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Abstract: In this study, the removal of mercury ions by delbe of Acetobacter xylinum was
investigated in the synthetic and chlor-alkali veagiter. Biofilms ofAcetobacter xylinum were
grown in laboratory column bioreactors. The biofilwere continuously treated with sterile
synthetic model wastewater or nonsterile, neutdlizhloralkali wastewater.The extent of
adsorption was studied as function of pH, adsorlwkrste and contact time. Efficiency of
mercury ion removal from chlor-alkali industry wasfater by aluminum sulfate and ferric
chloride was also determined. Under acidic conditite adsorption of mercury by cellulose
was quite low and increasing processing time moa®1@,, has no remarkably effect on the
adsorption rate. Adsorption capacity of celluloseder dynamic condition for chlor-alkali
wastewater was Gff/g which was less than the value |(8fy) that obtained from batch
adsorption experiments for synthetic wastewater.
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INTRODUCTION synthesized by microorganisms is just emerging as a
new industrial products with exciting new applicais

Environmental contamination due to mercury is cdusein industries. Cellulose is the commonest biopolyime
by several industries, petrochemichals, miningsthe world, with an estimated production of*i@on /
painting, and also by agricultural sources such agear. Most of this is produced in cell walls d&mts,
fertilizers and fungicidal sprays [1,2]. Mercurydait's  where the cellulose forms semi - crystalline
compounds are cumulative toxins and in smallmicrofibrils (long, fine, mostly crystalline fibérs
guantities are hazardous to human health [3]. TAm several nm in diameter [6]. Plant and bacteridutate
effects of mercury poisoning manifest as neurolalgic are chemically the sanfie1,4-glucans,but the degree of
and renal disturbances as it can easily pass twdbl polymerization differs from about 13000 to 14000 fo
brain barrier and affect on the brain. High concatiin ~ plant and 2000-6000 for bacterial cellulose. Sdvera
of Hg(ll) cause impairment of pulmonary functiondan bacteria are in condition to produce cellulose as
kidney. Consequently removal of mercury in wated an reported from strains from the genefaetobacter,
wastewater assumes importance [1]. Various types ohgrobacterium, Pseudomonas, Rhizobium and
technology is available for removing of mercury in Sarcina[7]. Acetobacter xylinum is a gram-negative
water and wastewater including chemical precigitati aerobic bacterium that secretes cellulose fiberpaais
conventional coagulation, lime softening, reverseof its normal metabic activity [8]. The cellulose
osmosis, ion-exchange and activated carbon adsorpti synthesized byAcetobacter xylinum is identical to that
[2]. The search for alternate and innovative treatim made by plants in respect to molecular structure.Th
techniques has focused attention on the use ofecreted polysaccharide is free of lignin, pecti a
biological materials for heavy metal removal andhemi cellulose, as well as biogenic products, wisio
recovery technologics. It has gained importantassociated with plant cellulose. This cellulose high
credibility during recent years because of the goodrystallinity, high water absorption capacity, and
performance and low cost of these complexingmechanical strength in the wet state, ultera — fine
materials [4,5]. The strong, tough, highly purdudeke network structure, mouldability in situ, and avhitg
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in an initial wet state [9]. Because of these fezdu (4g/Liter) to metallic mercury, which was volatiid by
there is an increasing interst in the developmémiesy  the carrier gas argon and detected at g5dy the
fields of application. The typical properties ofcberial atomic adsorption spectrophotometer. If necessary,
cellulose have also inspired investigation on thesamples were diluted so that they contained leas th
reactivity and availability of the hydroxyl grouger 1004 of Hg per liter.

chemical reactions as well as the subsequent

characterization of the products obtained [10].tHe RESULTSAND DISCUTION

present study cellulose oAcetobacter xylinum was

used as a biosorbent for removing mercury fromEffect of pH: Under acidic condition the adsorption of
synthetic and chlor-alkali wastewater. In batcpety mercury by cellulose was quite low (Fig. 1).

adsorption tests effects of some parameters suphlas

contact time and adsorbent dose were determineéhand

the down flow fixed-bed adsorption column
breakthrough volume was evaluated. 100
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To produce the bacterial celluloggetobacter xylinum
ATCC 23768 was cultured in the SH medium
containing glucose, 2%(w/v) ; Peptone, 0.5% (w/v);
yeast extract,0.5%(w/v); disodium phosphate,0.27%
(w/v);citric acid,0.115 (w/v); at pH 6.0 and undsatic
culture condition [11]. The cellulose sheets after
cultivation were removed and rinsed with distilled
water and devoided from bacterial and medium residu 0 L
by 2% SDS (Sodium Dodecyl Sulfate) and %4 NaOH 12345678 91011213
solutions in a bath of water at boiled temperatil2g[ pH

The cellulose sheets were grinded and rinsed with

distilled water. To set up the batch adsorptionstése Fig. 1: Effect of pH on Adsorption of Mercury by
dewatered cellulose was dried at P84or five hours. Cellulose of Acetobacteslinum

To study effects of pH, contact time and adsorbent

dose, synthetic wastewater was prepared by usinghere was an increase in mercury adsorption with an
mercury chloride and sodium chloride. Original increase in the pH from 3 to 5 and beyond which no
wastewater was supplied from one of the chlor-alkalreal changes in mercury adsorption was observed. Th
plant. For carrying out the batch adsorption testsct ~ results obtained indicate that the optimum pH refiege
amounts of 0.2g of dried cellulose were transfeinéol ~ adsorption of mercury in solution by  cellulose of
100 ml Erlenmeyer flasks containing 50 ml syntheticAcetobaeter xylinum was between 5-8. Normally metal
wastewater of 5Qf), mercury concentration. The effect adsorbents exhibit a drastic decrease in metaligffat

of pH, contact time and adsorbent dose were studied 10W PH condition. pH of medium affects the solulyili
batch system. In order to study, the effect of pH,Of metal ions and ionization state of the functiona
samples were adjusted at different pH ( 2 — 12) amgr_orlljps [13].The |r|_1|creaseb In blolsprpgog levels okg;
shake at 10Q,, Content of flasks were filtered, and \(’)Vf't b:ggz)erazl(;? ?o (t:ﬁg niri):)%?m(ff sgrfztgem%e attive
filtrate analyzed for residual mercury concentnatibor charges pwhich depends on the dissociatign of
decreasing mercury concentration in  original :

d . ; dsorb i functional groups. It can also partly explain thev|
wastewater —and using In adsorbent  COlUMN,mGnts of metal ions retained by the biosorbepiht
coagulation/co-precipitation process was used, @10P yajyes below 4, because most functional groups are

coagulant, pH optimum and coagulant dose wergypected to dissociate only at neutral pH valuek [4
determined in consecutive Jar tests. Chlor-alkalirhe occurrence of competition between protons and
wastewater was pumped into laboratory column in thenetal ions for the same sites should also be ceresid
downflow mode. Adsorbent column was run with flow particularly at low pH values [14].

rate of Syminand empty bed contact time (EBCT) of 30.

Mercury contents were determined by flameless cold&ffect of Contact Time: Increasing processing time
vapor adsorption spectroscopy by using a flow tipec ~ more than 1Q,, has no effect on the adsorption extent
system  which linked to an atomic adsorbtionof the mercury removal by cellulose @cetobacter
spectrophotometer ( Model 929 Unicam, UK). To xylinum and saturation level were obtained aftey;60

. after this period the adsorbed mercury ion did not
determine soluble mercury contents, sample (5mitewe significantly change further with time (Fig. 2).

routinely oxidized by adding 0.01 volume of 65% adsorption” of mercury by cellulose oAcetobacter
HNO;z. lonic mercury was then reduced with NaBH xylinum is reasonably fast. Several parameters such as:
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Fig. 2: Effect of Time on Adsorption of Mercury by  Fig 5: Breakthrough Curve for Mercury Removal From
Cellulose ofAcetobacter xylinum Chlor-alkali Wastewater byAcetobacter xylinium
Cellulose

Effect of Adsorbent Dose: The difference in mercury

122 | L z; removal with 10 mg of cellulose (88.76 %) a_nd 2_0!;) m
wll t2o - of cellulose (95.64 %) was very little. With incesay
o 118 F adsorbent dose from 10 to 200 mg at the fixedaihiti
5 T16 & concentration of 500 ppb the amount of mercury ion
5 801 “ —e— %Adsorption | 114 3 adsorbed per unit weight of cellulose decrease from
2% = Adsorbequg) 1 iz S 2.219 to 0.1195pug/mg (Fig.3). The most important
S los ™ factor, which can contribute to these amounts of’Hg
307 Los is that adsorption sites remain unsaturated duttieg
20 1 . Loa adsorption reaction due to low level of the initial
10 | . to2 concentration of Hg.
0 T T T T 0.0
0 50 100 150 200 250 Jar Tests Evaluation: Two coagulants were employed
Mass (mg) include alum and ferric chloride. The result of gzsts

showed that size of flocs and sedimentation cooliit
pH 9 are of better quality and mercury removal

Fig 3: Effect ofAdsorbent Dose of Microbial efficiency was considerably higher when ferric clie

Cellulose Mass on Mercury Removal was used as a coagulant agent. More study prowd th
increasing the coagulant dose of ferric chloridetap
100 250mg/l results in higher mercury removal efficignc
e and beyond which no remarkably changes in mercury
2 33 removal was observed (fig.4). In pilot plant tesfs
é 60 alum and iron treatment of inorganic and
S 5 methylmercury, was removed effectively only by iron
g a0 Similar results have been reported in another study
§ 30 which also found that increasing coagulant dosdde d
= ig not improve mercury removal [2].
° 0 100 150 200 250 300 Mercury  Mitigation:  For decreasing initial

concentration of mercury (9.635mg/l) in chlor-alkal
wastewater the coagulation/co-precipitation process
using 250mg/l (Fe) of ferric chloride as proper
coagulant at pH 9 was carried out. The removal
efficiency (78%) and final concentration (2.12 g/l
. _ ) was obtained. The dominant mercury removal
stirring rate, structural properties of biosorbdBtd  echanism is most likely by adsorptive co-
carbohydrate composition, surface charge densityyrecipitation. The adsorption process is isotheyiaatl
topography and surface area), amount of $0rben?reatment performance can be enhanced by optimal
properties of the ions under study, initial concatidn  pylk solids formation and by pH manipulation to
of ionic species and the presence of other meta io optimize bulk solid surface change and soluble omgrc
affect the biosorption rate [14]. speciation [15].

Dose(mg/l)

Fig 4: Effect of FeCI3 Dose on the Mercury Removal
from chlor-alkali Wastewater
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Continuous Adsorption: Laboratory scale column
study using cellulose ofAcetobacter xylinum as 5.
biosorbent with flow rate of 5 ml/min and EBCT d 3
min, showed that 15 ml of chlor-alkali wastewater
could be treated per gr of cellulose before breakith
occurred (fig. 5). Adsorption capacity of cellulose
under dynamic condition was 65g/g which is lessitha 6.
the value (801g/g) that obtained from batch adsorption
experiments for synthetic wastewater.

CONCLUSION 7.

The cellulose ofAcetobacter xylinum can be employed

as an environmentally friendly adsorbent for the8.
removal of mercury from industrial wastewater. The
biosorption depends on pH of solution and optimun p
range was between 5-8. Adsorption of mercury by
cellulose of Acetobactetylinum is reasonably fast, and 9.
processing time more than 10 min. has no remarkably
effect on adsorption rate. Coagulation processgusin
ferric chloride as a coagulant was effective to oeen
mercury (78%) from chlor-alkali wastewater. The

laboratory scale column study using cellulose of10.

Acetobacter xylinum as adsorbent with flow rate of 5
ml/min and EBCT of 30 min. showed that 15 ml of
wastewater could be treated per gr of cellulos@rgef

breakthrough occurred.
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