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Abstract

The work focuses on the development of supermacroporous polymeric cryogels as filtration
devices for the capture and removal of arsenic, microbial contaminations and other heavy metals
from different sources of potable water. Cryogels are macroporous polymeric gels with
interconnected pores with a size range upto 200 !lm and can be synthesized in any format like,
monoliths, discs and beads. These gels were incorporated with iron by employing iminodiacetic
acid coupling on the cryogels. They show high efficiency of arsenic capture along with other
heavy metals and microbial contaminants. We have optimized these devices at different scale of
operation as domestic water filters, devices for the filtration of water reservoirs and for filtration
of ground water. These provide novel and cost effective approach for the removal of arsenic
contamination from drinking water.

Keywords: Arsenic, cryogels, magnetite-chitosan beads, filtration devices, microbial
contaminants.

1. INTRODUCTION
Treatment technologics for thc rcmoval of arsenic from

water typically rely on its adsorption or filtration. Mcthods

such as coagulation with ferric sulphate, limc softcning,

activated alumina, ion exchangcrs, rcverse osmosis,

electrodialysis, and nanofiltration have been tested with

various dcgrccs of succcss (EPA 2009). Research is also

bcing donc on combination treatments with coagulation and

filtration. Prcsently, thc major challenge is to design suitablc

filtration matrix with or without surface modifications for

removal of air/watcr contaminants. Most of the filtration

membrancs available at present in the market arc specific

according to their applications, so there is no gencralized

filtration aids available which can cover a broad range of

applications and can bc at the same time cost effective.

Limitations also exist in thcsc membranes with respect to

their appropriate chemistry and physical properties which

otherwise could have made them applicablc for general usc.

In thc present work, an attempt was made to use

cryogel technology and immobilized metal affinity

chromatography to removc arscnic and microorganisms

present in water and make it potablc. The cryogel filtration

membranc can be a suitablc choicc for cfficient and cost

effectivc water filtration aid for hcavy mctal, microbial and

othcr toxin rcmovals. Cryogcls are hydrogcls which arc

synthesized at sub-zero temperatures and have

supermacroporous structurc with intcrconnccted pores, thus

offering a uniquc combination of high interconnccted

porosity with high mechanical strength (Kumar 2010). The

binding of arsenic to the column was found to be due to

ionic interactions. Thc binding capacity of thc columns can

be modified using different concentrations ofthc monomers.

Also, the level of arsenic in water could be brought down to

the acceptable limits by the passage of a spiked solution

through the column. The interaction was found to be

indepcndent of the ionic concentration of the suspension. A

complete scparation of microbes was obtained by a singlc

pass through the column.
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2. MATERIALS AND METHODS

Preparation ofmetalloaded-poly(AAm) cryogelfilters and

poly (DMAEMA) cryogelfilters

Two types of cryogels were developed to exploit the

principle of immobilized metal affmity chromatography for

removal of arsenic and bacteria: metal loaded poly(AAm)

cryogels and poly(DMAEMA) cryogels. Metal was loaded

onto poly(AAm) cryogels by employing IDA coupling on

these columns. Poly(DMAEMA) cryogel was used as such

as it had positively charged groups and thus metal

immobilization was not needed.

The epoxy-containing supermaeroporous cryogel

matrix was prepared as describcd. Monomers (0.95 grams of

acrylamide, 0.25 grams of methylene-bis-acrylamide, and

0.2 ml of allyl glycidyl ether) were dissolved in deionized

water (fmal concentration 6%). The free radical

polymerization was initiated using 20 III of TEMED and 22

mg ofAPS. The mixture was poured in 5 ml plastic syringes

plugged at bottom, and was frozen at - 12°C for 16 h. Then

the columns were washed with warm water to remove any

unreacted monomers and were stored at 4 °C till further use.

The coupling of IDA and metal was done as described

previously (Arvidsson 2003). The cryogels were washed

each with 30 ml of 0.5 M sodium carbonate solution for 30

min in 50 ml centrifuge tubes. Each cryogel was equilibrated

with 30 ml IDA (0.5 M in 1M sodium carbonate, pH 10). It

was then incubated with a fresh solution of IDA for 48 h at

room temperature on a rotating mixer. The cryogels were

washed with distilled water till the pH came down to about 8.

Copper / Iron was loaded in the form of 30 ml 1M CuS04 /

FeCh for 2 h and kept for shaking The eryogels were

washed with water to remove unbound metal ions. These

were then washed with imidazole buffer (15 mM in 20 mM

HEPES and 0.2 M NaCI, pH 7). The cryogels were repacked

in syringes and equilibrated with 5 bed volumes of the

loading buffer or binding buffer, as the case may be, at the

rate of 1 ml/ min.

The charged DMAEM cryogel was prepared as

follows. DMAEMA (0.6 ml), 200 mg of bis-acrylamide

were dissolved in 20 ml water. After cooling in an ice bath,

11 mg of APS and 10 III of TEMED were added to start

polymerization. The solution was dispensed into 5ml plastic

syringes sealed at bottom. The syringes were capped at the

top with parafilm and stored at -12°C for 16 h in a cryostat.

After the stipulated period, the cryogels were taken out and

washed with sufficient amount of water. They were then

dried and stored till further use.

Detection and quantification ofarsenic

The quantification of arsenic was done as described
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elsewhere (Merry and Zarcinas, 1980, DGHS, 2005). Silver

diethyldithiocarbamate solution (3 ml) was introduced into

the bubbler of a modified Gutzeit apparatus. Potassium

iodide (2 g) and 50 ml of sample were introduced in to the

100-ml conical flask, swirl until dissolved, and mixed with 2

ml of stannous chloride solution and 10 ml of concentrated

hydrochloric acid. After mixing well, 109 ofgranulated zinc

was added. The blubber was positioned in place and all

joints were sealed. The reaction was allowed to proceed for

20 min. The generated arsine gas was passed through a

solution of lead acetate by the passage of nitrogen through

the apparatus. The absorption of the resulting solution was

measured at 540 nm against standards to determine the

amount of arsenic in the sample.

Testing the arsenic retention capacity ofcryogelfilter

The columns were washed with 3 column volumes of

distilled water. A diluted solution of sodium arsenite (5ppm)

was loaded into the columns at a low linear flow rate of 2

cm/min. The aliquots of flow-through through the column

were collected. The amount of arsenic in the flow-through

was determined by the silver diethy1dithiocarbamate method.

The difference in the amount of arsenic loaded and that in

the flow-through gave the amount of arsenic retained in the

column.

Testing of bacterial retention capacity on metal loaded

cryogels

The columns were first washed with 2 column volumes of

70% ethanol. These were then washed with I column

volume of distilled autoclaved water. A diluted bacterial

suspension was loaded onto the columns at a low linear flow

rate of 2 cm/min. The aliquots of flow-through through the

column were collected. Sample (50 Ill) was then plated on to

nutrient agar plates. After an incubation of 2 days at 37°C,

the number of colonies appearing on the plates was counted.

3. RESULTS AND DISCUSSION
Supermacroporous monolithic cryogelfilters

Supermacroporous, continuous, monolithic, cryogcl filters

have large continuous interconnected pores. These

maeroporous matrices can be synthesized in different

formats i.e. monoliths, disc shaped (Figure 1 A, B), etc. High

porosity with pore size up to 200 11m as confirmed by

scanning electron microscopy (Figure 1 C, D) enables the

cryogel to be employed for filtration purposes. As a result of

the convective flow of the solution through the pores, the

mass transfer resistance is practically negligible. The flow

pass characteristics are extremely good; the water flow rate

through the monoliths estimated at a hydrostatic pressure

equal to 1 m of water column (about 0.01 MPa) is in the
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Figure 2. Binding ofArsenic to A) iron loaded cryogcl filter.

b) DMAEM cryogel filter.

The concentration of arsenic in this elution was also

measured. The same process wa~ canied out with DMAEM

gels, with the exception of the lin step, since here the

whole column is positively charged. and is deH)id of any

other positively charged ions. It was found that the capacity

of the FeCL-eryogcl column is 0.\ mg! ml, and the capacity

of Di\lAEM column i. o.n Img ! m!. Thus the iron columns

can hold 10 times as much arsenic as can the DMAEM

co'lumlls.

Effect of pH (Ill tile arsenic removal capacity of the

column.\

The pH of most raw water is between 6.5 and iU (APHA.

IYH9). Thus. our filtration system should not have a large

variati~lt1 in arsenic retention caraeiti"s between the.1: pH;

which could result in leaking of arsenic in to the water

supply. To test this, waler samples spiked with arsenic were

maintained at ditkrent pH using phosphate and tris butlers.

To cover the entin: range. we maintained the pH at 6, 7, i'

and 9. These samples were then passed through the eolullli1S

and the arsenic retention capacities were measured. It was

found that the capacity of the column is invariant of the pH

of the solution (Figure 3).

Figure I. Supennacroporous polymeric tilters. A) Monolith

fomlat of polymeric filter. B) Disc/sheet fonnat ofpolymeric

filter. C) & D) Scanning electron microscopic image of

supennacroporous polymeric filters.

range of 2000-2500 cm/h. The gel phase (polymer with

tightly bound water) composes only 10% of the lotal cryogel

volume, and the mosl part of the monolithic column (90%)

is an intl'rcolllleded system or supermacropores tilled with

water. Contrary to the bead-packed c1,)lumns where une

could distinguish between the pore 'olumc inside the bcads

and interstitial volume in between beads, in monoliths, pores

are uniformly penneate through the whole culull1n volumc.

The pun:s arc equally accessible fi)r the substam;es of

different molecular weights, tyrosinc (Mw lSI), bovine

scrum albumin (Mw 69 000) and Blue Dextran (Mw

20000(0) (Arvidsson et aI, 2003) indicating highly

intercOlUlected structure. The large pore size in cryogcl i.n

9876
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Figure 3.Effect of pH on arsenic removal capacity ofcryogel

column. Capacity is defIned as mg of arsenic retained per ml

of column.

Demonstration of the capability of the column to

completely clean a sample ofwafer

The water sources found practically may be contaminated by

combination with highly intereonnccted pore morphology

and hydrophilic nature of the pon: walls funned fi'um a gel

warrants their usc fix ti ltrat ion devices.

Arsenic retention wpadty ofcryogelfilters

To lind the amount of arsenic binding to FeCI, and

DMAEM gels, a load solutioll of known concentration was

passed through the columns. The conccntration of arscnic in

the flow through was meas-ured (FigLu'e 2). Since the binding

of arsenic is due to ionic interactions, it was hypothesized

that arsenite / arsenate ions will bc displaced if some other

negative ions are made to compete with them. Thus, a 4 M

NaOH solution was passed tJu'ough the colunu1, and the

concentration of arsenic in the resulting elution was

measured. Finally, the column was stripped of the bound

iron by pa~sing a 5 M HCI solution.
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both bacteriological and mineral agents. Thus, we wanted to

determine if the column can bring the levels of both these

types of contaminants to acceptable limits. The WHO

recommends that no bacteria of enteric origin should be

detected in 100 ml of potable water. Since 1993, the limit for

arsenic is IOppb (Johnston et ai, 2008). Also, the natural

water might contain upto '10 mgfliter of iron salts, which

could interfere with the column operation. To test this, we

took a water sample with a bacterial concentration of 14000

efu/ml, and an arsenic concentration of 5 ppm. FeCb was

added to a concentration of 20 mg/liter. This sample was

then passed tthrough a 20 ml FeCIJ loaded poly(AAm)

cryogel filter at a flow rate of 5 em/min. The bacterial and

arsenic concentrations in the resulting flow through were

found. No bacterial colonies were found when any of the

resulting flow-throughs were plated.

For arsenic, the following results were found (Figure 4 ):

• Amount of arsenic loaded: 0.85 mg (concentration

~5ppm)

• Amount of arsenic in the flow-through of fITSt pass:

0.04 mg (concentration 214 ppb)

• Amount of arsenic in the flow-through of second pass:

negligible (concentration 2.g ppb)

• AmOlUlt of arsenic in the flow-through of frrst pass with

FcCIJ : negligible (concentration 7 ppb)

Metals, Directorate General of Health Serviccs, Minisny

of Health and Family Welfarc, Govt. of India, Ncw Delhi

2005

EPA (2009). www.epa.gov

Johnston and Heijnen (2008). Safe Water Technology for

Arsenic Removal, World Health Organization.

Kumar, A., Srivastava, A. (20 I0). Cell separation using

cryogel-based affinity chromatography, Nature Protocols,

5,1737-1747pp.

Merry, R. H., Zarcinas, B. A. (J 9S0). Spectrophotometric

Detennination of Arscnic and Antimony by the Silvcr

Diethyldithiocarbamate Method, Analyst, 105,

55S-563pp.
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Figure 4. Removal ofarsenic and bacteria from spiked water

sample by Fe-loaded cryogel filter
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