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Abstract

This study investigated the effect of coagulation/flocculation treatment process on wastewater of Fumman Beverage Industry, Ibadan, Nige
The study also compared different dosages of coagulant, polyelectrolyte (non-ionic polyacrylamide) and different pH values of the coagulat
processes. The effect of different dosages of polyelectrolyte in combination with coagulant was also studied. The results reveal that low pH val
(3-8), enhance removal efficiency of the contaminants. Percentage removal of 78, 74 and 75 of COD, TSS and TP, respectively, were achi
by the addition of 500 mg/L R€SQ;)3-3H,0 and 93, 94 and 96% removal of COD, TSS and TP, respectively, were achieved with the addition
of 25 mg/L polyelectrolyte to the coagulation process. The volume of sludge produced, when coagulant was used solely, was higher compare
the use of polyelectrolyte combined with £80,);-3H,O. This may be as a result of non-ionic nature of the polyelectrolyte; hence, it does not
chemically react with solids of the wastewater. Coagulation/flocculation may be useful as a pre-treatment process for beverage industeal wastev
prior to biological treatment.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction feature of wastewater flocculation is the elimination of sus-
pended solids (SS) and as much of the organic material as

There are little or no stringent laws guiding environmentalpossible[1].
pollution in Nigeria, hence, many industries discharge untreated Coagulation/flocculation is an essential process in water and
or inadequately treated wastewater into water ways. in industrial wastewater treatmefi—4]. Several studies have

The global demand for abatement of environmental pollutiorbeen reported on the examination of this process for the treat-
calls for methods of treatment, which is dynamic in approachment of industrial wastewater, especially with respect to perfor-
and complete in practice such that the various waste producteance optimization of coagulants, determination of experimen-
of our modern technology can be adequately treated for safel conditions, assessment of pH and investigation of flocculant
discharge into the environment. addition[4,5]. Coagulation/flocculation process has been found

In beverage industrial wastewater, coagulation/flocculatiorio be cost effective, easy to operate and energy saving treatment
process may be used as a pre-treatment prior to biological treaditernativeg6]. Coagulant dosages vary in a wide range aiming
ment in order to enhance biodegradability of the wastewateat maximum removal efficiency of pollutants using minimum
during the biological treatment. doses at optimum pl¥,8].

Some of the raw materials (e.g. agricultural products, sugar Fe(SOy)3-3H20 is a widely used coagulant. It has been used
and phosphates) that are used for production of the beveragés the treatment of wastewater of industry that is concerned with
may enhance the organic load of the wastewater. An essentidie production of potato chig8] and food processing industry

[9].
Although several studies have been conducted, in the devel-
* Corresponding author. Tel.: +234 8034402907. oped countries, into the treatment of water and wastewater
E-mail address: omotayosharafdeen@yahoo.com (O.S. Amuda). through granular activated carbofi®,11], adsorbenf12,13],
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Fenton’s reagerL4], wet oxidation[15], coagulation—electro-
oxidation[16] and advanced oxidation with biological oxidation
[17], developing countries still lack basic technology of water
and wastewater treatment.

The objectives of this study were to simulate a coagu-
lation/flocculation process efficiency for beverage industrial
wastewater treatment plant with respect to removal of COD, TSS
and TP, also, to investigate optimum coagulant dosages, pH val-
ues and effect of combination of coagulant and polyelectrolyte
on the removal of COD, TSS and TP from beverage industria(2)

wastewater.

2. Materials and methods

Samples of the wastewater were collected three times week

ly

for 9 months between 9.00 and 3.00 p.m. of each sampling day

from pipe conveying all the wastewater out of Fumman Agricul-

®3)

tural Products factory that produces juice drink from all sorts of
agricultural products (e.g. orange, grape and guava). Each time

a sample was collected, the rate of flow was determined with th

e

aid of a flow-meter. Samples were collected every hour between

9.00 and 3.00 p.m. to make six samples at the end of each day

of

sampling; a composite sample was generated by adding together
volumes of samples proportional to their rates of flow. The esti-

mated annual outputs of the factory at the time of sampling wer

e

7.73x 108 kg (773,000t). The average volumes of wastewaters

generated daily from the factory were 32@.0* L. The compo-
sition of the beverage wastewater is giverTable 1

2.1. Sample analyses
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was clarified for 1 h, then, the supernatant was withdrawn
from a point located about 2 cm below the top of the liquid
level of the beaker to determine the COD, SS and TP by
using standard methodts8], so that the effect of coagulant
dose could be studied. The raw and treated samples have
been repeatedly analyzed in order to validate/evaluate the
produced results and the analytical errors were less than
+5%. All chemicals used for the analytical determinations
were of analytical grade.

The pH value of 1 L wastewater sample was adjusted to a pH
3-8, respectively, by using 1.0 M280O, or 1.0 M NaOH,
before addition of 500 mg/L R¢S0Oy)3-3H20 to the sample.
After stirring and clarifying, as in (1) above, the supernatant
was withdrawn as in (1) above to determine the COD, SS
and TP, so that the effect of pH on coagulation could be
studied.

The pH value of 1 L wastewater sample was adjusted to 3-8,
respectively, by using 1.0M #60s or 1.0M NaOH and
500 mg/L Fe(SOy)3-3H20 was added. After rapid mixing
for2minat200 rpm. The 5, 25, 45, 65, 85 or 100 mg/L poly-
electrolyte were added and the liquid was mixed slowly for
30 min at 60 rpm, the supernatant was withdrawn as in (1
and 2) above to determine the optimum polyelectrolyte that
enhances coagulation. The pH was again measured after the
optimal polyelectrolyte dose had been determined. After
withdrawal of supernatant, the volume of wet sludge pro-
duced was determined from the sludge level on the bottom
of the jar-test beakers.

3. Results and discussion

Each time a sample was collected, the temperature, pH anti!- Effects of coagulant dose on coagulation
dissolved oxygen (D.O.) were determined, at the spot of sam- .
pling with a good grade celsius thermometer (Zeal, England), The effect of different doses of pSO)3-3H20 on the

portable pH meter and portable D.O. meter (Model 9071 p. O 'émoval of COD, SS and TP by coagulation is showfig. 1.
The removal of COD, SS and TP increased with increasing

meter, Phillips, England), respectively.

2.2. Experimental

(1) The 100, 250, 500, 750, 800 or 1000 Mg (Sy)3-3H20

was added to 1L wastewater sample. After rapid mixing

for 2min at 200 rpm and slow mixing for 30 min, the liquid

Table 1

Characteristics of beverage industry wastewater

Parameter No.of Mean Minimum  Maximum
samples

pH 80 7.24 7.02 7.66

TSS (mg/L) 40 1620 367 2940

Conductivity @S cnt?t) 40 2995 1460 3740

Alkalinity (mgCaCQ)/L) 40 371 270 465

COD (mg/L) 40 1750 620 3470

BODs (mg/L) 40 894 728 1745

Total phosphorus (mgP)/L) 40 89.5 62.4 100.2

Orthophosphate ((mg P)/L) 40 41.2 255 70.6

Nitrate-nitrogen ((mgN)/L) 40 28.4 8.3 62.5

BODs: Biochemical oxygen demand at 5 days.

con

centration of F£S0Oy)3-3H20. It is clear that the removal

of COD and SS increased slowly, when the concentration of
Fe(SOy)3-3H20 exceeded 500 mg/L. However, SS removal

cap

acity increases in a diminishing fashion with increasing dose

of Fe(SOy)3-3H20 above 750 mg/L, this may be as a result
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Fig. 1. The effect of coagulant doses on the removal of COD, TSS and TP from
the wastewaater.
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Fig. 2. The effect of pH values on the removal of COD, TSS and TP fromFig. 3. The effect of polyelectrolyte dose on the removal of COD, TSS and TP
wastewater. from wastewater.

. . . . Table 2
of re-suspension of solids at this concentratigh again, the The effect of combination of polyelectrolyte and ,F804)3-3H20 on the

high concentrations (>750 mg/L) of the coagulant confer poStemoval of COD, TSS and TP from the wastewater
itive charges on the particle surface (a positive zeta potential;

. . . 0,
thus, re-dispersing the particlg9]. o Dose of polyelectrolyte (mg/L)
5 25 45 65 85 100
3.2. Effects of pH on coagulation COoD 90 93 93 92 89 84

FeSOy-3H,0 TSS 85 94 92 92 90 88
The effect of pH values on the removal of COD, SS and TP (500 md/L)
by coagulation is shown iRig. 2 It can be seen that the opti-

mum range of pH is between 3 and 8, increasing pH markedly

deteriorates the quality of the wastewater. In the pH range 3-8, pyjor o the addition of the polyelectrolyte, experiments were
the contaminants decreaS(_ed aspH increases. If the pH is to0 oW, ried out with the pre-determined pH (pH 7) that enhances
less than three hydrogen ions compete withy(E&4)3-3H20  contaminant removal. pH was measured again after determina-
for COD, SS and TP, resulting in poor removals of the conion of optimal polyelectrolyte dose and the pH was found not to
taminants. On the other hand, higher pH values (greater than &)e pelow 6.96k 1%. This shows that addition of the polyelec-
may produce negatively charged organic contaminants on whicfio|yte has little or no influence on the pH. The polyelectrolyte
adsorption will be electro-statically hindergd. In the present 55 reported19] not to affect pH of the wastewater system and

work, it is recommended that pH value of 7 is the best, Wherbenerally do not require pH adjustment for effective [is].
using Fe(S04%-3H,0 in coagulation process.

TP 92 96 95 95 94 93

3.5. Sludge formation
3.3. Effect of polyelectrolyte dose on the removal efficiency
The amount and the characteristics of the sludge produced
The removal efficiencies of COD, TSS and TP using differentduring the coagulation/flocculation process are highly depended
doses of polyelectrolyte are shownFig. 3. The dose of poly-  on the specific coagulant used and on the operating conditions
electrolyte was varied from 0 to 100 mg/L. The removal of COD,[4]. In this study, the sludge volume was estimated from the wet
TSS and TP increased with increasing dose of polyelectrolytesjudge volumes remained on the bottom of the jar-test beakers.
The combined use of coagulant and polyelectrolyte resulted
3.4. Effect of polyelectrolyte on Fe»(SO4)3-3H20 in production of relatively low sludge volume with reduction of
over 50% of the amount produced, when only coagulant was
The experiments were carried out with a fixed dose of coagudsed for treatment.
lant (500 mg/L), whereas the dose of polyelectrolyte was varied
from 0 to 100 mg/L to determine the optimal dose of the poly-4. Conclusions
electrolyte that will enhance coagulation with respect to the
removal of COD, TSS and TP in the wastewalable 2shows (1) Coagulation process using 500 mg/Lof&0y)3-3H,0 effi-
the removal efficiency of COD, TSS and TP using 500mg/L  ciently reduced COD, TSS and TP by 78, 74 and 75%,
Fe(SOy)3-3H20 and different doses of polyelectrolyte (non- respectively. Increasing the coagulant concentration above
ionic polyacrylamide). The optimum dose of the polyelectrolyte 500 mg/L increased the removal efficiency of the contam-
that was combined with coagulant, which caused substantial inants, however, COD and TSS removal increased slowly,
removal of the contaminants, was found to be 25 mg/L. when the coagulant dosage was above 500 mg/L.
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(2) TSS removal efficiency decreases on addition of [6] D. Bromley, M. Gamal EI-Din, D.W. Smith, A low cost treatment
Fe(SOy)3-3H20 above 750 mg/L, this was as a result of process_to reduce phosp_horus_and susper_]ded solids in liquid wastes
re-suspension of solids at this concentration. Also, the high from animal farm operations, in: Proceedings of the Fourth Inter-
concentration (>750 mg/L) of B Qy)3-3H,0 can c’onfer national Livestock Waste Management Symposioum and Technology

392

o . . Expo, Malaysia Society of Animal Production, Penang, Malaysia, 2002,
positive charges on the particles surface (a positive zeta p 215

potential), thus, re-dispersing the patrticles. [7] Y. Watanabe, Y. Kanemoto, K. Takeda, H. Ohno, Removal of soluble
(3) Coagulation was enhanced at pH range 3-8, below which and particulate organic material in municipal wastewater by chemical
hydrogen ions compete with H§O4)3~3H20 for COD flocculation and biofilm processes, Water Sci. Technol. 27 (1993) 201

. . . 209.
TSS and TP, resulting in poor removals of the contami- [8] J. Szpak, D. Woods, K. Bouchard, Critique jar testing for the design of

nants and aboye which there canbe production Of negatively coagulation—flocculation systems, Water Qual. Res. J. Can. 31 (1996)

charged organic contaminants on which adsorption is elec- 51-64.

trostatically hindered. [9] LA. Amoo, O.O. Ajayi, K.O. Ipinmoroti, O.S. Amuda, Performance
(4) Results of the present work indicated that the addition of optimization of coagulants/flocculants in the treatment of effluent from

o5 /L polvelectrolvte to th lati h soap/detergent industry, in: S.I. Ahonkhai (Ed.), Proceedings of the 27th
mg/L polyelectrolyleiothe coagulation process enhances International Conference of Chemical Society, Nigeria, September, Min-

the reduction of COD, TSS and TP by 93, 94 and 96%,  dex Press, Benin City, Nigeria, 2004, pp. 415-420.
respectively. [10] R.R. Bansode, J.N. Losso, W.E. Marshall, R.M. Rao, R.J. Portier, Pecan
(5) The combined use of coagulant and polyelectrolyte resulted shell-based granular activated carbon for treatment of chemical oxygen

in production low sludge volume with reduction of over50%  $5mane (SOD) in municipal wastewater, Bloresour. Technol. 94 (2004)
of the amount produced, when only coagulant was used fqlil] M. Ahmedna, W.E. Marshall, R.M. Rao, Production of granular activated

treatment. carbons from selected agricultural by-products and evaluation of their

physical, chemical and adsorption properties, Bioresour. Technol. 71
Acknowledgements (2000) 113-123.
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