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This aims to search for an alternati ve natural polymer, which could be used as coagulant aids in water and wastewater 
treatment. The use of this polymer may save the amount of Alum (aluminium sulphate) dosed in water and wastewater 
treatments. An initi al study conducted in laboratory to look at suitab ility of using sago (Metroxylon spp) starch as an alter· 
native of coagulant aid as compared to the commercially applied syntheti c polymer. Artificial pollutants consist of selected 
heavy metals, i.e., nickel (Ni), manganese (M n), zinc (Zn), iron (Fe), cadmium (Cd) and turbidity have been used to stimu­
late the general real water and wastewater. Initial concentration of metals is set at 5 mg/L. Turbidity value at 300 NTU 
which, corresponds to the presence of coll oids or suspended solids in water is also used in the experi ment. Experiment has 
been conducted at optimum alum and pH values, predetermined beforehand. Jar test is conducted and results are obtained in 
terms of the removal percentage of each constituent, before and after the experiment. It could be concluded fro m the ex­
periments that, at Alum concentration of 25 mg/L, the presence of sago starch improves the removal of selected heavy met­
als, i.e., nickel, manganese, zinc, iron, and cadmium. The improvements are obvious for Zn and Fe. However, there is no 
significant effect of turbidity removal in the presence of sago starch. This shows that the sago behaves as negatively charge 
polymer, which enhances the coagulation process of heavy metals. The study indicates that the use of sago starch as natural 
polymer is potential in wastewater industries for removing heavy metals. 

Heavy metals such as cadmium, lead , zinc, nickel, 
copper and chromium (III) (Cr (III)) or their 
compounds are high-molecular-weight substances. 
They have been used extensively by various industries 
in recent years due to industrialization. Many of these 
metals are widely used, particularly by industries, 
which rely on solutions of the metallic ions. Thi s 
leads to sharp increase in the contamination of water. 
Because of their toxicity, the presence of these metals 
in excessive quantities will interfere with many 
beneficial uses of the water. As a result, many water 
quality standards kept the value of these metals to a 
minimum. For example, the Standard B discharge 
limit of these metals under the Environmental Quality 
Act 1974 of Malaysia, (Sewage and Industrial 
Effluents), Regulation 1979 are kept below 1.0 mg/L 
in which the standard for Cd is 0 .02 mg/L, 0.50 mg/L 
for Pb, 1.0 mg/L each for Zn, Ni, Cu and Cr (III)l . 

Current removals of heavy metals from solution are 
very much influenced by increasing the pH to allow 
the metals to precipitate into insoluble metal forms . 
The process requires addition of chemical agents in 
coagulation and flocculation processes, which is 
costly, and requires proper handling methods. The 

most likely used coagulants for water and wastewater 
treatment are aluminium and iron salts and lime is 
normally used to increase the pH. For some waters , 
cationic polymers are effective as a primary 
coagulant. It can be effecti ve for coagulation , without 
hydrolysing metals , by producing destabilisati on 
through charge neutralisation and inter-particle 
bridging. However, polymers are more commonly 
applied as coagulant aids. Other coagulant aids 
include pH adjusters, activated silica and cla/ . 
Coagulant aids are necessary in some waters or 
effluents, when coagulation is poor, even with the 
best dose of coagulant. The addition of extra 
substances can often result III considerable 
improvement in coagulation and an increase in the 
settling velocity of the resulting floc . Coagulant aids 
may also be used to reduce coagulant consumption , 
shorter sedimentation periods and higher rates of 
filtration 3

. 

Synthetic polymers (normally called 
polyelectrolytes) are water-soluble high-molecular­
weight organic4

.
s compounds that have multiple 

electrical charges along a molecular chain of carbon 
atoms. The basic chain is often a polyacrylamide. 
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Polyelectrolytes are either derived from natural 
sources or synthesised by chemical manufacturers. 
Polyelectrolyte can have a negative charge (anionic), 
positive charge (cationic) , positive and negative 
charge (polya11lphotype), or no charge (non-ionic). 
Polyelectrolyte is generally used to produce a tougher 
and denser fl oc, which grows to a larger size and 
settles more rapidly than is possible using a primary 
coagulant alone. This is due to the ac tion of the long­
chain molec ules which, form bridges or cross-links 
between colloidal particles. 

A wide variety of ampholytic polymers are derived 
from natural sources. A sign ificant number of 
polyelectrolyte applications have been reported in 
Ii terature3

. Seeds of the ni rmal i tree (Strychnos 
potatorulIl) have been used to clarify turbid river 
water 4000 years ago in India. In Peru, water has been 
traditionally clarified with the /1/li cilaginuous sap of 
IUlla leaves obtained from certain species of cacti. 
Several villages in Chad, Nigeria, Sudan and Tunisia 
have also been using indigenous plants for turbidity, 
unpl easant taste and odour removal in drinking water. 
The British were among the first to use natural 
polyelectrolytes as coagulant aids (sodium alginate, a 
natural polymer extracted from brown seaweed) in 
urban water supplies. Other natural polymers that 
have been used successfully in England are 
Hydroxyethyl cellulose (HEC) and wisprojloc, a 
derivative of potato starch. 

Polyelectrolytes are also commonly applied in 
water and wastewater industries in Malaysia in the 
coagul ation and flocculation processes. It is normall y 
dosed when Alum concentration needs to be reduced 
due to the unfavourable water condition. For example, 
polyelectrolyte could be dosed in turbid water and at 
the Dissolved Ai r Floatati on plant. The use of Chitill 
and Chitosan (a natural polymer extracted from the 
processing waste of prawns, crabs and squids) for 
wide applications has been reported elsewhere6

. 

However, the application of plant extracted polymer 
in water and wastewater industry in Malaysia has not 
been establi shed so far. 

As Malaysia is ri ch in natural polymer, the use of 
sago (Metro.xyloll spp) may be suitable as replacement 
agent of synthetic polymer. Current cost of synthetic 
polymers ranges from RM 5.10 to RM 16.70 per 
kilogram. This is compared to the current price per 
kilogram of sago starch, which is RMl.04. 

Th is paper reviews some of the important results in 
the current research in the use of sago as coagulation 
aid for removing turbidity and heavy meta ls from 

water as opposed to the use of the synthetic 
chemicals. The results would be usefu l in develop ing 
the method fo r remov ing especially heavy metal s, 
which could be of great use espec ially for the small 
and medium scale industries. 

Materials and Methods 

Starch of sago was prepared by peeli ng, crushing, 
filtering and washing the filtrate. The cleaned filtrate 
then was air dried for 24 h to form powder starch. The 
powder then was accurately weighed and dissolved to 
required concentration via rnoderate heating. For 
example, 1 % solution of starch was prepared by 
dissolvi ng 1 g of the powder into 100 mL disti lled 
water. Dosing of this starch in the experiment was 
done by dilution principle. 

Sample water that contains a sign ificant amoun t of 
suspended solids or colloids (about 300 NTU) was 
prepared from clayey solids. Selected heavy meta ls, 
i.e., nickel, manganese, zi nc, iron, and cadmium were 
prepared using commercially avai lable standard 
solution. Initial concentration of these meta ls was set 
at 5 mglL. Jar test was cond ucted to determine the pH 
and Alum optimum values, in the presence of 
turbidity and heavy metal s. Optimum pH was 
determined by fixing the Alum concentration and 
ranging the pH. On the other hand , Alum optimum 
was determined by setting the pH value and ranging 
the Alum concentrati ons as detailed in the standard 
methods for the determination of water and 
wastewater? These optimu m values were used in the 
experiments that involved dosing of starch, with and 
without the presence of Alum. The concentrati on of 
each constituent, before and after the Jar Test was 
recorded and the removal percentage calculated. 

Turbidity and pH were determined by 2.020 
Lamotte Turbidity meter, whi lst heavy metals were 
determined by Shimadzu Atomic Absorption 
Spectrophotometer. 

Results and Discussion 

Figs 1 and 2 show the plot of turbidity agai nst pH 
value, and turbidity against Alum concentration for 
determination of optimum pH and Alum values. Figs 
3 and 4 show the plot of the removal of Ni, Mn and 
Zn at optimum pH and AIUIn values, with di fferent 
sago starch concentrat ions. Final ly, plot of the 
removal of Fe, Cd and turbid ity against starch 
concentration is given in Fig. 4. The results are furth er 
summari sed in Table 1. 
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Fig. I-Determination of optimum Alum concentration in the Jar 
Test 
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Fig. 2-Determination of optimum pH value in the Jar Test 
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Fig 3---Influence of sago starch as coagulant aid in removing i, 
Mn and Zn from water at pH 7.5 and Alum concentration 25 mglL 
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Fig. 4--lnfluence of sago starch as coagulant aid in removing Fe, 
Cd and turbidity from water at pH 7.5 and Alum concentnition 25 
mg/L 

Table I-Summary of ex peri mental results on the use of sago starch as coagulation aid for removing heavy metals and turbidity in water 

Experimental Water quality % Removal Experiment With Dosing of Sago Starch 
condition parameter without dosing Dose range % Optimum! % Comments 

(mg/L ) of sago starch (mg/L) Removal Economical Removal 
Dose (mglL) 

Nickel IS 0.5 25 0.5 25 Positive Results 

pH 7.5 Heavy Manganese 5 0.5 II 0.5 II Positive Results 

Alum 25 mg/L Metals Zinc 24 0. 1-8 65-80 0. 1 50 Positive Results 

Iron 10 0.5-10 30-50 I 30 Positive Results 

Cadmium 8 

Turbidity 95 

Results indicate that the optimum pH from the 
experiment is 7.5, which is the lowest point in Fig. 1. 
The optimum Alum concentration at this optimum pH 
is 25 mg/L, as shown in Fig. 2. This value is still 
within the range of an optimum pH as discussed by 
several researchers. For example, Eckenfelder8 

stipulates that at Alum dosage range of 75-250 mg/L, 
colloid coagulation and phosphorous removal for 
wastewater with high alkalinity and low stable 

0.5 

<90 

13 0.5 13 Positive Results 

<90 <90 <90 Negative Results 

phosphorous happens at pH 4.5-7.0. Davis and 
Cornwell2 mention that, the optimal pH range for 
Alum is approximately 5.5 to 6.5 with adequate 
coagulation possible between pH 5 to 8 under some 
condition. Tebbutt9 suggests that the solubility of AI 
(OH)3 is pH dependent and is low between pH 5 and 
7.5. Outside this range, coagulation with aluminium 
salts is not successful. Hammer and Hammer lO report 
that Alum coagulation is generally effective with the 
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pH limits of 5.5 to 8.0. However, Schulz and Owen3 

mention that optimal floc formation using Alum 
occurs when the pH value of the water is between 6 
and 8. Fig. 4 concludes that tapioca could react as 
coagulant aids. Furthermore, apart from behaving as a 
coagulant aid, tapioca starch could also reduce the 
amount of Alum from 25 mg/L to 15 mg/L with 
increased in the removal of anions and turbidity. 

Figs 3 and 4 and data in Table 1 have shown that at 
Alum concentration 25 mg/L and pH value of7.5 , the 
removal of constituents are good in the presence of 
sago starc h as coagulant aid, except for turbidity. 
Increased in the removal is s ignificant for Zn and Fe. 
It can be noted from Fig. 3 and Table 1 that the 
removal of Zn without the presence of sago starch is 
24%. T he remova l improves to above 50%, in the 
presence of 0 .1 mg/L of sago starch. Similarly, the 
removal of Fe in the presence of 1 mg/L of sago 
starch is 30%, as compared to 10% removal without 
the starch. For other metals , improvements could also 
be noticed, even though their magnitude is rather 
sma ll , as given in Table 1. Nevertheless , the 
experiment has gene rally shown an improvement on 
the metals removal in the presence of sago starch. 
Graphs in Figs 3 and 4 also show that positive 
improvements of metals removal starts at lower 
concentration of sago starch , i.e. , at concentration 
lower than 1 mg/L. This is in line with previous 
r~sea rc h which say that dosage of coagul ant aid is in 
the region of 0.1-1.0 mg/L and dosage of anionic 
polymer is normally in the region of 0 .5-0.5 mg/L IO. 

As sago starch sign ificantly enhances the remova l 
of pos itivel y charged heavy metal s, it is expected that 
the sta rch was present in the form of an ani onic 
polymer. By adding negat ive ions to water (sago 
starc h for this case), heavy meta ls have undergone 
charge neutralisation , as mentioned previousl/. In 
other words, the starch it attracts positively charge 
metals , destabi lised and particle starts to agglomerate 
then precipitate. The claim that sago carries negative 
charge further supported by the findings of the 
turbidity removal in Fig. 4. It can be seen from the 
figure that the starch does not improve the removal of 
turbidity. Thi s is due to the fact that most colloids are 
stable because they possess a negative charge that 
repels and collide with one another under Brownian 
lIlovement2. By adding negative ions (sago) to water, 
it does not reduce the surface charge but rather 
improves the suspens ion of the colloids . Hence, the 
colloids remain repelling from each other, and further 
stabilised. 

However, the exact starch composition , especially 
the charge composition is currently investigated. Its 
presence in the form of non-ionic polymer could not 
be ruled out as, previous report has stated that non­
ionic polymers are more effective in water containing 
higher concentrations of divalent ca tions , i.e., Ca2+ 
and Mg2+ (ref. 10). . 

The research has highlighted the poss ibility of 
Ll si ng sago as natural polyme r in removi ng heavy 
meta ls in wa te r. However, further research, espec ia ll y 
the exact chemical reactions that bring the metals 
re moval , the chemical properties of starch, the s ludge 
characteristics, etc . need to be undertaken. The 
removal of each heavy metal at concentration of sago 
starch of less than 1 mg/L should also be intensified. 
Apart from that pilot plant exper iments should also be 
conducted before the fi ndi ngs could be adap ted in the 
field . 

Conclusion 

It could be concluded fro m the exper iments that at 
Alum concentration of 25 mg/L, the presence of sago 
starch improves the re mova l of selected heavy metals , 
i.e., nicke l, manganese, zinc, iron , and cad mium. The 
improvements are obv ious for Zn and Fe. However, 
there is no significant effect of turbidity removal in 
the presence of sago starch. This shows that the sago 
possesses a negatively charge po lymer which 
enhances the coagul at ion process of heavy metals . 

Acknowledgement 

The author acknowl edges the research grant 
provided by Ministry of Science, Technology and 
Environment, Malaysia and Universiti Sains Malaysia 
that has resulted in this article 

References 
Envirolllllelllal Qllality Act alld Regulations (MOC Publ ishers 
Printers Sdn. Bhd. Kuala Lumpur), 1998. 

2 Davis M L & Cornwell 0 A, In /roduction to ell vironlllental 
eng ineering. 3rd. Ed (Mc-Graw Hill I ternational Editions. 
Singapore), 1998. 

:3 Schul z C R & Okun 0 A, SlIrface water treatment for CO Ill ­

IIlllnities in developing cOlllllries (John Wiley & Sons, New 
York), 1984. 

4 Barnes 0 & Wilson F, Chelllistry alld IIn it operations in \Va­
ter treatlllent (Applied Science Publi shers, London), 1983. 

5 Viessman W Jr & Hammer M J, Water supply and pol/lltioll 
control, 5th Ed (Harper Collins College Publishers, UK), 
1993. 

6 Zakaria M, Abdullah M P & Zainuddin M R, Ed, Activity 
Profile,. Pusat Pcnyclidikan Kitin Ki tosan, Universiti 
Kebangsaan. Mal aysia. 1995. 



AZIZ et af. : ANIONIC NATURAL COAGULANT AID FOR HEAVY METALS AND TURBIDITY REMOVAL 199 

7 APHA, A WW A, WPCF. Stalldard Meth ods Jar the Exallli­
lIatioll Water alld Wastewater, 18th Ed , Washington D.C, 
1992. 

8 Eckenfelder W W, Illdustrial water poliutioll cOlltrol , 2nd Ed 
(McGraw-Hill Book Company, Singapore), 1989. 

9 Tebbutt THY, Prillciples oj water quality cOlltrol, 3rd Ed 
(Pergamon Press, UK), 1983. 

10 Hammer J M & Hammer J M J r, Water alld wastewater tech­
lIology, 3rd Ed (Prentice Hall International, Inc. New Jersey), 
1996. 


