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Abstract

The content of total coliforms and fecal coliforms were measured for the different ponds (anaerobic, facultative
and maturation) in the year 2008-09 for waste stabilization pond (WSP) system in terms of Log,, reduction value
and decay rate (k d) in order to determine the efficacy of waste stabilization ponds with respect to their hydraulic
retention time (HRT). Physical and chemical parameters (temperature, hydrogen ion concentration, total suspended
solids and total dissolved solids) were also determined with aim of finding the factors which influence the rate of
coliforms removal. The results indicate the surveillance of coliforms were most favored in anaerobic cell and lest
favored in maturation cell with decay rate to an average of (k d' =2.92); (k d'=4.88); (k d""=5.83) and (k d'=2.80) and
(k d'' =4.30); (k d'’ =5.89) for total coliforms and fecal coliforms observed for anaerobic, facultative and maturation
cells respectively. The highest removal of coliforms (total and fecal coliforms) between 3.37 log,, to 4.0 log,, was
observed for maturation cells with hydraulic retention time (HRT) of 5 days each and two maturation ponds in series.
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Introduction

Natural wastewater treatment systems have been widely used
over the last few years as an alternative to conventional systems for
the sanitation of small communities due to their minimum electric
requirements and low maintenance costs [1-5]. Nowadays, WSPs are
often regarded as the ‘method of choice’ for many wastewater treatment
applications around the world; something owing to their more cost-
effective, flexible and sometimes more efficient operation [6-8], for
this reasons WSPs have been used as promising wastewater treatment
alternatives to the more expensive conventional systems, especially in
developing countries [9-10]. WSP is not a new technology in India. The
Central Public Health Engineering Research Institute had organized
a symposium on WSP over 40 years ago [11] and published a WSP
guidance manual [12].

Hydrology in part determines the functioning of wetlands, and this
relation is particularly important in wetland designed and construction
of wastewater treatment [13-15]. A longer stay of water in surface-flow
treatment wetlands may enhance removal capacity of pollutants by
longer contact time with surface and higher sedimentation rate at lower
current velocities [16-17]. Previous research indicates that enteric
microbe removal efficiency in wetlands can be affected by changes in
hydraulic loading rate (HLR) and resultant hydraulic retention time
(HRT) [18], the presence of vegetation [19], and whether the systems
are surface flow (SF) or subsurface flow (SSF).

Considering Indian scenario not much research is done on WSP
system, though India has most favorable condition for its functioning.
Here in this study we have examined the efficiency of one of the major
WSP system located in holy city of Ujjain in central India, in terms of
coliforms (total and fecal indicator) removal with respect to its HRT.

Study site

The experimental pond systems were located at the sewage
farm, which is 2 km away from city. The wastewater mainly comes
from Rudrasagar, Barnagar, Charkrateerth and Somwariya through
different pipelines system into pretreatment unit. The cardinal points

are 23’13’ North latitude and 75°50" East longitude, Altitude of the
city is 510 m (1688 ft) above mean sea level. The peculiar topography
of this area is wild plants with flat valley separated with topography
height. The main stream Kshipra river flowing along the city from
Southeast to Northwest direction. Average annual rainfall of Ujjain
city is approximately 1100 mm though this has decrease drastically in
the recent year to drought like condition (source : Ujjain development
plans, Town country learning department M.P.) Temperature and
metrological observation indicates that the mean and the maximum
temperature range between 25°C and 45°C. The overall unit comprises
eight different cells; 2-Anaerobic, 2-Facultative and 4- Maturation
Ponds. Total in flow of water in the cells is 52.7 m* day" (Figure 1),
with retention time of 1day in Anaerobic Pond, 5 days in Facultative
Ponds and 5 days in Maturation Ponds. Table 1 shows the total surface
area of WSP system is 2,99,995 m? with EFF/total depth of 4 m/4.50 m
for anaerobic cell and 1.5 m/2.5 m for facultative cell and 1.5 m/2.66 m
for maturation cell. The study was performed in the year 2008 to 2009
for three seasons viz; winter, summer and post-monsoon.

Methods and Materials
Sampling and analysis

Wastewater samples were taken from inlet and outlet of each cell
at the mean depth of 25 cm from the surface at 0.1100 h which gave
the values equivalent to the mean effluent concentrations over 24 h
period [20]. Column sample were used to measure the meant effluent
quality [21]. Physicochemical parameters such as temperature, pH,
conductivity, turbidity, and total dissolved solids were measured in situ
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Figure 1: Schematic layout of WSP system. There are eight different cells in
the wsp: 2-Anaerobic, 2-Facultative and 4- Maturation Ponds. Total in flow of
water in the cells is 52.7 mday with retention time of 1day in Anaerobic Pond,
5 days in Facultative Ponds and 5 day in Maturation Ponds. The flow of water
is diagonally from one cell to another.

S.No. Name of Unit Surface area (m?) Total depth
1 Anaerobic Pond (A1) 6595 4.50
2 Facultative Pond (F1) 87423 2.50
3 Maturation Pond (M1) 103664 2.66
4 Maturation Pond (M2) 102313 2.66

Total 2,99,995
Table 1: Total depth and surface area of different ponds of WSP.

as describe in Standard Methods [22]. For data analysis the SPSS 17
statistical program was used.

Total coliforms and fecal coliforms enumeration and
estimation

A series of fermentation tube containing sterile MacConkey bile salt
lactose broth was distributed in 10 ml amounts into tubes containing
an inverted Durham vials and sterilized. The dilution series of water
samples used in the case were 10, 10, 10"°. 10 ml, 1 ml, 0.1 ml sample
were used to inoculate double and single strength medium. A set of
five replica tubes for each dilution were inoculated and incubated at
37°C for 24 hrs. Coli aerogenes group of organisms will ferment lactose
to give acid and gas. The production of acid is shown by a change in
colour of the yellow and gas was seen in Durham’s tube. There must
be sufficient gas to fill the concavity at the end of the Durham’s tube
before a positive result was to be recorded. Any sample which were
negative, were re-incubated for a further 24 hrs [23]. Confirmative test
was carried out by using brilliant green lactose bile broth, 3 loopful
of growth from each tube showing positive presumptive test were
transferred to the Brilliant Green Lactose Bile (BGLB) broth tubes.
These tubes were incubated at 35 + 2°C. Those tubes which showed
production of gas in the basal part of inverted Durham tube after 24
hrs were recorded. Ten milliliter of the medium was added to each
tube containing an inverted Durham’s tube and sterilized at 15 lbs
pressure for 15 minutes. Combinations of positive and negative tubes
were compared with figure in MPN index table and probable number
of total coliforms was determined. The completed test was applied to
the brilliant green lactose bile broth fermentation tubes showing gas in
the confirmative test. Eosine Methylene Blue (EMB) agar plates were
streaked with aloopful inoculum from each tube of positive BGLB broth
tubes. The plates were incubated at 37"+ 2°C for 24 hrs. The colonies
developed on EMB medium plate were observed for typical and for
atypical or negative colonies. Typical colonies were with or without
metallic sheen, mucoid and pink while all other were negative colonies
representatives. Typical colonies were transferred to nutrient agar slant

for further differentiation of coliforms bacteria. This test was applied
to different coliforms of fecal origin from coliforms of other sources.
Three loopful of growth from all positive presumptive tubes from the
total coliforms MPN test i.e. MacConkey bile salt lactose peptone water
were inoculated in E.C. medium and incubated in water bath at 44.5
+ 0.2°C for 24 hrs. Gas production in the fermentation tubes within
24 + 2 hr were considered as positive reaction indicating presence of
coliforms, which were fecal in origin. Fecal coliforms densities were
calculated by comparing the combination of positive and negative
tubes with MPN index table.

Decay (k d?) of coliforms group

The reductions of coliforms group of bacteria were enumerated by
Most Probable Number (MPN) analysis and results were calculated as
CFU/100ml of the sample. The reduction of the coliforms in different
cells was expressed as overall decay rate (k d') and is derived from the
first order equation:

The decrease in the concentration of coliforms over time can be
written as:

-d[A]l/dt=k[A]....cceeinnn eq-1
Rearrangement of eq-1 and integrating the equation yields:
In[A]=-kt+In[A] ............ eq-2
In ([A]/[A])=-kt.courrnnnnn. eq-3

Where A and A is the concentration of the microorganisms (fecal
and total coliforms) from inlet and outlet of each cell, t is the time in
days and k is the decay rate (d*).

Results

The summary of the main variables both influent and final effluent
concentration and their average percentage removal in the WSP
system is presented in Table 2. The geometric mean concentrations of
total coliforms and fecal coliforms was found significantly higher in
influent (2.87E+10 and 1.02E+10 colony forming units (CFU) 100 mL™
respectively) then in final effluent and were significantly reduced in each
cell of the WSP system (Tables 3 and 4). The statical variance (viz; low,
median and maximum values) for total and fecal coliforms (Figures 2
and 3) for different seasons were found to be lies between an average
value of 3.31 to 10.01 with median of 5.7 for total coliforms and 2.54
to 8.82 with median of 4.96 for fecal coliforms. The log  reduction for
coliforms (total and fecal coliforms) was observed to be 6.70 log  and
6.28 log,, values (Table 7) for whole WSP system with HRT of 15 days.
On performing regression analysis (R’) for log, values as a function of
HRT, results in a significant value of 0.99 and 1, which show a positive
correlation between reduction of coliforms and HRT (Figure 4). The

Variables Units Influent Effluent% removal

BOD mg/l 140.23 38.32 72.67

COD mg/l 159.55 41.93 73.71
DO mg/l 0.00 741 -
TKN mg/| 13.42 11.50 14.3

NO,N mg/| 2.71 1.32 51

NH,N mg/l 7.55 2.87 61.8
TS mg/l 1.37 1.04 22.08

BOD; Biological Oxygen Demand, COD; Chemical Oxygen Demand, DO;
Dissolved Oxygen, TKN; Total Kjeldahl Nitrogen, NO3N; Nitrate Nitrogen, NH4 N;
Ammonium Nitrogen,TS; Total Solid

Table 2: Average influent and effluent concentrations of the main variables and
coliforms for integrated WSP system.
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average decay rate (Table 5 and 6) was found to increase with increase
in HRT and was observed highest for maturation cells and lowest for
anaerobic cell, this indicates that surveillance of indicator bacteria is
highest in anaerobic cell with HRT of 1 day and lowest in maturation
cells with HRT of 5 days each.

Discussion

Different processes may be involved in the removal of
microorganisms in a natural wastewater treatment system. It is
worth mentioning that apart from other variables (light intensity,
temperature, pH etc.) the hydraulic retention time (HRT) is an
important parameter in removal of indicator bacteria. In this study, we
evaluated the removal efficiency of coliforms by integrated WSP system
located in central India. The WSP system removes the coliforms (total
and fecal) with an efficiency of >90% (Table 3 and 4) which are par
with the range previously reported for WSPs for treatment of domestic

Pond Month Influent Effluent % removal

Anaerobic Winter 1.20E+10 5.30E+08 96
Summer 1.30E+10 6.40E+08 95

Post manson 6.32E+10 4.50E+05 93

Facultative Winter 5.67E+06 3.01E+05 95
Summer 6.14E+06 2.34E+05 96

Post manson 4.60E+04 1.23E+03 97

Maturation Winter 7.50E+04 8.90E+02 929
Summer 5.60E+04 9.00E+02 98

Post manson 6.70E+04 1.10E+03 98

Table 3: Concentration in CFU/100ml and percentage removal for total coliforms in
different cells of WSP as enumerated for different seasons in year 2008-09.

Pond Month Influent Effluent % removal

Anaerobic Winter 9.00E+09 5.80E+08 94
Summer 1.00E+10 6.10E+08 94

Post manson 1.05E+10 5.90E+08 94

Facultative Winter 7.32E+06 6.10E+05 92
Summer 6.47E+06 3.54E+05 95

Post manson 4.64E+06 3.14E+05 93

Maturation Winter 5.60E+04 1.03E+03 98
Summer 6.50E+04 7.50E+02 99

Post manson 6.60E+04 8.20E+02 99

Table 4: Concentration in CFU/100ml and percentage removal for fecal coliforms
in different cells of WSP estimated for different seasons in year 2008-09.
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Figure 2: Statistical variance (low, median and max of Log10 value) of total
coliforms for different seasons (viz; winter, summer and post monsoon) in the
year 2008-2009.

wastewater [24-25]. The low surveillance of coliforms in facultative
and maturation cells seems to be due adsorption onto settleable solids,
further sedimentation [26] and solar irradiation [27-28] are thought
to be the main bacterial removal mechanisms in this cells, with lower
depth, although other factors as predation by antagonistic organisms
[29], physicochemical conditions [30-31] and toxins excreted by
certain algae [32] could also affect the removal of microorganisms.
Variability in concentration of coliforms were observed in the WSP
system, may be due to seasonal and climatic conditions as seen in data
observed for different seasons, as well as differences in the prevalence
of infection and fecal excretion levels.

Conclusions

In conclusions, the assessment of coliforms (fecal and total)
concentration in different cells of WSP, revels that the effectiveness of
removal of indicator bacteria lies in condition prevailed in different
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Figure 3: Statistical variance (low, median and max of Log10 value) of fecal
coliforms for different seasons (viz; winter, summer and post monsoon) in the
year 2008-09.
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Figure 4: The average log,, reduction of total and fecal coliforms as a function
of hydraulic retention time for different ponds (anaerobic, Facultative and
maturation).An-1; Anaerobic pond with HRT of 1 day, Fa-5; Facultative pond
with HRT of 5 days, Ma-10; Maturation pond with HRT of 10 days.
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Cell Season Decay rate [k (d)]

Anaerobic Winter 3.1
Summer 3.01

Post manson 2.64

Facultative Winter 4.54
Summer 4.87

Post manson 5.23

Maturation Winter 6.04
Summer 5.74

Post manson 5.71

Table 5: Decay rate [k (d)] of total coliforms in different ponds of WSP calculated
from first-order equation dA/dt=-kC.

Cell Season Decay rate [ k (d)]

Anaerobic Winter 2.74
Summer 2.80

Post manson 2.88

Facultative Winter 4.09
Summer 4.52

Post manson 4.30

Maturation Winter 5.61
Summer 6.07

Post manson 6.00

Table 6: Decay rate [k (d)] of fecal coliforms in different cells of WSP calculated
from first-order equation dA/dt=-kC.

Indicator/Seasons total coliforms fecal coliforms

Ponds log log
Ponds A F M1 M2 Rezjo A1 F1 M1 | M2 Reg
Winter | 10.11 | 6.6 474 3.65 6.46 8.78 6.50 3.27 2.81 597
Summer | 9.94 | 6.77 485 327 6.67 8.83 6.53 3.30 251 6.32
Post 6.99 6.61
monsoon 100 | 669493 3.01 8.87 3.3.6 2.30 6.57
Average = 10.01 | 6.68 4.84 331 6.70 8.82 6.54 3.39 254 6.28
Value

A; Anaerobic pond; Facultative pond, M1; Maturation pond 1, M2; Maturation pond
2

Table 7: log,, values for total and fecal coliforms calculated for three different
seasons (winter, summer and Post monsoon) in year 2008-09.

pond of the system. The maturation ponds play a vital removal of
coliforms due to high DO content, rise in hydrogen concentration and
large surface area which are responsible for low surveillance rate. The
study also suggests that pond with large surface (in this study) and two
maturation ponds in series can result in better quality of effluent.
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