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Thesis title;  Synthesis of Some Radiation Grafted Membrane for the Remaoval of
Arsenic and Some Heavy Metals from Contaminated Water
Abstract

In this project radiation graflt copolymerization of styrene/maleic anhydride {(Sty/MAn} and
methyl methacrylate/ maleic anhydride (MMA/MAR) binary monomer system onto low
density polyethylenc (LDPE), low densily polypropylenc (LDPP), polyethylene pellet
(PED), polypropylene peliet (PPP), and heat pressed polycthylenc (HIPPE) membranes were
investigated (Scheme 1). The synthesiced gralied products were (reated with different
amumonia derivatives. In this context pumerous chelating funciionalized radiation-graficd
polymeric materials were synthesized such as polyethylene srafled polymer of
styrenc/maleic  anhydride (PL-g-P(Sty/MAnY))  with hydrazine, phenyihydrazine,
hydroxylamine, hydroxyluminc hydrochloride, — semicarbazide, thiosemicarbazide,
thiosemicarbaride hydrochloride and S-Benzyl-thiouronium chioride (Scheme 2). Chelatin::
Funclionalization behavior of radiation-grafted polymeric materials of synthesized
polyethyicne gralted polymer of PC-g-P{MMA/MAR) was also mvestigated, Anion
exchangeable good quality polyvinyl alcohol (PVA) hydrogel was synthesived through
radiation technique. The synthesized grafted and chelating functionalized products-werc
characlerized by the gravimetric method and infrared spectroscopic technique. The aftinity
of the treated gralled [ilms and the hydrogel to recover arsemic and some heavy metals. such
as Fe(l11), Ce(IT), Cu(ll), Ni{IT), Ma{IT), Pb(1I} was investigated al room temperature. 1i
was found that the synthesized hydroge! remove 34.34% arscnic and 59.03% Fe(1l1} and the
treated grafted membranes can remove 21.36% of Cu(ll) with varying amount ol other

melals.

R:
1
+ (CHy= + —_— I
@ Hy = HC L0 ST s @-GHE—C——-HC — (H—

" ot BN

o
Scheme 1
Tefhe. 10510

(Py—C1,—CH— HC—CHl— e (P Cli—CH— W —CH— 1O

¥ 0+ HN—C DJ\#N-“



SUMMARY ~—

Investigation incorporated in this disseration cntitled “Synthesis of Seme Radiation
Grafted Mcmbrane for the Removal of Arsenic and Some Heavy Mcetals from
Contaminated Water™ has heen presented in five scetions. In section — 1 background and
the imporance of the radiation grafied membranes for the removal purposes are presented
here, Section — 2, 3, and 4 deal with the detaited methodology and cxperimental procedures
for the synthesis of radiation gralted membrane. Section — 5 representing the application of

the synthesized radiation grafted membrane.

In section — 1, background and the importance ol the radiation grafted membranes as well as
the brief description of different polyvmerization process and with gralting process were
explained. According o the literalure survey numerous radiation grafted polymeric products
were exlensively used for the removal purposcs are also presented. Here, arsenic and some
heavy metals chemstry mentioned. In this section the scenanto of arsente in Bangladesh also

focused and with in this conlext the possible remedies also louehed.

Section -2 represents the synthesis of radiation praficd membrane intermediates by using
different binary monemer system on dilferent polymenc materials as shown in the schemel:
{hese intermediales were used lor the synthesis of our target chelating functionalized grafted
product, For the syntheses of  these prafted intermediates Styrenc/Malcic anhydrice
{Sty/MAn), Methyl methacrylate/ Maleic anhydnde (MMA/MAnDR} binary monomer systems
were used onto fow densily polyvethylene (LTXPE), low dcns;ityl polypropylens (LDPPj,

polyethylene pellet (PEP), polypropylene pelict (PPP). and heat pressed polyethylene



{HPPL) used, where aceione used as the solvent. The grafling icchniques were accomplished

il

through ihe using of gamma radiation of ™ Co-gamma source.
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Scheme 1

Section-3 represents the synthesis of chelating functionalized polyethylene grafted polymers
with some ammonia denvaiives, llere, the synthesized polyethylenc grafied polymer of
styrene/maleic anhydride (PE-g-P(Stv/MAR)) treated with hydrazine, phenylhydrazine,
hydroxylamine, hydroxylamine  hydrochloride,  semicarbaride,  thivsemicarbazide,
thiosemicarbazide hydrochloride and S-Benzyl-thiouronium chloride (Scheme 2). The
synthesized polyethylene grafied polymer of PE-g-P(MMAMARD)}  treated  with
hydroxylamine hydrochloride and this grafted product do not undergo the same reaction

wilh olher sammonia derivatives also reported here.
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(P~ CH,— CH— HO—CH— e (P rrc Cli—  + 0

Y0+ HiIN—G 0 oJ*H—

Ycheme 2

Scction -4 represents the synthesis of tadigtion processed hydropel. ‘T'he synthesized
hydrogel has anion exchangeable and cation adsorbing property. The radiation processed
hydrogel was preparcd by using 8.0% polyvinyl alechol, 1.0% Hour and 1.0% carrageenan.
The synthesized hydrogel was used for removing the arsenic and some heavy metals from

agqueous solution.



Scetion -5 represents the alfinity of the treated prafted flms and the hydrogel wowards
arsenic and some heavy metals. The selectivity of dillerent chelating lunclionalized graficd
membranc and PV A hydrogel to recover arsenic and some heavy metals , such as Fe({Jh.
Cr(III), Cu(ll}, Ni(ll}, Mn{ll), Pb(ll} o agueous solulion was Investigated al room
temperature. |t was found that the synthesized hydrogel can remove 34.34% arscenic and
59.03% Fe(ll) and the (reated grafied membrancs can remeve 21.36% of Cu(il} with

vurying amount of other mctals.
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SECTION: 1



1. Background of the Present Work

Introduction:

Recently there has been substantial growth in interest in (he synthesis of radiation grafted
membrane, and copolymerization onto the low densily polyethylens and other polymers with
the different binacy monomck gysLem \-6  These synihcsized prafted mCmbranes ilien
chelating functionalized, by using various functiona! groups containing moieties and using
these chelating [unctionalized grafted membranes, many researchers  remmove SO
cadioactive and heavy metals from the conlaminated water T Qome rescarchers investigated
and reported that radlaltinn—induue:d grafted product of acrylic acid (AAC) onto polyethylene
(PE) film rapidly adsorbed Cu. Gd, Th, and Dy fons al high elTiciency'. The carboxylic acid
proups on the AAc-grafled PE lilm acted as a chelaung site for the selected lanthamde 0ons
Complex formation of lanihanide ions and the carboxylic acid group on PE film was
investigated. The application of such prepared graft c:ﬂpu!}'merr]amhanida complexes in the
ficld of fluorescence cmission displays (FEDs) may he of interest’. Radiation arafl
copnlymerizatior; of binary monomer mistures ol erylic acid (AAc) and styrene (3) onto
polypropylene (PP) flms by the mutual method has been investigated and the elect of
differcnt factors that may affect (he grafting yield, such as nhibitar concentration (Molir's
salt), solvent composition (MeOH and H;0), radiation dose and dose rate, was studied'®,
Digect radiation-induced grafting of acrylonitrile (AN) onto both isotactic polypropylene
(IPP) und (teiraﬂuorli:.uc:t]wlﬁne—e:thylcne} copolymer (BT} films has boen studicd and thc
effect of grafting conditions wuch as inhibitor and monomer concentrations and irradiation

dose on the grafiing yicld was investigated''. here the homapolymerizalion of acrylonitriie

F. -



was reduced to a minimum using forric chlovide (FeCly), and the suilable optimum
copcentration of the inhibitor. The radiation-induced graft polymerization of N-vinyl-2-
pyrrolidone onto low-density polycthylene {ilms was conducted wilh V- radiation by a
simultaneous technique’”. In this technique. the grafted copolymer was modified with
cinpamonitrile or benzylidenc malononitrile. ‘The modified and grajled [thns were
amidoximated with hydroxylamine hydrochloride in a basic medium. However, during
amidoximation, the benzylidenc maiononitrile was cycliced to yield lsoxivote ring through

an addition to the nitrile proup in its structure, wheteas the nitrile groups of cinnamonitrile

were converled into amidoxime groups. Aquatic Treatment Systems, Inc. (A1S) develops

and markets enabling technologies to remove primary cantaminants, which can adversely
affcel human health, from drinking water, The invention of the grafied polymer electrolyte
membrane, relates io a method of producing a grafted polymer clectrolyte membrane, and a
fucl cell comprising a grafied polymer clectrolyte membranc. In particular, the grafied
polymer elcctrolyle membrane of that invention has excellent stability during usc and has
good adhesion when nsed as a solid state polymer electrolyte in a fuel cell or water
clectrolysis ccll?. A chelate-forming filler which comprises a filler medium made of natural,
repenerated, or synihetic fibers wherein the fiber molccules have, incorporated therein’™ and
here a precursor membranc which is capable of being graft polymerized, which is pre-treated
by plasma treatment in an oxidalive atmospherc, a side chain polymer is then graft-
polymerized 10 the precursor membranc; and a prodon conduclive functional group is
‘ntroduced to the side chain pelymer. In that research. the authors mentioned that the
precursor membranc may be [ormed from any polymer or copolymer, for example,

polyethyleue. polypropylene, polyvinylchlonde, polyvinyl idencdichloride,



polyvinyl {luoride {(PV1Y, polyvinylideneditluoride (PVDE). polytelrall uoroethvlenc,
etl;}rlene-tetmﬂuurocth}rlcne copolymet, tetraﬂunmcth}'Icne—pcrﬂuomalkylvin}fiethcr
gopolymer, and ietralinoraethyvlenc-hexafluoropropylenc copolymer. The side chain polymer
may be any hydrocarbon polymer which contains o prolon condugctive funetional group or
which may be modilied to provide a proten conductive functional group. The side chain
polymer may be. for example, poly(chloroalkyl styrene}, poly{e-methyl styrene). poly(o-
fluorostyrenc), poly(p-chloromethyl styrene), polystyrenc, pol yacrylic acid, polymethacrylic
acid, poly {vinyl alkyl sullonie acid), and copolymers there of. Sulfonic acid proup
was preferred as the proton conductive functional group. The removal of cesium-134 and
cobal-60 with radiation-gralied copolymers [rom their liquid wastes and the introduction of
new characleristics to some syothctic polymers were achieved through the Y-radiation-
induced grafl copolymerizalion of an acrylamidefvinyl acetale  comONOmMEr onlo
polypropylene films for the preparation of synthetic membranes'’. The possibility of practical
uses Jor these membranes in the removal of cesinm-134 and cobalt-60 fran their liguid
wastes was also reported. Use of radiation orafled PV C-acrylamide membranes in radioactive
waste treatment studicd by using ihe acrylamide monomer (AAM) was grafled onta
poly(vinyl chloride) {PVC) films using ¥-radiation to produce high performance {unctional
membranes which can be employed as im1—c>l<+:l1angars. ‘The preparation and charactensation
of the synthetic membranes was also reported in that research'®.

It is known that, of inorganic form, arsenite [As (111}] is the most abundant species that exists
in natural water in Hauglade:,h”. Thus the removal of arscnic from drinking waler has
hecome a topic and challenge of the people in order to protect their lives. Apar from ﬂ:is

arsenic contamination., metals are also the most important trace level constituents of natural



waler'®, Many heavy mctals are harmfu! as well and the level of drinking watcr standards is
deteriorated due to the presence of these metals'”. In roeent years, a great deal of interest has
been obscrved in relation to the applicability ol chelating agents for removal or separation ol

. . 4 20,1
metal ions from contaminated water 2%

Concept of Copolymerization

A polymer whose chain molecules are composed of more than one kind ol repeating
chemical units is commonly called a copolymer. A simple casc of a step growth copolymer
s the fipcar unsaturated polyester formed by inter molceular condensation of 1 mixture of
phthalic acid (anhydride) (PA} and maleic acid (anhydride) {MA) with a given diol, say
ethylenc glyco! (EG) resulting in what may be termed as a copolycsier with at Jeasl two

distinctly identifiabic repeating units in the chain molecules:

€O, L‘H-—CD\

X o o+ Yl 0 * (x+y) HOROH ——*
co~" CH—0”
FA WA

LG

H(]-[OC @ CUUR(.‘J’J - [UC —CH——=CH C(]ORO} —H
X ¥

PA-LG MA—LG
Abave equation, showing the formation of copolyester by a polycondensalion process Elﬂﬂl"l}
identifics two types af repeating chemical units, (PA-LG) and (MA-LG3), though in o very
pversimplilied manner'. In the actual copolymer the two types of distinguishable chemical

umits would normally appear at random along the chain. and the overall composition would




depend on the rclative values of x andd y. Similarly ,one can prepare step-growth copolymers
with different intcrunit chemical linkages by proper seleetion of combinations of differemt
bifanctional monomeric specics bearing. —OH,—COOI}—NHz ,—NCO or ather functional
groups, and using two, three or all the functional specics simultancously or in a phased
manner in the presence or absence of & refated polylunclional and monafunctional specics
during the synthesis, However, pulycondensation leading formation of copolymers lrom
ihis kind of complicaled mixtures of monometic species 1s of fittle or rare practical
importance of relevance. More relevant slep-prowth copolymerization systoms involve
formation of copolymer siructures with a specific interynit  linkage such as amide
{— CONII}, cster {(— CO0 ), wethane (— NHCOO —), cte; following the appmach_us in
Eq.(4.1).It may or different kinds of interunit linkages, such as low molecutar weight linear
or branched polymers and selected bif unclional monomeric specics examples of this kind of
slep prowth copolymers are faund in the making of polyester urethancs or polyeiher
irethanes using low molecular weight performed linear polycsters or polyether  with
hydroxyl cnd groups and allowing them to further react with cach other through
diisoeyanates leading to chain exlension and  producing useful elastomeric  products
commonly known as '
RHO-polyester =01 + nOCNRNCO  ——» [polyester _OOCNURNHCOOO0],
1 {polyesterurethane}

polyurethane rubbers, which may be vuleanized or cross-tinked when heated with excess

diisocyanates in a mould, ¢.&.,



OCNRNCO + ™ RNHCO( — polyester™™
—_ WR_NRCGQ—- polyester we
CO
S
=
=
CO
N
v polyester — QOCINE, s

An altopether different kind of copolymer is obtaincd by polymerization of two or
morc vinyl and related monomers, all taken together in a reaction vessel, The copolymer
molecules contain segments of all the monomers ased in their structure, usually in a
calculable proportion depending on muany factors depending .om the feed monomer
composition, the chain growth mechanism and the inherent réactivities of the monomers with
a given chain carrying specics 2, ‘

The number of reactions to be neecssatily considered to describe the copolymerization of
more than one mnnol{wr increases geometrieally with increase in the number of participating
MOBOMETS, BiVINg int:lrcasingly varied and complicated structure of the copolymer molccules

at the same time. A case of binary copolymerizalion involving the two monomers My and M;

may be simply represented as:

oM, + mM; — R 11 1) "l nMz)m —
nonamer copolymer
mixture

6



The structure of the vinyl copolymer shown in above Liq. is far too simplified, however, the
twO monomer units appear in Lhe copolymer structure in a random sequence in general.
Binary Copolymerization of Yinyl Monoemers by Frec Radical Mechanism

Analysis of the System and the Reactions Involved
In a free radieal copolymerization, the number of chain free radicals 10 be considered is given
by the number of monomers present and the reactivity ol a chain radical is particularly
determined by the free radical bearing lerminal monomer unit and Lhe size and ¢hemical
naturc of those preccding the radical bearing terminal unit in the chain considercd 1o be of
little conscquence in this conlext. |
In a binary copolymerization, thercfore. to differcnt chain radicals can be identified and cach
radical being capable of adding both the monomers, though not usually or necessarily with
cqual or comparable ease, the system 18 characterized by four simultancously QCCUrring
propagation ceactions., With two  different kinds ol chain radicals, and considering
termination taking place only bimolecularly, the process is assuciated with three differcent
chain terminations reactions along with the possibility of several chain transfer reactions.
Chain initiation takes place by reaction ol primary radicals (derived {ront decomposition of
the tadical initiator used) with cither of the monotmers present with almost equal case and
efficiency in gencral or elsc, in the absence of an initiator, by thermal or photo activation ol
either monomer Wi th different relative case depending on the chemical nature of the

monomer used.



Structure and Reactivity of Monomers and Radicals

Nature and numbet of substitucnts and the site of the substituents in case the unsaturated
(olefinic) MoONOMETS bears morc than one cubslituent on the unsatuaration have decisive rolcs
(o play in detcrmining the reactivity or stability of a specific monomer and the corresponding
radical, The substituents influcnce or modify teactivity or stability hy three basic approaches:
(i) by activating or deactivating the {f bond and thus rendering the monomer less stable and
hence MOrC Teacting or vice versi, (i) by imparting enhance or reduced stability to the
derived radical depending o hetler ot limited prospects -ol or resonance, and i) by
providing different degrees of stetic hindrance a the reaction sile.

A relative order of reactivities of a serics of monomers (M} is conveniently obtained by
comparing the reciprocal monomer reactivily ratio. The order of monomer reactivilics is
roughly paraticl for all radicals, with some exceptions the general order of cnhancement of

2

reactivity of 8 monomer by 2 substituent toward radical attack is as follows 2

—C¢Hs,—CH=CH; > —COR, —CN » —COOH, —COOR > 1> —0OCOR > —OR

Resonance Stabilization

The relative order of menomer reactivities toward radical penerally corresponds 1o the
stabstization of the radical formed on addition of the monomer The more reactive INANOMET
generally yields radical of higher stability through resonance. A second substitaent on the
same carboti alom L!.ISUH.H}-' icads to an additive cffect on the monomer reactivity or on the
resonance stabilization of the corresponding radical. Among ihe vinyl monomers Styrene is

the most and vinyl space acetate 15 the lzast reactive ,while styrenc radical is the least and



vinyl acetate radical the most reactive . The styrene radical owes a high order of stability due

to the high order of stability due to the pessible existence of three quinonoid resunance
vel

structurcs -, and as

Mx —CH2—CH My —CHa—CH My —CH>—CH

- -
- - ] ———-

a consequence, the radical stability corresponds o a resonance encrey of nearly 20 keal/mol.
in comparison, substituents having no unsaturation in conjugation with the ethylenic or
vinylic double bond, such as — Clor = OR, produced radicals of resonance encrgy as low as

| -4 keal/mol, as because only polar or nonbonded [orms contribute to resonance’.

Kl H
vy r
Mx—CHZ— Cri-) and hWMy— CH2— 1\\
el (\0'11

The substituents also tend to stabilize the monomer, but the degree of stabilizaton is
much smaller for the monomer than for the radical. The resonance stabilization due
conjugation amounts Lo only about 1 keal/mol for styrene and butadicne as against a
resonance slabilization to the tune about 20 keab/mol for the cotresponding radicals.
Technical Significance of Copolymerization

‘The modification of & polymer by introducing a second monomer during the
polymerization process has long been used to alter its physical properties and sonictimes 1o
achieve improved processing characteristics. Incorporation of a sccomi MonuMEr SLILCLUTE a3
repeating units in the polymer. i.c., the copolymer molecules reduces pverall molecular
symmetry lcading to lowering (or loss) of degree of crystallinity and of softening

tempcraturen. Copolymerization is therefore considered as a case of intornal plasticization
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the madification af poly (viny! chloride}, (PVC) by {aking small proportions of vinyl acelaic
(VA} monomer with vinyl chlorde (VC) during polymerizatlc-n to make more flexible and
soluble resins of easicr process Apility is well known. Similarly, strajzht pu!yhutadicnc has
many Lechnical disadvantages arising from 1t poor take and difficull procoss ahility, Dut
copulymerizution of butadiene with styrene, acrvloniirile and other MONONETs has lead to
many technically important resinous and rabbery producis. There 15 practically unlimited
scope for varation in polyme! ciructure and polymer properties through mpolymcrization. In
fact, the pumber of technically imporiant copolymers [ar surpasses thal of important
homopolymel. Bestdes the synthesis of copolymers having random Of alternate SEQUETEES of
nonomErc umils which bave so faf heing considered and discussed. it is also possible 1©
recognized and synthesized copolymers having Lo other different kinds of sequences. and
there commonly pown as block and graft copolymers.

Glock and Graft Copolymers

The probability of finding long sequences of one MONeMmET in an ordinary random copotymer
is very remote excepl in the tiivial case where OOS monomer 18 present i a large cxCEss.
Methods of synthesis of polymer containing such long sequences of speeilic monomer units
are of great interest, since they often lead to polymets with propertics widely ditferent from
those of the bwe lmrﬁﬂpu‘lymers or the coresponding random copolymets of their hiends.
Polymers with long sequences of w0 monomers can have {wo distinctive arrangements of
change: (1) “Jlock copulymcrs" __ where the sequences follow one anather alohg the

polymer chain axis:

posen b B ABBE e BEDASR M AL ARBE rte
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(ii) “Crafl copolymer™ — where long or short sequences of one MELOIMET Appear ag pratted

or pendent change linked lo a “hackbone” of long sequences of another monomer.

pown fo B ossnn BB A et AR A

L v M= i R SRR
st I B D A

The ultimate aim in preparing a gralt or bleck copolymer is to obtain the desired copolymet
frec from homopolyniers as per as practicable. Although the copolymer structure resulting
from the grall and block copolymetizalion processes are quite different, the former heing a
chain-branching process and the later a chain exiension process, both may be considered as a
chain modification process differing only in direction. They are usually prepared by
polymcrizing a sccond monomer in presence of the pre Formed polymer of a diflcrent kind of
monomer and the process gencpally depends on the presence of labile siles particularly
censitive to radical attacks at diffcrent points along the chain axis or chain ends of the
renctant macromolecules. Reactive groups, according 1o their presence as end groups,or as
side groups along the chain may alsa lead to formation of block or grafl copalymers by
appropriate design of the overall process polymer-polymer reaction through selected
functional proups present or INcorporate an them may also lead to block or graft copolymer
sirocture. Sludies of block copolymer are very much limited in comparison with those of
gralt copolymers becausc formation ol block copulymers solely depends on the presence of
reactive groups or iabile atoms al chain ends of fincar polymers. 1he physical propertics of

high polymers containing blocks of twe or more repeat unils two, three or tany blocks ip a
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chain have not becn studied and examined cxtensively, cven though modification of
polymers 1o block copolymer struclures is being used commercially, A commercial product
commonly Knowt i3 “thermoplastic elastomet” 15 2 {riblock copolymer containing a middle
plock of polybutadiencs of polyisoprens linked in a linear Fashjon to twe end blocks of
polystyrene and is prepared by amome pc-l.ymcrization. Formation of polyurethune mibbets by
chain extensions of diflerent polycsters ol polyethers as depicted by previousty mentioncd
also involves an approach 1o block copulymerization.

Cirafi mpal}fmarizatien usually involves polymerization ol a monomer onto
different polymer backbone; the various reactions associated with polymeriratinn process can
be utilized for the symh'ésis of graft copolymers. Most grafl copolymers ale formed by frec
radical polymerization, and often the major activation invelves chain transfer. The reaction
shown involves generation of a radical sile on ihe performed polymer by 2 chain transfer
mechanism and then growth ol a new polymer siructure from that new radical site:

x x ®

. |' Llotcmer & h
mWCH-Z-—-C[M + R — WCHZ—-—CMM-" + RH ——* e CHp —— G

H &
A
A

{(Grail Copalytner)
Techniques of polymerizations:
Yor laboratory and industrial purposes. polymetization is practiced by a variety of approaches

and techniques that requires different design considerations with respect to recipe of
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polymerization physical conditions for the process amnd process cquipment, Generally,
polymerizations are studied  and practiced by four different techniques:

1. Bulk or Mass Polymerization

9. Solution Polymerization

3. Suspension Polymerization and

4. FEmulsion polymetization
OFf the four technigues, the last two arc essentially heterogeneous pol ymerization systems
contaiping a large propontion of a non-solvent, usually waler acting as a dispersion medium
for the immiseible liquid monomer. Dulk and solution polymerization may he .either
homogenous all the way, of homogenous to begin with, but becoming heterogenous with
progress of polymerization due to he polymer Tormed being jnsoluble in its monomer ({or
pulk polymerization] of iy the solvent used to dilute the monomer (for solution
polymerization). Poiymerization of MonoMeErs used in the gaseous phase to hegin with alse
usually end up in @ heterogenaus  SySLeI. Mosi condensation polymerizations  are

conveniently done by cmploying or golution techniques.

1. Bulk or Mass qu}rmerizatinn

Polymerization in bulk, i.¢., of undiluted monomer is apparently the most obvious is
not ihe most simple method or 1echnique of polymer wynthesis. In terms of pelymerization
recipe, this obviously provide the most simple system, requiring (he use of a very low
concentration of an initiator as the only addiStive ol monomer and that again decomposes
and reaches almost a vanishing concentration at the end of the polymerization process. For

uncatalyzed vinyl pulymerization (using no catulyst or initiator)  done therimally

L
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photochemically or otherwise. the polymer produccd would be most pure, free from a.ny
(additive) contaminants excepl probably traces of unreacted monomer.

Vinyl polymerizations arc highly cxothermie. Again, 1o obtain pelymer at convenient
rates, temperatiure in the range §0-200°C is needed. For dissipation of the heat liberated with
progress of polymenzation, continuous stirring of the monomer-polymer mixture is essential.
But the stirring process and heat dissipalion becomes proaressively difficult with conversion
duc to the gain in the medium viscosity duc to solubilization or precipitation of the polymet
in (he monomer, more so in the high conversion zones. The auto acceleration of gel cffect
often makes the problem more acutc. If lefl uncontrojled, cxcessive rise of temperaturc il
Jocal points known as “hot spols” may lead discolouration, thermal degradation, branching
development of chain unsaturation ot cven crosslinking, thus giving 1sc to irreproducible
" and often inferior product quality. Decause of hese problems and disadvantages, bulk

polymerization techniques finds rather limited us¢ in commercial production of vinyll
“polymers, e.g., in the production of poly(methyl methacrylaie) as acrylic castings {shects),
and in the making of ccrtain grades of polysiyrene . poly(vinyl chloride) and (Jow density)
polyethylenes. The heat dissipation problem in such 4 eases is kept to a minimunz and within
tolerable limits by two approaches: (i) by carrying out the polymerization 1o low
conversions as in high pressure polymerization of cthylcne using namow but long tubular
reactor ut ternperatures {ar higher than the mclting temperature of the polymer; and (i) by
accomplishing the polymerization  in stages = First up to about 20-30% conversiod in a
stirred reactor at 80-100°C and subsequently allowing the monomer-polyiner syrup(viscous
mass) poured in an appropriate assembly 1o polymerize Lo (near ) completion at progressively

higher temperatures 10 5142E5 (e.g., preparations of acrylic castings from methyl methacrylate
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monomer} or allowing the monomer-polymer syrup, called the prepolymoer to (low under
gravity aided by some positive pressure down a vertical tower rcactor with appropriate
design of heat transfer or heat dissipation and having a temperalure aradicnt with increasing
temperature zones downward for the reaction mixture till it reaches al the stage of near
complete conversion {manufacture of polysiyrone from styrens monomer).
2. Solution Polymerization

Solution polymerization, i.e., polymerization of 4 monomer in presence of a diluent
miscible in all proportions with ihe monomer and usually with the ability to dissolve polymer
‘s conceived as & means (o overcome much o the problems and disadvanluges of the bulk
method. The solvent reduces the viscosity gain with conversion, allows morc efficient
agitation or stirring of the medium, thus eflecting better heat transfer and heat dissipation .and
minimization or avoidance of local overheating or heat accumulation. Although the solution
(echnique allows much better control of the process, it has its own demerits. The solution
method often requircs handling of flaminable or hazardous solvents and removal or recovery
of the solvent to isolate the polymer aller polymerization is over. Chain transfer 1o solvent
may also pose a problem and purity of the polymer may suffer due 1o retention of last traces
of solvent in the isolated product. Solution polymerization, is however advantageous if the
polymer formed is 10 be applied in solution by brushing or spraying as in the case of making
of coating (lacquer) grade poly(imethyl methacrylate) resins fromm methy] methacrylate and
related monomers. In ceriain cases the solvents gencrally used may pot be able to dissolve
the polymer being formed and so the system becomes helerogenous in character with
polymer formation (polymerization ol acryloniltile in water or in some common organic

solvents).
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3. Suspension Polymerization:

This is a case of heterogenous polymerization right from the beginning. This
technique is design to combine advantages of hoth the bulk and solution technigues, and it is
one of (he extensively employed techniques in the mass production of vinyl and relatod
polymers. This technique primarily invelves breaking down or dispersion of the hquid
monomer into separate tiny droplets o & large continuous mass of a non solvent commonly
referred to as the dispersion or suspension medium, by efficient agitalion. Water s invariably
nsed as (he suspension medium for all waler insoluble monomers becanse of many
advantages that go with it, viz., ready availability at low cost, non-toxic nature, case of
storage and handling without the necessity of recovery, ete. Moreover (e boiling
temperaturc of water is 0 convenient upper limit for radical viny! polymerization and 1n
AqUEoUs SUSpension system the rise in lemperature in any location due o exothenmnic nature
of polymerization cannot go beyond the boiling temperature of the medium.

The size of the monomer droplels usually range between 0.)-Smm in diameter.
Continuous agitation is allowed to prevent coalescence of the droplets. Low coneentrations
of suitable water soluble polymicrs such as carboxymethyl ccllulose (CMC), or methyl
cetlulose, poly (vinyl alcohol) (PVA), gelatine, ete., are used to raise (he medium viscesiy
and they play the role of suspension stahilizers particulatly in the intermediate stages of
conversion when the tendeney of the suspended droplets to collects together becomes high as
the polymer beads hecome strictly. The water soluble polymeric stabilizer form a thin layer
on (he monomer-pelymer droplets and stahilization is affecied due to repulsion between like
chatges thus gathered on dillerent droplets. Finally divided suspended ¢lay practical such as

kaolin or china clay in small amounts is sometimes used to interfere mechanically with the
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sgglomeration of breads. In suspension pelymerization oil-soluble initiators such as Qroanic
peroxides, hydroperoxides or azocompounds are used and thus, each tiny droplet behaves 48
a miniature bulk pelymerization sysiem. At the end of the process. polymers appeal in the

form of tipy beads or pairs and hence. the process is also known os bead or pearl

polymenzation. The polymer are filtered. washed profusely with water to Temove the waler

soluble stabilizer as far as practicable, and dried. They, however, usually retain traces of

stabilizers besides the residual initiators as contaminant.

4. Emulsion Polymerization:

(a) Description of the system The use of water as a medium of polymerization by the
golution and suspension technique described and digcussed above. A special foalure about
water is that it provides us with a medium characterized by zero chain transfcr constant o
Another polymerization tcchniques in which water ‘e used as the medivm, is the “erulsion
pelymerization™ Polymers {rom waler-insoluble monomers are usually obtaincd at faster
rates in the aquoous medium by the emulsion teehnigue water soluble initiators. For efficient
making of an emulsion, it is neccssary to apitate the monomets-water mixturing process of a
measurcd does of an emulsilying agent, i.¢.. soap or a detergent. To minimize Nuctuations 1o
surfaces tension of the emulsion as polymerization progresses, small proportion of a surface
rension repulator (usually @ lopg chain fatty aleohal such as cetyl aleghol} is used. Small
volume of a selected buffer solution js added to minimize or climinates variation of pH of the
system duc 10 hydrolysis or other reactions. # chain length regulator and or chain transier
agcltm of high transfer consianl, such as dodecyl mercapian is oblain used in low

concentration 1o perinit optimum control of polymer chamn length. A selected inhibitor, nons
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ag a short-stop may be added in small amounts late in to the system in order to stop the
ceaction at a desired extent of polymerization.

A low concentration of a water-soluble polymer such as carboxymethyl cellulose
{CMO), poly (vinyl alcohol) (PVA). pelatine, Jextrin, etc., 18 normally used in the emulsion
polymerization system not 10 control the pnly‘mcri'f.atiun processes with respeet o raie or
degree of polymerization but with the purpose of obtaining stable eipulsion and o prevent
amulsion break-down with progress of polymerization, (his ingredients 15 commonly called a
protective colioid or (emulsion} siabilizer. ‘

In principal and- practice. and as o physical systenl, emulsion pmlymeriratinn 18
distinctly diffcrent from SUsPENSION polymerization. It is associated with almost all the
advantages of SUSPENSION palymerizntinn qud MOCEoVer, USIng selected cfhicient redox
initiator systems emulsion polymerizaton is convenienlly aecomphished at ambient or
stightly elevated tcmpermﬁres giving very high rates and degrees of polymerization at the
game time. The rate and the degree of polymeriraﬁnn in the emulsion sysicm can be varied in
a large measure independently of each other. The emmulsion technigue iy extensively
employed for ibe polymerization of dicnes. such as 1soprens and butadiene, and vinyl
compounds such as vinyl chieride, vinyl acetate, styfene, yarious acrylates and methacrylates
and for making various copolymers of these and other related MONOMETS.

(b) Principle and Theory The surfactant on the emulsificr plays an impaortant Fole. When
woap ot detcrgent 15 taken in an aqucous systemn i CxCess of a low critical cnncentralim:.:
micellar or layer aggregates consisting of 50,100 or even more soap ot delergent molceules
are formed. They may me lametlar micelles of spherical micelies with their polar ends (heads)

facing water remaining in the ouler surlace and the long nydrophobic hydrocarbon tails
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meeting at the central or nterior part of the micelle 22.23 The diamcter ov thickness of the
initial micelics approximatcs twice the lenglh of the s0ap ot detcreent moleculcs (40-80 A}
When water insoluble monomer is present, pan of it gets weolubilized™ and finds room with
in the micelles, presumably among the hydrophobic tuils of the soap or detergent molecules
forming the micellar apgregates. [he solubilization leads to sOMc swelling of the initial
micelles. A major parl of the monamer taken, however, remains initially i micrascopic
droplets. The micelles offer a far greater total surface area thep the droplels, even ithough the
total volume of the micelles is sigficantly lower Ulien that of the monomer droplets A
cchernatic representation of micelles with or without solubiliscd monomel. gurfactant
malecules or ions in aqueous aplution and monomey droplets is given in Tig.

Experiments ¢clearly demonstrate that polymet 15 not (ormed in the monemer droplets.
This leaves the aqueous pliase and the micelles as the locus of polymerization in the
erulsion system. AqueQus polymerization can be readily effected without the use of an
emulsifier and without having excess MOnOMEr as droplets {i.¢., using the monomer within
its solubility limit in water}, though at much lower rates. But {his alone is far ipsufficient 1o
account for the bulk of the polymer formed in a typical amulsion systemn. In prescnee of a
surfaciant, then polymerization rate increases with surfactant concentration.

Polymerization hegins in the agueols phase as that is where the inikiators oceur and
react or decompose In 0 radicals. The primary radicals immediately pick up mOnomers
dissolved in water to bring about chain initialion. With very low conceniration of monomer
:n the aqueous phasc, chain growth al relatively low rates proceeds W]l the radicals enter
micelles which are present abundanily in the system. 1t 15 also not altogether unlikely that the

primary radicals would find straight entry w0 the micelles being attracted by their high
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monomer reserve. Within the micelles, polymerisation or chau growth lakes place much
rapidly in view ol high monomer concentration duc to accumulation of solubilized monomcr
there. As polymer is formed, due o monomer depletion in the micelles, more mMonomer 1§
transferred to the micelles from the reservoirs of monomer droplets. The former expands at
the expense of latter. Soon after a low conversion stage (a fow pereent) in the emulsion
system, the low surface tension of {he initial emulsion rises quite sharply evidently as a
consequence of a fall in surfactant concentration in the aqueous phase of the cmulgion
leading to breakdown or disruphon of the miceclles and consequent insalability of the
monomer droplets. Micelles give way to numerous polymer particles which at the stage
average to not more Lhan 200-400 AY diameters. Nearly all of the surfactant used gels
adzorbed on the surfaces of the polymer particles. A redistribution of surfactant in favour of
polymer particles makes thc monomer droplets unstable at the stage. I agitation 1s
discontinued, the menomer droplets cluster together into a continuous phase with vcro
polymer content. Monomer is now feed to the growing polymer particles hy diffusion
through the aqueous medium. As polymerization proceeds [urther, the polymer particles
swell and grow in size even though they remain sensibly constant in their namber. The rate
of polymerization is practically conslunt over most part till about 60-80% conversion,
excepting the initial zome up Lo several percent, From the stage of monomer droplets
completely disappear, the rate follows a fast decreasing trend with funher conversion. In the
{inal analysis, the emullsiﬁed polymer particles grow 1o a size in the tange of 300-1500 A in
Jiameter which is much larger than the micelles initially formed but much smaller than the
injtially formed monomer dropicts (<1 0000 A). Alter polymerization 1o oplimum conversion,

approprate dose of a short — slop ol inhibitor is added to stop further conversion. The



polymer 18 isolated by breaki

washing and drying.

{c) Polymerization Under general condilions employed in

are generated from the aqueous imtiator

second. The number of polymer pariicles amou

radicals generated cventually enter polymer particles, the

will average out lo about ane every 10 seconds. The oquill

ng the empulsion using salt or acid, coagulating, filtering.

emulsion polymerization. radicals

at ralcs ol the order of 10" per cubic centimeter per

nt to about 10" per cubic centimeter. 1f all the

rate of radical entry in @ pariicle

brinm radical concentration in the

agueous medium [R)a has been shown 10 be about 10% radicals per cubic centimeier. Judging

apainst the radicals being seneraled at a ralc of 10 per

average life time™ of [Raq till its entr¥

cubic cenlimeter per second. the

into a polymet particle comes out 1o only about i0*

<. Rate of radical {crmination agueous (R expressed a3 (Ridaq= ’Zkl[R']z.m, calculaled using

lierature value of the termination rate const

ant Iy, , comes out t@ be of the order of 10%

radicals per cubic centimeter pel cecond which is Jess (han the rate of radical generation by

. many orders of magnitude.

Apart from this radiation 2t

atiention also to arscnic and

afted polymeric membrane synthesis regard, we can focus our

heavy melals chemistry. Arsenic is naturally occutring clement.

Htg alomic Number is 33 atomic weight 1 74,92, Chemically. arsenic 15 always present as

compounds with 0XYEET, chloting, sulphur, carbon and hydrogen 011 0n€ hand and with lead,

gold and iron OB e other. Organic arseni

. 7z .
arseme 25,2627 Apgenic In €

¢ is penerally fewcer toxic than inorganic

lement form is insoluhle in walcr. It is soluble in oxidize foril.

fnorganic arsenic has been recogmized 85 o Tiamatt POLSon

arsenic has proved o be de
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ailments, worms and syphilis in the past. A century ago, incidences ol skin cancer werc
observed due Lo use of arsenic medicine It is o1il] used in cattle fodder to enhance physical
growth,

Arsenic contamination is a glohal problem now. It virlually appears on all continents, It
aceurs as a result of geological processcs and actives by man which inciude agriculture,
manufacturing, mining, smcliing ele. Contamination fiom food and beverage is also
extensive.

Arsenic in Bangladesh

in RBangladesh, high arsenic concentrations are suspected to exist so far in 53 districts out of
the total 64 and people of 34 districts have been found Lo be suffering from various aflcctions
caused by arsenic poltution. The physiograpliic rogions vulnerable to arsenic contamination
are Ganges floodplain, the Alrai {lood plain, the tidal regions, the coastal plain and the
Meghna ﬂondplainzh. The high probability zone, moderaic probability and low probabiiity
arens of contamination topether cover almost 60% of the tolal country ared.

Source of Contamination

The Bangladesh arsenic contaminalion is possibly the largest mass poisoning case in the,
world now. The *Green Revolution’ has been identified theorctical to he the recent causc ol
the problem which has involved large-scale unplanned withdrawa) of ground-watcr,
gradually denuding the arscnic deposited under the fertile delia of Bangladesh millions of
years ago by the rivers from the Himalayas ot some other source. The arsenic affocted areas
of West Bengal are lying on sediment of Younger Deliale Deposition (Y DDY which extends
east-ward towards Bangladesh covering the approximate area of the aforcsaid 41 districts

which lie mostly in the Atral, Meghna and Genelies flood plains and the tidal regions.
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Investigation

The Dhaka Corununity Hospital (DCII) and the School of environmental Studies (SOLS),
Jadavpur University, Caleutia, India scientists and supporl persennel conducted a number of
surveys, collecting water samples from 1 lac tube-wells covering 64 Districts including the
53 district suspected to be arsenic contaminated. The samples were then laboralory tested
and the Tesults of 53 districts show concentration of arsenic in ground-wealer to be above the
maximum permissible limit, which is [l.ﬂ.‘imgf!m. So far, the collected from 53 districts
contained arsenic above 0.05mg/l. While comparing the Wesl Bengal arsenic scenario wilh
the available data of Bangladesh, it appears that Bangladesh’s arsenic contamination disaster
may be more severe and jeopardizing in nuturc and exicot. An updated stutus report on Wesl
Bengal situation shows thlat % districts, 58 blocks and 830 villages are alfccted, the total arca
and population of these districts being 18,000km” and 38 million respectively. On the other
hand, the area and population of the atlected regions of Bangladesh are $7.000km*® and 65
million respectively.

Toxicity munners

Toxicity for arsenic in human body is manifested in three manners:
(a) Arsenic in uring {for recent exposurc}
(b} Arscnic in blood (for instant exposure)

{¢) Arsenic in skin, hair and fingernails (for chronic exposure)
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Health Effects for Arsenic
|. Large doscs for arsenic ean produce human deaths.

5 Lower level impact in many dilferent body tissucs or syslems: results in systemic’

cfivcts.
1. (ral intake has greater harmful eflects than dermal or inhalation cxposurc.
4. Following cffects may be observed when arsenic is taken orally:

a) Skin abnornalilies (dark/light spots on skin, o palms and  soles) may progress 1o skin

cancer.

b) Increase cancer risk, especially n liver, bladder, kidney and lung

¢} Jrritation of digestive tlract, leading (o pain, nausey, vominng, diarrhoea
d) Decreased production of red and white bloods cells

e} Abnormal heart function

1) Blood vessel damage

g) Liver and/ or Kidney damage

h} Fetus damage during pregnancy cte.
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Toaicity of Arsenic
1} Arsenic and cerlain arsenic compounds are known carcinogens.

2} Amounts of arscnic intake required to cause harmful effect depends on the chemical and

physica) form of arsenic.
3) Inorganic [rom of arsenic is maore toxic han organic forms.
4) Water-soluble forms are more toxic.
$)yHuman is most sensitive to arseric than animals

6) Studies in human bodies indicale a considerable variation among individuals

a) Some human bodics can ingest over 150ug/kg/ day without apparent ill-effects {1000-
1300 pg/kg/day for adulls)

b} $ensitive individuals affected a1 20ng/kg/day (1000-1500 pg/ke/day for adults)

7) Doses of 600 - 700 pg/kg/day (around 50,000 pgikgiday for adults; 3,000 ng'kgday for

infants) have caused death in some cases.
8. Maxinmum Concentration of Arsenic in Drinking Waler:

The US Environmental Protection Agency (USLEPA) has Maximum Concentration Level

{MCLY of arsenic sct as 20 ug/l..
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Many scicntists view this is above the threshold or reasonable risk (o human health and there

is o consideration 1o lower this to-10 pg/L, which is equal to the WHOQ, approved limit.
Symptoms of arsenicosis

The symptoms of arsenic toaieity may take § - 14 years o he manifelsl.{:d in a person’s body
after the patient stars drinking arsenic contaninated water. This period differs from paticnt
to paticnt, depending on the quantity/volume ol arsenic ingested, nutritional status of the
person, immunity level of the individual and the total ime -period ol arsenic ingestion. lhe
apparent symploms of arsenicosis may be said to have manifested themselves as mclanosis

2820

and keratosis mainly.

Melanosis: Change of complexions towards blackishness/duskiness. The limbs arc first

affceted, then the rest of the body which shows gradual complexion change which 1s “diffuse

melancsis’. When the body is marked by black white spots, il i5 known as 'spotted'

miclanosis’.

Keratosis: - The palms of the hands and foot-soles become hardencd by onslaught of
Keratosis. 11 is not painful or ichy in the beginning, but in later stage. may start rotting and
develop gangrenous ulcers. This is called pre-cancerous siage which may cause skin cancer,
such as squamous cell carcinoma and basal cell carcinomia. The hardening ol the palms and
foot-soles is called diffuse Keratosis, Warlike seeds are scen growing on this keratosis of

palms and soles. Such tumors may also occur otherwise, which is known as spotled keratosis.
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. Duc to amscnic toxicity, imbs may be affected by ulcer or gangrenc, which in somc cases
have o be amputated. The study reveals that females are more susceptible to toxic elfects of
clironic arscnic cxposure and as such their prephancy oulcone are likely to be adversely
aflceted™ Moreover, goneral weakness. burning sensation, hot feeling. chronic cough cte.

may be cvident in such patients.
Social problems associated with Arsenicosis
A number of social problems arise out of arsenic poisoniog of human heings such as:

&) Mistaking the slein disorder for leprosy or »onle ather contagious diseasc and (he resultant

guarantining;
b) The affected are being avoided or discouraged to appear in the public;
¢) The affectcd are being avoided or discouraged to appear in the public;

d) The alfeeted children arc being debarred from attending schools, the adults discouraged to

aitend offices, go shopping, visit medical professionals in the hospital etc.

c) With advancement of the disease, palicnts are rendered incapable of laboring/selling labor

and henee victimized by poverny:
f) Affected young women being compelled 1o stay pnmarried;
g} Discasced married women being sent back to theit parents with children;

k) Affection ol one in jeopardizing the lives of hoth members of a couple;
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How to Ascertain Arsenic Contamination in Human body

From the symptons, if someone is suspected to have arsenicasis, then his souree of drinking
water must be found and watce samplc tested. If it is [ound to contain arsenic in greater thau
acccplable limit (the Hmit heing 0.05mesl). then drinking that (tubc-well} walcr has 1o be
stopped forthwith. Unforlunately, we don’t have [acilities in available ways [ot testing such
problems. The DCH has an atrangemett of having suspected tube-well watet samples tested

for presence at the SOLS laboratory al Jadiwpu'r West Bengal jn India. This test is carned out

at Jadavpur according to AAS method Raneladesh Atomic Encrgy Commission and BCSIR

laboratories also carry oul water 1osts following AAS method. Anyone can confact cither
source or any of lheir associates or the local health department officials at any place. People
may also get in touch with the DPHLE officials in this regard. At present the DPHE has
facilities to carry out such lests in its Rajshahi, Comilla. Mymensingh and Khulha
laboratories following *spectrophotometer’ method. NGO and other ageneies have limited
facilities for such tests in kit method. it sheuld be kept in mind that the tube-well pumping
water, which is considered safe, might not remain so if it i< within the arsenic contamination
sone. So, such tube-wells should be tested every six months or s0 such conamination. |

Treatment for Arsenic Poisoning
Al any carly stage of apparent contarmination through drinking watet,
a) Drinking walet from contaminated source must be stopped forth-with

by Fuking nuiritious, especially foods rich in Vitamin A, B. C and E will core the

apparent contﬂminatiunﬂ,
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¢} Advanced level of toxicity is difficult cure but medical consultations are o must in all

LASES.

Tt also needs to be remembered that arscnic toxicity is not contagious or hereditary
manifestations. We should not avoid such patients and offer -all co-operation so that their
rehabilitation becomes an easier ((hrough (ime-consuming in many cases) process.

How to Combat Arsenic Contamination

Change of habits is the chicf ool of combating arsenic toxicity, Only decades back. it was
gustomary in our rural areas to collect drinkimg waler in the alternoom, allow 1l to setlc:
throughout the night and usc it for drinking the next day. But dur.l: 1o the in¢rease in the
number of tube-wells and tube-well water being easily available round the clock to everyone,
our people became gradually used o drinking tube-well waler stralght from the pump.
Morcover, we like 1o pump out the water deposit in the ube first before drinking the fresh ()
warer, which is cooler in summer and less cool in winter. All these changed habits only

compel us to drink water that is richer in arsenic and all ether mingral contents.

Duc to awarcness of hygiene, our people got accustomed to drinking tubc-well water, 10
avoid diarthea disease mainly. But some tube-wells have Fallen in the grip of arsenic toxicily

lately and as a result, we are Taced with a great threat to our public health to day.
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Now is out time to get back to our oid habit o [ drinking surface waier firsl toward off arsenic

poisoning. Then we have to -

1.

Test all tuba-wells for arscuic pallution and use only the arsenic free tube-well water for

drinking and cooking

Use dug-well or pond waler, in case i tube-wells are found to be polluled;
Use pond water after treating it, when there is no altcrnative;

Use river water after treatment when none of the above is available;

If arsenic poisoncd water must be taken, then we collect the water and allow it to deposil

sediments before using it, This water has 1o contain iton in thal case. After allowing the

water-filled piteher to setle for 12 10 24 hours, three-fourths of the water from the upper

part of the pot has to be poured slowly into another clean container. This water had better
be filtered wills the help of o 4-3 layered clean gauzy material which should reduced its

arsenic conlents by at least 70%. The water then may be filtered further before drinking.

Alum treatment: An alum nugget (not powdered) may be dipped for a second in the
pitcher full of iron and arsenic polluted water lu case its arsenic depusition process. Later,

(his water has to be {rcaled as per method mentioned in (5) before using.

Why treat water? It must be remembered thal oxygen in atmospherc reduces the arsenic

content in waler. The sediment-rich water left must be poured carefuliy 1nto 2 dung-heap to '

neutralize its arsenic toxicity.
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It should be reiterated hore that groundwater is bemng cxploited recklessly in Bangladesh as it
has been in the neighboring fndian state of West Bengal. In Bangladesh, large-scale irrimation
larted with deep tube-wells in the later part of the “60s. Although the country has huge
wetlands, flooded in the tiver hasing, ox-bow lakcs and high rainfull, groundwuter is
considersd the major SOUrce of waer in many distnicts and 1ts use is increasing every-day. ToO
combat this situation, we need urgent walcrshed management and AWAaretess canipaipns at
the grassrools level, Villagers must bo made aware of the hasards of dnnking arsenic —
contaminated water and cooking with it and informed that the diseascs are pot contagious.
Qafe tube-wells must be marked properly and villagers urged to drink their water only. All
such tube-well should ch: checked onec every three months. Decp tube-wells are also to be
cheeked at regular ntervals. People shouid he encouraged 10 dnnk gufe water and eat
autritious foods both oward off and get cured of sweel water ure among the highest in the
world, Moreover, anpual rainfall is alse morc than 2000mm. The arsenic calamity ol
Bangladesh can be curbed if withdrawal of proundwater 15 restricted, surface water properly
utifized and raimwater arvested, We necd suitable < Watershed Management’ most

urgently.

Abutting Indis, Myanmat, and the Bay of Beneal. Banpladesh 18 4 small country in the South
Asian Togion with an arca of 147,570 square kilometers. Geouraphically it is situated
between 20°34" and 26°38" north latitude and 88°01" to 92°41° east lmlgitudem. Numetrous
rivers and their {ributaries transect the pation, largely a fiat delta. A large number of other
waiet bodics such as lakes, canals, and sireams arc also scaticred around the country. ‘The

climate of Pangladesh 15 sub-tropical monsoon with a maximuin average tetnperature of
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34°C in summet and a punipm of 11°C in winlcr. The country receives heavy rainfall

during the rainy season; the average anmual roinfall varies from 1,194 mm to 3,454 mm.

Despite possessing & small geographical area, Bangladesh has a relatively large population of
134 million people. Poverty is rampant, and e Gross Domestic Producl per capila averages
around US $360. Most of the people do not have access to basic necds like food, education,
adequate housing, and health services. The United Nations Human Development Program

{UNDP} Human Development Index positions Bangladesh at 139 in the world”'.

Even though Dangladesh is famous, from ancient times, for its abundance of water from
various sources, ane of the major problems ihat the country has been suflering for decades 15
the scarcity of safe drinking watct. Prior to independence in 1971, surface waters [rom
ponds, lakes, and rivers, and 1o a lesser degree, groundwater frany dug wells, werc the
traditional sources of drinking water for the people of Bangladesh. In coastal areas. rainwater
for drinking has also been used on 2 limited scale for a long time, Jespite the abundance of
surface water, there has always boen the question of quality. 1he surface water sources are
being misused as a sink for highly polluting wastewaters from domestic as well as industrial
sources. Pollution loads [ar exceeding dispersion capacilics cause severc degradation of
water quality. This microbiologically unsafe surface water, with its bacteriological and fecal
contamination, extracied a heavy ioll on human lives. Bvery year., mundreds of (housatids of

people, particularly children, died of cholera, diarthea. dysentery, lyphoid. and other water-

bome discases.
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Arscnic in Drinking Water in Bangladesh anid Related Problems

DPHE in 1993 detccted arsenic in groundwater at Barogharia of Chapai Nawahgan] district
{the western part of Bangladesh) following reporls ol cxiletsive contamination of
groundwater by arsenic in West Bengal, India. As per the latest statistics, oul of 64 districts
groundwater of 39 districls in Bangladesh contains arsenic. And out of these 59 districts
worst allected parts of Dangladesh arc the southern and the northeastem districts”
{DPHE/BGS, 1999). The access to safe drinking water in Bangladesh has declined by 17
percent in last thrce years due to the presence ol arsenic I proundwater. Arsenic is a
cumulative substance, which slowly passes out of the body through he urine, hair.
fingernails/toe nails, and skin. It wkos around $-14 years alter starting to drink arsenic
‘contamminated watler for symptoms to appear. This period depends on the amount of arsenic
ingested, the length of exposure and immunity level of the person. Symplanis of the initial
stage of the diseasc are skin pigmentation. eye inlections, irachea and cancer. Albough
arsenicosis, the disease caused by arsenic contamination, is not an infectious, contagious or

hereditary, it creates social problems for the victims and their families.

Treatment of Arscoic Contaminaied Water

There are scveral methods available for removal of amsenic {rom comtaminated water, buth at
the community and household level. These options are needed to make use of the huge
number of tbe wells likely to be declared abandoned for producing water with high levels of

arscnic concentration, The most commonly used methods of treatment of hiph-arsenic water

33



arc by addition of coagulants such as alym and potassjum pefmatiganate. ‘Table 1 shows a

comparison of the main technolopies fur arsenic removal.

-

These methods are basically lor use in lorge conventional treatment plants, but some of thew
can be reduced in scale and conveniently be applied at the household level. Duoring the last
few years, many small-scale arsenic removal lechnologics have been developed, ficld-tested,
and used under arscnicosis prevention and mitigation research programs in Bangladesh and

India.
Advantages and disadvantages:

The failure of concerted efforts to provide communily Watcr supplics for all is what led Lo
the massive growth in private hand pump tubcwells as a souree of drinking water in the first
place. The fact that rural people have grown used to drinking tube well watcr is one of the
principal reasons 1o consider arsenic removal from tube well water as a suitable option {or
waler supply. However, it 15 also suid that community-level arsenic removal is preferable to
houschold-level options. The guestion of viability of household arscnic removal units 18
associated with persuading milliens of households to use those units and ensuring that they
are used correctly, and is negatively juxtaposed with the advantages of cenuralized aperalion
and maintenance. The household arsenic treatment method s reparded as an glternative for
the transitional period until a “permanent’” sofution is found. Yet, considenng Lhe financal
constraints of large-scale arsenic removal plant. in many arsenic allceted areas, household
arsenic removal unils may be the only oplion in the absence of an alternative safe source of

water supply.
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Table 1: Teehnologies for Arscnic Removal' ™!

Technologies

Advantages

Oxidation and

Precipitation:

Almospheric elygen,
hypochlorite. or
permangale 13
added to Lhe water to
axidize arsenite 1o
arsenaie and 1hcrcbyl

|acilitate s removal.

Adr Oaadotion

Chenical

Crgcdation

fowi-cosl process.

Chentical oxidativn is 2
rupid process Oxudiaes
aller imparitics aud

Lills nnerobes.

Coapulatiaon/ Co-

precipiialion,

Coagulants Jorm
flocks that bind
arseruc and are hen

fillered aut.>?

Adum

Coagulation

Iron Coagulation

Relatively low capiial

Cikak

Relatisely simple

operation

Common cheimicals

avallable

elatively simple and

Disadvaniages

Relatively slow
PrOCES: (alr

oxidation).

It removes only o parl

ol the wrseni

Produces 1oxic

sludpe

Lo romoval of

arsenic.

Pro-oxidation - in
required.  Removal
clficiencios may b

inudequate 1o neeel

siniel standatds




Teehnologics Advantages sadvantages

, lgqun! and sebd
Actin ated Relatively well known Thie
, whlnlg,
Alumming and commwereially

Sorption lechpigques: .
avitilable.

Replacementy

Tron Coated Sand
Arsenic 18 adsorbed . . ) reienceation is
Wwell-dehined technigue =

onlo surlace of [on Exchange reguned

T . Plenty ol possibihnes
media’. Resin youp
Eligh-tech operaton
and scope of

Mher Sorbents and mabenanee,
development.

[Lelatively bigh cost

“Well-defined and high -

Membwane Hiph capilal and
. remtoyal eiliviencey. . ,
Technigues: s - ruEIIny, cosly | |
Nanofiliration

Toxic solid wastes

Sclectively . I ligh-leeh eperation
Reverse Osmosis =
produced. i
perincable andd maimtenanee
Electrodialysis .
Menhranes 1emove . Arsenic-rich rejected
Capable of ranoval of : '

arseuie by [loation. , wiler 15 produced
ather contaniinants

Sources: ‘L his table is a modified 1eproduction of the able comparing different arsenic removal
processes given by Dr. M. leroze Ahmed m = Lreatment of Arsenic Conlaminated Waler™ (i
themne paper presented during the International Workshop on Arsenic Mitigation in Bangladuesh.
Dbk, Jaouary 14-16, 20023 Informabion is also collected from 12l zabeth, Jones, Arsese 2000
An OQverview of the Adrsenic Issue in Bunglodesif, Dralt Final Report (Dhaka: Water Add

Bangladesh, December 2000},
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Nikolmdis et al. snegesied a simple filter, which is a tube Gilled with saned and iron fllings
(zera-valent tron) and 1s deasigned o 1iLin a well outler ™ 1t can he an eflective Jow—cost Loal
BaS0; is 1o be added il not present in water In the presence of BasOn., iron oxidizes and
reacls with arsenic W Torm arsenopyrite that preeipilides oul and remams Lupped i the Dl
Laboratory experiments show 97% removal for inpial arsenwe concenteation ol 45 to Ko
pe/l.

Jfosht and Chowdhury developed a home asenic removal uRit wsing iron-coated wand . T
wmt was able to produce 600 ~ 700+ of waler at o {low rate ol 6 Lh puunlaining an arsenic
concentration of 0.0F mp/l for an initial arsenic concentration ol 1.0 mg']. '
Porkmkar describes two lypes ol melal-microbiologicul interaetions T that can be used [l
arsenic removal: 1) microbial oxidation of As ([H) 0 As (%) andd 1t subEcguenl ]Wu{:ipiluunu:
and 11 biv-accwnulaton of ascoie by micrabial biomass  Lhe ovdation method can be
operated in an immobilized reaclor reservorr. A cheap source of orgunic substrate bk
sugarcane juice can be added along with iron fillings™. lron {1llngs promute development of
iron — oxidizing hacteria that oxidize won at a rae 30 - 103 times faster dban chemival
oxidation of iron. Arsenic is then adsorbed on the fermic iron. Treated overflow ol waler
typically contain arsenic < 0.05 mp/l [or mitial concentralion up 1o 4.0 med.

Lehimans ¢f al. conducted pilot studics Lo adopl hl:}lugi-cal Ieatiom Tor remosval ol As{L.
the oxidabion state whete arsenic Is the most delicate o weal.” I addinon, complete non
remmoval was avhieved | ey mentioned that this liHraton allows sunultancous elumnoution of
Ay (111 and iron. SORAS is a simple method that uses reraciation of water with sunlight i|;
PET or other UV transparent bottles (o reduce arscuic Jevel lrom drinking water” Swiss

Federal Tnstitute of BEnvirommental Science aod Feehnology. Switrarland and Swiss Ageney



develop the process for Development and Cooperation ($DC), Bangladesh, The method s
based on photochemical oxidation of As (1) followed by precipitation or fillration ol As (V)
adsorbed on Fe (1) oxides. Field tests in Bangladesh show removal cfficiency between 43-
78% with an average of 67%. Concerning the Bangladesh guideline value of 50 ng/l, SORAS
can treat raw water having an arsenic concentration below 100 — 150 pgfl.

Khair found Bijaypur clay from Mymensingh and processed cellulosic materials like
defignified jute, bleached sawdust and pulped newspaper Lo be capable of adsorbing both As
(D and As(V) in solulions acidified with vinegar ot hydrochloric acid®. Tron (II1)
hydroxide—coated newspaper pulp in lab scale adsorption filters coagulated arsemic. The
matetial showed potential for use min small-scale home treatment units. Workable eXPOosUTE
fength, fow rale and extractant volume demonstrated arsenic removal at least or even below
0.050 mp/}. The sludge was regencrated by sodiun hydroxide elution.

Latcrite has been tested as an adsorbent and proved to be a promising low— cost remedial
technique to safeguard drinking water'. Laterile is vesicular clayey residuum occurring
abundantly in the tropical regions. Adsorption experiments showed thal thc removal
cfficiency varied between 50 and 90% for 5 g of added laterite per 100 ml water under an
equilibrium period of 20 minutes™. Modification of laterile by treating with 0.01 M HNO;
increased the adsorption capacity of laterite due to an increuscd specific surfuce arca 2
Chaltcrjee et al. patented a filter and lablet system to remove arsenic from water™. The tablet
containg Fe' salls, an oxidizing agent and aclivated charcoal. The filter was made by using
fly ash, clay, charcoal eic. The system is made up of two jars. For 20 liler of water, using onc

tablel. 9% — 100% removal of arsenic was achieved.



Adsorbing Colloid LFlotation {ACE) with ferric hydroxide as the coprecipitunt, anionic
surfactant sodium dodecyl sullate (SD35) as the collector and nitrogen micro-bubbles has
been shown to be efléctive in removing arsenic from low concentration of arscnic aqueous
solution. When pil is in the range of 4 — 5, 99.5% arscnic removal elficiency can be
achieved.

The Gucket Treatment Unit was developed by DPI TE-Danida and is being under the Arsenic
Mitigation Pilot .Project. This project was launched in Lakshpur and Chaumuhini
Pourashavas in thé coastal region of Bangiadesh. [he system can treat any kind of tubewell
water, regardiess of the arsenic concentration, and to an arsenic level below Bangladesh's
standard of 0.05 mg/l.

BCSIR has developed a low cosl arscuic fiter’*. The technology consists of adding a flec

forming composition to the arscnic contaminated water Jollowed by stiring and sctiling. The

chemicals are composed of iron oxide, alum, activated charcoal and calcium carbonate,
which are to be mixed in definite proporlions, homogenized and micronized. After settling
the water is passed through a [ilter bed cornposed of sand and sonie iron bearing minerals of
definite particle size ranpe, which arc to he activated by suilable chemical and heat treatment.
The dose of the Hog forming composition depends on the extent of arscnic contamination.
Water containing upto 2.7 ppm arsenic could be purified below safe limit sct by WHO.

Project Earth Industries, USA, developed an arscnic removal unit which is used with g hand
pump tube-weil. The Unit was tested al Sonargaon, Naraynganj, where groundwater arsenic
concentration is very high. The principal componcnt of the Arscnic Removal Unit consists of

an adsorption media. The removal mechanism involves adsorplien of arsenic onto the meaia
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surface as tubewel]l water flows through 1. Along with arsenic a number of ather anions and
cations (including iron) also get adsorbed on it

Shin Nihon co. Ltd. of Japan developed a households arsenic removal unit, which-is a
cylindrical container made of plastic and [itted wilh a tap closc to the bottom for outllow.
The container is flled with READ-I adsorbent resin. The inlet of the tap is iitted with a
screen to block the cntry of the resin into the tap. The adsorbent is always kepl under water to
relain its effectiveness. This is an effective system in removing arscnic from drinking water
containing a low level of 1ron.

Coolmart Water Purifier, Korea, devcloped another purification unit, which consists of a
series of beds containing activated carbon, silver-activated carbon, bio-mincral sand, zeolite
and silica sand through which watcr passes. A laboratory tests of the system shows that
around 25 litres of water containing 300 ppb of arsenic and 0.1mg/ of iron could be treated
by the purilier satisfyilng the Bangladesh drinking water siandard {or arscnic.

Allergy Environmental Research and Skin Care Tnstitute (AARSCI), Integrated Quality and
Environmental Management (JQM) etc. have devcloped simple cost effective filters.
AATRSCI used indigenous materials such as coconut coir, coconul shells and husk, along with
small amount of alum to prepare the filter bed. 1QM prepared the Lltering bed using the clay
pots, sunlight, air, iron. sand or ferrous salts and alum. Another filter developed by US
Company called Arsen: X filter. which has becn tested successlutly in the Sadar thana of
Kishoreganj. This filter not only removed arsenic, but also reduced other contaminants
including Muoride and lead and it can be safely land-filled or recycled as non hazardous
material, 100 percent removal of arsenic from water is accompanied by a unique bonding of

arscnic into molecular structure of the [ilter and therefore, it does not disassociate.
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Tetrahedron has developed a [ilter medium based on amonic resin. The [lter has already
been tested successfully. They claimed that the bed can easily be repenerated using Sodium
Chloride solution, which is available in our country and the [iiter can be used for ten years.
To save millions of people from arscnic poisoning it is umporant 1o detect the arsenic
concenlration in groundwater and also to provide a suitable, user friendly and cost elfcctive
arsenic removal process for the rural peaple of Dangladesh. Unfortunately. the very first step
towards prevention and arsenic tesling is in great chaos. The instruments are expensive and
require skilled person to operate. There is no licensing authority to supervise the testing
procedure in Bangladesh. At present, very fow Jaboratories can provide reliable result. On the
other hand removal technologies so far tried for the rural people have potential but not tested
thoroughly for adoption. Most of the rural people are illiterute. They developed the habit of
drinking hand tube wells water during the last 30 years. So any change in their behavioral
needs more friendly approach and technology.

Ratan et al. (1997) reports possible hazards associated with metals of surface water bodics of
Dangladesh due to anthropogenic activities. Surfuce water S;J,Tl"lplGS {rom Rajrampur ui: north-
western Chapai Nawabganj (one of the worsl arsenic affceted areas). The surface water
investigated by Peuraniemi, V., Institute of Geoscicnees and Astronomy, Oulu, Finland
(1999) that reports that the largest lake at Rajrampur is surrounded by agricultural land
conlain by far the highest level of arsenic, likely derived from agriculture. They also reported

elevated concentrations of As, Cr. Cu, Ni, Pb and Zinc in soil samples (Islani, € al., 2000}
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The average compaosition of nonliltered watcr sappkes:

Heavy Metals standard*pg/l ‘ Rajarampur pg/l “j Shamta pgfl \
r — —: Eg — — — —= —: —

As (Arscnic) 4 —_“__ 97,05 Jr 15,36

L — il = = —_— — = = = = ——
[Cr (Chromium) 0.7 1,41 5,65

[Cu (Copper) 3 7.71 18,3

Ni (Nickel) - 0,3 4 6

l - ) _ L

Zn (Zinc) I 3 8,03 ] 16,56

S . | o0 1 1636

| -

S landard — typical values taken from wedepohl (1969-79) for surface water

Chromium in surfacc water exceeds the worldwide average value: the pH value of soil is
around 8, at which chromium s not supposed to be mobile and available in surface water.
Chromium occurs with ultrabasic rocks at the very early slage of mapgma crystul!isaliu&m.
Catchment areas of Ganges delta do nol show any Source. Nickel in these surface water

exceeds the average world-wide value scveral fold (Islam et al, 2000).

Safiullah (1598} also reports concentration of arsenie (0,035 mg/1) in surfuce walcr ol Kumar
River at Faridpur. On December 21, 1997 the daily 1he Independent reports that the guality
of country’s surface water has markedly deleriorated is a matter of greal concern, but the

nature and extent of the fall in quality was not precisely knowr.

43



Human aetividics can alter natural relationship of surface and ground water:

a} Afler the construction of Farakha barrage and during dry period (Dec-April}
ground water table in Bangladesh drop to such extent that surlace water bodies

disappear as they drain into the falling ground water table.

b) During monscon water table is very high, bringing the ground water table
close 1o land surluce resulting the near surfuce and surface water can pick up

agrochemical as conlaminants,

¢) Irrigation has potential to hasten leaching of apphed and nutural chemicals.

d} Over-pumping of watcr, wells cun cause “cone depression’. If the conc
depression is large, it can change the slope of the ground water table —

contaminated water can flow down slepe along the cone of depression.

Deterministic and statistical models of transpott in svils, atmosphere, surface and ground
watcrs developed by Center rescarchers continue to improve, These models range 'in scale
from origin and movement of groundwater and asscssment of long-term degradalion of these
waters to regional scale atmospheric models used to caleulate transport of air pollutants {rom
sourec areas within larpe geographic areas. These models have also been coupled with
hydrologic models of runoff to quantify patterns of erusion and input of nutnienis and olhsr
chemicals to lakes and rivers. Conter for Ecological Healih Research, university of Califormia

reporis {1996):
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A new method for probabilistically quantifying the ongins and ages of ground walers
arfiving at discharge peints {eg., wctlands, wells) was developed (hat also rigorously
accounts for the physical process involved in pollulant trapsfer between different geologic
materials, Results indicate that the currently obscrved deterioration in proundwater quality in
a typical alluvial groundwaler basin is duc to lamd use practices in the 1940's and 1950's and
that the deterioration may continue for many decades, thereby evenlually impacting any

wetlands and streams that arc sustained by groundwater discharge.

Pollution through agrochemicals
Several studics have shown thal heavy metals are present in the pars per million {mg/kg)

ranges, and occasionally as high as parls per thousand, 1n forilizers produced from recycled

industrial by-producis (US EPA, 1997).
Danned Pesticides in Industrial countries but allowed for export:

» arscnic noxide

- 2,3,4,5-Bis(2-bulylene)tetrahydro-2- furaldchyde [Repellent-11)
s bromoxynil butyrate

« cadmium compounds

s calcium arsenale

« carbofuran (granular only}

»  COpper arsenate

« cndrin

v Iead arsenate
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Arsenic ig an elemental metal used in inseclicides, herbicides, and manufacturing processes
(Coffcl, 1989). Arsepic is used exlensively in insecticides as calcium amsenate to boll-weevil
in cotton fields, and in herbicides and plant desiccants as lead amscnate to control codling
moth, plum curculio, cabbage worm, potato bug, tobacco horn worm, and other pests that
atack {ruits and vegetables. Many thousands of As (+3) and As (+5) compounds with
carbon-arsenic honds have been synthesised and tested for their cffectiveness against various
agricultural pests, Methyl arsenic andl dimethyl arsenic or salts arc extensively used for weed
control. Phenyl arsenic acid, cacodylic acid, methane arsenic acid and Lewisitc
{CH3-CI = CHAsCly) as a chemical warfare agent, are somce of the well-known and widely
used arscnicals (Moore and Ramawiorihe, 1984). The toxicily of arsenic compounds s
different from those of heavy metals. For arsenie the toxicity to the ral declines with arseniic
> arsepate > melhyl arsenate = dimethyl arsenate. The toxic dose increascs by about fifly
between arscnite and methyl acid salts. The toxic edfects appear 1o be caused by binding to
suiphydryl lipid groups by trivalent arscnic, and pentavalent arsenic appears 10 be reduged to
the trivalent form (Harrison. 1990}, Green Plaster produced in India is very likely to cnter
Bangladesh as “no name™ pesticides. "Heavy metals” are a non-scicntific lerm used to refer

to melals, which are in the third period or so (and higher) of the periodic table.
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General Information of Heavy Metals

Heavy metals are elements having atomic weights belween 63.546 and 200,590 {(Kcnnish,
1992}, and a speeific gravity grealer than 4.0 (Connell ct al., 1984}, Living organisms require
wrace amounts of some  heavy melals, including cobalt, copper, iron, manganesc,
molybdenuun, vanadium, strontium, and zine. Excessive levels of essenual metals, however,
can be detrimental to (he organism. Non-essential heavy metals of particular concern o
surface water systons are cadmium, chromium, mercury, jead, arsenic, and antimony
{Kennish, 1992).

All heavy melals exist in surface walers in colloidal. particulate, and dissolved phases,
although dissolved concentrations arc pencrally low (Kcn-nism 1962}, The colloidal and
particulate metal may be found in: 1) hydroxides, oxides, silicates, o sulfides: or 2) adsorbed
to clay, silica. or orgame matter. The soluble forms are gencrally ions of unionized
organometallic chelates or complexes. The solubility of trace metals in surface waters is
predominately controlled by the water pH, the type and concentration of ligands on which the

metal could adsorh, and the oxidation stale of the mineral components and the redox

environment of the system (Connell et al., 1984).

The behaviot of metals in natural walces is a function of the substratc sediment composition,
the suspended sediment composition, and the water chemistry. Sediment composed of fine
sand and silt wiil generally have higher levels of adsorbed metal than will quartz, feldspar.
and defrital carbonate-rich sediment. Metals also have a high affinity for humic acids,

arpano-clays, and oxides coated with urganic matter (Conncll el al., 1984).
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The water chemistry ol the sysiem contrals the rate of adgorplion and desorption of metals to
and from sediment. Adsorplion removes the metal from the waler column and slores the
mrclal in the substrate. Desorption returns the metal to the water colunin, where recirculation
and biocassimilation may take place. Metals may be desorbed from the sediment if the water

-

experience increases in salinity, deereases in redox poleniial, or decreases in pH.

1. Salimity increase. Elevated salt concenlralions creale increased competition befween
cations and metals for binding sites. Often, metals will be dnven off into the
overlying water. (Estuanes are prong 1o this phenomenon because of fluctuating river
flow inputs.)

2. Redox Potential decrease: A decreased redox potential, as is often seen wuder axygen
deficient conditions, will change the composition of metal complexes and release the
meial ions into ihe overlying water.

3. pHdecrease: A lower pH increases the competition between metal and hydrogen 1015
for binding sites. A decrease in pH may also dissolve metal-carbonate complexes,

releasing frec metal ions into the water column (Connell et al., 1984).

Health Effects

Ingestion of metals such as lead (Ph), cadmium {Cd). mercury {11g), arsenic {As), barium
(Ba), and chroinium {Cr), may pose great risks 1o human health. Trace metals such as lead
and cadmium will inlerlere with essential nutrients of similar appearance, such as caleium

(Ca™) and zinc (Zn™™.
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Food Recuuse of sire and cluroe similarities, Tead can substitute for calcium and
seluded m bone. Children are espeetably susceptible o lead bocause developing
skeletal svstems require high caleium levels. Lead thal s stoved v bone s nol
harmiul, but il high Jevels of culeium are ingesled later, the lead m e bone m;u}' be

replaced by culcium and mobibized. Onee free i the systemy. lead may cause

.- .. e
nephrotoxicily, neurolonicily, and hyperiension .

Cucdnrin Cadmiumy may micefere with the metallathioneur’s abilily 10 pegulate e
and copper concentrations in the body Metilothionein is o protein that binds o
excess essential metals o render them unavailable when  cadmium induces

metallothioncin activity: it binds to copper and sine, disrupting the homeostasis levels

(Kennish, 1992). Cadmium is used in industrial manufacturer and Is a byproduct ol

the metalhupy of zine.

Merenrys Mercury poses a greal tish 1o humans. especially m the Toem of methyl
mercury, When mercury enlers water 1t s ollen transformed by microo ganisims 1t
the toxic methyl mercury form. Symploms ol ocule poistming are pharvngitis.

gasteroenterius, vomiting, nephritis, hepatitus. and cheutatory collapse. Chromc

poisoning is wsually & result of indusirial cxposure or a dict consisting of

contaminated {ish ¢mercuey 15 the only metal that will hiouceumulate). Chronie

poisoning may causce liver damage, nearal damage, and leratogenens (USEPA, 198%)
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e Arvemic- Arsenic inpestion can cuuse  severe  loaicity  through mgeskton ol
comtaminated food wud water lueestion causes vomiting. diarchea, ond cardie

abnormalities {Viwessman and Hanuner, 1985).

o Chiominm, The presence of abundant chiomium anions i the water is senerally a
result of industrial waste. Lhe chronie adverse health wilcets are respiratory and

dermatology { Viessman and HMammer. 1985},
Environmental Effecis

Aquatic orgamsms may by adversely alfeeted by heavy metals in the covironment  [he
toxicity is larpely a function of the water chemistry and sediment compusition w1 the surlaee
water system (see "Lovirommental Fae/Mode ol Transporl™ Slightly clevaled metal levels
in natural waters may cause the foltowing sub lethal effects in aquatic organisms: 1)
histological or morphological chunge in tlssucs: 27 changes 1 physiology. such s
suppression ol growth and  development. poar swimimung  performance. changes i
circulation, 3) change in biochendsivy. such as ensyme aceivity aod hlood chemistiy. 43

change in behavior; 5) and chapges i reproduction (Connell et ul., P984

Many organisms are able te regulate the metal concentralions in their dissues. Fish and
cruslacean can exerete cssential metals, such as copper, zine, and iron that are present 1
excess. Sonte can also exerele non-cssential metats, such as mercury and cadmium, although

this is usually mel with less suceess (Connell ctal.. 1984),
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Rescarch has shown that aquatic plants and brvaives are not able Lo successlidly repulale
metal uptake (Connell et al., 1984). Thus. bivalves tend o sutfer from metal seewnulation in
polluted environments. In estuanne systenis. bivalves olien serve as nameniton oreanisms

areas uf suspected pollution (Kenmsh, 1992), Shell fishing waters are closed i metal Jevels

make shelilish unfit for human conswnption.

In comparison 1o freshwater (sh and invertebrates, aquatic plants ave cqually or less sensitive
to cadmiuvm. copper. lead, mercury. nickel. and zine. Thus, the water resource shauld b
nlwnagcd jor the protection of lish and 1nveriebrates. in order o ensure aquatic plinl
survivability (USLEPA, 1987}, Metal uptake rales will Ve according Lo the organism and the
metal in question. Phytopiankton and zooplankton viten asgimilane available metals quekly
because of their high suriace area o volume rativ  Lhe ability of 3sh and invertcbrates 1o
adsorb metals 1 largely dependent on the phiysical and chemical characterisiies ol the metal
(Kemnish. 1992). With the exception ol mereury. lile metal bicaccumulation has been

observed in aguatic organiss (kennish, 1992},

Metaly may enter the systems ol aquatic organisms via three main pallivays

I. Free metal ions thal are absorbed through respiratory sulace (e g gills) are readi,
diffused late the blood slrewn.

2 Free metal jons that are adsorbed onle bady surlaces are passively dillused o the
blood stream.

1 Metals that are sorbed onto [ood and particulates may be mpested. as well as free 1ons

inpested with water (Conoell et al., 1934).
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Irrigation Effects

hrigation water may transport dissolved heavy melals to agricultural Hekls Although maost
heavy metal do not pose a threat w hunens through crop comsumption, culiiom may b
incorporated into plant tissue. Accumulation usually oveurs 1 plant roots, but mity also oceur

throughout the plant {De Yooy et al., 1980).

Most irmgation systems are desigued to allow lor up 1o 340 pereent ol the wialer applicd 1o ool
be absorbed and o leave the ficld as retumn Now. Retuen flow either joins the groundwater o
runs ol the feld surface (tailwalery, Sometimes tailwater nst be rerouled into streams
because of downstream watel rights or a necessily 1o mawntain stream low. However, usually

ithe tailwater 15 collected and stored unty ot can be reused m dehvercd o anothar eld

(USEPA 1493a).

Tuilwalcr 1s often stored 10 small lakes ar reservoirs, where heavy metals ean aceum wlate s
return flow is pumped in and out. These metals can adversely nupact aguatic communitics.
An extreme example of this is the Kesterson Reservoir in the San loaquin YValley, Caliloria,

which received subsurfuce agricullural deainwater contaimng high levels ol selemum aud

=alts that had been leached from the sail during irvigaton. Studies 1o the Kesterson Reservolt

revealed elevated levels of selemum in water, sedinwents. tenestrial and aguatic vegetation.
and aguatic insects. The clevated fevels of selenium were cited as relaung o the low
reproductive success, high mortality. and developental ahnormalities o enibryos and chicks

of nesting aguade birds (Schuler el al. 1990,
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Sourges:
1. Nonpoiat sources!

Natwal: Chemical and physical weaihering ol igneouws and metamerphic rocks and soils olten
release heavy metals into the sediment and Into the air. Other contributions include the
decomposition of plant and animal detritus, precipiation 01 almospheric deposition of
aitborne particles {from voleanic activity, wind crogion, lorest (re smoke. plant exudates, and

oceanic spray (Kennish, F992).

Anthropogenic: Surface runol( from mining operations wsually has a low pltand contains
high levels of metals such as iron, manganesc, zine, copper. nickel and cobalt  Uhe
combustion of lossil fucls pollutes the atmosphure with metal particulates that eventaally
settle 10 the lund surface. Urban storm water runo(T ofien contains metals [rom o way's and
atmosphenc fallout (Connell et al., 1984). Cuwrently. anthropogenie inputs of metals exceed

natural inputs.

3 Poin sowrces- Donestic wastewater efiluent contams metals Irom metabolic wasles.
carrosion of water pipes. and consumur products. Industrial eflucis and wasle

sludges may substantially contribute to metal loading (Conncll et al.. 1984

Environmental Fate/Mode of Transport:

Transport m water: Water can transport melals that are bound to sediment particles. The

primary route for sediment-metal transport i oy erlund {low
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Water also transports dissolved metals. Although disselved metals are pomutily fransponled

0 overland flow, some underground transport s possible Metals that ale inll‘c}dluc:{:d 0 the

unsaturated zone and the saturated zone will most likely not be transporied a tong distance,

Dissolved melals that are carried below the land surface will readily sorbs 1o seil particies o

lithic muaterial in the unsalurated zone and the saturated wone,

Transport in air. Mctals introduced into the ab nosphere may be carried 1o e land surface by
: i

precipitation and dry lallout Adduionally, beeause metals readily sorb @ many sedument

types, wind-borne sediment is 4 potential route oy metal transpert,

Heavy metals in surface water sysiems cun be [tom sotural or anthropogemic Sourees
Currently, anthrepogenic inputs of metuls cacecd potural inputs. lixcess metal Jevels in
surface water may pose a health sk (o humans and Lo the environment.

Heavy metals are of real-voncern in the agualic environment. Small amounts ol metals are
neecssary [or growth. bul at elevated levels can become toxic, 1o my feld of occanegraphy
and physiology (study ol alpac) metal chemistry i a hot reseurch em. Locally. we have
trouble with copper leaching from the anti-louling paot on the Navy ships aod precipiating
out into the sediments. From the sediments the copper will conLue o come oul g the
water and become # cohstant source of copper  Many studics have been done on marsh
plants because they take heavy metals up into their cells and therelore can “cleansc™ the
waler. [lowever, unless the plants ae harvested, the metals iy return to the water as the
plants decompose alter death 5o you can sce that even when sources of pollution are

identilied and stopped. the pollutants can continue 1o cyele i the systen. In addidion,

poilution can cause o shift in the kinds ol miciv aluae that can be supported in a sysleo, and
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since these alpae are the basis of the [bod chain. the Linds of alpae can determing the hods ol
aninals thal can live there, Therelore, a non-loxic Jevel ol'a metal contaminale can aiter the
basis of (he food chain and therelore alter the Gy pes of Jish and other onimals that can be
supported in an ecosystem.

Heavy metals in soils near the mckel smeller chemistry, spatial varation. and impaets on
plant diversity

Air pollution induced changes were obscrved both in plant communities and in soil chemistry
in forest ceosyslems near the nickel-copper smelier m the Kola DPemnsula, Russia. All
measured forest plant community paramelers describing their {loiistic composition atid
srructure were alleeted by poltulin. Heavy metals were significantly concentraled in organic
hotizons of forest soils. The concentrations ol ammcmnimm acelute-exlraciable nickel and
copper 1 organic horirons neur the smelter wore approximately two orders of magnitucde
higher than the background levels in the region. Based on pH values. air pollution has not
resulted in a detectable topsol! acidification near the smehier. However. congentrations of
extractable magnesium, potassium and nitrogen 1n organie hornsons tended o be lovs
towards the smelter. Uhe spatial variability of data obtained results ut necessity ol the two
complementary, macroscopic and microscopic, approaches o ceosysiem investisabion, The
macroscopic approach beter rescaled the mMuenece of pollution, The ordination ol the migor
species diversity indexes was highly related o so1l propertics, suggesting that the content al’
heavy melals and nutrients is the best soil refated predictor of species diversity in poliuled
areas. Besides direct input of polluiants lrom the atmosphere, soil contaminaten and
nutritional disturbance chntribute significantly to the observed vepelation danmage in sub

arclic forest ccosystems,
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SECTION: 2
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2. Present Work: Synthesis of Radiation grafted Membrane
Intermediates by Using Different Binary Monomer System onto

Different Polymeric Materials.

2.1 Rationale: :

Recently therc has been substantial growth in interest in the use of radiation induccd
grafl copolymerization of fanctionalized monemer onto polymer membranes for chelating
sorbent materials 2. Graft copolymers involving maleic anhydride moictics have been the
subjoct of considerable intercst, because these anhydride groups have reactive carhony!
proups which are subjected lo numecrous reactions. In this respect radiation induced graft
copolymerization of styrene/maleic anhydride (Sty/MAn) and methyl methacrylate/ maleic
anhydride {MMA/MAn} binary monomer anto the differcnt polymeric malerials arc. low-
density polycthylenc (LDPE) film, pelyethylene peliet (PEEF), polypropylenc pellet (FPP).
low-density pnlypr-:}pylene {LDPP) and heat pressed polyethylene (HPPE) sheet were
studied. Varieiics of functional groups arc possible to introduce into the grafl copolymer and
the possibilities of their practical uses in scleclivity of some loxic metal 10ns gre more
popular day by day. it has becn recognized that the ionizing radiation is a very suitable teol
for the preparation of grafted polymeric materials, especially for different vilal
application 4% I'his process has versatile advanlagcsﬁﬂ'ﬂ, for example: casy process control.
simullancous crosslinking of the polymer to grafted polymeric matcrials formation and
sterility of the product with high degree of assurance level. no necessity 1o add any initiators,

no wasie, and the lechnology is environment friendly since it leaves no residue or poliutant in

¥
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the environment etc ***. The neccssary requirement to produce a usable grafied polymeric
material is the formation of cross-links between dilferent polymer chains, resulting in a three-
dimensional network structure *® *!. This requircmnent is achieved by (he irradiation of the
different polymeric materials in acetone solution of binary monomer $ysteins: St}'f?«-’.[ﬁn‘ and
MMAMARN through gamma rays.

2.2 Resalts and Discussion:

2.24. Grafted Polymeric Product of PE-g-P(Sty/MAn})

Here we demonstrate an approach where radiation grafted membrane of low-density
polyethylene with binuary menomer of styrenc and maleic anhydride through radiation
technique. In this purpose Co-60 y-rays were used lor the completion of the grafting reaction.
By this technique a good grafling was achicved and this was 288% at 15kGy dosc with
LDPE and the binary monomet system was Sty/MAn. In the glass ampoule LDPE was taken
and then {he solution of acetone with binary monomers poured in that ampoule, and {inally
the prepared samplc solution was exposed in the Co-60 y-rays. In this casc we have found
homopolymer of styrene also, and this homopolymer was removed from the grafted product
by washing through the solvent acelone.

I—Ielre, the change of prafting pereentage with radiation dose is investipated, and the grafting
percentage of law-dclnsity polyethylenc film with binary monomer of styrene and maleic
anhydride increascs with increasing the dose. With the increasc of radiation dose. the
concentration of the free radicals increascs, thal is the (7 value lor cach radical increases,
therelore the site of monomer addition in the polycthylenc wus nercased, so the resulting

gralting increased.
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2.2b. Grafted Polymeric Product of PE-g-P (MMA/MAR)

Here we demonstrate an approach where radiation gralted membrane of low-densily
polycthylene with binary monomer of methyl methacrylate and maleic anhydride through
radiation technique. For the completion of the grafting reaction same lechnigues were applied
as 2.2a. For this technique also, a good grafling was achieved and this was 253% at the same
dose with LDPE and the binary monomer system was MMA/MAn. In the glass ampoule
LDPE was laken and then the solution of acetone with binary mopomicr pourcd in that
ampoule, aud finally the prepared sample solution was exposed in the Co-60 y-rays. After
completion of the radiation-exposing period. the prafied film was removed and w?shed
thoroughly by acetone to exiract the regidual monomers and (he homo polymer of methyl
methacrylale, which were accumulated in the grafted films. For [inding mor¢ accuratc
grafiing result the films werc then further immersed in acelone for 4% hr and then removed
from acctone, dricd and then weighed finally for calculating the degrec of grafting value 1n
percentape. The completion of the removal of homeopolymer was ascertuined through the
unchanged weight delermination for caleulating the accurate gralting result.

2.2¢. Grafted Polymeric Product of PEP-g-P(Sty/MAn}

Herc we demonstrale an approach where radiation grafted membranc of polyethylcne pellct
wilh binary menomer of styrene and maleic anhydride through radiation technigue. In this
purpose Co-60 y-rays were used for the completion of the grafling reaction. By this technique
a satisfctory prafling result was not achieved compared (o the LDPE film and the valuc was
unlyl 3.1% where s for LDPE it was 288% at the same dose, with LDPE and the binarl}r
monomer system was Sty/MAn. Due Lo the high molecular and grafing density in PEP, the

grafling percentage of PEP with binary monomer of Sty/MAn systems decreased compared
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to the LDPE filny. 1t shows the radiation dose 15 or 20 kGy 1s nol enough for the formation of
large number of free radical to form the grafted product like that of LDPE system. Therelore,
we may conciude by saying (hat in lhe cxposed low dose only a lower cxtent of PEP free
radical is formed, that's why the grafling was poor compared to others. In ihe glass
ampoule PEP was taken and then the colution of acctone with binary monomers poured in
that ampoule, and finally the preparcd sample solution was exposed in the Co-60) y-rays.

2.2d. Grafted Polymeric Product of PEP-g-P {(MMA/MAR)

Similarly the radiation grafted membrane of polyethylene pellet with binary menomer ol
methyl methacrylate and malcic anhydride obtained through radiation technique. Here also a
satisfactory grafling was not achieved compare 1o the LDPE film and the value was only
5 9% where as for LDPE it was 288% al the sume dosc with LDPE and ihc binary monomer

syslem was Sty/MAn. Same cause was snvolved in the case of low gratiing result.

2.2¢. Grafted Polymerie Produet of PPF-g-P(Sty/MAn)

According to the same way radiation gralled membrane of polypropylene pellet with binary
monomer of styrenc and maleic anhydride oblained (hrough radiation technique. he grafing
percenlage was only 2.0%. Due 10 the high molecular density, crosslinking density and small
surface area in PPP, the grafiing percentage of PPT wilh binary monemer of Sty/MAn sysiom
decreased compare to the LDPE filin. That is the applicd radiation dose 15 or 20 kGy is not
enough for the formation of a greater exlent of {ree radical, 1o form the grafting product like

ithat of LDPE system.
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2.2f. Grafted Polymeric Product of PPP-g-P{MMA/MAR)

The grafling result was only 1.80% for the radiation grafted membrane of polypropylenc
pellet with binary monomer of methyl methacrvlate and maleic anhydode through radiation
technigue. The cavse of poor grafling resull was mentioned before.

2.2p. Grafted Polymeric Product of LDPP-g-P{Sty/MAn)

The grafting result was only 10.00% for the erafted membranc of low-density polypropylenc
with binary monomer of styrenc and maleic anhydride through radiation technique. The

cause of poor grafting resuli was mentioned before.

2.2k, Grafted Polymeric Product of LDI'P-g-P{MMA/MAD)
The prafting result was only 6.80% lor the radiation grafied membranc of low-density
polypropylenc with binary moenomer ol methyl methacrylate and maleic anhydnde through

radiation technigue. The causc of pour grafting result was mentioncd belore.

3.2i. Grafted Polymeric Product of HPPE-g-P{Sty/MAn)

The prafiing result was only 1.80% for the radiation grafied membrane of heat pressed
polyethylenc (IIPPE} sheet with binary monomer of styrenc and malcic anhydride through
radiation technique. The poor gralting results explained before.

Z.ij. Grafted Polymeric Product of IIPPE-g-P(MMA/MAnR)

The grafling result was ounly 1.68% for the radiation graficd membrane of heat pressed
polyethylene {HPPE) sheet with binary monomer of methyl methacrylate and maleic

anhydride through radiation lechnique. The grafling resull explained before.

01



All of the grafting reactions are shown 1 the Scheme 1.

Ri

Ry
®+CH2— + HC —CH - '

CH—C—1IC — Cli—
OA\O/J\ Ra C(‘ O/J\
P

o
O

where R K P Intermediaie

@ H LDPE 2.2a
COOCHy CHs LDPE 2.2b

O M PEP 22¢

COOCH3 CH3  pLCP 2.2d
O H PPP 2.2¢
COOCH3 CHs  Ppp 2.2t
O H  L1ppp  2.2g
coocH; CH3  LDPP  2.2h
H HPPE 2.21

COOCHzy CH3 HPPE 2.2

Scheme 1

2.2.1. Starting Materials:

I'he stading materials for this grafled polymerization siep wcere styrene (5ty), malcic
anhydride {MAn), methy) methacrylate (MMA) and different pelymeric materials, ¢.g., 1ow-
density polyethylene (LDPE) film. polycthylenc pellet (PEP)., polypropylenc pellet (PT'T),

low-density polypropylene (LDPP) and heat pressed polycthylene (EIPPE) shect were

studied.

The structures of those materials arc shown below:
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FoSE=22

CO
HC = CH CH, = (L
l
CH,=CH g;%f&@ CH3
Sty MAn MMA

The prafted product was characterized by the gravimetric method and  spectroscopic
technique. The infrared spectroscopic reporl was dilTercnt with the grafled product of low-
density polyelbylene (LDPE) film and other polymeric materials with Sty/MAn binary
monomer, and the weight of the grafted product remarkably increased from the polyethylene
{ilm as well as the other polymeric materials polyethylene pellel (PLEP), polypropylene pellet

(PPP), Tow-densily polypropylene (1DPP) and heat pressed polycthylene ([1PT'F) sheet.”

2.3. Characterizs;tiun of the Products:

2.3a. Characterization of the Gralted Polymeric Product PE-g-P{Sty/MAn}

Firstly, the radiation grafled membranc of jow-density polyethylene (LDPE) film
with Sty/MAR binary monomer was characterized gravimetricaily. The LDPE film was
weighed belore the radiation grafting reaction and after the compiction of the grafting
reaction followed by removing the homopolymer and monomers, the weight of the product
way again taken. Then, the degrec of grafting perccnlage Wwas calculated according fo

{ollowing relation:
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Degree of grafiing (o) = ——— x100
Wy

Where, W, and W, represent the weights ol initial and gratted films, respectively.
Secondly, the gralied product of low-density polvethylene (LDPE) film with Sty/MAn binary
monomer was well characterized by the Fouricr-Transformed frared Speciroscopic {FTIR)
data, Infrared spectroscopic data of LDPE and grafted product were taken for comparison
and (he spectra of thesc two reporls were completely different. The inlrared specira of prafled
product PE-g-P (Sty/ MAn} showed C = O group of anlisymmetric and symmetric
stretching vibration in the range of 1857.3 and 1707.8 em™' respectively and this C = O group
comes from the maleic anhydride moietics. On the other hand the frequency number at 1603
em” showed, due to the presence of aromatic C=C in the benzene ring, which comes from
the styrene porlion of the grafied product. The characteristic band for —CH3- group ol LDPE
21 28583 !, The characteristic band wt 1857.3, 17078 and 1630.7 em™ for the infrured
spectrum of low density polyethylene were absent, {hat’s the evidence for the formation of
grafting reaction of LDPE film with copolymer unit, MAn-Sty.  That Is the infrared spcctr;i
analysis confirms the formation of grafl polymer.
2.3b. Characterization of the Grafted Polymeric Product PE-g-P(MM A/MARN)

The synthesized radiation grafled product was characterized pravimelrically. The
LIPE film weighed before the radiation grafting reaction and a-ﬂcr the completion of the
gralling reaction {ollowed by removing the homopolymer and monomers again the weight of
the product iaken, Then, the degrec of grafting pereentage was calculated according to the

samc relation.



The infrared speetra of gralied product PE-g-F (MMA/MAR) showed C = O gmup of
antisyrunetric and symmelsic stretching vibration in the range of 1857.3 and 1708.8 em't
respectively and this C = O proup comes from the malcie anhydride moieties. Another C = O
group absorption frequency obscrved at 1789.8 om’ for the MMA moieties. The
characteristic band for —=CHy- group of. LDPE at 2%48.3 em™. The characteristic bands at
2995.2 and 2918.1 em™" due 1o (e -OCH; and - CH; group respectively in MMA portion. The
characteristic hands Iat 1857.3, 1789.8, 1708.8, 2995.2 and 2918 cm” for the infru.rr;:;i
spectrum of low density polycthylenc were absent, that’s the evidence for the formation of
grafting reaction of LDPE ilm with copolymer unit, MMA-Sty. That is the infrared spectra
analysis confirms the formation of grafl polymer.

2.3e, Characterization of the Grafted Polymeric Product PEP-g-P(Sty/MAn)

This radiation grafied product was characterized gravimetrically. The PEP weighed
before ihe radiation grafiing rcaction and aller the completion of the grafting reaction
foltowed by removing the homopolymer and monomers again the weight of the product
taken. Then, the degrec of grafling percenlage was calculated according to the previously
mentioned relation.

The gralied product of polyethylene pelict with Styv/MAn binary monomer was characten:zed
by the gravimeiric method only. Infrared spectroscopic data of PLP prafted product was not
recordable because PEI can not permit the infrared radiation. That’s the increase of weight

after the exposing of pamma rdiation i3 an evidence for the Tormation of arafting reaction of

PED wilh copelymer unmit, MAnR-Sty.
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2.3d. Grufted Polymeric Product of PEP-g-P{MMA/MAn} Characterization
‘Ihis synthesized radiation grafted product was characterized gravimetrically. Infrared
technique was not applied due 1o the samc mnentioned reason.

Similar explanation is applicable for the characterization of grahed product of 2.2¢, 2.21,

2.2p, 2.2h, 2.2i and 2.2j.

2.4, Mechanism:

A lentative mochanism for the formation of the synthesized rachiation  prafted
membrane of low-density polvethylene (LDTE) film with Siy/MAn binary monomer i
illustrated in the Scheme 1.1

Where, after passing the Co-60 y-radiation to the 1.DPE film free radical is formed on
the LDPE film, again during irradiation the free radical of Sty and MAnR 1s also lormed duc to
the homolytic cleavage of pi (TT) bonds in both of these compounds, The formed free radicals
further combined with each other to form the grafied membrane of Tow-density polvethylene
(LDPE) {ilm with Sty/MAn binary menomer. It scemed that all the gralied process ibllnw-r:d

the same mechamsm.

il
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2.5 Conclusion:

We have described a very convenient and elegant methed for the synthesis of some grafled
membrane of low-density polvethylenc (LDPE), polycethylene pellet (PEP}, potypropylenc
peliet (PPP), low-density polypropylenc (LDPP) and heat pressed polyethyicne {T1PPL) sheet
film with Sity/MAn binary monomer. Some of thesc gralled products arc used as the
intermediate products for our target functionalized radiation pralled membrone. 1hese
grafied intermediate products were synihesized by readily available starling matcriu!s.. and

clean technigue i.c., radiation technique and with a good perceniage of grafling.

2.6 Experimental:
2.6a. Grafted Polymeric Product of PE-g-P(Sty/MAn}

Materials

Low-density polycthylene film (LDPL) (55 micrometer thickness) was washed with
distilled water and then followed by the acctone and finally dried in air. Maleic anhydride
(MAsY). purity 97% (BDH. Poole, ingland). M = 98.06 g/mol, was used as received. St}rrerllc
(Sty) (Merck, Genmany), M = 104.06. 11 = 0.79 kp. MWethy! methacrylate (MaiA) GPR,
purity 99%, M=100.12 wmol, 11 = 0.94 ke, (Merck, Germany} was uscd as received.
Acetone was extra pure (Merck, Germany), M = 58.08, 11 = 0.79 kg and used without [urther

purification.
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Optimization of radiation dose:

For preparing the graft copolymers racdiation-grafiing technique was uscd and for this
purpose Co-60 v-1ays were used. For inslance, dose optimzation was one of the major
headache in this study. In that case LDPE sheel were ctit first and then followed by washed
with ace;.{}nc, dried in air weighed, which are recorded for determining the graltng
percentage. By observing the highest grafting percentage optimum dosc were selected. In the
dose optimization case, 0.5 - 20 kGy doses werc used for all of the grafted copolymers and
the optimum dose was 15 kGy.

Graft copolymerization of LDPE:

The grafl cﬁpolymcrslwem prepared by radiation grafting technique and or this purpose Co-
60 y-rays wete used as a radiation soyrce. The identitics of Co-6( y-radiation are cnergy of
1.17, 1.33 McV, statc metal, hulf-life 5.26yeurs, specific activity 40-700Ci/g, sel frabsorption
10% and activily 67kCi. These types of grafling copulymers were prepared by the LDPLE
film using Co-60 y-rays at 4 dose raic of J KGy/hr with the Siy/AMdn binary monoiner system.
For preparing ihe St*_;fthn grafiing copolymer the stnp of 1.0DPE were prepared first and
then followed by washed with acclone, dried in air weighed and immersed in the 20% {1; 1
mol/mol) Sty/MAn comonomer solution using acetonc as a diluent. The 200 comonornet
solution was prepared by taking 9.70 g of MAn, 10.30g (or, 13.04 mi) of Sty and 80 g {or.
101.27 ml) of acetone. The comonomer solution was deaerated by bubbling nitrogcn then
introduced in to (he Co-60 y-rays at the dose of 15 kGy for dircet rudiatign grafling. After
completion of the radiation-exposing period, the grafted films were removed and washed

thoroughly with acelone 1o extract the regidual monomers and the homo polymers, which

0%



were aceumulated in the grafled [ilm. For finding more accuratc pralting result the films
were then furiher immersed in acetone for 48 hr and then removed the films from acetone
and dricd {hen weighed. Finally the degree of gralling value was calculated in perccn-wgc. In
the purified grafied product the perceniage of yrafting was 288% and the FTIR spectrum dala
{Fig.2) is as follows:

1R: v, 3613, 2858, 2846, 1857, 1707, 1634, 1559, 1435, 1388, 1367, 1067. 1019, 944, 843,

827,811,751, 730 cm’”

2.2b. Grafted Polymeric Product of PE-g-P(MMA/YAn)

Graft copolymerization of LDPE:

This type ol prafting copolymer of LDPL wetc preparcd by MMA/MAR hinary monomer
system onto LDPE films using Co-6( y-rays at a dose tate of 5 kGy/hr dose rute of gamma
radiation. For preparing the MMA/MAD grafting copolymer the stops of LIDPL were
prepared fiest and then followed by washed with acctone, dricd in air weighed and immersed
in the 20% (1:1 mol/mol) MMA/MARN comonomer solution using acctone as a diluent and 80
g (or. 101.27 ml} of acetone. The comonomer solution was deaerated by bubbling mtropen
th-en ‘niroduced in 1o the Co-60 -rays at the dose ol 15 kGy for dircct radiation grafling.
After completion of the radiation-exposing period, the orafled film was removed and washed
thoroughly by acetone to extract the residual menoemers and the home polymers, which were
accumulated in the grafled films. For finding motc accurate grafting result the films were

then larther jmimersed in ocelone for 48 hr and then removed the films Jrom acctone and
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dried then weighed linally for caleulating the degree of prafting value in percentage. ITIR
absorption frequencies (I £.3) are mentioned below:

IR; Vran 2995.2, 2918.1. 2848.7, 1857.3, 1789.8, 17083, i436.9, 1388.7, 1365.5 1136.0,

1089.7. 1066.6, 1018.3, 9835.6, 943.1, 842.8. 810, 752.2, 731.0, 719.4 em’”
2.2¢. Grafied Polymcric Product of PEP-g-P(5ty/MAnm)

Materials

Polycthylepe peilct (PEP) was washed with distilled water and then acetont and
finally dricd in air. Malcic anhydride (MAR), purity 97% (BDH, Poole, England), M = 98.00
g/mol, was used as received. Styrene (Sy) (Merek, Germany), M = 104,06, 11= .79 k.
Graft copolymerization of PEF:
For preparing the Sty/MAn grafiing copolymer the PEP were prepared first and then
followed by washed with acetone, dried in air weighed and immersed in the 26% (1:1
mol/mol} $ty/MAn comonomer solution using acctonc a8 a diluent. The 20% comenomcr
solulion was prepared by laking 9.70 g of MAn, 10.30g for, 13.04 ml) of Sty and 80 g (or.
101.27 ml) of acclone. Then same procedure of 2.2b was applied. In the purified grafted

product the pt:rcema;;e of grafting was 3.1%,

2 2. Grafted Polymeric Product of PEP-g-P(MMA/MAN)

Graft copelymerization of PEL:

For preparing the MMA/MAR grafting copolymer the PP were prepared first and then
followed by washed with acetone, dricd in air weiphed and immersed in the 20% (11
mol/mol) MMA/MARD comonHmer solution using acetone us a diluent. The 20% comaonomer

solution was prepared by laking 9.90 g of MAn, 10.10g {or, 13.04 ml) of MMA and 80 g (o1,

71




101.27 ml) of acetonc. Then same procedure of 2.2b was applicd. In the purified prafled
product the percentage of prafting was 2 9%,
2.2¢. Grufied Polymeric Product of PPP-g-P{Sty/MAR)

Materials

Polypropylene pellet (PPP) was washed with distilled water and then ucctone and
finaily dried in ajr. Maleic anhydride (MdAn), purity 97% (BDH, Poole, Fngland), M = 98.06
\ g/mol, was used as received. Styrene (56) (Merck, Germany), M = 104.06, 11= .79 kg.
Graft copolymerization of PPP:
For preparing the Sty/MAn graRing copalymer the PP were prepared first and then
lollowed by washed’ with acetone, dricd in air weighed and immersed in the 200 {1:1
mol/mol) Sty™MAR comonomer solulion using acetone as a diluent. The 20% comonomer
solution was prepared by Laking 9.70 g of MAn, 10.30g (or. 13.04 ml) of Sty and 80 g {or.
101.27 ml) of ucetone. Then same procedure of 2.2b was applied. In the purified arafled

product the perceniage of grafting was 2.0%.

2.2f. Grafied Polymeric Product of TPP-g-P(MMA/MAD)

Graft copolymerication of PPP:

For preparing the MMA/MAR grafting copolymer the PPP were prepared first and then
followsd by washed with acetone, dried in air weighed and immersed in the 209 (10
mol/mely MMA/MAD comenomer solukion using acetone as a dituent. The 20% comonomer
solution was prepared by taking 9.90 g of MAN, 10.10¢g (or, 10.74 ml) of MMA and 80 g (or,
101.27 ml) of acctohe. Then same procedure of 2.2k was applied. In the purified grafted

product the percentage of prafting was 1.90%.
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2.2g. Grafted Polymerie Product of LDPP-g-P{5ty/MAn)

Materials

Low density polypropylene {I.DPP} (55 micrometer thickness) [ilms was wash;ed with
distilled water and then acetone and finally dried in air. Maleic anhydride (Md#r), purity 7%
(BDH, Poolc, England), M = 0806 gmol, was used as received. Styrene (St) (Merck.
Germany), M = 104,06, 11 = 0.79 kg.
Graft copolymerization of LDYT:
Vor preparing the Sty/MAn grafling copolymer the 1L.DPP were prepared first and then
followed by washed with acetone, dricd in air weighed and immersed in the 20% (11
mol/mol} Sty/MAn comonomer solulion using acctone as a diluent. The 20% comonomer
solution was prepared by taking 9.70 g of MAn, 10.30g (or, 13.04 m1} of Sty and 80 g tor,
101.27 mi) of aceione. Then same procedure of 2.2b was applicd. In the purlicd yrafled
product the percentage of grafting was 10.0%.
2.2h. Grafted Polymeric Yroduct of LDPP-g-P(Sty/MAn)
Graft copolymerization of LDYP:
For preparing (he MMA/MAn grafling copolymer the LDPF were prepared (irst and then
{ollowed by washed with acetone, dried wn air weighed and immersed in the 20% (1
mol/mol) MMA/MAR comonomer solution using acelone as a diluent. The 20% comonomer
solulion was preparcd by taking 9.90 ¢ of MAn, 10.10g (or, 10.74 ml) of MMA and 80 p (or,
101.27 ml) of acetone. Then same procedure of 2.2b was applied. In the purified grafted

product the percentage of grafling was 6. 80%,
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2.2i. Grafted Polymeric Product of IIPPLE-g-P(Sty/MAR)

Matcrials

Heat pressed polycthylene (HPPE) sheet) was washed with disulled wat::rl aﬁd ihen
acetone and finally dried in air. Maleic antiydride (MAnr). purity 97% (BH, Poole, England),
M = 98,06 p/mol. was uscd as received. Styrenc (Sty) (Merck, Germany). M = 10406, 11 =
0.79 kg.
Graft copolytnerization of HPPE:
For prepating the Sty/MAn grafling copolymer the LDPP were prepared first and then
followed by washed with acetong, dricd in air weighed and immersed in the 20% (1:1
mol/mel) Sty/MAn comonomer solulion using acctonc as a diluent, The 20% comanomct
solution was prepared by taking 9.70 & of MAn. 10.30g for, 13.04 mi) of Sty and 80 g (or.
101.27 ml) of acctone. Then same procedure of 2.2b was applicd. In the punfied prafled
product the percentage of grafling was 1.80%.
2.2j. Grafted Polymeric Product of HPPE-g-P(Sty/MAD)
Graft copolymerization of LDPT:
Vor preparing the MMA/MAR prafting copolymer the HPTE werc prepared first and then
followed by washed with acctone, dried in air weighed and immersed in the 20% (1:1
mol/mol) MMA/MAN comonomer solution using acctone as a diluent. The 20% comonomer
solution was prepared by taking 9.90 g of MAD, 10.10g for, 10.74 ml) of MMA and 80 g (or,
101.27 ml) of acetonc. Then sume procedure of 2.2b was applied. In the purified oralted

product the pereentage of prafting was 1.08%.
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Fig. 6: 1R Spectrum of Grafted Pelymeric Product of PE-g-P(Sty/MAn) at 5 kGy dose
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3. Present Work: Synthesis of Chelating Funetionalized
Polyethylene Grafted Polymers with Some Ammonia Derivatives.

3.1 Rationale:

Metals are among the most imporant racc level constituents of naturul water . Many
heavy melals are quite toxic and drinking water standards for (hese melals allow aniy a o
tevel. Tn recent vears a greal deal of interest has been observed in relation to the applicability
of chelating apenls for removal or separation of metal ions from heavy meial contaminated
water™™, Among many sorptive materials various forms of synthctic polymers contaming
complexing molecules which are abundant at low cost have emerged os one ol the most
important malrices for the .ﬂ}’mhexis of new sorbents Chelales forming polymicric fipands
have been extensively siudied by sevetal authors and many reviews arc available in the ficld
6047 Qeveral heavy metal ions such as Ig, Pb and Cu were exlracicd using thiol chelating
resins®™ and chelating resins supporting dithiocarbamate and methyl thiourea % Recently
there hag been subsiantial growth in interest in the use of radiation induced prall
copolymerization of functionalized monomer onlo polymer membranes for preparing
chzlating sorhent materials 1 Gralt copolymers involving maleic anhydride moieties have
becn the subject of ;:ensiderahlc interest, because these anhydride moicties contain reactl ve
carbony! groups which are subjecled to numerous reactions. I this respect radiation induced
graft copolymerization of styrene/malcic anhydride (Sty/MAN} commoner am anather pajr
of methy! methacrylate/maleic anhydride (MMA/MAD) onto polyethylene film was studied.
Varicties of ammonia derivatives, such as hydrazine, phenylhydrazine, hydroxylamine,

hydroxylamine hydrochloride, semicarbazide,  Ihicsemicarhazide. thivsemicarbasde
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hydrochloride and $-Benzyl-thiouroniumehloride werc introduced into the praft copolymer
and the possibility of their practical vses in selectivity of arsenic and some loxic metal ions

are investigaled.

3.2 TResulis and Discussion:
3.2a Polyethylene Grafted Polymer of Sty/MAn Chelating Functionalized wilh
hydrazine
According to the Scheme 2, here we demonsirate an approach where the chelatng
functicnulization of the radiation  gralled membrane of polycthylenc film with binary
monomer of styrenc and maleic anhydride. In this purpose the grafied intermediate products
were used for the completion of the chelating functionalized reaction. By this techniqus,
there is an incrcase of molecutar weight, Therefore, it 18 reasonable to deseribe the
conversion of maleic anhydride groups in graft copolymer chains by the increasing

percentage of the membrane weight.

Rl fth |
L +ppN— e WORL Cligmm G TIE — CH—
z P [
O Rn O/J‘\dfg“
N—(

Scheme 2
It can be scen that the grafted intermediate product casily combines with the hydeazine and
give the condensation reaclion resulting the formation of condensed product wilh hydrazine.

This condensation product was then used for the removal of some heavy metals.
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Polyethylenc Grafted Polymer of Sty/MAn Chelating, Functionalized with Other
Ammoania Derivatives

According to the Scheme 2, il can be secn that the grafled intermediate product easily
combines with (he phenyl hydrazine, hydroxylamine, hydroxylamine hydrochloride,
semicarbazide, thigscmicarbazide, ihiosemicarburide hydrochloride, S- Bensyl- thiouronium
chloride and give the condensation reaction resulting the formation of condensed products
wilh the respective ammonia denvatives. These condensation products (3.2b -3.2h) were then

used for the removal of arsenic and some heavy metals.
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3.2.1. Starting Materials:

Synthesis of Chelating Funectionalized Polvethylene Grafted Polymers with Some

Ammonia Derivatives.

The starting material for ihis chelating functionalization slep was the gralled

intermediaie product of PE-g-P, and hydragenc, The structures ol those materials are shown

below:

(P)y—CH,—Cil— HC —CH,

P

(PE-g-P)
Phenylhydrazine Hydroxylamine

I
H,N—NH—C— NH 2

i
H,N—NH—C—NH 2

Scmicarbazide Thiosemicarbazide

@JS —<\

+
NI, I~

NH;

S-Benzyl-thiouroniam chloride

L

H,N—NH,
Hydrazine
1,N—NHOH-HiCI

Hydroxylamine hydrochloride

S
I
H,N-NH—C—NHZzHC]

Thiosemicarbazide hydrochloride



3.3, Characterization of the Product:

We have synlhesized the chelating [anctionalized polymeric matetials of low-densily
polyethylene (LDPE) film with Sty/MAn binary monomer systein and the chelate [ormation
accomplished through somc ammeonia derivatives. ‘These products were characterized
through gravimetric method. The speetroscopic methad was not applied for characleriving
these compounds. ‘The sample products were nol compalible for recording the IR specteum
because the chelating functionalized products were not permit the infrared ray. There by,
through the gravimetric technique, the chelating functionalized products were characterized.
Jn gravimeiric method, it is reasonably deseribed the conversion of maleie anbydride groups
imo condensed products in grafi copolymer chains by the increasing percentage of (he

membranc weight.
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3.4. Mechanism:

The simple mechanism for the chelating lunctionalized condensation rcaction are shown
below, where the oxygen alom of anhydride moicties and the hydrogen of hydragend
combine with cach other and finally give the chelating functionalized grafied product through

the removal of watet.

(F)—CiHy—CH = 110 —CH— Retha 1800 Cll— CH— 1IC —CH—  + 110
cf;l‘nJ% 3+ HIN—G DJ\ (-;J‘\w—c;
G Chelating Product G Chelating Product
NLi; Ja NITCONH: Je
NIUPh ib NIHICSNH: 3H
OH i NIICSNH2 HCI 3p
OH.THC 3d 3 3h

5
@_/ —Xﬁlliﬂ'
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3.5 Conclusion:

We have described 2 very convenicnt and elegant method for the synthesis of chci;ting
functionalized polvmeric materials of low-densily polyclhylene (1.DPLE) film with Sty/MAn
binary mwmomer system and the chelate formation accomplished through some ammenia
derivatives, such as hydrazine, phenylhydrazine. hydroxylamine, bydroxylamine
hydrochleride, semicarbazide, thiosemicarbazide, ihioscmicarbaride hydrochloride and
S-benzyl-thiouronium chloride. ‘Lhese cheluting functionalized products were used as the
shsorbent and for removing the arsenic and some heavy metals irom the aqueous solution.
These chelating functionalized products were synthesized by readily available starting
materials and clean technigue.

3.6 Experimental:

Materials

The intermediate grafied product of PE-g-P with Sty/Man was washed with acctone and then
dried in air. Malcic anhydride (MAn), putity 57% (BDH, Poole. England), M = 98.06 gimol,
was uscd. Hydragene (Merck, Germany), M = 32,05 g/mol, Phenyl hydragene (Mcrck,
Germany), M = 108.14 g/mol, [Iydroxylamine (Merck, Germany), M = 33.03 g/mol,
Hydroxylaming hydrochloride (Merck, Germany). M = 84.51 g/mol. Semicarbazide {Metck,
Germany), M = 75.07 g/mol, Thiosemicurbazide (Merck. Gennany), M = 01.13 pg/mol.
Thivsemicarbazide hydmchloride (Merck, Germany), M = 127.59 g/mol and S-Benzyl
thiouronium chloride were purchased from the local market, and used without any further
purification. Lithanol absolute (Merck, Germany) were purchased from local markel. M =

46.07g/mol, 11 = 0.79 kg and used without further purification. Acctone was cxira purc
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(Merck, Germany), M = 58.08. 11 = 0.79 kg, and other solvents alse 'wsed without further
purification. Styrene {Sty) (Merck. Germany}, M = 5%.08, 11 = 0.79 kg. Dimethyl formamide
{DMF), dioxane also used as solvents. Different solution of metals: Cr, Cu, Fe, Mn, Ni and

Pb solutions were prepared from the respective salts.

3a. Chelating Rctionalization of FE-g-P (Sty/MAn) with hydrazine:
Te improve the chelating functionality of the prepared grafted lm PE-g-P
{Sty/MAn} wore reacted with hydragene. The reactions were performed in solutions of 70ml

DM!/dioxane (v/¥) co-solvent and 0.32 g (0.01-mol) hydragene. The prepared solution was

placed in a round bottom flask and stirred for 5 min beforc adding the gralicd copolymer

films {weight of (he membrane was about 0.5g; degree of grafling 288). The reactions were
kept at 70°C for 10h. After completion of (he reaction, the membranes were rinsed with
ethanol, dried and weighed.

Chelating ictionalization of PE-g-I' (Sty/¥MAn) with Other Ammonia Derivatives:

To jmprove the chelating functionality of the prepared grafled film PE-g-P (Sty/MAnN) wure
reacted with phenylhydragene, hydroxylamine, hydroxylamine hydrochloride, semicarbazide.
thiosemicarbazide, (hioscmicarbavide hydrochloride and S-benzyl-thiuronium chioride. The
reactions were performed in solutions of 70ml DMF/dioxane (v/v} co-solvent and 0.01-mel
mole of respective ammonia derivatives, The products were then processed according to the

previously meationed proccdure.
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4. Present Work: Synthcsis of Radiation Processed Hydrogel for
the removal of Arsenic and some Heavy Metals.

4.1 Rationale:

Generally ‘hydro’ means waler and ‘eel” means jelly like substance. [Tydrogel Is a
ihree-dimensional network siructurc of polymer containing a significant amournt of water,
The convenient tool for modification of polymeric material is radiation and this madification
is accomplished through crosslinking, grafting and degradation. Tt has heen recognized that
the ionizing radiation is a vory suitable ool for the preparation of hydrogel cspecially for
biemedical appiiculiond'“g. ‘This process has versatile advonlages. for cxample: £asy process
comirol, stmulianeous crosslinking ol the polymer (o hydrogel fornation and steribty of Lhe
product with high degree of assurancc level, no necessity (o add any iniliators, no wasle. and
the lechnology is cnviromment [riendly since it lcaxcs no residue or pollutant in the
environment eic'™’’. The necessary requirement Lo produce a usable hydrogel s the
formation of cross-links botween diflerent polymer chains, resulling in & thrce-dimensional
nelwork struciure 464450 This requirement is achicved by the irradiation ol agueous solution
ol polymetic materials (polyvinyl alcohol, in our study) through gamma rays or clectron
beam. Those irradiation tcehniques arc shle to control the degree andd nature ol cruss-links,
the parameter, which coniro] the swelling capacity. mechanical properties and pore SIS N
the hydrogel #4 1yuring irradiation of aqueous solution of pelymeric materials the major
portion of cnergy is absorbed for  water {orming e radicals and molccular

5
producs *7.
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Metals are among the most important trace level constituents of nawural water't. Many heavy
metals are quile toxic and drinking water standards [or (hese metals allow only a low fevel. In
reeent years a great deal of interest has been observed in relation to the applicability of
chelating agents for removal or scparaiion of melal ions from heavy metal contaminated
waler™ ™% Among mapy sorptive materials various lorms of symhetic polymers containing
complexing molecules which are abundant at low cost have emerged as one of the most
impartant matrices for the synthesis of new worbents chelate forming polymeric ligands have
been cxtensively studied by several authors and many reviews are available in the field™",
Scveral heavy metal ions such as Hg, Pb and Cu were cxtracted using thiol chelating resing™
ani chelating resins supporting dithiocarbamate and methyl ihiourea®™. Recently there hast
been substantial growth in interest in the use of radiation induced gralt polymerization of
functionalized monomer onto polymer membranes for chelating sorbent materials™ 72, So in

this purposc the hydroxyl group comaining PVA hydrogel is able to absorb the arsenic and

some heavy melals through the showing of chelating capacity.

4.2 Results and Discussion:

When polymeric aqueous solution is subjected to ionizing radiation. highly
reactive hydroxyl radicals, which react quickly with PVA than with polysaccharides, are
produced. PVA is crosslinked predominantly at low dose and after that, carrageenan
degradation cccurs. 'This degradulion was no longer protected by PV A, but the flour retained
in almost unchanged state. The gel fraction (ratio of the extracted and unextracted gel

weight) of PVA/four hydrogel is increased with decreased carrageenan content.
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Polysaccharides, which were added in the formulation, can improve the strength and
ficxibility of the prepared hydrogel, but these advantages werC not passible from sans
polysaccharides. Addition of two biodegradable polysaccharides insteadd of  single
polysaccharide has extra advantages, due 1o the [act that the usc of these (wo could adsorb
the cations and show the exchange property with anions. Even, the high molecular weight

and branched polysaccharide, {lour entrapped in the pel network structure and become part ol

the hydrogel. Hence, it could reduce the crosslinking density in the prepared hydrogel.

Anion exchanging behavior can be explained from the siructure of the carrageenan
palysaccharide and the radiation effect on il. Carrageenan is onc of the most abundant
hydrophilic potysacchanide and composed of D-galactose umis finked alternately with e=1,3
and f-1.4 linkages. Duc to their half-cster sulfate moicties, it is strongly an anionic polymer.
During irradiation, the weaker chemical bond hetween € and €y of the camageenan
molecule breaks down *%. After breaking, the small carrageenan molecules with anionic half-
ester sulfale moietics are entangled into the network siructure of hydrogel, and then the
forces influencing the swelling behavior rapidly increascs duc to localization of charpes
within the hydroge! a5 well as the avail able arsenic species in water can exchange with

the sullate anion of the carrageen.

Another larget of this work is the removal of arsenic and some heavy metals by the
radiation processed hydropel, and this rpurpum} is achicved by the synthesized radiation
processed hydropel cxplained above. Now, hydrogel removed the heavy mclals {rom
contantinated watcr, due to the adsorption of metal through the hydroxyl group of FVA

hydrogel.
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4.2.1, Starting Materials:

Synthesis of Chelating Functionalized PV A Hydrogel for Removing the Arsenie and
Some 1lcavy Metals from Aqueous Solution:
The staning materials are for this chelating functionalization step: poly viny] alcohol

{PVA), carrageenan and four.

—H2C — (ll‘H— FloC— LI‘,H—
OH OH

(PVA)

4.3. Characterization of the Product:

The hydrogel product was characterized through pravimetric method only. The spectroscopic
meihods were not applied for characterizing this product because the sample product was not
compalible for recording the I speclrum. Due to the applied radiation dose. there is an
increasc of gel content, so by the gravimetric lechnigue, the chelating functionalized product
characterized easily. Therelore, it is reasonable to describe the conversion of monomers i

grafling copolymer products by increasing the percentage of gel content.

4.4. Mechanism:
The radicals (OH, TI) absiract hydropen from the polymer chain and thus produced a
carbon-centered radicals in polymer chains and these carbon-centered radicals on polymer

¢chain further decay by forming intermolecular crosslinking. tesults 1o increase in molecular
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weight and finally a hydrogel. Sometimes intramolecular and disproportionation reactions
also lake place. These reactions may be controlled, by the hiph dose rate {clectron beam) and
lower conceniration, lavors iniramelecular crosslinking whereas the low dose rate (gamma
radiation) and higher conceniration favors intermolecular crosslinking, which is used lor
making PV A/polysaccharide biomateriais like wound dressing. The bicdepradable polymers,
such as PVA, PYP are converted to CO; and HO by digestion and bacterial degradation in
the scil. So, considering their environment friendly nature such kinds of polymers have been
elfectively used to develop hydrogel. which can accelerate the healing of wounds. Generally,
hvdrogel contains 30-90% water that enlrapped in the three dimensional network structurc of
PVA hydrogel. This large waler content makes them biocompatible and is prelerred as
hiomalerials. Even the biedepradations of such biomaterials are not affected by formed

crosslinked network structure.

4.5 Conclusion:

By applying (he chelating functionalized radiation processed hydrogel materinls we can
remove ursenic and some heavy metals, We have described a very conveniunt method for the
synthesis of chaiutinlg_ functionalized PVA hydrogel as well as the synthesized material has
the affinity towards the removal of arsenic and some heavy metals from the contaminated
water. This chelating functionalized product was synthesized by readily available stariing

materiais and clean iechnique.
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4.6 Experimental:
Materials

Kappa-carrageenan was obtained from Shembery Corp., Phillippincs and PVA {from
BDH, Poole, Engiand. The polysacchande (flour) {food wrade), Nutrient Apar (Oxoid,
England} and Potato Dextrose Agar (Oxoid, Gogland) were purchased from the local markel.

All the maierials were used without any purification.

Sample Preparation and Irradiation

PVA was added slowly in hot deionized water with continuous stirring [ollowed by
1% polysaccharide (flour) from the previously preparcd stock solution and linally 1%
carrapeenan. ‘this solution was allowed 1o stand for over night o mix well and then
aatoclaved at 121°C & 15 psi for 15 minutes. After autoclave, the hot agucous solution of
this mixture were poured in disposablc polyethylene tercphthalate (PET) trays and allowed to
cool. These were sealed in polyethylenc bags and irradiated with gamma rays gencrated {rom

2 5%Co source. Afler irradiation various propertics of the resulting hydrogel were mceasured.
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5. Present Work: Application of the synthesized Products.

Arsenic and heavy metals are harmful as well as the level of drinking water standards
is delcriorated due to the presence of these metals'®7. In recent vears, a great deal of intercst
lias been observed in relation lo the apphicability of chelating agents for removal or
separation of metal ions from conlaminated water' ™ 2 %', Similarly much efforts in the
jnvestigation in conuection fo climinale arsenic from waler have also been givenz‘i'm. Itis
worthwhile to note that many sorplive materials, made of various forms ol synthetic
polymers conlaining complexing molecules, which are abundant al low cost, have immersed
as one of the most imporiant matrices that play important role 10 absorb the desired elements.
Thtee mujor catcgories, which are usually followed to eliminate arscnoic (rom waler, are
chemical precipilation, adsorption and membrane 5eparatinnfﬁhratiﬂnﬁ. Research on cation-
exchanpe membrane, has grown much altention for selective removal of some heavy metal
ions (Fe, Cu, Pb, Hg, etc.) and radioactive element from aqueous solution™ ' ™. Recently,
anion exchange methods have been recognized as an excellent technology for arsenic
removal when arsenic Species are in anionic state”. Though much research merely on the
identification and determination of arsenic and hcavy metals in the contaminated watcr has
been done in Hungladeshw’. bul the number of specitic work is very low to remove AISCHIC
from this contaminated water so far in this country. Therefore, the present work will be
undertaken to do research for the removal ol arsenic/heayy metals from waler.

Because of various types of ligands. which have been introduced into polymers to be
used, as chelaling polymer is an important faclor to determine how much aflinity showing

such grait polymer o remove a speeilic meita! ion from the selution.
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Studying the sorption capacity of the sorbent towards various metal jons is carried out by
equilibrating a fixed amount of the sorbent (0.5¢) with dificrent metal ion solutions of 100 -
ppm concentration for 12h. The maximum metal uptake of different metals by these treated
membrancs is shown in the respective table.

The gralt polymer films treated wilh hydrazine, phenylhydrasine, hydroxylamine,
hydroxylamine  hydrochloride, sernicarbaride,  (hiosemicarbaside, thinpsemicarbaside:
hydrochloride show the affimiy by the adsorption of different mefals. The chemisorplion
capacities of the sorbents towards Cutll), Fe(111), Ni(11), Ph{1l), Mn{l{}, Cr(1Ll} is found to be
different with various chelating groups. For PR-g-P(Sty/MAn) graft copolymer treated with
NJ1,0H and NH,OMLHCI the sorption of l'e{Til} ions is higher than other metals, However,
in the casc ol PE-g-P(Sty/MAn) grafled hilms trealed with semicarbazide, thivscmicarbazide
and thiosemicarbazide hydrochlonide the sorption of Cu(ll) is higher than other metals under
investigation. Meanwhile, for grafled films treated wilh hydrazine and phenylhydrazine the
chemisorption of P is higher than other metals. ‘The aforcmentioned results can be cxplained

according to the ligand type and the struciure of chelate.

The reaction of various ligands with different metal ions or metal complexes usually results
in various coordination strugtures, Thercfore, the coordination structure of grafl copoiymer-
C'u complex is dilferent from that of Te(ITT) and Jor other metal uscd.

It is reporied that Cu(lJ} can commenly be 4-or G-coordinate and exist in any of several
geometries. However, Fe(l1l}) is most commouly 6-coordinate oclahedral *

On the oiher hand. the importance of both inherent acidity and o sccond hard soft faclor is

well known by the Irving-Williams™ scries and some oxygen. nitrogen and sullur chelates,
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The Irving-Williams® serics of incrcasing stability on the increasing of inherent acidity of the
metal (largely due to decreasing size). Superimposed upon this is a hardngss-sollness [actor
in which the softer species coming later in the sencs of favoured ligands S5=N=0 . The
harder, early transition metals ions (few d eleclrons) preferentially bind in order of Q=N=&.
Therefore, the films containing, ligands of oxygen-donating atoms such as NH;OH treated
fitms and/or hydrogel (which also contan hydroxyl group) prefer Fe(ll) ions which have

few d-clectrons than other metals,

However, sofler species such as CulIT} (which is of high d-elcctron) prefer ligands cuntaj.lﬁng

g and/or N atoms lo chelate with.
The absorplion of metal ions on treatid films containing, O donor (hard base) aloms prefer
the hard acid metal ions the in order of Fc{lII}}Mn(]I}}{:r(IIl)bCu(ll), Accordingly, their
behavior followed the Ieving-Williams’ series. 1fowever the adsorption of melal jons on the
NH,OH-treated films and/or hydrogel which contain donaling oxygen atoms only was i the
order of Fe(lIT>Mn(ID>Cr(IID)>Ca(Il) only exeeption of Na{il).
The selectivity and affinity of the polymer towards Fe(fll) or other metals mveshigated
here can be attributed according to the valence and atomic radii of metal, stability
constant, temperature and siructure of chetate,
‘[he ncrease in oxidation slale causes a shrink in sizc, not only because (he jon becomes
smaller as it loses electron density, but also (he increase ol the cationic charge pulls the
anions in closer. Therefore, the selectivity of Te(lll) ion by chelating polymeric maierials
containing O donating ligands ¢an be attributed according to high valence and low atomic

radii ol Fe(T}).
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Table 1: Results of arsenic Removal:

! Sorhent Remaval %o
Hydrogel 34.54
Hydroxylamine  hydrechlonde treated 25.312

Sty/MAnR gralied membranc

Hydroxylamine  hydrochloride treatcd 19.125

MMA/MAnN gralled membrane

S-Benzyl-thioutonium  chloride treated 5.280

Sty/MAn grafied membrane

Table 2: Radiation gralted membrane treated with hydrazine:

Metal Removal %
Ph 10.92
Fe 10.13
Cu 9.17

" Ni 8.34
Mn : 7.09
"Cr 6.335
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Table 3: Radiation grafted membrane treated with phenylhydrazine:

Metal Removal %o
Ph 1.1
Fe © 989
Cu 9.04
Ni 7.79
Mn 6.97
Cr 6.17

Table 4: Radiation grafted membrane trcated with hydroxylamine:

[ Metal Removal %
Fe 13.27
Mn 12.3
Cr 11.58
Cu 11.59
Pb 8.34
Ni 6.07
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Table 5: Radiation grafted membranc freated with hydroxylamine hydrochloride:

Mctal Removal %
le 12.98
Mn 11.77
Cr 11.52
Cu 10.31
Pb 7.98
Ni 6.72

Table 6: Radiation grafied membrane treated with semicarbazide:

Metal Removal Yo
Cu 21.56
Ni 14.37
e 14.22
Mn 11.83
Cr 1015
Pb 9.33
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Table 7: Rudiation grafted membrane treated with thiosemicarbuzide:

Metal Removal %
Cu 19.57
Ni 17.21
Te 10.79
Mn 10,12
Cr 8.99 -
Pb 8.57
|

‘Table 8: Radiation grafted membrane treated with thiosemicarbazide hydrochloride:

Metal Removal %o
Cu 18.32
Ni 17.02
I'e 9.38 .
Mo §.95 1
Cr 7137
Ph 6,106
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'Fable 9: Removal percentages of metal by hydrogel

Metal Removal %
Fe 5903
Mn 54.92
Cr 41.46
Cu 33.89
Pb 32.08
Ni 21.86

Table 10: Effect of binary monomer unit on graft copolymerization

Radiation dose (kGy}

Grafting percentage of

Grafting percentage of

MAm-Styrene MAR-MRMMA
0.50 2.06 1.12
1.00 3.24 4.76
5.00 58.77 41.90
160.0 180.17 156.75
15.0 288.18 253.00
20.0 328.81 29338

107




Rel[ferences:

L.

o.

A. M. Dessouki, N. H. Taher, M. B, El-Arnaculy , (amma ray induced gratt
copolymerization of N-vinylpyrrolidone, acrylamide and their mixtures onlo
polypropylenc films, Polvmer International, 435(1), 1998, 67-76.

Kalpana, 8 R. Kamath, Kinam Park, Surface modification of polymeric biomaterials
by albumin grafting using Y-irradiation, Journal of Applied DBiomalcrials, 3(2),
1994, 163-173.

K. M. Tl-Salmawi, A. M. El-Naggar, H. M. Said, A. H. Zahran, Grafl Copolymers of
Polypropylene Films. 1. Radiation-induced Grafting of Mixed Monomers, Polymer
International, 42(2), 1997, 225-234,

Keiji Fujimelo, Hiroyuki Inoue. Yoshito Tkada, PProlcin adsorption and platelet
adhesion onto polyurethanc grafted with methoxy-poly(ethylene glycol) methacrylate
by piasma technigue, Journal of Biomedical Materisls Research, 270123, 1993, 1559-
1567, ;

B. Jansen, G. Ellinghorst , Modification of polyethcrurethane (ot biomedical
application by radiation-induced grafling. I. Girafling procedure. determination of
mechanical properties. and chemical modilication of grafied fikms, Jourpal of
Biomedica! Materials Rescarch, 19(9), 1985, 1085-1099,

Mohamed Mahmoud Nasef, Hamdani Saidi, Hussin Muhd Nor, Proton cxchunge

membrancs prepared by  simultancous  radiation pralting ol styrenc onli

‘ pol}r(u:lraﬂuomeljiylcnc-co—hexaﬂuompmpylcn&) films. 1. Effect of grafling conditions,

Journal of Applied Polymer Science, 76(2), 2000. 220-227.

108



7.

H. Kamal, El- Sayed A Hepazy, K. FI- Adham, M. Abdel Geleel. Separation of Tc-

99m by Means of Radiation Grafied Membranes, JAppl. Polym. Sef, Vol. 81, 1207-1215

(2001).

8.

10,

11.

12.

13.

Kawasumi, Gralted polymer electrolyte membrane, method of producing a grafied .

Seong-Ho Choi, Kwang-Pill Lee and Sang-Ho Schn , (iraft copolymer-lanthanide
complexes obtained by radiation grafting on polyethylene film, Tournal ol Applied
Polymer Science, 87(2), 328 — 336, 2002.

© 2002 Wiley Periodicals, Tne. J Appl Polym Sci 87: 328-336, 2003

K. M. [l-Salmawi, A. M. El-Naggar. 11. M. 8aid, A. K. Zabran, Graft Copelymers of
Polypropylene Films. 1. Radiation-induced Grafting of Mixed Menomers. Journal of
Applied Polymer Scicnce, 87, Tssue 2, 225 — 234, 1999,

Naeem M. El-Sawy, Radiation-induced grafl polymerization of acrylonitrile onto
isotactic polypropylene and  poly{tetraliuorocthylenc-cthylene) copolymer {ilms,
Joumnal of Applied Polymer Science, 40, Issue 2,193 - 199, 1994,

Abdel-Zaher A. Elassar, Nacem M. El-Sawy, Recent developments in the radiaiion
gralting of N-vinyl-2-pyrrolidone onlo low-density polyethylenc with cinnamonitrile

derivatives, Journal of Applied Polymer Scicnce, 95(3), 1182-1197.2005.

Michio hsukﬁbe, Michiaki Kato. ‘Takumi Taniguchi, Yu Monimoto, Musaya *

pelymer, US Patent 6327986, Issued on December 7, 2004,

109



14,

Nambu, Nobuyoshi (Yokkaichi, JP) . lo, Osamu  (Yokkaichi. TP}, Mihara,

Nobutake{Chiba, JP") , Doi, Takao ( Yokkaichi, JP), Chelate-forming filter. process for

producing the same. and method of purilying liquid using the filter . United Siates Fatent

6872317, 2005.

13.

16.

17.

18.

19,

20.

21.

Fl-Sayed A. Hepazy, L1 Kamal. M. Abdel Geleel, A. Abdel Maksoud, Removal of
cesium-134 and coball-60 wilh radiation-grafled copolymers from their liquid wastes.
Journal of Applied Polymer Science. 95(4), 2003, 936-945.

Nubila A Maziad, Mapda S Sayed, [}-Saved A Hegazy, Use of rudiation grafted
pYC-acrylamide membranes in radioaclive wasle treatment, Journal of Applied
Polymer Science. 51(2), 2002, 150-155.

Orinsh Geological Swvey on Ground Water Contamination iR Banpladesh, Molt
MacDonald Lid. (UK), (January, 1999).

J. R. Dojlideo, A. B. Cierald, Chemistry of Water and Waler Pollution, EllisHorwood,
1993,

A, Yuchi, T. Salo, Y. Morimoto, H. Mizuno, H. Wada, J Anal Chem., 69. 2941,
(1997).

II. Kamal. Fl- Sayed A.Hegazy. K. Fi- Adham, M. Abdel Geleel, Separation of Te-
99m by Meuns of Radiation Grafled Membranes. JAppl. Polym. Sci.Vol, 81, 1207-
1215 (2001).

IL A. Abd Fl-Rehim, E. A. Hegazy, A. El-Hag AlL, Selective Remaval af Some Heavy
Metal fons from Agueous Sodution Using Treated f’aiym‘hye.’cne—grx:yrenef.-bm!rzic

anhydride Membranes, [eactive and lunctional Polymers, 43, 105-116, (2000).

110



72, W. Nm. Premamoy Ghosh. Polymer Science and Technology of Plastics and
Rubbers, 17" Reprint (1999} 118-147.

23, Mayo, F.R. and C.Walling, Chem. Rev.. 46 {1930}, 191.

24, W.V, Smilh. J Am Chem.Soc. T0(1948), 3693,

25, EPA, Lili Wang, Abraham Chen, Keith Fields, Thomas J. 8. org. Arsenic Removal
from Drinking Water by fon Exchange and Activated Aluming Plants, (FPAGDOT-
{07088, (October, 2000,

26. The Sth Tnicrnational conference on arsenic poliution in Dangladesh, Dhaka
Community Hospilal, Dhaka, was held on February 15th 1o 181h, 2004,

27. international Symposium on Fate of Arsenic in the Ervironment, Dhaka 5-6 Fcl:-ruury_
2003,

2% Sk. Akhtar Ahmad, M. H Salim Ullah $nyed, Mannzurul Haque Khan M H.[faruquce.
Md. Abdul Jalil, Rukshana Ahmed, Amsenicosis : Neoplastic Manifestalions of Skin,

JOPSOM, Journal of Preventive and Social Medicine 1998; 17(2): 113113,

29. Sk. Akhtar Ahmad , Don Dandaranayake , Abdul Wadud Khan ,8k.Abdul Hadl, Gias
Uddin  and Md. Abdul Halim , Arsenic contaminalion in ground water and
arsenicosis in Bangladesh, Intemational Journal of Environmenial Health Rescarch

1997, 7, 271-276.

11




50.

31

32.

36,

37

38.

Sk Akhlar Ahmad, M H Salm Ullah Sayed, M H Faruquee. Manzurul ague Khan,
M A Jalill, Rukshana Ahmed, M A Razzaque and Moyeen-Us-Safa, Arsenicosis: Sex
Differentials, JOPSOM, Jouna! of Preventive and Social Medicine 1999; 18(1): 35-
40, '

United Nations, UNDP Human Development Report 2003 (New York: Oxjord
University Press, 2003).

DPHL/BGS (1999), Main Report. Groundwaler studies for Arscnic contamination in

Bangladesh. Phase-T, British Geological Survey, Mott Mac Donald Tid, UK, 1999,

M.V, Ahmed, Arsenic Conlamination 1o Dangladesh Perspeclive, 2003, 354398,

. R. Mamtaz, Low-cost technology for remeval of arsenic from water: with particular

reference to Bangladesh, PAD thesis, University of Starthclyde, UK, 2001k

 Mamraz and DBache. Low-coxt Technigue of Arsenic Removal from Water, 43-30
{Internel).
N. P. Nikolaidis, J. Lackovic, and G. Dobbs, Arscnic remediation technology-

AsRT, 1997, {Available at hlip: Hwrww.eng2 uconn.cdwnikosfasribrochure. html}.

A. Joshi, and M. Chaudhuri. “Rcmoval of Arscnic from Ground Water by Iron
Oxide-Coated Sand”, ASCE Journal of Environmental Engincering, 1996, 122(8), p.
769-771.

K. M. Parknikar, Polential application of microbiological processes for the removal

of ursenic from groundwater. A paper presented in the International Conference on

Arsenic Toilution of Groundwater in DBangladesh: Causes, Effects and Romedies.

February 8-12, 1998, Dhaka, Bangladcsh.

112


http://www.eng2.uconn.cdulnikosla-,,rtbrocburc.

39.G. ¥. Lehimans ef af, Usc of biological processcs for Arscnic removal, 1998
{Available at htip:#/www.saur.co.uk/poster.htmi).

40. M. Wegelin, D. Geehter, 8. Hug, A. Mahmud, A. Motaleb. (2000) SORAS-a simple’
arsenic removal PriXcCss (Available at

hup:/fph ys4 harvard.edui~wilson/ mitigation/SORAS_Pa per.html}

41, A. Khair, Arscnic removal from drinking water by low-cost matenals, Paper
prescnted at the International Conference on Arsenic in Bangladesh Groundwalter:
World's Greatest Amsenic Calamity, USA, February 27-28, 199%.

42. M. Larsson. A. Leiss. P. Bhattacharya, G, Jacks, and D. Chtterjee, Arseniferous
groundwater n the Bengal Delts Plains: Appraisal of the low cosl remediation
techniques, Paper prescnted at the International Conlerence on Arsemc in Bangladesh
Groundwater: World’s Grealest Arsenic Calamity, USA. Pebruary 27-28, 1999.

43. A, Chatterjce, D. Das, B. K, Mandal, T. R. Chowdhury, . Samanta, and D.
Chakraborti,  Arsenic in groundwater in six distrcts of West Bengal, India. The
bipgest arscnic calamity in the World. Part 1. Arsenic species in drinking water anid
urine of affected people. Analyst. 120. p. 643-650, 199%.

44, BCSIR, 1994, Ieport on arsenic contaminabion of groundwater of Bangladesh and us

removal by flocculation and filtration method. Bangladesh Council of Scientific and

Industrial Research. Dhaka, Bangladesh,

45, hup:/fwww.gwydit.demon.co.uk] o/minerals/lcad him#cerussite

46. 1. M. Rosiak and P. Ulanski, Synthesis of hydrogels by irradiation of polymers in

aqueous solulion, Radiat. Phys. Chem. 55 (1999), 139-131.

113


http://wv,'w.sauLco.uk/poster.html.

47. . Fei, R. A, Wach, LI Mitomo, F. Yoshii and 1. Kume, Hydrogel of biodegradable
cellulose derivatives. 1. Radiation-induced crosslinking of CMC, J. Appl. Polym. Sei.
78 (2000}, 27R-283,

48. M, T. Razmkl, Zainuddin, Frizal, S. P. Dewi, H. Lely, E. Taty and Sukirno, The
characlerization ol dressing component materials and radiation formation of PVA- |
PVP hydrogel, Radiat. Phys. Chem. 55 (1999), 153-165.

49 1. #. Rosiak, Radiation effecls an polymers; ACS Serics 475, American Chemical
Socicty. Washington DC, 1991, Chap.17 pp. 271,

50. J. M. Rosiak and J. Olejniczak, Mcdical applications of radiation formed hydrogels,
Radial. Phys. Chem. 42 (1993}, 903-906.

51. A. N. Nesmeyanov, Radiochemistry, Mir Publishers, Moscow, 1974, Chap. 6, pp.
142-151. |

52, 7. Maolin, H. Hongfei, F. Yoshii and K. Makuuchi, Gffect of kappa-carrageenan on

the properties of poly(N-viny pyrrofidone)/kappa-carragecnan blend hydrogel

synthesized by y-radiation, Radiat. Phys. Chem. 57 {2000}, 459-464.

53.0. Guven, M. Sen, E. Karadag and D. Saraydin. A review on the radiation synthesis
of copolymeric hydrogels for adsorption and separation purposes. Radiat. Phys.
Chem. 56 (1999}, 381-386. '

54. J. R. Dojlideo, A.B. Gerald, Chemistry of Water and Water Pollution, Ellis ITorwood,
1993,

55. A. Yuehi, T. Sato, Y. Morimoto, H. Mizuno, H. Wada, J, Anal Chem., 691997},

2941.

56.%. C. Stewart, F. Albert, W. Peter, J. Lnviron. Sei, Heallh A 22(8) (1987) 707.

114




57. 1. P. Buckley, 8. Vijayan, G. 1. Mconeghy, 5. R. Maves, 1. F. Martin, Prescnted at
16th Amnual EPA Research Symposiun, Cincinnaii, OLI, 19910,

58. K. Suyama, Y. Fukazawa, I1. Sukzumura, Appl. Piochem, Riotech. 57 (1996) 67.

50. M. 1. Wong, 1. C. 11, Pak, Biomed. Gnviron. Sci. 5 (1992} 99.

&0. 1. Blasius, B. Brozio, in. H. A. Ilaschaka, A. ). Barnard , Chelaies in Analytical
Chemistry, Yol. 1, Marcel Dekker, New York 1967,

61. W. Lin, Y. Hsich, J. Polym, 8ci. Polym Chem. 35 (1997) 631.

62. D. Poore, K. Benson, D. Matin, J. Fnviren. Sci. Healih A 31(9) (1996) 2167.

63 G. C. Pizarro, 0. G. Marambio, B. L. Rivas, K. F. Geckeller, J. Macremol. Sci.. Pure
Appt. Chem. A 34 (8) (1997) 1983.

64. . Kantipuly, 8. Katragadda, A. Chow, 11. D. Gesser, Talanta 37 (1990} 491.

65. 5. Samal, R.R Das, 1. Bahoo, A. Achary, R. L. Panda, R, C. Rout. ). Appl. Polym.
Sci. 62 (1996) 1437,

66. . Petruzzelli, G. Trizvanti, R. Pessine, React. Tunct. Polym. 31 (1996} 175.

67. M. Feng, I.. D. Dose, A. Bantijes, J. Appl. Polym. Sci. 60 (1996) 477.

68. A. Lezz, $. Cobianco, A. Rogger, J. Polym. Sci. Polym.Chem. Ed. 32 (1994) 1817,
69. A. Lezzi, 8. Cobianco, A. Rogger, 1. Polvm Sci. 54 (1994) 889

70. L. A. Hegazy, H. A. Abd El-Rehim, H. A. Khalifs, 5. M. Atwa, I1. A, Shawky,
Polym. Int. 43 (1997) 321.

71, B A. Hegazy, H. A. Abd Fi-Rehim, N. A, Khalifa, A. El-Hag Ali, IABA SM-50,
Presenied International Symposium on Radiation Technology, Poland, 8-12 Sept. 1997.

79 ¢ Bernido , H. Omichi. A. Kalaia, J. Okamoto, Sep. Bl Techno!, 23 (1988) 35,




73. A. Neku and N, Tandukar, An overview of arsenic conlamination in groundwater of
Nepal and its removal at houschold level , J. Phys. TV France 107 (2003) 941.
74. R. Mamtaz, and D. H. Bache, Low-cost Technigue of Arsenic Removeal from Waler

and fes Removed Mechanism, (Inlernate}, (2004).
75 I.. l'odd Shaw, & Mark A. Rynning, drsenic Speciation & Removal Technology

Evaluation for @ Florida Ground Water, [fariman & Agsociales, Inc. {Intcrnet). (2003).

76. M. B. Ll-Arnaouty, N. H. Ttaber, A. M. Abdel Ghalfar and El-Sayed A. Hegazy,
Radiation Synthesis and Churacterization of Functional Membranes and Its Application

in Wasiewater Treatment, dvat Journal of Nuclear sciences and Applications, 36(3). (77-

96), (2003).

116



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130

