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ABSTRACT

Purification of drinking water using charcoal and river sand which is locally known as sand filter (SF) is very
common in the rural areas of Assam, but limited research work has been reported on its scientific view points as
well as on its modification. The main aim of this piece of work was to test the scientific importance of this
indigenous rural water filtration technique and minimization of As problems in underground drinking water using
different bamboo charcoals. Removal efficiency of four different bamboo charcoals viz. Bambusa balcooa, Bambusa
nutans, Bambusa tulda and Bambusa padilla with river sands of variable grain size distribution was studied. At the
pH range of 7.0-7.8 with As concentration in the range of 0.001-1.0 mg/L, removal efficiency of bamboo charcoals
of B balcooa, B nutans, B tulda and B padilla were found 69.77, 64.09, 60.38 and 56.24% respectively. The extent
of As removal by these bamboo charcoals were found highly pH dependent and also the removal rate decreased
with the increase of the initial concentration of As beyond 1 mg/L at pH range 7.0-7.8. Sudy also revealed that
contact time of raw water with modified filtration bed less than 1 hour and more than 2 hours was found to be less
effective in Asremoval from ground water.
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INTRODUCTION

Sand filtration is a widely used traditional progefor eliminating harmful contaminants from surfaaad
underground waters to produce safe drinking wdtgfd]. In this process, water flows through filicm bed made
up of sand, charcoals and other locally availab¥tenials and the contaminants particles are acatedilon the
surface of it. Sand filtration technique has beeccessfully used for over 200 years for removingtaminants
from ground water and surface water sources toym®dafe drinking water because of their simpljctficiency,
economical construction, easy operation and maames using household materials and skills as welha
requirements of chemicals [1] [2] [3] [4]. Amongral population, this filtration is the best reliabechnique to
eliminate pollutant particles such as heavy metalsises, bacteria’s and similar harmful agentsnfrdrinking
water. Sand filters were proved to be beneficialtfi@ prevention of water-borne diseases. Deperaingw water
quality, it can eliminate up to 99.9% of the wab@rn bacteria [5] [6] [7], total coliform bacterj8] [9] [10], and
fecal coliform [11]. It can also prevent gastrosiieal diseases [12]. Therefore, the improvisatibthis promising
indigenous water filtration is most important aggent.

In recent years, cumulative apprehension on thee@sing toxicity of heavy metals in ground wates lead to
extensive research into developing effective atttve technologies for the removal of toxic metdlfe most
common methods are chemical precipitation, ion argl, solvent extraction, dialysis, electrolytidrastion,

oxidation-reduction, reverse osmosis, ultra filbaf membrane filtration, co-precipitation etc. Blitmethods have
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their own natural limitations such as less efficignsensitive operating condition, production ofaedary sludge
and higher cost of materials [13] [14] [15] [16hdrefore, these methods cannot be adopted by theoa peoples
of developing states like Assam. Heavy metal refean water using commonly available natural sahses has
gained important credibility because of their parfance, very low cost of the materials and easylabitity.
Environment-friendly agro wastes, unconvention&l raaterials like saw dust, rice husk, wood charcdeé hull
and tree leaves have emerged as important adssriseptesent [17] [18] [19]. Depending on experéngained in
laboratory as adsorbent, these substances carebietasiesign and construct an efficient filter parification of
water as these have been using traditionally féong time by common people and found to be econaltyic
feasible. The adsorbents uses in the preparatidiiration bed viz. charcoal and river sand arsilyaavailable and
eco-friendly and found highly efficient without afging variable ambient conditions of raw water sashpH,
concentration, contact time etc. [20]. So far estem study on traditional sand filters using lowsttdbamboo
charcoals and river sand for the removal of toxatats from water has not been reported in Assareréfbre, a
study was carried out on the traditional sandrfilising four different bamboo charcoals with riwand on the
extent of heavy metal removal as well as on itsifraadion.

Bamboo is an integral part of life for rural peaplef Assam for fulfilling their basic necessitidsprovides us
construction materials for shelter, tools and impdats for agriculture, pulp for paper and materfals many
traditional handicrafts. In addition they consesgdl and rejuvenate the forests. Many cultural itias in rural
areas of Assam are intimately associated with basbDifferent aspects of traditional use of bamboypshe rural
people of this region provide a socio-economic supgirectly or indirectly especially to the lowand middle class
groups of people [21]. Association of human withmib@os in India is as old as human civilization.ign the
second largest producer of bamboo in the world te&hina and also has the rich diversity of bansbearboring
almost 130 species. Out of this large number, #&isg distributed in the northeastern region ofdrahd 42
species are found in Assd@®2]. Arsenic is a ubiquitous hazardous metalloidhe environment occurring in both
organic and inorganic (A3and A$® forms and mostly known as epigenetic carcinogenuman health [23], [24]
[25]. Problem of As contamination in Assam is nolossal in scale but extensive water quality assess detects
new arsenic contaminated areas recently. Long tipteke of drinking water containing low levels a&enite,
induces dermatological lesions, hypertension amdrohsomal abnormalities leading to carcinogenesgkin, lung
and kidney tissues (Arsenocosis) [26]. The riskaricer in people drinking water with an arsenielebove 100
ppb increases over 15 times compared with peopiegliin areas with less than 10 ppb [27]. The WHO
recommended limit for arsenic concentration in kirig waters is 0.01mg/L [28].

More than 80% of rural populations of Assam depemdjround water sources for drinking and irrigagumposes.
Therefore, developments of appropriate technologiesurgent need for purification of ground wateehable safe
use. There is a need to look into alternativesitestigate a low-cost method which is effectivevai as economic
and can be used by common masses. The goal ofithiswas to modify the rural water filtration tedhue using

four different locally available bamboo charcoalshwiver sands and to find out the removal efficg of As from

ground water. The removal efficiency of the modifiélter was also investigated by changing the ambi
conditions of raw water such as pH and concentrasfanetals in raw water.

EXPERIMENTAL SECTION

Preparation of Adsorbent Materials

For this investigation, four different bamboo claals viz.Bambusa balcooa, Bambusa nutans, Bambusa tulda and
Bambusa pallida, locally known as Bhaluka Bah, Makal Bah, Jati Betd Bijuli Bah respectively were collected
separately for the preparation of filtration bedhwiver sand (Table 1).

Table 1. Bamboo species used in the modified sand filter

L ocal name Scientific name
Bhaluka Bah Bambusa balcooa
Makal Bah Bambusa nutans
Jati Bah Bambusa tulda
Bijuli Bah Bambusa pallida

A total of 1.5 kg bamboo charcoals from 1-2 yedrsld bamboo trees, after the use as fire woodilbggers have
been collected washed several times with boilingewéollowed by distilled water to eliminate the temasoluble
impurities and finally oven dried at 105°C. Chalsoaere crushed and sieved through different mézh Fhe
river sand was thoroughly washed with boiling wdtdlowed by distilled water, dried in sunlight attten in oven
at 105C.
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Experimental Setup of the Modified Sand Filter

Four cylindrical concrete chambers of 3.5 feet higid 2.5 feet in diameter closed at the bottom wsed as
filtration chamber in this modified sand filter ¢f-il). For each sand filter the filter media otréition bed was
prepared by four different bamboo charcoals mixéth viver sand, placed in the order of decreasirgssin the
direction of flow. Each filtration bed was composefdfive layers having thickness of 40-50 cm witiffetent

composition of charcoal and sand mixtures. The fager, i.e. the bottom layer was made of grae¢l$0-12 mm
diameter having thickness of 5-7 cm just above @y concrete plate placed at 1/3 distances frenbdttom of
the filtration chamber. The second layer was mddmigture of river sand with powdered like bambdwarcoals
(200 mesh) having thickness of 8-10 cm above tlawairlayer. The thickness of the third layer wad {14 cm
made of well mixed river sand with crushed bambbarcoals having almost equal size of sand and chhrthe
fourth layer was made of normal size bamboo chédsaufahickness 7-9 cm and the fifth layer i.e. tbp layer was
of gravels to prevent the floating of the charco@lse average flow rate of filtration through tfilgration bed was
slightly more than 5 lit/h.

Physico-chemical Analysis of Water Samples

The raw water samples used in this modified saltihtion technique were collected directly from fadifferent
sampling sources using the standard method dedciribéhe guidelines for the quality of drinking wa{29]. Raw
waters were collected during November, 2010-MaP€H,2 from the sampling sites of Negheriting TE ($nNo.
S, and $) and Khomtai TE belts (Sample No, &d Q) of Golaghat district of Assam, where the maximuatue
of As concentration were found to be 0.119 mg/Lpeesively. The water quality parameter estimatiom a
calibration of equipments were done using standaethods and techniques [29] [30] [31]. Stock sofusi (1000
mg/L) of As™ were prepared by dissolving the desired quanfi#%s30sin double distilled water respectively. The
working concentrations were obtained by a proplitidn of stock solutions. Raw water solutions mavdifferent
pH were prepared by adding appropriate amount @Hlar CHCOOH solutions to the raw water. After pouring
raw water through the sand filter the outlet oivits stopped for 30, 60, 90 and 120 minutes resmdgtand water
samples were collected and tested for As conted@Ay (Perkin ElImer-2380).
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Fig. 1. A schematic diagram of modified sand filter

All experiments were run in triplicate and arithinetneans of the results were considered for datdysis. A
probability level (p < 0.05) was used throughowt g8tudy and conclusions were drawn only if the lteswere
statistically significant. The removal efficiency as calculated as follows: Removal Efficiency =

C,-C
[%} x100. Where, G and G are the concentrations of Fe and As in the waterpde solution before
0

and after treatment respectively.
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RESULTSAND DISCUSSION

The average values of physico-chemical parameterave water collected from Negheriting TE,(8nd $) and
Koomtai TE (S and Q) used in the modified sand filter experiments @esented in the Table 2. Physico-chemical
parameters pH, EC, N&* TDS, CI, NO;-N, SQ? and HCQ were found within safe limit of drinking water
standard prescribed by WHO and BIS.

Table 2. Physico-chemical characteristics of raw ground water samples

Sampling locations and sample number

Parameters Negheriting TE Koomtai TE
S S S S

pH 7.21 7.66 7.23 7.12
EC (uS/cm) 227 167 356 612
Turbidity (NTU) 453 3.09 6.77 8.45
DO (mg/L) 4.50 6.20 5.20 2.10
Na (mg/L) 32 17 28 44
K (mg/L) 16 9 9 17
Ca (mg/L) 126 112 209 733
Mg (mg/L) 66 26 180 3
Alkalinity (mg/L) 271 354 630 822
TDS (mg/L) 1005 670 913 279
CI" (mg/L) 13.50 45.0 6.61 2.67
NO; -N (mg/L) 0.00 0.03 0.45 0.02
SO (mglL) 41.85 29.75 12.30 51.20
HCOs (mg/L) 230 326 423 349
Fe (mg/L) 7.46 0.71 5.14 1.79
As (mg/L) 0.119 0.00 0.117 0.00

At the pH of 7.5 and As concentration in the rafg@01-1.0 mg/L the removal efficiency 8f balcooa and B
nutans were found to be 69.77% and 64.09% respectivelgrads maximum efficiency @& tulda and B padilla
was found to be 60.38 and 56.24% at pH 7.8 (Taplén8rease in pH from 6.5 to 7.5, As removal éffircy of B
balcooa andB nutans increased from 38.82-69.77% and 35.89-64.09% otispéy. Further increase in pH removal
efficiency was found to be decreased drastically.

Table 3. Effect of pH on removal efficiency of Asat concentration of 0.001-1.0 mg/L

Rate of removal (%)

pH of raw water B balcooa B nutans B tulda B padilla
6.0 36.21 29.46 27.19 23.11
6.3 37.88 33.83 28.33 29.77
6.5 38.82 35.89 39.87 31.09
7.5 69.77 64.09 46.45 38.92
7.8 48.37 44.39 60.38 56.24
8.0 26.03 17.13 45.09 40.13

The study also showed that the removal rate waedsed considerably with the increase in initiadcemtration of
As beyond 1.0 mg/L respectively at pH range of 7.8-Experimental data on As removal efficiencyabbtthe four
bamboo charcoals at two different initial concetitrarange 0.001-0.05 mg/L and 0.005-1.0 mg/L hg\yh range
between 7.0 to 7.8 showed almost same efficien@xiium efficiency was observed at the concentratimye of
0.05-1.0 mg/L for all bamboo charcoals. Initial centration of As higher than 1.0 mg/L, extent o$@mbtion ofB
balcooa, B nutans, B tulda andB padilla came down considerably to 44.96, 50.17, 43.453h@d8% respectively
(Table 4). The As removal efficiency was observeakimum forB balcooa followed byB nutans, B tulda andB
padilla.

Table4. Effect of initial con. on the extent of Asremoval at pH range 7.0-7.8

Initial Conc. Rate of Removal (%)
(mg/L) .
B balcooa B nutans B tulda B padilla
0.001-0.05 68.39 64.09 58.71 54.39
0.05-1.00 69.77 64.01 60.28 56.24
>1.00 44.96 50.17 43.45 32.78

Studies on contact time of raw water with modifféilation bed showed that contact time less thGm8nutes was
found to be less effective and more than 60 minutas also unnecessary for maximum effective remotais
from raw water. Results showed that water sampddieated at 60, 90 and 120 minutes of stoppinghef filter
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outlet contains same amount of As in filtered waperiments also showed that average flow rateadér as well
as As removal efficiency of all the four filtratidseds of different bamboo charcoals with river seede found to
be decreased after 2/3 months of preparation ofntbdified sand filers. Therefore, after every twonths of
intervals second and third layer of the modifieddséilter (from bottom) were removed and charceaild gravels of
the other layers were washed with boiling watelofeéd by distilled water and finally oven dried 235°C for
reused. Similar results were also observed witlsgheew filtration beds. Among the four bamboo soibe

charcoals with river sand, experiments showedBaatbusa balcooa was found to be more efficient in As removal

from water in the modified sand filter. Study shoMbat As removal efficiency was maximum at thealifie pH of
raw water which was within the permissible limit sthndard drinking water guideline value. Moreovetmal
range of pH of ground water of Assam also fallshimithe effective pH range of the modified santéfildeveloped;
therefore this filter may be used by the rural peay this region without changing the pH of rawtara If needed,
the pH of raw water can be achieved by adding sirfiple to the raw water, which is a traditional gtiee of the
rural inhabitants of Assam.

Study also showed that As concentration beyonanbil, removal rate was found to be decreased. ddisease in
removal percentage at higher concentrations migtdue to the relatively smaller numbers of actitessavailable
at higher concentrations [24]. Experiments shovead &t the initial stage, the rate of removal wasil higher, due
to the availability of more than required numbemrofive sites on the surface of bamboo charcoalgigar sand. It
became slower at the later stages of contact tdue,to the decreased or lesser number of acties sih the
adsorbents. Similar trends of results were obsenlegte experiments were done for Ni removal by gphan moss
peat and groundnut shell [32] [33], As by activatadbon [24], Pb by coconut shell [34] and Fe byéaend bark
[14].

The efficiency of As removal was decreased withtactntime can be attributed that at higher pH amtentration

large amount of soluble Feprecipitated as insoluble Behence makes a layer over the adsorption sitehef t

bamboo charcoals and river sand, resulting slow flate. Moreover, arsenic in ground water is asdedi with
pyrites and F& salts which gets oxidized to Beand results in precipitation of Fe(Qfvhich acts as an sink for
arsenic [35].

Removal efficiency was also directly proportionalthe depth of the filtration bed. In the modifisaind filtration

technique the depth of the filtration bed was keptain same as that of rural filtration techniquesy change was
done on it's composition with different layers hayidifferent size. Efficiency of a new filter degksnon raw water
quality and design of filtration media in the maoelf filter. An efficient water filter design and em@tion mostly rely
on experiences gained at laboratory. A large numhdr dependent water quality parameters affect ten
performance. But in this method raw water was ulegttly and the dependent conditions such as teatyore, pH

and chemical composition of the raw water of thelgtarea well agreed with the effective conditifarsmaximum

efficiency of the modified filtration bed. Extensistudy on kinetics, thermodynamics and spectrgsaop much

needed to develop bamboo charcoals as an effectimenercial alternative in near future. This low tceand

filtration technique has high potentiality as thaste product of bamboo firewood is easily availabl&ssam and
easy to prepare the filtration bed.
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