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Abstract

Coagulation 1s an mmportant process in water treatment. The common
chemical coagulant used in the water treatment 1s alum. However, since the publicity
ot Yoringa Oleifera sced as natural coagulant. researchers have tried to explort the
possible usage of natural coagulants as well as developing new natural coagulants
from other plants. The potential of & locally available vegetable, cowpea, to act as
natural coagulant was studied using jar test. Turbid water used was prepured by
adding kaohn to distilled water. It was discovered that cowpea alone could not
remove the turbidity. However. the coagulation activity was remarkable only when
bivalence cation such as Ca® and Mn®' were added. In this study, the active
component of cowpea was extracted using NaCl salt solutton. The cowpea extract
achieved an average turbidity removal efficrency of 80%a,
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Introduction

Water born discases are one of the main problems in developing
countries, millions of people are compelled to use contaminated water. However in
many communities of these countries water clarification methods like flocculation,
coagulation and sedimentation are often mappropriate because of the high cost and
low availability of chemical coagulants. The use of natural materials of plant ongin
to clarify turbid water 1s not a new idea. Among all the plant matenals that have
been tested over the vears, the seeds from Moringa Oleifera have been shown to be
one of the most effective as a primary coagulant for water treatment and can be
compared to those as of alum (conventional chemical coagulant). However, alum
water treatment can cause Alzhenmer’s disease. [ts restdual in water also triggers
siilar health related problems. The coagulation effect of Moringa Oleifera sceds
recerves a great deal of attention. Among others were on coagulation active agents,
mechanism of coagulation and unprove method to extract coagulation active
component .

Cowpea [Vigna wnguiculata 1.Walp.], an annual legume, 1s also
commonly referred to as southern pea, blackeye pea, crowder pea, lubia, niebe,
coupe or frijole. Cowpea originated m Africa and 1s widely grown 1n Africa, Laun
America, Southeast Asta and m the southern United States. It 1s chiefly used as ¢
gram crop, for antmal todder, or as a vegetable. It often called long bean 1n castern
countries, 1s a potential natural coagulant. Cowpea has a shape of smooth pale green
pods. [t 1s [tequently used i oriental cooking. Cowpea can grow up to 40cm. Some
varteties such as vard-cowpeas can even grow longer. {t 1s a cheap priced vegetable
that grows 1 Malaysia and ready to harvest mn just around 5060 days.

Generally, coagulants are used for (physical and chemical) purification of
turbid raw waters. At very high turbidity the water can no longer be adequately
treated by using filters. Coagulants have to be applied to transforim  water
constituents into forms that can be separated out physieally. In large scale treatment
plants Alummum Sulphate or alum 1s used as a conventional chemical coagulant.
As an alternative to conventional coagulants, cowpea sceds may be used as a natural
coagulant (prunary coagulant) in houschold water treatiment as well as n the
comnunity water treatment svstems.

The purpose of this study 1s henee to examine the quality of the turbid
water treated by clarnfication process using cowpea sceds to explore its potentiality
and compare 1t with that of the alum treated water.

Materials and Methods

Model Turbid Water

I'or the purpose of this study. a synthetic turbid water was prepared by
addmg kaolm ot laboratorv grade into distilled water. Coagulation study was
conducted based on this turbid water. Two grams of kaolin were added mto a beaker
contaming X00ml distilled water: The suspenston was stirred at 100 mpm tor 30
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minutes using Jar test apparatus for uniform  dispersion of the partieles. The
suspension was then allowed to stand for at least 20 hours to allow for complete
hvdration of the kaolin, This was used as the stock solution for the preparation of
water samples for the coagulation tests. I'rom the stock solution, turbidity of 100
NTU was prepared by serial dilution of the stock solution. Turbidity was measurcd
with a [lach turbidimeter Model 2100N. Four types of bivalence cationie salts re.
['eSO L TIL0. MnSO, 11,0, CaCly 21,0 and Ca(Oll), were also added mto the
diluted turbid water accordingly

Preparation Of Cowpea suspension

Cowpea used for ths study was procured from local market. I'irst, it was
sun-dried for two weeks and heated for half an hour in an oven at 55°C before
ground mto powder using ordinary food blender. Active coagulation component of
cowpea was extracted using [ mol/l. sodium chlonde (NaCl) solution. One gram
ground cowpea and 3.85g NaCl salt were added mto 100ml distilled water and
stirred at 100rpm for 30 minutes using Jar test apparatus to extract the active
mgredient. Then the residual was filtered using @ Whatman filter paper. The filtered
green coloured stock solution was used as coagulant. The stock solution was
prepared fresh for use and when needed sinee deteroration sets after extended
period of storage.

Preparation Of Alum

Alum [AL(SO ) IBILO] was used to compare the performance of the
cowpea as a potential coagulant. The alum solution used for the comparison test was
prepared by adding 10 gram of alum into 1 litre distilled water.

Coagulation Test

Coagulation tests were conducted using jar test apparatus of Phipps &
[3ird having a basce floc illummator. Six beakers were filled with 400 ml of the
suspension 1o be tested and were agitated simultancously at a speed varving from 0
to 400 rpin. and time control up to [ hour

Farst. a rapid mix at 100 rpm for 2 minutes at which duning this time. the
required coagulant dosage was quickly added mto all beakers using pipette. Then
followed by a slow mix of 30 munutes at 40 rpm. After that, followed by 30 minutes
of sedimentation,

Comparative coagulation tests were run under the same conditions as
deseribed above but using alum solution mstead of cowpea.

Results and Discussion

It was discovered that Moringa Oleifera sced contains two  different
active coagulation components. One can dissolve in distilled water and the other can
dissolved m NaCl solution contained 1 mol/l. NaCl The NaCl extracted Moringa
Oetfera coagulant showed a remarkable coagulation activity when the turbid water
contained strong bivalence cation such as Mg Ca’, or Ba®" These bivalence
cations might cleetrically absorbed to the negatively charged Moringa Oleifera
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active component lo torm insoluble net-like structure to capture the suspended
kaolm particie. On the other hand, the univalent cation cannot forn net because one
valence cannot conneet to two active components together. A mechanism called
“enmeshment” mechanism was therefore been suggested. [Ndabigengesere ef al..
1995: Okuda er al., 2001].
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Fig 1. Effect of CaCl1,.211L0 with 40 mg/1. cowpea suspensions on turbid water with
initial turbidity of 100 NTU.

Llarhier study on cowpea mdicated that it did not dissolved completely in
water and henee did not contamn water soluble coagulation active component. When
Iomol/l, NaCl extracted  cowpea suspension was used, 1t showed coagulating
characteristics when the model turbid water contain sufficient dosage of CaCl, salt,
This can be secen m Fig. 1. below.

The caletum chloride used in the study  was  caleium  dihydrate
[CaCly 21,0 Fig. 1 shows that the optimum dosage of CaCly 21,0 was found to
be at 75me/l. A mmimum dosage around 25~50 mg/l. of CaCl 21,0 was needed
for coagulation This s cquivalent 10 0.23~0.45 mmol/l, CaCl; 21LO. This finding
was comparable with results obtained by Okuda er al. (2001) that at least 0.2
mmol/l, Ca’ was necessary for coagulation using salt extracted Maoringa Oleifera
coagulant.

Bivalence cation, such as Ca®” by itself can react as coagulant agent al a
sutficient dosage because tt can destabilize negatively charged collowd. Towever. the
possibility of that. tToes formed due to CaCly mstead of cowpea was not true. Jar test
wias conducted using CaCly. 21O as coagulant wathout cowpea to justifv this
hvpothests. The results have shown that at least 125 mg/l. CaCly. 2,0 was needed
to torm the floes.

However. i this study of using cowpea, 1t showed that 75 mg/l.
CaCl 2H0 was enough for coagulation purposes. Thus. cowpea has coagulation
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cffect up to a certamn degree. Cowpea was then further studied by varying its dosage
at 75mg/l. of CaCly 21LO to obtain its optimum coagulation condition as shown
I'1g.2.
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Iig, 2. Coagulating activity of (a) cowpea with 7Smg/L calcium chloride [CaClL.211,0],
and (b) alum with 10mg/L hydrated lime [Ca(OH),].

Unfortunately. the turbidity removal efficiency of cowpea was far behind
of that compured to alum. At optimum dosage, cowpea achieved an average
turbidity removal efficiency ot 80% whereas alum achieved a higher pereentage of
07.2%.

Observation has showed that the floes formed faster as the cowpea dosage
was nereased. However, the trend line of cowpea suggested that the optumum
cowpea dosage was around 100 mg/l, There was no significance umprovement with
the merease of cowpea dosages after this. This was mainly because of  the
coggulation activity depended on both cowpea dosages and CaCl, 211LO dosages.
For cowpea dosages of 100 mg/l, or above, the 75 mg/l. CaCly 21,0 was fully
utilized to achieve fial turbidity of around 16 NTU. Sumlarly, at CaCl 2150
dosage of 80 mg/l. or above, the 40 mg/l, cowpea was fully utilized to achieve final
turbidity of 40.6 N'TU (I‘igure 1). llence, the turbidity removal efficieney using
cowpea as shown i IFigure 2 will be improved by inercasing the caletum chloride
dosages. On the other hand. the turbidity removal efficieney i Figure 1 will be
unproved as well by mereasing the cowpea dosages

[t must be noted that the tloes formation usimg cowpea o not settled
completely  within 30 minutes. The  complete  sedimentation  process ook
approximately T %2 hours. It was not due to the floes size because the floes size were
comparable to those at optimum alum dosage. It may be possible that the {Toes using
cowpei 1 Hghter i weight as compared those wsing alum.
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The study of cowpea was repeated using hydrated lime [Ca(OI),f to
replace CaCly. Interesting result was obtamed as shown i Fig. 3. Although hme 1s
not a true coagulant, 1t is known as coagulant aid and has certam turbidity removal
ability. However, 1 spite of coagulation effect of lime, 1t showed a sunilar turbidity
removal trend bine when compared with CaCly at the same molar dosage as can Le
seen in g 3.0 Its difference only became significant when Ca(OlID); dosage was
above 0.5 mmol/l.. This suggested that cowpea depended on bivalenee cation Ca®
o form the floes but not anion CI' or OIT. It was very similar to the criteria
sugpested by Okuda et al (2001) for their “enmeshment™ coagulation mechanism
tor Moringa Oleifera seed coagulation. Thus, 1t suggested that cowpea may have the
same “enmeshment” mechantsm.
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Fig. 3. Comparison of the turbidity removal by 40 mg/L. cowpea coagulant, with Ca** ion
from two different salts: (a) hydrated lime [Ca(OH),] and (b) calcium chloride
[CaClL.2H, 0.

Besides Ca®, Ba' and Mg also showed a remarkable coagulating
activity.  Lor this study, attention was mainly paid to bivalence cations that
contained in raw water. If there are suitable bivalence cations existing in raw water,
this means that cowpea can be used in raw water treatment directly, without
necessity to add extra bivalence cations mto the raw water. The bivalence cations
that matched this purpose were Ca®'. Mg”™. I'¢?” and Mn® However. ferrous and
manganese are two major paranieters need to be removed from raw water for the
purpose of water treatment. Their presence in raw water is often significant. For
Ca’”and Mg® . WIO Water Quality Standard stated that the maximum allowable
concentration of caleum 1on v 200mg/l. and magnesium 1on is 150mg/L | Nik
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['uaad. 1990]. According to Ndabigengesere and Narasiah (1998), Sherbrooke tap
water contained 48 Omg/l. Ca®' and 21.0mg/l. Mg®'. This concentration may not
true for Malavsia scenario but it is true that raw water contained Ca?’ and Mg*'
(Brian, 1979). Iiven if the concentration of these 1ons 1s low m Malaysian raw water.
the total concentration of these four ions might be stll sutficient for coagulation
using cowpea. Sinee Okuda ef al. (2001) already justified that Ca®’ and Mg’ can
caused remarkable coagulation activity, the study will also examined on other
bivalence cations such as Fe!” and Mn?'. Ferrous sulphate [FeSO,711,0] and
manganesc (I1) sulphate {MnSO, 11,0 were chosen in this study. This was because
these two salts are casily dissolved in water. Study showed that cowpea formed (locs
with Mn®' but not Fe’" as seen in Fig.4.
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Iig, 4: The effect of different bivalence cation salts on turbidity removal using cow pea:
() ferrous sulphate [FeS0O..7H,0} with 100 mg/L cowpea extract, (b) manganese (II)
sulphate [MnSO,LH,0] with 100 mg/L. cowpea extract, (c) calcium chloride
{CaCl.2H, 0] with 40 mg/L, cowpea extract, and (d) hydrated lime [Ca{OH),] with 40
mg/l. cowpea extract.

Overall Tg. 4 showed that manganese (I1) sulphate [MnSO,.11,0] has
surprisingly coagulation effect when used with cowpea. On the other hand, ferrous
sulphate [FeSO, 7ILOT o well-known chenueal coagulant other than alum. showed
low coagulation cffect. Small floes were formed at the dosage of 0.67mmol/.
eSO, 7H,O. Ferrous  salt performed  the  charge  neutralization  coagulation
mechanism. This mechanism needs alkalinity 1in the water. So 1t was possible that
the coagulation activity was low because there was msulficient alkalinity. At this
stage. 1t was deduced that ferrous salt wall not help coagulation usmg cowpea,
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whereas manganese (1) 1on and caleium ton tested were being able to formed flocs
when cowpea was used. These two cations may have concentration lower than
expected m Malaysian raw water, or it may not be mn free cation condition (may be
i complex structure) that can react with cowpea.

I'ig. 4 also showed that the coagulation using cowpea does not depend on
plL It s clear in this studyv that fToes were formed when caleium chlonde.
manganese sulphate or hvdrated lime was added. Turbid water was acidic when CU
or 8¢ ),,7' 15 added. but it became alkaline when OIT was added. Sinee tloes formed i
both acidie and alkuline cases, it indicated that coagulation using cowpea did not
depend on pHL Also. final pll of treated water was i the range of 6.83-7.01. It
suggested that coagulation using cowpea do not signmficantly aftect the pi valtue.

Effect of NaCl

The cowpea active component was extracted using NaCl, and Na 15 u
wvalent cation. Thus, NaCl would have certain coagulating effect. In fact, in the
study of eollotd seience, the coagulation power of NuCl 1s been tested long ago
irgensons and Straumanis, 1962]. It showed that umvalent cation such as NaCl has
coagulation power 20~80 tines weaker than bivalence cation salt such as CaCau,.
[Towever, the coagulation effeet of cations mixture was additive [Jirgensons and
Straumanis. 19621 It means that i NaCl has coagulation power of .1 unit, and
CaCly has coagulanon power of 1.0 unit. the mixture of NaCl and CaCl, will have
total coagulation power of 1.1 unit. Henee the NaCl contamed in cowpea will
enhanee the charge newutralization  coagulation effect of Ca® . Iowever, the
coagulating power of NaCl was not hugh. It would not enhance the coagulation
power of CaCls to a significance degree. [enee, if mixture of NaCl and CaCl; were
to causc the charge neutralization mechanism n the study. 1t would not be dominant
wechanism m the coapnlation process. The dominant mechanism still was the
reaction bewween cowpen and Cally

Although NaCl did not help much m coagulation, it can extract the active
coagulation agent in cowpea The NaCl increases the affinity of the distilled water
causing 1t possible to extract the wnie active coagulation component contaned in
cowped.

Conclusions

NaCl extructed cowpea coagulant s proved to have coagulation effect
when bivalence cation Ca’ or Mn’ is contained m turbid water. Since raw wat o1
contained these brvalence tons. it 1s an advantage to utilize these ons. other than to
remove 1t These tons wall settle together with the loes. Besides that, cowpea
coagulation does not depend on ptl. Cowpea also has advantage as non-toxic
coagutant. Unlike chiemieal coagulant such as alum, cowped 1s an organie material

The most mmportant one ts that its turbrdity removal efficiencey s lower
than alum. The second disadvantage 1s that complete sedimentation of {loes using
cowpei takes more than 30 munutes. Third disadvantage 1s that 1t used NaCl salt to
extract the active coagulation component.
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Turbidity removal efticiency depends on both cowpea dosage and total
concentration of bivalence cations contained i raw  water. The coagulation
efficiency dropped when either one 1s insufficient. Raw water docs not have a
constant turbidity and bivalence cations concentration.

In short,

1) One mol/. NaCl salt solution is used to extract active component of
cowpes 1n this study.

2y Cowpea only removes turbidity when sufficient bivalence cations
contained in turbid water such as Ca’' and Mn® cations The
coagulation activity does not depend on anions such as CI, OH and
SO,

3y Cowpea coagulant 1s not pH dependent.

4) At the tested dosage range, optimal dosage found for cowpea is 100
mg/L. with addition of 75 mg/L caletum chlonde [CaCl,.211,0]. It
removes 80% of turbidity and hence cowpea turbidity removal
cfficiency s lower as compared to alum

At this moment. eowpea still has many weaknesses and further rescarch
stitl needed.

Reference

Bhole A. (., Relative evaluation of a few natural coagulants. Journal of
Water Supply  Research  and  Technology-Aqua, 44(6):284-290)

(1995)
Brian . 8., Reservoirs, tirst published. The Maciutlan Press [Ltd, 72-74
(1979)

Diaz A.. Rincon N, Fscorthuela A . Fernandez N.. Chacin 10, Forster C
.o A preliminary  evaluation of turbidity  removal by natural
coagulants mdigenous to Venezucla, Process Biochemistry 35:391-
395 (1999},

Jirgensons 3. and Straumanis M. E.(1962) A short textbook of colloid
chemistry, 2" revised edition, Pergamon Press. 329-331(1962).
Ndabigengesere A and Narasiah K. S0 Quality of water treated by
coagulation using Moringa Oleifera sceds, Water Research, 32(3).

T81-TU1(1998)

Ndabigengesere AL, Narasiah K. S and Talbot 3 G, Active agents and
mechanisim of coagulation of turbid waters using Moringa Oleifera,
Water Research, 29(2Y:703-710 (1993).

Nik Fuaad Nik Abllah, Bekalan Aiv, Pembetungan dan Pengairan, edisi
aval. Penerbit Universitn Saims Malavsia, 47, 54-55 (1990,

Okuda 1., Baes A 1), Nishijima W. and Okada M.. Improvement of
extraction method of cougulation active components from AMoringa
Oleifera sced, Water Rescarch 33(15):3373-3378 (1999

Okuda T, Baes A. U, Nishijuna W and Okada M., Coagulation
mechanism of salt solution-extracted active component i Moringa
Oleifera seeds. Water Research 35(31R830-834 (2001).



82

AL Daew OMLINMOML Noorand Y.ML Ng

Ovzacar Mo and Sengil T AL The use of Tanmins from Turkish Acoms
(Valoni) m waler treatment as a coagulant and coagulant md.
Furkish ] Eng Iinv. Scei 20:255-263 (2002).



