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ABSTRACT 
 

This study investigated the coag-flocculation performance of alum, pulverized snail shell coagulant 
(PSSC), and their blends under varying pH and coagulant dosage in removing turbidity from quarry 
effluent (QE) at room temperature. A laboratory bench-scale jar test was employed for the 
experiments. Coag-flocculation parameters such as coagulation rate constant, K11, coagulation 
half-time, τ_(1/2) etc were determined. The optimum pH was observed at 6.0, while the blend of 
200.0 mg/L alum and 800.0mg/L PSSC achieved the optimum turbidity removal. Turbidity removal 
efficiency was recorded between 87.9% and 98.5% for various dosages and pH studied. The 
coagulation rate half-time, τ_(1/2) range from 13.8s to 972.45s for various dosages and pH studied. 
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The use of PSSC blended with alum showed high level of potential, for the treatment of quarry 
effluent. 
 

 
Keywords: Snail shell; quarry effluent; coagulation/flocculation; jar test. 
 

1. INTRODUCTION 
 
The issue of providing sufficient quantities of high 
quality water to take care of our domestic, 
industrial and agricultural needs has been a 
global concern. The ever increasing population 
size, climate change and environmental pollution 
exacerbate the situation. 
 
It is a clear knowledge that there is no shortage 
of water on earth. It covers 70% of the globe. 
However, 97% of the world water is saline and 
non-drinkable. A 2% is locked in glacier and 
polar ice caps. This leaves 1% to meet social 
needs [1]. Human activities and climate change 
cause turbidity and other pollution, in the 1% 
which is left resulting in the need for treatment 
before use. Turbidity in water is caused by 
suspended and colloidal matters such as clay, 
silts, finely divided organic and inorganic matter, 
plankton and other micro-organism [2]. 
 
Coag-flocculation process has been used in the 
removal of turbidity from wastewater. This 
process is achieved by the addition of coagulants 
to wastewater in order to cause destabilization of 
the colloid dispersion and agglomeration of the 
resulting individual colloidal particles [3,4]. 
Among other factors, temperature, pH, effluent 
quality, concentration and type of coagulant 
influence the coag-flocculation process [5,6,7]. 
 
Coag-flocculation process using inorganic 
coagulants has been well documented, but less 
attention has been given to the use of organic 
coagulant of animal origin like snail shell. The 
high cost, post usage handling and health issues 
associated with the inorganic coagulants like 
alum continually present serious challenges. It 
has been reported that extensive dosage of alum 
causes Alzheimer`s disease [8]. Researchers 
have shown interest in the use of natural organic 
derivative like oxidized starch [5], cocoyam [9], 
Periwinkle shell [10], etc for the treatment of 
waste water. The recent search for better 
alternatives to conventional coagulants, such as 
those of biological origin has become extremely 
vital, considering their environmental friendliness. 
These natural organic derivatives are non-toxic, 
and biodegradable [11,12] which makes their 
application very probable.  

  
The study in this work is focused on snail shell. 
Snails belong to the phylum molluscs and to the 
class gastropods which; includes the slugs and 
snails. The shell has a brownish color with a 
characteristics stripe pattern. The main 
constituent of the shell is calcium carbonate 
which consists of two crystalline forms such as 
calcite and aragonite. The other is organic 
matrixes which constitute of a protein known as 
conchiolin which consists 5% of the shell. A 
study on the fine structure of molluscs shells, 
using various techniques, including scanning 
electron microscope of broken surfaces revealed 
blocks or stripes of calcium carbonate separated 
by a thin layer of conchiolin [13].  
  
Based on these constituents, snail shell can be 
used as either a coagulant or adsorbent. In West 
African countries, particularly, Nigeria, snails are 
found virtually everywhere in the surroundings. 
Snail serves as food but their shells are not 
edible and form waste. This waste can be 
converted to a commodity by using it for 
wastewater treatment. Apart from wastewater 
treatment can be extended to quarry effluent. 
 
Quarry effluent was analysed and the result 
indicated the presence of high suspended 
colloidal particles with average turbidity of 2840.0 
NTU. It has pH > 11.0, TSS of 450.0 mg/L, TDS 
> 1000.0, alkalinity > 1000.0, total hardness > 
10000.0, calcium > 9000.0 and COD of 66.20 
mg/L.(see methodology- 3.1). 
   
In the present work, investigation was conducted 
to determine coagulant efficiency. This 
demonstrates the potential of application of 
pulverized snail shell coagulant (PSSC) for 
clarification of quarry effluent. It also investigated 
the effect of dosage, pH as well as blend of 
PSSC with alum. It further studied the process 
kinetics. 
 

2. COAG-FLOCCULATION THEORETICAL 
AND MATHEMATICAL PRINCIPLES 

 
The clusters-size distribution of colloidal particles 
as time evolves is described by the 
Smolunchowski equation [14], 
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Where Nn(t) is the time-dependent number 
concentration of n-fold clusters, t is the time and 
Kij are the elements of the rate kernel which 
control the rate of coagulation between an i-fold 
and an j-fold clusters [14]. However, from 
Smolunchowski approximation, the coagulation is 
entirely controlled by Brownian diffusion and the 
coagulation rate constant for dimmer formation of 
an initially monodisperse suspension is then 
given by [14], 
 

��� =  
����

��
                                            (2) 

 
Where KB is the Boltzmann constant, T is the 
temperature, and  is the viscosity of the 

medium. It has been reported that assuming a 
constant kernel i.e Kij = KII, the Smolunchowski 
Equation 1 can be solved to obtain the 
expression [14], 
 

��(�)

��
=

(������/�)�� � 

(��������/�)�� � 
                            (3) 

 
Where No is the initial particle concentration. For 
n = 1, i.e monomer, the following linear functions 
in time for the inverse square root of monomer 
concentration N1 is obtained. 
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From Equation 4, a plot of  inverse square root of 
monomer concentration N1 vs t should give a 
straight line graph. The coagulation rate constant 
can be evaluated from the slope provided the 
initial concentration, N0, is known.  
 
Equation 3, for monomer, gives; 
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                                    (5) 

 
For dimmer, Equation 3 gives; 
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For trimmer, Equation 3 gives; 
 

�� =
���

� (����)�

(��������)� 
                                 (7) 

 
Also, the rapid coagulation rate constant, is 

given by Smoluchowski as: 
 

�� =  
����
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                                         (8) 

 
Combining Equation 2 and 9 gives, 
 

�� = 1
2� ���                                    (9) 

 
Furthermore, from the constant kernel solution of 
Equation 3, it become necessary to introduce a 
coagulation time, when the total number 
concentration is reduced by a factor of 2, 
 

      ��/� =  
�

�����
                                 (10) 

 
This coagulation time represents a useful time 
scale for the identification of the early stages in 
the coagulation process. Denoting the number of 
concentration of n- fold aggregates at reduced 

time, ��/�   as,  ��� ��/��  and   ��/�   = 
�

�����
   , 

Equation 5 – 7 becomes; 
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Turbidity (NTU) was converted to TSS (mg/L) 
using Equation 14 and Coag-flocculation 
performance was evaluated with Equation 15. 
 

TSS (mg/L) = (TSSf). T               (14) 

 
Where T = Turbidity in NTU; (TSSf) = Conversion 
factor to TSS = 2.35 [2] 

 

�(%) =  �
�� ��� 

�� 
�  � 100                  (15) 

 
Where  
 

E = Coag-flocculation Performance in 
percentage. 

 
No= Average Initial Particle Concentration = 

6674.0mg/L 
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3. MATERIALS AND METHODS 

  
3.1 Collection and Methods of Analyses 

of Quarry Effluent  
 
The quarry effluent was collected from quarry 
factory located in Abakaliki, Nigeria. The 
chemical oxygen demand was determined at the 
Regional Water Laboratory, Enugu. Other 
parameters were determined at Enugu State 
Water Corporation Laboratory. The pH, electrical 
conductivity and turbidity were determined using 
Mettler Toledo Delta 320 pH Meter, EI Digital 
Conductivity Meter (model number 161) and EI 
Digital Turbidity Meter (model no. 337), 
respectively.  
 

3.2 Preparation of Coagulants Stock 
Solutions 

 
3.2.1 Preparation of pulverized snail shell 

coagulant (PSSC) 
 
Snail shells were collected from popular snail 
meat shop in Enugu, Nigeria. The shell samples 
collected were washed, dried properly and 
homogenized into fine powder to ensure large 
surface area. The ground snail shell was sieved 
using 0.1 mm diameter sieve. The sieved snail 
shell was processed into a pulverized snail shell 
coagulant (PSSC) using standard methods 
reported by Fernandez - Kim [15]. 
 
3.2.2 Preparation of alum solution 
 
A 2.5 g of aluminum sulphate was weighed and 
dissolved in 100 mL of distilled water and made 
up to a liter to give 2.5 g/L stock solution. 
 

3.3 Jar Test 
 
The conventional jar test procedure was 
employed using 2 mns of rapid mixing at 300 
rpm, followed by 20 mns of slow mixing at 100 
rpm. The volume of wastewater used for the 
study was 500 mL. The solution was poured into 
500 mL cylinder after stirring and allowed to 
settle for 30 mns. A 20 mL of the supernatant 
was pipetted at 2 cm depth at 5 mns interval. The 
turbidity of the supernatants was measured and 
recorded. The concentrations of 100, 200, 300, 
400, 500, and 200, 400, 600, 800, 1000 mg/L 
alum and PSSC were dosed respectively.  
 
 
 

4. RESULTS AND DISCUSSION 
 
4.1 Coag-flocculation Performance Plots 
 
The coag-flocculation performances of alum, 
PSSC and the blend of the two were determined 
using Jar test. This was aimed at obtaining the 
optimum pH value and dosage. 
 
The results of coag-flocculation performance of 
varying dosages of alum and PSSC from 100 to 
500 and 200 to 1000mg/L respectively are 
presented in Fig. 1. In Fig. 1a, it was observed 
that the minimum and the maximum percentage 
turbidity removal were achieved to 75.1% with 
100 mg/L and 94.8% with 200 mg/L alum. Fig. 1b 
shows minimum and maximum turbidity removal 
of 76.4% with 400mg/L and 83.7% with 600mg/L 
PSSC, respectively. 
 
The coag-flocculation performance in Fig. 1a 
showed steady increase of turbidity removal with 
time at the optimum dosage of 200mg/L alum. 
This could be attributed to charge neutralization 
and sweep flocculation; a mechanism where 
particles can be destabilized so that 
agglomeration could occur [16]. The coag-
flocculation performance in Fig. 1b at the 
optimum dosage of 600mg/L PSSC initially 
showed slow flocculation with enhanced 
performance observed between 25 to 30min. 
This could be due to relaxation and re-
conformation of the polymer molecules on the 
surface of PSSC, thereby providing favourable 
spatial environment [17]. 
 
The coag-flocculation performances of optimum 
dosages of alum (200 mg/L) and PSSC 
(600mg/L) were investigated while varying quarry 
effluent pH values. The results were plotted in 
Fig. 2. It was observed in Fig. 2a that the 
minimum and maximum percentage turbidity 
removal of 84.4% and 95.0% for QE pH values of 
2.0 and 6.0 respectively were recorded using 
optimum alum dosage. Fig. 2b showed that the 
minimum and maximum percentage turbidity 
removal of 81.5% and 84.9% for QE pH values of 
2.0 and 8.0 respectively were observed using 
optimum PSSC dose. This clearly highlighted the 
effect of pH in coag-flocculation, considering the 
fact that pH determines the solubility and the 
formation of cation species like Al 3+, Al(OH)2+ etc 
[2]. The formation of these cations avails positive 
charged ions that quickly neutralize the 
negatively charged particles. The result further 
affirms the reported effective pH for alum to be 
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5.0 to 7.0 [18,19]. The steady increased and 
improved turbidity removal in Fig. 2b compared 
with Fig. 1b showed that the pH could have 
quickened the polymer relaxation and re-
conformation process.  
 
The coag-flocculation performances of the blend 
of alum and PSSC and the optimum blend 
varying QE pH values were investigated. The 
results are shown in Fig. 3. Figs. 3a and 3b 
showed similar trends throughout the graphs and 
revealed an increased turbidity removal when 
compared to the use of only alum or PSSC. In 
Fig. 3a, it was observed that the minimum and 
maximum percentage turbidity removal of 80.3% 
with 100 mg/L alum and 1000 mg/L SSC and 
95.2% with 200 mg/L alum and 800 mg/L PSSC, 
respectively were achieved. Fig. 3b indicated 
minimum and maximum turbidity removal of 
87.8% and 98.5% for QE pH of 2.0 and 6.0 
respectively for optimum blend of 200mg/L alum 
and 800mg/L PSSC. 
 
Figs. 3a and 3b showed that at optimum blend 
and pH, the coag-flocculation achieved more 
than 95% turbidity removal in 5 mns. This could 
be associated with the sweep floc caused by 
charge neutralization and inter-particle bridging. 
These resulted in fast agglomeration and settling 
[2,20,21]. 
 
The greater increase in turbidity removal 
witnessed for the blend of alum and PSSC 
highlighted the potential of PSSC as coagulant 
aid for the conventional coagulant alum. 
 
Fig. 4 showed the bar chart presentation of coag-
flocculation performance for optimum values 

after 30 mns settling time. It showed that upon 
pH variation an increase in coag-flocculation 
performance was observed. The blend showed 
the best performance. 
 
4.3 Coag-flocculation Kinetics 
 
The kinetic plots for the coag-flocculation 
performance of alum, PSSC and their blends are 
shown in Figs. 5-7. The plots were based on 
Equation 4. The rate constant, K11 and 
regression coefficient, R

2
 were obtained from the 

plot of 1/√N1 vs t. Both K11 and R2 were recorded 
in Tables 1-6. Tables 1-6 showed  maximum and 
minimum coag-flocculation rate constant, K11, of 
2.957E-5 at pH of 6.0 for 200 mg/L alum and 800 
mg/L PSSC and 5.310E-7 with 1000 mg/L PSSC, 
respectively. The coagulation time, τ1/2, which is 
time taken for the initial concentration of colloidal 
particles to reduce by half was calculated from 
Equation 10. It was observed that the 
coagulation rate constants vary inversely with the 
coagulation time i.e higher K11 goes with lower 
τ1/2. This is an established relationship between 
rate constant and τ1/2 [9,10,22]. 
 
Rapid coagulation constant KR was calculated 
from Equation 9 and the variation in KR values 
were minimal due to insignificant change in 
temperature and viscosity of the effluent medium. 
 
R

2
 was used to evaluate the adequacy of the 

experimental data to the main model as 
expressed in Equation (4). Most of the R

2
 values 

in Tables 1-6 were very high (> 0.9), showing 
high level of correlation between the variables 
(N1 and t), hence the adequacy of the model.  

 
Table 1. Coa-flocculation parameter for alum – dosage variation 

 
Parameter 100 mg/L 200 mg/L 300 mg/L 400 mg/l 500 mg/L         
R2 0.8757 0.9579 0.9585 0.9675 0.9913 
K11(L/mg.s) 2.714E-6 1.990E-5 5.300E-6 6.350E-6 2.475E-6  
KR 1.357E-6 9.950E-6 2.650E-6 3.175E-6 1.238E-6  
τ1/2 (s) 150.3 20.0 76.95 64.25 164.83 

 
Table 2. Coa-flocculation parameter for PSSC – dosage variation 

 
Parameter 200 mg/L 400 mg/L 600 mg/L 800 mg/l 1000 mg/L         
R

2
 0.7387 0.9184 0.8484 0.5924 0.5838 

K11  (L/mg.s) 7.973E-7 4.196E-7 2.157E-6 1.259E-6 5.310E-7 
KR 3.987E-7 2.098E-7 1.079E-6 6.295E-7 2.655E-7  
τ1/2 (s) 511.73 972.45 189.18 324.1 768.38
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Fig. 1. (a) Coag-flocculation performance as a function of time for varying alum dosages, (b) 
Coag-flocculation performance as a function of time for varying PSSC dosages 

 

  
 

Fig. 2. (a) Coag-flocculation performance as a function of time for 200 mg/L alum at varying 
QE pH, (b) Coag-flocculation performance as a function of time for 600 mg/L PSSC at 

varying QE Ph 
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Fig. 3. (a) Coag-flocculation performance as a function of time for blends of alum and PSSC 
dosages, (b) Coag-flocculation performance as function of time for blend of 200 mg/L alum 

and 800 mg/L PSSC at varying QE pH 

 
 

Fig. 4. Bar chart presentation of coag-flocculation performance for optimum values after 30 
mns settling time showing effect of dosage and pH variation 
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Fig. 5. (a) Inverse square root of number of monomer N1 vs time for varying alum dosage, (b) 
Inverse square root of number of monomer N1 vs time for varying PSSC dosage 

 

 
 

Fig. 6. (a) Inverse square root of number of monomer N1 vs Time for alum at  200 mg/L varying 
QE pH , (b) Inverse square root of number of monomer N1 vs Time for PSSC at  600 mg/L 

varying QE pH 
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Table 3. Coa-flocculation parameter for alum at 200 mg/L – pH variation 
 

Parameter pH 2.0 pH 4.0 pH 6.0 pH 8.0 pH 10.0 
R

2
 0.9242 0.9580 0.9544 0.9902 0.9626 

K11(L/mg.s) 4.085E-6 1.302E-5 1.440E-5 1.395E-5 1.020E-5   
KR 1.25E-6 6.51E-6 7.200E-6 6.975E-6 5.100E-6   

(s) 99.88 31.33 28.33 29.27 40.02 

 
Table 4. Coa-flocculation parameter for PSSC at 600mg/L – pH variation 

 
Parameter pH 2.0 pH 4.0 pH 6.0 pH 8.0 pH 10.0 
R2 0.9641 0.9670 0.8385 0.9401 0.9670 
K11(L/mg.s) 1.634E-6 5.735E-7 8.390E-7 1.643E-6 5.315E-7  
KR 8.170E-7 2.868E-7 4.195E-7 8.215E-7 2.658E-7   

(s) 249.7 711.47 486.32 369.97 767.68 

                                                        

 
 

Fig. 7. (a) Inverse square root of number of monomer N1 vs time for blend of alum and PSSC 
(b) Inverse square root of number of monomer N1 vs time for blend of alum(200) and 

PSSC(800) varying QE pH 
                                                          

4.4 Particle Distribution Plot 
 
Equations 11 –13 were used to predict the 
particle aggregation with time for alum, PSSC, 
and their blends at varying dosages. It also 
shows the particle aggregation with time for 
varying pH using optimum dosages of alum, 
PSSC, and the blend. The particle distribution 
N1, N2 and N3 represent monomer, dimmer and 
trimmer particles, respectively. Fig. 8 shows the 
plots of the lowest and highest half-time 
recorded. In Fig. 8a, the curves represent the 

expected particle distribution in a typical fast 
coag-flocculation process [22,23,24]. 

 
The sharp aggregation of monomer particle that 
occurred in less than 5mns of the process 
suggests instant charge neutralization 
mechanism leading to fast agglomeration. This is 
evident in the rise of dimmer and trimmer in the 
first 5 minutes since the formation of the two 
resulted from the charge neutralization and 
destabilization. 
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Fig. 8. (a) Particle distribution for � =13.8sec, (b) Particle distribution for �=972.45sec 
 

Table 5. Coa-flocculation parameter for blend of alum and PSSC – dosage variation 
 

Parameter 
                  

R2 0.8286 0.9145 0.9974 0.9877 0.8286 
K11 (L/mg.s) 1.234E-5 1.180E-5 1.632E-5 2.024E-5 1.234E-5   
KR 6.170E-6 5.900E-6 9.660E-6 1.012E-5 6.170E-6   

(s) 33.08 34.56 25.00 20.15 33.08
  
  

 

Table 6. Coa-flocculation parameter for blend of alum (200 mg/L) and PSSC (800 mg/L) – 
varying QE pH 

 

Parameter pH 2.0 pH 4.0 pH 6.0 pH 8.0 pH 10.0 
R2 0.9489 0.9024 0.9714 0.9610 0.9770 
K1(L/mg.s) 8.660E-6 1.225E-5 2.957E-5 2.418E-5 2.067E-5   
KR 4.330E-6 6.125E-6 1.479E-5 1.209E-5 1.034E-5    

(s) 47.12 33.1 13.8 16.87 19.73 

 

Fig. 8b showed very small increase in dimmer 
and trimmer formation with time. This suggested 
very low charge neutralization mechanism with 
low bridging. Thus, these gave rise to slow 
particle aggregation and settling [23,24].  
 

5. CONCLUSION 
 

The results of the study indicate that PSSC has 
strong potential for treatments of effluent 
particularly quarry effluent. It also performed 
better when combined with alum. This implies 
that PSSC can be a good coagulant aid when 
combined with alum. This is supported by high 

turbidity removal efficiency range of 87.8 ≤ E ≤ 
98.5. The optimum condition was observed with 
the blend of 200 mg/L alum and 800mg/L PSSC 
at pH 6. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 

1. Jagessar RC, Sooknundun L. 
Determination of nitrate anion in waste 

 

0 5 10 15 20 25 30
0

1000

2000

3000

4000

5000

6000

7000

Time(mns)

P
a
rt

ic
le

 C
o
n
c
e
n
tr

a
ti
o
n
(K

g
/m

3
)

(a)

 

 
N1 

N2 

N3 

Sum 

0 5 10 15 20 25 30
0

5000

10000

15000

Time(mns)

P
a
tr

ic
le

 C
o

n
c
e
n

tr
a
ti

o
n

(
K

g
/m

3
)

(b)

 

 
N1 

N2 

N3 

Sum 



 
 
 
 

Patrick et al.; BJAST, 5(6): 621-632, 2015; Article no.BJAST.2015.060 
 
 

 
631 

 

water from nine selected areas of coastal 
guyana via a spectrophotometric method; 
2011. 

2. Nnaji PC. An investigation of the 
performance of various 
coagulants/flocculants in removing the 
turbidity of coal washery effluents. M. Eng. 
Thesis, Federal University of Technology, 
Owerri; 2012. 

3. Piero M. Armenante NJIT Coagulation and 
Flocculation; 1999. 

4. Ravina L. Everything you want to know 
about coagulation and flocculation. 4th 
Edition, Zeta-Meter Inc., Staunton; 1973.  

5. Nnaji PC, Okolo BI, Menkiti MC. 
Nephelometric performance evaluation of 
oxidized starch in the treatment of coal 
washery effluent, Natural Resources. 
2014;5:79-89.  
Available:  http://www.scirp.org/journal/nr 

6. Jin Y. Use of high resolution photographic 
technique for studying 
coagulation/flocculation in water treatment. 
M.Sc Thesis, University of Saskatchewan, 
Saskatoon. 2005;22-29.  

7. Ma JJ, Li GB, Chen GR, Xu GO, Cai GQ. 
Enhanced coagulation of surface waters 
with high organic content by 
permanganate peroxidation. Water 
Science and Technology: Water Supply. 
2001;1:51-61.  

8. NSDWQ Manual of Nigerian Standard for 
Drinking Water Quality; 2010. 

9. Bernard Ibezimako Okolo, Patrick 
Chukwudi Nnaji, Matthew Chukwudi 
Menkiti,  Victor Ifeanyi Ugonabo, 
Okechukwu Dominic Onukwuli, Parametric 
Response Evaluation for Xanthosoma spp.  
Induced Coag-Flocculation of Brewery 
Effluent, Green and Sustainable 
Chemistry. 2014;4:7-14. 

10. Menkiti MC, Nnaji PC, Onukwuli OD. Coa-
flocculation kinetics and functional 
parameters response of Periwinkle Shell 
Coagulant (PSC) to pH Variation in 
Organic Rich Coal Washery Effluent 
Medium. Nature and Science. 2009;7:1-18. 

11. Atkins PW. Physical Chemistry. 6th 
Edition, Oxford University Press, Oxford; 
1998. 

12. Srinivasan R. Simple, efficient and eco-
friendly solution for water and wastewater 
treatment. Blackland Research Center, 
Texas Agrilife Research, Texas A&M 
University, Temple, Texas; 2013.  

13. Jatto EO, Asia IO, Egbon EE, Otutu JO, 
Chukwuedo ME, Ewansiha CJ. Treatment 

of waste water from food industry using 
Snail Shell, Acaedmia Arena. 
2010;2(1):32-36. 

14. Helmut Holthoff,  Artur Schmitt, Antonio 
Fernandez-Barbero, Michal Borkovec, 
Miguel Angel Cabrerizo-Vilchez, Peter 
Schurtenberger, Roque Hidalgo-Alvarez. 
Measrement of absolute coagulation rate 
constants for colloidal particles: 
Comparison of single and multiparticle light 
scattering techniques. Journal of Colloid 
and Interface Science. 1997;192:463-470. 

15. Fernandez-Kim S. Physiochemical and 
functional properties of crawfish chitosan 
as affected by different Processing 
Protocols, M.Sc Thesis, Louisiana State. 
University and Agricultural and Mechanical 
College, USA; 2004. 

16. Akbar Baghvand, Ali Daryabeigi Zand, 
Nasser Mehrdadi, Abdolreza Karbassi. 
Optimizing coagulation process for low to 
high turbidity water using aluminum and 
iron salts. American Journal of 
Environmental sciences. 2010;6(5):442–
448. 

17. Kalyan K. Das Somasundaran P. A kinetic 
investigation of the flocculation of alumina 
with polyacrylic acid. Journal of Colloid and 
Interface Science. 2004;271:102-109. 

18. Lenntech water treatment & air purification 
holding B.V (2005) Coagulation and 
Flocculation. Water Treatment Handbook, 
Lenntech Water Treatment and Air 
Purification Holding B.V., Rotterdamseweg 
402M, 26629 HH Deift, Netherlands. 
Available:  www.Lentech.com  

19. Faust SD, Aly OM. Chemistry of water 
treatment. New York, Lewis Publishers. 
1999;581. 

20. Maiti SK, Karmakar NC, Sharrna P. Study 
on settling behavior of coal washery 
effluent—A case study. Proceedings of the 
National Seminar on Environmental 
Engineering with Special Emphasis on 
Mining Envi- ronment, NSEEME-2004, 
Dhanbad, 19-20 March 2004. 2004;187-
192. 

21. Van Zanten JH, Elimelechi M. 
Determination of rate constants by multi 
angle light scattering. Journal of Colloid 
and Interface Science. 1992;154:1-7. 
Available: http://dx.doi.org/10.1016/0021-
9797(92)90072- 

22. Menkiti MC, Nnaji PC, Nwoye OD, 
Onukwuli OD. Coa-flocculation kinetics 
and functional para- meters response of 
mucuna seed coagulant to ph variation in 



 
 
 
 

Patrick et al.; BJAST, 5(6): 621-632, 2015; Article no.BJAST.2015.060 
 
 

 
632 

 

organic rich coal washery effluent medium. 
Journal of Mineral and Material 
Characterization and Engineering. 
2010;2:89-103.  

23. Ani JU, Nnaji NJN, Onukwuli OD, Okoye 
COB. Nephelometric and functional 
parameters response of coagulation for the 
purification of industrial wastewater using 
Detarium microcarpum. Journal of 
Hazardous Materials. 2012;243:59-66. 

24. Menkiti MC, Onukwuli OD. Single and 
Multi Angle Nephelometric Approach to the 
Study of Coag- Flocculation of Coal 
Washery Effluent Medium using 
Brachystegia Eurycoma Coagulant (BEC). 
World Journal of Engineering. 2011;8:61-
76.  
Available:  http://dx.doi.org/10.1260/1708-
5284.8.1.61 

_________________________________________________________________________________ 
© 2015 Patrick et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=763&id=5&aid=7077 
 


