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Multivariate statistical techniques were used to analyse a ten-year water quality dataset. Monthly water samples 
were collected from 15 river mouths during 2002-2011 and analysed for spatio-temporal variation. The results 
indicated that water quality at Bandon Bay varied spatially and temporally during the past ten years. Four pollution 
factors were identified: (1) nutrient, (2) organic matter, (3) salinity and buffering and (4) erosion factors. 
Discriminant analysis on spatial variables identified only four parameters - i.e. water depth, alkalinity, salinity, and 
temperature - to discriminate between 15 river mouths. Salinity was the only parameter that discriminated between 
seasons. 

[Keywords: Water quality, Spatial variations, Seasonal variations, Multivariate statistical techniques, Discriminant 
analysis]

Introduction 

Estuary water quality has been subject to the 
consequences of a full range of anthropogenic 
activities, e.g. urban, industrial, and agricultural 
activities, and natural processes, e.g. precipitation, 
erosion and weathering1-6. Estuary waters are 
highly vulnerable to pollution due to their easy 
accessibility to the disposal of wastewaters. 
Pollution load and its concentration are seasonal 
and largely affected by precipitation, surface 
runoff, interflow, and groundwater flow3,7,8,9. 
Information on water quality is important for the 
implementation of sustainable water-use 
management strategies10,11,12. Assessing spatio-
temporal variation of water quality at river estuary 
is important for characterising the physical 
features of aquatic environments8,13,14. Seasonal 
changes in natural processes such as temperature, 
precipitation, and hydrological condition, 
influence water quality in such a way that it 
presents different characteristics in different 
seasons7,13. 

Bandon Bay, a well-developed mangrove 
forest, formerly served as a nursery ground and 
feeding area for juvenile shellfish of great 
economic importance15,16. Regardless of its long 
association with a full range of human activities 
and huge environmental problems, Bandon Bay 
serves as an excellent area for shellfish 
aquaculture of high commercial value. During 
1994 local people converted available wasteland, 

mangrove forests, and agricultural land around the 
coastal area into large-scale shrimp farms16,17. 
Agricultural plantations in the area give rise to a 
common practice of nitrogenous fertiliser usage. 
With no wastewater and sewage treatment plant 
available, several villages and towns with a 
population of nearly 1,100,000 directly discharge 
untreated wastewater into Bandon Bay. Excessive 
cutting of the mangrove forest, over-development 
of aquaculture, discharge of wastewater 
containing degradable organic, nutrients and 
pathogen organisms from domestic effluents, and 
agricultural runoff have resulted in a decrease in 
water quality and growing sedimentation 
problems in the bay18. 

Long-term systematic and well-planned water 
quality monitoring programs are a good approach 
to improving the knowledge of estuary physiology 
and hydrochemistry. However, water quality 
monitoring is difficult due to the complexity 
associated with analysing the large number of 
available data and interpreting them19,20. Statistical 
analysis can help to assess the underlying forcing 
mechanisms. Application of different multivariate 
statistical techniques, such as cluster analysis 
(CA), factor analysis (FA), and discriminate 
analysis (DA) has been used widely in recent 
years for analysing environmental data. 
Multivariate statistical techniques help in the 
interpretation of complex data matrices to better 
understand the water quality and ecological status 
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of the systems under study, and the identification 
of possible factors that influence water systems. 
They provide a valuable tool for management of 
water resources, as well as rapid solution to 
pollution problems4,7,21,22,23. This study attempts to 
describe the spatio-temporal variability in estuary 
water quality, and identify the main pollution 
factors and sources affecting water quality. 

 

Materials and Methods 
Bandon Bay is among the most productive 

coastal areas in southern Thailand (Fig. 1). It is 
located in Surat Thani province, southern 
Thailand (Latitude 9º 7′-9º 25′ N and Longitude 
99º 9′-99º 39′ E) covering an area of 1215 km2,17. 
Bandon Bay is a small open bay with a coastal 
area of gradual slope and shallow water. A large 
mudflat extends along the coast to about 2 km 
from shore contributing to the high sediment rate 
within the bay24. The inner Bandon Bay from 
Chaiya District to Donsak District covers an area 
of 480 km2 with 80 km of coastline with an 
average depth of 2.9 m. 

The climate is characterised by constant high 
temperature and rainfall. During the period 1983-
2012, the average annual rainfall is 1,530.95 mm 
ranging from 1,025.1 to 2,414.80 mm. The 
average rainfall in wet and dry seasons is 1,809 
mm and 252 mm respectively. Rainfall is highest 

in November and January is the driest month of 
the year. The average annual temperature is 26.45 
°C with the warmest month in April and the 
coolest month in December. Bandon Bay is 
exposed to monsoon weather with northeast winds 
from November to April, and southwest winds 
from May to October. In the lower part of the tidal 
ranges are muddy soils whereas acid sulphate soil 
is found in the upper part. The major surface 
freshwater discharge into Bandon Bay is from the 
Tapi-Phum Duang River watershed with 
approximately 13,737 million m3 in annual 
runoff25. 

The Tapi River and its 18 channels are the 
main sources of freshwater, nutrients, organic 
matter, and sediment, and act as driving flow 
water courses that vary over the hydrological year 
with high rainfall concentrations in the rainy 
months and deficit during dry periods26. Land use 
in Bandon Bay consists of mangrove forest, 
tropical forest, urban area, agricultural area and 
aquacultural area16,17. Mangrove forests of Bandon 
Bay play an important economic role as food and 
energy sources. Local people depend on the 
mangrove areas for charcoal, timber, catching 
fishes, shrimps and crabs. Aquaculture, especially 
shrimp farming, is a traditional practice for local 
people and has expanded rapidly on a commercial 
 

 
(a) 

 

(b) 

 

Fig. 1—(a) Bandon Bay, Thailand and (b) 15 river mouths: (1) Thakrajai, (2) Thamuang, (3) Pumreing, (4) Huawao, (5) 
Thapoon, (6) Thachang, (7) Liled, (8) Tapi, (9) Thathongmai, (10) Changoe, (11) Kradae, (12) Ram, (13) Thathong, (14) Nui, 
and (15) Donsak River mouths. 
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scale to meet increased national and international 
demands. Excessive cutting of the mangrove 
forest with massive development of shrimp 
aquaculture has led to decreasing water quality 
and increasing sedimentation18. 

Monthly water samples were collected from 15 
river mouths at Bandon Bay over a ten-year 
period (2002-2011). The 15 river mouths were (1) 
Thakrajai, (2) Thamuang, (3) Pumreing, (4) 
Huawao, (5) Thapoon, (6) Thachang, (7) Liled, 
(8) Tapi, (9) Thathongmai, (10) Changoe, (11) 
Kradae, (12) Ram, (13) Thathong, (14) Nui, and 
(15) Donsak river mouths (Fig. 1). The 
physiochemical parameters, consisting of water 
depth, water temperature, transparency, salinity, 
pH, dissolved oxygen, biochemical oxygen 
demand (BOD5), alkalinity, total suspended solids 
(TSS), ammonium (NH4-N), nitrite (NO2), nitrate 
(NO3), and orthophosphate (PO4), were collected 
over a ten-year period. These data were obtained 
from the Surat Thani Coastal Fisheries Research 
and Development Centre (SCFRDC), Department 
of Fisheries. Sampling, preservation, and 
transportation of the water samples to the 
laboratory were analysed according to standard 
methods27. Depth, temperature, transparency, 
salinity, pH, and DO were investigated in the 
field. Water samples were then fixed, and BOD5, 
alkalinity, TSS, NH4-N, NO2, NO3, and PO4 were 
measured in the laboratory using APHA 
protocols27. Based on Thai Meteorological 
Department reports, seasons of Bandon Bay area 
were grouped into wet (June-January) and dry 
(February-May) seasons. 

Box whisker plots were used to describe water 
quality parameters. T-tests were performed to test 
the differences of water quality parameters 
between wet (June-January) and dry (February-
May) seasons. FA was performed to identify 
pollution factors affecting water quality14,28. 
Kaiser-Meyer-Olkin (KMO) and Bartlett’s 
sphericity tests were conducted to examine the 
suitability of the data for FA. Data were 
standardised by the z-scale transformation to 
ensure normal distributions for FA14,29. DA was 
used to determine the variables, which 
discriminate between temporal parameters (wet 
and dry seasons) and spatial parameters (15 river 
mouths). Discriminant functions reported in this 
study correspond to the treatment of raw data 
(without standardisation). The sites and the 
seasons were dependent variables, while water 
quality parameters constituted the independent 

variables. The best discriminate function (DF) for 
each situation was selected, considering the 
goodness of the classification matrix and the 
number of parameters needed to reach such a 
matrix8,30. 
 

Results and Discussion 

Spatial and temporal variation of water quality 
Wet season had lower water temperature, 

transparency, salinity, pH, alkalinity, and higher 
BOD5, NH4-N, NO2, NO3 and PO4 than dry season 
(Table 1). Water depth, DO, and TSS did not 
differ between wet and dry seasons (Table 1). 
Box-whisker plots demonstrate the temporal and 
spatial variation within the 13 variables and 15 
river mouths (Fig. 2a-z). Seasonal variations in 
precipitation and surface runoff have a strong 
effect on the river discharge. The results of the 
monitoring show a seasonal fluctuation in salinity 
indicating the influx of freshwater causing low 
salinity during the wet season. Extreme 
fluctuations in salinity have implications for 
shrimp and shellfish aquaculture in Bandon Bay 
area. 

Presence of highest concentration of nutrients - 
i.e. NH4-N, NO2, NO3, and PO4, Fig. 2s-z - in 
November (wet season) might originate from 
overland runoff from agricultural fields where 
nitrogenous fertilisers are used, intensive shrimp 
aquaculture along the river and anthropogenic 
activities surrounding the river mouths without 
waste water treatment plants31,32. NH4-N 
pollutants could originate from the decomposition 
of proteins and urea occurring in municipal 
wastewater discharges33. About 80% of the total 
watershed area is classified as high soil erosion 
and landslide risk areas causing fast-diminishing 
top soils and fertilisers during the monsoonal 
runoff in November34. 

The major freshwater discharge into Bandon 
Bay is from the Tapi-Phum Duang River 
watershed25. This watershed accounts for 
approximately 13,737 out of 17, 847 million m3 in 
annual runoff (around 77% of total annual runoff). 
Present study show that the Liled and Tapi River 
mouths (site 7, 8), where the Phum Duang and 
Tapi Rivers reach the Gulf of Thailand, had the 
lowest overall mean values for seven of the 13 
water quality parameters (i.e. temperature, 
salinity, alkalinity, TSS, NH4-N, and PO4) (Fig. 
2a-z). Nui and Donsak River mouths (site 14, 15) 
are the river mouths furthest from the mouth of 
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Table 1—Mean ± SD of water qualities at Bandon Bay during wet and dry seasons. *P<0.05, **P<0.001 

Variables Wet season Dry season t-test 

Water Depth (m) 1.75 ± 1.13 1.69 ± 1.11 t1186 = -0.85 

Temperature (°C) 29.05 ± 2.12 29.71 ± 1.83 t1216 = 5.23** 

Transparency (cm) 32.43 ± 17.63 40.88 ± 19.87 t1180 = 7.37** 

Salinity (ppt) 10.87 ± 9.23 17.55 ± 10.51 t1291 = 11.60** 

pH 7.47 ± 0.58 7.66 ± 0.43 t1366 = 6.04** 

DO (mg/l) 4.59 ± 1.03 4.66 ± 1.14 t1276 = 1.05 

BOD5 (mg/l) 1.80 ± 1.43 1.62 ± 1.33 t1186 = -2.03* 

Alkalinity (mg/l) 84.31 ± 36.27 93.58 ± 30.70 t1395 = 4.70** 

TSS (mg/l) 43.76 ± 38.70 46.22 ± 35.96 t1146 = 1.14 

NH4-N (mgN/l) 0.18 ± 0.33 0.11 ± 0.23 t1396 = -3.65** 

NO2 (mgN/l) 0.04 ± 0.10 0.02 ± 0.06 t1395 = -4.52** 

NO3 (mgN/l) 0.12 ± 0.13 0.06 ± 0.07 t1396 = -8.79** 

PO4 (mgP/l) 0.05 ± 0.09 0.03 ± 0.05 t1394 = -5.18** 

    

the Tapi-Pumduang River had the highest overall 
mean values for nine out of 13 water quality 
parameters (i.e. temperature, salinity, pH, BOD5, 
alkalinity, TSS, NH4-N, NO2, and PO4) (Fig. 2a-
z). 

Low transparency values were recorded at the 
Nui River mouth (site 14) as a result of its 
exposure to intensive shrimp aquaculture along 
the river (Fig. 2e-f). Nutrient, suspended solids, 
and organic wastes produced by intensive shrimp 
pond culture consist of solid matter (mainly 
uneaten feed, faeces and phytoplankton) and 
dissolved metabolic (mainly urea, NH4-N and 
NO2). The discharge of untreated effluent rich in 
nutrients and organic matter together with 
chemotherapeutants seriously upsets the 
ecological balance. Prolonged use of a shrimp 
pond can lead to an incremental build-up of 
sludge at the pond's bottom from waste products 
and excrement. The sludge can be removed 
mechanically by flushing it directly into the river 
causing increased sedimentation when it settles. 
This practice leads to siltation of river mouths and 
possibly an alteration in the structure of the 
benthic community. 

Our results showed that there were high 
concentrations of nutrients - i.e. NH4-N, NO2, 
NO3, and PO4 - at the Ram, Thathong and Nui 
River mouths (site 12-14) (Fig. 2s-z). The high 
concentrations of nutrients in these rivers could be 
due to several reasons. Firstly, untreated 

wastewater from industries, e.g. fish processing, 
freezer and rubber factories, is dumped into the 
river. Fish processing is an important industry in 
the area with several dried fish, shrimp and squid 
factories, and canning plants24. Secondly, effluents 
rich in nutrients and organic matter from intensive 
shrimp aquacultures along the rivers are released 
directly into the rivers untreated. Shrimp 
aquaculture area in Bandon Bay area increased 
from 2,200 ha in 1984 to 4,100 ha in 201335 
mostly by clear-cutting of mangrove forests. 
There were 3,000 out of 4,100 ha of shrimp 
aquaculture area located along these three rivers. 
Thirdly, other water pollution sources that might 
increase nutrients in these rivers are watershed 
sediment, agricultural runoff and untreated 
wastewater from domestic sources25. These 
nutrient loadings may provide essential nutrients 
for the huge production of phytoplankton 
supporting filtrating shellfish, e.g. oyster 
(Crassostrea lugubris, C. belcheri, and Saccostera 
commercialis), blood cockle (Anadara granosa), 
green mussel (Perna viridis), short-necked clam 
(Paphia undulate), mudcrab (Scylla serrata) and 
white shrimp (Penaeus merguiensis) in the 
Bandon bay36. However, Gannarong et al. (2000) 
reported that tremendous wastewater discharge 
from households and shrimp farms have caused 
reduction of shellfish production and deterioration 
of water quality in shellfish culturing grounds. 
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Fig. 2—Temporal and spatial variation of water qualities at 15 river mouths of Bandon Bay during 2002-2011. Blue and red 
colours represent month and river mouths. (a, b) depth (m), (c, d) temperature (°C), (e, f) transparency (cm), (g, h) salinity (ppt), 
(i, j) pH, (k, l) DO (mg/l), (m, n) BOD5 (mg/l), (o, p) Alkalinity (mg/l), (q, r) TSS (mg/l), (s, t) NH4-N (mgN/l), (u, v) NO2 
(mgN/l), (w, x) NO3 (mgN/l), and (y, z) PO4 (mgP/l). River mouths were (1) Thakrajai, (2) Thamuang, (3) Pumreing, (4) 
Huawao, (5) Thapoon, (6) Thachang, (7) Liled, (8) Tapi, (9) Thathongmai, (10) Changoe, (11) Kradae, (12) Ram, (13) 
Thathong, (14) Nui, and (15) Donsak River mouths. 

 
Factor analysis of water quality 

KMO and Bartlett’s sphericity test were 0.72 
and 2665 (P<0.001), respectively. This suggests 
that FA would be effective in reducing 
dimensionality12,14. Based on the correlation 
matrix of variables, the results of FA were 
expressed in Table 2. The first four rotated factors 
with eigenvalue greater than 1 were extracted, and 
they explained 60.35% of the total variance. 

Factor 1, the nutrient factor, accounted for 
18.06% of the total variance and was highly 
positively correlated with inorganic nutrients - i.e. 
NO2, NO3, NH4-N and PO4. The strong rainfall 
events occurring in November cause an increase 
in the freshwater discharges. Soil erosion runoff 
on river water during the wet season has a 
polluting effect, which results in higher values of 
NO2, NO3, NH4-N and PO4. Due to their 

agricultural activities, farmers usually apply 
fertilisers - i.e. nitrogen, urea, ammonium nitrate, 
and phosphate - to their crops twice a year in 
May-June and September-October. Major crops in 
this area are rubber (48% of total area) and palm 
plantations (7% of total area). These results 
indicate that agricultural pollution from cultivated 
fields is collected in the rivers through the action 
of rain erosion on farmland37,38. Furthermore, the 
process of intensive aquaculture causes a high 
concentration of inorganic nutrient variables in 
Bandon Bay39. 

Factor 2, the organic matter factor, accounted 
for 16.92% of total variance and consists of 
temperature, DO and BOD5. DO and BOD5 refer 
to the oxide-related processes. When organic 
matter in the river water is oxidised at the expense 
of oxygen, the BOD5 concentrations increase with 
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Table 2—Factor loadings of the 13 variables on VARIMAX rotation of Bandon Bay 

Variables Factor 

 1 2 3 4 

NO2 (mgN/l) 0.83 0.18 0.05 -0.01 

NO3 (mgN/l) 0.72 0.08 -0.37 0.27 

NH4-N (mgN/l) 0.71 -0.09 0.17 -0.05 

PO4 (mgP/l) 0.68 0.02 0.12 -0.13 

Temperature (°C) -0.01 0.71 0.16 -0.13 

DO (mg/l) 0.01 0.69 -0.05 0.18 

BOD5 (mg/l) 0.01 0.56 0.48 0.07 

TSS (mg/l) 0.32 0.48 0.14 -0.23 

Salinity (ppt) 0.12 -0.03 0.82 -0.07 

Alkalinity (mg/l) -0.07 0.49 0.68 0.08 

pH 0.15 0.53 0.60 -0.06 

Water Depth (cm) 0.03 -0.23 0.03 0.81 

Transparency (cm) -0.19 0.24 -0.05 0.72 

Eigenvalue 3.26 2.27 1.27 1.05 

Variance (%) 18.06 16.92 15.18 10.19 

Cumulative (%) 18.06 34.98 50.16 60.35 
Bold values represent high loadings 
 
(a) 

 

(b) 

 

Fig. 3—Spatial and temporal variables of first two factor scores defined by the first two rotated factors. (a) spatial variables () 
with 15 river mouths: (1) Thakrajai, (2) Thamuang, (3) Pumreing, (4) Huawao, (5) Thapoon, (6) Thachang, (7) Liled, (8) Tapi, 
(9) Thathongmai, (10) Changoe, (11) Kradae, (12) Ram, (13) Thathong, (14) Nui, and (15) Donsak River mouths and (b) 
temporal variables (●) from January-December. 

decreased DO40. Warmer water tends to have high 
BOD5 and low DO because of the increased 
decomposition of organic matter. Increased water 
temperature will speed up bacterial decomposition 
and result in higher BOD5 levels. The highest 
BOD5 value was recorded at the Nui River mouth 
(site 14) where water quality is influenced by 
local domestic waste and shrimp aquaculture. 
Moreover, warmer water is capable of holding 
less DO than colder water. 

Factor 3, the salinity factor, had strong positive 

loadings on salinity, alkalinity and pH which 
accounted for 15.18% of the total variance. These 
variables represented the total soluble salt 
concentration and provided insight into chemical 
changes in relation to river recharge41. Alkalinity 
variability in the river mouth is controlled mainly 
by freshwater addition (precipitation) or removal 
(evaporation) which also acts to change 
salinity42,43. The alkalinity concentration indicates 
the buffering capacity of water, where high  
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Table 3—Classification functions for discriminant analysis of spatial and temporal variations of Bandon Bay 

Variable Spatial variation Temporal variation 

 Function 1 Function 2 Function 1 

Water Depth (cm) -0.60 0.82 -0.10 

Temperature (°C) -0.47 -0.07 0.18 

Transparency (cm) -0.23 -0.05 0.31 

Salinity (ppt) 0.46 0.34 0.76 

pH 0.11 0.40 0.15 

DO (mg/l) 0.06 -0.17 -0.07 

BOD5 (mg/l) -0.02 -0.02 -0.26 

Alkalinity (mg/l) 0.53 0.27 -0.05 

TSS (mg/l) 0.07 0.04 -0.43 

NH4-N (mgN/l) 0.05 0.14 -0.07 

NO2 (mgN/l) -0.04 -0.07 -0.02 

NO3 (mgN/l) 0.22 0.05 -0.30 

PO4 (mgP/l) 0.14 0.16 -0.08 

(Constant) 3.65 -8.43 3.65 

Bold values represent high value

concentrations of alkaline can resist pH changes. 
Factor 4, the erosion factor, accounted for 

10.19% of the total variance and was strongly 
correlated with water depth and transparency. 
Higher river water depth and lower transparency 
can be explained by eluviation of soil washed off 
by intensive rainfall in the wet season14,44. 

The factor score of factor analysis can identify 
influences of each pollution type in the river 
system14,40,45,46 (Fig. 3). Higher factor scores 
represent greater influences of pollution types14,47. 
For spatial influences (Fig. 3a), factor score 1 was 
significant to the condition of the Nui River 
mouth (site 14), reflecting the influences of 
agricultural activities and soil erosion along the 
river. Factor score 2 distinguished the Tapi and 
Ram River mouths (site 8 and 12) from the other 
sites, which were most likely polluted by domestic 
wastewater in the Ram River mouth and less 
polluted in the Tapi River mouth (greater 
discharge). For temporal influences (Fig. 3b), 
factor score 1 was significant to the less water 
discharge and increases in the total soluble salt 
concentration during March and April. This 
provides insight into chemical changes in relation 
to river recharge41. With regard to factor score 2, 
it shows that water quality is impacted by 

monsoonal runoff in November (Fig. 3b). This 
implies that seasons affect water quality data at 
Bandon Bay. 

 
Discriminant analysis of water quality 

Spatial variations in water quality were 
evaluated using DA. DA was applied to raw data. 
Thirteen DFs were found: the first two functions 
had eigenvalues more than 1 and were statistically 
significant in Wilk’s  test (P<0.001). The first 
two DFs explained 72% of total variance between 
15 river mouths; the first DF accounted for 41.5%, 
and the second DF contained 30.5% of total 
spatial variance. Relative contribution of each 
parameter is given in Table 3. The first group had 
strong positive coefficient in alkalinity and 
salinity and negative coefficient in water depth 
and temperature. These parameters help to 
discriminate the 15 river mouths from each other. 
The second group had strong positive coefficient 
in only water depth. This indicates that water 
depth made a strong contribution to discriminate 
the 15 river mouths and accounted for most 
expected spatial variations in the river. The 
classification matrices showed 46.3% of cases are 
correctly classified to their respective groups. 
These results suggest that the different patterns of 



INDIAN J. MAR. SCI. VOL. 44, No.7, JULY 2015 
 
 

 1008 

spatial variation are due to the different kinds of 
weather processes along the river3. 

Temporal variations in water quality were 
further evaluated through DA. Temporal DA was 
performed on raw data after dividing the whole 
data set into two seasonal groups (wet and dry 
seasons). Only one DF was found. Hundred 
percentage of the total variance between seasons 
was explained by one DF. Relative contribution of 
each parameter is shown in Table 3. Salinity 
contributed strong positive coefficient in 
discriminating wet and dry seasons, while other 
parameters made fewer contributions. The 
classification matrices showed that 69.4% of the 
cases are correctly classified to their respective 
groups. There were significant differences 
between wet and dry season, discriminated by the 
salinity parameter. The results suggest that 
agriculture, aquaculture, and other anthropogenic 
pollution, which are mainly discharges of 
wastewater into river, do not discriminate between 
seasons and are regular throughout the year3. 
 
Conclusion 

Monitoring estuary water quality generates 
multidimensional data that require statistics to 
analyse and interpret underlying information. 
Bandon Bay shows serious problems of pollution 
mainly due to inorganic nutrients - i.e. nitrogen, 
urea, ammonium nitrate, and phosphate - and 
organic matter - i.e. DO and BOD5. For spatial 
variations, the Thamuang and Nui River mouths 
were different from other river mouths in their 
amount of inorganic nutrients due to untreated 
domestic sewage discharge, intensive aquaculture, 
and/or agricultural runoff from soil erosion. For 
temporal variations, November differed from 
other months due to monsoonal runoff into the 
bay resulting in a decrease in salinity. Since 
salinity was the only factor that significantly 
differed between wet and dry seasons, this 
suggests that main discharges of wastewater into 
rivers by agriculture, aquaculture and other 
anthropogenic pollutions are not seasonal but 
rather regular throughout the year. 
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