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influences of seasonal monsoon and river-runoff.
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Incidence of faecal coliforms in shellfish harvesting areas of the southern coastal district of Karnataka was examined
for evaluating the sanitary quality in relation to the seasonal monsoon and river-runoff. Faecal coliforms (FC) counts in
seawater, mussel tissue and sediments were highest in monsoon. Geometric mean for FC in sea water was below 14
MPN/100 ml, standard set for “approved area” under NSSP classification during fishing season, but the 90 percentile were
higher. The tissue E. coli levels complied with the EC Directive standard under the “category A”, during mussel fishing
season commencing in October in the two mussel beds. MPN FC levels were strongly influenced by the seasonal variations
in precipitation and river runoff. During the fishing seasons in pre-monsoon and post-monsoon months, the levels were

below the limits.
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Introduction

Among the inhabitants of the coastal ecosystem,
the sedentary bivalve fauna are exposed to very high
probability of contamination and could act as vectors
due to their peculiar feeding habits and
bioaccumulation potential. Significance of bivalve
shellfish harvesting environment, on the quality of
harvest arises from their unique filter feeding
behaviour, lack of specificity and selectivity in the
filtration process as well as their ability to filter
significant quantities of water relative to their size.
Shellfish beds are mostly situated in shallow near-
shore waters exposing them to contaminants present
in land or river run-off or direct sewage discharge,
rendering them as potential vectors of water borne
pathogens'. When exposed to a considerable load of
pathogens over certain period, the pathogens are
accumulated in their soft tissues” at levels hazardous
to the consumers. Therefore, the sanitary quality of
the coastal waters where bivalve shellfish are
harvested is of great public health importance playing
a decisive role in shellfish production and marketing’.
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Regulations have been established in many parts of
the world which provide a system of classification of
shellfish growing/harvesting areas, broadly based on
water test results (National Shellfish Sanitation
Program, (NSSP)4 of USA and Canada; Australian
Shellfish Quality Assurance Program, ASQAP’ of
Australia) or tissue test results (Council Directive
91/492/EEC® of Europe). These classification systems
assign the shellfish harvesting areas as approved,
restricted and prohibited based on the faecal coliforms
and/or Escherichia coli levels'. Regulatory agencies
may close a fishery when contamination is detected.

Recent developments in the sector are indicative of
sizeable increase in production of bivalves’ while the
concerns about coastal water pollution from various
sources are mounting high. In India, reports on the
sanitary quality of the shellfish harvesting waters are
very few"”'?. Also little is known about the seasonal
trends in the coliform levels of the commercial
shellfish harvesting areas located in tropical monsoon
regions. Present observation is a preliminary study on
the sanitary quality of mussel harvesting areas of the
southern coastal district of Karnataka. Attempts had
been made to evaluate the impact of seasonal rainfall
on the faecal coliform levels in mussels.
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Materials and Methods

Dakshina Kannada (DK) district of Karnataka is
naturally endowed with abundant freshwater
resources as four rivers traverse the district to join the
Arabian Sea (Fig. 1). Nethravati River (annual
discharge 12,434 mcm) joins Gurpur River (annual
discharge 2,915 mcm) forming the Nethravati-Gurpur
estuary in the southern part of the District. Pavanje
River (annual discharge 619 mcm) confluence with
Sambhavi River (annual discharge 1,253 mcm)
forming the Mulki estuary in the northern part of the
District. During south west monsoon period June-
September) rivers frequently overflow, while during
the dry months (December to May) the rivers often
experience periods of reduced flow. Two distinct
subtidal mussel beds of the District are located, one
off Someshwara (12.79°N; 74.84°E) at 5.5 km south
of Nethravati-Gurpur estuary and the other off
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Fig. 1—Map showing the mussel beds off Someshwara and
Surathkal along Dakshina Kannada coast of Karnataka.

Surathkal (13.00°N; 74.79°E) at 18.0 km north of
Nethravati-Gurpur estuary and 9.0 km south of Mulki
estuary“’lz. Green mussels, seawater and sediment
samples were collected on a monthly interval from six
to eight sampling points fixed at a depth of 3-4 M.
Samples were collected during January-December
2003 from Someshwara and Surathkal mussel beds. A
total of 93 seawater samples, 84 sediment samples
and 96 mussel samples were collected from
Someshwara and 112, 105 and 117 seawater,
sediment and mussel samples respectively were
collected from Surathkal. Temperature and salinity
were recorded using multi-parameter probes (WTW,
Germany) and water samples for chlorophyll a (Chl-a)
analysis were collected using a reversing bottle
operated from a canoe. Chl-a content of the water was
measured by spectrophotometry after vacuum
filtration and extraction in acetone'>. Water samples
for analysing the Biochemical Oxygen Demand
(BODs) were collected in BOD bottles, incubated
without dilution at 20°C for 5 days and analysed"’.

Seawater samples were analysed for faecal
coliforms (FC) and E. coli using the most probable
number (MPN) technique. This is done in accordance
with the statutory method proposed by US FDA
NSSP*. The geometric mean (GM) and the 90"
percentile of the FC levels in shellfish harvesting
waters were compared with the NSSP regulations
(Table 4). Apart from FC levels of the shellfish waters
the coliform levels in the sediment and mussel
samples were enumerated. A minimum of 15 mussels
were aseptically opened using a flame-sterilized
shucking knife and meat and intravalvular fluid
removed, homogenized and the diluted homogenates
were assayed for coliforms using MPN method for
shellfish'®. The GM of MPN counts of E. coli of the
mussel samples were compared with the criteria for
the shellfish harvesting waters under European
Community (EC) Directive 91/492/EEC (Table 5).
Bioaccumulation indices were calculated as the ratio
of GM of MPN values of E. coli in mussel tissue to
that of the overlaying seawater"”.

Monthly mean values were obtained for log
transformed MPN counts of FC and E. coli from the
six-eight sampling points in each mussel beds. For
comparing the seasonal variations monthly data were
classified into three seasons viz., pre-monsoon
(February to May), monsoon (June to September) and
post-monsoon (October to January). Seasonal (pre-
monsoon, monsoon and post monsoon) variations of
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coliform counts in each mussel bed was analysed by
one-way ANOVA. Site-wise analysis was also carried
out within each season using one-way ANOVA.
When significant differences between means were
detected, post factors were further analysed using a
Range test, Student-Newman-Keuls (S-N-K) tests set
at 5% significance level to identify homogeneous
subsets of means. In each mussel bed the
interdependence of the coliform counts of seawater,
sediment and mussel tissue were analysed by
estimating the Pearson’s correlation coefficients.
Statistical analysis were carried out using SPSS (13.0)
software.

Results
Environmental parameters

Seasonal variations in oceanographic features of
the study area are primarily influenced by the
prevailing monsoon regime. Southwest monsoon
commenced by the last week of May and monthly
rainfall ranged from 6 mm in April to 1410 mm
(40%) in June (Fig. 2). Southwest monsoon, which
accounted for 90% of the total rainfall (3,461 mm),
weakened by the end of August. Seasonal variations
in surface (S) bottom (B) seawater temperatures in the
shellfish harvesting waters are presented in Fig. 3.
Mussels were exposed to higher seawater tempera-
tures in April-May and to lower temperatures in
August. Seasonal variations in temperature between
the seasons were significantly different (p<0.05) with
highest temperatures in pre-monsoon followed by
post-monsoon and monsoon seasons. Analysis of
variance also indicated significant site-specific
variation between the shellfish waters with respect to
water temperature in all seasons. Wide variations in
the salinity of shellfish harvesting waters were
observed during the period (Fig. 3). Significantly
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Fig. 2—Variations in rainfall (mm) pattern in the study area.

different (p<0.05) salinity regime prevailed between
the seasons with higher values during pre-monsoon
followed by post-monsoon and monsoon. However,
between the shellfish waters salinity showed
significant variation (p<0.05) only during the
monsoon season. The Chl a levels peaked in
September with increase in primary production in
both the sites (Fig. 5).

Coliform levels in seawater

The FC and E. coli counts in seawater from the
mussel beds are presented in Fig. 4. The mean log,
MPN counts of coliforms in the shellfish waters of
Someshwara that encounter more riverine influence
was 2.59+1.19 for FC and 2.06+0.88 for E. colil
100ml. The prevalence of FC (3.20 MPN/100ml) and
E. coli (2.94 MPN/100ml) were highest in June. In
Surathkal shellfish waters, though counts of FC and
E. coli followed a similar pattern, it presented less
variability compared to Someshwara.

Seasonal trends indicated significant differences
(p<0.05) with higher coliform count during monsoon
season compared to pre-monsoon and post-monsoon
seasons (Table 1). The mean log;y MPN count of
coliforms in seawater between the shellfish waters
showed significant differences (p<0.05) during
monsoon and post-monsoon seasons, while no
significant difference was observed in pre-monsoon
season.

Coliform levels in sediment

In sediment samples, a reduction in coliform counts
were observed following the monsoon at Someshwara
and higher values (FC: 2.61+0.52 MPN/100 g and E.
coli: 2.29+0.46 MPN/100 g) were observed during
monsoon. Analysis of variance revealed significant
difference (p<0.05) in coliforms levels in sediment
samples between the seasons. The FC log;, count
averaged 2.33+1.13 MPN/100 g and E. coli count
averaged 2.18+1.08 MPN/100 g in Someshwara. The
coliform counts of Surathkal sediments presented less
variability with mean values of 2.23+0.96 MPN/100 g
for FC and 1.79+0.86 MPN/100 g for E. coli. The FC
count ranged from lower counts in October and
December to 2.73 MPN/100 g in January. E. coli
counts similarly peaked in January (2.73 MPN/100 g).
It was observed that unlike in Someshwara, FC
(2.42+1.34 MPN/100 g) and E. coli (1.99+1.02
MPN/100 g) counts were higher in post-monsoon
season. Between the mussel beds coliform counts
showed significant variation (p<0.05) during
monsoon season whereas, no significant variation was
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Fig. 3—The box and Whisker summary plot representing (from top to bottom), the maximum, upper-quartile, median, lower-quartile and
minimum values of surface (S) and bottom (B) seawater temperature and salinity of the shellfish waters (mean + SD) during pre-monsoon
(PRM), monsoon (MSN) and post-monsoon (PSM) seasons. The box represents the inter-quartile range which contains 50% of values.

observed during the pre-monsoon and post-monsoon
seasons.

Coliform levels in mussel tissue

The log;o MPN of FC presented highest monthly
variability in Someshwara, registering counts between
1.44 MPN/100 g (February) and 4.04 MPN/100 g
(August), averaging to 3.10+£1.13 MPN/100 g (Fig. 4).
Count of E. coli in the tissue samples followed similar
pattern ranging between 0.78 MPN/100 g (January)
and 2.51 MPN/100 g (August) with a mean of
2.02+0.98 MPN/100 g. Wide seasonal variations were
observed in the presence of coliforms in the mussel
tissue (Table 1). Variations in coliforms in the mussel
tissue were significant (p<0.05) between the seasons
with monsoon season recording the highest coliform
levels of 3.68+0.8 MPN/100 g for FC and 2.39+0.24
MPN/100 g for E. coli.

Coliform counts in mussel tissue from shellfish
harvesting waters of Surathkal paralleled that of
Someshwara except for FC. The mean log;,, MPN
counts were 2.52+0.90 MPN/100 g for FC and
2.01£0.95 MPN/100 g for E. coli in Surathkal. The
levels of FC varied from 1.58 MPN/100 g (February)
to 3.22 MPN/100 g (August) and E. coli from 1.33
MPN/100 g (December) to 2.41 MPN/100g (July).
The MPN values of coliforms in tissue samples were
significantly higher (p<0.05) during the monsoon
season, when compared with pre-monsoon and post-
monsoon seasons. The mean MPN values during
monsoon season were 2.91+0.83 MPN/100 g and
2.29+0.82 MPN/100 g respectively for FC and E. coli.
Coliform counts between the beds showed significant
differences (p<0.05) during monsoon and post-
monsoon seasons.
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Fig. 4—Variations in faecal coliform and E. coli log;o MPN counts (mean + SD) in shellfish harvesting waters of Someshwara (S1) and

Surathkal (S2).

Biochemical Oxygen Demand (BOD)

The mean BODs values of Someshwara and
Surathkal mussel beds were found to be below 2 mg/l
and it ranged between 0.3 and 4.5 mg/l during the
period of study. The spatial and temporal variations in
BOD values of the mussel beds are presented in
Table 3. Analysis of variance showed significant
difference in BOD levels between the seasons
(»<0.05) in the mussel beds.

Influence of environmental variables on coliform levels
Pearson’s correlation analysis revealed that the FC

and E. coli counts of mussel tissue was directly

related (p<0.05) to the coliform counts of the shellfish

harvesting waters and sediments off Someshwara
(Table 2). In the area, significant positive correlation
was also noticed between the coliform counts in
seawater, sediment and mussel tissue with rainfall,
whereas, salinity and temperature had significant
negative influence on the coliform counts of seawater,
sediment and tissue. In Surathkal, FC and E. coli
counts in mussel tissue was directly related (p<0.05)
to the coliform counts in seawater. On the contrary,
no significant correlations were observed between the
coliform counts in mussel tissue with the levels in the
sediment. Rainfall showed strong influence on the
coliform counts of seawater and mussel tissue
whereas, the coliform counts of the sediment was not
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Fig. 5—Bioaccumulation (geometric mean) of E. coli by green mussel Perna viridis (MPN counts/100 g) in coastal waters (MPN

counts/100 ml) with seasonal trends in chlorophyll a (Chl a).

Table 1—Seasonal trends (mean + SD) in log;y MPN coliform counts of seawater, sediment and

mussel samples with results of S-N-K post-hoc tests

Matrix Season Someshwara Suratkal
Faecal coliforms E. coli Faecal coliforms E. coli
Seawater Pre-monsoon 2.18+0.90% 1.33+0.67° 1.90+0.72° 1.59+0.71°
Monsoon #3.1140.57° 2.59+0.83" #2.57+0.87° 2.29+0.81°
Post-monsoon *1.33+0.66" 1.2240.61° *1.62+0.73% 1.18+0.67°
Annual 2.59+1.19 2.06+0.88 2.17+0.86 1.87+0.81
Mussel tissue  Pre-monsoon 2.20+0.96* 1.86+0.94° 2.12+0.95% 1.89+0.96*
Monsoon #3.68+0.80" #2.3940.24° #2.91+0.83° #2.29+0.82°
Post-monsoon *1.80+0.84* 1.61+0.93° *2.3040.52° 1.80+0.90°
Annual 3.10+1.13 2.02+0.98 2.52+0.90 2.01+0.95
Sediment Pre-monsoon 2.29+0.85% 2.27+1.02% 2.20£0.50% 1.64£0.16%
Monsoon #2.61+0.52° #2.29+0.46° *1.91+0.63* *1.70£0.74*
Post-monsoon 2.00£1.08° 2.00+1.08° 2.42+1.34° 1.99+1.02°
Annual 2.33+1.13 2.18+1.08 2.23+0.96 1.79+0.86

*Denotes significantly different coliform counts (p<0.05) between the two shellfish harvesting environment (column-wise).
“beSeasonal means with the different letters denotes heterogenous seasons (S-N-K post-hoc tests) within the shellfish harvesting

environment (row-wise).

related to the rainfall regime. Of particular importance
however was the negative relation of FC and E. coli
counts of seawater to the salinity and temperature.
The coliform counts of mussel tissue were also found
to have similar relationship with salinity and
temperature except in E. coli counts.

Bioaccumulation index

In the study area, mussels accumulated higher
loads of coliform bacteria than the levels in the
overlaying waters, as indicated by bioaccumulation
index above unity in most of the months (Fig. 5). The
bioaccumulation index of E. coli ranged between 0.4
and 20.2 at Someshwara. The accumulation index was

high in April-May and September-October indicating
higher load in tissue in comparison with the
overlaying seawater. The index in Surathkal indicated
wide variations in the range of values compared to
that of Someshwara ranging between 0.76 and 27.9
with higher values in May and September.

Comparison of sanitary quality of shellfish waters with
standards

NSSP: The GM of FC annual counts observed
were 23 MPN/100 ml at Someshwara waters and 19
MPN/100 ml at Surathkal waters (Table 4). These
values exceed the FC level of 14 MPN GM/100 ml in
seawater approved for unrestricted shellfish harvest or
standards set for “approved area™.
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Table 2—Correlation coefficient (Pearson’s) between Faecal Coliforms (FC) and E. coli levels in seawater,
sediment and mussel tissue

Someshwara (FC)
Water Sediment Tissue Rainfall Salinity Temperature
Water 1.000 0.611(*%*) 0.507(*%*) 0.715(*%*) -0.662(*) -0.558(*)
Sediment 0.611(*%*) 1.000 0.387(*%*) 0.475(*%*) -0.418(**) -0.182
Tissue 0.507(*%*) 0.387(*%*) 1.000 0.412(*%*) -0.328(**) -0.388(**)
Surathkal (FC)
Water 1.000 0.118 0.231(*%) 0.576(**) -0.398(**) -0.303(**)
Sediment 0.118 1.000 -0.163 0.089 -0.010 0.204(*)
Tissue 0.231(*) -0.163 1.000 0.434(+%*) -0.335(*) -0.400(**)
Someshwara (E. coli)
Water Sediment Tissue Rainfall Salinity Temperature
Water 1.000 0.444(%%*) 0.435(*%*) 0.716(**) -0.649(**) -0.366(**)
Sediment 0.444(%%*) 1.000 0.407(*%*) 0.423(**) -.356(*%) -0.210
Tissue 0.435(%%*) A07(F*) 1.000 0.468(**) -407(**) -0.292(**)
Surathkal (E. coli)
Water 1.000 0.380(*%*) 0.354(*%) 562(+%) -0.355(**) -0.215(%)
Sediment 0.380(*%*) 1.000 0.100 0.146 -0.072 0.219(*)
Tissue 0.354(*%) 0.100 1.000 0.347(*%*) -0.261 (%) -0.160

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

Table 3—Monthly variations of BOD (mean+ S.D) levels in
seawater from the Someshwara and Surathkal mussel beds

Months Someshwara Surathkal
(mg/1) (mg/1)
Jan 0.8+0.6 1.3+0.3
Feb 0.7+0.7 1.4+£0.4
Mar 1.6+1.0 2.0+1.1
Apr 1.8+1.2 0.940.5
May 1.3#1.1 1.4+0.7
Jun 0.3+0.2 2.2+0.9
Jul 0.7+0.3 34425
Aug 1.840.1 1.6x0.4
Sep 4.5+0.2 1.7+0.3
Oct 0.8+0.6 2.5+0.2
Nov 0.7+0.5 1.7£0.6
Dec 0.7+0.7 1.5+0.5
Annual 1.2+1.1 1.8+1.2

In the subsequent category, requiring depuration or
relaying of shellfish prior to sale, the limits of FC are
set below the GM of 88/100 ml, with fewer than 10%
of samples exceeding 260/100 ml for a five-tube
MPN. In Someshwara and Surathkal shellfish waters
the GM FC counts were <88/100 ml but in 25% water
samples from Someshwara and 12% water samples
from Surathkal, the counts exceeded the limit of 260

MPN/100 ml. The samples that exceeded the MPN
levels of 260 per/100 ml were drawn mostly during
the monsoon months.

Considering the fact that the mussel beds along the
coastal waters of DK coast are subjected to bacterial
contamination mainly from increased runoff
associated with monsoon, the FC in the mussel beds
were analysed seasonally and were evaluated for their
conformity with the standards.

Seasonal changes in FC counts and its relevance

In Someshwara waters, the GM for FC during pre-
monsoon season was 8 MPN/100 ml and during post-
monsoon season it was 5 MPN/100 ml (Table 4).
These counts were below the 14 MPN/100 ml and in
post-monsoon the 90" percentile MPN/100 ml value
was lower than 43 MPN, the limit set for “approved
area”. However, in pre-monsoon the 90" percentile
MPN value was higher than 43 MPN. Similarly, the
FC levels in seawater from Surathkal were low during
pre-monsoon (10 MPN/100 ml) and post-monsoon
(13 MPN/100 ml) seasons but 90" percentile MPN
value was higher than the limit of 43 MPN (Table 4).
When shellfish harvesting waters are exposed to
limited degree of pollution the shellfish must be
depurated or relayed prior to sale, provided the limits
of FC in such conditions do not exceed 88/100 ml and
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Table 4—Distribution of faecal coliforms (FC) (MPN/100 ml Geometric mean-GM) in shellfish harvesting waters
(Someshwara-S1; Surathkal-S2) based on the limits set by NSSP*

Area Season FC (GM) 90" Percentile N % >260 MPN/100 ml
S1 Pre-monsoon 8 113 33 9
Monsoon 875 4638 24 83
Post-monsoon 5 36 36 0
Annual 23 759 93 25
Non-monsoon 6 64 69 9
S2 Pre-monsoon 10 80 52 6
Monsoon 83 1077 30 33
Post-monsoon 13 112 30 0
Annual 19 232 112 12
Non-monsoon 11 90 82 6
US FDA Classification Geometric mean* 90™ Percentile Shellfish treatment required Criteria
Approved MPN <14/100 ml MPN <43/100 ml None Acceptable water

quality; No significant
pollution sources.

Restricted MPN <88/100 ml  MPN <260/100 ml Depuration or relaying Evidence of marginal
pollution

Prohibited No harvest allowed Evidence of gross
pollution

Table 5—Trends in E. coli levels Geometric mean (GM) in mussel (MPN/100g tissue) based on the limits set by
EC Directive (91/492/EEC)°

Someshwara Surathkal
Month % tissue sample % tissue sample N E. coli % tissue sample % tissue sample N E. coli
<230 >230 (GM) <230 >230 (GM)
Jan 100 - 6 2 100 - 6 142
Feb 100 - 6 7 100 - 11 10
Mar 100 - 6 4 75 25 16 5
Apr 67 33 12 25 100 - 18 35
May 83 17 12 34 83 17 6 160
Jun 33 67 6 169 50 50 6 179
Jul 33 67 6 206 83 17 12 86
Aug 67 33 6 256 67 33 6 136
Sep 50 50 6 217 100 - 6 28
Oct 100 - 6 79 100 - 6 79
Nov 100 - 6 100 - 12 13
Dec 100 - 18 8 100 - 12 5
Annual 80 20 96 25 91 9 117 27
Range <2-930 <2-930
EC Directive Geometric mean Criteria
(91/492/EEC)°
Category A <230 E. coli/100 g flesh or <300 FC /100 g flesh. Direct human consumption permitted.
Category B <4,600 E. coli/100 g flesh or <6,000 FC /100 g flesh  Purification in an approved plant for 48 hours prior to sale
(in 90% of samples). for human consumption.
Category C <60,000 FC/100 g flesh. Relaying for a period of at least two months in clean

seawater prior to human consumption.
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the estimated 90" percentile do not exceed 260
MPN/100 ml or with fewer than 10% of samples
exceeding 260 MPN/100 ml for a five-tube MPN. In
Someshwara waters the FC levels in 91% of the pre-
monsoon water samples were below 88 MPN/100 ml.
Similarly, in Surathkal, the FC levels in 94% of the
pre-monsoon water samples and in 100% (all) of the
post-monsoon samples were below 88 MPN/100 ml
and the estimated 90" percentile was below 260
MPN/100 ml. Therefore, GM and 90" percentile
MPN results from Someshwara during pre-monsoon
and Surathkal during pre-monsoon and post-monsoon
seasons Surathkal were below the limits for
“restricted area” classification.

Someshwara (875 MPN/100 ml) and Surathkal (83
MPN/100 ml) waters showed elevated FC MPN
values during monsoon season with GM and 90"
percentile values well above the limits. It was
observed that all the samples from Someshwara and
87% of the samples from Surathkal exceeded the limit
during the season. At Surathkal the FC counts were
ten fold lower than the GM values of FC in
Someshwara during monsoon season.

EC Directive

Comparison of E. coli levels in mussel tissue with
the European Commission (EC) Directive criteria
(91/492/EEC)® showed GM levels below 230
MPN/100 g during fishing season, from October
through March in Someshwara (Table 5). The E. coli
GM ranged between 2 and 256 MPN/100 g in
Someshwara during diverse seasonal conditions.
While the E. coli GM in Surathkal was lower, when
compared to Someshwara ranging between 5 and 179
MPN/100 g. The E. coli levels were below 230
MPN/100 g from September to April in Surathkal,
except in 25% of samples in March. Therefore, the
majority of the samples collected from the site were
consistent with the category A (Table 5) with respect
to E. coli levels in the tissue. However, during the
non-fishing monsoon months (June-September), the
E. coli levels were above 230 MPN/100 g in a few
tissue samples. Alternatively, the E. coli levels in
mussel tissue in all seasons complied with less than
4300 per 100 g standard for category B.

Discussion

Major rainfall events had significant negative
effects on the sanitary quality of the study area
demonstrated by higher counts of coliforms in
seawater, tissue and sediments during monsoon.

Rainfall has been negatively implicated in influencing
the coastal bacterial quality by increasing the levels of
pathogens through increased surface run-off®'®'®,
Moreover, in shellfish, rainfall-associated outbreaks
of shellfish vectored diseases are frequently described
highlighting the importance of rainfall-associated
contamination'. In the present study, the negative
influence of rainfall on the coliform levels in mussel
tissue and seawater was probably the result of an
increase in non-point sources of sewage brought in by
contaminated surface runoff draining into the
Nethravati River and eventually reaching the coastal
areas. Parallel conclusions were reached in an earlier
study'®? when higher levels of coliforms were
observed in riverine and estuarine waters of
Nethravati River and their adjacent coastal areas
during monsoon.

Present study indicated an inverse relationship in
coliform counts of seawater, mussel tissue and
sediments with salinity in Someshwara. However,
similar trends were observed only in the coliform
counts of seawater and mussel tissue in Surathkal but
not in sediments. It should be emphasized that besides
increase in the pathogen load brought in, the increase
in river run-off temporarily decreases the salinity in
river-mouth. Since a positive link between freshwater
input and higher FC counts is documented in areas of
low salinity/with increase river flow it is likely that
freshwater input positively influences the survival rate
of FC*%.

The negative relationship observed in coliform
counts in seawater and mussel tissue with water
temperature in the shellfish waters could also be
explained with the changes in survival rates of FC
with variations in temperature. Sunlight has been
indicated as one of the most important inactivating
factors on survival of E. coli in estuarine waters>".
Moreover, increase in suspended solids and turbidity
in coastal waters can contribute to better survival of
FC bacteria by providing an organic substrate as well
as protection from light in addition to a mechanism
for transport downstream®. In coastal waters of
Someshwara and Surathkal, a relatively high BODs
values were observed during monsoon, which
corresponded with the high levels of suspended
particulate matter (SPM) and primary production.
Some of the earlier studies have also attributed higher
BOD values in coastal waters of Dakshina Kannada
coast to sewage discharge'>. The variations in these
factors in turn are strongly correlated with rainfall
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resulting from increased river flow and cooler water
temperatures .

With the onset of rainfall, significant site-specific
differences in the levels of coliforms were observed in
sediment samples. Unlike in Someshwara, no
substantial increase in the counts in sediment at
Surathkal was observed, which may be partly
attributed to the release of sediment bound bacteria
into the water column in sewage polluted areas due to
rough weather conditions in monsoons. In estuarine
waters, it is reported that the faecal coliforms that
settle down in sediment can be circulated back into
the water column in rough weather periods leading to
increased coliform levels in water*®. This cycle may
greatly prolong the influence of a contamination
event. Other factors contributing to high levels of FC
in Someshwara waters are the high degree of
urbanization and boating activity contaminating the
area with domestic as well as other organic wastes
allowing longer bacterial survival. Relatively lower
counts of coliforms in sediments at Surathkal suggest
reduced sewage pollution with increasing distance
from the river mouth due to dispersion, settling and
mortality of the bacteria. On the contrary, the
presence of FC in the tissue even in the absence of FC
in the sediment at Surathkal suggests that, by virtue of
their ability to concentrate bacteria, mussels can
become actively contaminated from seawater even at
considerable distance from the pollution source.

Bioaccumulation was high during warmer periods
characterised by the transition from cooler December-
January months to warmer summer months and from
monsoon to post-monsoon months. However, water
temperature alone may not explain accumulation rates
since the coliform counts in mussel tissue and
seawater was high in low temperature mainly due to
monsoon effects. Further, a higher ratio during the
warmer months could possibly be attributed to the
higher rate of reduction in coliform counts in seawater
with rising temperature compared to the rate of
reduction in mussel tissue. This is also possible when
shellfish accumulates coliforms present in the
shellfish waters and then maintain these levels long
after the water have been cleared of the microbes.
Increase in activity of mussel, such as high filtration
rates, enhances the uptake of microbes together with
particulate organic matter. Many studies have pointed
out the significance of the presence of particles to
which microbes can adhere™*® thereby greatly
enhancing its uptake.

The overall evaluation of faecal contamination of
the shellfish environment reveals the occurrence of
elevated levels of FC during monsoon months
corresponds with the non-fishing periods associated
with rough weather conditions prevailing in the
region. Though there is a potential health hazard
associated with the consumption of mussels without
depuration or proper cooking during the season, the
probability of such incidence is minimized due to
non-availability of mussels to the consumers. Since
faecal contamination monitoring needs only to
address the harvest seasons of the year, the higher
levels in monsoon are of less significance and it was
also observed that during the pre-monsoon and post-
monsoon seasons the FC counts were below the
limits. Therefore, during the fishing seasons in pre-
monsoon and post-monsoon the mussel beds off
Someshwara and Surathkal can be described as
“seasonally classified” with the period when, the
classification defined applies. During the peak fishing
seasons, in post-monsoon, GM of FC counts from the
Someshwara harvesting waters were well below the
NSSP limits set for the “Approved” and the tissue
levels of E. coli were below 230 MPN/100 g in both
the mussel beds under “Category A”. This indicates
that during the fishing season there is no serious
contamination of the mussel beds, except in Surathkal
where the accumulation factor in the tissue increased
from March. An increase in temperature increases the
filtration rate of the bivalves and hence there is a
higher probability of bioaccumulation of faecal
coliforms from surrounding waters, resulting in higher
accumulation in warmer months". Though the study
indicates that E. coli are efficiently accumulated by
the shellfish, it is interesting to note that the levels of
E. coli even in adverse weather conditions was less
than 4600 MPN/100 g suggesting that no specific
non-point source of FC is excessively affecting the
area. However, such investigations invoke the
importance of depuration in probable pollution
situation.
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