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Abstract 
 Limnology of two wastewater treatment lagoons, (Lagoon numbers 1 and 10 are treated as L-1 and L-2, 
respectively) at Pagla, Narayanganj considering 15 water quality variables had been carried out for 10 
months. Air and water temperature did not vary significantly. Secchi depth (Zs) showed gradual improvement 
from the lagoon 1 to lagoon 10 due to low loading of suspended matters. Improvement of water quality from 
L-1 to L-2 has also been observed in respect to alkalinity, conductivity and TDS. Similar trends were also 
seen for SRS and SRP. In L-1 anoxia occurred three times whereas it was absent in L-2. In the present study,  
improved DO prompted NO3-N and TDS concentration. However in L-2, mean values of SRP dropped by 
about 13% than L-1. A significant positive correlation between the density of phytoplankton and SRP in L-2 
at 5% level was obtained. A total of 105 species of phytoplankton belonging to 6 different algal classes were 
recorded from the lagoons. Highest number of species was obtained from Chlorophyceae followed by 
Euglenophyceae, Bacillariophyceae, Cyanophyceae, Cryptophyceae and Dinophyceae. The population 
density of  phytoplankton and that of zooplankton in L-1 was low compared to L-2. Higher number of genera 
and species occurred in L-2 than L-1. Chl a  and pheopigment concentrations were also higher in L-2. Results 
indicated that water quality has increased in the treatment pond number 10. 
 

Introduction 
 Lagooning is one of the most common wastewater treatment systems in different countries 
(Onyema 2010, Oliveira 1995) where microalgae play multiple and complex roles. Microalgae 
release molecular oxygen during photosynthesis, which in conjunction with oxygen at the air-
water interfaces, promote the aerobic conditions necessary for organic matter degradation by the 
aerobic bacteria. Also, small algae, predominant in wastewater treatment plant stabilization 
lagoons transform and accumulate organic matter degraded by the aerobic bacteria (Rodrigues and 
Santana 1993). 
 Water resource in the Dhaka city is most important and recently has been considered as a 
burning issue because of extreme degradation of water quality of its peripheral rivers (Hasan et al. 
2006). When peripheral rivers of an urban area get polluted due to the release of municipal and 
industrial untreated wastewaters the surface water quality also deteriorates (Reynolds 1984, 
Subramanian 2004, Karn and Harada 2001). Domestic and industrial wastes of Dhaka City 
discharged into the river Buriganga by four main discharge pathways. Pagla Sewage Treatment 
Plant (PSTP) outfall is one of them, operated by Dhaka Water Supply and Sewerage Authority 
(DWASA). The plant treats wastes of about 7 million  people at Dhaka city. The capacity of this 
treatment plant is only 0.12 million m3/day while the total sewage generated by the city as 
estimated by DWASA is about 1.3 million m3/day (Hasan et al. 2006). So far no published record 
is available on the limnology of wastewater lagoons of DWASA except some information on 
heterotrophic and nitrifying bacteria (Hasan et al. 2006). So, the present research was undertaken 
to study the improvement of water quality in the treatment lagoons operating at PSTP. Plankton 
diversity has also been studied to assess the water quality in the lagoons. 
 

Materials and Methods 
 The PSTP is situated about a kilometer from Pagla Bazar (23° 40' 0" N, 90° 27' 0" E) and is 
about 10 km south of Dhaka metropolis. PSTP consists of 16 lagoons for the tertiary treatment of 
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sewage water. All these lagoons are connected to each other with a narrow channel. Sampling for 
the present investigation was carried out in lagoon Nos. 1 and 10 of PSTP, hereinafter designated 
as L-1 and L-2, respectively. Samples were collected from October, 2009 to July, 2010 fortnightly 
except October, January and May when monthly collections were made. So a total of 17 samples 
were collected. On each occasion of sampling, air and water temperature were measured with the 
help of a mercury centigrade thermometer.  The transparency of water was measured with the help 
of a Secchi disc (20 cm dia).  pH was measured with the  help of  a  Griffin pH meter (PHJ-260-V-
pH-meter, Model 50, UK). TDS (total dissolved solids) and conductivity were measured with the 
help of field meters (Hanna instruments, HI9034 and HI9034, Singapore). Methods described in 
Wetzel and Likens (1979) were used to determine the dissolved oxygen (DO) and soluble reactive 
silicate (SRS). Alkalinity was measured after Mackereth et al. (1978) while Müller and 
Wiedemann (1955) was followed for the determination of nitrate-nitrogen (NO3-N). SRP was 
measured using the methodology described in Murphy and Riley (1962). Chlorophyll a and 
phaeopigment concentrations were measured following Marker et al. (1980). Pearson correlation 
analysis was made (SPSS program) to find the relationships between the measured limnological 
variables and phytoplankton (Table 3). 
 
Results and Discussion 
 Air and water temperature of L-1 and L-2 lagoons did not vary significantly in a particular 
months. The Secchi depth (Zs) ranged from 6 - 34 cm in L-1 and 5 - 43 cm in L-2 though not 
significant. An improvement in the Secchi reading has been observed in L-2. Results on the water 
quality variables show that TDS and conductivity decreased in L-2 compared to L-1. An increase 
in pH and decrease in alkalinity have been observed in L-2 (Table 1). Dissolved oxygen showed at 
least three occasions of anoxia in L-1 but no anoxia was recorded in L-2. Little difference has been 
observed in the SRP and nitrate concentrations of the lagoon waters. In L-2, mean values of SRP 
dropped by about 13% than L-1 (Table 1). With the improvement of oxygen concentration in L-2 
than L-1 a slight fall in the value of SRP and increase in the nitrate concentration did occur. Under 
the anoxic condition, leaching of SRP from bottom into the surface water and prevalence of nitrate 
may occur. However, no significant change in the concentration of SRP has been observed in the 
two lagoons.  
  Chlorophyll a fluctuated more in L-1 compared to L-2 where higher concentration was found. 
Phaeopigment concentration was lower in L-1 than in L-2. Significant increase in the 
concentration of both phyto- and  zooplankton has been observed in L-2 than L-1(Table 1).  
 The monthly highest density of phytoplankton was found at L-1 in April and at L-2 in 
February (Table 1). This may happen due to increase in water quality parameters such as 
alkalinity, conductivity, TDS, DO, SRP and SRS. Phytoplankton belonging to blue-green algae 
and euglenoids were found to be dominant in most of the occasions at two sampling points except 
mid July when the members of Bacillariophyceae and blue-green algae showed their dominance. 
A large density of blue-greens in the maturation wastewater treatment pond and in the effluent 
ready to be discharged into the receiving river Lambo (Nigeria) was found by Pereira et al. (2001). 
The Esmoriz wastewater treatment plant may be considered as an optimal habitat for the 
development of blue-green and members of Euglenophytes (Chindah et al. 2005, 2007 and 
Oliveira 1995). 
 A comparative analysis of the two lagoons in respect to mean values (n = 17) of 15 
environmental variables is shown in Fig. 1. Prevailing air temperature and water temperature of 
the lagoons ran parallel to each other. But Secchi depth increased in L-2 by 13.49 cm  compared to  
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L-1. Chlorophyll a, phaeopigment, pH, DO, density of phytoplankton and density of zooplankton 
in L-2 increased. Concentration of dissolved silicate (SRS) did not change at all in L-2 compared 
to L-1 (Fig. 1). TDS, conductivity, nitrate, SRP and alkalinity were higher in L-1 than in L-2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Comparison of different variables in L-1 (■) and L-2 (□) from Oct. 2009 to July 2010. A. Air and 
water temperature (º C) and Secchi depth (cm), B. TDS (mg/l), conductivity (µS/cm)) and SRP (µg/l)), 
C. pH, alkalinity (meq/l), DO and N03-N (mg/l), D. SRS (mg/l) and density of phytoplankton (×106 
ind/l), E. Density of zooplankton (×106 ind/l) and F. Chlorophyll a and phaeopigment(µg/l)). 

 

 Highest chl a concentration at L-1 in May 2010 and at L-2 in March 2010 was observed. 
Those peak phytoplankton biomass were contributed by Euglena acus and Euglena spp., 
respectively. Pereira et al. (2001) obtained maximum chl a concentration 2055 µg/l in the 
facultative pond. In the present experiment, maximum algal abundance coincided with the 
maximum concentration of chl a. Blue-green contributes less chl a than diatoms, greens and 
especially, euglenophytes (Reynolds 1984). Increases in chlorophyll a concentration in the water 
and pH were related to euglenoid population, whereas oxygen concentration changes were related 
to changes in density of both diatoms and euglenophytes (Pereira et al. 2001). 
 In the present investigation 46 and 54 genera were recorded in L-1 and L-2, respectively. The 
genera recorded from lagoon L-1 to L-2, belonged to six classes (Cyanophyceae, Chlorophyceae, 
Euglenophyceae, Bacillariophyceae, Cryptophyceae and Dinophyceae, Table 2).  Arthrospira 
platensis was found to be most dominant blue-green alga followed by Microcystis and 
Merismopedia for L-2. Similarly for L-1, A. platensis was also dominant. Coelastrum and 
Scenedesmus were found to be abundant in number rather than other green algae in L-2. For L-1, 
the dominant green alga was Chlorella. Cyclotella and Navicula were found to be the dominant 
diatoms in L-1 and L-2. Euglena was found to be in large number in L-1 and L-2 other than any 
other genera of this group. 
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  Chlorophycean members dominated in the two lagoons followed by Cyanophyceae, 
Bacillariophyceae, Euglenophyceae, Cryptophyceae and Dinophyceae (Table 2) Generic and 
species diversity was higher in the L-2 where 105 species compared to 98 in L-1 was observed due 
to improved water quality and DO (Table 1). 
 In the wastewater treatment plant, phytoplankton was mainly composed by chlorophytes in 
agreement with data reported by Pereira et al. (2001) and Oliveira (1995). Phytoplankton 
community is dominated by the members of chlorococcoid and volvocalean forms. In the present 
investigation Peridinium cinctum, Ceratium.hirundinella, Gymnodinium sp. and Gonyaulax sp. of 
Dinophyceae were recorded. Onyema et al. (2010) also reported 3 species of Dinophyceae 
namely, Ceratium macroceros, Ceratium tripos and Peridinium africana  in the  Iyagbe lagoon,  
Nigeria.  
 

Table 2. Number of genera and species recorded from different classes of algae from the two lagoons of 
the PSTP. 

 

L-1 L-2 
Class 

Genera  Species  Genera Species 
Chlorophyceae 18 (39.13%) 33 (33.67%) 21 (38.89%) 41 (39.05%) 
Cryptophyceae 03 (6.52%) 03 (3.06%) 03 (5.56%) 05 (4.76%) 
Bacillariophyceae 09 (19.57%) 19 (19.39%) 09 (16.67%) 17 (16.19%) 
Euglenophyceae 05 (10.87%) 26 (26.53%) 05 (9.26%) 19 (18.09%) 
Cyanophyceae 10 (21.74%) 16 (16.33%) 12 (22.22%) 19 (18.09%) 
Dinophyceae 01 (2.17%) 01 (1.04%) 04 (7.42%) 04 (4.08%) 
Total 46 98 54 105 

 

 According to Vasconcelos and Araujo (1994) Microcystis aeruginosa is one of the most 
common species in wastewater treatment plant and other species of blue-green, namely, 
Synechoccocus and Synechocystis were also common in wastewater treatment plant (Oudra 1990, 
Chindah et al. 2007). Oliveira (1995) also reported dominance of chlorophytes found in 
wastewater stabilization ponds.  
 In most cases the relationships of variables were non-significant (Table 3). However, a 
significant positive correlation between the density of phytoplankton and SRP in L-2 at 5% level 
was obtained. Pereira et al. (2001) conducted similar studies and also obtained non-significant 
relationships between the phytoplankton and physicochemical variables except a significant 
negative correlation between diatom and pH. 
 
Table 3. Result of the Pearson’s product moment correlation analysis between the physicochemical 

variables and the density of phytopolankton in L-1 and L-2. 
 

L-1 L-2 L-1 L-2 
Variables 

     r p       r p 
Variables 

     r p     r p 
Air temp. 0.457 ns –0.203 ns DO –0.177 ns 0.167 ns 
Water temp. 0.456 ns –0.126 ns SRS 0.050 ns –0.307 ns 
Secchi depth –0.060 ns 0.071 ns SRP 0.103 ns 0.594* 0.05 
TDS 0.090 ns 0.146 ns NO3-N –0.073 ns –0.166 ns 
Conductivity 0.170 ns 0.007 ns Chl a 0.231 ns –0.008 ns 
pH 0.203 ns 0.100 ns Phaeopigment –0.030 ns –0.028 ns 
Alkalinity 0.177 ns 0.264 ns      

 

* Correlation significant at 5% level, r = correlation coefficient, p = probability, ns = not significant. 
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It is revealed that the water quality in the treatment plants has increased as indicated by low 
conductivity, alkalinity, SRP, NO3-N, and high DO and Plankton.  
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