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Am Municipality Wastewater Treatment Ponds Using GIS 

Kriging Interpolation

Shwesin Koko,1 Kim N. Irvine,2 Ranjna Jindal1 and Romanee Thongdara1 
1Mahidol University, Thailand; 2Nanyang Technology University, Singapore.

Abstract

This study investigated the spatial and temporal variations in dissolved oxygen (DO) in the Cha-Am wastewater treatment ponds 

to assess treatment dynamics and to identify possible areas where the treatment train could be improved. Cha-Am is a small resort 

town with extensive beaches, located on the west coast of the Gulf of Thailand. The wastewater treatment system for Cha-Am 

consists of four ponds in sequence: aeration pond, sedimentation pond, extended aeration pond, and evaporation pond. Two YSI 

6920 datasondes were installed near the inlet of the aeration pond and in the sedimentation pond, to measure dissolved oxygen 

(DO), pH, conductivity, temperature, and turbidity at 30 min time intervals over a 3 month period. DO averaged 3.09 mg/L and 3.33 

mg/L, respectively in the aeration pond and in the sedimentation pond. DO generally varied over a diel cycle with higher values 

observed in midafternoon and lower values observed after midnight. DO often increased after a rainfall event. Ordinary Kriging 

(OK) interpolation in ArcGIS10.1 was used to map the spatial distribution of DO at different depths based on YSI spot measure-

ments. OK indicated the highest DO concentrations were near the surface (0.5 m to 1.0 m); averaging 18.53 mg/L, 20.5 mg/L, 17.31 

mg/L and 9.7 mg/L in the four ponds, but sometimes the concentrations were <2 mg/L near the bottom of the ponds. Two of the 

ponds are used as a wild catch fishery and low DO seems to negatively impact the fish. The spatial trend of DO shows that normally 

DO is lower at the inlet of the aeration pond than at its outlet even though mechanical aerators are operated through part of the 

day. Improved aeration and sunlight penetration through enhanced particle settling may be of benefit.

1 Introduction
Cha-Am is a small seaside resort town that is situated on the west 
coast of the Gulf of Thailand. It is located 175 km southwest of 
Bangkok and approximately 25 km north of Hua Hin. Because of 
increasing tourist visits to its extensive beaches and a growing 
permanent population, water consumption and corresponding 
wastewater generation have increased. A municipal wastewater 
treatment pond system has been in operation in Cha-Am since 
2001. A sufficient oxygen supply in a wastewater pond system is 
the key to rapid and effective wastewater treatment (Bartsch and 
Randall 1971). Dissolved oxygen (DO) depends on the biochemi-
cal oxygen demand (BOD) (deoxygenation), nitrification, aeration, 
sedimentation, photosynthesis and algae respiration (Sa-
kalauskiene 2001; see Figure 1 below ). Sources of DO in a water-
body are primarily the atmosphere and photosynthetic activity, 
with the latter being more important for lentic-type systems and 
the former more important for lotic systems (Andrews and Mc-
Ewan 1987; Radwan et al. 2003; Correa-Gonzalez et al. 2014). 

Microorganisms (e.g. aerobic bacteria) use oxygen in 
the oxidation of organic matter, as part of metabolism and 

nitrification processes, which directly affect oxygen concentration 
(USEPA 2012). When household, industrial, septic system and farm 
wastes are discharged into water, organic matter and nutrients 
are present in them. In an aeration lagoon system, these wastes 
are oxidized by bacteria and other biological species such as 
algae which can cause oxygen depletion (Misra et al. 2006). As 
originally outlined by Odum (1956), the rate of change of DO in 
an aquatic system is primarily a function of gross primary produc-
tion, the rate of respiration, and the rate of oxygen uptake by dif-
fusion. This can be expressed as (after McBride and Chapra 2005):

dD
dt

+kaD =R−P(t) (1)

where:

D = Csat – C (1a)

D = dissolved oxygen deficit (mg/L), 
Csat = saturated value (mg/L), 

C = DO concentration (mg/L),
t = time (d), 
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ka = first–order re-aeration coefficient (/d), 
R = respiration rate (O2 mg/L/d), and 

P(t) = time-varying plant primary production 
(photosynthesis) rate (O2 mg/L/d). 

Ammonia is primarily removed in lagoon systems by micro- 
biological nitrification to nitrate. Lagoons often support nitrifi-
cation and have low effluent ammonia concentrations (Richard 
2003). This process also requires oxygen (Figure 1). At higher 
temperatures with high aeration rates, DO levels in water bodies 
will exceed 100%, a condition known as supersaturation (Ling et 
al. 2010). 

Figure 1 Dissolved oxygen balance (source: Sakalauskiene 
2001).

The ambient water quality standards for DO in Thailand 
were established in 1994 and are based on a best use concept, as 
shown in Table 1 (Simachaya, 2002). In using aeration lagoon sys-
tems to treat wastewater, it is desirable that the discharge reach 
at least Class 3 levels, which means BOD and COD treatment also 
are important considerations.

Table 1 Thailand water quality standards for DO 
concentration.

Classification Condition DO values
Class 1 Extra clean for conservation purposes. —

Class 2 Very clean used for: 
consumption which requires ordinary water treatment 
processes;  
aquatic organism conservation; 
fisheries; and 
recreation.

DO > 6 mg/L

Class 3 Medium clean used for:  
consumption but passing through an ordinary 
treatment process; and  
agriculture.

DO > 4 mg/L

Class 4 Fairly clean used for:  
consumption, but requires special treatment 
processing; and  
industry.

DO > 2 mg/L

Class 5 Waters are not classified in classes 1–4 and are used for 
navigation.

—

Geographic information system (GIS) kriging is a spatial 
interpolation method to estimate a variable at an unmeasured 

location using observed values at nearby locations. Numerous 
studies have applied GIS kriging interpolation methods in the as-
sessment of water and sediment quality to support management 
and remediation decision-making (Irvine et al. 2009; Murphy et al. 
2010; Lui et al. 2011; Chen et al. 2012b; Forsythe et al. 2013). The 
primary objective of this study was to investigate the spatial 
variation of dissolved oxygen within the Cha-Am aeration lagoon 
system using the ordinary kriging (OK) interpolation method in 
ArcGIS10.1. In addition, based on Yellow Spring Instrument (YSI) 
continuous monitoring we characterized the diel DO, pH, turbid-
ity, and conductivity dynamics of the system. 

2 Material and Methods

2.1 Study Area and Data Collection
Cha-Am is a popular destination for local Thai and foreign day 
visitors due to its long strip of beach and relatively inexpensive 
seafood. There also is a growing long term stay population, 
shown by the construction of new condos, townhomes, and 
housing enclaves. Cha-Am is in the southern part of Phetchaburi 
Province, central Thailand (Figure 2).

Figure 2 Thailand map and Cha-Am location.

As a result of the increase in population, there also is an 
increased water and wastewater treatment demand. Constructed 
in 2001, the Cha-Am municipality treatment ponds receive the 
wastewater discharges from the residential and commercial zones 
of the town. Wastewater is collected by a combined sewer system 
and pumped to the aerated lagoon centralized wastewater treat-
ment system. The main components of the wastewater treatment 
system include: an aeration pond (AP); a sedimentation pond (SP); 
and an extended aeration pond (EAP). There is an additional nat-
ural treatment wetland, an evaporation pond, also known as the 
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Tung Ta Kard Ple wetland, that receives the effluent from the EAP 

(Figure 3). Most of the treated wastewater evaporates, although a 

proportion (~5.83 × 10-4 m3/s, during dry weather) discharges to 

the ocean via a small stream. The AP was constructed with eight 

mechanical aerators to help enhance oxygen levels (Figures 4 and 

5).

Figure 3 Cha-Am wastewater treatment ponds, flow 
direction and YSI datasonde long term monitoring 
point.

Figure 4 Aeration pond with aerators and researchers 
conducting YSI datasonde profiling.

Figure 5 Installation of YSI datasonde near the aeration 
pond inlet, on the side of a mechanical aerator.

One YSI 6920 datasonde was deployed near the inlet of 
AP and a second at the opposite side of the SP inlet (Figure 3) 
to continuously record dissolved oxygen (DO), pH, conductivity, 
temperature, and turbidity at 30 min time intervals. The YSIs were 
deployed from 2015-06-19–2015-09-12 19, and collected data at a 
depth of between 0.5 m to 1.0 m, depending on the surface level 
fluctuations of the ponds (Figure 5). On the routine monitoring 
days (bi-weekly interval), the datasondes were cleaned and cali-
brated and all data downloaded. The DO sensors were calibrated 
using the 100% air saturation method, according to standard past 
practice (Irvine et al. 2005; Irvine and Murphy 2009; Irvine et al. 
2011) and pH was calibrated with pH 4 and pH 7 buffer solutions. 
The YSI parameters in this study are commonly used to determine 

water quality (Irvine et al. 2005; Visoth et al. 2010; Irvine et al. 
2011; Price et al. 2012). The YSIs also were used to profile water 
quality in all ponds at 3 different depths in ≥10 sample locations 
for each pond (Figure 4). GIS ordinary kriging (OK) interpolation 
was used for these three profile depths, representing the upper 
layer (0.5 m – 1.0 m), the middle layer (1.0 m–1.5 m) and the 
bottom layer of each pond. According to the YSI depth sensor, 
the depths of the bottom layers of AP, SP, EAP and EP were ~2.9 
m, ~2.29 m, ~1.69 m and ~2 m, respectively. Global positioning 
system (GPS) coordinates determined from an iPhone6 were used 
for georeferencing purposes. In total, profiling was done on 7 
dates for AP and two dates for each ok SP, EAP and EP through the 
study period. 

2.2 GIS Ordinary Kriging Interpolation
The geographic coordinates for each profile location were con-
verted to a shapefile using ArcView3.3. ArcGIS10.1 Geostatistical 
Analyst tool (kriging interpolation) was then used to spatially 
interpolate DO surfaces based on the sample points. There are 
many different methods that can be used to investigate the 
spatial distribution of water quality (Murphy et al. 2010; Chen et 
al. 2012a), but OK has been widely used (Murphy et al. 2010 ; Lui 
et al. 2011; Chen et al. 2012a). OK provides a model of the 
unsampled value as a linear combination of neighboring 
observations. The general equation for estimating a value at a 
point z (Chang 2012) is: 

z0 = zxWxi=1

s
∑ (2)

where: 

z0 = estimated value,
 zx = known value at point x,

Wx = weight associated with point x, and 
s = number of sample points used in estimation.

The weights can be derived by solving a set of simultan-
eous equations (Equations 3, 4 and 5). For example, the following 
equations are needed for a point (0) to be estimated from three 
known points (1, 2 and 3): 

W1·γ(h11) + W2·γ(h12) + W3·γ(h13) + λ= γ(h10) (3)

W1·γ(h21) + W2·γ(h22) + W3·γ(h23) + λ = γ(h20) (4)
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W1·γ(h31) + W2·γ(h32) + W3·γ(h33) + λ = γ(h30) (5)

and 

W1 + W2 + W3 = 1.0 (6)

where: 

γ(hij) = semivariance between two known points (i and 
j), and

λ = Lagrange multiplier or the weighting factor 
(which is added to ensure the minimum possible 
estimation error).

After deriving the weights, Equation 2 can be used to esti-
mate z0:

z0 = z1 W1 + z2 W2+ z3 W3 (7)

3 Results and Discussions

3.1 GIS Ordinary Kriging Interpolation
This study focused on the spatial distribution of DO in 

the Cha-Am wastewater treatment pond system. Selected 
representative kriging results, based on the YSI datasonde spot 
measurements, are presented in Figures 6 and 7 and in Figures 10 
through 12. The measured and kriging results show the highest 
DO concentrations to be near the surface (0.5 m to 1.0 m) of the 
ponds, and lower concentrations of DO (sometimes <2 mg/L) at 
approximately 0.5 m, 0.3 m, 0.3  m and 0.9m above the bottom 
in AP, SP, EAP and EP respectively. The highest DO concentrations 
were observed during the afternoon near the surface (0.5 m to 1.0 
m), averaging 18.09 mg/L, 20.84 mg/L, 17.22 mg/L and 9.31 mg/L 
in AP, SP, EAP and EP respectively. The average minimum values 
were 2.3 mg/L, 2.91 mg/L, 2.23 mg/L and 1.5 mg/L in the bottom 
layer of AP, SP, EAP and EP respectively. Oxygen production occurs 
at the top of the pond, where photosynthesis and atmospher-
ic mixing take place. Oxygen consumption is greatest near the 
bottom of the pond, where the organic matter accumulates and 
decomposes, sediment oxygen demand would have the greatest 
impact, and water light is attenuated sufficiently to reduce 
photo-synthetic activity. Our results are consistent with those 
reported by Murphy et al. 2010 and Chen et al. 2012a.

The mean DO value concentrations and standard deviation 
in the upper layers (0. 5 m to 1.0 m), middle layers (1. 0 m to 1.5 
m) and the bottom layers of all ponds are shown in Table 2. In AP, 
the DO levels were normally lower at the inlet and higher at the 
outlet (4 dates out of 7 dates, Figure 6), but on 3 dates, the 
reverse spatial trend occurred due to a shift in the wind direction 
and velocity (Figure 7). The aeration pond of the Cha-Am 
wastewater treatment pond system was designed to maintain a 
consistent DO level. It has eight aerators to maintain DO levels for 
wastewa-ter management. The other treatment ponds also have 
a suitable DO for fish (Figure 8).

Table 2 Mean value concentrations and standard deviation 
of dissolved oxygen in all ponds (mg/L).

Upper Layer Middle Layer Bottom Layer

Mean St Dev Mean St Dev Mean St Dev

AP

2015-06-19 11.98 5.14 8.14 4.20 5.18 2.51

2015-07-04 10.96 1.99 7.70 1.79 3.18 0.00

2015-08-05 8.93 2.72 5.86 1.52 2.89 0.70

2015-08-22 17.76 3.59 14.62 4.84 10.64 4.75

2015-08-29 11.24 2.55 8.56 3.15 3.92 0.65

2015-09-05 10.88 4.62 7.96 4.11 3.23 1.12

2015-09-12 11.18 2.37 6.42 2.84 3.47 1.00

SP

2015-07-27 10.07 2.96 7.43 3.16 5.12 0.53

2015-08-05 11.60 4.72 9.98 5.14 4.74 2.99

2015-09-12 18.20 1.84 13.33 0.58 5.47 0.24

EAP

2015-07-04 5.65 2.74 5.17 2.57 2.81 1.82

2015-07-27 15.27 1.62 10.83 3.53 10.99 3.53

2015-09-12 14.66 3.37 11.56 2.92 6.55 1.29

EP

2015-07-19 4.66 1.38 3.63 1.64 2.63 1.74

2015-08-15 7.40 1.91 6.15 1.78 4.66 1.29

Figure 6a DO variation in upper layer of the aeration pond, 
AP, mg/L; 2015-08-29.

Figure 6b DO variation in middle layer of the aeration pond, 
AP, mg/L; 2015-08-29.
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Figure 6c DO variation in bottom layer of the aeration pond, 
AP, mg/L; 2015-08-29.

Figure 7a DO variation in upper layers of the aeration pond, 
AP, mg/L; 2015-08-22 in windy conditions.

Figure 7b DO variation in middle layer of the aeration pond, 
AP, mg/L; 2015-08-22 in windy conditions.

Figure 7c DO variation in bottom layer of the aeration pond, 
AP, mg/L; 2015-08-22 in windy conditions.

Figure 8 Local person fishing in extended aeration pond.

The aerators in AP were generally operated for two hours 
(~06:00 h to 08:00 h) every weekday and for more than two hours 
on the weekend. Tilapia are an active fish species in the Cha-Am 
wastewater treatment ponds. Tilapia tolerate lower DO levels but 
the levels still should be greater than 1mg/L (Boyd 2010). Due to 
low DO overnight DO levels (see the next section on continuous 
monitoring) fish may die in the ponds and we observed fish gulp-
ing at the surface especially early in the morning (Figure 9).

Figure 9 Frequent fish deaths in sedimentation pond.

The DO concentration in the bottom layer was quite low, 
even during the day, being <2 mg/L in some areas of each pond. 
The lowest values of DO were 1.4 mg/L, 1.05 mg/L, 0.76 mg/L 
and 0.4 mg/L in AP, SP, EAP and EP respectively. Figure 10 shows 
DO interpolation for the SP. The DO level for all layers of SP was 
sometimes higher and sometimes lower at the outlet of the pond. 
However, we consistently observed a dead zone in the west cor-
ner of the pond due to poor hydraulic design. 

Figure 10a DO variation in upper layer of the sedimentation 
pond, SP, mg/L; 2015-08-05 (red ellipse shows the dead 
zone of DO).
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Figure 10b DO variation in middle layer of the 
sedimentation pond, SP, mg/L; 2015-08-05 (red ellipse 
shows the dead zone of DO).

Figure 10c DO variation in bottom layer of the 
sedimentation pond, SP, mg/L; 2015-08-05 (red ellipse 
shows the dead zone of DO).

The DO at the outlet of the EAP was normally higher than 

it was at the inlet (Figure 11). As noted above (see Figure 1 and 

Equation 1), DO can be generated by algae, plants and bacteria 

as a byproduct of photosynthesis and denitrification. In SP and 

EP, algae and other plants added oxygen to the water during the 

daytime hours, which is consistent with the findings of Visoth et 

al. (2010) for the natural wastewater treatment wetland in Phnom 

Penh. 

Figure 11a DO variation in upper layer of the extended 
aeration pond, EAP, mg/L); 2015-07-27.

Figure 11b DO variation in middle layer of the extended 
aeration pond, EAP, mg/L; 2015-07-27.

Figure 11c DO variation in bottom layer of the extended 
aeration pond, EAP, mg/L); 2015-07-27.

In EP the DO level was consistently higher at the inlet than 
at the outlet (Figure 12). This is a concern since the water leaving 
EP flows down a small receiving stream into the ocean and there 
is thus potential for negative impact on the small stream. Gen-
erally, however, DO levels from the EP discharge are quite high, 
despite the reduction in levels from pond inlet to outlet. 

Figure 12a DO variation in upper layer of the evaporation 
pond, EP, mg/L; 2015-08-15 (the green shaded area is an 
island with natural plants).
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Figure 12b DO variation in middle layer of the evaporation 
pond, EP, mg/L; 2015-08-15 (the green shaded area is an 
island with natural plants).

Figure 12c DO variation in bottom layer of the evaporation 
pond, EP, mg/L; 2015-08-15 (the green shaded area is an 
island with natural plants).

3.2 YSI Continuous Monitoring Results 
The DO levels often displayed considerable variation over a 
diel cycle, with the higher values (supersaturated) appearing 
in midafternoon and low values occurring after midnight in 
typical sampling days (Figure 13). Similar results have been 
reported for natural treatment wetlands, canals and lakes in 
Southeast Asia (Visoth et al. 2010; Irvine et al. 2011; Price et al. 
2012). In AP the DO level was noticeably influenced by aerator 
operation which generally occurred between 06:00 h and 
08:00 h (Figure 13). 

Figure 13a DO fluctuation in the aeration pond, AP, for the 
period 2015-08-05–2015-08-15.

Figure 13b DO fluctuation in the sedimentation pond, SP, 
for the period 2015-08-05–2015-08-15.

Table 3 summarizes the mean and standard deviation of 
DO, pH, conductivity, temperature and turbidity for the AP and SP 
sites as well as the rainfall amount for each period.

Table 3 Mean values of long term monitoring DO, pH, 
temperature, conductivity and turbidity in the aeration 
pond and the sedimentation pond, together with 
rainfall data (2015-06-19–2015-09-15).

DO (mg/L) pH Temp (°C)
Conductivity 

(mS/cm)
Turbidity 

(NTU)

Rain-
fall 

(mm)
AP SP AP SP AP SP AP SP AP SP

2015-06-19 
–2015-07-04 

3.91 4.32 7.61 8.88 31.03 30.67 6.49 7.05 10.13 18.83 1.56

2015-07-04 
–2015-07-15

1.38 2.18 8.40 — 31.01 30.71 5.37 5.64 198.56 170.1 0.53

2015-07-15 
–2015-07-27

3.21 4.97 7.81 7.88 30.85 30.47 5.59 5.41 36.57 26.48 0.44

2015-07-27 
–2015-08-05 

2.74 4.78 7.31 7.69 30.79 30.37 4.65 5.09 15.12 13.39 16.67

2015-08-05 
–2015-08-15

2.84 2.80 7.46 7.50 31.02 31.00 4.16 4.69 254.87 16.04 0.09

2015-08-15 
–2015-08-22

2.87 4.34 7.12 7.61 31.77 31.56 3.96 4.25 30.34 15.13 0.25

2015-08-22 
–2015-08-29

4.72 2.43 7.16 7.47 30.77 30.34 3.45 3.87 11.99 19.96 2.50

2015-08-29 
–2015-09-05

4.33 1.86 7.14 7.42 31.15 30.99 3.94 3.82 8.19 26.64 5.13

2015-09-05 
–2015-09-12

2.67 2.91 7.04 7.67 31.44 31.28 3.54 3.72 10.29 291.37 9.28

The overall average of DO in both of the ponds was slightly 
>3 mg/L during the entire monitoring period, and 3.09 mg/L and 
3.33 mg/L for AP and SP respectively. These values fall into Thai-
land’s class 4, within the sampling period (Simachaya, 2002). DO 
in AP may be slightly lower than DO in SP because of the different 
depth of monitoring (AP: 0.9 m depth; and SP: 0.5 m depth) and 
the impact of inflowing raw wastewater. The t-test (two-sample 
assuming equal variances) was also used to assess whether the 
differences in the means (3.09 mg/L for AP and 3.33 mg/L for SP) 
were significant. The p-value was >0.05, and therefore the differ-
ence in means between AP and SP was not significant.The mean 
pH values were in the range pH 7 to pH 9 at both ponds and the 
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values were quite constant during the entire monitoring period, 
except in the period 2015-07-04–2015-07-15 (Table 3). In this pe-
riod the pH sensor malfunctioned.

Generally, the conductivity at the two sites was high and 
likely reflects known seawater seepage into the collection system 
and ponds (Anant Bootengchan, treatment pond operator, pers. 
comm.). Conductivity continuously declined during the last three 
sample periods (August and September) probably due to dilution 
effects associated with the onset of the rainy season (see the 
rainfall in Table 3). A high conductivity also can negatively impact 
growth of Tilapia (Iqbal et al. 2012).

The mean values of temperature at the two sites shows 
a similar fluctuation, in which the peak temperature occurred 
during the period 2015-08-15–2015-08-22 and the lowest tem-
perature occurred during the period 2015-08-22–2015-08-29 (Ta-
ble 3). The highest turbidity in AP occurred because of the heavy 
rainfall during June and August (although a lag seems to occur) 
and the highest turbidity in SP in September was due to the con-
tinuous rainfall (Table 3). The mean value of turbidity in AP was 
higher than it was in SP over the sampling period. 

4 Conclusions
Spatial trends of DO at different depths in Cha-Am wastewa-
ter treatment ponds were examined using ordinary kriging in 
ArcGIS10.1. The DO concentration at the bottom layer was quite 
low even during the daylight hours. In some areas of the bottom 
layer, DO was <2 mg/L. The spatial trend of DO in AP and EAP was 
normally such that the values at the inlet values were lower than 
the values at the outlet (although this trend could reverse under 
certain changes in wind speed and wind direction for AP). In SP 
the spatial variation of DO was not consistent. Sometimes the 
inlet DO was lower and sometimes it was higher than the outlet 
DO. A DO dead zone was clearly visible in the kriging results and 
seems to be related to the hydraulics of the pond system. The DO 
in the evaporation pond was consistently higher at the inlet and 
lower at the outlet. Based on the GIS spatial trend and long term 
datasonde monitoring, DO concentrations were compared with 
Thailand’s surface water quality standards, which are regulated 
by the Pollution Control Department. The original design of the 
Cha-Am wastewater treatment system is between 2 mg/L and 
4 mg/L (the same as class 4). The dissolved oxygen concentrations 
met Thailand’s water quality standard for class 4. In order to meet 
the class 3 standard the wastewater treatment system operation 
must be modified. In the Cha-Am wastewater treatment pond 
system, DO concentration can be affected by a number of factors 
such as aeration, seawater movement, rainfall, algae growth and 
consumption by other aquatic living organisms, and oxygen 
production and use by aquatic plants in the ponds. Based on the 
DO diel trends and the GIS kriging interpolation results, aerators 
should be operated >2h/d to supply sufficient oxygen in the AP. 
In addition, aerators should operate during the night time when 
DO is low. A future study to investigate whether the aerators 
are optimally positioned to enhance DO levels is needed. The 

DO concentration should be sufficient to provide the optimal 
conditions for the growth of aquatic organisms in the wastewa-
ter treatment pond. The hydraulic retention time of the ponds 
might be increased to settle particles and allow greater sunlight 
penetration. Continuous long term monitoring of water quality 
parameters is a useful tool to identify the efficiency of wastewater 
treatment.
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