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ABSTRACT

Thisstudy wasconducted at |ab scaleto deter minethe performance of the canal-bed for theremoval of
turbidity and microorganismsTC (Total Coliforms) from surfacewater. Thecanal-bed sedimentswere
collected and analyzed for the characteristics of sediments for grain size distribution, hydraulic
conductivity and thePOM (Particulate Or ganic M atter) per cent. Canal-bed sedimentswer econtaining
fineparticles<0.075mm in therange of 40-58%, with hydraulic conductivity aver aged 7ft/day, and the
POM 2.75%. The water samples collected from the canal-water have shown average POM 3.6%.
Theremoval-reduction in turbidity and TC wer edeter mined thr ough the column experimentson the
canal-bed sediments. Threecolumnswer eprepar ed at lab-scaleby using pr epar ed canal-bed sediment as
afilter-bed in thecolumnsfor thefiltration of raw water samples. Fineparticlesof thecanal-bed grain
sizeD, 0.2and D,,0.1mm wer eselected for thefilter-bed formation. The prepared concentrated and
diluted influent water samplescontainingturbidity and TC wer e passed thr ough thewashed filter-bed
intothecolumnsfor 8-weeksfilter run. Thefrequency of sampling and analysiswer efollowedafter the
interval of one-week run, theinfluent (raw water) and effluent (filtered) water sampleswer ecollected and
analyzed for theturbidity and TC concentrations. The performance of thegrain sizeD, 0.1mm have
shown 95-99.95% reduction in turbidity and TC compared tothelarger grain sizehaving D, 0.2mm
particles.

KeyWords: Ground Water, SurfaceWater, Grain SizeDigtribution, Hydr aulic Conductivity, Particulate
Organic Matter, Turbidity, Total Coliforms.

1. INTRODUCTION

er isan essential element for our survival. people of developing countries do not have an access to
Deterioration in water quality and safe drinking water and sanitation [1]. In Sindh 95% of
contamination of lakes, rivers and shallow groundwater supplies are bacteriological
groundwater aquifers has resulted in increased contaminated [2]. Lessthan 30% of groundwater of Sindh
waterborne diseases and other health impacts. The province is fresh; much of the province is underlain by
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highly brackish water [3]. It is estimated that 40 million
people depend onirrigation water for their domestic usein
areaswhere the groundwater issalinein nature. It isalso
reported that about 24% of therural population getswater
fromirrigation canasor dugwells[3]. Groundwater serves
half of the global population as the primary source for
drinking water with little or no additional treatment [4,5,6].
Surface water sources with microbial contamination is
frequently treated, to remove turbidity and pathogens
through conventional methods of water treatment using
thefilter-bed of porousmedia, such as, dow sandfiltration,
and the disinfection process of drinking water treatment.
Surface water is al'so being treated through the natural
process of treatment-filtration such asriverbank filtration
[7.8].

A major group of water pollutants are microorganisms,
and physiochemical compounds. The microorganisms
(Pathogens) are diseases causing bacteria, which includes
giardia, lamblia, viruses and parasites, organic compounds
include naturally occurring organic matter (dissolved and
particul ate) and theinorganic contaminantsinclude health
related toxic metalsand nitrates[4]. The microorganisms
(pathogens) have frequently been found to occur in
shallow groundwater wells[4,9]. They may beinactivated
during the passage of surface water infiltration through
porous media towards the aquifer.Various studies have
been conducted on the transport of the microorganisms
at lab-scale by using the porous media as a filter-bed.
The variable filter-bed design parameters and different
porosity of the filter-media are applied to isolate the
influence of specific processes and factors[10]. Scott et.
al. [11] have discussed the detailed studies on the fate
and transport of the pathogens in the subsurface
environment these studies have been conducted largely
at the laboratory scale.

According to Kanerick and Michail [12], the removal of
organic compounds, nitrogen, phosphorus, suspended
solids, bacteria, and viruses through a soil-infiltration
treatment system is achieved through infiltration,

percolation, chemical reaction,
biotransformation, die-off, and predation processes
during infiltration of surface water. Phosphorus removal
in soil-mediaisinfluenced by the properties of the soil-

media, mainly sorption and precipitation [13]. Organic

sorption,

matter is predominantly removed through adsorption and
biodegradation. Degradation of oxidizable organic
substances is facilitated by microbial metabolism [14].
Coliform bacteriaand E.coli areused asindicator bacteria
to detect fecal contamination [15]. Reductions of
pathogens in water treatment play an important role in
minimization of public health risks[16]. Themajor factors
influenced in the performance of soil-media are the raw
water quality and the soil properties, during theinfiltration
process of thewater pollutantsthrough the porous media
for the attenuation or removal of the water pollutants

[17].

Keeping the idea from the literature for the removal of
physical and biological contaminantsfrom water through
porous media, soil-packed column experiments were
conducted. During this study the effectiveness of the
canal-bed sedimentsfor the removal-reduction of TC and
turbidity was examined at different intervals of sampling
and analysisof raw water and treated water (filtered water)
during the column experiments. This study was conducted
to evaluate the performance of the canal-bed sediments
regarding theremoval of bacteriaTC and turbidity of the
contaminated water and to determinethe effect of influent
water quality, grain size and the flow-rate (detention-time)
on the performance of filter-bed during the column
experiments. The aim of this piece of work isto analyze
theremoval efficiency of TC by the sand availablein the
canal bed under local geological settings of the study
area. The main reason for choosing TC as an indicator
organismin this study isbecause, it is easy to detect and
enumerate in water and are representative enough for
determining fecal contamination of drinking water. By
monitoring TC bacteria, theincrease or decrease of many
pathogenic bacteria can be estimated.
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2. METHODOLOGY

2.1 Canal-Bed and Canal-Water Sediments

Samplingand Analysis

Three canals are off-taking from the upstream Kotri
barrage, Hyderabad and are used for the various water
supply schemes, these canals are flowing across the
Hyderabad city area. The canal-bed and canal-water
sampleswere collected from the Pinyari-Canal at by-pass
bridges Hyderabad as shown in Fig. 1.

2.1.1 SedimentsSampling

Thedisturb soil (sediment) core composite sampleswere
taken from the canal -bed and six grab samplewere collected
from the surface of the canal-bed at the depth of 6¢cm.
Then 6-grab samples were mixed thoroughly in a bucket
to make one composite sampl e of each location as shown
in Fig. 1. Then the composite samples of canal-bed
sediments were labeled and transferred in the
polyethylene bags for further laboratory analysis.

2.1.2 Method of Grain Size Distribution
Analysis

Thephysical analysisof the soil samples, the GSD (Grain
Size Distribution) was carried out by applying ASTM
methods of sieving [18]. The stack of the sieves was
selected for the medium to fine sand particles such as
4.75, 2.0,0.425,0.15, 0.075mm and <0.075mm, the percent
passing dry-weight of the sediments through each sieve
of the stack was calculated.

2.1.3 Method of Hydraulic Conductivity
Estimation

The hydraulic conductivity of the canal-bed sediments
was estimated by using Equation (1) [19].

K=CD?, )

WhereK isthehydraulic conductivity in aft/day, Cisthe
constant and is equal to 100, and D, isthe effective size
of particles corresponding to 10% passing taken in cm.

2.1.4 ParticulateOrganicMatter Sampling &
Prepar ation

The known quantity of composite samples of canal-bed
sedimentswere passed through the sieve size of 0.075mm
during washing of the sediments, the filtrate water plus
passed fine particles of the clay and silt were collected in
the Imhoff-cone for the plain sedimentation of the
suspended fine particles in washed water. The Imhoff-
cone containing fine sediments and water was kept
undisturbed for 24 hours at room temperature; the settled
residue was carefully drained from the cone into aglass
beaker. The settled residue contai ning the clear water over
the settled fine sediments were siphoned carefully from
the Imhoff-cone passed through 0.45um filter. Then the
beaker and filter was oven dried at 105°C for one hour,
and then cooled at room temperature. The dry sediment
samplesweretaken for the POM, weight percent analysis,
by using the dichromate method dichromate method 8097
for soil analysis at 610nm wavel ength through DR/2000
Spectrophotometer [HACH-USA]. POM was measured
by an approximate relationship with organic carbon.
Organic carbon is oxidized to carbon dioxide in the

By-Pass Hala Road

LINE[CHANMNEL

COMPOSITE SAMPLE

Not to SCALE

FIG. 1. CANAL-BED AND CANAL-WATER SAMPLING POINTS
AT BY-PASS BRIDGES
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dichromate method with aparallel reduction of hexavalent
chromium (Cr*®) to trivalent chromium (Cr*®) and an
accompanying color change from orange to green. The
intensity of thegreen color isproportional th thetrivalent
chromium concentration which is related to the organic
matter content in the soil.

Similarly, the turbid water composite samples were
collected from the Pinyari canal at the by-pass bridges
Hyderabad during different month of sampling and
analysis for POM%in the canal water. The cana water
sampleswere prepared by using the 0.45um filter for the
suspended sediment collection. The known volume of
the canal water was passed through the filter and then
thefilter was placed into the oven for 105°C for 24 hours.
Thedry weight of the sedimentswastaken for theanalysis
of the POM% in water by using the dichromate method
[HACH-US-EPA 8097] for soil analysis through
spectrophotometer.

2.1.5 SedimentsCollection and Preparation
for Filter-Bed in Columns

The sediments were collected and passed through sieve
ASTM No. 200 (0.075mm), and then the tape water was
used to wash the sediments, during the washing fine
particles (clay-silt) were passed-removed through the
sieve. Furthermore, washed sediments was soaked in
distilled water after stirring the sample was kept for 24
hoursin water to remove the possible soluble salts from
the sediments, after that washed soil-sedimentswasdried
inthe oven at 105°C for 24 hours.

The washed and dried canal-bed sediments were sieved
and analyzed to take the required effectivesize of particles
as(D,,0.2,and D, 0.1mm) of the sediments. Three columns
werefilled, ascolumn C-1with (D, ,0.2mm) particlesize
and column C-2 and C-3 with (D, 0.1mm) particle size of
the canal -bed sediments. During the addition of sediments
into the columns, columns were tapered to fill the gaps
between the particles. For the removal of air from the

voidsof soil grainsback flow of water to upward moving
was applied to fully saturate the sediments filled in the
columns. The prepared filter-bed in the columns was
further washed by passing 5-6 liters of distilled water,
before the column experiments.

The D, size of the grains was taken to prepare the filter
bed in the columns to know the performance of thefilter
beds by changing the grain size and the influent water
quality, generally the raw water (surface water) is being
treated through slow sand filterswhere the effective grain
size of thefilter bed isrequired to treat the pollute water.
Inthisstudy the grain size of the sediments was selected
as it was found during the analysis of the canal-bed
sediments.

2.1.6 Columns Specifications and Operational
Parameters

In order to analyze the effect of the removal of turbidity
and TC, the laboratory scale columns were designed
and fabricated as shown in Fig. 2. The length and
thickness of the filter-bed in the columns acts a major
rolein the water infiltration process, which depends on
the covered area of filter-bed whereas water infiltrate
through porous media. The columns were exposed to
atmospheric air at the inlet of the columns to maintain
aerobic conditions during the experimental work. Also
the influent water was containing dissolved oxygen and
TC during theinfiltration process of water through filter-
bed in the columns. Whereas, the attenuation process
of physical, chemical and biological pollutants occurs
within the porous media. The attenuation of water
pollutants, such as adsorption of microorganisms,
oxidation/reductions of chemical compounds and the
screening of suspended particles provides the naturally
treated water [US-EPA]. The water pollutants (physical,
chemical and biological) are adsorbed, oxidized,
decomposed, reduce or removed from theinfluent water.
The thickness of filter-bed with a diameter of 63mm,
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depth 200mm and the length 300mm of the columnswere
kept during this study, including the other designed
parameters of the laboratory scale columnsaregivenin
Table 1. The prepared canal water samples as influent
containing the TC and the turbidity was applied to pass
through the columnsfilter-bed. The parameters such as

water level over the filter-bed and flow rate at theinlet
and outlet was maintained initially around 2-4ml/minfor
first week run to saturate the filter-bed. The outlet flow
was controlled through clipper/valve to increase the
retention time of theinfluent water within thefilter-bed
in the columns. The flow-rate was measured by using
the 10 ml measuring cylinder and the stop watch; the
readings were recorded as ml/min, flow-rate of the
effluent water. The samples were taken from the inlet
and outlet of the columns for the turbidity and TC

INFLOW * analysis.
E . .
3 Total three columns were fabricated with same
# specifications. Moreover, the operational parametersfor
; column experimentsare summarizedin Table 2.
TABLE 1. DESIGN PARAMETERS OF LABORATORY
SCALE COLUMNS
Parameters Dimensions
g Diameter of Column, (mm) 63
5
Length of Colum, (mm) 300
Water level (over-flow) of colummn, (mm) 10
: Water level over soil in column, (mm) 80
! { Depth of soil in colunn, (mm) 200
m::::!;::: 15 mm Under drain level in column, (mm) 10
U |_I T Dry density of soil (glcm3) 1.9-20
OI.ITFI.OW‘ - -
Porosity (%) of soil 31-32
FIG. 2. LABORATORY SCALE COLUMN DESIGN Grading of soil Silty Sand
TABLE 2. OPERATIONAL PARAMETERS FOR COLUMN EXPERIMENTS
Parameter Colum (C-1) Colum (C-2) Column (C-3)
EGS (D100.2 and 0.1mm) 0.2 mm 0.1 mm 0.1 mm
Irfluent Water Raw + Canal Water Canal Water Caral Water (diluted)
Flow Rate at Outlet (Average) 1.7-2.1 mi/min (1.887) 0.5-1.2 mi/min (0.825) 1.4-1.9 mi/min (1.643)
Average Turbidity 90-150 NTU 1.5-31.3NTU 0.4-1.88
Nitrate-Nitrogen (N-NO3) 10.2mg/lL 6.7mg/L 2.4mglL
Phosphorous- Phosphate (PO4) 5my/L 3my/L 1mg/L
Total Coliforms (CFU/100r) 200-250 108-120 18-27
Sarpling/Andlysis Interval Per Week Per Week Per Week
Column-Run Period (Weeks) 8 Weeks 8 Weeks 8 Weeks
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2.2  Water Samplingand Analysis

2.2.1 Canal Water Sampling

The canal water was used at each attempt of the sampling
and analysis as influent water (raw water) during the
column experiments. The prewashed containerswere used
for the collection of raw water from the canal. The canal
water samples were taken from the by-pass bridges
manually (Fig. 1), by inserting the glass bottle into the
canal at the depth of three feet below the surface water
level.

2.2.2 Raw Water (Influent) Preparation
(Dilutions) for Column Experiments

The canal water was used to prepare the three different
concentrations of the influent water for the column
experiments. For the column C-1 influent water was
prepared by adding the 10ml of domestic wastewater
into the oneliter of canal water. The canal water without
any dilution or concentration was used for the column
C-2 and third influent water sample was prepared
through dilution, 25% Canal water +75% Distilled water
for column C-3. The three different concentrations of
the influent water was prepared to know the treatment
efficiency of the filter bed prepared for the water
treatment, by using the variable water quality
characteristicsand their impact on filter-bed performance
under given conditions.

2.3  Methodsof Water SamplesAnalysis

The US-EPA methods for the analysis of water quality
parameterswere used in this study and are summarized in
Table 3, except TC. The US-EPAmethods for water and
wastewater analysis [20] were applied by using DR/2000
Spectrophotometer (HACH-USA). The spectrophotometer
was calibrated for each following water quality parameter
before taking the reading of the water samples. TC were
analyzed by using the MFC (Membrane Filtration Count)
techniquesthe growth of the TC were developed by using
the m-Endo Agar (medium) for the colony forming units
per volume filtered through the pre sterilized Millipore
filtration assembly. The 100 ml volume of theinfluent (raw
water) and the effluent (filtered water) sampleswere passed
through the membrane-filter poresize0.45 um. Thetriplicates
of each sample were prepared, and then the filters were
placed in the Petri dishes containing the m-Endo Agar for
the incubation into the preset incubator at temperature
35°C for 24+01 hours. The colony forming units were
counted by using the magnifying glass in each triplicate
Petri dish of the same sample [21], the average results of
the triplicate readings of the colony forming units were
calculated.

24  Duration of Column-Experiments

The eight attempts of the sampling and analysisfrom the
inlet and outlet of the columns were carried out to
determine the TC and turbidity concentration in the

TABLE 3. WATER QUALITY PARAMETERS AND ANALYSIS METHODS

Water Quality Parameter Detection Method US-EPA (Method No.)
pH pH-Meter (Lovibond)
Turbidity (NTU) Turbidity-Meter (Lovibond)
Particuate Organic Matter (POM) Dichromate Method (HACHB8097)
Ammonia (NH3) Nessler Method (HACHB8038)
Nitrate (NO3) Cadmium Reduction Method (HACHB8039)
Phosphate (PO4) Ascorbic Acid Method (HACHB8048)
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influent and effluent water samples during the column
experiments. Each attempt was at theinterval of one-week
process. Whereas, the percent removal and the log
reduction value of the TC was calculated at the end of
experimental work. Duringtheinitial run of thefilter flow-
rate of effluent water was maintained approximately 5-
6ml/min. Thetotal volumeof theinfluent (raw water) was
28 liters which was passed through the filter-bed. The
columns were not fully blocked during the 8 weeks of
experimental work, and do not require back washing
process for the reclamation of the filter bed.

3. RESULTSAND DISCUSSION

3.1 Characteristicsof Canal-Bed Sediments

3.1.1 Canal-Bed Grain SizeDistribution

The GSD of canal-bed sedimentsisshowninFig. 3. The
upper layer of the canal-bed from 0-6cm containing
average 32.86% of the fine particle size ranged from 2-
72% (0.075mm).The particles <0.075mm were averaging
40-58% passing through ASTM No. 200 sieve, indicates
the fine sand and silt deposits over the canal-bed, the
percentage of the grain is shown in Fig. 4. The layer of
fine grained sedimentsis considered to be the site of the
improvementsinwater quality that occur at bank filtration
sites [22]. Physical filtering and adsorption of

120 -

contaminants onto grain surfaces, where microbial and
chemical transformation occur in the sediment layer [ 15].
The contaminants of surface water reduced due to the
physical filtering, microbial degradation, ion-exchange,
precipitation and sorption process through soil-sediments
to thegroundwater [23]. Thefine sedimentsact asabarrier
for the turbid particles and the microorganisms.

On the other hand, the higher concentrations of fine
particles reduce the hydraulic conductivity of filter-bed
[24]. Dueto the clogging of the canal-bed the recharge of
aquifer decreases adjacent to the canals. Clogging of the
filter-bed decreases the hydraulic conductivity of the
riverbed [25]. Low hydraulics of the soil-mediaincreases
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FIG. 3. GRAIN SIZE DISTRIBUTION OF CANAL-BED SEDIMENTS AT BY-PASS BRIDGES HYDERABAD
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the detention time for the water pollutants within the
subsurface environment, which results the attenuation
of the physical, chemical and biological pollutants[23].
The clogging of the canal-bed (riverbed) isaterm used to
describe ageneral decrease in hydraulic conductivity of
the substrate at the river-ground water interface. Clogging
has been explained by various causes, such as physical,
chemical and biological clogging of the riverbed. The
clogging of theriverbed may be scrapped during the high
flow of theriver water that removes the clogged layer of
theriverbed [24].

3.1.2 Canal-Bed Hydraulic Conductivity

Theaverage Hydraulic Conductivity value of Canal-Bed
composite samplesis shownin Fig. 5. As per theresults,
the hydraulic conductivity was ranging from 1.15-10.38
ft/day, with average hydraulic conductivity 7ft/day.
Moreover, the average fine particles of clay, sand, and
st (<0.075mm) was 10-70%.

3.1.3 POM of Canal-Bed Sediments

POM is also referred as non-dissolved organic carbon,
the fraction of organic matter retained on 0.45um filter.
The average POM % dry weight 2.25% ranged from 1.96-
2.41% was calculated in the canal-bed composite soil
samples Fig. 6. This indicates the sufficient percentage
of the organic matter at the site for the microbial
degradation process during the infiltration of surface
water to the aquifer. Whereas, the natural organic matter
provides the favorable conditions for the growth of the
microorganismsthat isutilized asafood for their survival
within the subsurface environment, mainly in the presence
of the DO (Dissolved Oxygen) in source water under
aerobic conditions.

3.1.4 POM of Canal-Water Sediments

Canal-water containing POM percentagein therangefrom
minimum 0.32%in the month of Juneand maximum 10.32%

in September. Theresultsof six months Juneto November
sampling and analysis average concentration 3.6%POM
in canal water wasrecorded Fig. 7. Theriver-canal water
is the main source of the various water supply schemes
in the Hyderabad city, this water is treated through
conventional treatment methods such as slow sand
filtration. Water source containing POM has an adverse
impact on the water treatment facilities, where the
particulate matter becomes deposited over the filter-bed
reduces thefiltration rate of the filter-beds. Besidesthis,
the organic matter has been shown to produce
THMs
(Trihalomethanes) during the chlorination process of

disinfection by-products such as

-
o
L

=]
L

IS
L

10.37 10.38
1.15

12 -
8.61 8.64
I i l
1 2 3 4 5 6
Composite Sample No. of Canal-Bed Sediment
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water treatment [3]. Such disinfection by-products are
very harmful to the health of the consumers. Themaximum
concentrations of POM in canal water were found during
the high flow season of the river at Kotri barrage. POM
may be accumulated-deposited on the canal-bed during
the low flow season of the river-canals.

3.1.5 Canal Water Quality Characteristics

The average concentrations of canal water quality
characteristics such as Turbidity, pH, N-NH_, N-NO,,
P-PO,, POM, and TC were recorded during the sampling
and analysis of water samples taken from the canal
Table4.

10.32
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0.32 0.78
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Oct Nov
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[
[=]
1

POM in Canal-Water (%)
a
1
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FIG. 7.PARTICULATE ORGANIC MATTERIN CANAL-WATER

SAMPLES

TABLE 4. CANAL WATER QUALITY CHARACTERISTICS
(AVERAGE) DURING PERIOD OF STUDY

Parameter Unit Concentrations
pH value 7.9
Turbidity NTU 72.8
Particulate Organic Matter (POM) % 0.32
Ammonia (N-NH3) my/l 0.112
Nitrate (N-NO3) my! 95
Phosphate (P-PO4) my/l 0.48
Total Coliforms CFU/100m 750

3.1.6 Column Experiments

Analyses were done in the water and soil laboratories,
Institute of Environmental Engineering & Management,
and Department of Civil Engineering, Mehran University
of Engineering & Technology, Jamshoro, Pakistan. The
experiments were conducted under the aerobic
conditionswithin the columns at inlet and in the influent
water.

Thewater level over thefilter-bed was maintained through
control of theflow rate at theinlet and outlet by using the
clipper at the outlet delivery tube of the columns. The
samplesweretaken at theinterval of one-week filter run
of each three columns. During the column experiments
influent and effluent water sampleswere analyzed for the
selected parameters. However, therewas slight changein
pH value of the raw and treated water samplessothat itis
not reported, the nitrate concentrations of the treated
water samples were not analyzed. Results are discussed
for major parameters of the study such as TC, and the
turbidity. Thedifferenceintheinfluent and effluent water
samples concentrations were calculated for the TC and
turbidity parameters.

3.1.7 FlowRatein Columns

Flow rate measurement isuseful at both the sand selection
stage and operation stage of the filter-bed devel opment.
At sand selection stage, it indicates whether the sand in
thefilter isof an appropriate size. At the operational stage
it indicatesif the filter requires maintenance. If the flow
rateistoo fast, the efficiency of bacterial removal may be
reduced. If the flow rate is too low, there will be an
insufficient amount of treated water through the filter-
bed. The flow rate of the influent and effluent water was
maintained within the range 0.5-2.5 ml/min. During the
column experiments, to know the performance of thefilter-
bed at selected flow ratesfor the removal of turbidity and
TC.
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Theretention time of the raw water pollutants within the
filter-bed acts the major role to complete the process of
degradation of the pollutants. The longer retention time
attenuates more pollutants compared to the shorter
retention time within thefilter-bed. In thisstudy retention
time of the raw water was maintained through the inlet
and outlet flow control valves of the columns. The
turbidity and TC were analyzed for the influent and
effluent water samples; the effectiveness of filter beds
for the reductions in turbidity and TC was calculated at
the flow rates ml/min, during the eight weeks of columns
runFig. 8.

3.1.8 Turbidity Measurement

Turbidity refers cloudiness of water caused by the
suspension of small particles; usualy silt, clay, and
microorganisms. It even quantifies the degree to which
thelight traveling through awater column is scattered by
suspended organic, inorganic or microbial contaminants.
Excessive turbidity or cloudiness in drinking water is
aesthetically unappealing and may also represent ahealth
concern. Turbidity can provide food and shelter for
pathogens, if not removed; turbidity can promote re-
growth of pathogens leading to waterborne disease
outbreaks, which have caused significant cases of
gastroenteritis throughout the world [1]. Although,
turbidity isnot adirect indicator of health risk, numerous

2.5 +

L5 A

-
1

Outlet Flow Rate (ml/min)

(-] =2 (-3

studies show a strong relationship between removals of
turbidity and pathogens during the treatment process.
Turbidity is measured in NTU (Nephlometric Turbidity
Units). The WHO (World Health Organization) guideline
for the non-microbial turbidity level in drinking water is
set at 0-5NTU, and for the effective disinfection process
turbidity should be<INTU [1].

Theturbidity removal through the column experimentsis
showninFig. 9. Turbidity removal or thereduction %in
column C-1 was minimum during the 1% week, which was
increased gradually in the range of 82-99.66% during the
1-8 weeks, and the 8-attempts of the sampling and
analysis. The concentrated influent water and larger grain
sizeD,, 0.2mm may have an adverseimpact on thefilter-
bed to retain turbid particles compare to the smaller grain
size D,; 0.1mm placed in the C-2 and C-3 columns. The
column C-3 has shown maximum reduction in turbidity
units since 1% week of columns run with removal of
turbidity 95.5%. This showsthe impact of influent water
quality and the grain size on the performance of filter-bed
within the columns. The column C-2 and C-3 have shown
better results of theturbidity removal intherange of 92.3-
99.95 and 95.5-99.7% respectively. The column C-1 was
containing sand particlesize D, 0.2mm asafilter-bed and
column C-2, and C-3 containing sand particle size D,
0.1mm. In columns experiment, overal maximum reduction
in turbidity was observed during the 7" to 8" week.

(=]

5 6 7 8

Week Number

FIG. 8.OUTLET FLOW RATE OF FILTERED WATER THROUGH COLUMNS
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3.1.9 Total ColiformsReduction

TC removal achieved through column experiments is
shown in Fig. 10. The minimum reduction in column C-1
was observed during the fourth week of the experiment,
this indicates the biofilm development was started after
the 4" week, and the maximum reduction was observed at
the 8" week of column experiment. The column C-2 has
shown a better reduction compared to the C-1, the
minimum reduction was observed as (9.09%) during the
3 week of the experiment, and it wasincreased to 75.22-
100% during the 5-8 week, respectively. Column C-3
containing the same grain size and the depth of the soil-
sediments, where, the diluted influent water was applied
shown lesser reductionsin the TC comparedto the column
C-2. Thismay be due to the biofilm development which
was devel oped during the 6" week in the column C-3. The
minimum reductionin TC was 25%, which wasincreased
up to 96% during the 8" week of column experiment.

95.5
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] 990.4
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=] 99.8
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92 4
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3.1.10 Effect of Grain Sizeon Perfor manceof
Filter-Bed

Thelarge particleshaving alow surface areacompared to
the smaller particles. Therefore, the surface arearequired
for the attachment (adsorption) of microorganisms over
the particles may be increased which enhances the
reduction in the filtered water through porous media. On
the other hand, the movement of microorganisms’
increases due to the space between the particles of filter-
bed, which favors the microorganisms pass through a
filter-bed and may reduce the treatment efficiency of the
filter-bed due to the low adsorption of microorganisms.
The filter-bed for the water filtration-treatment needs
porous material, which retains the larger particles
compared to the pore (voids) of the filter-bed and passes

thesmaller particles.
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FIG. 10. TOTAL COLIFORMS REMOVAL ACHIEVED THROUGH COLUMN EXPERIMENTS
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Pollute surface and ground water sources are treated
through the filtration and disinfection process of water
treatment for the domestic and industrial needs. Various
conventional and advance techniques-methods are
applied to treat the pollute water source, such as turbid
and microbia contaminated water. Theremoval of turbidity
and microorganisms (pathogens) from water is performed
through a filtration process, where adsorption of
microorganismsoccursover the grains of filter-bed which
retains the turbidity and bacteria making, biofilm
‘schmutzdecke’ layer over thefilter-bed the treated water
become free from the turbidity and microorganisms at
some extent. Furthermore, the disinfection (chlorination)
processisapplied to kill the microorganisms, to makeit fit
for drinking physically and biologically.

The results obtained during the soil-packed columns
study for the removal-reduction of TC and turbidity from
contaminated water, the filter-bed in the columns was
prepared by using grain size (D,, 0.2 and D, , 0.1mm) of
the sand particles. Out of three columns, two columns C-
2 and C-3were containing 0.1mm, and C-3 was containing
0.2mmgrainsize.

The overall performance of the columns regarding
microorganisms’ removal was good achieving 11-100%
removal of TC. Thebest performance with the consistent
result was attained by the column C-2 (D, 0.1mm) sand
configuration, while column C-3 with same sand
configurations have shown less performance below
<100% removal of TC. Thecolumn C-1(D,,0.2mm) sand
configurations have shown 10-95% reduction in
concentration of TC Fig.10.

Ausland et. al. [26] and Langenbach et. al. [27] found out
that a decrease in grain size leads to an increase in
treatment efficiency. From the results obtained in this
study, indicator bacteria TC seems to follow the same
trend, i.e. the highest bacterial removal corresponded to

the finest grain size. The difference of bacteria removal
becomes evident when sand configurations are different
ingrainsize. Stevik et. a. [28] explained that adsorptionis
the most important mechanism in retaining bacteria
compared to straining. An increase in the sand surface
arealeads to an increase in adsorption spots on the sand
and biofilm attached to the sand grains. The results
achieved in this study showed that indeed, fine sand or
smaller grain sizes present a larger sand surface area
compared to coarse sand and therefore provide more
adhesion or adsorption spots. Ekha et. al. [29] reported
the effect of grain size distribution and grain shape on
filter performance for the removal of bacteria, have
concluded that the smaller grain sizeleadsto anincrease
in bacterial removal.The sand size is not only the main
reason of the performance of the filter bed, but other
factors such astheraw water (influent) quality have also
effect on the removal of the coliforms during the
infiltration process.

3.1.11 Effect of Influent Water Quality on
Performanceof Filter-Bed

The lower concentration of the chemical and the low
density of the bacteria have also effect on the filter-bed
performance, because the biofilm layer development is
necessary to retain the bacteria and the turbidity from
water during infiltration. In this study the concentration
of the influent water applied in the column experiments
was different, the concentrated water, undiluted water
and diluted water was prepared for the column C-1, C-2
and C-3, respectively asgivenin Table 2. The undiluted
water for column C-2 has shown better results compared
to the diluted water for column C-3. The reason may be
because of the biofilm layer development over the filter
bed, which was started to develop during the 3 week
with the 10-100% reduction of TCincolumn C-2.Whilein
the column C-3 the biofilm layer was developed during
the 6™ week of run with 25-96% reduction of TC
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concentration, as shown in Fig. 10. The high number of
bacteria seemed to improve the adsorption mechanisms
that enhancebacterial removal. Stevik et. a. [29] mentioned
that the increase of bacteria (TC) concentration leads to
improvethe collisions between bacteriaand mediasurface
and subsequently increase the likelihood of the process
within the media. Therate of adsorption increaseslinearly
with the microbial concentrations. Stevenson et. al. [30]
examined the transport and retention behavior of
microorganisms through porous media, the results
suggests that indicators of specific pathogens are not
solely based on similar size, morphology and or surface
charge but may be dependent on site-specific conditions
where the other factors are involved during the process.

4. CONCLUSION

The canal-bed sediments contain fine clay, sand-silt
deposits and the appreciable concentration of particul ate
organic matter that may enhance the growth of
microorganismsto devel op the biofilm layer over the bed,
which can also reduce the hydraulic conductivity of the
canal-bed to percolate the surface water into the aquifer.
The reduction in turbidity units by using the different
quality of the influent water through the different grain
size of thefilter-bed in the columns have positiveremoval
effect, the turbidity was reduced during the first week
and further reduced during the column run for eight weeks.
The clean filter-bed in the columns have developed the
biofilm layer during the third week and started theremoval
of the TC concentrations, the Coliformsremoval percent
wasincreased up to 100% in the column C-2, containing
D,, 0.1mm grain size with undiluted canal water passed
through the column at flow rate 0.5-1.25ml/min. Low flow
rate at the outlet increase the detention time within the
filter-bed that enhance the removal percent of the water
pollutants. The grain size of the sedimentsand the quality
of influent water has a direct impact on the removal
efficiency of the filter-bed for the removal of turbidity
and TC from water.
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