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Thesis title; Synthesis of Some Radiution Grafted Membrane for the Removal of

Arsenic and Some Heavy Metals from Contaminated Water

Ab.ftract

In this project radiation grart copolymerization of ,tyrcne/malcie anhydl'ide (Sty/MAn) and

methyl methacrylate! maleic anhydride (MM/\/MAn) binary monomer system onto low

density polyethylene (LDPE), low density polypropylene (LOPP), polyethylene pellet

(PEP), polypropylene pellet (PI'P), and heat pres~d polyethylene (llPI'E) membranes were

investigated (Scheme I) .. The synthesiled gralled products "el'e tr~ated with different

ammonia derivatives. ]n this context numerou~ ehelating functionaliz.ed radiation-graned

polymeric material~ were synthesized such as polyethylene grafted polYlner of

styrene/maleic anhydl'ide (PE_g_P(Sty/MAn)) with hydrazine, ph~nylhydrazine,

hydroxylamine, hydroxylamine hydl'Oehloride, semicarbazide, thio,emicarhazide.

thio~emicarbazide hydl'Oehloride and S_Benzyl_thiouronillm chloride (Scheme 2). ChdatiW'

functionalization behavior of mdiation.grait~d polymeric material~ of synthe~i~ed

polyethylene graited polymer or PE-g-l'(MMA/MAn) was also investigated. Anion

exehUllgeable good quality polyvinyl alcohol (PV/\) hydrogel was syntilesi,ed through

radiation technique. The synthesized grafted and chelating functionalized produ~ts.werc

characterized by the gravimetric m~thod and infrared spectroscopic technique. The affinity

of the treated grallcd film.,>and the hydrogel to recover arsenic and some heavy metals. such

as fe(lIl), Cl'(III), Cu(II), Ni(ll), Mn(II), Pb(lI) W<ISinvestigated at room tcmp~rature, 11

was found that the ~ynthesized hydrogel remove 34.54% ar~enic and 59.03% fe(lIl) and the

treated grafted membrall~s can remove 21.36% of Cu(lI) with varying amount 01. other

metals.

(') ",
+CHl~C,

"
+ He=CH

J-~b
Scheme 1

Scheme 2



SUMMARY -
Investigation incorporated in this dissertation entitled "Synthesis of Some Radiation

Grafted Membrane for the Removal of Anlcnic and Some Heavy Mclals fn,m

Contaminall'd Waler" has been presented in five scctions. In section - 1 background and

the importance of the radiation grafted membranes for the removal purposes arc presented

here. Section - 2, 3, and 4 deal with the detailed methodology and experimental pro~edure,

for the synthesis of ,,,dialioD grafted membrane. Se~tion - 5 representing the application of

the synthesized radiation gratled membrane.

In section - 1, background and the imporumce of the Hluialinn grafted membranes as well a>

the brief description of different polymerization process and "jlh grall;ng process were

~Kplaincd. According to the likrature ~urvey numero\lS rallintion grafted polymeric product>

were extensively used for the removal purposes are also presented. Here, arsenic and some

heavy metals chemistry mentioned. ln this section the scenario or ilTscnic in Hangladesh also

rocused and with in this context the pos~ible remedies al~o touchcd.

Section -2 represents the synthesis of radiation grafted membrane inlermedja(e~ by u~in~

different binary monomer sygtem Oll difit.rent polymeric material, as ~hown in the schcmcl:

these intermediaks were used for the synthesis of our target chelating lunctionali7cd gralied

prudllcL For the syntheses of these grafted intemlediates Styrene/Maleic anhydril'e

(Sty/MAn), Methyl methacrylakl Maleic ,mhydride (MMA/MAn) binary monomer systems

were used onlO 10\': d~nsity poly~lhy1en~ (LDrE), low dcnsit; polypropylene (LDPPj,

polyethylene pellet (PEP), polypropylenc pellet (PPP), and heat press~d poly~thykn~



(l-IPPE) used, where aedone used as thc solvent. Thc grafting jechniqlle~ were accomplished

h hh. r d.. fMCt roug l e llSHlg 0 gamma ra IatlOn0 o-gamrna source,

Scheme 1

Section- 3 represenls lhe synlhe~i~ or chelating fUilctionalized polyethylenc grafted polymcrs

with some ammonia derivalives. Here, the synthesized polyethylene grafted polymer or

styrene/maleic anhydrido (PE-g-P(Sty/MAn)) treated with hydrazine, phenylhydrazine,

hydroxylamine, hydroxylamine hydrochloride, semicarbOlZide, lliiosemicilrbazide,

thiosemicarbazide hydrochloride and S-Benzyl-thiouronium chloride (Scheme 2). The

synthesized polyethylene grafled polymer of PE-g-P(MMAMAn) treated with

hydroxylamine hydru~hloride and this grafted product do not undergo till' sarnO:'reaction

wilh ollier ammonia derivatives al~o reported here.

~
@-CII,-(II- 11(-('11-

o~;',-c
&hemc 2

Section -4 represents the synthesis of radiation processed hydrogel. The synthesized

hydrogel has anion e~~hilllgeable and cation ad~orbing property. The radiation processed

hydrogel was prepared by using 8.0% polyvinyl alcohol, 1,0% nour and 1.0% carrageenan.

The synthesized hydrogel was used for removing the arsenic and some heavy metals from

aqueous solulioJl.



Section -5 repre~ents the afiillity Of tlie tremed grafted films and the hydrogel low~rds

arsenic and some heavy metals. The ~e1ecliv;tyor dilJt,rent chelaling rllndion"li/.cd grartctl

membrane and PYA hydrogel to recover arsenic and some heavy metals, such as Fe( [Jl).

Cr(III), Cu(Il), Ni(lJ), Mn(II), Pb(ll) in ~queou~ solution was inve~ligated at room

temperature. It was found that the synthesized hydrogel ean remove 34.54% arsenic and

59.03% Fe(lIJ) and the treated grafted membranes can remove 21.36% of Cu(lI) with

varying amount of other metals.
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SECTION: 1



1.

-
Background of the Present Work

Introduction:

Re~clltly there has been substantial grmvth in interest in the sytllhcsiS of rndiatiol1 gril~ed

m~mbrane, and copolymcri/..a\;OIl onto the low density polydhy1cne and other polymers with

the different billilry mOllOlllcr syslem L_;, Dlose synthesized grafted memhranes Ih"n

chc!aling functi(lnalizeu, by u,ing various functional grnup~ containing moieties anu using

thetic chdating functJonali7cd grafted membranes, man)' researchers remove some

radioactive aml heavy metals from the cotllaminated water J. Some researchers investigated

groupS on th" AAc.grancd l'E [Limacted as a chdaung ~ite for the se\ccted latltbamde ion,

(PE) film rapidly adsorbed Ell, Gd, Th. and Dy ions al hig~ ellicicnc/, I'he cMboxylic "cid

and reported Ihat radiation-induced grafted product of acrylic acid (AAc) onto polyethylene

investigated. The application of ~uch preparcd graft copolYlller.lanthanide complexe~ in th~

Comp\cx formation of lanthanide ions and llle carhoxylic acid [\roup on PE film wa~

field of flllor~scence emis,ioll di~plilYs (FEDs) may he of intcr~st. Radiation graft

salt), solvcnt composition (MeOH and H20), radiation duse aml dose rate, was studicd
1o

,

diff~rcnt factors Ihat may "ffect tbe grafting yi~ld, ,nch as inbibilor con~cntration (Mohr',

polypropylene (1'1') films by the mutual mcthod has be"n Investigated and the cITect of

copolym~rization of binary munon\cr mi:-.ture5 ul- acrylic llcid (AAc) and styrcne (5) onto

Direct radiation-induced grafting of iiCrylonitrile (AN) onlO both i,otactic polypropyle~c

effect or grafting conditions ,ueh :l8 inhibitor and munomer concentrations und irradiation

(lPP) and (tetrailuoroethylene-clhylcne) ~opolymcr (ET) 111m<;has he~n stud\cd and the

dose on Ih" grafting yield was inve,tigutcdll. bcr~ th~ homopolymerizalion of acrylonitri\c



wa.-; red<.lced to a ll1ininlUll1 using ferric chloride (FeCI)), and tbe suitable optimum

co~ecntration of the inhibitor. The radiation-induced graft rolY!\1cri~mion of ,'I/-"inyl-2-

pyrrolidone ont0 low-density polyethylene films was ~ondueted wilh Y- radiation by a

simultancous techniqnel2, In thi8 te"hniquc. thc grafted ~opolymer waS modilicd with

cilll1amonitrilc or benzylidenc ll1alononitrilc .. Ihe modified and graHcd films were

amidoximatcd with hydroxylaminc hydwchloride in a basic mcditlm, Howc\'Cr, during

amidoximation, the benzylidene maiononitrilc \VaScycliled to yidd isox<v,ole ring through

an addition to thc nitrile group i~ its structure, whercu~ the nitrile groups of cinnamonitri!c

were converted into amidoxime groups, Aquiltie Trcatmcnt Sy~tcms, Inc, (A rS) develop~

and markcts enabling technologics to renlOve primary contaminants, which can advcrsely

affect human health, from drinking \\iulCr. The invention of thc grafted polymer elcctrolyte

membrane, relate, to a method of producing a grafted polymer electrolyte membranc, and a

fuel ccll cOlllrri,i~g a grafted polymer electrolyte membrane, In p<lrticular, the gwftcd

polymcr e!cctrolyle membranc of thaI invcntion has excellent stability during usc ,md ha,

good adhcsion whcn used a, a solid state polymer eleetml>1e in a fllel cell or w,ltcr

electrolysis celllJ. A chelate-forming filler which comprise' a fillcr mcdium made of na(\lral,

rcgenerated, or synlhctic fibers whcrein the fiber mo!Ccules have, incorporated thercin]ol ond

here a precursor membrane which is capable of bcing graft polymcrized, which is pre-lrcakd

by pla,ma treatment in W1 oxidalivc atmosphere, a sidc chain polymer i, then grall-

polymerized to the precursor mcmbrane; and a proton conduclivc functional group is

intr<Jduc~d to the side chain polymcr. In that rcseurch. tbe authors mentioncd that the

precursor membrane nlaY bc formcd !i'om any polymer or copolymcr, for cxumple,

polycthylene. po lypropy !ene, pol yvinylchlondc,

2

polyvinyl idencdicilloride,



polyvinyl fluoride (rv!'), polyvinylidenedit1uoride (I'VDF). polYldrafluorodhylene.

ethylene- tetra flu0roeth y1elle. . copolymcr, tetrafl uorocth y1ene-pcrflu 0rollIk'IjvinyIether

copolymer, and tctra[lnoroethylene-hexal1uoropropylene copolymer. The side chain polymer

may be any hydrocarbon polymer which contains il proton conductive functional group or

which may bc modilied to provide" pl'Olon condnctive functional group. The side chain

polymer may be. for example. poly(chiorollikyl ,tyrene), poly(a-methyl styrene). poly(a-

fluorostyrene), poly(p_ehloromethyl styrene), polystyrene, polyacrylic acid, polymctlmcrylic

acid, poly (vinyl alkyl ~ulfonic add), llnd copolymers there of. Sulfonic acid group

was preferred as the proton conductive functional group. The removal of cesium-134 and

eoball-60 with wdiation-grali.ed copolymers rrom thdr liquid wastes and the introduetioll of

neW characteristie~ to some synthetic polymers "ere achieved through the Y_rlldiation_

induced graft copolymerization of an acrylamide/vinyl acetilte comonomer onlO

polYPl'Opy1enefi Ims for the preparalion 0[" synthetic membranes Is. The pos,ibility of pracllCal

uses for the,e membranes in the removal or ce~i\ltll-1J4 and cobalt-60 fi-om thcir Iiqnid

"astes was also reported. Use of radiation gmfled PVC_aerylamidc membranes in radioacli vc

wa,tc treatment studied hy u"ing tile acrylilmide monomer (i\Am) was grafted onto

poly(vinyl chloride) (PVC) film, using Y_rildimiun to producc high perlormance functional

membranes \vhich Cal1be employed a<;ion-exchangers. The preparmion and cilaractervaliolL

of the synthetic membranes was also repOlted in that re~earchI6.

II is known that, of inorganic fom', ars~l\ite [As (Ill)] is tile 1110~tabundant species lhat ~xists

in natural water in Banglade,hI7. Thus the removal of ar~enie from drinking water ilas,
become a topic und challengc of tile people in oruer to protect their live~. Apart from (his

arsellic contamination. metals me also thc most import,mt traec level conslituents of natural

3



water'&, M,my heavy metal~ me harmful a,; well and the level of drinking water standards is

deteriorated due to the presence of these metalsl~.ln recent years, a great deal ofintere,t has

beeu observed in relation to the applicabilily ol'ehelming agents j"r removnl or separation 01'

I
_ f - d I"'~'lmeta wns rOm eontammate water '.' ..

Concept of Copolymerization

A polymer whose cham molccLlle, are composed of more th"n one kind of repeating

chemical units is commonly called a copolymer. A simple case of a ,tcp growth cl\polymer

is the linear unsaturated polyester fOlmcd by inter molecular condensation of a mixturc or

phthalic acid (anhydrid~) (PA) nnd maleic ~cid (anhydride) (MA) with a gi\.en diol, say

ethylene glycol (EG) resulting in what mny be termed ns u copolyest~r \\.ith at leasl two

distinctly identifiable repeating units in thc ehain molecules:

CI-l-CO
YII "0

CH-CO/'

MA

+ (x+y) llOROH

EO

-_."

HO-[OC <Q> COORol-- [OC-CH ==CHCOOROJl~H

l'A-EO MA-EG

Above equation, showing the formalion of copolye~ter by a pol yeondensatiou process clearl)

identi1ies (\'10 types of repeating cllemlcal units, (PA-EG) and (MA-ECi), though in a very

oversimplified manll~r2!. ln the actm\l copolymer tbe two types of distinguishahle chemical

unils ",,(Juld normally "ppear at mnu[)]n along the chain. and the overall compOSItion \'iouk,

•
4



nHO-polyester -011 + nOCNRi"-JCO

depend on the rclati\'e values of x and y. Similarly ,Ollecan prepare step-gro"th copolymers

with different inlerunit chemical linkages by proper selection of combinations of different

bifullctional )llonomciic species bearing:, -OJ-], -COOII;- NJ-h ,- NCO or other ft.metional

f:[OIlPS, and using two, three or all the function;)1 species simultalleou~ly or in a pbased

manner in Ihe presence or absence of a related polYlunclional and monofunclional species

during the synthesis. Ho.vever, p"lyc"nden~atioll leading to formation of copolymers Irom

this kind of complicated mixtures of monomeric species )s of little or rare praclical

imporlance of relevance. More relevunt slep-grov,1h copolymerization systems involve

formation of copolymer slructures with il specific interunit linkage such ,,5 ~]11ide

(_ CONll), ester (_ COO -), urethane (- NHCOO -), etc; following the approach as in

Eq.(4.l).It mayor different kinds of interunit linknges, such as low molccular weight line"r

or branched polymers and sekctcd biflll1c!iOld mOllomeric speeic> examplcs or tili, kind [)f

slep groVvth copolymers ar~ found in thc making of polyester urethanc, or polydher

urethanes using low molecular weigilt pcrformed linear polyesters or polycther with

hydmxyl end groups and allowing them to further react with each othcr through

diisocyanalcs leading to chain exknsion and proJucing us~rlll dastolllCl'ic product>

commonly known a~

__ lpolyester-OOCNHRNHCOOOj"

(po lyesterurethan~)

polyurethane Tubbe,'.s, \vhich may be vukanized or cro,s-linked when heated wilh excess

diisoeyanate, in u mould, e.g.,

••••
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OCNR1"\lCO+..- RNHCOO - polyester"'""'"

__ """"RNCOO- polyester """-

'C!(NH
"'\

NH
ICO
".,.".,polyester - OOCNR '""'"

An altogether different kind of copolymer is obtained by polymerization of two or

more vinyl and related monomers, all taken together ill a re<lelion ve~sel. Thc copolymer

moJeclllcs conwin segments of all the monomers u,ed in their structure, usually in a

calculable proportion depending on muny l;,,:tors depending, on the feed monomer

composition, the chain growth mcchunism and the inherent reactivities ofthc monomers wilh

a given chain carrying species 2~.

The number of reaelions to bc neecssurily cOn5ldered to dcscrihc the cupolymcriy.ution of

more than onc monomer increases geomctncally with i[\Crease in the num her of participating

monomer:;, giving increasingly varied ami complic<ltcd structurc or Ihe copolym<ormolecules

at the same time. A casc of hi nary copolymerization involving thc two monomers M, and Ml

may be simply rcprescnted us:

monomcr

mixtme

---.
copolymer

6
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The structure of the vinyl copolymer sho",n in above Eq. is far 100simplified, however; the

two monomer units appear in the copolymer structure in a random sequence in gcneral.

m"ary Copolymcrization of Vinyl Moo{lmers h~'Free Radical Mechanism

Aoal)'sis or thc System and the 1{e'lctions lnvolnd

In a froc radical copolymerization, the number of ehui" fl'ee radicals to be considered is given

by the number of mo'nomers present and the reactivity of a chain radkal i~ partieubrly

dctermined by the fl'ee radical bcaring lenninal nlonomcr ,mit and Ihc size and chemical

naturc of rhose preceding the radical bearing terminal unit in rhe chain considered to be of

little eonscquence in this context.

In a binary copolymel'ization, therefore, to different chail] radicals can be identified and each

l'adical bcing capable of adding both the monomcrs, though not usually or ne~cssarily with

equal or comparable case, the system is characterized by four simullancously occurring

propagation rcactions, With two different kind~ of chain radicals, and considering

termination taking place only bimoleculilrly, the process is associated \vith three diff",rent

chain termination~ readions along with the possibiliry of several chain transfer readions.

Chain initiation takes place by reaclion or primary radicals (derived hom decomposition of

the radical initiator used) wilh either of the monomers present with almost equal case and

efficiency in general 'or else, in rhe absence of an initiator, by thermal or photo activation or

eirher mO[lomer wilh dilTCI'entrelarive ea,e depending on the chcmical nature or the

monomer used.

7



Structure and Re>leti"ity of Monomers :llld Radicah

Nature aml number of substitllenl~ and the site of the suhstitllents in case the un<;atumted

(olefinic) monomers bears more than one substituent on the unsaturation have decisive roles

to play in determining the reactivity or stability of a specific monomer and the eorr~sponding

radical. The substituents infl.\enee or moJ.ify reactivity or stability by three basic approaehe~:

(i) by activating or deactivating the II bond and tilu~ rendering the mooom~r less stable and

hence more reacting Or vice ver"n, (ii) by imparting enhnnee or reduced ~13bility to tile

derived radical depending on betler or limited prospecb 'of or re,onanee, and (iii) by

providing different degrees of steric hindrance al the reaction site.

/\. relative order of reactivities of a series of monomers (M,) is conveniently obtained by

comparing the reciprocal mOllOlller reactivity ratio, The order of monomer reactivilies i';

roughly paral1el for <Illr<ldicals. with some exeeptiom the gelleral order of ellhatlCement of

reactivity vI' a monomer by a s"bslilUenl toward radical alt[l(;k is as follows 21:

--c(,H
5
,-CH= nh ;>-COR. -eN" -COOH, -COOR;> -Cl;> --OCOK;>-OR

Resonance Stabilization

The relative order of monomer reactivities toward raclic<ll gellerally correspomls to the

stabilization of lhe radical fonned on addition of the monomer .The more reactive monomer

generally yields radical of lligher stability through resonance. A second sub~llt"ent on the

same carbon atom "sually \calls to an adllltive crfect on the monomer leaetivity 01' on the

resonance stabilization of the corresponding radical. Among the vinyl monomers styrene is

the most and vinyl space aeelale i, the least reactive ,while styrene mdic"l is tile lea,t aod

8 ,



vinyl acetalC radical the most reactive .The stYl'e~e radi"al owes a high order of ~tability due

to the high order of stability du~ to the possible existence of threc ql.linonoid resunallce

stnlcturcs22, and as

a consequence, th~ radical stability corrcspo~ds to a rcsonance ~ncrgy o[ tlearly 20 kcal/n:,ol.

In comparison, substituents having no lm~illllrution ill conjugation with (he ethylenie 01'

vinylic doubk bond, such as - Cl or - OR, produced radicals of rcsonancc encrgy a, low as

I _ 4 kcal/mol, as because only polar or nOllbonded forms contributc to reso~allce23

arx!

The substituents also tenJ to swbilize the monomer, but thc degrcc ofstabili7allon is

much smaller for the monomer thun for the radical. The resonuncc stuhihlation due 10

conjugation amounts to only about 3 keal/mol for styTene anJ butadicne as against a

resonance stabilization to thc tune aboul 20 kcallmol for the cOl'responding radicals.

Technical Significance of Copolymerization

The modification of a polymer by introd~cing a second monomer d~l'ing the

polymerization process has long bcen uscd 10 alter its physieal propertics and somctim~~ to

achiev~ improvcd processing ch<lracterislics, Incorporation of a ~econd monomcr ,tructurc as

repeating units in thc polymer. i.c., the copolymer molccule~ I'cduccs uvcrall molecular

symmctry lcading to lowering (or loss) of degree of crystallinity and of sulkniog

tempcl'ature22. CopolymcriZ<llioll is therefore considered a~ a case of internal plasticization

9
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the modification of poly ("'inyl chloride), (PVC) by laking small proportions of vinyl acetate

(VA) monomer with vinyl chloride (Ve) during polymerization to make morc tlcxib\e aml

soluble resin' of c<lsicr procesS ,tbi\ily i~well knOWn. Simllarly, straight polyh\ltudicne has

many technical disadvantages ari,illg from it pOOf take and difEcul! proc
C8S

ahllity, l3ut

copolymerization of blltadiene with slyrene, acrylonitrile ami other monomer, has lead to

many technically ilJ1portant resinous and rubbery products. Tilere is practically unlimited

scope for variation i[l polymel structure and polymer properties through copolymerization, In

fact, Ihe number of technically ;lllpOlta:n\ copolymers raT surpasses that of important

homopolymer. Be8ides the synthesis of copolymcrs having random or a1ternate sequences of

monomeric units which have so far heing eon~idered and discussed. it is also possible \0

recognized and synthesized copolymers having lO olher different kinds of sequences. and

there commonly known as hlock and graft copolymers.

Block and Graft COflol)'mcrs
The probability or finding long sequences of one monomer in an or<linary nmdom copolymer

is very remote except in the trivial case where one monomer is present in a large excess.

Methods of synthesis of polymer eontuining such long sequences of specific monomer units

are of great in\Cfe,t, since they often lead to polymer, with properties widely different from

tho,e of the twO homopolymers or the corresponding random copolymers or their hknds.

polymerS with long sequences of two monomers can have twO distinctive arrangements of

change: (l) "Block eopolY111ers" -- where the sequences follo'"" one another alohg the

polymer chain a:<i,:

\0



(ii) "Graft copolymcr" -.- where long or short sequence" of one monomer appear as grafled

or pendent change linked to a "backbone" oflong 8cquenees of another monomer:

"""" AJJ..""!'M A.A.A ""''' AJJ.."""""

I I I
B B B
B B B
B B B

t t t
The ultimate aim in preparing a gral! or block copolymer is to obtain the desired copolymer

free from homopolymers us per us practicable. AltllOUgh the copolymer stnleture resLllting

from the graft and block copolymerization proccsses arc quite diffcrent. th~ fomlcr being u

chain-branching proecss and the later a chain ~xtension proccss, both may bc considered as a

chain modification process differing only in direction. They are us,tally prepared by

polymerizing a sceo[ld monom~r in prcscnce of thc prcfonncd polymer 01 a dilTeren( kind of

monomer and th~ process gencrally d~pcnds on the pres~ncc of labile "lcs partiClllarly

sensitive to radical uttacks at different points along the chain uxis or chain ends of the

reactant macromolecules. Reactive groups, according to t!leir pre~ence as end groups.or as

side groups along th~ chain may also lead (0 fonnation of block or graft copolymers by

appropriate design of the ov~mll proce,s polymer-polymer reaction through selected

functional group' present or incorporate on tbcm may also leud to block or graft copolymer

~tructure. Stl1dje~ of block copolymer are vcry much limited in comparison with those of

graft copolymers becau~e formation 01 block eopulymers ,olely depends on the presence of

reactive gl'Oups or labile atoms al chain emls of linear polymers. -l!le physical properties 01'

high polymers containing blocb of tWOor more re~ea( units twO, thr~e or many blocks in a

I I



chain extensions of dlfi"crelJtpolycsters or polyethelS n~ depicted by previou~ly mentioncd

polystyrene and is prepared by anionic polYlI1crization,Formation 0r polyurethane rubbers by

block of polybutadiclJcs of polyisoprene linked in a linear fa~hion to t",o end blocks of

commonly known as "thcrmoplastic e1as\OlJ1Cl"i~ a triblock copolymer containing a middle

polymers to bloek copolymer structures is being used commerclally, A commercial product

ehain have not been studied ,md examined extensively, even though 111odificatio~of

Graft copolymerization usually involve~ polymeriz.ation of a monomer onto a

also involves an approach to block copolymeri:wtioll.

mechanism and then groW1hof a new polymer structure fl'Omthat nev,!radical site:

shown involves generation of a radical site on Ihe performed polymer by a chain transfer

radical polymeriz.ation, and often the major activation involves chain transfer. The reaction

be utilized for thc synth'e~isof gwft eopolymers- Most graft copolymers are formed by free

dilTerentpolymer backbone; the various reactions associated with polymeri'/ation proces, can

x
I

""'"'" CH2 - C""'"'" + K
I

H

x
I

~ VVW'CH2-~~

X

Monomer A I• RH I """CH2-C'~
I
A
A
A

!
(Graft Copolymer)

und techniques that requirc~ different design considerations with respect to recipe of

For laboratory and industrial purposes. polymeri~.atiollis practiced by a vnriety of approaches

Techniques of p(llymeriz,ations:
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polymerization physical conditions for th~ process ,md pro~es5 equipment. Gencrally,

polymerization~ are studicd and practiccd by {(1mdifferent techniqucs:

1. Bulk or Mas~ Polymerization

2. Solution Polymerization

3. Suspension PolY1I1erization and

4. Emulsion polY1I1erization

Of the four techniqne,. the last two arc essentially heterogeneous polY1I1erintion systems

containing a large proportiOll ofa non-solvent, nsually waler aeting as a disp~rsion mcdil\m

for the immiscible liquid monomer. I3ulk and solLltion polymeri1.ation may be .eith~r

homogenous all the way, or homogenoi.ls to begin with, but bceoming hc!erog~llouS with

progrc5s of polymerization dll~ to lhc polymer formcd being insoll\ble in its monomer (for

bulk polymeri1.ation) or in the solvent used to diltlte the monomer (for sol\Ltion

polymeri¥.ation). Polymerization of monomers \L~edin the gaseous pha,e to begin with also

ustlally end up in a heterogenous systcm. Most condensation polYllleriratiuns are

conveniently done by empluying or solution tcchniques.

1.Bulk or Mass polymerization

Polymerimtion in bulk, i.e., of \Lndiluted mononler is apparently the most obvious i,

not the nlost simple method or techniquc of polymer ,yntl1esis. In terms of polymerization

recipe, thi5 obviously pro\.ide (lie most ,imple ,ystem, reql\iring the lIse of a vcry 10\\'

concentration uf an initiator as the only addigtive of monomer aml that again decomposes

and reaches almust a vani5hing l,;onccntratiun at the end of the polymerization proces5. for

uncatalyzed vinyl PolYlllcrir.ation (using nO catillyst or initiatOl') done thermally



photochemically or otherwise. the polymcr produced would be most pure, free from any

(additive) contaminants excepl probabl}. lraces of ll!\rcacled monomer:

Vinyl polymerizfltions arC highly exothermic. Again, to oblain polymer al eOlJ\'cnient

rates, temperatllfe in the range SO"200oC i, needed. For di,sipalioll of the heal liberated with

progress of polymerization, continuous stirring of the monomer-polymer mixture is essential.

But thc stirring process and heat dissipJlion becomes progressively diffieull with conversion

due to the gain ill the medillm viscosity duc tu solubilization or precipilation of the polymer

in the monomer, more so in the high conver,ion zone>. The auto acceleration of gel effect

ortcn makes the problem more acute. Jf len uncontrolled. excessive rise of temperature at

local points known <IS"hot sputs" may lead to discolouration, thermal degradation, branching

developmenl of chain unsalllration or even ero~slinking, thus giving rise tu irreproducible

and often inferior product quality. I1ecause of these problems and dis<ldvanrnges. bulk

polymerization techniques finds rathcr limited u,e in commercial production of vinyl

-polymers, e,g., in the prodnction of poly(methyl meumery.late) as acrylic ea~tings (sheets),

and in the making of certain grades of polystyrene. poly(vinyl chloride) and (low density)

polyethylene,. The heat dissipation problem in such a eases i, kept to a minimum atld witilln

tolerable limib by two approach~,: (i) by carrying out the p()IYlllerizalion to low

eonversion~ as In high pre~sure polymerization or ethylene nsing nillTO\\' but long tnbLllar

reactor at temperatures rar higber than the melting temperatur~ of the polymer; and (ii) by

accomplishing the polYlI1erizalion in stage, - first IIp \0 about 20-30% conversion' in a

stirred reactor at 80-IOO"e and subsequently allowing th~ monomer-polymer syrup(vi,eous

mass) poured in an appropriate assembly to polymerizc to (near) completion at progressively

higher temperature, in ,tages (e.g., prep"rations of acrylic castings from melhyl methacrylatc

14



monomer) or allowing the monomer-polymer sywp, called (he pre polymer to [low umkr

gravity aided by some positive pressure down a vertical tower reactor with' appropriate

design of heat transfer or heat di~sipation and h~vjng a temperature gwdient with increasing.

temperature zones downward for the l'eadion mixtllre till it reaches at the sl<ige of nem

complete conversion (manufacture of polystyrene hom styrene monomer),

2. Solution Pol}'merization

Solution polymerization, i.e., polymeriwtion of a monomer in pre~enee of a diluent

miscible in all proportions with the monomer atld u,ually with the ability to dissolve polymer

is conceived as a means to overcome much of the problems and disadvantages of the hulk

method. The solvent reduces the vi;~osity gain with conversion, allows morc efficient

agitation or Slirring ofthc medium, thus eJTecting beller heat transfer ,md heat dissipation and

minimiwtion or avoidance or local ov~rhcating or hcat accumulation. Although the ~olution

technique allows mu~h better control of the proce~,>, it has iI, own demerits. The solution

method often requires handling of lJam1l1abieor hazardous solvents and removal or recovery

of the solvcnt to isolate the polymer aner polymerization is over. Chain tr~nsfer to solvent

may also pose a problem and purity of the polymer may suffer dll~ to retention of la,t traces

of solvent in the isolated prodoct. Solution polymerization, is however advantag~ou<; if th~

polymer formed is to bc applied in solution by brushing or spraying as in the case of making

or coating (lacquer) j,.'Tadepoly(methyl methacrylate) re~ins from methyl methacrylate and

related monomers, In certain cases tile solvents generally used may not be able to dis~olve

the polymer being formed and so the sFtem become, heterogenou~ in ch~ractcr with

polymer formation (polymerization of acrylonitrile in water or in some ~ommon organic ",-

solvents).

15
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3. Suspension I'olymcrization:

This is a ca,e of heterogeno\ls polymerization right from the beginning. This

technique is design to combine advantage, of both the bulk and solution t<ochniqucs, and it is

one of the extensively employed techniques in th~ mass production of vinyl and related

polymers. This technique prill1arily invohes breaking down or dispersion of the hquid

monomer into separate tiny droplets in a large continuotls muss ofa non ,olvent comm()niy

referred to as the disper,ion or suspension nledium, by efficient agitallOn. Water is invilriably

used as the suspension m~dium for all W<llcr insoluble monomers hccaLlsc of many

advantages tim! go \'1;111it. viz., ready availability at Imv cost, [lon-toxic nature, case of

storage and handling withoLlt th~ nee~~~ity of l'ecovery, etc. Mor~over the boilin~

t~mperatLll'e of water is a convenient upper limit for radical vinyl polymeriO'ari(}lJand m

uqllcous susp~nsion ~ystelll tile risc in temperature in any location due to exothermic niltUrc

of polymerization ~aotiot go beyond the boiling temperature of the medium.

The size of the monomer droplets uSLlally range bel\veen O.I-5mm in diameter.

Continuous agitation is allo\ved to prevent coalescence of the droplets. Low coneentrati(}m

of suitable water soluble polymers ~Llch us carboxymethyl ccllulo~e (CMe), or methyl

cellulose, poly (vinyl alcohol) (PVA), gdatine, etc., ure useu to ruise we medinm viseo,ity

and they play the role of S\lspen~ion slahiliz~rs purlieul~rly in the intermediate stages of

conversion wilen the t~ndency of th~ suspended dropleb to colleets together becomes high <IS

the polymer beads heeOlne strictly. Thc w~ter solublc polymeric stabiliz~r form a thin lay~r

on the monomer-polymcr droplets and stubiliwtion is affected due to r~pulsion betwcen like

charges thus gathered on dilTcrcnt droplet" Finally dividcd suspendcd clay pl'adieai sueil ",

koolin or china clay in small amount, is s()nletilllc5 \ls~d to interf~re mechanically w;th the

16
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agglomeration of br~ad5. In suspension polymerization oil-soluble initiator<; such as organic

peroxides, hydropcroxide\ or azocOinpolUlds are used and thlls, each liny droplet behaves as

a miniature bulk po!),meriZalion system. AI the end of the process. polymers appear in the

Conn of tiny beads or pairs and hence. the process is also kno\vn as bead 01' pearl

polymerization. The polymer are filtered. washed profusely with water 10 remOVe the water

soluble ~labilizer a:; far as pradicable, and dried. They, however, u~ually retarn trace~ or

stabilizers besides the residual initiators as cuntaminant.

4. Emuhion Polymerization:

(a) Description of the system The usc or water as il medium of polymerization by the

solution and suspensiun technique described and disenssed above. A spedal feature abont

water is that it provides us with a medium eha.racterized by zero chain transfer con,tant 17.

Another polymerization techniques in which water i, llsed as the mediunl, is the "eJ\lu15ion

polymerization". polymers from water"insolubk munomers are usually ohtained at faster

rates in the aqueons medium by the en1ll1~iontechnil.jue water soluble initiiltorS. For efficient

making of an emulsion, it is necessary to agitate the monomers-water m;xturing process of a

measured does of an emnlsifying agent, i,e.. soap o[ a detergent. To minilnize Huctuations in

surfaces tension of the emulsion a, polymerization progresses, small proportion of a surface

tension regulator (u~llal1y a long chain fatty <Ileohol such as cetyl alcohol) is used. Small

volume of 3 selected huller solution i~ added to minimize or elimimltes variativn of pH of the

system due to hydrolysis or other reactiolls. a ehilin lcngth regulator and or chain transfer

agent of high transfer constant. such as dodeeyl mercaptan is obtain used in low

concentration to permit optimulIl control of polymer chain length. A selected inhihitor, nom

17



as a short-stop may be added in small amounts late in to the system in order 10 stop the

A low concentration of a water-soluble polymer such as earbOXYlllethyl eellulo-;e

emulsion break-down with progress of polymerization, this ingredients is commonly called a

degree of polymeri7.ation but with the purpose of obtaining stablc emllision and 10 prevent

polymerization system not to control the polymeri'l,ation processes with respect to rate or

(CivIC), poly (vinyl alcohol) (PVA). gelatille, dextrin, etc .. is normally used in the emulsion

reaction at a desired extent 01'polymerization.

In plineipal and' practice. and a~ a phy~ical system. emulsion polymeri/ation is

compounds such as vinyl chloride, vinyl acetate, styrene, v;lrious acrylates and n1cthacrylates

employed for the polymerization of dien~s. such (L~isoprene and b"tu.di~ne, wld vinyl

a large measure independently of each other. The emulsion technique i, ~xtemively

same time. The rate and the degree of polymeri/ation in the emulsion systcm CUll be vari~d in

slightly elevated temperatures giving very high rates and degrees of polymerization at the

initiator systems em1.1bon polymeril.allnn is ~onveniently accomplished at ambient or

advantages of suspension polymeril.ation and moreover. using selected dl,cicnt redox

di5tinetly differenl from su,pension polymerization. It is associated with almosl all the

protective colloid or (emulsion) stabiJizer.

,
facing water remaining in the ollter surface and the long hydrophobic hydrocarbon tails

are formed. They may be lllmellar 111icdks or spherical micelles with their polar en(ls (head~)

micellar or layer aggregates consisting of 50,100 or even more soap or detergent molecules

,oap or detergent is taken ill an ",qucmlS system ;n e)',eess of a 10\", critical eoncentra(ior"

(b) Principle and Tbeory The surfactant on the enwbifier play, an important role. When

alld for making various copolymers of these nnd other related monomer,.

18



schematic representation of micelle~ with or without solubilif.cd monomer, sll[fa~tant

total volume of thc micclles is sigfl~antly lower then that of the mOtlllmer droplets .A

droplets. The mlcelles offer;l far greatcr IOtalsurface area then the dropleL~,even though the

micelles. A major part of the monomer takcn, ho,vcver, remains initially in micro,copic

forming the micellar aggregates. fhe solubilization lead, to some swelling of the initial

in the micelles, presumably umong thc hydrophvbic tails of the soap or detergent molecules

When waler insoluble monomer is present, part of it get~ "solubiliz.ed" and finds room with

initial micellcs approxinl(ltcs twice the length of (he soap or detcrgcnt molecule~ (40-80 fl.)

meeting at the eentnll vr interior part of the micelle 2Z.l] The diameter or thickness of thc

Experiments clearly demonstrate that polymer is not formed in the monomer droplets.

account for the bulk of the polymer formed in a typical emubion system. ln presence of a

its solubility limit ill watcr), though at much lower rates. But this alOlleis far insufficient to

emi.llsifierand without having exces, monomer as druplets (i.e., l\sing the monomer within

emulsion system. AqueouS polymerilation can be readily effected without the use of an

This leaves the aqueouS phase and the micelles as the lows of polymerization in the

molecules or ions in aqucoUSsolution amImonomer droplets is glvcn in fig.

polymc\l»:ation begins in the aqlleoU, phase as that is whcre the iniliators occnr and

primary radi~als would find straight entry into the micelles being altr;lcted by their high

,
micelles whicb are prcsent abi.lndantlyill the system. it is also not altogether unlikely that the

in the aqueouS phase, chain growth al relatIVelylow rates proceeds till lhe radicals enter

dissolved in water to bring about chain initiation. With very low concentration vf monomer

react or decompose in to radical>. The primary rudicals immediately pick up mO[lomer~

surfactant, then polymerlzation rate increases with surfiletant concentration.
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monomer reserve. V•...ithin the micelles, polymeri/ation or cham growtil t"kcs placc much

rapidly in view of high monomer concentration due to a~eumulation of solubilized monomer

there. As polymer is f(llmed, due to monomer dcpletion in the micelles, more monomer i~

transferred to the micellcs from thc reservoirs of monomer droplets, The formcr expands at

the expense of lattcr. Soon aftcr u lov,' ~()nversion stage (a few percent) in the emulsion

system, the low surface tension of the initial emulsion rises quite sharply evidcntly as a

eonsequcnee of a fall in surfactant concentration in the aqueous phase of the emulsion

leading to breakdown or disruption of the micelles and consequent insatability of thc

monomer droplets. Micelles give way to numerous polymer parlieles which at the stage

average to not more than 200-400 11.0diameters, Nearly all of the surfactant u,ed gelS

adsorbed on (hc surfaces of the polymer particles, A rcdistribution of ';Urfactantin favour of

polymer particles makes (hc nlOnomer droplets unstable at the stage, Jf agitation is

discontinued, the monomer droplet, cluster together into a continuous phase with 1.Cro

polymer content. Monomer is now feed to thc growing polymer p~rticles by diffu,ion

through the aqueous lli.edilllll.As polymerization proceed, further, tile polymer p~rticle,

swell and grow in sizc even though they remain ~en,ibly con~tant in their number, The rate

of polymerization is practically consl,m\ over 1ll08tpmt till "hout 60-g0% conversion,

excepting thc initial zone up to several perccnt. From the stage of 1ll01l0m~rdroplcts

eompletcly disappear, the rate follows a fast decrellsing trend with further conversion. In the

final analysis, thc emllisified polymer particles grov,'to 11size in the r~ngc of 500-1500 A in

diamcter which is much I~rger th~n the micelles initlUllyformed but much smaller (ilan tbe

initially formed monomer droplets «1 0000 A). AIier polymeriLation to oplirlllllllconversion,"

~ppropriate dose of a short _ stop of"inhibitor is added to stop further cOIl\'er~ion,The
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polymer is isolatcd by breaking the emuh,ion u,ing salt or acid, coagLlbting, filtering,

radicals per cubic centimeter per ,ccond whieh is less than the rate of rildi~al generation by

literature valuc of the tennination rate con<;tant kt , comc, out to be of thc ordcr or lO&

s. Rate of radical termination aqneouj (RLhq. expres~ed a~ (RL)," = 2kL[R"]2 "'1' calculatcd uoing

average lifc timc2~ of [R']"l till its entry into il polj.mer particle comes out to only about 10"

against thc radicals being generatcd at a rate of lOu pcr cubic centimeter pcr second. thc

aqueouS mcdium [R']," has becn sho\'v'Ilto bc ilbout I08 rildi~ab per cubic ~entimcler. Judging

will average out 10 about one every lO seconds. The cquilibrium radical concentration in thc

radicals generated cventuaily cnter polymer pa11icles, the rate of radical entry in lI-particle

second. The numbcr of polymer particles amount 10 about 10
1
' per cubic centimeter. If all the

are generated from the aqueoLlSinitiator at ratcs of tljCorder of 10
1
)pcr cubic centimeter pcr

(c) Yol~'mcrization Under general eondilions employed in emulsion polymerization. radicals
washing [lnd drying.

. many ordcrs of magnitude.

arsenic has proved to be dcad!)' on many ocea;ion~. Uut it had becn u~ed to treat skin

Inorganic arsenic ha~ been recognized as a humiln roi~on since a long timcs. Oral intake of

ar;cnic 25,26,27.Arsenic in element form is insoluhle in water. It is soluble in oxidl7.e form.

gold and iron Oll the other. Organic arsenic is gcnemlly fe'Wcr toxic than inorganic

compounds with oxygen, chlorinc, sulphur, carbon ilnd hydrogen 011one hand and with lead,

Its atomic number is 33. atomic weight i~ 14.92. Chemically. arsenic is illway~ prc,enl a,

attcntion also to arsenic and heavy metals chemistry. Arsenic is nattlmlly occurring clement.

Apart from this radiation gralted polyrner;c membrane synthesis regard, we can focus our
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•
ailments, worms and syphilis in the past A ccntluy ago, incidences of skin can~er were

observed due 10 U8e of arsenic medicine It;; ,till used in cattle fodder to enhance physkal

growth.

Arsenic contamination is a glohal problem now. It virtually appear> Oll all continents, ](

occurs as a result of geological proce~scs ilnd a~lives hy man v,,'hich include agriculture,

manufacturing, mining, smelting etc. Contamination from food and beverage is also

extensive.

Arsenic in Ban~ladcsh

In Bangladesh, high arsenic concentrations arc suspected to exist so filr in S3 districts out of

the lOlal64 and people of 34 districts have been round to be suffering rrom val'iou<;affections

cal.lscd by arsenic pollulion, The physiographi~ regions vuiner"bic to arsenic ~(Jnrnmination

are Ganges Iloodplain, the Alrai Good plain, tilc tidal regions, the coastal plain and the

Meghna 1l00dplain2~. The high probability zone, moderate probability and 10\'" probability

areas of conrnmination together cover almo,t 60% of the tornl counrry arcu,

Source of ContaminatioJ1

The Bangladesh arscnic eonrnminatioll is possihly the largest ma~s poi,oning case in the,

world now. The 'Green Revolution' ha, been identified rheorctical to be the recenr e~use of

the problem whieh has involved large-scale unplanned withdrawal of ground-water.

gradually denuding the ar~enie deposited LInderthe fertile della of Hangladesh millions of

years ago by rhe river, from the Himalayas or some other source. The arsenic affeeled areas

of We,t Bcngal are lying on sediment or Younger Dc1taie Deposition (YOD) whieil extends

east-ward towards Bangladesh covering the approximate area of the aforcsaiu 41 distncts

which lie mostly in the Atrai, Mcghna and Genelics l100d plains and the tidal regions_
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Investigation

The l)h~ka Community Hospirul (DClI) and the School of environmemal Studies (SOSS),

Jadavpur University, Calcutta, India scientists ~nd supporl personnel conducted a number of

surveys, collecting water samples from 1 lac tube-wells covering 64 Dis(ricts including the

53 district su~pceted to he arsenic contaminated, The samples were then I",boratory -teslcd

and the results of 53 district'; show concentration of arsenic in ground-water to b~ above th~

maximum permissible limit, which is O,05mglI21', So far, th~ collccteu from 53 distric(,

contained arsenic above O.05mgll. While cumparing the West Bengal arsenic scenario wilh

!he available data of Bangladesh, it appears that Bangladesh's urscnic contamination disaster

may be more severe and jeopilrdi7ing ill mtme anu extent. An updated st<ltus report on We,t

Bengal situation shows tbut g districts, Sg bloch and 830 villagcs are affccted, the total area

and population of these districts being 38,OOOkm2and 38 million r~spcetively. On (he other

hand, the area and population of the afrectcd regions of Bangladesh ar~ 87,OOOkm1and 65

million respectively.

Toxicity manners

Toxicity for arsenic in human body is maniibted in tllI~e rnallner~;

(a) Arsenic in urinc (for recent exposure)

(b) Arsenic in blond (for instant exposure)

(c) Arsenic ill ~kin, hair and fi ngernails (for chronic exposure)
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Health Effects for Arsenic

l. Large doses for arsenic can produce 11l1mandeaths,

2. Lower level impad 1Jl many diJferent body (issues or systems: results in 'syslemic'

effects.

3. Oral inlake has greater hamlful dIeels thill1dermal or inhalation exposure.

4, Following effects may be observcd whcn arsenic is takcn orally:

a) Skin abnonnalilies (darkllighl spots on skin, on palms and soles) may progress to skin

cancer.

b) lncrease cancer risk, espeeially in liver, bladJer, kidney and lung

c) Irritation of digestive tract, ]eading (0 pain, nause<l, vomi ling, diarrhoea

d) Decreased produetion ofred and white bloods cells

e) Abnormal heart function

j) 13loodvessel damage

g) Liver and/ or Kidncy damage

h) fetus damage during pregnancy etc.
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To:>,icity of Arsenic

1)Arsenic and certain arscnic compounds are known carcinogens.

2)Amounts or arsenic intake required to call,;e harmful effect depends on the chemical and

physical form of arsenk.

3) Inorganic from of arsenic is more toxk lhan organic forms,

4) Water-soluble forms are more toxic,

5) Hllman is most sensitive to aroenie than anim<ll';

6) Studies in human bodie, indicate a considerable variation <l111011gindi vidllals

a) Some human bodies can ingest over 150I-lg/kg/ day without apparenl ill-effccts (1000"

1500 flg/kg/day for adults)

b) Scnsitive individuals affected at20flg/kg/d<lY (1000-1500 ,lg/kg/day for \ldllltS)

7) Do,es of 600 _ 700 ftg/kg/day (around 50,000 fLgikglday for adults; J,OOO J-Ig,'kg/dayfor

infants) have eallsed death in some cases,

8. Maximum Conccntratioll of Arscnic in Drinking Waler:

The US Environmental Protection Agency (lJSEPA) ha.~ Maximum Concentration Lcvel

(MeL) of arsenic set as 20 I,g/L,
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Many scientists view this is above !h~ threshold or r~asonable ri8k to human h~allll and th~re

is u ~onsideration tv lower this to-l 0 j-!glL.which is equal 10 the WHO, approved limit.

Symptoms of :uscn;"osis

The symptoms of arsenic to)o.ieilymay take 8 ~ 14 years to he manifested in a persun.' hody

after the putient starts drinking arsenic contaminated ,vater. This period differs ii"lllll patient

to patient, depending on the quantity/volume oj" arsenic inge~ted, nutritional status of (h~

pel1>on,immunity level of the individual and the tutal time -period ul"arsenic ingestion. 1he

apparent symptoms of arsenieosis may be baid to have mdl1ifested themselves as mcl3nosis

and keratosis 2~)9mainly.

Melanosis: Change of complexions towurds blacki,hness/duskine~s. The limbs arc fir,t

affected, then the rest of the body \vhieh ,how" gradual cumplexion change which i, 'diffuse

melanosis'. When the body is markcd by black white spots, it is kllOW~ as .spotted

melanosis' .

Keratosis: _ The palms of the hands and foot-soles become hardened by onslaught of

Keratosis. It is not painful ur icily in the beginning, but ill latcr stage. muy start rotting and

develop gangrenous ulcel1>.This is called pre-cancerous stage which may cause skin eanecr,

~uch as squamous cell carcinoma and basal cell cilrcinollla, The hardening of the palms ilnu

foot-soles is called diffiJse Keratosis. Warlike seeds arc seen growing on this keratosis of

palms and soles, Such tumors may abo occur otherwise, which is known as spoUed kerato~i"
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. Due to arsenic toxicity, limbs may be affected by uleer or gangrene, which in some ~ase~

have to be amputated. The study reveals that females are more ~Llseeptiblc to toxic effects of

ehroni~ arsenic exposure and as sueh their pregmmey outcome arc likely to be advers~ly

affeetedlO,Moreover, general weaknes", burning sensation, hot feeling, chronic cough etc.

may be evident in such patients.

Social problems as~ociatcd with Arscnico_~is

A number of social problem~ arise out of arsenic poisoning of human beings such as:

a) Mistaking the skin disorder for leprosy or ,ome otber cotlt<lgio"s di,eJsc and (he resultant

quarantining;

b) The affected are being avoided or di~couraged to appear in the public;

c) The affected arc being avoided or discouraged to appear in tbe publi~;

d) The aileeted children are being debarred from attending schools, the adult, di,eouraged to,

altend offices, go ~hopping, visit medical professionals itl the bospital etc.

e) With advancement of the disease, paliellts are rendered incapable of laboring/selling labor

and hence victimized by poverty;

l) Affected young \vomen being compelled to stay unmarried;

g) Diseased married women being sent ba~k to their parents with children;

h) Affection of one in jeopardizing the li\'es ofbot11 members of a couple;
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HoJWtoJAscertain Arsenic C"ntl,mination in Human body

From the symptoms, if someone is su~peded (0 havc arsenieo~is, then his ~ource or drinking

water mllst be fllllnd and waler sample tested. If il is lound \0 contain arsenic in llrealer than

accepw.ble limit (the limil being 0.05mgl1). then drinking thal (tube-well) w;lter has 10 be

slopped forthwith. Unforlunalc!y, we don't have !ilcihtie, in available ways llx testing such

pl'Oblems. The nCI-J has an arrangement of having suspected tube-well water samples te,ted

for presence at the SOES laboratory al Jadavpur West Bcnga! in India. This tcsl is earncd <Jut

at Jadavpur according to AAS mdhod Bangladcsh Atomic Energy CommissIOn ,md HCSIR

laboratories also carry out water tests following AAS method. Anyonc call cOlltact either

source or any of their associates or the local health department ofl'iciab at any place. People

may a!s<J get in touch with the DPHE officials in this rcgo.rd. At present the DI'HE has

facilities to carry out such tests in its Rajshahi, Comilla. Mymcnsingh and Khulna

laboratories following 'spectrophotometer' method. N(JO and other agcncies ha,c limited

facilities for such tesls in kit method. It should be kept in mind that the tnbe-well pllmpillg

water, which is considered ~afe, might not remain so if it is within the arscnie contamim,tion

zone. So, such tube-wells should b", tested every six month~ or so such comamination.

Treatment for AThenic P{lisoDing

At any early stage of apparent comamination through drinking .vater,

a) Drinking V.futerfrom ~ontaminated source must be stopped forth-with

b) Taking nulritious, esp",cial1y foods rich in Vitamin A, B. C and E will ~ure the

apparent contamination19.
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c) Advanced level of toxicity i, difficult cure but 111ediealcon~llitations arc U ]1lu<;tin "ll

cuses.

It also need~ to be remembered that arsclUC loxicity i~ not contagioU'; or heretlitary

m<lnifestation~. We should nol avoid such patient, and oller -all co-opcration so thatthcir

rehabilitation becomes an easier (through (imc"collsuming in many c~se~l Pl'Oc~,~.

How to Combat Arscnic Contamination

Change of habit~ is the ehicf (001 of combating arsenic toxicity, Only decadcs bJck. it \"'l~

customary in our rLlral ar~as to collect dl'inking WJt~r in the aliernoon, allow it to seulG'

thl'Oughout the night and lISCit for drinking the next day, But due to the increase in the

l1umber of tube-wells and tubc-well water bdng easily available round the elock to everyone,

our people becam~ gradually used to drinking tub~-well waler stmight from the pump.

Moreover, \ve like to pump out the waler deposit in the tube first befOl'e drinking the fl'e5h ('l

watcr, which is cookl' in sLImmer and lcss cool in wintcr, All thcse changed habits only

compel us to drink wat~r that is richer in arscnic and all other mincral contents.

Duc to awareness of hygi~ne, our p~oplc got accustomed to drinking tuhc-\vell water, to

avoid diarrhea disea~e mainl}. Hut some tLlbc-w~lls hav~ fallcn in the grip of arsenic toxicity

lately and as a rcsuil, we are raced with <lgreat threat to our public health (0 Jay.
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Now is our time to gel back to om old habit Ol dlinking ourface wmer firsllOwilrd off arse~ie

poi~oning. Then we have (0-

I. Test all tube-wells for ar~enic pollution and use only the arsenic (ree tube-well wuler for

drinking and cooking

2. U~e dug-well or pond water, in case ull tube.\vells are I,mnd to b~ polluled;

3_ Use pond wat~r after trealing it, when (here is no alternative;

4. Usc river waler after treutment when none ofth~ above is available;

5. If arsenic poisoned wmer lllust be taken, then we collect tile water ,\TIdullow it to deposit

sediments bd"ore using it. This wuter hao 10 contain iron in t!wt case_ i\ft~r allowing tile

water.lilled pitcher to seUle for 12 to 24 hours, three-fourths of the water Irom the upper

part of the pot has to be poured slowly into another dean container. This wuter had better

be filtered wilh the help of n 4-5 layered dean gauzy material which should reduced ils

arsenic eonlents by at lea,t 70%. The water (hen may be filtered further hefore drinking.

6. Alum treatment: An al,lm nugget (not po\vdered) nlay be dipped for a second in the

pitcher full of iron and arsenic polluted water 10ea,e its ,,[senic depo~ition process, Laler.

Ihis water has to be treated as per mclhod mcntioned in (5) bdore using_

Why treat watcr? It must he remembered that oxygell in atmosphere redue~s the arsenic

content in waler, The sedimenl-rieh ",mer lell Illllst be poured carefully illto a d\l~g-heap to

neutm!izo::its ar~enic toxicity.
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It ~houldbe reiterated here that groundwater is bemg e:>.ploiledrecklessly in 13angladesha, it

has been iuthe neighboring Indian state of West Bengal. In Bangladesh, large-s~ale irrigation

started witll deep tube-wells in the later part of the '60s. Although the ~ountry has huge

wetlands, flooded in the river bilsins, ox-bow lakes and high rainfall, groundwuter is

considered the major source of",,'mer in many districts and lis use is ill~reasjl\gevery-day. To

combat this situation, we need urgent walersheu managenlent and awareness campaigns at

tbe gnlssroots level. Villagers must be made a""m~ of the ha/.ards of drinking arseni~'-

contaminated water and cooking with it and informed tilat the disca~es are oot contagious.

Safe tube-wells must be murked properly and villagers urged to drink weir \vater oilly. All

snch lube-well should be ehed;ed once every three months. Deep tuhe-wells are also to be

checked at regular intervals. People should be encouraged to drink safe water ,md eat

nutritious foods both toward off and get cured of sweel water lire anlong the highest in tile

world, Moreover, unnual rainfal1 is also morc than 2000mm. The arsenic calamity or

Bangladesh can be curhed if withdrawal of groundwater is re~tricted, ~llrrace water properly

utilized and rainwater harvested, We need a suilable '\VateBhcd Managcment' nlost

urgently.

Abutting India, Myanmar, and the 13ilYof BengaLBanglade~h is il small country in the Soutll

Asian region with an area of 147,570 square kilometers. Geographically it is situated

between 20034' and 26°38' north lalitude and 88°01' to 92"41' east 10ngitude
J

o.Numcrous

river, and their tributaries tran,ecl the nation, largely a nat delta. A large number of other

water bodies sueh as lakes, nmals, and streams arc also scattered around the country. Th'e

climate of BllJIglades'his sub.lropical monsoon with a maximum average temperature of

]1



HOC in summer and a mininlllm of 11°C in Vv'in1cr.The country receives hea"y minfall

during the ruiny season; the average annual rainfall varies from 1,194 mm to 3,454 rom.

Despite possessing a small geographical area, F1angladesh hJS a relatively large population of

134 million people, Pm'erty i~ rampant, and the Gross Damestie Produ~t per capita averuges

around US $360. Most of the people do not have a~eess to basic need, like food, education,

adequate housing, and he<llth ~erviecs, The Unite<.lNalions Human Development Program

(UNDP) Hunl<ln Developmen( Index po,ilions B<mgbdesh at 139 in tile world!l.

Even though Bangladesh is famo\l~, from IIneien1 times, for its abundance of wutcr from

variom sources, one of the mUlor problems thut lh~ country has been suffering for decades is

the scar~ity of slife drinking water, Prior to indepcndenee in 1971, surface waters from

ponds, lakes, and rivers, and 10 a lesser degree, groundwater from <.lugwells, were the

traditional ~ources of drinking water lar the people of Bangbdesh. In coastal areas. raill\\,'ater

for drinking has also heen used on a limited scale for a long time, Despite the abumlatlCe or

surface water, there lias ahvays been the ql\estioll of quulity. Tll~ snrface water SOLireesare

being lnisused as a sink for highly polluting wastewaters from domestic a8 well as induslrial

sources. Pollution loads lar ~xeceding dispersion eJpucities cause severe degradation of

water quality. This microbiologically unsafe ~urfaee water, with its buc(~riological and fecal

contamination, extruekd a heavy loll on 11l.lmanJive". Every year, hundred, of Ihou~Jlids of

people, p<lrticularly children, died of cholera, diarrhea, dysentery, typhoid. ,\Od other wuter-

borne disea,es.
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Arsenic in Drinking Water in Banglndesh and Related Problems

DI'HE in 1993 detected arsenic in b'f(lumlwater at l3arogharia of Chapai Nawubgunj di~lrict

(the we,lcrn part of Banglade~h) followmg reporLS of cxtensive contamination of

groundwater by arsenic in We~ll3engal, India. As per the latest stulistic~, Oul of 64 di,lrict~

groundwater of 59 districts in Banglade~h contains arsenic. And out of these 59 di,tricts

worst aITected paris 'of I3angladesh <lrc the sonth~rn ;Ind thc north~ustenl di,trict>J2

(DPHEIBGS, 1999). The acc~ss to safe drinking water in Bungbdesh has declined by 17

percent in lust thrce years due to thc presence of arsenic in groundwat~r. Arscnic is a

cumulative snbstan~c, which slo,vly ]J<lsses out of the body through the nrine, hair.

fingemail~ltoe nails, and skin. It w.kcs around 8-14 years after starting to drink <lrscnic

_contaminau:d water for symptoms to appear. This p~riod dcp~nds on the amount of an;cnic

ingestcd, thc length of exposure and immunity level of the pcrson. Symptoms of the initial

;tuge of the diseuse arc skin pigmentation. eye infections, Lruch~a and cancer. i\Hholl~h

arsenicosis, thc disease caused by arsenic contaminatioll, is not an infectious, contagiou~ or

hereditary, it creates ~ocjal prohlems for the victims ,md their families.

Treatment of Arsenic ContllDlimlted \\'nter

There are severul methods available for l"Cmovalof arsenic from contaminated \,'ater, butll at

the community and household level. Thesc options are needed to make usc of thc hugc

nnmber of tube wclls likely to be dedared abandoned for prodncing watcr with high levels of

arsenic concentration. The nl0st commonly used methods of treUlm~nt of high-arsenic water
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arc by addition of coagulant, s\l~h as alum anu potassium pennang,lllate. Table 1 shows a

comparison of the main technologies for ar,ellic rcmoval.

These methods are basi~ally for ll~e in large conventIOnal treatment plants, but ,ome of (hem

Cill be redllced in ,eale illd conveniently he applied at the householu leveL Duriug the la,t

few years, mallY small-scale arsenic removal leclmologies have been developed, field-tested,

and useu under arsellieosi~ prevention and mitigation research program\ in Bangladesh and

India.

Advantages and disadvantuges:

The failure of concerted dforts to provide community water supplies for all is what led to

the massive growth in private hand pump tubewells as a ~ource or drinking water in the first

place, The fact that rural people have grown used to drinking tuhe well water is one of the

principal rea,ons to consid~r arsenic removal from tube well water as a suitable option for

waler supply. However, it is also said that commllnitj,-!e\'el arseni~ removal is preferable (0

household-level options. The question or viabilitj' of household arsenic removal units is

associated \vith persuading millions l)f hOllseholds to use those units and ensuring that they

are used correctly, and is negatively jnxtapo~ed with the advantage~ ofeemralized operation

and maintenance. The household arsenic treatment nlethod i~ regarded as an alternative for

the transitional period until a "pennanent" solution i~ found. Yet, eonsiclenng lhe finaocwl

constraints of large-scale arsenic removal plant. in many arsenic afJccted areas, hou~ehold

arsenic removal units may be the only l)plion in the ab,enee of an alternative safe SOllrcCor

water supply,
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Tabl~ 1: T "~hnologi~~ lor Ar,en ic RenLu\'al'
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Source,: '] his lable is a )llOlhficd l~prodLiction (lilhe wbk n>mparinl!, t.I11Tcrcniar,enic rel1loval

proce"cs gi,en by Dr, M. l'cw7,c ,\IUllCd in ., j rcallllcnl or l\rscnie Conlal1lin3let.l WaLcr" (a

lheL1l~paper prcscnlcd during the lllkrnmi()l1al Workshop 011Arsenic Milig"liol1 in 13,mgL'lk.,k

Dhaka. J allllaJ'Y j 4-16, 2002) InrOrmilllOn is abo cnllcclcd IroOllEI i/~lbelil, JOIl~'_ Ar,I'eli/" ll)(JO:

All OvervieH' of {he AI".I'~nic issue in /JulI)',lodc,rh, Dmlt I:inal lkpol'l (Dhaka: \Viller Aid

Bangladesh. j)~ecrnbel' 2000),
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Nikolu"Jis cl "I. Sllgg~q~t.I a simple !ill~r. whidJ i, a tube lilkd ""th stllld allt.l iron lilling,

(z~ro-valc[lt LT<1Il)Jntl is d~."gncd 10 lil ill a well oulkl'(', It call h~ all Clr"Lll\'" low-cost l,)ol

BaSO. i, to bc ildtl"d if not prcs~nL in waler In th~ I'L"eScnc~of L3"SO,. il"Olloxidizc' a"d

r~acts \Vllh al'scnic lo form arsenopyritc lil:lt pL"~cillilijl~,nULillld L'~tn"Lll,'lI"llp~tl in 111(,lill"I',

L,bor3torv expcnmcnls sbow 97';'. L-cmo\'illIi)]' illlli,,1 arSCIlL~conc~l1(ralioll 01' --15to R(,(l(J

flY!'

Josh, and Chowdhury developed n h{)l1l~m~~l1i~rClllo,',,1 L1ni(\lW'!" il'on-~o"lcd ,,,nd", Thl'

Illll( was able tn proUlLCCGOIl_ 700 I of Wiil~rat a now ral,' 01'(, lill L11iLLl\wil1ingan <Ir,clli,

concentration of 0.0 I l1\g/110' an initial ar,cni<: wnlcntralion or 1,0 mgil,

Parkmkar descrihcs IW0 type, 01' I1lclill-microbi"ln~icill "'tcmclio"s'\\ tll,,( can b~ usco !ill

arwnic r~mo\'al: i) microbi~1 o.,id;lliO[l or J\, (III) 10 A, (V) "n<l ,t,; Silbsequcni p,~cil'ilaLL"lL:

and ii) hilhlCClLLlltlialLOlIor <IlwLlic by micwbi,,1 biollli'" I hc (),,,clali,,,, Illl'lhou ~an he

op~ratcd in "" illlmobiliz~d rcn~lOr I'c,;crvoir. A ~hcur S01L1Tl'llr orl;aLlir ,ubstmlc I,k,.

sugarcanc jUI<:Ccan be added alnllg \\,i(b iron liliingsJJ. Iron IillLll25pron",t~ lkvclopm~"l 01'

lI'on _ oxidizing hac!cl'iJ. thai o.~ldi~c Il'On al a l'"lC 50 - 103 lim'" l'llSl~r IImll cbemical

oxidation of iron. Ar~enic is IhclI ad,orl1ct.l on (hc 11'I'ricit'On, Treatcd ,)V~I'Jlow 01 Wilier

typically coLl(ninar.,cnic < O,OSmgil I," lIliti,,1~OHtClltrall()nUl' 104.0 mgil.

Lehimans cl ul. condudcd pilot ,(udics lo adopl hlologk,,1 fLilrmirm !ill' 1'~1l1(l\,~101'A,(III).

lh~ oxidallOlL stal~ whe!-c ur,enic i~ till" mool c1clicnlc lo (L'C<l!.'"IlLadclillOlL.complete 110"

rCJT;tl\'alW<l'uthicveu IllCY1l1cll(ion~dthm thio llitl'Cltiol'allow, sLllluitan<:ousdliTIlrmtioll 01

A, (Ill) and iron, SOR,\S is a simple method that llses madialio" or '''\It<:r ,vith "Ll,lighl ill

PET or otll~r IjV tnlll'parC11l bollks 10 rc<.lucc,1l"~Llick,cl ti'l)1l1drinking water
jlJ

Swis,

Fcdel<llln,;ti!\ll~ "I' EIl\'iro"lllcnt,,1 Sci"jK~ auJ Tcclmology_ Sw,t~ClliJml tllld S\\,i" Agm~\'
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develop the proces> for Development and Cooperation (SDC), Bangl~desh. The mcthod i~

based on pholoehcmkal oxidalion of As (111)followed by precipitation or filtration 01" As (V)

adsorbed on Fe (Ill) oxides. Field test;; in Bangladesh show removal cfficieney between 45-

78% with J.navcrage of 67%. Concerning thc Bangladesh guidcline "alne of 50 .llg/I,SORAS

can treat raw water having an arsenic concentration below 100- 150 ~glL

Khair found Bijaypur clay Ii-om Mymensingh and processcd cellulosic matcrials likc

dclignilied jute, bleachcd sawdust amI pulpcd new,paper to be capable of adsorbing both As

(Ill) and As(V) in solutions acidillcd with vinegar or hydrochloric llcid4l. Iron (JIl)

hydroxide-eollted newspapcr pulp in lab ;cale adsorption filters coagulated arsenic. The

material showed potential for use min smJlI-seale home treatment units. Workable exposure

lenglh, flow rate and extractant volume demonstrated ursenic removal at Jellstor even below

0.050 mg/1.Thc sludge was regencrated by sodium hydroxide elution.

Laterite has been tested as In adsorbenl and proved to be a promising low- cost remedial

tcchnique to safeguard drinking water4". Laterile is vesicular elayey residuum occurring

abundantly in the lropical regions. Adsorption experiment~ showed that the removal

efficiency varied between 50 and 90% for 5 g of added laterite per 100 ml water under an

equilibrium periud of 20 minutes42• Modificatiun of Imerite by treating willi om M HNOJ

incre~sedthe ad:.orption capacity oflaterite due to un increascd specific surface area 42.

Chattcrjee et aLpatented a filter and tablct system to remove arsenic from water4J.The tablel

conmins Fe3+salts, an oxidizing agenl and aclivated charcoal. The filter was made by using

lly ash, clay, charcoal etc. The sy~tcm ismadc up of two jars. For 20 liler of water, using onc

tablet. 95 _ 100% removal of arsenic was achieved.
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Adsorbing Colloid ['lotatioll (ACI') with fcrric hydroxide as the coprecipitant, amonle

surfactant sodium dodecyl sulli1tc (50S) HStilc collector and nitl'OgClllnicro.bubble; has

been shov,mto bc effective in removing arscnic from low concentrmion of <Irscnicaqueous

solution. When pI! is in thc nmgc of 4 - 5, 99.5% arscnic rcmoval efficiency can be

achievcd.

Thc Buckct Treatment Unit was dcvelopcd by OPIIE-Danida and is being undcl' the Arsenic

Mitigation Pilot ,Project. This projcct was launched in Lakshpur and Chaumuhini

Pourashavas in the coastal r~gion of 13augladesh.rh~ system can trcat any kmd of tubewell

v,rater,regardless of the ars~nic conccntratioll, and to all msctlic level below Bang.lade,h's

stlllldardof 0.05 mg/1.

BeS!R has deve1op~da low cost arscnic filter~l. The tcchnolog.y consi,ts of adding a floc

forming composition to the arscnic contaminated water fol1oy,'edby stirring and sct:ling. The

chemicals are composed of iron oxide, alnm, activatcd charcoal and calcium carbonate,

which are to be mixed in definite proporlions, homogenized and rnicroni7ed, After settling

the water is passed through a !liteI'b<::dcomposed of sand and ~ome iWllbeuring min~rulsof

definite particlc siz~ range, which urc to be activated by suitable chemical and heut treatment.

The dose of the !loc fonnillg compo,ition depcnd, on the extent of <Ir;;eniceontuminalion.

Water containing upto 2,7 ppm arsenic could be purified below suf~ limit sct by WHO.

Project Earth Industries, USA, developed Ull ursenic removal unit which is used with u hund

pump tubc-well. The Unit was t~5tedul Sonargaon, Narayngunj, where groundwatcr arsenic

concentration is very high. The principul component of lile Ar<;enicRemoval Unit consists of

an adsorption media. The rcmoval m~c113ni~rninvolves OIdsorp(iollor arsenic onto the mCJia
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surface as tubcwell water flo"~ through lL Along with arsenic a numbcr of other unions ilnd

cations (ineluding iron) <llsoget <ld~orbedon it.

Shin Nihon CIl. Ltd. of Japan developed <Ihousehlllds arsenic removal unit, which' i~ <I

cylindrical container made of plastic und Jilted wilh a tap close to the bottom l"oroutlh)w,

The container is filled with READ-I' ad~orbent re~in. The inlet of the tap is lilted wilh il

screen to block the entry orthe resin into the tap. The adsorhent is <IIways kept under w<lterto

retain its effectivcness. This is an effective ~)'.tem in removing ar~enie irom drinking water

containing a low level of iron.

Coolmart Water Purifier, Korea, developed another purification unit, which con~iqs of <I

~eriesof beds containing aetivat~d carbon, silver-activated carbon, bio"mineral sand, zcolit~

and silica sand through which water pa,ses, A laboratory tests of the system ~hows lhat

around 25 lilres of water containing 300 ppb of arsenic and O.lmgll of iron could be treated
,

by the purifier satisfying the f:langladeshdrinking water slandard ior arsenic.

Allergy EnvirOllllental Research and Skin Care ln~titute (AARSC1), lntcgl'ated Quality <lnd

Environmental Managcment (JQM) etc. have developed simple cost et"f~ctivc tillers.

AARSCI used indigenous materials such as coconut coir, coconul shells ,mdhnsk, along with

small amount ofaluill to prcpare th~ fillel'bed. IQM prepared the filtcring bed using UJeclay

pots, Slmlight, air, iron. sand or [errons salts and alum, Anolher filter developed by US

Company c<lUedArsen: X filter. which has becn tested successfully in the Sadar thana of

Kishoreganj. This filter nllt only removed ars~nic, bnt <llso reduced other contaminants

including fluoride and lead and it can be ,afcly land-filled or recyeled as non hazardous

material. 100 percent removal of arsenic from 'Wateris accompanied hy a unique bondjng of

arsenic into molecular structure of the filler and therefore, it does not disa,sociate,
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Tetrahedron has developed a !Iltel' medium based on anionic re>;in. The filter has aJreudy

been tested successfully. 'Ibe} e1aimed that the bed can ea.~ily be regenerated u;ing Sodium

Chloride solution, whi~h is available in Ollreounlry and the filter ~an be used for ten ycms.

To save millions of pcople from ar~enie poisoning it is important to detect the arsenic

eoncenlration in ground'Hlter and ,,-Isoto provide a Sllimble, user Ji-iendly and cost eITeetive

arsenic removal process for the rural people of I3l1ngladesh, Unfortunately. the very fin;t step

towards prevention and arsenic tesling is in great ch"os, The instrument, are expensive and

require skilled person to operate. There is no licensing amhOlity 10 supervise the tcsting

procedure in Bangladesh. At present, very few laboratories can provide reliable res lIlt. On the

other hund removal technologies so far tried for the wral people have potential but not tested

thoroughly for adoption. Mosl of the rural people are illiterate. They developed the habit of

drinking hand tube wells water during the Jast30 years. So any change in their behavioral

needs more fl'iendly approach and technolog}.

Ramn ct al. (1997) reports possible hazards a<;sociated with metals of ~urface water bodies of

Bangladesh dlle to anthropogenic activities. Surfu~e water samples hom Rajr ••mpur of north-

western Chapai Nawabg~nj (one of thc worst arsenic affected arcus). The surface 'Water

inve,tigated by I'euraniemi, V., Institute or Geo,~ie~ces and Astronomy, Oulu, Finland

(1999) that reports that the largest lake at Rajrampur i, Slll'roundcd by agricultural land

conmin by rar the highest level of arsenic, likely tlerived rrom agriculture. 'j hey al~o reported

elevated concentrations of As, Cr. ell, 1'1i,Pb and Zinc in soil samples (Islam, et aI., lOOO).
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The average composition of nonfiltered water ",'lmples:

I
I

II
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18,3

16,56

16,56
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II
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8,03
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11~3~11
II J II

leu (Copper)

I
INi (Nickel)

Izn (Zinc)

IPb (Lead)

IHcavy Metals
I

Standard* J.l1:/1
I
Rajarampur J.lg/l

I
Shamta J.lg/l I

lAS (Arsenic)
II

4

II
97,05

II
15,36

I
ler (Chromium)

II
0,7

II
1,41

II
5,65 I

'Staml<lrd _ typical values taken from \Vedepohl (1969-79) for surfa~e water

Chromium ill surface water exceeds the worldwide average value; the pH value of soil is

around 8, at which chromium is not >upposed to be mobile and available in surface water.

Chrominm occurs with llitrabasic rocks at the very early stage of m<lgma crystallisalion.

Catchment areas of Ganges delta do not show any source. Nickel in these surface water

exceeds the average world-wide value several fold (Islam et aI, 2000).

Safiullah (1998) abo reports concentration of arsenic (0,035 mg/l) in sud"ace water of Kumar

River <ItFaridpnr. On December 21, 1997 the daily '1he Independent reports that the quality

of country's surface water has markedly deterior<lted is a matter of great concern, but the

nature and extent of the fall ill qllalily was not precisely known.
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Human activities can alter nalllmi relationship of surface and ground water:

a) After the construction of Farakha barrage and during dry period (Dec-April)

ground water table in Bangladesh drop to such extent that ~urraee water bodies

disappear as they drain into the Ialling gl'Oundwater table.

bl During monsoon water table is very high, bringing the ground water table

close to land surface resulting the ncar surface and surface water can pick lip

agrochemieal as contaminants.

c) Irrigation has potential to hasten leaching elf ~pplied and natural chemicals.

d) Over-pumping of water, wells can cause '.cone depression". If the eone

depression b large, it ~an change the slope of the ground water t~ble -

~ontaminatedwater can flow down slope ~long thc cone of depres,ion.

Deterministic and statistical models of transpolt in soils, atmosphere, surface and ground

waters developed by Center reSeal'cller8continue to improve. The~e modeb range 'in ,calc

from origin and movement of ground\vater ,md assessment of long-term degradation ofthe~e

waters to regional scale atmospheric lllodd~ used to ~alculate transport of air pollmants fl'Om

sou~c area-; within large geographi~ areus. Thes~ models have also been coupled with

hydrologic models of runoff to quantify patterns of erosion and input of nutrients and other

~hemicals to lakes und rivers. Center for E~ologicalHealth Reseurch, university of Califomia

reports (1996):
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A new method for probabiJistically C[\luntilying the origins und ugcs of ground walers

arriving at discharge points (e.g., wetlands, wells) was dcvcloped lhat also rigorousl}

accOllnts for the physical process invulvcd in pollutant trJnsfer between different geologic

materials, Results indicate thaI the eurrentl} observed deterioration in groundwater quulity in

a typical alluvial groundwater basin is due to land usc practices in the 1940's and 1950's and

that the deterioration may continue for many decades, thereby eventually impacling any

wetlands and streams that are susl<lincd by grOlmdwater discharge.

Pollution through agrochemicals

Several studies have shown that heavy metals arc pre:;ent in the parts per million (mg/kg)

ranges, and occasionally as high as parts per thousand, in fertilizers produced from recycled

industrial by-products (US EPA, 1997).

Banned Pesticides in Industrial countrie~ bllt allowed for export:

• arsenic lrioxide

• 2,3,4,5- Bis(2 -bulylcnc )tetrahydro-2- fllraldehyde [Repellent-II J

• bromoxynil butyrate

• cadmium compounds

• calcium arsenate

• carbofuran (granular only)

• copper arsenate

• cndrin

• lead arsenate
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Arsenic is an elemental metal used in inseelicidcs, herbicides, and munui'<lCluringproeesse;

(Coffel, 1989). Arsenic is used exlensivel} in insecticides as c<lleium<lruenateto boll-weevil

in coHon field~, and in herbicides and planl desiccants us lead <lr:'.enateto control codling

moth, plum cureLllio,cabbage worm, potato bug, tobacco horn worm, and olher pests that

attack fwits and vegetables. !vlany thousands of As (+3) <lndAs (+5) compounds wilh

C<lrbon-arsenicbonds have hecn synthesiscd and tested for lheir effectiveness against variuus

agricultural pests, Methyl arscnie and Jimethyl atsenic or salts arc extensively used for weed

control. Phenyl arsenic acid, cacodylic ucid, methanc arsenic acid and Lewisite

(CH)-CH" CHAsCh) us a chemical warfare <lgent,are some of the wcll-known and widely

used arsenicals (Moore and Ramawiorthe, 1984). Thc toxicity of arsenic compounds is

diffcrent ii-omthose of heavy melals_For arsenic the toxicity to the ral dcelines with arsenite

> arsenate> methyl arsenate = dimethyl arsenale. The toxic dose incrcases by about fiily

between arsenite and nlethyl acid salts. The toxic eil"eetsappear to be caused hy binding to

sulphydryl lipid group~ by trivalent arscnic, and pcntavalent arsenic appcars to be redu\,~dto

the trivalent form (Harrison. 1990). Green Plaster prodnced in India is very likely to cntcr

Bangladesh as "no nanm" pcsticides. "Heavy metals" are a non-scientific term used to rcfer

to melals, which are in the third pcriod or,o (and higher) of the periodic table.
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General Information of Hea"y Metals

Heavy metals are elements having atomic weights between 63.546 and 200590 (Kennish,

1992), and a specific gravity grealer than 4,0 (Connell ct ai" 1984), Living organisms require

trace amount> of some heavy melals, including cobalt, copper, iron, manga~e,e,

molybdenum, vanadiunl, strontium, and zinc, Excessive levels of e~~cmialmetals, however,

can be detrimental to the organism. Non-essential Ileavy metals of particular concern 10

surface water sy8tems are cadmium, chromium, mercury, lead, arsenic, and antimony

(Kennish, 1992).

All heavy metals exist m surface waters in colloidal. particulate, and dissolved pha,es,

although dissolved concentralions arc generally low (Kennish, 1992), The colloidal and

particulate mctal may bc found in: I) hydro~ides, oxides, silicales, or sullidcs; or 2) adsorbed

to clay, silica. or organic matter. The soluble forms are gencrally ions or unionizcd

predominately controlled by thc ",'"atcrpH, \bc typc and conccntrotion ofligands on which the

organometallic ehelates or complexcs. The solubility of trace mctals in surfacc water" is
•

metal could adsorb, and the oxidation stale of the mineral componcnt8 and the redox

environmcnt of the system (Connell ct ilL,1n4).

The behavior ofmctals in natural waters i~ a function of the substrate sediment cmnpo<;ition,

the suspended sedimenl composition, ,md the water chcmistry. Scdimcnt composed of fille

sund and silt will generally have higher levels of adsorbed mctalthan will quartz, feldspar,

and detrital carbonate-rich sedimcnt. Metals also have a high afflllity for humic acids,

organo-elays, and oxides coated with organic mattcr (Connell et aI., \984).
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The water chemistry orthe ~ystem conlroL, the rate or adsorption and de~orption of mctals to

and from sediment. Adsorption removes the melal from the wuter c<)lumn and ~tores the

metal in the substrate. Desorption returns the metal to the water column, ",here recirculation

and bioas,imilation may take plaec. Mctals may be desorbcd from the sediment if the water

experience increuse~ in salinity. decreases in redox potential, or decrcases in pH.

1. Salinity increase: Elevated ~ah concentration, cre~te increased competition bet\vecn

cations and metal, for binding sites. Ollen, metals will be driven off into the

overlying w~ter. (Estuarie~ ~re prone tll (hi., phenomenon because of fluctuating river

flow inputs.)

2. Redox Po/ential decrease: A decreased redox potential, as is ollen ~een under oxygen

deficient conditions, will ch~nge the compllsitioll of melal complexes and relea,e the

metal ions into the overlying water.

3. pH decrease: Alower pH inereuses the competition between metal and hydrogen ion,

for binding sites. A decrease in pH nwy also Jissolve metal-earhonate complexes,

releasing free metal ions into the water column (Connell e! aI., 19~4).

Health Effects

Ingestion of metals such a, lead (Pb), cadmium (Cd). mercury (Hg), ar~enie (As), barium

(Ba), and chromium (Cr), may po~e gr~~( risks to human health. Trace metals ~uch u~ I~ad

and c3dmium will interJere with essential nutrients of ,imilar appearance, such as calcium

(Ca2+) and zinc (Zn1+).
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iLlcilldcd LI\ bOll~_ Children arC cspC~Lally susceptible III k,ld IJCUlllS~dCl'elopillg

skelel"l systemS rcquire high ~,-,1l'i1l1l1I~\'ds, L~ad lh,ll io ,101'~d ill bOllo' LSnot

harmf'lIl. btLl if high levels or-calcium arc ingcoled lal~r, Ih~ lead LnIlle 0011<:ma\' Ix

I'~rla~l'd by calcium ,me! mobili~~d. Ollce ti'e~ ill lhc ~y'lCIl1. Ie"d Illay cauSe

ll~phrolOxicjty, L1Lul'oto),.i~ily,and h:r~l'tcn~lOll'''.

• C",lmiwll Cadmium lllay ;11lCl'fcr<:wilh til<:111clallo(]mmLLll'sahLlil\' to I~gulalc ~.IIl~

aml eopp~r ~onc~ntrutiom ;n the budy l\-1etallothion~ill is ;1 pl'Otdn lhal bim!' tll

<:x~css e~sential metals (0 rendcr them ullavuilable when CUl1111iuLl1indll~l's

mdul!olhlOllcin adivily: il bmds to COppCI'and /inc, dlsruplillg IhL hOIl1~",lusis le\'e1s

(K~nnish. 1992). C"dmium is llsed In induslri"l ll1~nlllactur~f and i., il bypl'Od\lcl or

the J]1el"lIl11'gy"rZill~_

• /IJ~I(,lIIT tvlcrcuf) f'0s~s" great rjs~ to 1J1ll1l~ns.coj1ccially III tile' l(m1] or 1l1ul.yl

mcreury. WiJ~tl m~rcul'Y enler.1 \V,II~rit i., on~" trun~jorL1lcdby ,ni(l'()(\]ganism, illtP

the to),.ie m<:thyl lllCl'cnry form, Symptoms of <,cute j)0is()ning arl' pharYllgili.\_

g,,,ICl'OcnlerillS. \'limiting, n~phritis, h"j1alitllo_ "nel ci,culmol') l"ollap,;e, Chroilic

poison;lIg is "SlLally " rC.ltdt or- indllslri~l cxpo~ur~ or a diet ~ollsis(ing of'

contmnin"ted fi,h (mercury LS (he only metlll thm will bioue\'\L111ulalC)_ChrolLi~

poisoiling may ~ausc Ii\'<:rdULl\uge.Ileural dam"g~, and l(l'atogen~."" (USEI' .•\, 1n~I)
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• Arsenic- Ars(.ni~ ing.colion can C'Ll"C <;~vcrc l(J~iGit~. through ll1t\,"l'OIl "I

conwminakd food CL"d"'<lkr ILlg~sti()n ~atL";S \01111ti"l;. di;lrrhc'a, and CaL"lkLC

abnormalilies (V LeSSmanilnu I-Iammcr, I9XS).

• ChllJIIlilllrl, Thc prc:,cllcc of ,lbllflll1llltchlol11ium ,lIlioll' in th~ w"l~r is g~"erall)' a

fe~ull of inJu,lrial "'ask. lhc chronic nd\'cr,c health dlcClS ar~ respiratory ""d

dCL"l1lalology (V icosmurJ and H,IJ11J11CL'.I'!X5),

EnvirOlllllcntal Effcd,

Aqualic orgamsl1l' may be udvcrsely "rl'cctcd by hcavy met"ls in th~ ~lLvil"onllWlLlIh~

toxicity is 1alt\d y a fnncli"n of Ih~ walcl' chemi,ll")' [md ,,,,limcnl conI lH)si11011lLIthc snr"L~L

water 'ystem (,cc "Environmcnt,11 F"kiMode (\1Transporl") Slighily ckvalcd mct"l k\ocls

in natural watcrs IllJ}' ~auSC Ihc rollo\ving sut> Icthal dTc'~lS in "'lumic organism,: I)

hislologicJI or morphological ~h,Ll1gc in ti~sues: 2) changes 1Il physiology. ,uch d,

Sllppr~S'10n 01 growth a~d dc\'dop~U:llL pour ,wimmlng I'crf,)I'milll~c'. ['h;lI1g~' III

circulatioll, J) chang~ in biochcmislt'}'. such as ~11/]I11~lLCli\'il}'aLlcihl""J l'h~llli,tl}. ~,\

change in b~havior; 5} and chaog~' i,Lr~]J1orhLction (( 'ollnd I cl a1.. I')g4 ).

Many organisms arC able to regulat~ Ihe mdal COllcenlralLOnSin tbcir lisslleo. I'"h ,111<1

~rtLs(accall can l'XC1"CWcosl'llti111mcwls, such as ~()rpcr, zinc. dL1dLron that arC pr\:s\:lll i,l

e).,\:e,s, Som\: can also cx~relC nOIl-cs~en(ial mctals. weh as lllCICHr)'and C,lriIllLLLIIl,althongh

thi, is lLstmllymd ",i(illeso ~lLCCC,\S(Colln~lI Clal.. l<)84),
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Research ha, ,howil [hal nqu,ltic plants and blvalvcs arc not able io w~c~,s[i<lly rcgul.llc

metal uptake (Conndl st al" 19R4). '1'11\10.bivalves tend to Ml1kr 110m m~ul,1<:ClLltlUialioll '"

polluted environments. In cstuanne systems. bivalves oIkn S~I'\'C,ISb]()ltlOni(ol organisms Lll

area, "f susp~~l~cl pollution (KClllllSh, 1Y92), Sh~ll fishing \\."krs arc d".,~d if m<:uLllevel,

make shcllli.,h L1ll!ill,)]- human cOllMLmpliol1.

In comparisun to I;-~,hwater lish and in\'cncbra(cs, "'llLauc planls tilT ~qllaJly or less 5CW.lli,~

to cadmililn. copper. lead, mercury. nickel. ~ncl zin<:. rhus, the \\."tcr I'~s()ur~c,hOlild h~

managed Jor the prol~etioll of 1,,11 and mVCrlcbrat~~. ill ol'der (0 CIlSlll"~aquatic pl.llli

sUf\.iv-ability (IJSLPA, ],)S7), Met,,] uptake rJI~s will ;..ar:' ~ccording iOth,' nr1'-ani~mand the'

metal ill qu",lioll, Phyloplankton anJ ZOOplllllk!OIlu!kn a.',~jl11ilai~av"ilabk mdnls (jlllCkly

be~ause of thcir high surlacc area 10 \'olume ,ali" lhe abililY or lI,h aLld jnv~rl"bralcs 10

adsorb metals lS largely d~lwnJ~nl un tbe physi~al and ~hcmiLal ch,lradcrislk~ ortlle m~1iI1

(Kenllish, 199Z), With th~ cxe~plion 01' ll1C'rCllr\'.lilll~ md,,1 bioJtCUi,,,i1alion hi" kl'l1

obs~rwd in aqualic orgilni~ll1s (Kcnni~h. 19(2).

Melals may cnl~r the syslems or aqu,lli~ organism, \'ia thrc~ m"in patiJ\\'ay~

dLlhs~d inio lhe blood slreall\.

2, Fr~c metal jons llmt ar~ ad!'orb~d 01110body Sllrla~~s ar~ pilo,i"dy di[TUoed into th~

blood stT~al1\.

3, I\,jelab thut are ""bed Oilio ['lOll and pilrli~lllalcs may b~ Lllgcsk'l. '" well ,IS [i'~Lions

lIlgcstcd wilh wakl' (Cmmcll ct nl.. 1'lR4).
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Irril:ation I<:ll'ccts

IlTigatioll water may tran'p0l1 dissolved hcu\'y I11Clnisto agrictLlttLl"llllidd, ,\lll1ough 01(\'[

he~vy mctal do nO! posc a thr~al tll humans throllgh crop comlLlllplion, c'ldllliLitn I11J) h~

incorpowtl:d into plant lis,uc, A~1:1L111Ulali()nusually OL'CurSill planl [,)01'. hul may ~I<,oOCUI'-

throughout the plant (De VOO!,Iet al" 19RIJ),

Most irngation >ysl<:ll1Sarc de,igLlcd 10 Jllow I()L'lip to 30 p~I\-Cnlorllo~ wal~r applied t() nol

be ab~orbed and to kave the lidtl as return Il()w, j{~turn llnw either J()in" the groulldwaler or

fUllS olT the li~ltl "udilC~ (lailwater), Sometimes lailwatcr mId be rcrOlLlctl inlo ~trC<lms

because or d()wnstreal1l watci right" G]"a l1~ce;sity t() l11innlainstr~;1I11110w,Howevcl', USllall:,

lhe tailW<ller is collected nnd ,lo,-cd \ll1t1l Lt rail b~ r~u,~d 01 delLwrcd 10 another li"ld

(USEI'i\ 1993'1)_

Tuilwatcr IS "lien stoled ill small lakes or reservoir" whnL' hea\'}' m~wL, cun ,I~ellnlulm~ <IS

return 110\'1is p\Lmped ill and out, These mCIJb ~aLlacl''Crs~I), Lmpaet aquulic comll1uLlitil'S.

An extreme ~)("-mplcofthi, is the Ke~wr~nn R~s~rvoir in tile San Je)aquin Valley. C~lil{mliu.

which received s\lbsurr"ec agriculilirul drailNialcr conlailllllg high level:; 01' ,c1elllllll1 aLld

s'Ilts lhat hnd been leached Ii-om lhe s"il durini' irrigallon_ Sl\lclk, in lilL'KesteN"] RCSCI'\'olt

revealed e1~\'ated level~ of SclClll\llll in water. ,~J"lLl'nlS. ten",lrial nnd aquatic vegelalion,

and aquilli~ insects. Th~ elevated Ie\'ds of ,ekLliull1 WelT eited as rdaling to lh~ I,)\\'

rGproducli\e sucees" high mortillilY. and dcvelopllll:onlal "hnorJrlalilie, tl1~1ll11l'Yo,iJml chkks

01-nesting, il'-jtLaliebirlb (SdlQler el aL 1')')0).
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SOllrcc~:

I. NOlJpoinl.l'Ollrc<'.\:

Natural: Chcmicnl nnd physicnl w~n(iJcrillg "f igncou,; and mctanlol'piJ L" I'Ocb illld ,oils olle'll

I'Cle~se hea\'\' I11cmls In[() (ile b"dill1cnl ilnd into lhe air. Other conlribu\lOIl' include tli~

decoillpooilioll of plant illld animJI d~l1'itus, prc~iplwlioLl 01 illlnosph~ri~ ,kpo.,ilion 01

Jirbornc particles ii'om \'okanic activilY. wind ~nlsion. I{)n:sllir~ ,,"()k~, planl ~"udak,. alld

occanic spray (KCllilish. 199?).

An(hropog~nie: SUTbec mllol f fl'Olllmining opera(iOils \"ually ha' a low 1'1'1and contain"

high lcvcb "f metilb such as iron, rnangill]e'~, zinL, LOpp~'-. "kk~1 anJ coball l'h~

combu~lion of lossil f"cls poll"tes (he nlmosph~re "",i(h metal parlituiaks lhul t:v~nnJall\-

selile 10 the land surf""c. Urban ~101'mwater rUl1offofkn contain:; metals li'(ml l'OadWa)"iand

almllSphcl'lL fallout (Collnell d al.. 1984). Clllr~11lIy.anlhropogLl1IL LIlputS01 mdab ~"cLcd

na(mal inputs,

2. PoilJl ,IOI/I"C(',I"i)omeslic wasteWaler cfl]ucL1(Lontil"" me(,lls Irom metabolic w,bks,

LOE'wsion of \nlLr pipcs. und LOnSUnlCrprodllcts, Indus(rial dl1ucltts ilnd WUSl~

sludgcs may subs(anlially Lonlribuk 10mctal load"'g l ('ol1ll~11c( ai" 1'l84).

Environmental I' ate/l\1o'.Ic "r Tnll"purt:

Traml'0rl In w{llcr: \\1,11<:]'can (raL1spmt l1wlals th,l\ all' bound 10 Sl'dil11Cnlpal'ticks. '11w

primary rout~ for s<:dimcnt-l1l~lallral1,;p{)rt is (1\erlalld 11(",
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Water ~ho tl'an~ports (hs~"I\'cd m~l"ls. Allll()lLShdis,olvcd 1l1~lal, ar~ PrllllCLl'il)1'-,L1"JlOII~d

lfl ovcl'bml 110w, ~llmc UlJ(krgrolillu Imnsjlorl "possibk :V1ctalslhut ale introduced to the

unsaturated /,onc and the salurated ZOIl~will ml"l likely nol be IranspOl'tcd a long di,lancc,

Di~solvcd metals lhal ar~ curried below tile lnnu ML['faccwilll'c.ldilv sorbs to soil pilrliclcs OJ

lithic millerial in the ullsalurated zone and the "a(uraled zone,

Transporl in air. Metals introduced Lnto the mlflospilcr~ may be ~arricd jr>[loe land ,urfacc 0)'

pr~cipila(jon and dry I'alloul AdJiliollally, beclluse metals r~ildily sorb to lllany scdlll"IOl

types, winci-borne sediment is" pOlen!;,,) mule fOi nu:lal tl'illl'pN1.

Heavy metals in ,urfacc water sy,;lClll; can be jj-(,m natm,JI or ,llHh"'pogcnic <;our<:p;

Currently. anthropogenic input, of mctals e~cecJ lhlhLral input;,. E.~ce,,' mewl levels ;11

~ll1face water milYposc a health rJ,k (0 humans and lO(he cnvirollmcnt

Hcavy mctals are of real-conccrn In the ,Il]ua(ic cllvirollment Smull <ill1"UnISuf metals arc

nceCSS<Il)'rOl'growth. bul at clevated levcls ~all bCCOLl1~toxi~, In my Ji~IJ of oceanography

and physiology (study 01' algae) mdal clwmisll'Y io a hot rcs~arlh Itcm. Lo(,ally. \VChm'c

trouble with coppcr leaching fh\l1l dlC anl;-l"uling P~lLllon Ihc Navy shLps and prcciplt;llill~

out into Ihe scdimcnts. From thc scdiJl1~n(~the lopp~r will COnLLllU'~to cUlm' Oul ill[O th,'

walcr ,md b~comc a cohsl~nt solll'c~ of coppcr ",l,my 'Iudics ha\'~ he~1l Jone un mmoh

plants because Ihc)' take h~a\'y melal.,>up illto their ~elh and Ihcrclorc can "clean,,'" the

waler. Howevcr, ulllc,>s'the plants me harvcst~,l, the metab Illay relmn to Ihe "mer ,l' Ill('

plants decompose <Incr de,llh So you can see that ~vc[] when ")Uree~ 01 pollutioL1 are

idcn(ijl~d and slopp~d. the pollu(<lllts can cunlLllUCto cycle in lh~ SYSlelll. ln aJditioll,

pollution can cau'>c a shin in the kind~ Ormk,() al!;llc Ihat can be ,upporled Llla syslem, <lnd
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sin~~ these algae ,llT tile hasis ofth~ [ood chain. tlw ~inds (\1~Isa~ ~"nlktcrl1linc thc ~ind, "I'

aninw.1s (ilal ~an livc lh~l'e, Thel'dorc, a non-loxic level o1"a Lll<:lal<:,,"laLllilldlecan 'Iller lh~

hasis 01"the food chain and til~ret()rG alter (he l}pn of r"h and olhCl' nnil1l"ls lhill call hL

supported in an ecnsystem,

Heavy met,ll~ in sOib ncar the Illckd smc1ler chemi'lry. sp~[ial vanali"n. ,md impilcts Oil

plant divCl'sit)

Air pollution induced chunge, v,'cre observed both in plant communitie' ami in ';nil chemistr!'

in forcsl ccosysl~ms n~<Il' th~ nickel.coppcr ,meltcr in the Kola P~nlnsllla, Russi~, All

measured fOl'est plant community pawllldcrs describing ([lcir 1l00istic composition ~tld

structure WCl'Cill[~ctcd hy pnllllllOn. I'leav)' mct"b wCl'e>LgnillcdL1IIyconcentraled in orga"il

horizon' of for~st soil" 'Ihe ~()llccntratiolls 01' mllimmilllll "eLtate.~~ITUllabk nickel and

~nppcr l!l o!'gilnic hori'lOlls ll~ur tile Sllleltcl Wel'CClppl'""imalcly two Ol'dCli or m,lgnituck

higher than thc hilckgrnllnd levels ill thc region, [-\a,cd on pH ,-alll~'_ air pollution has nol

resultcd in a del<:ctabk topsoil acidilic~tinn near (ilc ,melter, J-1owcv,'r. cnllc~Ll(ration,' "j'

extmdilbk magncsllllll, potassium and nilrngcn If! Olganit hurl/ons tendcd 10 11l' IO'h"

towards the ,meller. J'llC spatial \'ilriahili(;' 01' data ohtaincd result:; Lllncc~o,it\' 01 the l\\()

~Oll1plelllcntary. macl'Oscopic ilnd Lllicro>~"pic, ilpproadw~ lO CC()'y.,tem lllvcslig,lllOn, '1 he'

lltaCl'O,eopic "pprnach hellc!' re\ <:aled lh~ LIlnUClle<:of poll uti,)ll, The Ol"dinallou 0 I'thL 111,11''''

.'pecics dLversity iL1dexc8wus highl" •.elaled lO soil pr"p~rtics, ,"gg~slillg thaI ll,e ContcLll<'I'

heavy l11el~lsa~d nutl'icnts is the 11l'stsoil related predictor "I' speLics dive"ity in p"J1LLI~d

area" 13e~ide, direct input of pollutants [rom th~ atmosphere, soil cOlll",ninalwn ami

nutritional disturba~ce contnbute signilleanliy [0 thc obscl'\'~d VCgCI<lllOlldamagc in ,lib

ardic forcst ccosyst",ms,
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SECTION: 2
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2. Present Work: Synthesis of Radiation grafted Membrane

Intermediates by Using l)ifferent Binary Monomer System onto

Different Polymeric Materials.

2.1 Rationale:

Recently there has been 3ubslantiul gr<l,vth in interest in the use of radiation induced

graft eopolymeriwtion of functionalized nlOnomer onto polymer membranes for chelating

sorbent materials l~-1-1.Graft copolymers involving maleic anhydride Illoieties have been the

subject of considerable interest, because these anhydride groups have reactive carbonyl

groups which are subjected to numcrou~ reactions. In this re~pect radiation induced graft

copolymerization of styrene/maleic anhydride (StyilvlAn) and methyl methacrylate! maleic

anhydride (MMA/MAn) binary monomer onto the different polymeric materials arc: low-

density polyethylene (LDPE) tUrn, polyethylene pellet (PEP), pnlypropylenc pellet (PPP).

low-density pnlypropylene (LDPP) and heat pressed polyethyl~ne (HPPE) sheel were

studied. Varieties offunctional groups arc pos,iblc to introduce into the graft copolymer and

the possibilities of their practical uses in selectivity of some toxic nu'tul ions are morc

popular day by day. It has been recognized that the ionizing radiation is a very sl1it~ble tool

for the preparation of grafted polymeric materials, e~pccial1y for different vital

application 46-49.This process ha~ versatile advantages5~.j3, for exmnple: easy process control.

simultaneous cross linking of the polymcr to grafted polymeric materials formation and

sterility or the product with high degree of assurance leveL no necessity 10add any initiators,

no waste, and the tedlllology is environment friendly since it leaves no re~idue or pollutant;n

•
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the environment etc 46-'\7. The necessary requirement to produce a usable grafted polymeric

material is the formation of cross-links bdween dil"ferent polymer chains, re~ulting in a three-

dimensional network StructUfc 4&,so. This requirement is achieved by the irradiation of the

different polymeric materials in acetone solution of binary monomer ~ystems: Sty/MAn and

MMAlMAn through ganuna rays.

2.2 Results and Discussion:

2.2a. Grafted Polymeric Product of PE-g-P(Sty/MAn)

Here we demonstrate an approach where radiation grafted membnme of low-density

polyethylene ",<jth binary mononler of styrene and maleic anhydride through radiation

technique. ]n this purpose Co-60 y-rays wefC used ror the completion oflhe j,'l1lfting reaction.

By this technique a good gnlfling was achieved and this was 288% at 15kGy do~e {vith

LDPE and the binary monomer system was Sty/MAn. In the glass ampoule LDI'E W<l~taken

and then the solution of acetone with binwy monomers poured in that ampoule, and finally

the prepared sample solution was exposed in the Co-60 '(-ray:.. In this case we have found

homopolymer ol"styrene also, and this homopolymer wa,>removed from the grafted pl'Oducl

by washing thulUgh the ~olvent acetone.

Here, the change of grafting percentage with r<ldiation dose is investigated, and the grafting

percentage of low-density polyethylene film with binwy monomer of ~tyrene <lnd maleic

anhydride increases with increasing the dose. With the increase of radiation dose. the

concentration of the free radicals increases, th<lt is the G value lor each radical incre<lses,

therefore the site of monomer addition in the polyethylene wus increased, so the resulting

grafting increased.
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2.2b. Grafted Polymeric Product of pE-g-P (MMNMAn)

Here we demonstrate an approach where radiation gr.l1lcd membrane of low-dellsity

polyethylene with binary monomer of methyl mcthacrylatc and maleic anhydride through

radiation technique. for the compldion of the grafting reaction same techniques ,vere applied

as 2.2a. For this technique al~o, a good grafting was achieved and this "as 253% at the same

dose with LDPE and the binary monomer ~ystem was MMAJMAn. In the glass ampoule

LDPE was taken and then the solution of acetone with binary monomer poured in that

ampoule, and finally the prepared sample solution was exposed in the Co-60 y-rays. Afu'r

completion of the radiation-exposing period. the grafte<.l film was removed WId washed

thoroughly by acetone to extract the residual monomers and the homo polymer of mdhyl

methacrylate, which were accumulated in the grafted films. For finding more accurate

grafting result the film~ were then further immersed in acelonc for 4~ hr and then removed

from acetone, dried and then weighed finally for calculating the degrce of grafting value in

percentage. The completion of the removal of homopolymer was as(:ertained throLlgh the

unchanged weight determination for calculating the accurate graJling re~ult.

2.2c. Grafted Polymeric Product of PEP_g_P(StyIMAn)

Here we demonstmte an approach where radiation grafted membrane of polyethylene pellet

with binary monomer of styrene and maleic anhydride through mdiation technique. In (h'is

purpose Co-GO y-rays weTCused lilr the completion of the grafting reactioll. By this teclUlique

a satisfactory grafting result was not achieved compared to the LDPE film and the value wa~

only 3.1% where as for LDPE it was 288% at the same dose, with LDI'E and the binary

monomer system was Sty/MAn. Due 10 the high molecular and grafting density in PEP, the

grafting percentage of PEP with binary monomer of StyMAn systems decrea~ed compared
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to the LOPE film. It sllO\'i~the radiation dose 15 or 20 kGy i~ not enough for the fomlation or

large number of free radical to form the grafted product like that ofLOl'E system, Therefore,

we may conclude by saying that in the exposed low dose only a !ow,:r extent of PEP free

radical is formed, that's why the gralling was poor compared to others, In the gla<;s

ampoule rEP was taken and then the wlution of acetone with binllrY monomers poured in

that ampoule, and finally the p«'pared ,ample solution wus exposed in (he Co-60 forays.

2.2d. (iraftcd Polymeric Product ofPEP-g-P (MMAfMAJI)

Similarly the radiation grallcd membrane of polyethylene pellet with binary monomer or

methyl methacrylate and maleic anhydride obtained through radiation technique. Here also u

s.atisfaetory grafting was not achieved compare to the LDPE film and thc value was only

2.9% where as for LDPE it was 288% at the ~ame dose with LOPE and the binary monomer

sysl<:mwas Sty/MAn. Same caw,e was involved ill the case of low gralhng, result.

2.2e. Grafted Polymeric Product of Pl'P_g.P(StyfMAu)

According to the same way radiation grdfted memhrane of polypropylene pellet with binary

monower of styrene and malei~ anhydride obtained through radiation te<:hnique. l'he grafting

percentage was only 2.0%. Due to the high molecular density, erosslinking density and small

surface area in PPP, the grailing percemage of PPP with binary monomer of Sty/MAn sy,tem

deerea;.cd compare to the LDPE filJo. That is the applied mdiation dose 15 or 20 kGy is not

enollgh for the formation of a greater extent of free radical, to fOM the grafting product lih

that ofLDPE system.



2.2f. Grafted Polymeric Product of PPP_g_P(MMAIMAn)

TIle grafting result was only 1.80% for the radiation grafted membrane of plllyprop).lene

pellet with binary monomer of methyl methacrylate ami malek anhydride through radmtion

technique. The cause of poor gmlling result was mentioned before.

2.2g. Grafted Polymeric Produd ofLDPP-g-P(StyIMAn)

The grafting result wa~ only 10.00% for the graited membrane of low-den~ity polypropylene

with binary monomer of styrene and maleic anhydride through radiation technique. The

cause of poor grafting result was mentioned before.

2.2h. Grafted Polymeric Product of LllPP_g_P(MMAlMAn)

The grafting result was only 6.80% for the radiation grafted membrane of low-demity

polypropylene with binary monomer 01'methyl methacrylate and maleic anhydride through

radiation technique. The cause of poor grafting result was mentloned before.

2.2i. Grafted Pol)'meric Product of HPPE_g_P{S~'IMAn)

The grafting result was only 1.80% for the radiation graned memhrane of heat pressed

polyethylene (HPPE) sheet v'lith hinary monomer of styrene and maleic anhydride through

radiation technique. The poor j,'11lftingre~u1ts explained beJurc.

2.2j. Grafted Pol)'merie Product of IIPPE-~-I)(MMAlMAn)

The gralling result was only 1.68% I'or tbe r••dimion grafted membrane of heat pressed

polyethylene (HPPE) sheet with binary monomer of methyl mdhaerylale and maleic

anhydridc through radiation technique. The grafting resull explaineu before.
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All of the grafting reactions are ~howllin the Scheme J.

CD

where,R] R, p Intermediate

@ H LDPE 2.2a

COOCH3 CH] LDPE 2.2b

@ H PEP 2.2e

COaCH3 Cli3 PEP 2.2d

@ H ppp 2.2e
COaCH3 CJ--b ppp 2.21'

@ H LOPP 2.2g

COOCH3 CH] LDPP 2.2h

@ H HPPE 2.2i

COOCH3 CHJ HPPE '2_. J

Sehcme t

2.::U. Starting Materials:

The starting materials for this grafled polymerization slep were ,>tyrene(Sty), maleic

anhydride (MAn), methyl methacrylate (MMi\) and different polymeric materiab, e.g" low-

density polyethylene (LDPE) film. polyethylene pellet (PEP). polypropylene pel1ct (PPP),

low-density polypropylene (LDPP) and heal prcs~ed polyethylene (IlPl'E) ~heet were

~ludied,

The ~lructures of those matcrial~arc shown below:
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CH =c, I
CH3

MMA

Th~ grafted product V>ias characterized by the gravimetric method and spectroscopic

technique. The infrared spectroscopic reporl was dilTercnt with the grafted product of loy,-

dellsity polyethylene (LOPE) lilm lind other polymeric materials with Sty/MAn bimlry

monomer, lind the weight of the grafted product H;markllbly increa~ed from the polyethylene

Iilm as well as the other polymeric materials polyethylene pellet (PEP), polypropylene pellet

(1'1'1'), low-den~ily polypropylene (LDPI') lIml heat pressed polyethylene (IlPI'F.) sheet

2.3. Characterization of the Products:

2.3a. Characterizlltion of the Grafted Polymeric Product PE-g-P(Sty/MAn)

Firstly, the radiation grafLed membrane of low-density polyethylene (LDPE) film

with Sty/MAn binary mononJer was characterized gravimetrically. The LDPE film was

wdghcd before the radiation b'l'J.fting reaction and after the completion of the grafting

reaction followed by removing the homopolymer and monomers, the weight of the pmduct

wa~ again taken. Then, the degree of gmfling percentage V>'aScalculated acconling to

following relation:

63



Degree of wafting (%) ----xlOO

Where, Wo and Wgreprcsent the weights of initial and grafted lilms, respectively_

Secondly, the grafted product oflow-density polyethylene (LDPE) lilm with Sty/MAn binary

monomer was well characterized by (he Fourier-Transfomled Infrared Spectroscopic (fTIR)

data, Infrared spectroscopic data of LOPE and grafted produc! were laken for comparbon

and the spedra of these twO reporl:; were comp\c(ely different. Thc infrared ,pcctra of gralled

prodnct l'E-g-P (Sty! MAn) showed c = 0 group of anlisymrnClric and symmetric

stretching vibration in the range of 1857.3 and 1707.8 cm.1 respectively ami this C = 0 group

comes from th~ maleic anhydride moieties. On the other hand the li-equency number <It1603

cm'l showed, du~ to th~ presence of aromatic C = C in thc benzcne ring, which come, frOlTI

the styrene portion of the grafted product. Th~ characteristic hand for -CH2- group of ]J)PE

at 2858.3 em.l. The chardctcristic band at 1857.3, 1707.8 and 1630.7 cm.1 lor the inii-;lrcd

sp"ctrum of low den,ity polyethylene were <lbsent, that's (he evidence for the fomlatioll of

grafting reacti"n of LOPE film with copolymer unit, MAn-Sly. That i~ the inlrared spectra

analysis confirms the formation of grail polymer.

2.3b. Characterization oCthe (;raft~d rolymeri~ Product rE_g_P(MMAlMAn)

The synlhesized radiation grallcd prodllct was ch<lracterized b'l1lvimdrically_ The

LOPE lilm weighed berore the radialion grafting reaction and allcr the comp1ction of tht

grafiing reaction followed by removing the homopo!Yll1er and monomers <lgain the wcight of

the product laken. nlen, the degree of gm!'ling perccnlage W<lSeaklliated according to the

same rel<ltion.

64



..

The infrared spectra of grallcd product PF.-g-P (MMA/MAn) showed C ~ 0 group of

antis)'TIl.lnetric and symmetric stretching vibration in the range of 1857.3 and 1708.8 em.t

resptttivcly and this C = 0 group comes from the maleic anhydride moieties. Another C = 0

group absorption frequency observed at 1789.8 cm.l for the MMA moieties. The

characteristic hand for -CH2- group of. LDPE at 2X48.3 em.l. The characteristic bands at

2995.2 and 2918.1 em-I due 10 the -UCH) and - CHJ group respectively in MM1\ portion. The

characteristic hands at 11;573, 1789.8, 170R.8, 2995.2 and 2918 em-' for the infr'lfcd

spe<:tnun of low density polyethylene were absent, that's the evidence for the fonnalion of

grafting reaction of LDPE Jilm with copolymer unit, MMA-Sly_ That is the infrared spcctra

analysis confirms thc formation of grafi polymcr.

2.3c. Characterization of the Grafted Pul)'meric Pruduct PEP-g-P(Sty/MAn)

111is radiation grafted product was characterized gravimetrically. Th~ PEP weighed

before thc radiation grafting rcaction and after the completion of thc grafting reaction

followed by removing the homopolymer and monomers again the weight of the piOUllct

taken. Then, thc degree of grafiing pcrccnlage W;lScaleulated according to the previously

mentioned relation.

The gralled product of polyethylene pellet with Sty/MAn binary monomer was eharueteri~ed

by the gravime1rie method only. Infrared spcctroscopic data of PEP grafted product W,IS not

recordahlc hccau~e PEP CiIT1 not per~i( the infr:tred radiation. That's the increa~e of weight

after the exposing of gamma radiation is an evidence for thc formation of grafting reaction of

PEP wilh <:opolymer unit, MAn-Sty.
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2.3d. Gl1lfted Polymeric Product of PEP_g_P(MMAIMAn) Charac1eri1.ation

This ~ynthesi"ed radiation grafted product was characterj""d gravimetrically. Infrared

technique 'HIS not applied due 10 the same mentioned reaSOn.

Similar explanation is applicable lor the ~haraeteri/.ation of graned product of 2.2e, 2.2t:

2.2g, 2.2h, 2.2i and 2.2j.

2.4. Mechanism:

A tentative mechanism for the formation of the synthesized radiation gralied

memhrane uf low"density polyethylene (LDPE) film with Sty/MAn hinary monomer i~

illustraled in the Scheme 1.1

Where, alier passing the Co-60 y.radiation to the IJWE Iilm fr",e radiclll is formed on

the LDPE film, again during irradiation (he free radical of Sty and MAn is also furmed due to

the homolytic cleavage orpi (n) bunds in both of these eompOlmds. The fomled free radicill~

further combined with each other to form the grafted membrane of low-density polyethylene

(LDPE) film with Sly/MAil hinary monomer. II seemed lhat all the grarted process followed

the sanle mechanism.
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Free radical Formation

(I)

---
•

(iii) HC=CH

~cAo

•

•

R,. , .
CH2-C,

R,

• •lIC-CH

~cAo
Grafted Product Formation

•o
where,Rl R, p Tntermediate

@ H LDPE 2.2a

COOCH} CH3 LDPE 2.2b

@ H PEP Z.2c

COOCH) CH) PEP 2.2d

@ H prp Z.2c
COOCH) CI-lJ PPJ' 2.2f

@ H LDPP 2.2g

COOCH} CH3 LDPP 2.2h
@ H HPPE 2.2i

COOCH) OJJ HPPE 2,2j

Scheme 1.1
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2.5 Conclusion:

We have described a very convenient and elegam method lor the synthesi~ of some gralled

membrane of low-density polyethylene (LDI'E), polycthy1cnc pellet (PEP), pulypropylene

pellet (1'1'1'), low-density polypropi.1enc (LDP),) and heat pressed polyethylene (I-1PI'E) ,heel

film with Sly/MAn binary monomer. Some of these gra.I1.cdproducts arc used as the

intermediate produds for om target fUllctionalized radiation grallc<l Inembmne. -Ihese

grafted intenI1cdiatc products were synthesized by readily available starting matcriab and

clean technique i.c., radiation technique and with a good percentage of grafting.

2.6 Experimental:

2.6a. (irafted Polymeric l'roduct of PF.-g-P(St}/MAn)

Materials

Low-density polyethylene film (LDI'E) (55 micrometer lhieknes,) was washed with

distilled wakr and then followed by the acetone and finally dried in air. Malei" anhydride

(MAil). purity 97% (BDI.I. Pook, England). M ~ 98.06 glmol, ''''l~used as received. Styrene
(Sly) (Merck, Gemmny), M ~ 104.06. 11 = 0.79 kg. Methyl methacrylate (MkL1) CiPR.

purily 99%, M=100.J2 g/mol, 11 = 0.94 kg. (Merck, Germany) was uscd as reeeh.ed.

Acetone was extra pure (Merck, GemJallY), M = 58.08,11 = 0.79 kg and u5ed without further

purillcation.
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Optimization of radiation dose;

For preparing the graft copolymers ra.diation-gmfting technique was lL~cdund for this

purpose Co-60 'forays were used. For instance, dose optimization was one of the major

headache in thi~ study_ In thaI case LDPE sheet were CUIfirst aml tllen rollowcd by washed

with acetone, dried in air weighed, which arc recorded for dctcmlitling the grafting

percentage. By observing the highe5i'grafting percelllage optimum Jose ,verc selected. In the

dose optimization ruse, 0.5 _ 20 Hiy doses weTe used for all of the grafted ~opolymcrs and

the optimum dose was J 5 kGy.

Grnft copolymerization of LDPE:

The b'1"aftcopolymers were prepared by radialion grafting technique and tor this purpo~c Co"

60 )'_nlYs were used as a radiation source. The identities of Co-flO y-radiation are energy of

1.17, 1.33 MeV, slate metal, hall:life 5_26year~, specific uetivity 40-700Ciig. sell:absorption

10% lind activity 67kCi, These types of grafting copolymers were prepared hy the LOPE

mm u~jng Co-flOl'-ray~ at a dose ralC of 5 kGyfhr with the Sly/MAn hinary monomer ~yst~m.

For preparing the Sty/MAn grafting copolymer the strip of LDPE were prepared first und

then followed by washed with acetone, dri~d in air weighed and immersed ill the 20% (1:1

mol/mol) Sty/MAn eomonomer solution using acetone us a diluent. The 10% cOlTIOJiome[

solution was prepared by taking 9,70 g of MAn, 10.30g (or, 13.04 ml) of Sly and 80 g (or.

101.27 ml) of acetone. The eonlOnomer solution waH d=rated hy buhbling nitrogen lhen

introduced in to the Co-60 y-rays at the dose of 15 kGy for direct radiation grai1.illg. After

completion of the radiati{)n-expo~ing period, the grafted fI1m~ wer~ removed and waHhed

thoroughly with acetone to extru.c;tthe residual monomer~ iilld the homo polym~rs, which
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were accumulated in the grafkll film. For finlling more accurate gr<lning result the films

were then further immersed in acetone for 48 ill and then removed the films from acetone

anll dried then \veighcd. Finally the degree (If gra11ing value was calculated in pcrcenwgc. hi

the purified b>r•• flCdproduct the pcrcentage of grafting was 288% and the FTIR spectrum data

(Pig.2) is as follow~:

IR: um",,3613, 2858, 2846, 1857, 1707, 1630, 1559, 1435, n88, 1367, 1067, ]019, 944. 843.

827, 8] I, 751,730 cm-'

2.2b. Grafted Polymeric Product ofPE-g-P(MMAlMAn)

Graft ~opolym~rjzationof LDPE:

This type or grafting copo!}mcr of LDP~ werc prepared by MMAIMAn binary monomer

system onto LDPF. films using Co-60 y-rays at a dose rate of 5 kGy/ill dosc rate of ganunu

radiation. For preparing thc MMAlMAn grafting copolymer thc strip, of ].DPE were

prepared first and then fullowed by wash",d with aeetone, (lried in air weighed and immersell

in thc 20% (1:1 mol/mol) MMNMAn comunomer solutiun using acetone as a dilucnt and 80

g (or. 101.27 ml) of acetonc. The eomonomer solution waS deaeratcd by bubbling mtrogen

then introduced in to thc Co-60 "(-r<lYsat the dose of 15 kG)' for direct radiation grafting.

After completion of the radiation-exposing period, the gratied film was removed and washed

thoroughly by acetone to extract the residual monomers and the homo polymeR>, which wcre

accumulated in the grafled mm~_ For finding Inorc accurate grafting result thc films were

then further immersed in acetone for 4R hr Wld then removed the films from aeetone and
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dried then weighed finally fur ca1cubling lhe degree of grafting value in percentage. ['TlR

absorption frequencieH (Fig.3) arc mentioned bdow:

lR: 'Om"2995.2, 2918.1. 2848.7, 1857.3, 1789.8, 1708.8, 1436.9, 1388.7. 1365.5. 1136.0,

1089,7,1066.6,1018.3,985.6,943.\,842.8.810, 752.2, 731,0, 719.4cm"

2.2c. Grafted Polymeric Product of PEP_~_P(StyIMAn)

Materials

Polyethylene pellet (PEP) ""as washed with distilled water and then acetone and

Jinally dried in air. Maleic anhydride (MAn), purity 97% (13DH, Poole, Fngland), M = 98.06

g/mol, was used as received. Styrene (Sly) (Merck, Gennany), M = 104.06, 11= 0.79 kg.

Graft copolymerization of PEP:

For preparing the Sty/MAn grafting copolymer Ih", PEP wcr~ prepared first and thell

followed by washed \'\l\h acdonc, Jricd in air weighed and immersed in the 20% (l: I

moVmol) St},/MAn comonomer wlulion using acctonc as a diluent. The 20% comonOlIlcr

wlutioll WlW prepared by taking 9.70 g of MlUl, 10.30g (or, 13.04 ml) of Sly und SOg (or.

10J.27 ml) of acetone. Then ~amc procedure of 2.2b WlW applied. In the purified grafted

, .
product the percenlage of graftmg was 3.1%.

2.2d. Grafted Polymeric Product of PEP_g_P('MMAIMAn)

Graft copolymerization ofPF.I':

For preparing the MMAIMAn grafting copolymer Ih" PEP were prepared first ll11dthen

followed by wushed wilh acetone, dried in air weighed and immersed in the 20% (1: I

Juol/mol) Ml\.WMAn comonomer solution u,ing aeet'jne <IS1I.diluent. The 20% comonOlller

~olution was prepared by taking 9.90 g of MAn, 10.JOg (or, 13,04 ml) ofNlMA and 80 g (or,
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101.27 ml) of acetone. Thml same procedure 01" 2.2b was applied. In the plll'ifjed gratled

product the percentage of grafting \Va.'>2.9%.

2.2c. Grafted Polymeric Product of PPP_~_P(SI)'fMAn)

Materials

Polypropylene pellet (PPP) was washed with distilled water and then <leetOlJ"and

fin<lllydried in air. Maleie anh}dride (MAn), purity 97% (I3DH, Poole, England), M" 98,0!)

g1mol, was used as received. Styrene (Sly) (Merck, Gernmny), M = 104.06, 11= 0,79 kg,

Graft copolymerization ofPPP:

For pn::paring the Sty/MAn grafting copolymer the PPI' were prepared first and then

lollowed by washed' with acetone, dried in air weighed and immersed in the 20% (1: 1

mol/mol) Sty!MAn comonomer solution using acetone <ISa diluent. The 20% comonomer

solution was prepared by laking 9.70 g of MAn, 1O.30g (or. 13,04 ml) or Sty and 80 g (or.

101.27 ml) of acetone. Then same procedure of 2.2b was applied. In the pLirified grafted

product the percentage of grafting was 2.0%.

2.21. Grafted Polymeric !'rodud oIPJ'P-g-P(MMAJMAn)

Graf! copolymerization ofP!'!':

['or preparing the MMAIMAn graliing copolymer the 1'1'1' were prepared firsl and then

followed by wa~hed with acetone, dried in air weighed and immersed in the 20% (l: I

mol/mol) MMA/MAn comonomer solulion u~ing acetone as a diluent. The 20% comonomcr

solution was prepared by taking 9.90 g of MAn, 10.10g (or, 10.74 ml) ofl\-lM1\ and 80 g (or,

101.27 ml) of acetone. Then ~amc procedure of :.':.2hwa~ appli~d, In the purified grajl~d

product the percentage of grafting was 1.90%.
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2.2g. Grafted Pol)'meric Product ofI,OPl'-g-P(Sty/MAn)

Materials

Low density polypropylene (LOPY) (55 micrometer thieknes,» fillJ1~was washed with

distilled waler and then acetone and fmally dried in air. Maleic anhydride (ALAn), purity ')7%

(BOH, Poo1c, England), M = 98,06 glnlOl, wus used as n;ceived. Styrene (Sly) (Merck.

Germany), M = 104.06, II = 0.79 kg;.

Graft copolymerization ofLOl'P:

For preparing thc Sty/MAn grafting copolymer the UJPI' wcre pl'cpan;d iirst lind then

followed by washed with acetone, dried in air weighed and imlnersed in the 200/<:(1:1

moVmol) StyIMAn comonomer soli.llion using aectone as a diluent. The 20% eomonomer

solution wa:, prepared by laking 9.70 g of MAn. 10.30g (or, 13.04 ml) of Sty and ~O g (or,

101.27 ml) of acetone. Thcn same proecdure of2.2b was applicd. In the pmillcd grafted

product the perccntage of grafting was 10.0%,

2.2h. Grafted Polymeric Product of LOPl'_I::_P(Sty/MAn)

Graft copolymerization ofLDPl':

For preparing the MMAIMAn grafting copolymer the LJ)I'P were prepared first and thcn

followed by washed with acetone, dried in air wcighed and immersed in the 20% (1':1

mol/mol) MMNMAn comonomer solution using acetonc as a diluent. The 20% comonomcr

solution W<lS prepared by taking 9.90 g orMAn, IO.10g (or, 10.74 ml) ofMMA and 80 g (or.

101.27 ml) or acetonc. Then same procedUl'e or 2.2b ,vas appliell. In the purified grafted

product the pcrcentagc of grafting wa, 6.~O%.
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2.21. Grafted Pol)'merle l'rodud "f HPPE_g_P(St)'IMAn)

Materials

Heat pressed polycth}lenc (HPPE) shed) was v'i"silCd with distillcd water and tilen

"cctone and finally dried in "ir. M"lcie anhydride (MAn). purity 97% (SDH, Poole, England),

M = 98,06 glmo\. was used <ISreeeiveJ. Styrene (Sly) (Merck. Germany). M = 104,06. II =

0.79 kg.

Graft copolymerization of HPPE:

For preparing tile Sty/MAn grafting copoly1l1cr the LDPI' were prepared first ami tiwn

folluwed by washed with acetone, dried in air weighed and immersed in the 20% (1: I

mol/mol) StylMAn comonomer solution using "eetone as a diluent, The 20% com<)nOlncr

~olmion was prepared hy taking 9.70 g of MAn. )0.30g (or, 13.04 ml) of Sty anJ HOg (Of.

JOl.27 ml) of acetone. Then same proeedurc of 2.2b was applied. In the purified graned

product the percenruge of grafting was 1,80%.

2.2j. Grafted Polymeric Product ofHPI'E-g-P(Sty/MAn)

Graft eopolymeri1:ation ofLnpP:

For preparing the MMAIMAn grafting copolymer the HI'PF. were prepared fi~t und then

followed by washed with <leetone. dried in air weighed and immer8ed in the 20
0
ft, (1:1

mol/mol) MMA/MAn eomonomer solution ll~ing acetone as" diluent. The 20% eomonomer

soilition was prepared b} laking 9.90 g of MAn, IO.lOg,(or, 10.74 ml) of MMA and 80 g (or.

101.27 ml) of acetone. Then same procedure or 2.2b \va~ applied. In the purified gral1.cd

product the percentage of grafting was 1.68%.
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Fig. 6: lR Spectrum of Grafted Polymeric Pruduct of PE-g-P(StyIMAn) at 5 kGy dose
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Fig. 8: IR Spectrum of Grafted Polymc>ric Product ofPE-g-P(Sl)IMAn) at 20 kGy dose
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3. Present Work: Synthesis of Chelating Functionalizcd

Polyethylene Grafted Pol)'mers with Some Ammonia Derivatives.

3.1 Rationale:

Metals are llJl10ngthe mosl important trace level constituents or natur"-l \V;ller14.Many

beavy metals arc quite toxic and drinking watcr standards for lhese mcWl~ allow only a io"'''

leveL Tn reccnt years a grcal deal or interest ha~ bccn observcd in relation to the applicability

of chelating agents for removal or separation of metal ions from heavy m~tal contaminated

waler'j.j9. Among many sorplive materials various form; of synthetic polymers containing

eomplexing molccules which arc abundant at low cost have emerged as one or the most

important malriees for the synthesis of neW s()rbenb Chelales forming polymerk ligands

have been extcm;ively sludied by several authors and many reviews arc availabk in the field

60-<.>7.Several heavy metal ions su~h as I-Ig, Pb ;md eu were extraded using Ihiol chclating

resins63 and chelating resins supporting dithioearbumate and methyl thiourea 69, Recently

there has been substantial growth in intere~l in the IISC of radmtion indu~ed graft

copolymerization of funelionalized monomer onlo polymer mcmhrane~ for preparing

cldating sorhentln<l.leriab 09-12. Graft copolymers involving maleic anhydride moieties bave

bccn the subjed of considerable interest, because these anhydride moieli~s contain reaeti ve

carbonyl groups which are subjeeled to numcrous reactions. ]n this rcspect radiation induc:d

grart copolymeri7,ation of styrencJmaleie anhydride (St),/MAn) conlmoner and anotJ,er pair

ormctiJyl methacrylate/maleic anhydride (MMA/MAn) onto polyethylene film was ~!udied.

Varieties of ammonia derivalives, such a' hydra.ane, phenylhydrazine, hydroxylamine,

hydroxylamine hydrochloride, semi carbazide, thiosemicarbazidc. tbiosemicarba/.ide

•



hydruchloride and S_Bcnzyl_thiouroniumchloride were introduced into the ~mft copolymer

and the possibility of lhcir pr.lctieal uses in selectivit} of arsenic and some loxic metal ions

arc investigated.

3.2 Results and Discussion:

3.2a Polyethylene Grafted Polymer of Sty/MAn Chelating Funetionalized with

hydnuine

According to the Scheme 2, here we demonstrate an approach v,'here the ehclulmg

funetionulization of the radiation grilled membrane of polycthylene iilm with binary

monomer of styrene and maleic anhydride. In this purpo~c the grafted imelTIlediate producb

were used for the completion of the chebting funetionulized reaction. By thi~ technique,

there is an increase of molecular weight. Therefore, it is reasonable to de,eribe the

conversion of maleic anhydride groups in graft eopolymcr chains by the inerea~ing

percentage of the membrane weight.

Scheme 2

It ClUJ be seen that the grulled intermediate product easily combines with the hydrazine and

give the condensation readion resulting the ronillltinn of condensed product with hydnl/.ine.

This condensation product was then used for the removal of some heavy metals.
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Polyethylene Grafted Polymer of Sty/MAn Chelating .,'unctionalu,cd with Other

Ammonia Derivatives

According to the Seheme 2, i( can be seen that (he grailed intermediate product easily

combines with the phenyl hydrazine, hydroxylamine, hydroxylamine hydrochloride,

scmicarbazide, lhioscmiearbazide, thiosemicarba«ide hydrochloride, S- Benlyl- thiouroniull1

chloride and give the condensation reaction resulting the formation of condensed product,

with the respective ammonia derivatives. 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 Chclating FunctioOldized Pol~,cthylenc Grafted Polymers "ith Some

Ammonia Derivatives.

The starting material for this chelaling timetionalization step was the gr"rted

inlennediute product of PE-g-P, and hydragene. The structures of those material" are shown

below:

(pE-g-I') H~'dnuinc

Phenylhydrazine

~
H2N-NH-C-NH2

Semicarbazide

Hydroxylamine

s
II

H2N-NH-C-NH2

"['hiosemicarbazidc

Hydroxylamine hydro~hloride

s
II

H2N-NH-C-NH7HCI

rhiosemi~arbazidc hydwchloridc

S-Bcnz)' l-thiouwnium chloride
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3.3. Characterization of thc Product:

We have synthesi"ed the chelating 1"unetiona!ized polymeric Inalcrials "I' low-dcnsily

polyethylene (LOPE) film with Sty/MAn binw-y monomer sy.,tem and the chelate lilrmtltion

accomplished through some ammonia derivatives_ These products were characteri;<et1

through gravimetric method. The "peetrosc<>pie1l1elhodwas not applied li,r eharacteri,ing

these compounds. The ,ample product> were not compatible for recording the IR spe~trum

beCaliSe the chelating functionalized produels were not permit tlle infrared ray. There by,

through the gra~imetric technique, the ehelating iimetionalized products were characterized.

In gravimetric method, it is reasonably described the conversion of maleic anllYdride groups

;nlO eondetlScd products in graft copolymer chain" by the increasing percentage of the

membrane weight.
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3.4. Mechanism:

The simple rnechani~rn for the chelating funetionali.<ed condensation reaction arc ,hown

below, where the oxygen alom of anhydride moieties und the hydrogen of hydrugenc

COinbinewith each other and finally give the ehcJating funclionaJizcd gralled pl'Oduct through

the removal of waler.

Roll", W 0 h' .

•

G ChelatiDg Product G Chclating Product

NH) 3, NHCONH) 3,

NI-IPh 3b NHCSNH) 31

OB 3, NI-ICSNH,.HCl 3g

OH.I-ICI 3d @-!s~ 3h
NII,Cl-

89



3.5 Conclusion:

We have described a very convenient and elegant method for the synthesis "r chcJating

fnnetiollalized polymeric matt'rial~ of low-densil} polyethylene (LDPE) film with Sty/MAil

binary monomer system and the chelate fomlalion aecompli-;hed through some ammonia

derivatives, such as hydmzine, phenylhydr<17ille, hydroxylamine, hydroxylamine

hydrochloride, ~emiearbazide, thio~emiearbazide, lhiosemicarbazide hydrochloride am.1

S_benzyl_thiouronium chloride. 'jhese chel"ting fllnctionalized produds were used a~ tile

absorbent and for removing the an;enic and some heavy metals lrom the aqueous solution.

These ehelatillg funetionalized products were ~ynthesized by readily a\'ailable starling

material~ and clean technique.

3.6 Experimental:

Materials

The intennediate grafted product of PE-g-P with Sty/Man was washed wilh acetone and then

dried in air. Maleic anhydride (MAn), purity 97% (BU1-1,Poole, England), M = 98.06 g/mol,

was used. Hydragene (Merck, Germ;!n}), M = 32,05 glmol, Phenyl hydragene (Mel'ck,

Germany), M = 108.14 g/mol, Hydroxylamine (Mer~k, Germany), M = 33.03 glmol,

Hydroxylamine hydrochl"ride (Merck, Gemluny). M = 84.51 glmo1. Semicarbazide (Merck,

Gel1l1uny), M = 75.07 glmol, 'l'hiosemicarbazide (Merck, Genmlll}), M = 91.13 glmo1.

Thiosemiearbazide hydrochloride (Merck, Germany), M = 127.59 g/mol ;wld S-13enzyl

thiollfoniunl chloride werc purchased !rom the local market, ,111dused without any further

purification. Ethallol absolute (Merck, Gennany) were plll'ehased from local market-. M =

46.07g/mol, 11 = (),79 kg and u~ed without further purificati"n. Acetone was extra purc
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(Merck, Germany), M ~ 58.08. II = 0.79 kg and other solvents also ',"cd without fmiher

purification. Styrene (Sly) (Merck, Germany), M = 58.08, II = 0.79 kg. Dimethyl formomide

(DMF), dioxane also used as solvents. Different solution of metab: Cr. Cu, Fe, :>1n,Ni and

Pb ~olutions were prepared from the respective salts.

311.Chelatjog fictiooaii7,.lltion of PE-g-P (StyIMAn) with hydrazinc;

To improve the ehclating hmetionillity of the prepared grafted lilm PE-g.1'

(StyIMAn) were reacted with hydragenc. The reactions were performed in solutiollS of 70ml

DMF/dioxanc (v/v) co-solvent and 0.32 g (O.OI-mol) hydmgene. The prepared solution was

placed in a round bottom flask ,md stirred for 5 min belilrc adding the gl1lli.ed copolymer'

films (weight 01" thc membnme was about O.5g; degree 01" grafting 288). The reactions were

kept at 70°C for 10h. After completion of (he reaction, the memhranes were rinsed with

ethanol, dried and weighed.

Chelatiog fictionalization of PE-g-P (Sly/MAn) "ith Other Ammonia Derivati,'cs:

To improve the ehela(ing functionality of the prepared graned film PE_g_P (Sty/MAn) were

reacted with phenylhydragene. hydroxylamine, hydroxylamine hydrochloride. serniearbazide.

thiosernicarbazide, lhiosemicarbazide hydl'Ochloridc and S_bcnzyl_thlOuroniurn chloride: The

reactions werc performed in solutions of 70ml DMF/dioxane (v/v) co-solvent and O.Ol-mol

mole of respective ammonia derivatives. The product'; wcrc then processed according to the

previously mentioned procedure.
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4. I) resent Work: Synthesis of Radiation Processed Hydrogel for

the removal of Arsenic and some Heavy Metals.

4.1 Rationale:
Generally 'hydro' meallS water and 'gel' me3ns jelly like substance. l1ydrogel is a

three_dimensional network structure of polymer containing a signific3nt amount of water,

The convcnient tool for modification or polymeric mutcrial is radiation and this modi Iication

is accomplished through crosslinking, grafting and degradation. II has been recognized thm

the ionizing radialion is a vcry suitable tool for the preparation of hydrogel cspecially for

biomedical appliClitioo4G-49. '[his process h3S ver"ntile advantages. ror cxample: ~asy process

control, simultaneous er<1sslinkingor the polymer to hydrogel fonnation and "krillty of lhe

the tec1m()logy is envirorunent rriendly since it lea\,es no residue or pollutant )!\ Ihc

product with high degree of assurance level, no neces~ity to add any initiators, no w~le. amI

. 46" 1h .envIronment ele '. e neces~ary re'luu"ment
to produce a usable hydrogel l~ the

fonnation of ero~s-links bct"een different polymer ehaim, re~ulling in a Ihree_dimen\ional

network structure 40-4'.50.This requirement i8 achieved by thc irradiation or (lljueous soluti()n

beam. Those irradiation techniques are able 10 ~ontrol the degree anJ nature or cross-links,

or polymeric materials (polyvinyl aleohol, in our stud:l) lhnlUgh gamma rays or e!Cetron

h h d 1
4849 D. . d.. fl. fl. . I I .ley roge '. unng!ITa laholJ 0 aqueous so U\lon 0 po ymenc m3t~rw s t le major

the parameter, which control the swdling capa<:ity, meehanic,,1 properti~s ,llld por~ sizes in

portion of energy i" absorbed for water fonning free radicals and molecular

products 10-,3.
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Metals arc among the most important tmee level constituents of naluml ",atcr54. M(l.n}hCilV)'

metals arc quite toxic and drinking water standards [or these metals allow only a Ill" level. In

recent years a great deal of interest has becn ob~erved in relation to the appli~abilil)' of

chelming agents for removal or separation or metal iOllSfrom hcavy mctal contaminaled

walcr,.1-59 Among many sorptive materials various IilTnlSor synthetic polymers conlaining

complcxing molecules which are abundant al low cost have ewerged as one of the mo~(

important matrices for the synthesis "f new ~orbenls chelatc fonning polymeric lig,m<lshave

been extensively studied hy several authors and many reviews are available in the lieldo<J.67.

Sel'eral heavy meml ions such as I-lg, Ph and eu 'Wereextracted using !hiol chelating resins"'

and chelating resins supporting dithiocarbarnate and methyl thiourea&'!. Recently there has

been ~ubstantial growth in interest in the usc of radialion induced graft I'olymeri.wtion uf

functionalized monomer onto pol}mer membranes for ~helating sorbent matcrials(,9-72.So in

this purposc the hydroxyl group containing PYA hydrogel i" able to absorb the arsenic ana

som~ heavy metals through the shov,'ing of "hclating capacity.

4.2 Results and Discussion:

When polymeric aqueous solution is subj"etcd to ionizing mdiation. highly

reactive hydroxyl radicals, which rea"t quicklY with PYA than with polYSll"eharides, are

produced. PYA i~ crosslinked predolliinantly at low dos~ and aftcr that, "armgeenan

degradation occurs. This degradation was no longer protected by PYA, but the flour retained

in almost unchanged state. The gel fraction (ro.ti" of the extracted and "ncxtrillOWdgel

weight) of PVAIf10lrr hydrogel i~ increased with decreased carrageenan content.



,
Polysaccharide" which were added in the fOlmulation, call impwvc the slre~glh und

flexibility of the prepared hydrogel, but these advantages werc not pos,ib1c from sans

polysaccharides. Addition of two hiodegradable polysaccharides instead of single

polysaccharide hus extra advantages, due to the fact thaI the lise of these ('1','0 could "d,orb

the cations and show the exchange property with anions. Even, the hi~ molecular weight,

and branched polysaccharide, 110urentrapped in the gel network structure and become part 01"

the hydrogeL Hence, it could reduce Ihe cro~slinking density in the prepared hydrogeL

Anion exchanging behavior can be explained from the structure of the carrageenan

polysaccharide and Ihe radialion ell;,c! on it. Carrageenan is one of the most abundant

hydrophilic poly~aeeharide and ~omposed of D-galaetose units linked alternately with 11" 1,3

and j:l-l,4 Enkages_ Due to their hul!~ester sulfate moieties, it is ~trongl} an anionic polymer.

During imillimio[l, the weaker chemical bond between C[ and c., of the carrageenan

molecule breaks down ,~. After breaking, the ,mal! carrageenan molceule~ with anionic hnll~

ester sulfate moieties are entangled into the network ~trueture of hydrogel, and then the

forces influencing tile swelling behavior mpidly increases due to localization or charges
within the hydrogel '), as well as the avail ahlc arsenic specles in water ~an exchange with

the sulJate anion of the ~arrageen.

Another target of this work i~ the l'emoval 01-arsenic and ,>omeheavy m~lals by the

rwiiation processed hydrogel, and thi, purpose is achieved by the synthesi7ed radiation

pro~esscd hydrogel explained above. Now, hydrogel removed the henvy metal,> from

contaminated water, due to the adsorptioll of metal through the hydrox}l group of I'VA

hydrogel.
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4.2.1. Starting Materials:

Synthesis of Chc1ating I<'undionalizctl PVA Hydrogel for Rcmo~'ing tile Arsenic and

Some Heavy Metals from Aqueous Solution;

The slarting materials are for this chclating flillctionalization step: poly ,.inyl alcohol

(PYA), carrageenan and flour.

-H2C-CH-H2C-CH-
I I
OH OH

(PYA)

4.3. Characterization of thc Product:

The hydrogel product "'<IS characterized through gravimetric method only. The spectroscopic

methods were not applied for characterizing this product because the sample prodllet was not

compatible fur recording thc IR spcctrum. Due to thc applicd radiation dosc. there ,is an

increase of gel content, so by the gravimetric techniqllc, the chelating fllllclinnnlized pl'Odud

characterized easily. Therei()re, it is reasonable to describe the conversion of monom~rs in

grarting copolymer products by increasing the percentage of gel content.

4.4. Mechanism:

The radicals ('OH, 'Il) abstract hydrogen !i-om the polymer chain and thus produccu a

carbon-centered radicals in polymer chains and these eal'b()n-center~d radicals on polymer

chain further decay hy forming intcrmoleeular cr<lsslinking. rcsults to increase in molecular



"'eight and finally a hydrogel. Sometimes intramolecular and di,proportionation reactions

also take place. These reaction, may be ~ontrolled, by the hig,hdose rate (electron beam) and

lower concentration, lavors intramolecular cros~linking wherea, the low dose rate (gamma

radiation) and higher eoncentr~tion favor~ intermolecular crosslinking, which is u,ed lor

making PYA/polysaccharide biomaterial" like wmmd dressing. The biodegradahle polymers,

su~h as PYA, PYP are converted to COl and H20 by digestion and bacterial degradation in

the soil. So, considering their environment friendly nature such kinds of polymers have hcen

effectively used to dcvelop hydrogel. which ~an accelerate the healing "fwound" Gencrally,

hydrogel contains 30-90% water that enlrapped in the three dimen,ional network ~tructure of

PYA hydrogel. This large water content makes them bi(}compatihle and is prd'crred a.~

hiomaterials, Even the biodegradations of ~ueh bi(}material~ are not affected by iilrmed

cros~linked network structure.

"4.5Conclusion:

Uy applying the ehelating functi"nalized radiation proce~~ed hydrogel matcrinb we can

remove ar~enie and s<lmeheavy metals. \lie have described a very convenient method for the
,

synthesis of ehelating functionalizcd PYA hydrogel as well as the synthesized material has

the affinity towards 'the removal or arsenic and some heavy metal~ from the contaminated

water. This chelating funclionali7ed produd was synthesized hy readily iLvailable ~tarting

materials and clean tedmique.



4.6 Experimental:

Materials

Kappa-carrageenan was oblained from Shemberg Corp., Phillippincs and PVA hom

BDH, Poole, England. The pOlysacchande (flour) (food grade), Nutrient Agar (Oxoid,

England) and Potato Dextrose Agar (Oxoid, E~gland) \v~re purchu~cd from the local market.

All the materials were used withOld any purification.

Sample Preparation and Irradiation

PYA \vas added "lowly in hot deioniNd water with continuou~ stirring followed by

1% polysaccharide (flour) from the previously prepared stock solution and finally 1%

carrageenan. "lhis solution wa;; allowed to stu.nd for over night to mix well and then

autoclaved at 121"C & 15 psi for 15 minutes. Arter autoclave, the hot U1jneous~olution or

thi, mixture were pourt:d in dispo~ahlc PolYdhylene tcrcphthalate (PET) trays and alluwed tu

coul. These were scaled in polyethylene bags and irradiated with gamma rays generated irom

a 60COsource, After irradiation various properties of the resulting hydrogcl \','ere measun;d.
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5. Present Work: Application of the synthesized Products.

Ar~enic and heavy metals are harmful as well as the level of drinking water standard~

is delerioHllcd due to the presen~c of these lnelals,9}). In recent years, a great deal of interest

has been observed in rclation to the applicability of ehelating agents lor removill or

separation nf metal ions from contaminated WalerlO,2011. Similarly much efforts in lhe

investigalion in connection to c1im;nale ar-;enic from walcr have also been given2-'.1
4
11is

worthwhile to note that many sorptive material~, made of variolls forms or synthetic

polymers containing eomplexing molecules, whieh are abundant at low cost have immer~ed

as one of the most important matrj~es that play ;mportunt role to absorb the desired clemen\',.

Three major categories, which arc ll".ally lollowcd to diminate ar:senie Irom water, arc

chemical precipitation, adsorption and membrane >eparatiOltifiltration1'. Research on calioll-

exchange membrane, has grOVlIlmuch attention for ,elccti\,e removal or some heavy metal

ions (Fe, Cll, Ph, l-ig, ele.) and radioactive demenl from aqueous ~llllltilln'02176. Keccntl)',

anion exchange methods havc been recognized as an excellent tcc!mology for arsenic

removal Vv'henarsenic species are in anionic stale". Though much research merely "n the

identification and determination of arsenic and heavy metab in the contaminated water has

been done in Bangladesh'!'. but the number of sredlie "ork is very rew 10 rcmove ar"enic

from this contaminated water so far in this ~ountry_ fhercfore, tile present \vork will be

undertaken to do rcsearch for the removal or arsenic/heavy metals from water.

Because ,,1'various types of ligands. which have been introdnced into polymers to be

used, as ehelating polymer is an important factor to determine how mtl~h oJIinity "howing

weh graft polymer to remove a specific metal ion from the solution.
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Studying the sOIption capacity of the >urbcnt tuwards variou~ l\1et~1ions b carried out by

equilibruting a fixcd amount of the sorhent (0.5g) with diflcrenl m"tal ion soluliollS of 100

ppm concentration lor 12h. The maximum metal uptake ui"different metals by these trcated

mcmhnlilcs is shown in thc respective ruhle.

The graft polymer Jilms treated with hydraziDe, phenylhydnl/iDe, hydro;..ylallline,

hydroxylamine hyurocWoriue, semicarhazide, lhiosemicarha,idc, thiosemicarbu,.ide'

hydrochloride show the affinily by the adsorplion of different mdals. The chemisorption

capacities of the sorbcnts lowards Cu(lI), Fe(lll), Ni(ll), Pb(lI), Mn(Il), Cr(1l1) is found to be

different with various chelatil1g group~_For PF.-g-P(Sty/MAD) graft copolymer trcated ~,ilh

NII,OH a.ndNHzOH.HCI the sorption of l'e(J11) ion~ is higher thaD other metals, However,

in the casc ofPE-g-l'(Sty/MAn) grafted tilms treatcd with scmiearbazide,lhiuscmicarbaz.ide

and thiosemic~rbazide hydrochloride the sorption of Cu(ll) is higher than other mewl" under

investigation. Meanwhilc, for grafted films treatcd with hydrazine and phenylhydrazine the

chemisorption ofPb is higher than other metals. The aforcmentioned results can be explained

according to the ligand type 3nd the struclure of chelatc.

Thc reaction of various ligands "illl different metal iOlls or metal compkxcs usually res"lts

in various coordination structures, Therefore, the courdinatiun structure or gran. copolymer-

eu complex is dificrcntli-om that ofl'c(lll) and /ur other metal u~ed.

11 is reported that CuO/) can commonly be 4-or 6-coorumate and exist in ~ny of ~evcral

geomclries. Howcver, Fe(lil) i~most commonly 6-coordinate octahedral 21.

On the other hand. thc importance of botb inherent acidity and a >;econdhard ,on f~ct()r is

well known by the Irving-William,,' series and some oxygen. nitrogen and sulli.Lrehelates.

1 0 1
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The Irving-Williams' series of increasing stability on Ihe increasing of inherent acidity or tbe

metal (largely due 10 decreasing size). Supcrimposcd upon this is a hardne<;s-sollncss laetor

in which the softer spccies coming later in thc serics or favourcd ligands S>N>O 11. The

harder, early transition metals ions (few d electrons) preferentially bind in order of 0>1\'>$.

ThereJore, the films containing ligands or oxygen-donating atoms such a, NH20H treated

films and/or hydrogel (which aI'll contain hydroxyl group) prefer Fe(lII) ions which have

few d-electrons than other metals.

However, soller species such as eu(lI) (which is of high d-elcctron) prefer ligands containing

Sand/or N atom~ 10chelate wilh.

The ab80rption of metal ions on treated film8 containing 0 donor (hat'd base) aloms prefer

Ihe hard aeid metal ions the in order or Fe(IlI»Mn(lI»Cr(Ill»CtL(Il). A~eordingly, their

behavior fol1owed the Irving-Williams' series. 1l0,",cver thc ad80rption of metal ions on the

NI-hOH-tre<lled films and/or hydrogel which contain donating oxygen atoms only wa~ in the

onlcr ofFe(lII»Mn(Il»Cr(IIl»Cu(Il) only exception of}Ji(lI).

The selectivily and affinity of the polymer towards Fe(lll) or other mctals investigated

here can be attributed according to the valence and atomic radii of metal, stability

constant, temperature and ~Iructure of cbelate.

The merease in oxidation state CaU8e~a shrink in size, not only because Ihe ion becomcs

smaller as it loses electron den~ity, but also Ihe increase or the caliotlic cilarge pull> tile

anions in closer. Therefore, the seleeti\.ity ofFe(lII) ion by chelating polymcric material,;

containing 0 donating ligands can be attributed according to high valence and low atomic

radii or FeOll)_
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Table 1: Results of arsenic Remm'"l:

Sorhent Remo,'al %

Hydrogel 34.54

Hydroxylamine hydrochloride ,='"" 25.3]2

Sty/MAn gral\cd membrane

Hydroxylamine hydrochloride treated 19,125
.

MMA/MAn gralied membrane

S-Henzyl-thiourollium chloride treated 5.280

Sty/MAn graftecl membrane

Table 2: Radiation grafted membrane treated with hydrar.ine:

Metal Removal %

Pb 10.92

Fe 10.1J

C, 9.17

'Ni 8.34

,Mn 7,09

.C, 6.35
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Table 3: Radiation grafted mcmbrone treated with phenylhydrazine:

Metal Removal 'Yo I
Ph 10.11

F, 9.R9

Co 9.04

Ni 7,79

M, 6,97
<

F, 6,17

Table 4: Radiation grafted membrane treated with hydru~ylaminc:

Metal Hcmoval %

F, 13.27

Mn 12.3

C, 11.H8

C, 11.59

Pb 8.34

Ni 6.07
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Table 5: .Radiation grnrted membrane treated with hydroxylamine hydrochloride:

Metal Rcm'Hll.1 %

1'0 12.98

Me 11.77

e, 11.52

C, 10.31

Pb 7.98

Ni 6.72

Table 6: Radiation grafted membrane treated witb semicarbazide:

Melal Removal 'Yo

e, 21.36

Ni 19.37

Fe 14.22

Me 11.85

C, lO.15

Pb 9.33
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Table 7: nadiation grafted membrane treated with thiosemiearbliLide:

Metal Removal 'y" i,

C. 19.57

Ni 17.21

F, 10.79

Mo 10.12

C, 8,99

Pb 8.57

Table H:Radiation grafted membrane treated with thioscmiearbll:lidc hydrochloride:

Metal Removal %

C. 18.32

Ni 17.02

Fe 9.38
i

Mo 8.95

C, 7.37

Pb 6.16
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Table 9: Removal percentages of metal by hydrogel

Metal Removal %

F, 59.03

Mo 54.92

C, 41.46

C, 33.89

Pb 32.08

Ni 2U6

Table 10: Effect of binary monomer unit on graft copol)'mcri7.ation

Radiation dose (kGy) Grafting percentage of Grafting percent'lge of

MAn.Styrene MAn-MMA

0.50 2.06 1.72

1.00 5.24 4.76

5.00 58.77 41.90

10.0 180.17 159.75

15.0 288.18 253.00

20.0 328.81 295.38 I
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