SIO4 WT Phaeo Chl-a Zoobio PD Primary production
(µM) (µM) N/P (µM) (°C) (mgm ) (mgm ) (mlm ) (m) (mg/c/m3/hr)3 3 3

Surface 1.3-3.9 0.2-0.9 4.5-8.5 2.3-9.3 28.6-29.7 2.6-7.3 1.8-4.8 1.6-3.4 1.1-8.8 17.9-109.7
3 ±0.9 0.5 ±0.2 6.7 ±1.5 4.7 ±2.2 29.2 ±0.4 5.1 ±1.7 3.3 ±1.0 2.4 ±0.7 3.6 ±2.7 51.6±37.4

Bottom 1.5-4.0 0.3-0.9 4.5-7.8 2.6-9.4 28.3-29.5
3.1 ±1.0 0.5 ±0.2 6.1 ±1.2 4.8 ±2.2 28.9 ±0.5 N/A N/A N/A N/A N/A
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Fig. 3: Cluster analysis discriminating different stations according to their vulnerability towards pollution (Samples: 1.FB,
2.MB, 3.JB, 4.HH, 5.PB, 6.AB,7.OS)

Fig. 4: Principal Component Analysis (PCA) indicating characteristics of different Stations with respect to different water
quality parameters

Nutrients, Pigment concentrations and zooplankton DO by photosynthetic activity, which is not shown in
biomass (3.4 ml m ) were also found higher in the same bottom water where reduction of light, is a limiting factor3

station and decreases towards OS.  High value of BOD for photosynthesis. The strong positive correlation
(1.5 mg L in surface and 1.0 mg L in bottom) was found between BOD and Ammonia (0.9 in surface and 0.7 in1 1

in JB (Table 2, Fig.2) as compared to other stations. This bottom) indicates the organic source of free ammonia in
indicates the presence of higher population of microbial the Port Blair bay.
organisms which consumes oxygen for oxidation of high Salinity having poor correlation (0.2) with DO
concentration of oxidisable organic matters. The sources indicates higher photosynthetic activity in the lower
of these organic load and corresponding high bacterial saline water, which is supported by negative correlation
pollution may be from the sewage discharges to the bay. (-0.2) between salinity and chl a. The strong negative

Multiple Correlation Analysis: Water quality data were nutrients, which comes through the terrestrial run off.
analysed for multiple correlation (Table .1, a, b) among 17 Salinity was also found to be negatively correlated (-0.7 in
variables for surface water and 13 variables for bottom surface and -0.6 in bottom) to BOD. This result indicated
waters as average of four times sampling as mentioned in that the biodegradable organic matter was more in low
the methodology section. The strong positive correlation saline condition relative to higher saline water.. A strong
between DO and pH (0.8) indicates that the production of negative correlation of -0.8, between salinity and surface

correlation between salinity and the nutrients (NH , NO ,3 2

NO , PO ) indicate that the fresh water is the source of3 4
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water SSC indicates the terrestrial source of high SSC. A ACKNOWLEDGEMENTS
strong negative correlation of -0.9 between Suspended
solid concentration and photic depth are played major role
for the shielding of light to prohibit photosynthesis
activity. SSC is also proportionally contributed by
Phaeophytin, Chl a and zooplankton biomass as it shows
+ve correlation of 0.6, 0.7 and 0.7 respectively. Photic
depth  varied  from  0.3  to 0.8m in FB, MB, JB, HH
whereas 1.2, 7.1 and >10m  in PB AB and OS respectively.
Photic depth had a -ve correlation of -0.5, -0.6, -0.6 with
biomass of phaeo pigment, Chl a and zooplankton
biomass respectively. DIN has shown a positive
correlation of 0.5, 0.6 and 0.5 with Phaeopigment, Chl a
and zooplankton biomass indicating how these biomasses
proportionally vary with DIN, supported by poor N/P ratio
(<10 against Redfield value 16). This indicates the role of
dissolved inorganoc nitrogen as a limiting factor in the
Bay water.

Cluster and Principal Component Analysis: Cluster
diagram (Fig. 3) indicates the AB (nearest to OS) and OS
respectively shows almost similar behavior as both are
least polluted as compared to other stations. Stations FB
and JB which were found to be the most polluted are
clearly distinguished from others in the diagram. Stations
MB, HB and PB discriminately shown in one group, which
are moderately polluted. From the Principal Component
Analysis (Fig.4), it can be observed that irrespective of
the tidal condition(e.g. Low tide or High tide) the stations
are represented by the water quality parameters. The
station HB, PB and OS are represented by higher salinity
where as the stations FB and MB mostly represented by
nutrients. JB which is most polluted among all stations
represented by SSC, BOD because of high organic load
from the adjacent residency.

CONCLUSION

Present study describes the coastal water quality of
Port Blair Bay. Based on the principal component
analysis, a statistical model has been constructed, which
explains the relationships between the various physico-
chemical variables that have been monitored. From the
study, it is quite clear that, the MB and JB are most
vulnerable to anthropogenic activities, This results were
also supported by the cluster analysis and principal
component analysis. This study provides insight
understanding of Port Blair bay, which may facilitate the
management authorities to plan strategies, required for
integrated coastal management related issues to maintain
the health of the ecosystem.
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