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ABSTRACT

Toxic metals like mercury, chromium, cadmium, cobalt and nickel must be completely absent in drinking water
because in spite of their miniature existence, they seem to be have high potential for causing terrible health effects
e.g., mercury affects nervous system, chromium causes gastric erosion, cadmium is carcinogenic and mainly affects
kidney. Arsenic is potent carcinogenic and mainly affects gastro-intestine and skin. In the present study, number of
treatment methods had been adopted for the safe removal of heavy metal ions from aqueous solutions and water
samples fromindustrial effluents. These had shown that the aquatic plants are efficient water filters and effective in
removing metals from polluted water. The adsorption of toxic metals took place by low cost adsorbents such as
activated carbon, walnut shell, waste tea, sawdust, zeolite, Bentonite, china clay and Peat moss. Chemical free
removal of toxic metal ions from dilute aqueous solutions by biosorbents and low cost adsorbents has been
demonstrated to be a useful alternative to conventional treatment systems. Adsorption is a physical process where
soluble molecules (adsor bates) are removed by attachment to the surface of a solid substrate (adsorbent) primarily
by Van der Waals forces, although chemical or electrical attraction may also be important. Adsorbents must have a
very high specific surface area.

Keywords. Toxic metals, Heavy metals, Adsorption, Bio-saypti

INTRODUCTION

Water filtration is a natural and integral partlié¢, and it is a process aided by a variety ofnsais and natural
materials. The earth has many natural methods t#nWidtration, and humankind has also used madtet@ purify

water for thousands of years. Some are specifienmve toxic metals within shortest period of tirdeavy metals
(toxic metals) are elements that have relativelghhdensity, and they are toxic or poisonous everoat

concentrations (Lenntech, 2004). Thus toxic metkés mercury, chromium, cadmium, cobalt and nickalst be
completely absent in drinking water because inespfttheir miniature existence, they seem to hagh potential

for causing terrible health effects e.g., mercufgds nervous system, chromium causes gastrigoen@r VI is

more toxic than Cr Ill) , cadmium is carcinogenicdamainly affects kidney. Arsenic is also a potestcinogenic
metal and mainly affects gastrointestinal tract skid.

Toxic metal ions can enter a water supply by indaiseffluents and consumer waste. Nature has owatew
purifiers such as sands, clay, charcoal, minetsstpnites) , ceramics, plants and their mateSiaie are specific
to remove the toxic metals within the shortestqutof time. During study it was found that wateabipnth i.e., Jal
Kumbhi and Kakoli absorbed toxic metals - chromidead, mercury, cobalt within 40 minutes from inias$
effluents. Peat moss absorbed mercury, lead, cadpibromium within 30 minutes from the industriéflents.
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China clay had been found very effective for remh@iaadmium from agqueous solutions. It is the glesa way for
the removal of toxic metal ions.

EXPERIMENTAL SECTION

1.1 Location and Climate:

Bhagalpur district comprising of eight regions vidathnagar, Kilaghat, Sarai, Naya Bazar, BarariboBa,
Naugachia and Madrouni lies betweefl 23.29 and 2%08’ north of equator and between the longitudiimas of
88" and 9730’E. Uttar Pradesh, West Bengal, Jharkhand andiN&und this region on its sides. The land surface
of Bihar is generally plain with Gangetic areas.isThegion covers an area of approximately 150 knickv
includes Gangetic plain, the most populous part @nbtitutes about 22% of the region. The regiositisated in
the Sultanganj to Kahalgaon and Naugachia to Madrau Koshi region and is considered the richesi- bi
geographical zone. The climate of this region ftusnced and characterized by its hot humid to &me. This
region receives high precipitation during monsoerigal which creates flood. Due to heavy rain fathund water
reserves are generally adequate in some of the,affdaugachia, Bihpur) while scarcity of water Isserved in
most of the areas of the town. The average deofimgoundwater level of Bhagalpur Town is nearly/fdr year as
per self-estimated record of the author. The teatpes varies between Z8to 35C.

1.2 Water sample collection from industrial effluents:

The samples were collected from industrial efflgenin the year 2011 and 2012 from Bhagalpur amadijoining
areas. Samples were collected in plastic conta(f®r€ 250 ml). Preservative (1:1 HN®olution to PH<2, about 3
ml L-1 sample) were added to each water samplegbeatime of sampling and containers were seale@sé&h
samples were tested for heavy metals and otheriquhghemical parameters and treated with a numb@&i@
sorbents and low cost absorbents for their potiiatis|move toxic metals (chemical free purificatiaf water).

1.3 Method of analysis:

The physical parameters like pH, DO, TDS, and tlithiwere tested in the field at the time of samgbdlection
using portable pH meter (Eutech Instrument) andewtdsting kit (MS Electronics, India). Analysis addmium,
copper, iron, lead, nickel, zinc and chromium weaselusing Atomic Absorption Spectrophotometer (PeBtmer
AA200). Arsenic metals were analyzed using Spetintgmeter with MH-15(Mercury Hydride System) at 103
analytical wavelengths and 0.7 nm slit width.

1.4 Preparation of Adsorbate Solutions

Metal Solutions:

An aqueous stock solution (1000mg/l) was prepaoeegéch heavy metal i.e., for chromium by diss@vii734 of
potassium dichromate in 1 liter of distilled wat&ml. of HNO3 was added to it, for Zn, 6.5mg/l Zaad
1000mg/l sorbent (LS) of initial Ph5 and for P(Hy dissolving lead nitrate in bi-distilled water HD00 mg/l.
Working solutions were prepared by diluting diffier@olume stock solution to achieve the desirecceatration.

The amount of metal adsorbed by the solid (q) &edoercent of metal removal were calculated usiedgallowing
equations:

g = (Co-Ce) V/Im

Metal ions removal (%) = (Co-Ce) 100/Co

Where Co is initial concentration metal ions (nig/l)

Ce is the concentration of metal ions at equiliriadsorption (mg/l),

V is the volume of solution (1) and m is the magsadsorbent (g)

1.5 Acceptablelimit of Metalsmg/l: Ar-0.05, Cd-0.01,Cr-0.05,Pb-0.1,Hg-0.001,Zn-5.0
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RESULTSAND DISCUSSION

The results showed that the removal of toxic mi&aé by bio-sorbents and low cost adsorbents froueaus
solutions and industrial effluents was slow bukefive. These methods were proved to be usefulnalige to
conventional treatment system.

2.1 Plants: Bio-sorbentsfor metal removal

Plants are natural choice for filtration of watespecially in wetland areas. Some plants also rerhe@avy metals
and toxins while stimulating the growth of benedidbacteria. Water lettuce and water hyacinth veereffective
that they were sometimes incorporated into the $iep of waste water purification (V.P. Kudesi®2@®3) [5]

Present study depicts that water hyacinth (Jalkunidikoli) was proved as boon to lower B.O.D., Tganics,
nitrogen, phosphorous and metals from industrithiefits. Table-1 shows that short roots of hyacenth efficient
water filters and removes Cr(VI), Pb(ll), Co. Shdezline of TDS is due to heavy extraction of maeby plant.

Table-1 Removal of Pollutants by Water Hyacinth
(Al Valueswerein mg/l)

Flow PARMAETERS
BOD | TDS | ORGANICS| METALS| PHOSPHORU$S NITROGEN
Inflow 5.11 | 1678 96 0.93 0.76 3.15
Outflow | 4.2 246 22 0.01 0.11 0.57

2.2 Low cost adsorbentsfor heavy metal removal:

Use of low cost adsorbents for chemical free wataification is cost effective and eco- friendlyu8ies have
shown that activated carbon removes Pb(ll) (Telesv/dsconcelos and Gonzalez Beca, 1994),[12] Walhatl
removes Cd and chromium (VI) (Orhan and Buyukgune©3)[8] waste tea removes Cd and Cr (VI) (Orhan and
Buyunkgungor, 1993),[8] Zeolite removes Cd, Br)(lIHg, Pb(ll) (Leppert, 1990),[7] Activated carboamoves
Arsenic (A.K. Jha and Firoze Ahmad, 2014),-[workngrogress], Bentonite removes Cr (VI), Pb(lldatn (Khan
et al 1995,[6] Cadena et al, 1990,[3] Kayaa andnQ2005),[4] Bentonites of Rajmahal hill removeseanic and
fluoride from water (A. K. Jha and B.Mishra, 2012) China clay removes Pb(ll) (Yadava et al, 19013} Flyash
removes Cr (VI), Pb(ll), Zn (Pandey et al, 2009)4Scombination of both Fly ash and china-clay res® Cr (VI)
more than that of Fly-ash alone (Pandey et al, 1988] Peat moss - Irish sphagnum moss peat resnGreVI)
Sharma and Forster,1993,1995,[11-12]

Some of the low cost adsorbents taken into accoumetade Bark/tannin-rich materials; lignin; chitbhitosan,
zeolite; clay; fly-ash; tea waste; walnut shellizatied carbon and peat moss and the investigafemiteewere as
followed.

Table-2. Investigated adsor ption capacities (mg/g) for tanning containing materials

Materials Sour ce Cd | Cr(VI) | Pb (D)
Activatec Agqueou: 290
carbon solution
Walnut shell| Agqueousg 1.3 1.21

solutior
Waste tea Aqueous  1.49 1.44
solution

The polyhydroxy polyphenol groups of tannin areutplat the active species in adsorption process.ebatange
takes place as metal cations displaces adjacemoptdrydroxyl groups, forming a chelate. Tabletbwed that
tanning containing materials removed Cd, Cr (Vi) &b (I1) from agueous solution.

Casell Zeolite:

Zeolites are a naturally occurring crystalline Alamisilicates consisting of a framework of tetratednolecules,
linked with each other by shared oxygen atoms. idatheolites gained a significant interest, duetheir ion-
exchange capability to preferentially remove unwdriteavy metals. Table showed it removed Cd ,Gafit Pb
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Table-3. Investigated adsor ption capacities (mg/g) for Zeolite

Material Sour ce Cd | Cr(l11) | Pb(Il)
Zeolite | Aqueous solutiorj 83.9 25.7| 1483

Caselll Clay :

Clay : smactites (such as montmorillonite), Kaoline aridasy out of which montmorillonite has the highestion
exchange capacity such as?’ZrPi*, AI** from aqueous solutions. It is 20 times cheapen that of activated
carbon. Although the removal efficacy of clays faavy metals may not be as good as that of Zepthes easy
availability and low cost may compensate its drasksa

Table- 4. Investigated Adsor ption capacities (mg/gm) for clays

Materials | Source | Cr(VI) | Pb(ll) | Zn

Bentonite | Aqueous 0.49 5.6 0.91
solution

China clay| Aqueous 0.288
solution

Fly ash Aqueous 4.9 9.9 3.1
solution

. Agqueous 0.30

China cla | solutior

Table-4 showed that clay removed Cr (VI), Pb (Hl&Zinc from aqueous solution

Case |V Peat Moss:

Peat moss is a complex soil material containingitigand cellulose. Peat moss has a large surfaee(@200 m2/g)
and is highly porous so that it can be used to hieavy metals. Peat moss is a good absorbent|foresdls. It is
widely known that peat moss exhibited a high CE@ aomplexities towards metals due to the preserice o
carboxylic, phenolic and hydroxylic functional gpsu Following were the result of adsorption capesifor Peat
Moss after investigation (Table-5).

Table-5 Investigated Adsor ption capacities (mg/g) for Peat M oss

Materials | Source Cd Cr(Vl) | Pb(ll)
Irish Aqueous| ........... 119.1 ... .
sphagnum| solution 43.8
moss peat

CONCLUSION

Bio-sorption or low cost adsorption has advantagespared with conventional techniques:

1.Cheap: The cost of the bio-sorbent or adsorbent is lomcesithey often are made from abundant or waste
material.

2.Metal sdective: The metalsorbing performance of different typesioimass can be more or less selective on
different metals. This depends on various factachsas type of biomass, mixture in the solutiopetpf biomass
preparation and physico-chemical treatment.

3.Regenerative: Bio-sorbents can be reused, after the metal ixled.\

4.No sludge generation: No secondary problems with sludge occur with ligetion, as is the case with many
other techniques, for example, precipitation.

5.Metal recovery possible: In case of metals, it can be recovered after beimbed from the solution.

6.Competitive performance: Bio-sorption is capable of a performance comparablthe most similar technique,
ion exchange treatment. lon exchange is, as mexttiabove, rather costly, making the low cost ofdmption or
adsorption, major factor.

Thus studies showed that natural materials areeftesttive efficient water filters and can be usedheavy metal
ions removal. The methods are eco-friendly and lshioel taken into accounts on large scale.
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