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ABSTRACT

llater resources are becoming increasingly scarce in many areas of the world due
to development, and increased demand. Groundwater is the major water resource in
the Jaffna peninsula. One of the problems related to groundwater is the presence of
ferrous and manganese which may cause taste, odour, colour, or turbidity
problems.The objectives of the study were to focus on removal fficiency of iron and
manganese, turbidity, color, and bacteriological parameters through oxidation and
microfiltration process using low cost methods suitable at domestic level. lllater
samples were collected with problematic locations in Thenmaradchi for iron and
manganese and pond water in Thirunelvely, Pasaiyoor and Kurunagar areas for
coliforms and E.Coli. Preliminary tests were conducted to select suitable aeration
time and overnight aeration was identified based on the removal fficiency. The

iron, manganese, color, turbidity, pH, electrical conductivity, alkalinity, fluoride,
sulphate, total phosphate, chloride, nitrates, total coliforms and E.Coli were tested

for raw and treated water samples. The iron removal fficiency through micro

filtration alone was varied from lB% to 100% and the manganese removal
efficiency was varied from 650l to -100%. Higher percentage of Mn' was removed
iy microfiltration compared to Fe2' . But the removal fficiency for both Fe2' and
Mn2' was 95% by oxidution and microfiltration proce.ss ./itr surface uncl

groundwater. The color and turbidity both reduced due the removal of iron and
monganese. The bacteriological removal fficiency, total colifurms and E.Coli was

100%. There were no dffirences in other water quality parameters. Microfiltration
process also reduces the nitrate nitrogen content of the groundwater. But
microfilnation could not be used to remove oil and grease. Microfiltration could be

introduced for treatment of groundwater and surface water for color, turbidity, iron
and manganese and bacteria removal at domestic level.
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INTRODUCTION

The groundwater is dynamic; replenishable and dependable earth resource with acts
as a viable substitute to the surface water supply in many countries. water resources
are becoming increasingly scarce in many areas of the world due to devetopmeng
and increased demand.(Pearce,200s). Gioundwater is the major water resource inlaffna peninsula and it is used for domestic, agriculturat ani industrial purposes.
tlaffna peninsula ha_s a source of groundwater slore in the sub terrain ruy". irirr"
limestone aquifer. It is an excelGnt aquifer for storage bl"aus" the aquifer hasseveral isolated caves and caveins iapable of stoiing groundwater without
evaporation losses (Jaffna district statisticai information , zoda1.
The population of the Jaffna Peninsula is entirely dependent on the groundwater
resources for almost all purposes due to seasonal .uinfall. However] the region
experiences groundwater problems as the re,source is limited and its quality"has
deteriorated over 'the years. Due to the limestone aquifer, t *0r.., of the water ismuch high' The groundwater contains dissolved salts and other constituents
depending on the geochemistry. one of the probrems retatea to gr"r"a*"i"; ;;reddish colour caused by the presence of ierrous and manga** rri,i"|v,",iri,
colour cannot be seen but after-it is exposed to the air, the oxiJatio, of ground*ut".
promotes the precipitation of ferrous and manganese. Eventually, the lrourd*ute,turns into reddish in colour (Jusoh et al., 2005). The presenc. of airr".Jnt chemical
and physical constituents in excess of their permissible limits for various uses can
create health hazard and environmental problems (Al-sayed, 2012).

The drinking water treatment technology requires new and innovative processes,
based on the raw water quarity and- flows. Among innovative t".t notogy,
microfiltration process has been identified as good since n"o chernicul agents u.. ,rJ
and constant production of treated water with high quality (podaru 

"t11., 
zoosy. tnthe traditional process, Fe and Mn in groundwater are initiarry o*iairea uslrg

aeration and/or chemical oxidant following the removal by filtration. After the
. oxidation process, the Fe and Mn oxides are then removed tirough the sand filter.' Moreover, previous studies have indicated that the presenc" of rtAn oxide particles

accelerates the formation of Fe-Mn oxide, contributing to the removal of Fe and Mnfrom groundwater. Granular activated carbon is often ised to enhance ttre aaso.ftionof Mn2+ in filtration process. However, the drawback is frequent regeneration or
new carbon replacement is required (podaru et al., 200g)

Ultrafiltration (UF) and microfiltration (MF) are theoretically the best pre-treatment
upstream reverse osmosis, which are capable of removing from the feed water mostof the potential elements responsible of fouling desaliiating membranes such as
P.artigles, turbidity, bacteria and large molecular iveight orgunl" maters (Bonnelye etal., 2008). This treatment is similar to the conrJntionil one except that depth
filtration is replaced by microfiltration. The expected advantage of this treatment is
to have a compact separation unit which produces high quali"ty water from a wide
range of raw water quality.
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Efficiencv of Micro'"'g:;:y,ff:'::f!:;,x:yuat of rron & Manganese in

Chunnagam aquifer is a high capacity aquifer and supplying large quantity of water
to the public. However, oil and grease layers were observed in the surrounding of
the Chunnagam power station in recent times. The objectives of the study were to
focus on removal efficiency of iron and manganese, turbidity, colour, bacteriological
parameters and oil and grease through microfiltration process.

MATERIALS AND METHODS

Sample collection

Water samples were collected with problematic locations in Thenmaradchi for iron
and manganese (two location, Meesalai and Maravanpulavu), Thirunelvely (Sivan
temple and NWS&DB), and pond water from Pasaiyoor and Kurunagar areas for
coliforms and E.Coli. Each water samples were poured into three 25 liter plastic
buckets after rinsing several times with the sample water. In case of oil and grease,
one sample was collected from the contaminated site and for other samples, oil was
added to the groundwater and mixed well before analysis.

Preliminary study

The percentage reduction of iron and manganese with aeration time was tested with
two hr, four hr and overnight to select suitable aeration time. After aeration all water
quality parameters were analysizedto see the variability.

Chemical analysis

The procedure of the analysis was based on Sri Lankan Standard 614 part II. This
includes test for determining the iron, manganese, colour, turbidity, pH, electrical
conductivity (EC), alkalinity, fluoride, sulphate, total phosphate, chloride, nitrates,
total coliforms and E.Coli of raw and treated water samples. Hexane extractable
gravimetric method was used to analyze the oil and grease. Electrical conductivity,
pH, iron and manganese were measured at the site for raw water.

Set up of micro filtration
Microfiltration unit is a simple potable water filtration system intended for
sustainable low cost purification. The technology is based on a self contained
membrane filtration system that operates under minimal head pressure condition
without the need for power or conditioning chemicals. All the taps were off before
commencing each operating procedure. The microfiltration unit was filled with
water through the overhead tank with a total head of 2.25 m from the ground.

Data analysis

The efficiency of Fe and Mn removal by microfiltration process was evaluated. Also
the removal efficiency of Fe and Mn after the treatment, aeration was evaluated.
There are some standards for drinking water in which SLS maximum desirable level
of iron is 0.3 ppm, manganese is 0.1 ppm, numberof total coliforms in 100 ml is l0

Session 2: Water Pollution and Health
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numbers, and number of E.Coli in 100 ml is Nil. The treated water was compared
with the SLS maximum desirable level.

RESULTS AND DISCUSSION

Preliminary study

The reduction of iron and manganese were increasing with the aeration time. The
reduction percentage was very low in two hours aeration (12%) but in four hour and
overnight aeration reduction percentage was 48oh and 95%o respectively. Finally
overnight aeration was selected as the best treatment.

Iron and Manganese removal through micro filtration
Figure I shows the concentration of iron and manganese from raw and filtered water
through microfiltration. Thenmaradchi area (Meesalai and Maravanpulavu)
contained huge amounts of iron and manganese in groundwater. Higher percentage
of Mn2* was removed by microfiltratioi 

"ornpur"d 
to iron. The iron removal

efficiency through micro filtration varied from l Byo to 100% (Figure 3). water
samples containing low iron contents show high removal efficiency as 10002. Even
though Meesalai water sample has high concentration of iron (r.4 m{L), it was
reduced to 0.1 mg/L. The manganese removal efficiency varied from 650/o to 100%
(Figure 3). Concentrations of texted samples were less than the SLS desirable level.
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Efficiency of Micro Filtration and Oxidation on Removal of lron & Manganese in
Groundlnqter and Sudace Water

Figure 1 : Concentration of iron (a) and manganese (b) in raw and treated water

In case bf iron removal, the oxidation process is essential. Because the iron and

manganese present in the groundwater arl in the form of Fe2* and Mn2* respectively.

In microfiltiation process Fe'* removal is difficult. So the Fe2* ions were oxidized in

the form of Fe3* by aeration. After overnight aeration, reduction percentage of iron

and manganese was 95%. The result showed that iron and manganese was almost

removed by oxidation and filtration. Removal of iron in groundwater before passing

through the membrane filter as pre-treatment technique is advisable to avoid

membrane fouling (Ellis e/ al., 2000). Also overnight aeration is very cheaper

method compare to oxidation with potassium peffnanganate and no any chemical is

used in the oxidation process.

The iron and manganese reduction causes the cutback of colour and turbidity
measurements and shown in the Figure 2. Normally the colour is depending on the

suspended particles of the water. Thenmaradchi area has reddish brown earth soil.

The soil colloids and chemical suspended solids cause the reddish colour of water.

The turbidity also may produce the colouring effect. The apparent and true colour is

present in surface water. The true colour removal is difficult since colour removal

was less in surface water (Figure 3, seeMaravarkulum).
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Efficiency of Micro Filtration and Oxidation on Removal of lron & Manganese in
Groundwqter and Surface Water

h&ryl&0S htaravanpulla M*r,:i'*rtulam Y.l*rt;rtxl*ru

I ir EI lJn Elccl*r E ?utkditY

Figure 3: Removal eficiency by micro filtration

Oil and grease removal through micro filtration

Figure 4 shows the oil and grease concentration and filtration efficiency in raw and

treated water. The efficiency of first sample was high subsequently the efficiency
was reduced. Blcause oil and g."1.jl_u*.]es are settled il the nrembrane module.

25

20

E,'
iroo

5

0
Chunnakam

ffi
Ittt:t:'>;1d,

1ffi- toffiffi
Sample I SamPle 2 SarnPle 3

sinput EoutPut

ffi
Sarnple 5

ffi
Sample 4

and treated water in different
high. And nearly 100% and is

Figure 4: Oil and grease removal

Removal of bacteriological parameters

Table I shows the bacteriological parameters of raw
locations. The bacteriological removal efficiency was

within the SLS desirable level.
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'able l: Bacterio o raw and treated water in different locations
Parameter INWS lMaravan lMaravar

\ uuu \n't*- \totn*

Vannan

ku\ilrr

Sivan

hnlr\

Meesala

\

No of total
coliforms
in l00ml

Input Countless Nil Countles
s

Countles
S

Nil

output Nil Nil Nil Nil Nil

No
E.Coli
100m1

of
in

Input 88 Nil Countles
s

39 Nil

output Nil Nil Nit Nil Nit

.';r.::,:: j .,.:.,:...r.:/.:\ .\- -i-.--. :,::. ;.; .;. j..,r;.;,;

Other water quality parameters

Table 2 shows the concentration of other water quality parameters of raw and
treated water. All the parameters were reduced during the microfiltration
process. Microfiltration process also reduces the nitrate nitrogen content of
the groundwater which is the other main problem in Jaffna Peninsula. --{
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CONCLUSIONS

Microfiltration process can be applied properly for improving water quality to
comply more stringent water quality standards. The iron rernoval 

"ffi.i"r.ythrough micro filtration alone was withn l8o/o to l00yo and the manganese
removal efficiency was within 650/o to lo0%. But the combination of
oxidation and microfiltration removed the iron and magnesium completely
(95%). The color and turbidity both reduced due the removal of iron ani
manganese. The bacteriological removal efficiency (total coliforms and
E.Coli) was 100%. Microfiltration process also reduces the nitrate rritrogen
content of the groundwater. Microfiltration could be introduced for treatmint
of groundwater and surface water for color, turbidity, iron and manganese and
Bacteria removal. Membrane systems are compact and easy to operate and are
becoming the technology of choice for small communities and remote area.
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