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The study was conducted at a wastewater treatment plant (WWTP) in the North West Province of South Africa
(SA), to investigate the effect of seasonal variations of rainfall and temperature on the fate of Escherichia coli
(E.coli)and on chemical parameters. Both seasons showed variationsin terms of rainfall levelsand temperature.
The average temperatures measured at the final effluent were 14 and 22°C for the dry and wet season, while
the rainfall averages ranged between 0.0 and 69.0 mm and 16.0 and 258.9 mm for the dry and wet season,
respectively. The impact of rainfall within the two seasons presented a variation in the plant inflow rate of
34000 and 48000 m* during the dry and wet season, respectively. Higher E. coli concentrations were detected
before and after chlorination in the wet season (1.86 x 10° and 8.40 x 10' MPN/100 mL) than in the dry season
(2.26 x 10* and 5.10 x 10" MPN/100 mL). The recorded values for the chemical parameters in the dry and wet
season were within the following ranges: ammonia (0.27 and 3.68 mg/L), chemical oxygen demand (COD)
(29.53 and 22.10 mg/L), nitrate (9.21 and 2.40 mg/L) and ortho-phosphate (0.46 and 0.39 mg/L). Though the
detections of these indicator parameters were affected differently by the seasonal variations, it is important
to note that the efficiency of the WWTP in reducing these indicator parameters proved to be consistent
across all seasons, except in the case of ammonia and nitrate. The majority of the studied parameters showed
effective compliance when measured against SA regulatory standards (general limits) in both the dry and wet
season, with the exception of ammonia during the wet season.

INTRODUCTION

Wastewater is a matrix consisting of raw sewage from anthropogenic activities (Benit and Roslin,
2015; Mara and Horan, 2003), whereas sewage effluent is defined as treated or untreated wastewater
generated from a treatment plant (USEPA, 2009). The effluent is released into surface waters; however,
if not sufficiently treated, effluents of poor microbial and chemical quality may be discharged
into public waters (Bessong et al., 2009) and therefore negatively impact the river environment.
Many communities in South Africa still depend on untreated surface water and groundwater
sources for their daily water needs and such water is often contaminated by wastewater effluents
(Osuolale and Okoh, 2015). It is therefore imperative that WW'TPs discharge high quality effluents
to the environment.

One of the main aspects of wastewater treatment is the removal/reduction of constituency
contaminants, thus WWTPs are vitally important components meant to protect the ecology of river
environments (Osuolale and Okoh, 2015). In wastewater treatment, the presence of pathogenic
microorganisms is reflected by indicator microorganisms, and the population densities for these
indicator microorganisms represent the extent of pathogenic contamination of the wastewater
(Humayun et al., 2015; Rompré et al., 2002; LeChevallier et al., 1996). Escherichia coli is a preferred
indicator organism to monitor the bacteriological quality of wastewater (Young and Thackston, 1999).
Wastewater disinfection by chlorination is performed to reduce pathogenic microorganisms in
the WWTP influent and therefore improve the quality of effluents at reasonable operating costs
(Collivignarelli et al., 2017).

In most developing countries, wastewater is insufficiently treated because of a rise in urbanization
and population which does not always equate to an increase in wastewater treatment facilities
(USEPA, 2009). Historically, conventional WWTP technologies, such as the activated sludge process,
membrane bioreactor and membrane separation, have been used globally for nutrient removal in
municipal wastewater treatment (Liu et al., 2017; Zhou et al., 2017; Wu et al., 2015). However, the
application of these systems is still a challenge, due to issues of poor performance (Liu et al., 2017;
Awolusi, 2016; Verhoeven et al., 1999), as a result of the inherent susceptibility to environmental
factors such as seasonal changes (Wu et al., 2015). The use of bacteria for reduction of wastewater
nutrient constituents depends on water temperature, and therefore it has been hypothesized in the
literature that the decrease in such bacterial activity, which then affects the efficiency of conventional
technology, is triggered by seasonal changes and can result in the disposal of nutrient-rich effluent
(Zulu, 2017).

Organic pollutants deriving from anthropogenic activities are the parameters prevalent in the
wastewater matrix (Chokwe et al., 2019). Challenges around WWTP efficiency are associated with
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susceptibility to seasonal variations that alter microbial density
in wastewater (Saleem et al., 2000). High flow rates generated
by excessive rainfalls can potentially weaken or strengthen the
performance of a treatment plant (McMahan, 2006). For a majority
of microorganism, growth is directly influenced by temperature
(Zhang et al., 2018; Lee et al., 2008); therefore, seasonal changes
that result in increased temperature may also directly influence
microbial density in wastewater and subsequently the performance
of the WWTP in eliminating indicator microorganisms. WWTPs
with a high level of pollutants at the influent during the dry season
can usually have satisfactory levels of pollutant removal, while
influent diluted by stormwater in wet seasons is prone to cause
operational issues (Risch et al., 2018; Lorenzo-Toja et al., 2015),
and lower treatment efficiency (McMahan, 2006). Infiltration
of stormwater into the sewer collection system for a treatment
facility occurs during heavy rainfall events through vandalized
manholes or leaking pipes (McMahan, 2006). The heavy
infiltration of stormwater leads to an uncontrollable flow rate at
the wastewater treatment facility, with a high number of pathogen
and chemical contaminations generated from stormwater
runoff from residential, hospital, industrial and agricultural
areas (Reeves et al., 2004; Kistemann et al., 2002; Curriero et al.,
2001). This impact to the treatment facility thus advocates for
a stringent assessment of the performance of the plants during
heavy rainfall events in order to develop appropriate stormwater
management policies (McMahan, 2006). However, other studies
have reported lower amount of effluent pollutants in wet weather
due to the dilution of wastewater by stormwater rainfall ingress
(Joel et al., 2017; Li et al., 2017).

Wastewater needs to be adequately treated prior to being
discharged into the environment. Thus, the importance of testing
for indicator parameters for quality characterization, control
and compliance of final effluent with regulatory standards is
widely accepted (Power and Boumphrey, 2004). There is a need
to improve treatment processes and to adopt stringent policies in
terms of monitoring and control of the quality of the final effluent
in order to achieve national and international standards (Samie et
al.,, 2009). In South Africa, the compliance of a plant to regulatory
standards is recognized and awarded with an incentive-based
programme certificate popularly known as a Green Drop certificate
(DWA, 2013; Adewumi et al., 2010). The regulatory standards are
used to measure the quality of the effluent (Adewumi et al., 2010).

Monitoring of indicator parameters during wastewater treatment
aids in assessing the safety of the final effluent before being
released to the river. Many studies documented the compliance
of wastewater final effluent to regulatory standards; however, little
attention has been given to the effect of wet and dry seasonal
variation on wastewater treatment. To address this gap, we present
herein our findings in this regard. The aim of this study was to
assess if the dry or wet season could affect the performance of
a WWTP in North West Province, South Africa. To achieve
this goal, parameters considered in the South African General
Authorizations (GA) for general and special limits were recorded
during the dry and wet periods to determine plant performance
efficiency.

MATERIALS AND METHODS

Study area

The plant of interest in this study is situated in the North West
Province of South Africa. The town where the plant is situated
has a population of approximately 124 000 inhibitants and is an
industrial and agricultural growth point (Makuwa et al., 2020).
The plant therefore receives municipal domestic sewage and
wastewater that is heavily influenced by household and industrial

Water SA 48(1) 40—49 / Jan 2022
https://doi.org/10.17159/wsa/2022.v48.i1.3897

water use. The plant is an activated sludge treatment plant.
The treatment of physicochemical impurities is done through
preliminary, primary, and secondary stages. The secondary stage
operates through the following activated sludge configurations:
Phoredox and Bardenpho.

There are different disinfection processes for treatment of
wastewater in South Africa, of which chlorination is the most
common process applied (Bekink and Nozaic, 2012). The plant
studied uses chlorine gas as disinfectant. A dosing of 10 kg of
chlorine/h is applied across all seasons. Contact time at the
tertiary treatment stage is 30 min.

Collection of rainfall data

Rainfall data were obtained from World Weather Online (www.
worldweatheronline.com). Rainfall events were identified and
categorised based on whether the amount of rainfall was above
or below 12.7 mm/d. When the rainfall data showed the highest
precipitation rates, comparisons were made between the amounts
of effluent collected at the WWTP. Those peak rainfall events
resulting in precipitation amounts greater than 12.7 mm were
considered to be more likely to influence the wastewater treatment
process. Days with precipitation less than 12.7 mm were considered
as dry or low rainfall. In the summer rainfall region of South
Africa, the rainy season mostly begins in October and lasts through
to April with December, January and February being the wettest
months (Mengistu et al., 2021; Phakula, 2016), while the dry season
is from May to September with June, July and August being the
driest months (Phakula, 2016).

Sample collection

A total of 153 and 183 samples were collected between dry (May
2019 - August 2019) and wet seasons (September 2019 - March
2020), respectively. Both raw and treated wastewater samples were
collected aseptically using sterile 250 mL and 1 L sampling bottles
for microbiological and physicochemical testing, respectively.
The sampling containers were washed with soap and water and
autoclaved after each use. Samples for determination of chemical
parameters were collected at the plant influent (raw sewer) and
plant final effluent. Microbiological samples were collected
before disinfection (secondary effluent) and after disinfection
(final effluent).

Detection of faecal coliforms (E. coli)

The Colilert Quanti-Tray/2000 system as described in Omar
et al. (2010) was used for the enumeration of the viable E. coli
cells. Enumeration of E. coli was done by using 100 mL water
according to the manufacturer’s instructions. The Quanti-
Trays were incubated for 18-22 h at 37°C. After incubation, the
Quanti-Trays/2000 were examined under long wave (366 nm)
ultraviolet light, and wells that turned both yellow and fluoresced
were counted as E. coli positive (IDDEX). The results of the
quantifications were reported as E. coli MPN/100 mL. Population
density data for E. coli obtained during the study were fitted to log
values for amount of E. coli detected before chlorination because
the log values were found to provide the best fit to the microbial
population data, while normal values where used for microbial
population data after disinfection.

Determination of chemical parameters and temperature

All equipment and meters were verified and calibrated according
to the manufacturer’s instructions. Ammonia, nitrate, and ortho-
phosphate from raw and treated samples were analysed using
spectrophotometry model DR3900 (HACH Company, Colorado,
USA) and a Gallery Discrete Analyzer Thermo Scientific (Thermo
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Fisher Scientific, Massachusetts, USA), respectively. Contrary
to the number of wet season samples mentioned above, ortho-
phosphate was only done in 182 of the samples. COD samples
were digested in a Hanna thermo reactor HI 839800 COD reactor
(Hanna Instruments, Woonsocket, USA). Temperature was
measured at the final effluent using a liquid-in-glass thermometer.

Plant performance efficiency calculation

The South African Department of Water and Sanitation (DWS)
General Authorization guidelines (general and special limits) as
indicated in Table 1 (DWS, 2013) were used as benchmarks to
evaluate the acceptability of the final effluent in both dry and wet
seasons. General limits are applicable to WWTPs discharging
effluents of less than 2 000 m* as well as discharging into water
resources that are not listed on the regulation, while special limits
apply to WWTPs discharging effluents less than 2 000 m’, but
discharging into a water resource listed in the regulation (DWS,
2013). The efficiency of the studied plant for the removal of waste
matter during wet and dry seasons were calculated using the
following equation (Nyamukamba et al., 2019; Agoro et al., 2018):

C -C
Removal efficiency % = lC ¢ x 100

i

where C, is concentration of waste matter in influent and C,
concentration of waste matter in effluent.

Statistical analysis

The data obtained were analysed using GraphPad Prism version
9, where paired and unpaired ¢-tests were carried out to compare
seasonal variations of final effluent parameters and the efficiency
of the plant in reducing the studied parameters within the
different seasonal months, respectively. The t-test (p < 0.05/5%)
was employed to understand the spatial and seasonal variation in
the microbiological and chemical concentrations.

RESULTS AND DISCUSSION
Effect of seasonal variations on plant flow rate

Climate is a measure of the weather conditions that are categorically
divided into dry and wet seasons. In this study, the period May to
September and October to March were selected to represent the dry
and wet season, respectively. The dry season is associated with low
rainfall and temperature while, the wet season experiences most of
the region’s average rainfall as well as elevated temperatures. For
WWTPs that are linked to stormwater systems the heavy rainfall
ingress can influence the inflow rate and, as a consequence, the
performance of the treatment plant (McMahan, 2006).

The dry season showed rainfall and temperature ranged from
0.0 to 6.9 mm and 14 to 16°C, respectively, and the wet season
rainfall and temperature ranged from 16.0 to 258.9 mm and 19 to
24°C, respectively. In the dry season the plant received an influent
volume ranging from 32 000 to 39 000 m® versus the significantly
higher inflow volumes (35 000 to 65 000 m’) for the wet season
(see Table 2). The WWTP in this study is not connected to the
stormwater system, therefore the increase in the plant influent
volume can be attributed to other factors, such as vandalized
sewer manholes as indicated in Fig. 1.

Figure 1. Vandalized sewer manhole in the study area

Table 1. South African General Authorizations for general and special limits (DWS, 2013)

Substance/parameter

General Authorizations

General limits Special limits

Faecal coliforms (E. coli) (per 100 mL)
Chlorine as free chlorine (mg/L)
Chemical oxygen demand (COD) (mg/L)
Ammonia (as N) (mg/L)

Nitrate (as N) (mg/L)

Ortho-phosphate as phosphorus (mg/L)

1000 0
0.25 0
75 (i) 30 (i)
6 2
15 1.5
10 1 (medium) and 2.5 (maximum)

Table 2. Effect of rainfall on inflow and outflow volumes of the plant at different temperature conditions

Rainfall (mm) Temperature Influent volume (m3)  Effluent volume (m3)
May 2019 6.9 16 39000 30000
June 2019 0.0 13 33000 26 000
July 2019 0.0 12 32000 26 000
August 2019 0.0 14 34000 27 000
September 2019 55 15 32000 25000
Average dry season 2.5 14 34000 27000
October 2019 16.0 19 35000 26 000
November 2019 150.1 22 36 000 28 000
December 2019 258.9 22 48000 33000
January 2020 123 24 65000 36000
February 2020 47.1 22 54000 33000
March 2020 47.7 22 50000 34000
Average wet season 105.0 22 48 000 32000
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Effect of seasonal variations on E. coli reduction and
compliance to South African General Authorization
standards

A wide range of microbial communities are responsible for
making wastewater final effluent unfit to be discharged into the
environment. Escherichia coli is a preferred indicator organism to
monitor the microbial quality of wastewater (Young and Thackston,
1999). E. coli was chosen amongst the faecal coliforms because it is
a more specific indicator of faecal pollution (Cabral, 2010; Jamieson
et al, 2002). In this study, a statistically significant difference
(p< 0.05) between the E. coli concentration that entered the contact
tank before chlorination and the counts in the final effluent (post
chlorination) was recorded using a paired t-test (See Table 3).

Higher E. coli counts were detected before and after chlorination
in the wet season (1.86 x 10° and 8.40 x 10' MPN/100 mL) than
dry season (2.26 x 10* and 5.10 x 10" MPN/100 mL) (Table 4;
see Table Al, Appendix, for summary of all data with standard
deviations). The high detections of E. coli observed in the wet
season versus the dry season were associated with changes in
temperature and, to some extent, the flow rate that is influenced
by rainfall in the wet season versus dry season (see Table 2).
Studies by Oliveira et al. (2020) and Grendahl-Rosado et al.
(2014) associated their high bacterial detections with water
temperature and heavy rainfall, respectively. Though the study
observed a high detection of E. coli during the wet rather than
than the dry season for both influent and effluent, reduction
of these indicator organisms was efficient and above 99% in all
months for both seasons, thus showing a lower if not insignificant
impact of seasonal variations on the plant’s performance in this
regard. The consistent dosing of chlorine across all seasons

meant that it is sufficient irrespective of the amount of E. coli
coming into the disinfection tank of the plant.

The comparisons of seasonal variations of E. coli discharged into
the environment showed statistical differences (p < 0.05) through
unpaired f-tests (see Table 5). The detection of E. coli at the final
effluents from WWTP(s) presents a major threat to public health
(Igbinosa and Okoh, 2009) and possibly indicates the presence
of other pathogenic microbes, including viruses and protozoa. It
is therefore important to evaluate compliance of the plant’s final
effluent with South African discharge guidelines (general and
special limits) as outlined in the revision of General Authorisations
in terms of section 39 of the National Water Act, 1998 (DWS,
2013). Several research studies in South Africa have indicated that
most municipal WWTPs infrequently treat their wastewater to
acceptable standards (Owoseni et al., 2017; Edokpayi et al., 2015;
Momba et al., 2006). However, the plant in this study managed
to achieve 153/153 (100%) and 179/183 (97.81%) effluent
compliance during the dry and wet season, respectively, while
compliance to zero E. coli counts as prescribed by the special limit
from the regulatory guidelines saw the final effluent comply in
5/153 (3.27%) and 7/183 (3.83%) occasions in both dry and wet
seasons, respectively (see Table 5). The very low compliance for
the special limit potentially indicates the presence of disinfection-
resistant strains in the final effluent, as the free residual chlorine
concentration was mostly recorded at levels above the prescribed
value by the regulatory standards. Chlorine resistance by bacteria
has been extensively reported and could be a result of the stress-
response mechanism (Blyton and Gordon, 2017; Cherchi and Gu,
2011; Krige, 2009) and the involvement of chlorine-resistance
genes (Oliveira et al., 2020; Grendahl-Rosado et al., 2014).

Table 3. Statistical analysis (paired t-test) of studied E. coli concentration at different sampling locations and seasons

Parameter Secondary effluent Final effluent t-test (paired)
Mean Range Std. dev. Mean Range Std.dev. Pvalue Significantly different (p < 0.05)
E. coli 1.14x10° 0-242x10° 295x10° 6.88x10" 0-2.42x10° 249.1 0.0342 Yes
Table 4. Reduction efficiency of microbial indicator organisms (E. coli)
Seasons Months Secondary effluent FE Red %
Dry season May 2019 4.93 x 10* 7.00 x 10' 99.86
June 2019 2.06 x 10* 4.60 x 10 99.78
July 2019 1.03 x 10* 3.60 x 10 99.65
August 2019 1.39 x 10* 3.50 x 10' 99.74
September 2019 7.45 x 10° 6.80 x 10 99.09
Average 2.26 x 10* 5.10x 10 99.78
Wet Season October 2019 117 x 10° 5.40 x 10 99.95
November 2019 5.42 x 10° 1.03 x 102 99.98
December 2019 3.07 x 10° 9.80 % 10 99.97
January 2020 5.67 x 10* 1.23x10? 99.78
February 2020 2.29x10* 7.60 x 10' 99.67
March 2020 242 x10° 5.10x 10 99.98
Average 1.86x 10° 8.40 x 10 99.95

FE = final effluent; red % = reduction percentage; ave = average

Table 5. Final effluent compliance (E. coli) to South African regulatory standards and (general and special limits) and t-test (paired) statistical

analyses of E. coli seasonal variations

Parameters Dry season Wet season Statistical analyses
Mean Range Std. General Special Mean Range Std. General Special t-test (unpaired)
dev. limits limits dev. limits limits
Results < limits Results < limits P value Significantly
(compliance %) (compliance %) different (p < 0.05)
E. coli(counts/100 mL) 51 0-722 77 100 3.27 84 0-2420 32974 9781 3.83 0.0342 Yes
Water SA 48(1) 40-49 / Jan 2022 43
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Effect of seasonal variations on reduction in chemical
parameters and compliance with South African General
Authorization standards

Temperature often influences nutrient removal in wastewater
treatment processes. Nitrifying bacteria tend to be more susceptible
to temperature variations than phosphate-accumulating organ-
isms (McMahan, 2006). Table 6 (see Table Al, Appendix, for
summary of all data with standard deviations) demonstrates the
efficiency of the studied WWTP in reducing chemical parameters
(ammonia, COD, nitrate and ortho-phosphate), while compliance
of these parameters with South African regulatory standards
(general and special limits) is shown in Table 7.

Wastewater treatment process ultimately depend on the quality
of the influent (Oller et al., 2011). Similar to E. coli, the chemical
parameters (ammonia, COD, nitrate and ortho-phosphate)
showed statistically significant differences (p < 0.05) for influent
versus effluent (paired ¢-test) (Table 8).

Table 6. Reduction efficiency for chemical parameters

Ammonia

Municipal wastewater treatment plants are designed to leverage
the metabolic capabilities of microorganisms to remove excessive
chemical constituents such as ammonia from sewage (Johnston
et al,, 2019). A high ammonia concentration in the influent is
associated with ammonia by-products of anaerobic digestion,
whilstthelow concentration at the effluent point could beattributed
to nitrification and de-nitrification processes (Agyemang et al.,
2013). The current study observed higher average concentrations
of ammonia in the influent in the dry season (43.18 mg/L) than
wet season (37.09 mg/L), while final effluent was discharged
with 0.27 and 3.68 mg/L in the dry and wet seasons, respectively
(Table 6). The reductions in ammonia during the two seasonal
variations ranged between 98.57 and 99.77% during the dry
season, while wet season reduction ranged between 79.88% and
97.55%. The average reduction between the two seasons was
99.37 and 90.08% for dry and wet seasons, respectively (Table 6).

Seasons Ammonia (mg/L) COD (mg/L) Nitrate (mg/L) Ortho-phosphate (mg/L)
Raw FE  Reduction Raw FE  Reduction Raw FE  Reduction Raw FE  Reduction
influent % influent % influent % influent %
Dry season 43.64 0.25 99.43 674 27 95.99 9.24 7.66 171 5.47 0.49 91.04
39.81 0.57 98.57 694 32 95.45 8.29 8.52 -2.77 497 0.61 87.73
41.24 0.2 99.52 709 27 96.13 10.6 11.17 -5.38 5.62 0.38 93.24
5198  0.22 99.58 727 29 96.08 793 9.75 -22.95 6.12 0.36 94.12
39.21 0.09 99.77 792 33 95.83 8.65 8.94 -3.35 6.92 0.48 93.06
Average 4318  0.27 99.38 719 30 95.88 8.94 9.21 -2.97 5.82 0.46 92.03
Wet season 40.46 0.99 97.55 805 28 96.55 11.82 471 60.15 713 0.35 95.09
49.58 776 84.35 741 27 96.32 10.19 1.19 88.32 7.31 0.22 96.99
27.64 5.56 79.88 1413 24 94.13 6.19 1.97 68.17 4.27 0.32 92.51
28.06 0.89 96.83 206 15 92.56 3.35 2.28 31.94 3.36 0.45 86.61
45.04 291 93.54 356 17 95.18 4.75 1.66 65.05 4.3 0.51 88.14
3175 397 87.5 293 21 92.89 5.23 2.6 50.29 3.69 0.46 87.53
Average 37.09 3.68 90.08 469 22 95.31 6.92 24 65.3 5.01 0.39 92.32

FE = final effluent; COD = chemical oxygen demand; ave = average

Table 7. Final effluent compliance (chemical parameters) to South African regulatory standards (general and special limits) and t-test (paired)

statistical analyses of seasonal variations

Parameter

Dry season

Wet season

Statistical analyses

Mean Range Std. General Special Mean Range Std. General Special t-test (unpaired)
dev. limits limits dev. limits limits

Results < limits Results < limits  pvalue Significantly

(compliance %) (compliance %) different (p < 0.05)
Ammonia (mg/L) 0.3 0-29 04 100 98.69 3.6 0-222 43 86.89 55.19 <0.0001 Yes
Ortho-phosphate (mg/L) 0.5 0-21 04 100 100 0.4 0-86 0.76 100 97.25 <0.0001 Yes
COD (mg/L) 295 4-73 131 100 77.78 221 1-54 9.5 100 63.93 <0.0001 Yes
Nitrate (mg/L) 9.2 0-161 24 99.35 0.65 24 0.2-98 177 100 27.32 0.0431 Yes

std. dev. = standard deviation; COD = chemical oxygen demand

Table 8. Statistical analysis (paired t-test) of studied chemical parameters for different sampling locations and seasons

Parameter Raw influent Final effluent t-test (paired)

Mean Range Std.dev. Mean Range Std.dev. pvalue Significantly different (p < 0.05)
Ammonia 399 24-160.8 16.8 2.1 0-22.2 3.6 <0.0001 Yes
Ortho-phosphate 5.4 1.3-13.1 2.0 0.4 0-8.6 0.6 <0.0001 Yes
COD 585.8 69-1654 304.5 255 1-73 1.9 <0.0001 Yes
Nitrate 79 0.7-27.3 43 5.5 0-16.1 4.0 0.0431 Yes
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Contraryto E. colireduction, the plant did not show any consistency
in reducing ammonia across all seasons, however the efficiency of
the plant in achieving such high percentage reductions was due
to the activated sludge configurations (Modified UCT, Bardenpho
and Phoredox) that are designed to reduce nitrate, ammonia and
ortho-phosphate (Makuwa et al., 2020; Gernaey and Sin, 2008;
Barnard, 1974). Johnston et al. (2019) referred to the discharge
of elevated concentrations of ammonia with treated wastewater
during winter as ‘seasonal nitrification failure.

As indicated in Table 6, the final effluent discharged into the
environment contained monthly average ammonia concentrations
ranging between 0.09 and 0.57 mg/L in the dry season, while
the wet season contained from 0.89 to 7.76 mg/L. Final effluent
ammonia concentrations were significantly different (p < 0.05;
unpaired t-test) between the two seasons (Table 7). The plant
managed to achieve 153 (100%) and 159 (86.89%) incidences of
effluent compliance with the general limit of the South African
regulatory guidelines for ammonia during the dry and wet
season, respectively, while compliance with the special limit was
151 (98.69%) and 101 (55.19%) in both dry and wet seasons,
respectively (see Table 7). Less compliance with both general
and special limits was observed in the wet than dry season;
therefore, the ammonia concentration of the effluent should be
continuously monitored in the wet season to avoid the partially
treated ammonia entering the river system. A study by Mothetha
(2016) shows that the seasonal concentrations of ammonia were
within the DWS waste discharge limit of 3 mg/L in all seasons
throughout the study period. A study by Agyemang et al. (2013)
also found similar trends to Mothetha’s (2016) study.

Chemical oxygen demand (COD)

COD is a measure of wastewater quality and is used to
monitor WWTP efficiency (Edokpayi et al., 2017). High COD can
lead to anaerobic conditions that can be harmful to aquatic life
(Mothetha, 2016). Anaerobic treatment uses anaerobic bacteria
(biomass) to convert COD into biogas in an oxygen-free
environment (Karuppiah and Azariah, 2019). The concentrations
of COD entering and leaving the plant were higher in the dry
than wet season (Table 6), dissimilar to the trend observed for
E. coli. A study by Osuolale and Okoh (2015) observed the highest
concentrations of COD in the dry than wet season. According
to the findings of Osuolale and Okoh (2015), lower COD
concentration is mainly associated with dilution by the higher
water flow during the rainy season. Reduction of COD by the plant
ranged between 95.45 and 96.13% in the dry season. Wet season
COD reductions ranged between 92.56 and 96.55%. There was no
significant difference in the reduction of COD, average reductions
for dry and wet season were all above 95% (Table 6). A study by
Joel et al. (2017) at Boundary WWTP in Eldoret Municipality,
Uasin-Gishu County, Kenya, showed COD reductions of 89.23
and 93.91%, respectively, in dry and wet seasons.

The studied plant discharged effluent with COD concentrations
from 27.06-33.03 mg/L and 15.32-27.77 mg/L in dry and wet
season, respectively. COD concentrations in the final effluent
between the two seasons were significantly different (p < 0.05;
unpaired t-test) (see Table 7). Wet season (22.10 mg/L) showed
slight lower detections in the final effluent compared to dry season
(29.53 mg/L). Compared to the findings of this study, Joel et al.
(2017) showed higher effluent discharge concentrations of 169 and
77 mg/L in dry and wet seasons, respectively. Out of the 153 and
183 final effluent samples studied for COD, the plant managed to
achieve 100% eftluent compliance for both dry and wet season,
respectively, when assessed against general limits, while compliance
to the special limit was 77.78% and 63.93% in dry and wet season,
respectively (see Table 7). Mothetha (2016) observed only one
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effluent COD above the DWS wastewater effluent discharge limit of
75 mg/L during the dry season. The fact that there were occasions
with effluent COD above the special limit suggests that the lower
amount of oxidizable organic materials in the water could not
reduce the dissolved oxygen levels, thus not leading to anaerobic
conditions that are deleterious to higher aquatic life forms.

Nitrate

Similar to COD, nitrate entering and leaving the plant was higher
in the dry than wet season (Table 6). Mothetha (2016) observed
the highest nitrate concentrations during the dry than wet
season for both influent and effluent. Reduction efficiency for
nitrate ranged between —22.95% and 17.1% in dry season, while
wet season ranges were between 31.94% and 88.32% (Table 6).
Kushwah et al. (2011) showed nitrate reduction efficiency of
48.97% and 42.86% in dry and wet seasons, respectively, while the
plant in the current study plant achieved a reduction of —-2.97%
and 65.30% in dry and wet seasons, respectively (Table 6). The
dry season average reduction was negative, with higher nitrate
concentrations in the final effluent compared to the influent , as
also found in a study by Edokpayi et al. (2015). In October, the
Modified UCT configuration was changed to Phoredox and the
nitrate reduction efficiency was better in the wet than dry season.
However, the Phoredox configuration was only introduced in the
wet season and the nitrate reduction efficiency can therefore not
be linked to seasonal variation.

A higher concentration of nitrate is known to accelerate algal
growth causing eutrophication, which consequently leads to an
increase in oxygen demand, loss of some aquatic life forms and
offensive odours that affect people living very close to the water
resource (Alrumman et al., 2016; Palaniappan et al., 2010; Momba
etal., 2006; Correll, 1998; Roelofs et al., 1984). Final effluent nitrate
concentrations were significantly different (p < 0.05; unpaired
t-test) between seasons (see Table 7). The final effluent nitrate
contents varied from 7.66 to 11.17 mg/L and 1.19 to 4.71 mg/L
in wet and dry seasons, respectively. studied by Kushwah et
al. (2011) showed a nitrate discharge ranging from 1.24 to
2.56 mg/L between winter and summer for a WWTP in India.
As indicated in Table 7, compliance withgeneral limits for nitrate
were 99.35% and 100% for dry and wet season respectively, while
poorer compliance was observed with the special limit (0.65% and
27.32% for dry and wet season, respectively).

Phosphate

Phosphate is an essential element for plant life, but when there is
too much of it in water, it can speed up eutrophication (Sengupta
et al, 2015). When detected at higher concentrations it may
interfere with coagulation, thus resulting in organic particles that
harbour microorganisms not completely removed (USEPA, 2007).
The study observed higher concentrations of phosphate in the dry
than wet season at the inlet and outlet (Table 6). Similar findings
were also observed by Mothetha (2016). The plant studied by
Kushwah et al. (2011) showed reduction of ortho-phosphate by
48.07 and 30.46%, respectively, in dry and wet seasons, while the
current study, showed a higher reduction of 92.03 and 92.32%,
respectively, for both dry and wet seasons (Table 6). When
compared to the study by Mothetha (2016), the the current plant
demonstrated efficient reduction of ortho-phosphate in both dry
and wet seasons. The reduction efficiency for phosphate could not
be associated with any seasonal conditions.

Phosphate concentrations at the final effluent were significantly
different (p < 0.05; unpaired t-test) between the two seasons
(see Table 7). Ortho-phosphate discharge ranged from 0.36 to
0.61 mg/L and 0.22 to 0.51 mg/L in dry and wet seasons, respect-
ively. Kushwah et al. (2011) confirmed effluent ortho-phosphate
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concentrations of 5.93 and 10.07 mg/L. As indicated in Table 7, the
study observed 100% ortho-phosphate compliance for the final
effluent during dry and wet season when evaluated against the
general limit, while 100% and 97.25% compliance was achieved
when evaluated against special limits in the dry and wet season,
respectively. Such findings indicate that the current plant does not
contribute to major ortho-phosphate loading of its receiving river
when evaluated against South Africa regulatory standards.

CONCLUSION

Seasonal changes can result in the disposal of nutrient-rich effluent
to the environment if the WWTP is not managed appropriately.
Seasonal variation studies are therefore important to record
pollutant levels across various time scales to determine a necessary
and efficient treatment processes. Detection of indicator parameters
was shown to be affected differently by seasonal variations. The
higher detections of E. coli observed in the wet season were
associated with the favorable conditions of the wet season for
bacteria. However, contrary to E. coli, a higher concentration of
COD, nitrate and phosphate dominated the dry season rather
than wet season at both the inlet and outlet of the plant. Such low
concentrations in the wet than dry season were due to dilution
by high flow rates enhanced by rainfall. Seasonal variations did
not affect the performance of the studied plant in reducing the
studied parameters, except in the case of nitrate and ammonia. The
selection of wastewater treatment processes depends on pollutant
levels, hence the substitution of operational configurations from
Modified UCT to Phoredox proved to be efficient in reducing
nitrates. Determining the pollutant levels in wastewater effluents
assists in identifying the necessary improvements to the treatment
process. Though challenges have been observed during the two
seasons to achieve compliance to special limits, the plant however
showed high efficiency in reducing the majority of determinants
in line with general limits standards in both seasons. Detection of
E. coli in the final effluent reflects the possible discharge of
pathogenic microorganisms into the environment; thus compliance
to special limits is important. It was also evident that chlorine as
the only source of disinfection is not sufficient for the studied plant
if the special limit of the General Authorization is to be met.
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