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Abstract: We have fabricated and tested several defluoriddtiters using activated alumina (DF-101) and
yarn cartridges. The flow rate of the filter wasitolled by fixing a pinhole plastic stopper at thatlet of the
yarn cartridge. Both domestic and intermediateuteitiation filters of 11 liter capacity and 50 fiteapacity
were fabricated. The filters was tested using filecontaminated ground water. The various fili@rameters
like empty bed contact time, flow rate, fluoridetalie capacity, time beforé tegeneration, and recurring cost
of the filter were determined. Various water quafiarameters like pH, TDS, §INO*, N&', K*, CO;*, HCO;
,Total alkalinity, calcium hardness and magnesiuandhess, total hardness were continuously monitored
These defluoridation filters with yarn cartridgeirze unbreakable can be handled easily. Moreoveryéna
cartridge has been wrapped in several layer ofmgloth which can be periodically washed and thevgnts
the filter from chocking. The performance of thélaeridation filters with yarn cartridges have bemmpared
with similar filter fitted with ceramic cartridge.
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I ntroduction

In many parts of the world, high concentration lobfide occurs naturally in ground water and causige
spread fluorosis’. According to the World Health Organization (WH@he desirable limits of fluoride in
drinking water are 1 ppm and the maximum permissiiphit is 1.5 ppm. The high fluoride level in dking
water has become a critical health hazard in maagep of world. The countries which are most aéfdaire
India, Kenya, Turkey, Iraq, Iran, Afghanistan, Taad, China and Japh’n Fluorosis is a disease which mainly
affects the bones and tegth About 95% of fluoride ingested the body is defmmsin hard tissues like bones
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and teeth, weaking their structure and making theittlie™*. Dental fluorosis occurs on consumption of water
containing greater than 2 ppm of fluoride for Igr&yiods. Dental fluorosis is characterized by yelfmatches
on the teeth which turns into brown streaks. Thamor streaks may turn black and affect the wholéhtoo
which may get pittetf > Skeletal fluorosis occurs when water containirgyenthan 3-6 mg/L of fluoride is
ingested. Some symptoms of skeletal fluoreses stiffness and severe pain in the backbonetsjoirip and
paralysié > The problem of fluorosis has reached alarmingeriions, affecting 17 states in India including
Rajasthan, Andhra Pradesh which are the most affectn Rajasthan state, all the districts have besmtatled

as fluorosis prone aréa¥. Fluoride containing rocks have been found in Sidlistrict of Rajasthan for
example: Fluorospar (Ca@Fand Fluoroapatite [Ga(PQy)sF]. People of this region suffer from dental and
skeletal fluorosi$®*°

Activated alumina (AA) is known to remove fluoridleom drinking water and has been used extensively i
defluoridation filtet*%. In the course of our study to design and fakeickefluoridation filters with activated
alumina (AA), we had reported earlier the fabrigatiand testing of domestic defluoridation filtersing
ceramic cartridge and various quantity of A& These filters were sufficient to meet water regmient of one
family (4-5 people). Further to meet the water dedsaof 3-4 households, the capacity of these dilteas
increased to 50 litef

We have now replaced the ceramic cartridges itiltee by yarn cartridges. These yarn cartridgess laght in
weight, unbreakable and can be handled easily.c&ramic cartridge gets chocked with suspendedcpestin
water thus need to be washed and cleaned with epaggr during the course of the operation of therfiwe
circumvented this problem by using yarn cartridgeapped with nylon cloth which can be washed easityl
in this paper we report the fabrication and testithese defluoridation filters.

Materialsand Methods
Fabrication of 11 litre capacity filterswith single yarn cartridge without controlled flow rate {3kg (1)}:

Four layers of nylon cloth of 0.16 mm mesh size waapped around a yarn cartridge, fig 1. The nydtmth
was secured using a nylon thread. The nylon dottered yarn cartridge was fitted on the base ditdifood
grade polypropylene containers (Bharati Housewakg)lastic tap was fitted at the base of secondaioer.
One hole of 1 cm diameter was made on the lid ##@nd food grade container. The container withytra
cartridge was placed on top the second food grad&imer with tap, so that the outlet of the yaantradge
protrudes through hole in the lid. The top contawas filled with water washed 3 kg AA (DF-101, M/s
Siddharth Industries, Surat, Gujrat, India). Thetpgraph of the fabricated filter is shown in 2ig

Fig.1 Nylon cloth wrapped around a yarn cartridge

Fig. 2 Domestic defluoridation unit (11 lit.) capacity
with single yarn cartridge
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Fabrication of 11 litre capacity filterswith singleyarn cartridge with controlled flow rate {3kg (2)}:

Using a sharp knife the sides of a mineral watétldooap were cut, and the round plastic piecefitizsl at the
outlet of the yarn cartridge, fig 3. A fine hole bfmm diameter was made on the plastic cap to sEs\en
outlet for water. The fabrication of the rest of filter was same as above.

Fig. 3 Flow rate control plastic pin hole fitted at thetlet of the yarn cartridge

Fabrication of 50 litre capacity filters {10 kg (Y)} with double yarn cartridge:

Two nylon cloth covered yarn cartridges were fitiea the base of a 50 liter food grade polypropylene
container (Time Technoplast, Bombay). A plastic wegs fitted at the base of second 50 lit. contaiii@ro
holes of 1 cm diameter was made on the lid of arséood grade container. The container with the yarn
cartridge was placed on top the second food grad&aimer with tap so that one outlets of the yaartritige
protrudes through hole on the lid. The top contawas filled with water washed 10 kg AA. The phgptaph

of the fabricated filter is shown in fig 4.

Fig. 4 Intermediate level defluoridation unit (50 lit.)p=ecity with double yarn cartridge

Analysis of water

Concentration of fluoride was measured by Fluoride Selective Electrode and meter (Orion Thermo
Scientific, USA) after calibration using 1, 10 pptandard fluoride solution. TISAB-IIl was used tintrol the
ionic strength and de-complex fluoride. The pH @b was measured by pH and TDS meter. The pH meter
was calibrated at buffer solution of pH = 7 and Tid&er was calibrated using by1000 ppm KCI solutidme
chloride ion concentration was determined by fitigatvith silver nitrate (0.0268 N) using potassiochromate

as a indicator. The determination of calcium andymegium hardness was done by 0.01 N EDTA titration
using Erichrome Black-T and Patton and Reeder atdis (AR, CDH India Ltd). The carbonate and
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bicarbonate concentration was measured by titrg@dd2 N HSO,) using phenolphthalein and methyl orange
indicators. Nitrate was analyzed using Shimadzu01&0/-VIS Spectrophotometer by measuring the
absorbance 220 nm and 270 nm wavelengths (1N H&lded to prevent interference due to™ta CQ,).
Sodium and potassium were measured by Flame Pho(&SICO, India). The instrument was calibratoyg
using 20, 50 ppm Na+ solution for sodium and 20 pprrppm for potassium.

Laboratory testing of thefilter

Fluoride contaminated ground water from nearby B@dChota village was brought in the laboratory gisin
5000 liter tanker. The water was passed througliiltee and various water quality parameters wemnitored
for both untreated and treated water.

Char acterization of Activated Alumina

The SEM and EDA X-ray analysis has been carried aiutlT Madras using Wave length Dispersive
Spectroscopy (WDS).

Result and Discussion
Fluoride is known to be absorbed on AA by the foiteg mechanisr’.
=AIOH +F — AIF +HO [1]

=AIOH,” +F  — AIF + HO [2]
=AIOH +2F — AR +OH [3]
Where= represents surface of AA, Eq. [3] is valid at veigh concentration of fluorid@.

Domestic defluoridation units were fabricated adtfuising a single yarn cartridge with 3 kg of AZk§ (1)].
This filter had a flow rate of 30 lit./h. which &pproximately 15 times higher than that of simflier with
ceramic cartridge (1.7 lit./nff. The bed volume of this filter was found to be54lieer and it had an empty bed
contact time of 8.1 min. The filter produced 3@@rliof safe water with an average fluoride inletentration
is 3.57 ppm. The variation of fluoride concentratio treated water is shown in fig 5. The fluoridptake
capacity was found to be 282 mg/kg of AA. The flderuptake capacity of AA in this filter, is appimately
four time less, (due to high flow rate) as compat@dimilar filter with same quantity of AA and eenic
cartridge (FUC was 1106.6 mg/kg AX) The lower FUC is due to two factors, a) low vokunof safe water, b)
high average fluoride concentration in raw water.the raw water used for testing this filter theerage
fluoride concentration was 3.57 ppm, earlier whiterfwith ceramic cartridge was tested, the ravtewaad an
average fluoride concentration of 2.41 pfim

The volume of safe water that is obtained from filisr was 300 liter, which is approximately 6 gslower
than ceramic cartridge filter (volume of safe watms 2000 literf*. Less volume of safe water produced from
the filter requires that the filter need to be regrated at a shorter time interval. The time befbregeneration

is 15 days for yarn cartridge and 3 month 10 dayséramic cartridge filte?* (at a water consumption of 20
lit./day). The recurring cost of 1 lit. water islf. Rs./lit. (0.017 USD) as compared to 0.17 R&.(0i0025
USD) for ceramic cartridge filter in th& tefluoridation cyclé“. The cost of the defluoridated water by yarn
cartridge filter is 10 times more expensive tharaggc cartridge filter. The initial capital cost tife fabricated
filter is however same for both filters. The filtaeeds to be refilled 37.5 times befote tegeneration as
compared to 500 times for the same filter with meécacartridge®”.
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Fig. 5 Variation of fluoride in the treated water from tfileer (3kg AA, with Single Yarn Cartridge Filter
(av. Fininlet 3.57 ppm for 3kg (1) and 4.21 pfan3 kg (2))

To increase for 3 kg (1) filter, the fluoride upgag&apacity and volume of safe water produced wecexlthe
flow rate of this fabricated filter while using sanamount of AA, 3 kg (2). The flow rate was redudsd
approximately 10 times to 3.67 lit./hr. The bedwnk of this filter remains same and the empty muact
time was found to be 66.3 min. which is approxinya&times higher from 3 kg(1) filter as mentionaiove.
Now the volume of safe water obtained from thitefilwas 400 liter (average fluoride inlet concemtrais
4.21 ppm) an increase of only 100 lit. from 300ihtthe 3 kg(1) filter. The volume of safe watedow due to
higher concentration of fluoride in raw water. TNagiation of fluoride concentration in treated wateshown
in fig 5. The fluoride uptake capacity was founco®461.3 mg/kg AA, (approx. 1.5 times higher anpared
to 3kg(1) filter). This is because of the volumesafe water in 3 kg (2) filter is more that of 3 (/g filter.

The time before * regeneration is 20 days, an increase of only 5 daym 3 kg (1) filter (at a water
consumption of 20lit./day). The recurring cost foé filtered water obtained from this filter withrpacartridge

was found to be the 0.87 Rs./lit. (0.0131USD). Bkg (2) filter needs to be refilled 80 times befdte

regeneration, as compared to 37.5 times for 3kgjl{&).

To increase flow rate and filter capacity, defldation filter using 50 lit. containers and doubéary cartridges
with controlled flow rate of 7.8 lit./n were fabated. This flow rate was approximately half inkt0(y) than
that of 10 kg (c) (flow rate was 20.6 lit./hr) wikame quantity of AA (10kg}® . Different water quality
parameters were continuously monitored. The bedmelof this filter was found to be 13.5 lit. andhéd an
empty bed contact time of 103.84 min., it was apipnately three time higher than 10 kg (c) with same
quantity of AA (EBCT of 39.35minj®.The filter produces 1400 lit. of safe water witreeage fluoride inlet
concentration 3.3 ppm.

The volume of safe water is approx. 2.5 times lotlvan similar filter with 10 kg (c) (volume of safiater was
3300 lit.) ?°. The variation of fluoride concentration in trehteater shown in fig 6. The fluoride uptake
capacity was found to be 367.43 mg/kg which is axipnately half compared to that of a similar filigith 10
kg (c) (FUC of 722.7 mg/kg) due to higher conceidraof fluoride and alkalinity of raw water. Thesk
volume of safe water produced from this filter riegsi that the filter need to be regenerated atoateshtime
interval. The time beforé'fregeneration is 2 month 10 days for 10 kg (y) amddBith 15 days for 10 kg (c) (at
a water consumption of 20 lit./day). The recurraagt of 1 lit. filtered water is 0.80 Rs./lit. (21 USD) for
10 kg (y) and 0.35 Rs./lit. (0.0053USD) for 10 kj. (The capital cost of the filter is Rs. 2690 @#USD) for
10 kg (y) and Rs. 2775 (42.04 USD) for 10 kg (@) aost of filter is nearly same for both 10 kdefis. The 10
kg (y) filter needs to be refilled 35 times beft¥@egeneration as compared to 82.5 times for 1@kg (
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Fig. 6 Variation of fluoride in the treated water from tfileer 10 kg AA with Double Yarn Cartridge (av.if inlet 3.28
ppm)

Monitoring of pH

pH is used to express the intensity of acid or lsd&acondition of water. Acidic water (low pH) cdeach
metals from plumbing systems, which can cause h@attblems. High alkalinity can cause aesthetiblems,
such as an alkaline taste to the water that magesrages taste bitté%. The maximum permissible range of
pH according to BIS standard is 6.5 to &.5Notice that pH of treated water is lower than raater in all the
filters and is within the permissible limit, fig 7.
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Fig. 7 Comparative average pH values of raw and treatedrnfram filters with 3 kg and 10 kg AA

Monitoring of TDS

The TDS represents the various type of mineralsgmiein water in the dissolved form. The maximum
permissible limit of TDS according to BIS stand&s®000 ppm in absence of any alternative sourceabér
. Notice that TDS of treated water is lower thaw veater by all the filters, fig 8.
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Fig. 8 Comparative average TDS values of raw and treatgdrfrom filters with 3 kg and 10 kg AA

Monitoring of CO5%, HCO3 and Total alkalinity

Alkalis, when dissolved in water, create a bittsté and a slippery feel. Highly alkaline wateitsyve pH 7.0,
can cause drying of the skih The alkalinity of water is due to the presenceatain hydroxides, carbonates
and bicarbonates in water. Notice that averageevafucarbonate decreases and bicarbonate incrébhses
probablysobecause of the low pH of treated water9fi& 10. The maximum permissible limit for Alkailiy is
600ppm™.
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Fig. 9 Comparative average carbonate values of raw aatettevater from filters with 3 kg and 10 kg AA

It has been reported that if bicarbonate is pregefiioride contaminated water then fluoride agi¢ion by AA
is lowered™.
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Fig. 10 Comparative average bicarbonate values of rawraadied water from filters with 3 kg and 10 kg AA
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Notice that T.A is lower in all the filters, thisay be due to part of the adsorption of £@nd HCQ ion on
the surface of AA, fig 11.
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Fig. 11 Comparative average Total Alkalinity values of ramd treated water from filters with 3 kg and 104y

Monitoring of Chloride

Chloride is present in water in the form of compdsitike CaCl, MgCl,, NaCl. High chloride may cause
bladder cancer and rectal cancer and deficiencghtfride may cause muscle weakness, loss of appetit
irritability, dehydration®. For chloride, the maximum permissible limit of afitle is 1000 ppni*. Chloride
concentration of treated and raw water is not mdifferent, fig 12. The fluoride adsorption is velittle
affected by chloride concentratidh
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Fig. 12 Comparative average chloride values of raw andeaceaater from filters with 3 kg and 10 kg AA

Monitoring of Calcium Hardness, Magnesum Hardness and Total Har dness

The deficiency of calcium causes osteoporosis,stig and brittle nailsHigh intake of calcium may also
decrease the risk of heart disease. The maximumigsble limit of calcium is 200 ppifi Notice that average
value of calcium hardness, magnesium hardness atadl Hlardness is decreases in treated water asazertp
raw water, fig 13, 14 &15.
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Fig. 13 Comparative average calcium values of raw andddeaater from filters with 3 kg and 10 kg AA

High doses of magnesium in medicine and food supphts may cause muscle slackening, nerve problems,
depression and personality changes. Magnesiumielefic may cause vomiting, loss of appetite, nausea,
personality changes. For magnesium, the maximumipsible limit is 100 ppr°
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Fig. 14 Comparative average magnesium hardness valuesvaind treated water from filters with 3 kg and TH0AA

The maximum permissible limit of total hardnes8@®® ppm?®. Notice that in all the filters, the Total Hardees
is decreasing in treated water, this is due tddtwering of both calcium hardness and magnesiurdriess.
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Fig. 15 Comparative average Total Hardness values of ralraated water from filters with 3 kg and 10 kg AA
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Monitoring of Sodium and Potassium

Excessive sodium intake causes increased bloodyreesconfusion and increased risk of infectioriov salt
diet appears to increase the risk of death in thwgeheart failure®. There is no consistent trend in variation
of sodium and potassium in the treated water fewtrious quantity of AA, fig 16 & 17.
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Fig. 16 Comparative average Sodium values of raw and tleatger from filters with 3 kg and 10 kg AA

High potassium can reduce the risk of Hypertengiogh blood pressure) and due to lack of potassiauoses
muscle weakness, cramps and paralysis.
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Fig. 17 Comparative average potassium values of raw aatetievater from filters with 3 kg and 10 kg AA

Monitoring of Nitrates

High concentration of nitrate in drinking water meguseshortness of breath amdethemoglobinemia (blue
baby syndrome) in infanf§. The maximum permissible limit of nitrate in dringi water is 45 ppfi There is
no consistent trend in variation of nitrates in tireated water for the various quantity of AA, 8.
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Fig. 18 Comparative average nitrates values of raw andelesater from filters with 3 kg and 10 kg AA

Characterization of Activated Alumina (DF-101)

The SEM images of fresh AA and exhausted AA atddiht resolutions have been carried out. At low
resolutions of 200 x there is no perceptible défere in surface morphology. Difference start torgaat 5000
x and become clear at 10,000 and 20,000 x. Natiaethe pores on the fresh AA surface are fillecang the
surface appears smooth in the case exhausted AASEM analysis of a fresh and exhausted samplAdBA
shown in fig. 19 and 20.

Microanalysis data of fresh AA show that, the patage of Al and O are close to the calculated
formula of ALO; for fresh (foundb1.28 % for Al and 48.72 % for O) and (calculat®®.9 % for Al and 47.05
% for O). The exhausted AA (foud®.26 % for Al, 50.54 % for O and 1.20 % for Capwithe presence of
calcium. The exhausted AA show the presence ofuralprobably from adsorbed calcium salts in watére
EDS x-ray analysis spectra of a fresh and exhawstagble of AA is shown in fig. 21 and 22. Aluminidasts
in treated water indicates that the concentratiofl an water using a fresh AA is 0 ppm and aftke tAA was
exhausted is 0.3 ppm. The permissible limit of Atirinking water is 0.2 ppm.

1/8/2013 HY mag WD det | mode
10:25:18 AM |30.00 kV| 20 000 x| 10.0 mm|ETD | SE

Fig. 19 SEM analysis of fresh activated alumina-{2A)
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Fig. 20 SEM analysis of exhausted activated alur{ida101)

cliedax32'genesisigenmaps.spc 08-Jan-2013 10:36:54
LSecs: 102

10.6
Al

8.5 -

6.4

KCnt

4.2 —

0.0 T T T T T T
2.00 4.00 6.00 8.00 10.00 12.00 14.00
Energy - keV

Fig. 21 EDS X-ray analysis of fresh activated alsn({DF-101)
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Fig. 22 EDS X-ray analysis of exhausted activatachaa (DF-101)




Kushal Qanungo et a//Int.J. ChemTech Res.2014,6(1),pp 845-859. 857

Conclusion

From the above study of fabrication and testindeffuoridation filter using yarn cartridge and carpg them
with similar filters with ceramic cartridge condadtearlier, we conclude, that in term of volumeafe water,
fluoride uptake capacity and time befoferégeneration, the defluoridation filter with cefancartridge is
better. However, when flow rate and ease of use lzedkability of the cartridges are considered, the
defluoridation filters with yarn cartridges areaat advantage.

For intermediate level use between 3-4 families,défluoridation filter with yarn cartridge is aagbchoice for
both urban and rural household.
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