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ABSTRACT:

The simulation of solar radiation in waste stabi#iion ponds is a developing tool worth studying
in order to understand its effects on wastewaterltjty in waste stabilization ponds. Hence, the
research is aimed at investigating the effect ohdgh to width ratio (L/W) in solar enhanced
waste stabilization ponds (SEWSPs) treatment effimy. SEWSPs of varying sizes made of me-
tallic tank with inlet and outlet valves, and a solreflector was constructed to increase the inci-
dent sunlight intensity. Wastewater samples coketfrom the inlet and outlet of the SEWSPs
were examined for physico-chemical and biologicdlacacteristics for a period of twelve (12)
months. The parameters examined were Temperatukg, getention time, total suspended solids,
dissolved oxygen, biochemical oxygen demand (BfpDhemical oxygen demand (COD), algae
count, faecal coliform and E-Coli. The efficienciesf the SEWSPs with respect to these parame-
ters fluctuated with width variation, with the smlakst SEWSP in width giving the highest treat-
ment efficiency. The research revealed that witletimcorporation of solar radiation in WSPs, a
length/ width ratio of 1:0.2 should be used in thiesign of SEWSPs for maximum treatment

efficiency.
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INTRODUCTION Solar energy comes to earth in the form of
A solar enhanced waste stabilization pond is waves of radiation or waves of photons pos-
new technology that evolved as a result of theessing varying amounts of energy and travel-
incorporation of solar reflectors in the convending at uniform speed of 3 x n/s. The wave-
tional waste stabilization pond for the purposdength of these waves depend upon the extent
of increasing the efficiency and reducing theof that energy; the more energy a group of pho-
land area requirement of waste stabilizatiorions possesses, the shorter the wavelength and
ponds (Agunwambat al., 2009). For a rectan- vice versa. The entire content of this radiation
gular waste stabilization pond (WSP), the asis called the solar spectrum. At the lower end of
pect ratio denotes the ratio of length to width othe solar spectrum are the low frequency invisi-
the WSP, usually a minimum of 2:1 is recom-ble wavelengths called infrared, which make up
mended (Marais, 1966). nearly half of the sunlight reaching the earth
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(Strong and Scheller, 1993). Next to this is thdealth risk problems in these communities
visible spectrum, with wavelengths growing(Agunwamba, 2006). Wastewater treatment by
progressively shorter from red to violet. OnceWSPs has been considered an ideal way of us-
the infrared and visible spectrums are acing natural processes to improve wastewater
counted for, only 5-7% of solar spectrum re-<effluents ( Shelett al., 1987; Sarikayat al.,
mains. The remaining part is the ultravioletl987 and Polprasest al., 1983). In natural
radiation. Their wavelength is the shortest antreatment systems such as WSP, the pathogens
they therefore have the highest amount of erare progressively removed along the pond se-
ergy which plays the role of water and wasteries with the highest removal efficiency taking
water treatment (Benchokroghal., 2003). place in the maturation ponds (Mara and Pear-
son, 1998). Although solar inactivation of bac-
The most appropriate wastewater treatment i®ria in wastewater is well established (Sinton
that which will produce an effluent meeting theet al., 2002; Benchokrouet al., 2003; Davies-
recommended microbiological and chemicalColleyet al., 2005), the efficiency and econom-
quality guidelines both at low cost and withics of integration of solar reflectors in ponds
minimal operational and maintenance requirehas also been investigated(Agunwangal.,
ments. Different systems are used worldwid®009). Hence, the aim of this study was to de-
for wastewater treatment such as activatetermine the optimum length to width ratio for
sludge, trickling filter and waste stabilizationthe design of solar enhanced WSPs for more
pond systems. Pond systems are commonbfficient wastewater treatment.
employed for municipal sewage purification,
especially in developing countries, due to itsMATERIALS AND METHODS
cost effectiveness and high potential of removPhysical Pond Design
ing different pollutants (Arar, 1988; Christian The study was conducted using a 1:20 scale
et al., 2003). model of a conceptualized prototype waste sta-
bilization pond. Geometrical similarity was
WSPs are designed to achieve different formapplied for the design of the scale model pond.
of treatment up to three stages in series, ddhe design was performed first using Froude
pending on the organic strength of the inpuhumber similarity and compared with Rey-
waste and effluent quality objectives. Usually,nold’s number. The ratios that must exist be-
classical WSPs consist of an anaerobic pondween the model and prototype pond as well as
followed by primary or secondary facultativethe corresponding flow characteristics are given
ponds. If further pathogen reduction is necesn Table 1.
sary, maturation ponds will be introduced to
provide tertiary treatment. WSPs are veryExperimental Setup
widely used for small rural communities butThe University of Nigeria, Nsukka, Nigeria
large systems exist in Mediterranean basirtreatment plant that supplied the influent to the
France and also in Spain and Portugal. Howsolar enhanced waste stabilization ponds con-
ever, in warmer climates (the Middle East, Af-sists of a screen (6 mm bar racks set at 12 mm
rica, Asia and Latin America) ponds are com<centre) followed by two imhoff tanks, each
monly used for large populations (Hamzeh andneasuring about 6.700 m x 4.700 m x 10 m,
Pronce, 2002). and then by two facultative ponds in series. Six
ponds were connected to one sewage storage
In developing countries and especially in thgank (1.2m x 0.5m x 0.5m) that receives its
tropical and equatorial regions like Nigeria, noinfluent from an overhead storage tank (1.2m x
wastewater treatment systems are observed in5m x 1.5m) were constructed for the experi-
rural communities. There is a great need foment. Five (5) out of the six ponds were con-
wastewater treatment systems to avoid thetructed with a tilt frame at 4%or fixing the
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solar reflectors each of size 0.2 m by 1.0m. Alfacultative pond through a sewage storage tank.
the ponds were operated at a detention time &torage tanks were fed continuously by an
168hrs = 0.42hrs (relationship = 1/400) for theoverhead storage tank which in turn was filled
model. The detailed descriptions of the variousvith sewage from a facultative pond through an
ponds are explained in Table 2. underground pipe, with the aid of a water pump
being powered by a generator. The pictorial and
The six ponds were filled with sewage from theschematic diagram of the experimental setup is
second facultative pond through a sewage stoshown in Figures 1 and 2, respectively.
age tank. Storage tanks were fed continuously
by an overhead storage tank which in turn waSample Analysis
filled with sewage from a facultative The six Seven samples were collected weeldyring
ponds were filled with sewage from the secondhe period from October 2008 until September

Table 1: Prototype to model relationships on kinemtics similarity (Reynolds Model) law

Parameter Unit Equation Relationship  Prototype  Model
Length, L M a 1/20 20 1
Width, W M a 1/20 8 0.4
Depth, D M a 1/20 4 0.2
Surface Area, A M? o? 1/400 160 0.4
Volume, V M3 o? 1/8000 640 0.08
Ideal detention time, T (=V/Q) hrs o? 1/400 168 0.42
Influent rate, Q M%¥d a 1/20 264 13.2
Average theoretical Velocity
(U=QD/V) M/d ot 20 4.125x10°  8.25x10"
Average Pond Reynold’'s No.
Re (Re=UR/(y _ o 1 116 116
Average Froude No.
Fr=u/(gR)%> B o’ 40 1.54x10°  6.21x10*
Table 2: Detailed Description of the Various Ponds
Experimental Size (m) Characteristics Purpose
Ponds
A 1x0.4x0.2 No solar reflector Control
B 1x0.4x0.2 Solar reflector Measure the d@ffd solar reflector
C 1x0.3x0.2 Solar reflector Measure the aféd solar reflector
D 1x05x0.2 Solar reflector Measure the affd solar reflector
E 1x0.2x0.2 Solar reflector Measure the aféd width
F 1x0.6x0.2 Solar reflector Measure the atfted solar reflector
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Fig. 1: Experimental setup

Fig. 2: Schematic diagram of experimental setup
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2009 from the five different solar ponds, thephosphate as by products which are in turn util-
control pond and one from the outlet of theized by algae for its growth.
storage tank for laboratory analysis to deter-
mine the concentrations of BQDCOD, DO, The results also showed that, the removal of
algae count, faecal coliform, E-Coli, sus-coliform bacteria was higher in pond E with the
pended solids, temperature and pH. Ponds emallest width (0.2m) (Fig. 7). The average
different widths were chosen in order to anaconcentrations of coliform bacteria in ponds A,
lyse the effect of length to width ratio on theB, C, D, E and F were 1100/100ml, 150/100ml,
efficiency of solar enhanced treatment in WSP.93/100ml, 210/100ml, 75/100ml, 460/100ml
respectively. Similar result was obtained for E.
Dissolved oxygen (DO) was measured at th€oli (Fig. 8) where the minimum and maxi-
point of collection using a HI 9142 water multi- mum effluents are 21/100ml and 93/100ml,
parameter testing meter, while BOD was ob9/100ml and 28/100ml, 7/100ml and 21/100ml,
tained with the use of the same meter at th#£1/100ml and 43/100ml, 4/100ml and
laboratory. The other parameters were obtaineti4/100ml, 14/100ml and 64/100ml for ponds A,
from sewage samples collected for laboratoryd, C, D, E and F respectively. These results
analysis which were analysed immediately theyvere corroborated by the higher average tem-
were brought into the sanitary laboratory basegerature (26°C, 27.8C, 28.2C, 27.2C,
on the Standard Methods (APHA, 1998). 30.1°C and 26.%C) observed in ponds A, B, C,
D, E and F respectively (Sintahal., 2002).
RESULTS AND DISCUSSIONS
The experimental results are presented in Fig. Bhe average suspended solids removal effi-
to 20. Figures 3 to 11 depict the weekly variaciency was higher in pond E because of its
tions of treatment efficiencies of the SEWSPsmaller surface area as compare to ponds A, B,
with respect to pH, DO, coliform, E-coli, BOD, C, D and F (Fig. 9). The minimum suspended
COD, algae count and Suspended Solids resolids effluent was 11mg/l, 7mg/l, 6mg/l, 9mg/
moval, respectively. Figure 12 demonstrates the 3mg/l and 10mg/l for ponds A, B, C, D, E
effect of pond width on removal efficiencies inand F whereas the maximum values were
the SEWSPs, while Fig. 13 to 20 illustrates th&80mg/l, 24mg/l, 21mg/l, 26mg/l, 10mg/l and
effect of length/ width ratio on removal effi- 27mg/l for ponds A, B, C, D, E and F respec-
ciencies in the SEWSPs with solar radiationtively. Similar result was obtained for B@D

The various graphs are discussed below. (Fig. 10) where the minimum and maximum
concentrations were 115mg/l and 317mg/l,
Effect of Width 101mg/l and 281mg/l, 92mg/l and 243mgl/l,

There was a consistent pattern of increase ih08mg/l and 293mg/l, 81mg/l and 156mg/l,
efficiency for all the test indicators with de- 110mg/lI and 300mg/I for ponds A,B,C,D,E and
creasing width for the solar ponds E, C, B, DF respectively. For COD, average values
and F. Indicators like temperature, algae conranged from 224mg/l to 584mg/l, 182mg/l to
centration, dissolved oxygen increases in coMd98mg/l, 170mg/l to 446mg/l, 186mg/l to

centration as the width decreases (Fig. 3 - 6p26mg/l, 156mg/l to 322mg/l and 210mg/l to
This is because, as the surface area decrease88mg/| for ponds A, B, C, D, E and F respec-
the solar radiation gets concentrated and irtively (Fig. 11). The average removal efficien-
creases the rate of photosynthesis which ermies for all the parameters are given in Table 3.
ables the algae to release oxygen needed by

aerobic bacteria. The oxygen released by th8olar Effect Consideration

algae as a result of photosynthesis is utilized blond E with the smallest width of 0.2m had the
bacteria for aerobic degradation of organic matHighest efficacy among ponds B, C, D, E, and
ter which releases carbondioxide, ammonia anBl (Fig. 12) with respect to all the parameters

Journal of Science and Technology © KNUST April 2D



47 Utsev and Agunwamba

Weekly

Fig. 3Efficiency of pH variation with time

120
100
S
a=,
§ 60
£ 40
[1T]
20
0
Fig. 4Efficiency of Temp. variation with time
100 ‘ e Berdn
e . ) L —+—Fond A
!32 :; T Ao j:--u,( r”’"“‘ ——Pond B
o = T w7 —+—PondC
g0 L = ~PondD
> 60 P —F—Pond £
e 50 . . v M —e_ —s—PondF
5]
- IEALV .
o 30
20
10
0
0 2 4 6 8 10 12 14
Weekly
Fig. 5: Efficiency of Algal conc.ariation with time

Journal of Science and Technology © KNUST April 2D



Effect of aspect ratio on stabilization ponds... 48

120

100 Bk L
't_.::: a0 | . ==-»E EE E B AE—L.EY ;I =
g0 NN AT
£ 40 — M i
i

0 2 4 6 8 10 12 14
Weekly

Fig. 6: Efficiency of DO increase with time

—~—PondA
—=—PondB
E 0 | " “=\ J *
0\ / \\___: /
0

Fig. 7: Efficiency of Coliform varation with time

100 ] [ ‘ —+—Pond A

90 e P (__’\A'___ALW/‘(/‘ —mPond B

80 I {w:;\i —+—Pond C
g 70 —_ T \\)\/ iggggg
z O N % ~—PondF
< 50 v 4
3 40 N\ =
£ \ / \ 1/
w 30 V \ /

20 \|/

10

0
0 2 4 6 ] 10 12 14
Weekly
Fig. 8Efficiency of E-coli variation with time

Journal of Science and Technology © KNUST April 2D



49 Utsev and Agunwamba

Nl =~y
20
4]
—+—Pond A
—4+—Pond C
? —#—Pond E
Q —a—Pond F
£
g
i
20
10
0 2 4 6 8 10 12 14

Weekly

Fig. 10Efficiency of BOD Variation with time.

100 — 7 i ] . —+—Pond A
<li] = . — e e—— *
~_ 1 ¥ e —=—Pond B
80 . ——PondC
= 70 PR V) ) T —<—Pond D
T e : s = N —+—Pond E
g \ﬁ’ /,\—1.“-_‘. Y ———Pond F
50
3 4 —
S 40
£ a0
20
10
0]
0 2 4 6 8 10 12 14

Weekly

Fig. 11Efficiency of COD Variation with time

Journal of Science and Technology © KNUST April 2D



Effect of aspect ratio on stabilization ponds... 50

199 i I —+—Coliform
S0 = = —=E i
80 — —*C
3 60 — T
g S0 T \‘-f;‘______f;
'S 40 =
& 30
10
0.2 0.3 0.4 0.5 0.6
Width (m)
Fig. 12Efficiency of treatment removal vs width
100
‘a‘_‘
g
£
0
02 03 04 05 068 07 08 09 1

100

a0 —+—Pond A

ot _——a—— —®PondB

&0 F ——Pond C
P — maf
g v [ —+—Pond F
§ 0 =
£ a9

20

10

4]

02 0.3 04 0.5 0.6 0.7 0.8 09 1

Intensity of radiation (Kwm-2)

Fig. 14: Efficiency of COD removals solar intensity

Journal of Science and Technology © KNUST April 2D




51 Utsev and Agunwamba

100 |
= ;/"E,i’i;i: —=
g o —
E a0
z0
4]

= Uil o

—+—FondC

i

o

X 7o P
E: ;:,,.Kf«_,/—: ——— —
§ NS e
g g
w
10
1]

02 a3 04 0.5 0.8 0.7 08

[=)
=)
-

Intensity of radiation (Kwm2)

Fig.16: Efficiency of E-coli remaa vs solar intensity

% —+—PondA

80 - + y ——Pond B

70 "] o —+—Pond C
3 —p—f—4] = ——PondD
< 60 e . " —+—Pond E
g 50~ o o — J— ~¢PondF
2 40 é —
o - 4.—-*'-
£ 30 ——"—

20

10

4]

0.2 0.3 04 0.5 0.6 0.7 0.8 0.8 1

Intensity of radiation (Kwm2)

Fig. 17: Efficiency of Suspendedl&l removal vs solar intensity

Journal of Science and Technology © KNUST April 2D



Effect of aspect ratio on stabilization ponds...52

\IW

€0 e e
. i"_.___—_._—_-‘i——'-:bj:
40 :

20

10

Fig. 18: Efficiency of DO increases solar intensity

| ——Pond A

e L —X —m—Pond B
z e gt = ——Pond D
= — - e — =
5 50%;&#. e ——Pond F
R e ——e—— e
SR R a—

20

10

0]

02 03 04 D5 08 0.7 08 09 1
Intensity of radiation (Kwm-)

Fig. 19: Efficiency of Algal variion vs solar intensity

12; —+—Pond A
‘80 T —=—Pond B
— A—"——— . PondC
e = — s ——PondD
'; 60 T ™ T il —+—Pond E
g [ e e —o—PondF
o 3 T —r
E 30
20
10
4]

02 03 04 0.5 0.6 0.7 0.8 0.9 1

Intensity of radiation (Kwm2)

Fig. 20: Efficiency of pH variatia vs solar intensity

Journal of Science and Technology © KNUST April 2D



53 Utsev and Agunwamba

Table 3: Average removal efficiencies of the pondsith respect to all the parameters investigated.
(Mean + Standard deviation)

Pond Parameters
Coliform  E.Coli BOD5 COoD SS DO Algal pH
conc.

A 53.2+12.1 51.3+15.6 48.51+6.1 45.745.3 49.5£10.88+1.6 17+12.4 7.9+1.4
B 83.2+10.4 75.6+11.2 78.2+11.3 77.9x12.4 78.4+10B1+1.2 12.0+10.2 7.4+1.2
C 86.3+11.2 81.3+12.3 80.4+5.2 79.4+6.7 79.9+9.9 9+54 11.1+18.1 6.3+1.6
D 77.6£11.8 76.8+18.9 75.4+10.6 74.2+7.9 74.3+10B1+1.9 14.6+11.4 7.5+1.7
E 89.1+10.8 84.3x11.1 82.7+6.4 80.4+14.7 81.8x12%7+1.4 9.1+£18.1 6.1+x1.4
F 56+12.6 51.7419.1 51.9+6.3 50.7£7.9 50.8+11.5 +¥.8 16+12.4 7.7+1.3

investigated. Application of the same reflectorusing solar enhanced WSP for treatment of
in all the ponds produces the highest intensitgewage effluent from a facultative pond in the
per unit volume in pond E, this is because, th&niversity of Nigeria, Nsukka. Ponds of differ-
amount of solar radiation entering the pond®nt widths were used in order to investigate the
was the same and gets concentrated in pondeffect of width on treatment efficiency. Five
due to its smaller width. This increases the tensolar ponds (B, C, D, E and F) were fitted with
perature in pond E by 1°O above all the other solar reflectors in order to concentrate the inci-
ponds. The average temperatures of ponds Alent solar radiation, while pond A, without a
B, C, D, E and and F were 28C, 27.8C, reflector, was used as control experiment.
28.2C, 27.2C, 28.8C and 26.% respec-

tively. The temperature values agreed withNVastewater samples collected from the inlet
variation of dissolved oxygen in these pondsand outlet of the SEWSPs were examined for
Pond E had the least value while pond A haghysico-chemical and biological characteristics
the highest since the solubility of oxygen defor a period of twelve (12) months. The pa-
creases with increase in temperature. Figure I&dmeters examined were Temperature, pH, de-
to 20 show the variations of removal efficiencytention time, total suspended solids, dissolved
with solar intensity. Generally, efficiency in- oxygen, biochemical oxygen demand (B£D
creases with the amount of solar radiation fochemical oxygen demand (COD), algae count,
each of the parameters investigated as the widfaecal coliform and E-Coli. From the experi-

decreases. mental results of comparative analysis revealed
that, the efficiencies of the SEWSPs with re-
CONCLUSION spect to these parameters fluctuated with width

In the investigation of aspect ratio (Length tovariation, with SEWSP of width 0.2m giving
Width ratio) in solar enhanced waste stabilizathe highest level of bacteria reduction.

tion ponds (SEWSPSs) in order to understand its

effects on wastewater treatment efficiencyRECOMMENDATION

experimental investigations were carried ouErom research, the rate of microbial activities
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increases as waste stabilization ponds are beingM. B. and Arar, A.) Butterworth, Sevenoaks,
fitted with solar reflectors (Agunwamtst al., Kent.

2009). Therefore, the present study now recom-

mends a length/ width ratio of 1:0.2 to be usedBenchokroun, S., Imziln, B. and Hassani, L.
in the design of SEWSPs for maximum treat- (2003). Solar inactivation of mesophilic

ment efficiency. Aeromonas by exogenous photooxidation in
high-rate algal pond treating wastewater.
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