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Abstract

The kinetic modelling of the bioremediation of doste wastewater supplemented
with a 1:1 combination of urea and NPK fertilizerwas investigated in this study. The
batch bioremediation data was obtained by condugtihe bioremediation experiments
using different concentrations of fertilizers 200460 and 80 g/L. A mathematical model
was proposed to describe the rate of bioremediatibhe bioremediation parameters;
biodegradation rate constant k and exponential orde were estimated as part of the
model validation exercise. Model validation resulkow that the formulated model was
able to predict the experimental results to a higvel of confidence indicating that there
was a good fit between experimental and model presi results. The dynamic
behaviour of the bioremediation process was assgé$gesimulating the validated model
to obtain time trajectories of the BOD. The BOD deased in the course of
bioremediation with higher remediation rates recad with increasing concentration of
fertilizer.
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Nomenclature
BOD Biochemical oxygen demand

a Exponential order
k Biodegradation rate constant
r Biodegradation rate

1.0 Introduction

There are thousands of restaurants and fast-foopssim Nigeria and they use over a million tonsvater everyday.
The direct discharge of wastewater generated flase restaurants and shops down the drain witheathtent represents a
huge environmental burden. This threat to the emwirent is amplified by the growing population obamn centers in
Nigeria and its attendant generation of huge ansofivastewater [1,2].

The improper discharge of untreated wastewatercédpethose containing nitrates and phosphategcéily leads to
eutrophication and algal bloom as well as the acdation of toxic substances in the receiving wiatedies with potentially
serious consequences on the immediate ecologieabeament [3-5].

A host of physical and chemical methods are cuyestployed in the treatment of wastewater. Thesthods are
often costly and inefficient. A lot of attentionshbeen given to the use of bioremediation as a sneftreating wastewater
and other industrial effluents. It is seen as draetive option due to its cost effectiveness amel benefit of pollutant
mineralization to simple substances such ag &@ HO through the process of biostimulation and bioagigiation [5,6].

A lot of experimental effort [6,7-10] has been jmib the use of biostimulants to enhance the rateiaremediation,
however, little work has been done in modelling phhecess. Dynamic modelling of the bioremediatioocpss enables its
representation in a mathematical sense. Simulatiadhe formulated model can be utilized in analgzthe behaviour of the
process, provision of insights into the mechanisha drive the process, understanding the respohsbe process to
changes in operating conditions, design of comrslland design of entirely new processes [11]. Téwsls to vast
improvements in process economics, design, operatiol control [12]. Model predictions also makeassible to identify
optimal design and operational parameters anctrisequently leads to the maximisation of the syst@performance [13].
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The current work deals with the use of inorganitilfeers urea and NPK 15:15:15 for the biostimigdatof indigenous
microorganisms for the purpose of treating domestistewater. A mathematical model of the biorentemiaprocess was
formulated and validated for the purpose of préuijcthe performance of the process.

2. Materials and Methods
2.1 Sample collection and preparation

The domestic wastewater used for this study waaimdd from fast food outlet at the University ofride Benin City,
Edo State, Nigeria. Wastewater samples were cellett plastic containers previously cleaned by waslin non-ionic
detergent, rinsed with tap water and later soaketDP6 HNQ for 24 hours and finally rinsed with deionised @rgprior to
usage. The wastewater was collected at sourcest@pt any form of foreign contamination not asseciawith the process
from which it was obtained. The wastewater wasatispd in 500mL quantities into six sets of 1000rebKers. Beakers in
each experimental set were then supplemented wiftbreht levels (20, 40, 60, and 80 g/L) of nuttiesources (1:1
combination of both urea and NPK 15:15:15). A cohéixperiment which did not contain any nutrienpglements was set
up to serve as comparison between biostimulatiahreatural attenuation (bioremediation) to deternthre effectiveness of
the nutrient supplements in treating domestic weester.
2.2 Analyses

The BOD of the wastewater was chosen as the bialietien indicating variable and it was monitoredekiy for a
period of 5 weeks. Sampling was done on day zezto(b biostimulation) and subsequently at interadiseven days (one
week). The azide modified winkler method was usethé estimation of the BOD of the wastewater sasfl4].

3. Results and Discussion
3.1 Experimental Results

Table 1 shows the variation of BOD of wastewaten@as with time at various concentrations of ured &PK
fertilizers combined in a 1:1 ratio. The generant observed indicate that the BOD of the wastawd¢ereased with
increase the concentration of the stimulants bbtheastart and at the end of bioremediation.

Table 1: Experimental values of BOD with time for domestiastewater
remediated with different concentration of urea BiRK fertilizer

Time Concentration of fertilizer (g/L)

(weeks) | Control O 20 40 60 80

0 120.34 120.34 120.34 120.34 120.34
1 119.43 78.66 67.2 53.45 39.11
2 118.16 64.29 48.87 37.77 28.83
3 106.3 47.54 35.42 28.78 22.54
4 102.94 35.96 24.12 22.24 19.24
5 89.36 19.49 18.27 17.77 15.83

3.2. Model Development
For the current study, the bioremediation of dornasastewater occurring in a batch system is regrtesl as shown in
Equation (1):
Wastewater (Complex organic compounds) O (£ 11, Smple Compounds (CO, andH,0

In formulating the bioremediation model, the foliogy assumptions were made:

»  The volume of the reactor is fixed

* No nuclear reaction occurs; hence rate of matgeakration is zero

* The system is isothermal

* The biodegradation rate can be likened to theahiteaction from chemical kinetics

e The reduction in the BOD of the wastewater wasnddto the disappearance of reactant from cherkiicatics

e The biodegradation rate was monitored by followtimg reduction in the BOD of wastewater with time

The proposed model for describing the rate of m@iation of domestic wastewater supplemented wigla and NPK
fertilizers is BOD dependent and is presented geweer law as shown Equation (2).

_ d[l?j(t)D] ~ K [BOD]® )

Equation (2) was written for the various remediatmocesses supplemented various concentratidiestitizers as follows.

(1)
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For 20 g/L of nutrient supplements.d[Z?D] = k,,[ BOD] " (3)
For 40 g/L of nutrient supplemen@ =k, [BOD] % @
For 60 g/L of nutrient supplements.d[z?D] = k,,[BOD] (5)
For 80 g/L of nutrient supplements: [Z?D] = kgo[ BOD] ™ (6)

3.3. Model Validation

Model validation has to do with the estimation obdel parameters by making use of the results afxgeriment to
validate the model. An experimental validation bé tproposed bioremediation model was carried ouesdiymating the
biodegradation rate constaktand the exponential order of the proceshe model was simulated and the result of the
simulation was compared with experimental resaltshow validity. Equations (3) to (6) which makethp bioremediation
model were linearized by making use of the datagmed in Table 1 to obtain the values of the oiediation parameters;
biodegradation rate constaktand exponential orde#, for the wastewater remediated with 20, 40, 60&hd/L of fertilizer
respectively. Equations (3) to (6) were linearibgdtaking natural logarithms of both sides of thgiations to obtain the

following equations for 20, 40, 60 and 80 g/L daftifezer respectively.

In(=1,,) = IN(Ky0) + & ,,IN(BOD) (7)
In(-1,,) = IN(K,0) + @ ,,IN(BOD) (8)
In(=1y,) = IN(Kg,) + &gy IN(BOD) 9)
IN(=ry) = IN(Kgp) + @4 IN(BOD) (10)
For equations (7) to (10),represents the rate of biodegradation i.e.
d[BOD]
P=——= (11)
dt

The BOD of the wastewater was correlated with biwdiation time using a quadratic equation for ezmtcentration
of fertilizer. The rate of bioremediation as ind& in equations (7) to (10) were then calculatednf each quadratic
equation by simple differentiation. The logarithmrate of bioremediation was plotted against thgalithm of BOD to

obtain straight line from which the bioremediatiparametersk and « were obtained from the intercept and slope
respectively. The values of these parameters asepted in Table 2.

Table 2: Values of bioremediation parameters

Cor_1<_:entrati0n of | Biodegradation _rate Exponential ordex
fertilizer (g/L) constantk (week®) P

20 1.117 0.701

40 0.703 0.877

60 0.725 0.911

80 1.085 0.854

Applying the values of the parameters presentéithlrle 2 to Equations (3) to (6) results in thedwling rate expressions for

describing the bioremediation of domestic wastenst@plemented with urea and NPK fertilizers.

—% =1.117BOD ™ (12)
_d Z?D] =0.703BOD " (13)
—% =0.725B0D P (14)
—% =1.085BOD [** (13)

Figures 1 to 4 show the overlay plots of BOD of dstit wastewater remediated with 20, 40, 60 and/BM®f a 1:1
combination of urea and NPK fertilizer respectiveljnese plots display a comparison between therempstal results and
the model predicted results in terms of trend awetation. It is evident from the plots that thedal was able to replicate
the experimental values of the BOD of domestic ewmater to a high level of confidence. The standidation bars in the
plots indicate the level of variation between thpeximental results and those predicted by the indthe relatively small
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magnitude of the standard deviation bars showsthieae was little variation between the experimlergsults and the model
predicted results indicating that the experimereallts were very similar to the model predictesults. This means that the
model exhibited a good fit with the experimentatadas seen in the excellent correlation betweerekperimental and

model predicted results.
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Figure 1: Comparison between experimental results Figure 2: Comparison between experimental results
and model prediction for wastewater remediated witland model prediction for wastewater remediated with
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Figure 3: Comparison between experimental resultigure 4: Comparison between experimental resualds a
and model prediction for wastewater remediated withmodel prediction for wastewater remediated with 80
60 g/L fertilizer g/L fertilizer

3.4. Model Implementation and Simulation
In order to investigate the dynamic behaviour eftlatch bioremediation of domestic wastewaterfahaulated reactor

model was implemented and simulated to obtain thajectories of BOD of domestic wastewater undeyivg remediation
conditions. The data utilized for the simulatiortlod model is presented in Table 2.

The profiles of the BOD of the wastewater at vasi@moncentrations of fertilizer are shown in FigbteThe general
trend observed indicate that the BOD of the wasten@decreased with increase the concentrationeoftimulants both at
the start and at the end of bioremediation. At aceatration of 0 g/L (no biostimulant added) theses still an observable
reduction (though not significant) in the BOD oétivastewater with time as shown in the resultsgmtes! in Table 1. The
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reduction in BOD could be attributed to the aciistof the indigenous microbes present in the wastr which converts
the contaminants into less toxic substances sucB@s H,O and many intermediates like organic acids, lipiesters,
complex alcohols and microbial proteins in formeozymes [10]. Higher reductions in BOD were recdrdéen stimulants
were added indicating that the biodegrading abibtythe indigenous microorganism had been enhanthd.BOD was
reduced from 120.34 to 19.49 mg/L, 120.34 18.27Lm{20.34 17.77 mg/L and 120.34 to 15.83 mg/L cspomding to
83.52, 84.82, 85.23 and 86.85% removal efficienfdeswastewater treated with combination of bothilieers. Similar
results were reported by Satyawali and Balakrishii&) for the treatment of wastewater from moladsased alcohol
distilleries. The better performance observed fozaurelative to NPK can be explained by noting thatdegrading
microorganisms need oxygen, carbon and hydrogé&mtdion optimally. These are present in urealiseti and not in NPK
fertiliser. It also stands to reason that the bestilt was obtained when both fertilisers were doetdb as the medium then
contained all necessary nutrient needed by theolmés as shown in Figure 6. These values fell béh@amaximum value
of 30 mg/L stipulated by the Federal Environmeftatection Agency [16].
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Figure 5: Variation of BOD with time for wastewatemediated
with both urea and NPK fertiliser

4.0 Conclusion
The kinetic modelling of the bioremediation of datie wastewater supplemented with a 1:1 combinationrea and
NPK fertilizers was investigated in this study. Tokowing conclusion can be drawn.

 The use of modelling tools to describe the tremdsthie bioremediation of domestic wastewater hasnhbee

demonstrated.

» The rate of bioremediation was accurately represtehy a validated mathematical model

» Kinetic parameters indicating the rate of bioreraidn can be estimated accurately using experirtgganerated

data.

e The bioremediation model upon validation was ableeplicate the results of the experiment to a Hekel of

confidence as seen in the excellent correlatiowdet model and experimental results.
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