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ABSTRACT 

The thesis concerns primarily with the removal of toxic 

heavy metals like mercury, cadmium, lead and chromium 

from aqueous solutions including industrial effluents 

empl oy ing chi tosan, a natural polymeric material 

obtained from prawn shell waste and to compare its 

effectiveness with standard adsorbents like synthetic 

polymeric materials as well as activated carbon. The 

dual function of chitosan as flocculating agent as well 

as an adsorbent in the removal of heavy metals from 

effluents has also been investigated. With a view to 

explore the commercial application of this dual function 

of chitosan treatability studies were conducted on 

industrial effluents for the removal of heavy metals 

along with other pollutants. 

The sorption kinetics of Mercury, Cadmium, Lead and 

Chromium on chitosan were studied at different initial 

concentrations. It is observed that the initial 



sorption rate is high for all the metal ions and the 

equilibrium is reached within one hour. The rate of 

sorption is very rapid initially and decreased markedly, 

finally approaching zero. The rate of sorption on 

chitosan is highest for mercury followed by cadmium, 

lead and chromium in the decreasing order. 

The sorpion data fitted to the reversible first-order 

kinetic model rate equation. The results of the 

equilibrium study conducted at different initial 

concentrations show that the data fitted to the linear 

form of the Freund l ich equation. 

Mercury sorption capacity of chitosan is the highest 

among the four adsorbents studied. Owing to ext.remely 

favourable equi l ibrium distribution of mercury towards 

chitosan, adsorption system employing contact filtration 

technique can be conveniently employed for the removal 

and recovery of mercury from industrial effluents on a 

commercial scale. It is also possible to predict the 

adsorbent to solution ratio for a given change in 

concentration of adsorbate in solution by applying 

Freundlich equation. 



When chitosan is employed as a flocculating agent, the 

percentage removal of heavy metal is found to be more 

than when chemical precipitation is conducted without 

chi tosan. The reason for this additional removal of 

heavy metal over and above that is possible by normal 

chemical precipitation may be due to the great affinity 
/ 

of certain heavy metal ions towards chitosan. Thus 

chitosan is having a dual function in such cases, as a 

flocculating agent as well as an adsorbent. 



CHAPTER - 1 

INTRODUCTION 



1 . INTRODUCT I ON 

Heavy metal pollution of aquatic environment due to 

industrial effluents is a much debated topic and we are 

fully aware of the damages it causes to humanity. Some 

of the toxic metals that endanger human life, are 

mercury, cadmium, lead and chromium. Removal of such 

toxic metal ions from industrial waste water have 

received much attention in recent years. The 

catastrophic episodes of metal poisoning especial ly 

that. of mercury poisoning in the flinmatha Ray in South 

Western Kyushu, Japan during 1953-1960 which caused 

~rntold ,suffering and deat.h of many people who consumed 

fish and shell fish from that region is indelible in 

history. The extreme1 y high toxicity of methy l mercury 

to man and its concentration in the environment are of 

particular concern. In aquatic ecosystems, other forms 

of mercury including inorganic mercury is likely to get 

converted into methyl mercury which may be absorbed and 

concentrated by aquatic species and further concentrated 



along the food chain. Cadmium has become infamous 

t.hrough Itai Itai disease. Cadmium has unquestioned 

chronic toxicity leading to serious pathological 

consequences. Chromium compounds, particularly t.he 

hexavalent chromates produce irritation of the skin and 

respiratory tract, ulcers and cancer of the respiratory 

tract. The effect of lead poisoning are loss of 

appetite, metal l ic taste in the moupth, irrit.abi1 ity, 

muscle and joint pains, etc. 

In t.his context, the removal of such heavy metal from 

aquatic environment has gained considerable importance 

in the recent past. Many  attempt.^ have been made to 

develop methods and materials for the removal of heavy 

metal contaminants from industrial and domestic 

effluents that are discharged into aquatic system. 

A lot of natural and synthetic ion exchange resins have 

been developed for heavy metal removal from waste 

waters. Among them chitosan - a deacetylated derivative 

of chitin, a long straight chain natural polymer of 

N- acetyl D-glucosamine which is abundantly available 

in the exoskeleton of crustacea such as shrimps, 



crabs, lobster and squilla merits special mention 

because of its surprising ability to adsorb many metals 

from solutions. Chitosan is obtained in India mainly 

from the haad and body peel ing of prawns. Nearly one 

lakh tonne of this prawn waste is thrown away every 

year by the fish processing indust.ries which caused 

environmental pollution. Many investigators have 

concluded that the abjlity of chitosan to adsorb mercury 

is equal - if not superior to most of the artificial 

chelating resins so far commercially available. The 

adverse impact of such toxic metals on the fauna and 

flora has been elaborated in Annexure - 1 1 .  

Some of the major sources of these toxic metals are 

effluent from industries like chlor-alkali, pulp and 

paper, electroplating, leather tanning, food processing, 

lead acid batteries, anodizing, paints and pigments, 

PCB manufacturing and cooling tower blow down. 

The objective of the present study is to investigate 

thoroughly the effectiveness of Chitosan, a natural 

polymeric material obtained from prawn shell waste when 

compared to a synthetic polymeric material like 



Dowex -50 and a standard adsorbent like Activated 

Carbon for heavy metal removal. The dual function of 

chitosan as a flocculating agent as well as an adsorbent 

in the removal of heavy metals from industrial effluents 

has also been investigated. Finally removal of heavy 

metals in combination with ather pollutants has also 

been studied as it has many industrial applications. 

As regards heavy metal removal by the adsorption 

technique it has been found that certain synthetic and 

nat.ura1 materials selectively adsorb most of the heavy 

metal ions like mercury, cadmium, lead, chromium etc. 

from aqueous solutions. All the metals collected on the 

adsorbent can be recovered easily by using suitable 

eluting agents. This propery can be used for the 

recovery of such metals from waste streams. 

Chemical precipitation technique is one method now 

employed for removing toxic heavy metal S f rom industrial 

effluents and considerable research work has been done 

in this area, but much work has not been done on 

adsorption techniques for heavy metal removal. 



Chemical precipitation method is suitable only when 

heavy metal concentrations in the effluent i S 

considerable, (ie.many times above the tolerance limit) 

and not effective when the heavy metal is present only 

in traces. In such cases adsorption technique is quite 

suitable as it can bring down the heavy metals present 

in the effluent well below the tolerance limits 

stipulated by Envjranmental Protection Agencies. Hence 

in the case of heavy metal removal from industrial 

effluents containing considerable concentrations of the 

same, adsorption technique can function as complementary 

to chemical precipitation process. For example, in 

Chlar-alkaly industries, where mercury is present upto 

10 mg/litre in the combined effluent while the tolerance 

limit is only 0.0Smg/litre. It is not economical to use 

adsorpt.ion technique alone, when the metal concent.ration 

is so high. Hence the best option is found to be the 

application of chemical precipitation to remove most of 

the heavy metal and balance can be removed more or less 

completely by adsorption technique employing chitosan. 



Also in the case of removal of chromium from trade 

effluents, it is possible to precipitate out 98% of 

chromium as chromium hydroxide at optimum pH employing 

lime (Ca(OH)2) and balance by adsorption employing 

chi tosan. In the case of cadmium removal from 

industrial effluents, a much higher percentage of the 

metal can be removed by chemical precipitation alone 

employing lime and balance is removed completely by 

employing chitosan as adsorbent. 

Lastly when the removal of lead from trade effluents is 

considered, it j.s seen that upto 95% reduction is 

possible by chemical precipitation and balance can be 

removed upt.0 the required l eve1 hy adsorption. 

In all the abova cases, when a polymeric material like 

chitosan was employed in t.he chemical precipitation step 

as a flocculating agent, it was found possible to 

remove a higher percentage of heavy metal. This 

happened because chitosan was also functioning as an 

adsorbent while it was flocculatjng the precipitated 

particles. This behaviour may probably be due to the 

high affinity of chi tosan towards such heavy metal S. 



Due to this dual function of chitosan, it has been 

possible to bring down the concentration of heavy metal 

in industrial effluent well below the tolerance limit hy 

chemical precipitation alone. Especially in the case of 

cadmium removal from trade effluents, it is possible to 

bring down the heavy metal content even upto zero in 

chemical precipitation step when chitosan is employed as 

a f locculating agent. Moreover chit.osan is a natural 

polyelectrolyte (poly glucosamine) which is edible and 

quite eco-friendly while synthetic polyelectro1yt.e~ 

like polyacrylamide are highly toxic. 

More application of this dual function of chitosan ( as 

a flocculating agent as well as an adsorbent) has been 

found, by conducting treatability studies of trade 

effluents containing only traces of heavy metals. Even 

traces of heavy metals present is to be removed not only 

far bringing it down to the tolerance limit for a 

specific purpose but also for protecting the lifelhealth 

of the bacteria in the secondary (biochemical process. 



This last part of the present study has cot 

considerable commercial importance as most of the trade 

effluents from various industries like Pulp and paper, 

Tannery, Texti le wet processing, Oil refineries, 

Fertilizer industries etc. contain traces of heavy 

metals which can he removed along with the other 

pollutants in the primary treatment itself, if chitosan 

is added as a flocculating agent along with t.he 

coagulant for chemical precipitation. 



CHAPTER - 2 

LITERATURE SURVEY 

I 



2.LITERATURE SURVEY 

Adsorption technique for heavy metal removal from 

industrial waste water is a developing area, but 

published literature is quite meagre because of its 

commercial value. Voluminous literature is available on 

precipitation technique for heavy metal removal from 

aqueous solutions and some commercially viable processes 

are available for treating the effluent based on this 

techniques. 

Sorption of inorganic mercury on bituminous coal was 

1 investigated by flahesh.P.Pandey and Malay Chaudhuri . 
They reported that equilibria was attained after 24 hr 

and the mercury sorption was temperature dependent. 

The sorption was found to increase with rising 

temperature indicating endothermic process. The 

activation energy of 8.39 KCal/mole indicated that it 

is high enough for physical adsorption but not 

significantly high to conclude the reaction 



as chemisorption. They reported that mercury sorption 

also decreased with increasing pH. Batch sorption 

kinetics and equilibria were described by reversible 

first order reaction and Freundlich equation 

respective1 y. 

Yaku and ~ o s h i  jima2 in their paper reported the 

characteristics of chitosan selectively to combine 

particular metal ions to form metal complexes. These 

tendencies are most predominant in Cu, Hg, Fe, A g ,  

Cd, N i l  and are weakest in Mn, CO and Cr in the order 

of Hg > Cd > Pb > Cr. Metal ions of Ag, Hg, Cu, Cd, 

Fe, and N i  took up more than 0.5 m moles/gm of 

chitosan. The affinities for Hg, Cu, Fe and N i  ions were 

especially predominant in chitosan. 

Muzzarelli et a1 have reported on the chelating 

ability and chromatographic applications of 

chitosan. Significant contribution on the study of 

chitosan as an adsorbent was due to Nuzzarelli et al. 

It was reported that methyl mercury acetate can be 



removed from industrial wastes containing small amount 

of acetic acid and acetaldehyde with the  id of 

chi tosan. 

Muzzarelli et a1 reported that Chitosan can be 

considered a strong base as its primary amino groups, 

whose pKa is 6.3, easily form quaternary nitrogen salts 

at low pH values; thus, in acidic solutions chitosan has 

high anion capacity. At higher pH values, however, it 

is a weak base because the primary amino groups are not 

protonated and therefore do not intereact with anions 

and do not dissociate neutral salts. Chitosan is 

relatively indifferent to alkali metals and alkaline 

earth ions and is thus superior to other polymers 

tested for the recovery of transition metals in saline 

waters. The complexine ability of chitosan is a direct 

consequence of the base strength of the amino groups and 

is most effective for those metals which form complexes 

with ammonia,eg. copper, zinc and mercury. 



Abuthahir Ali and Dr.P.S.Pillay5 conducted studies on 

adsorption of mercury on chitosan and collected sorption 

kinetic data for process development. 

H.Hauer et a1 compared the metal binding capacity of 

Kytex H chitosan favourably with commercially available 

chelating resins. Chitosan is relatively inert to alkali 

metals and alkaline earth ions; it is thus superior to 

the other polymers tested for the recovery of transition 

metals in alkaline-or saline waters. 

Porosimetry of Chelating Polymers as reported 

by H, Hauer 

Sample Mesh Pore Characteristics 

Median Total AV. Dia T tal Area 
(dia ( U ) )  vol. 8 ( 4 V I A )  ( m / g )  

(ccIgm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Kytex H >20 48.6 0.41 22.9 0.072 
(Chitosan) 



John M. Randal l, Earl Hautal a and Gary ~ c ~ o n a l  d7 reported 

that peanut skin, when treated with formaldehyde to 

polymerize tannins is a highly efficient S-ubstrate for 

removal of many heavy metal ions like Ag, Cd, Cr, Cu, 

Hg, Ni, Pb & Zn. 

Various operational systems using activated carbon for 

the removal of chromium ( V 1 1  from synthetic waste waters 

8 have been examined by A.R.Bowers and C.P.Huang . 
The removal of anionic Cr(V1) species from solution may 

occur through either the adsorption of Cr(V1) species on 

to the carbon surface or by oxidation of the carbon 

surf ace, resul ting in removal of Cr(V1) by 

transformation into the cationic Cr(II1) species. In 

addition, some apparent adsorption of Cr(V1) species may 

occur due to the adsorption or precipitation of those 

Cr(II1) species produced by the redox reactions. 

The kinetics of Cr(V1) adsorption and reduction have 

been discussed. In these studies the effects of various 

solution parameters were evaluated and the following 

conclusions were made. 



i )  pH is one of the most significant variables; 

increased H +  concentration enhances the rates of both 

reduction and adsorption and increases the adsorptive 

capacity of Filtrasorb 400 for Cr(V1) species. 

i i )  Mixing gradients in solution do not affect the 

rate of Cr(VI) adsorption; however, the reduction rate 

increases proportionately with the velocity gradients in 

the carbon reactor. 

i i i )  Both removal reactions are first order with 

respect to Cr(VI1 concentration; the limiting reaction 

mechanisms are different, however; 

~.~ichards' developed a process for removing chromium 

ions from industrial waste solutions by direct 

precipitation with barium carbonate in such solutions 

acidified with nitric or hydrochloric acid or their 

salts. 

Recent l y Ramachandran Nair and Hadhavan have 

investigated the metal binding property of chitosan 

derived from different sources. They have reported that 



sorption of mercury on chitosan obtained from squills 

was faster and that the quantity adsorbed also was more 

than that obtained from prawn shell. 

Anderson et all1 reporwthe use of reduction and lime 

precipitation to treat chromium bearing waste from a 

general electric appliance plant. Sedimentation of the 

precipitate was improved by addition of an anionic 

p01 yelectrol yte. 

J. M. La1 ancette and ~ . ~ o u ~ a l  l2 developed a process for 

removing chromium ion from a chromium polluted 

solutions. The process involves forming a chromium 

sulfide complex by adding a water soluble ferric salt 

to the chromium polluted solution and insolubilizing 

the complex formed by treatment with a compound which 

when dissolved in water forms sulfide ions and 

separating the insoluble precipitate by filtration 

through a bed of peat moss. The peat moss containing 

the insoluble chromium iron sulfide complex is oxidized 

under heat to recover the chromium as chromium oxide. 



A.J Saraceno et all3 developed an anion exchange process 

for the removal and recovery of trace quantities of 

chromates from water. The process utilizes a bed of 

basic anion exchange resin and the combination of upflow 

exhaustion of the chromates from the water and downflow 

regeneration of the resin. 

Landrigan and Hallowel l4 investigated the effectiveness 

of activated carbon for chromium removal from plating 

wastes and concluded that chromium concentration upto 

600 mg/l in rinse water could be removed by activated 

carbon. 

A process developed by E.R.Taylor, Jr. j5 involves the 

removal of dissolved organic lead from an aqueous 

effluent produced in the manufacture of alkyl lead 

compounds by contacting a metal more electropositive 

than lead but essentially non-reactive with water with 

the effluent until the dissolved organic lead is 

converted to an insoluble lead containing product, 

leaving a reduced dissolved organic lead content in the 

effluent. 



Liebig et a1 l6 have reported the treatment of lead 

contaminated water by ionexchange. Lead content was 

reduced from 0.055 to 0.0015 mg/l. 

Nozaki and ~atotanil? have described the treatment of 

waste waters from a tetraethyl lead manufacturing 

process. The two major categories of waste were 

inorganic l ead wastewaters and organic l ead 

wastewaters. After sedimentation in a holding basin to 

recover solid lead and lead oxide, the inorganic lead 

waste fraction was treated by coagulation with ferric 

and ferrous sulfate. The organic lead compounds were 

removed effectively on strongly acid cation exchange 

resin. 

A process developed by C.L.Lores and R.N.floore is a 

process for treating an aqueous medium containing 

dissolved organic and inorganic lead compounds with an 

alkali metal borohydride to substantially reduce the 

level of dissolved lead in the aqueous medium. 



Hanson and Zabban ''have reported on lime precipitation 

of cadmium from a waste at the Rochester, Minnesota IBM 

machine manufacturing plant. An effluent pH of 9 and 

cadmium concentration of 0.54 mg/l was reported for the 

lime precipitation process. 

Linstedt et have reported extremely high cadmium 

removal for a pilot plant lime- coagulation, settling 

process. Treating combined sewage effluent from a 

secondary treatment p1 ant, these workers achieved 94.5% 

cadmium removal for the trace quantities present. 

A process developed by W.E.Dean et al2l (1991 involves 

removi'ng mercury from solution and particularly from 

mercury electrolytic cel l effluent. The process 

comprises intermixing with the solution a sulfur 

compound in an amount sufficient to provide sulfide ion 

to react with the mercury and other ions present therein 

which react with sulfide ion and treating the resultant 

solution with an adsorbent, preferably activated carbon, 

to remove the soluble mercury. 



A .  E. ~atch" developed a process in which mercury 

dissolved in aqueous streams are removed by contacting 

the aqueous stream with a plyelectrolyte in the presence 

of particulate matter, allowing the mercury to be bound 

to the particulate matter and separating the particulate 

matter containing the mercury from the aqueous stream, 

thereby purifying it. 

Fa1 es 23 reported the use of lime in precipitating a 

plating bath water containing 2.0 to 140 mg/l of lead, 

plus other metal. The auther states that after lime 

treatment and settling for 1 hr the supernatent was 

clear and contained only a trace of heavy metals. Lead 

in a municipal drinking water supply has also been 

report.ed reduced by lime treatment and settling from an 

initial value of 0.31 mg/l down to 0.1 or less mg/l of 

lead. 

A process devel oped by L. B. Fournier and R. A Meyer 24 is 

one in which the hexavalent chromium present in acqeous 

solution is chemically reduced to trivalent chromium 



with hydrogen peroxide. This process is improved i f  the 

pH of the aqueous solution is maintained below 1.5 and 

the hydrogen peroxide is gradually added to the solution 

to keep the chromate in excess as long as possible. 

Yuronis 25 has reported that ion exchange recovery is 

economical y and technical l y feasible for wastes 

containing chromate ion concentrations up to 200 mg/l. 

This study indicated that chromate wastes of 100 to 

500 mg/l were suitable for reduction and precipitation. 

Wastes with chromate concentration exceeding 500 mg l l  

were suitable for evaporative recovery. 

Anderson et reporqthe use of reduction and l irne 

precipitation to treat chromiuim bearing waste from a 

General Electric appliance plant. Sedimentation of the 

was improved by addition of an anionic 

polyelectrolyte. Plant effluent was reported to contain 

no hexavalent chromium and an average of 0.75 mg/l total 

chromium. 



A process developed by J.M.Lalancette and B. Coupal 27 

is one in which chromium-polluted solutions are treated 

by a process which avoids the necessity of reducing 

chromium ( V 1 1  to chromium (III).The process involves 

forming a chromium sulfide complex by adding a 

water-soluble ferric salt to the chromium polluted 

solution and insolubilizing the complex formed by 

treatment with a compound which when dissolved in water 

forms sulfide ions and separating the insoluble 

precipitate by filtration through a bed of peat moss. 

M.S.Masri et a1 28 demonstrated the effectiveness of 

chitosan for the treatment of actual waste streams to 

remove, or reduce to acceptable levels, the toxic 

metal l ic ions. Wastes treated were : (a 1 from 

electroplating and metal-finishing operations (with 

disposal problems mainly of cyanide and salts of 

chromium, cadmium, zinc, lead, copper, iron and nickel 1 ;  

(b) from a nickel-salt manufacturing plant (disposal of 

nickel and alkali); (c) from a l ead-battery 

manufacturing p1 ant (disposal of sulphuric acid and lead 

salts); and (d) from exhausted dyebath for wool fabrics 



in which dichromat.~ is included in the bath (disposal of 

chromium 1 .  The chitosan was effective for reducing the 

content of copper, cadmium, iron, zinc, lead and nickel 

sal ts. 



3. EXPERIMENTAL 

With a view to develop suitable techniques for the 

removal of heavy metal ions like Mercury, Cadmium, Lead 

and Chromium by the principl e of adsorption process, 

batch experiments were carried out in the laboratory 

adopting contact filtration method. Sorption kinetics 

study of the metal ions on chitosan and the effect of 

parameters such as particle size of adsorbent, 

temperature, initial concentration and pH were studied. 

Also compared the effectiveness of chitosan as an 

adsorbent by studying the sorption kinetics of Activated 

carbon, (a standard adsorbent), Dowex-50 ( a  synthetic 

polymer) and Rice husk carbon (a waste material). 

In the second part of the study experiments were done 

for the removal of metal ions by chemical precipitation, 

flocculation and subsequent adsorption using chitosan as 

a polyelectrolyte. 



- ,  
In the final part of the investigat.iorr treatability 

studies were conducted on industrial effluents using 

chitbsan fdr the removal of heavy metals in 

combination with t.he removal of other pollutants like 

colour, dissolved organics (ie, BOD, COD etc) and 

suspended sol ids. 

3.1. Materials and Methods 

i 1 Chitosan required for the experimental purpose was 

prepared from prawn shell waste in the laboratory of 

Chemical Engineering Department. The production process 

is given in Annexure-I. The chitosan prepared was 

crushed and seived to get particles of desired sizes, 

0.1mm, 0.3mm and imm. 

i i )  Chitosan solution:- 1% solution of chitosan was 

prepared by dissolving 1 gm chitosan powder in 100 m1 of 

1% Acetic Acid. This was diluted with distilled water 

to get 0.1 % solution. 



iii) Activated carbon :- The activated carbon used 

in the experiment has a minimum total surface area of 

1050 sq.m/gm and pore volume 0.90 cclgm according to 

the manufacturer's specification. 

iv) Rice Husk Carbon:- Burnt rice husk obtained from 

rice mill was used in the experiment. 

V )  Dowex-50 :- Dowex-50 is an acidic cation exchange 

resin of sphericity greater than 85%. It has a total 

exchange capacity of 50 meqlml on dry basis. 

3.1.2 Stock Solutions 

All the chemicals used in the experiment were of 

analytical grade. 

1000 mg/l solutions of Mercury was prepared by 

dissolving 1.353 gm mercuric chloride (HgC12) in l000 m1 

distilled water. This stock solution containing l mg 

mercurylml was diluted to get solutions of different 

concentrations of mercury. Similarly stock solutions of 



Cadmium, Lead and Chromium were prepared by dissolving 

2.28, 1.598 and 2.829 gm of Cadmium Sulphate ( 3 CdS04 

8H20), Lead Nitrate CPb(N03)23 and Potassium dichromate 

(K2Cr20, 1 respectively in 10ffff m1 distil led water. 

3.1.3. Analysis Techniques 

Atomic Absorption Spectrophotometer (GBC 952 model) and 

Mercury Analyser were used for performing the analysis. 

3.1.4. Experimental Setup 

Contact filtration method was employed for the 

adsorption study. The experimental setup consisted of a 

reactor of 3 l itre capacity fitted with a glass 

stirrer. The rpm was adjusted using an 

autotransformer. 

Precipitation and settleability studies were conducted 

using jar tests. Settleability studies were done in 

100 m1 measuring cyl inder. 



3.2. Adsorption Techniques 

3.2.1 Sorption Kinetics on Chitosan 

Sorption Kinetics of mercury, cadmium, lead and chromium 

on chitosan were studied at different initial 

concentrations of metal ions. l litre sample solution 

of mercuric chloride in distilled water containing 

0.5 mg/l mercury was stirred with 200 m g  of 0.3 mm size 

chitosan at 1800 rpm for 6 0  minutes at room temperature. 

The samples were withdrawn at regular intervals of 2,s. 

10, 15, 20, 25, 30, 40, 50 and 6 0  minutes and analysed 

for mercury content. The experiments were repeated 

with different mercury concentrations of 5, 10 and 

50 mg/ l. 

Simi l ar experiments were conducted with aqueous 

solutions of cadmiurn,lead and chromium at four 

r 
different initial concen$ations of 0.5, 5, 10 and 

50mgIl to obtain sorption kinetic data of these metals 

on chitosan and the observations are tabulated in Table 

Nos. 1 to 4. 



3.2.2. Effect of Particle size of Chitosan 

The effect of particle size of Chitosan on adsorption 

was studied by using particles of 0.1, 0.3 and 1 mm 

size. For this 1000 m1 sample solution containing 

5 l Hg and 28B m g  of e.1 mm size chitosan were 

stirred at constant rpm of 1800 for 6 0  minutes. Samples 

were drawn at regular intervals and analysed for 

mercury. Repeated the experiment using chitosan of 

0.3mm and 1 m m  size. The same procedure was f 01  l owed to 

obtain data relating to varying particle sizes of 

chitosan for cadmium, lead and chromium and results are 

tabulated in Table 5 to 8. 

3.2.3. Effect of Temperature 

To study the influence of temperature, sorption tests 

were carried out at different temperatures of 20'~~ 2g0c 

and 3 6 O ~ .  1000 m1 of Smg/l(as Hg) sample solution and 

200 mg of 0.3mm size chitosan were stirred at constant 

speed of 1800 rpm for 60 minutes at room temperature 



2g0c. The final concentration of mercury in the sample 

at different. time intervals were determined. Repeated 

the experiments for 5 mg/l solutions of cadmium, lead 

and chromium. Resul ts of the ex per iments conducted 

with mercury, cadmium, lead and chromium are listed in 

Table 9,10,11 and 12 respectively. 

3.2.4. Effect of pH on .Adsorption 

The effect of pH on adsorption was studied over a range 

of pH values 3.0 to 9.0. The initial pH of the sample 

solution of 5 mg/l mercury was adjusted to 3.0 and 

sorption study was conducted using 200 mg of 0.3mm 

chitosan at constant stirring speed of 1800 rpm for 60 

minutes. The final concentration of mercury at regular 

intervals were determined. Repeated the experiment for 

all the metal ions by varying the initial pH of the 

solution as 4.0, 5.0, 6.0, 7 . 0 ,  8.0 and 9.0. The 

results are given in Table 13 to 16. 



3.2.5. Equilibrium Characteristics 

Sorption equilibria study was conducted using the time 

required to attain equilibrium from the kinetic 

studies. Sample solutions of mercury, cadmium, lead and 

chromium containing 0.20, 0.5, 1.0, 2.0, 5.0, 8.0, 12.0, 

20.0, 30.0, 40.0 and 50 mg/l metal were prepared. Each 

sample was treated with 200 mg of 0.3mm size chitosan 

at constant rpm of 1800 for one hour and analysed for 

metal content. The equilibrium concentration data 

obtained for the four metals are charted in Table No: 17 

to 20. 

3.2.6.. Sorption Kinetics and Sorption Equilibria of 

Mercury on Activated Carbon 

Adsorption study was conducted with Mercuric Chloride 

solution of 5.0 mg/l mercury and 500 mg Activated Carbon 

at 2g0c. The rpm was fixed at 1800. The final 

concentration of mercury was determined during regular 

interval S of time. ~ ; w ; / M  study was conducted with 

initial mercury concentrations of 10 mg/l and 50mgIl. 
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The results are entered in Table No:21. To obtain the 

equilibrium data, initial concentration of mercury was 

varied over the range 1 mg/l to 50 mg/l and the amount 

of mercury remaining in solution after the contact time 

of 60 minutes was found out in each case. Observations 

are tabulated in Table 22. 

3.2.7. Sorption Kinetics and Sorption Equilibria of 

Mercury on Dowex-50 

Adsorption experiments were also done with Dowex-50, a 

synthetic polymer. 200 mg Dowex-50 was treated with 

Mercuric Chloride solution containing 5 mg/l mercury 

for one hour with constant stirring speed of 1800 rpm. 

Samples were withdrawn at regular intervals and 

analysed. Repeated the experiment by varying the initial 

mercury concentration to l0 mg/l and 50 rngll. The 

observations are given in Table. 23. Equilibrium data 

was obtained by varying the initial mercury content 

from 1.0 mg/l to 50 mg/l. The final concentration of 

mercury in each case after adsorption was found out 

analytically and tabulated in Table. 24. 



3.2.8. Sorption Kinetics and Sorption Equilibria of 

flercury on Rice Husk Carbon 

Adsorption studies were made with 500 mg Rice Husk 

Carbon and initial mercury concentrations of 5, 10 & 

50 rngll. The final concentration of metal ions at the 

end of 2, 5, 10, 15, 20, 25, 30, 40, 50 and 6 0  minutes 

were determined. The time required to attain 

equilibrium was found out. By varying the initial 

mercury concentration from l to 50 mgll and with 500 mg 

rice husk carbon the runs were repeated to get the 

equilibrium concentrations. Data obtained are entered 

in Table. 25 and 26. 

3.3. Chemical Precipitation Technique 

3.3.1. Chemical Precipitation of flercury 

Experiments were carried out to find the effectiveness 

of chemical precipitation techniques for removing the 

metals of mercury, cadmium, lead and chromium. Also 

studied the effect of chitosan on flocculation and 

subsequent adsorption of metal ions from aqueous 

solutions. 



3.3.1.1. Effect of pH 

To find the optimum pH required for precipitation, 

experiments were done over the pH range 7.5 to 10. 

Mercuric chloride solution of concentration 50 mg/l 

mercury was prepared. To 500ml of this solution sodium 

sulphide was added at the rate of 40 mg/l (100% in 

excess of the stoichiometric requirement 1 .  Adjusted 

the pH to 7.5, stirred for 15 minutes and allowed to 

settle in a measuring jar. The supernatent solution was 

analysed for mercury content. Repeated the experiment 

at various pH values of 8.0, 8.5, 9.0, 9.5 & 10.0. The 

optimum pH was found out. 

The optimum dosage of coagulant (FeC13) and 

polyelectrolyte(chitosan) were then found out 

experimentally by varying the dosages of FeC13 and 

chitosan at the optimum pH value 9.0 and entered in 

Table.29. The optimum dosage of FeC13 and chitosan were 

found as 100 mg/l and 2 mg/l respectively. 



To find the effect of coagulant and polyelectrolyte on 

precipitation of mercury, experiments were done with 50 

mgll mercury for the same pH range 7.5 to 10.0 with the 

addition of optimum dosage of coagulant (100 mgll FeC13) 

with the addition of optimum dosage of polyelectrolyte 

( 2  mgll chitosan) and finally with both FeC13 and 

chitosan. The solution was filtered and concentration 

of mercury in the supernatant liquid was determined in 

all the cases and listed in Table.30. Repeated the 

experiment with 10 mgll initial concentration and data 

obtained are given in Table.31. 

3.3.1.2. Effect of Initial Concentration 

Effect of initial concentration on precipitation of 

mercury was studied at the optimum pH 9.0 by varying the 

initial mercury concentration as 5, 10, 20, 50 and 

l00 mgll. The effect of adding coagulant and 

polyelectrolyte was also studied and tabulated in 

Table.32. 



3.3.1.3. Settleabil ity. 

Settleability study was conducted in 100 m1 measuring 

jar for mercuric chloride solution of 50 mg/l Hg at 

optimum pH 9.0. The rate of settling of the 

precipitated sludge was studied without adding any 

coagulant or polyelectrolyte, with the addition of 

100 mg/l FeC13, with 2 mg/l chitosan and with both FeC13 

and chitosan. The settling time and height of sludge 

line are noted in Table.33. 

3.3.2. Chemical Precipitation of Cadmium 

3.3.2,l Effect of pH 

The optimum pH for precipitation of cadmium was found 

out by conducting experiments over the range of pH 

values from 8.5 to 12.0 with initial cadmium 

concentrations of 50 mg/l and 10 mg/l. The optimum 

dosage of coagulant (FeC13) and polyelectrolyte 

(chitosan) were found out from Table.34. The effect of 

coagulant (FeC13) and polyelectrolyte (chitosan) on 



precipitation was determined by studying the 

concentration of cadmium in the supernatant liquid 

with and without the addition of optimum dossage of 

coagulant and polyelectrolyte. Combined effect of 

ferric chloride and chitosan was also studied. Resul ts 

obtained with 50 mg/l and 10 mg/l cadmium solution are 

tabulated in Table 35 and 36. 

3.3.2.2 Effect of Initial Concentration 

Initial Concentration of cadmium in the solution was 

varied from 5 mg/l to 100 mg/l and experiments were done 

at optimum pH 11.0 with and without the addition of 

FeC13, chitosan and combination of both. The 

observations are given in Table 37. 

3.3.2.3 Sett-leabil ity 

The effect of coagulant and polyelectrolyte on the rate 

of settling of cadmium was found out by studying the 

rate of settling of the precipitated sludge in the 

presence and absence of coagulant, polyelectrolyte and 

combination of both. The results are given in Table 38. 



3.3.3. Chemical Precipitation of Lead. 

3.3.3.1 Effect of pH 

By varying the initial pH, optimum pH for precipitation 

of lead was determined. After fixing the optimum pH the 

dosage of coagulant and polyel ectrol yte were varied to 

find out the optimum dosage of coagulant (FeC13) and 

polyelectrolyte (Chitosan) for the removal of lead. 

The experimental results are given in Table No.39. 

Experiments were also done at the optimum pH by adding 

optimum dosage of coagulant, polyelectrolyte and both. 

The final concentration of lead was determined and 

listed in Table No. 40 and 41. 

3.3.3.2. Effect of concentration of Lead. 

The concentration effect was studied by varying the 

initial concentration of lead as 5, 10, 20, 50 and 

100 mg/l at pH 9. The experiments were repeated with 

and without the addition of coagu l ant and 

polyelectrolyte. A combination of FeC13 and Chitosan 

was also studied and results are given in Table 42. 



3.3.3.3. Settleabil ity 

The effect of coagulant and polyelectrolyte on 

settleability was studied and the observations are 

listed in Table 43. 

3.3.4 Chemical precipitation of Chromium 

3.3.4.1 Effect of Reaction Time on Reduction Reaction 

Removal of chromium from aqueous solutions by reduction 

precipitation method was experimentally studied using 

potassium dichromate solution. Ferrous sul phate 

heptahydrate was used as reducing agent. 

~ f f e c t  of time on the reduction reaction was studied for 

the initial chromium concentrations of 50 mg/l and 

l0 mg/l at pH 2.5 using ferrous sulphate solution of 

1000 mg/l and 200 mg/l respectively. The observations 

are shown in Table.44. 



3.3.4.2. E f f e c t  of  pH on Reduct ion  of H e x a v a l e n t  

Chromium 

Effect of pH on reduction reaction was studied by 

fixing the parameters of ferrous sulphate dosage, 

reaction time, and precipitation pH. Experiments were 

done with initial chromium concentrations of 50mgIl and 

10 mg/l and listed in Table .45. 

3.3.4.3. E f f e c t  o f  Dosage  o f  Ferrous  S u l p a h t e  

Hapt.ahydrate 

The initial pH of the dichromate solution was adjusted 

to 2.6 using sulphuric acid. The mixture was stirred for 

2Gl minut.es after the addition of ferrous sulphate 

heptahydrate sol ution. 

The pH of the mixture was raised to 9.5 using lime. The 

final concentration of chromium in the supernatant was 

determined. Repeated the experiment at various ferrous 

sulphate concentrations for the initial chromium 

concentrations of 55 mgIl and 10 mgIl. The results are 

tabulated in Table.46. 
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3.3.4.4. Effect of pH on Precipitation of Chromium 

Optimum pH for the precipitation of trivalent chromium 

was found out by conducting experiments at pH range of 

7.5 to 11.0 with chromium concentrations of 50 and 

10 mg/l. After settling the concentration of chromium 

in the supernatant was found out. Also the effect of 

polyel ectrolyte over the same pH range was studied. 

Details are presented in Table.47 and 48. 

3.3.4.5. Effect of Initial Concentration on 

Precipitation of Chromium 

Experiments were done at initial chromium concentrations 

of 5, 10, 20, 50 and 100 mg/ l after fixing the dosage of 

ferrous sulphate, reduction pH, reaction time and 

precipitation pH. Experiments were repeated with the 

addition of polyelectrolyte to find its effect on 

chemical precipitation. The final concentrations of 

chromium was found out in each case and the observations 

are tabulated in Table.49. 



3.3.4.6. Settleabil ity 

Rate of settling of the precipitated sludge was 

determined at t.he initis1 chromium concent.ratimn of 

50 mg/l and listed in Table.50. 

3.4. Treatability studies on Industrial Effluents 

Experiments were carried out on industrial effluents to 

study the effect of chitosan on flocculation, subsequent 

adsorption of traces of metals and settling of the 

precipitated sludge. 

3.4.1. Pulp and Paper nil1 Effluent 

1000 m1 of combined effluent from the factory of 

M/s. Hindustan Newsprint Ltd., Vellore having a colour 

intensity of 4000 PtCo units and a BOD of 480 mg/l was 

taken and 600 mgll of Ferric Alum was added with 

thorough mixing to precipitate the colour bearing lignin 

and dissolved organics. The resultant pH was adjusted 



to 7.0. After settling the supernatant was analysed for 

colour, BOD, COD, Suspended Sol ids and Mercury. The 

experiment. was r e p e a t e d  w i t h  t h e  wddi?.ictn of 2 mgll 

chitosan to the precipitated sludge and the supernatant 

liquid was analysed for colour, BOD, COD, Suspended 

SO1 ids and Mercury. The settleabil ity of the 

precipitated sludge with and without the addition of 

chitosan was studied in 100 m1 measuring cyclinder. The 

data obtained in the study are presented in Table Nos. 

51 and 52. 

3.4.2. Treat-abilitystudy on Tannery Effluent 

Treatability study of Tannery effluent was conducted on 

the combined effluent sample collected from a local 

tannery employing Chrome-Tanning process. The sample 

was found to contain 56.8 mgll ~ r + ~  along with other 

organic p01 l utants. 

One litre of this combined effluent was treated with 

500 mg/l Ferric Alum and after settling the supernatant 

was analysed for BOD, COD, Suspended Solids and 

Chromium. 



To study the effect of chitosan on flocuulation and 

adsorption of pollutants the above experiment was 

repeated with the addition of 2 mg/l chitosan solution 

alone with Ferric Alum. After flocculation and settling 

the clear solution was analysed for BOD, COD, Suspended 

Solids and Chromium. The values are tabulated in 

Table. 53. 

Also conducted the settleability study on the 

precipitated sludge with and without chitosan and the 

data are entered in Table.54. 



CHAPTER - 4 

I 
RESULTS AND DISCUSSIONS 

I 



4. RESULTS AND DISCUSSIONS 

Removal of heavy metal ions from aqueous solutions of 

mercury, lead, cadmium and chromium were studied by 

adsorption technique using Chitosan as an adsorbent. 

The effectiveness of chitosan was compared by sorption 

study on Mercury using a synthetic polymer (Dowex -501, 

Activated Carbon and Rice Husk Carbon (burnt rice husk) 

as adsorbents. Also investigated the effect of chitosan 

as a flocculant and adsorbent for the removal of heavy 

metal ions along with chemical precipitation. Treatab - 
ility studies on trade effluents were also carried out 

using chitosan. 

4.1. Adsorption Technique :- At the outset, the 

sorption kinetics of heavy metal ions like mercury, . 
cadmium, lead and chromium on adsorbents like natural 

and synthetic polymeric materials as well as activated 

carbon were studied by varying the system and 

operating variables such as initial concentration of 

adsorbate in solution, solution temperature, pH and 

particle size of adsorbent. 
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The final concentration (equilibrium concentration) for 

a wide range of initial concentration employing 

different types of adsorbents were studied. 

4.1.1 Sorption Kinetics 

Sorption kinetics of Mercury, Cadmium, Lead and Chromium 

on chitosan were studied at different initial 

concentrations of 0.5, 5, 10 and 50 mg/l as metal ions 

keeping the pH and temperature of solution constant and 

the results are tabulated in Table Nos: 1 to 4 and 

plotted in figures 1 to 4. It is observed that the 

initial sorption rate is high for all the metal ions 

and the equilibrium is reached within one hour. The 

rate of sorption is very rapid initially and decreased 

markedly, finally approaching zero. The rate of 

adsorption is the highest for mercury followed by 

cadmium, lead and chromium in the decreasing order. 

This is due to the high affinity of chitosan to mercury 

ions and the decrease in affinity f Y ~ m  mercury to - 

chromium. Muzzarelli et a1 and F.Yaku and 

T.Koshijima 2 also reported the same sequence of 

affinity. The fraction of metal ions adsorbed at 



different initial concentrations are tabulated in Table 

Nos : 1 t.o 4 and figures 5 to 8. The kinetic data and 

Fig.5 to 8 showed that a greater fraction of metal ion 

was adsorbed at constant adsorbent to solution ratio in 

a specified time when the initial concentration is 

l ower. 

The said sorption data when fitted according to the 

reversible first-order kinetic model rate equation 

On integration and rearrangement becomes 

where k l =  kl+ i2 

CAe= Equilibrium concentration of metal in 

solution 

CAo = Initial Concentration of metal in 

solution 

CRo = Initial Concentration of metal on 

adsorbent 

CA- = Concentration of metal remaining in 

solution at time 't' 

X A  = Fractional conversion of metal 

kl, k2 = Rate constant. 
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Figure 9 , ,  and 1 2  are plots of the LHS of the 

equation versus time showing sorption kinetics of all 

the metallic ions included in the present study. 

These plots reveal that the adsorption of heavy metals 

on chitosan follows first order reversible kinetics. 

Also these plots confirm the inferences drawn earlier. 

4.1.2. Effect of Particle Size 

Table Nos : 5 to 8 and figures 13 -16 show the effect of 

particle size of Chitosan on adsorption of Hg, Cd, Pb 

and Cr. The figure shows that milligrams of metal ions 

adsorbed per gram of chitosan is highest with 0.1mm 

size and is lowest with imm size for all the metals. 

Thus the adsorption rate is found to increase with 

decrease in particle size. This is due to the increase 

in specifc surface area of chitosan particle. 

4.1.3. Effect of Temperature 

The results obtained for the temperature study are 

tabulated in Table Nos : 9 to 12. The final 

concentration of the metal ions in solution is plotted 
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against time in fig. Nos: 17 to 20. It is observed that 

at a particular time, the quantity of metal ions 

adsorbed per unit weight of adsorbent increases with 

decrease in temperature. The rate of adsorption is 

found to be high at lower temperatures in the case of 

a1 l the four metals. 

Rate equat.ion for first order kinetics of mercury 

sorption on chi tosan at different temperatures of 20°~, 

2 9 ' ~ .  and 36°~, plotted in Fig.21 show that the 

sorption rate decreases with increase in temperature. 

From the Arrhenius Plot of In k Vs 1/T (Fig.22) for 

the sorption of mercury on chitosan, activation energy 

for the system is found to be 5320 cal/mole. 

Comparatively low value of activation energy indiates 

that the initial rate of reaction is very fast. Also 

indicates that the sorption on chitosan is l ess 

temperature sensitive. 



4.1.4 E f f e c t  of p H  

The effect of pH on sorption of a1 l the metal ions 

using Chitosan as an adsorbent is presented in Table 

Nos : 13 to 16 and the final concentrations of metal 

ions in solution are plotted against pH in Fig. 23. : . 

Fig 24 indicates the amount of metal ion adsorbed per 

unit weight of chitosan at different pH. The figure 

illustrates that sorption is high in the acidic range 

and a reduction in sorption is noticed with rising 

pH. In the case of mercury, adsorption remains more or 

less steady in the pH range of 3 to 6.5 and the optimum 

pH is found to be 5 to 6. A sudden decrease is noticed 

from pH 7.0 to 9.0. For cadmium adsorption is more or 

less same in the pH range of 3 to 6.5 and decreases 

between 6.5 and 9.0. In the case of lead, adsorption 

remains constant in the pH range of 4.0 to 6.0 and a 

decrease is noticed in the alkaline range. Adsorption 

is more or less steady in the pH range 3 to 4 for 

chrom'ium and gradually decreases thereafter. Thus for 

chromium it is found that better adsorption occurs in 

the range of 3 to 4 and thereafter decreases gradually 

as pH increase. 



The observed pH effect. may be accounted for in the 

fol lowing manner. In the acidic range the prevalent 

metal species in the experimental system are metal ions. 

With rising pH the neutral species . : metal hydroxide 

becomes more prevalent. At higher pH value, chitosan 

do not dissociate neutral salts. Thus adsorption 

decreases with increase of pH. 

Riccardo A.A Muzzarelli in his paper " Modified 

Chitosans and their Chromatographic Perf ormances" 

reported that Chitosan is a weak base at higher pH 

value and do not. dissociate neutral salts. Thus the 

observed reduction on sorption with rising pH appears 

reasonabl e. 

Mahesh P.Pandey and Malay chaudhuril also reported the 

inhibition of mercury sorption on powdered activated 

carbon in the a1 kal ine pH range. 

4.1.5 Equilibrium Study 

The results of the equilibrium study conducted at 

different initial concentrations ranging from 0.2 m g l l  

t,o 50 m mercury, cadmium, lead and chromium are 



tabulated in Table Nos: 17 to 20 and Fig.Nos: 25 to 32. 

The equilibrium curve is plotted with X, milligrams of 

metal ions adsorbed per gram of adsorbent, on abscissa 

and Y* final concentration of metal ions on ordinate. 

Equilibrium cncentrat.ions of Y* Vs X for mercury, 

cadmium, lead and chromium are shown in Fig : 25 to 28. 

A logarithmic plot of equilibrium relationship for 

adsorption of metal ions by chitosan (In Y* Vs In X 1 

are given in Fig: 29 to 32, it is seen that the 

equilibrium data fitted to the linear form of the 

~reTd1 ioh Equation. 

where Y* = Equilibrium concentration of metal in 
solution 

X = Weight of metal adsorbed per unit weight of 
Chitosan (mg/g) 

m and n are constants. 

n = Slope of the straight line 

m = Intercept on ordinate. 



Thus the sorption isotherm for the four metals on 

chitosan can be described by Freundlich equation as 

follows: 

1) Mercury Chitosan 
System 

2 )  Cadmium Chitosan 
System 

3 )  Lead Chitosan 
System 

4 )  Chromium Chitosan 
System 

It is observed that the value of 'n' is high (2.53) for 

the mercury - chitosan system and between 1 and 2 for 

other systems. It is generally stated that the value of 

'n' in the range of 2 to 1 0  represent good, 1 to 2 

moderate and less than one poor adsorption 

characteristics. Thus chit.osan is found to be a good 

adsorbent for removing mercury and for cadmium, lead 

and chromium it is moderate. 

Owing to extremely favourable equilibrium distribution 

of mercury towards chitosan, a single stage adsorption 

system employing contact filtration technique can be 
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convenient l y employed for removal and recovery of 

mercury from industrial effluents on a commercial scale. 

For fresh adsorbent, X, = o, and applying Freundl ich 

Equation, adsorbent to solution ratio for a given change 

in concentration of the solution from Yo to Y1 is 

given by, 

where L = mass of adsorbate free solution in m g  

Y o  = initial adsorbate concentration, mg/l solvent 

Y1 = final adsorbate concentration, mg/l solvent 

S = mass of adsorbate free adsorbent added, m g  

X @  = initial solute adsorbate concentration, 

d&cc 
mg/gm of adsorbent 

A 

Xi = final solute adsorbate concentration, 

mg solute / g m  adsorbent 



The savings in adsorbent by counter current operation 

over single stage is greater in this case as the value 

of n is fairly high. The intermediate concentration Y 1  

for specified terminal concentration Y o  and Y2 can be 

determined from the equation 

S/L ratio for a two stage counter current cascade when 

fresh adsorbent is employed in the second stage can be 

predicted by 

4 . 1 . 6 .  Sorpt- ion s t u d i e s  of flercury on A c t i v a t e d  Carbon, 

Dowex-50 and R i c e  Husk Carbon 

Sorption of mercury on Activated Carbon, Dowex-50 and 

Rice Husk Carbon were investigated with a view to 

compare the sorption capacity of chitosan. 



4 . 1 . 6 . 1 .  S o r p t i o n  k i n e t i c s  s t u d y  o f  mercury on 

Act ivat -ed  Carbon 

The sorption kinetics and equilibrium characteristics of 

mercury on Activated Carbon are given in Table Nos. 21 

& 22 and Fig.33 to 36, 38 & 39. It shows that the rate 

of adsorption of mercury decreases with increase in 

initial concentration of mercury. Equilibrium is 

attained after 50 minutes and mg of mercury adsorbed 

per gm of adsorbent is 6.60. At equilibrium 66 % 

reduction in mercury content is achieved. It is also 

found that the sorption isotherm for mercury - activated 
carbon system and the sorption equilibria fitted to the 

linear form of Freundlich equation. The value of 'n' 

and 'm' are 1.125 and 0.212 respectively. The intensity 

of adsorption is less when compared with the 

experimental value for Mercury - Chitosan system. 

4 .1 .6 .2 .  Sorpt - ion  K i n e t i c  Study o f  f lercury on Dowex-50 

The Table No.23 & 24 and Fig. 40 to 43 illustrate that 

the linear form of the Freundlich's equation is fitted 

and the sorption capacity is greater than that of 



activated c s r b u n  t n= 1.157, and m = L$, idM5)  hut less 

than that for mercury chitosan system. 48 % reduction 

in mercury concentration is arrived at (mg of mercury 

adsorbedlgm of adsorbent is 12.2) with an initial 

mercury concent.ration of 5 mg/ l .  

4 .1 .6 .3 .  Sorption Kinetics of flercury on Rice Husk 

Carbon. 

The sorption studies as evident from Table. 25 & 26 and 

Fig.33 to 35, 44 to 45 illustrate that the adsorption 

capacity of rice husk carbon at a specified time is the 

least. The values of 'n' and 'm' obtained from the 

Freundlich's isotherm for mercury-rice husk carbon 

system are 1.0 and 0.6376 respectively. 

4.1.7. Capacity of chitosan on adsorption of metal ions 

A comparative statement shown in Table 27 and Fig.46 

illustrate the sorption capacity of chitosan to adsorb 

the metal ions of Mercury, Cadmium, Lead and Chromium. 



It is found that. the sorption of mercury on chitosan is 

very high when compared to other metals. The high 

sorption of mercury on chitosan is due to its affinity 

towards mercury. 

It is stated that the sorption on metal ions increases 

with decrease in electronegativity of the metal ion. 

The electronegativity is the least for mercury when 

compared with other metals which justifies the high 

sorption for mercury. 

Sorption capacity of different adsorbents on mercury are 

compared in Table 28 and Fig.47. It is found that among 

the natural, synthetic and standard adsorbents studied, 

chitosan has got high capacity to adsorb mercury. At 

equilibrium, mg of mercury adsorbed per gm of adsorbent 

is 24.6 for chitosan, 12.2 for Dowex-50, 6.6 for 

activated carbon and 4.0 for rice husk carbon. 

The sorption kinetics of Hg, Cd, Pb and Cr on chitosan 

agrees with the findings of F. Yaku and T.Koshi jima. They 

have reported that chitosan has the characteristics to 



combine selectively particular metal ions and that the 

tendencies are most predominant in Coppgg.:, mercury, 

silver, cadmium, nickel and are weakest in manganese, 

cobalt and chromium. The affinity of chitosan towards 

the metal ions is decreasing from mercury to chromium 

in the order Hg > Cd > Pb > Cr. 

4.2. Chemical Precipitation 

Chemical precipitation technique is employed when 

substantial quantity of heavy metal is to be removed 

from solution. Traces of metal remaining after chemical 

precipitation can then be removed by adsorption. In 

order ot increase the settleability of the precipitated 

sludge the capability of chitosan as a flocculating 

aeent has been exploited. Synthetic polyelectrolyte of 

Polyacrylamide type generally employed for this purpose 

is quite toxic in nature and hence a natural 

polyelectrolyte like chitosan which is edible and quite 

eco-f riendly was employed for this purpose. When 

chitosan is thus employed as a flocculating agent, the 



percentage removal of heavy metal is found to be more 

than when chemical precipitation is conducted without 

d. 
chitosan. The reason for this adltional removal of heavy 
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metal over and above that is possible by normal chemical 

precipitation may be due to the great affinity of 

certain heavy metal ions towards chitosan. Thus chitosan 

is having a dual function in such cases, as a 

flocculating agent as well as an adsorbent. 

4.2.1. Chemical Precipitation of Hercury. 

4.2.1.1. Effect of Dosage of coagulant and 

p01 yelectrolyte 

The effect of dosage of coagulant and polyelectrolyte 

are given in Table No:  29. The optimum dosage of 

coagulant (ferric chloride) and polyelectrolyte 

(chitosan) are found to be 100 mg/l and 2 mg/l 

respectively. 

4.2.1.2. The effect of pH on precipitation of mercury 

The pH effect is shown in Table Nos: 30 & 31 and fig: 48 

& 49. It is found that the final concentration of 

mercury in solution decreases with increase of pH upto 



a pH of 9.0. No further reduction in mercury content is 

noticed beyond this pH. Hence the optimum pH for 

precipitation of mercury is found to be 9.0. 

The tables also illustrate the effect of chitosan. At 

the optimum pH by sodium sulphide precipitation the 

mercury concentration reduced from 50 mg/l to 0.96 mg/l 

(98.08%) without adding any coagul ant or 

polyelectrolyte. With the addition of 100 mg/l ferric 

chloride as coagulant t.he mercury content is further 

reduced to 0.4 mg/l. When 2 mgll chitosan alone is 

added to the precipitated mercury solution a higher 

reduction in mercury content is noticed, ie. from 0.96 

to 0.22 mg/l (77%). When both ferric chloride and 

chitosan are added to the precipitated solution the 

final concentration reaches 0.185 from 0.96 mg/l 

(80.7%). The overall reduction in mercury content for 

50 mg/l mercury solution with the addition of ferric 

chloride and chitosan is 99.63%. 

In the case of l0 mg/l initial concentration of mercury 

the optimum pH for precipitation is 9.0. The same trend 

is observed as above and the overall efficiency is found 
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to be 99.17%. By the addition of chitosan in to the 

precipitated mercury solution, a reduction of 0.38 to 

0.12 mg/l is noticed (68.4%). With the addition of both 

ferric chloride and chitosan the final concentration 

becomes 8.883 mg/l. 

4.2.1.3. Effect of Concentration on Precipitation of 

Mercury - 

Effect of initial concentration of mercury on 

precipitation is given in Table No: 32 and fig: 50. 

It is observed that the percentage removal of mercury 

increases with increase in initial concentration. 

Without adding any coagulant or polyelectrolyte the 

mercury concentration after precipitation is reduced 

to the range of 0.29 to 1.28 mg/l from initial 

concentration of 5 to 100 rngll. With the addition of 

ferric chloride further reduction in the range of 26% to 

58% is noticed. Butwhenchitosan is added as a 

flocculant a further reduction of 0.082 to 0.33 mg/l (60 



to 74%) is observed for the concentration range of 5 to 

100 mg/l. This shows that chitosan has considerable 

capacity t.o remove metallic ions when used as a 

f locculant. 

4.2.1.4. Effect of Chitosan on Settleabil ity. 

Table No: 33 and Fig.No. 51 show the effect of chitosan 

on sett1 eabi l i ty. It has been observed that in a1 l the 

four cases, the rate of settling is rapid in the 

beginning and slow tending to zero towards the end. 

The top most curve shows the rate of settling in the 

absence of coagulant and polyelectrolyte. The second 

and third curves show the individual effect of coagulant 

(100 mg/l FeC13) and polyelectrolyte ( 2  mg/l chitosan) 

respectively and the bottom most curve showing the 

combined effect of FeC13 and Chitosan indicates much 

higher settling rate than the individual cases. The 

third and fourth curves show the effect of chitosan on 

the settleability of the precipitated sludge. 



When chitosan is added as a flocculating agent in the 

chemical precipitation study, it reduces the mercury 

content in the solution and increases the rate of 

settling considerably. This shows the dual capacity of 

chitosan as an adsorbent to heavy metal ions and a 

f locculating agent. 

4.2.2. Cadmium 

4.2.2.1. Effect of Dosage of Coagulant~Polyelectrol yte 

As shown in Table No: 34, t.he opt.imum dosage of 

coagulant (FeC13) is 100 mg/l and polyelectrolyte 

(chitosan) is 2 mg/l. 

4.2.2.2 The effect of pH 

The effect of pH on precipitation of cadmium is shown in 

Table. 35 & 36 and Fig. 52 & 53. It is seen that the 

concentration of cadmium decreases with increase in pH 

upto pH 11.0. On increasing the pH further, no 

reduction is noticed in the cadmium content. Thus the 



optimum pH is found to be 11.8. The percentage removal 

of cadmium at optimum pH without the addition of any 

coagulant and polyelectrolyte is 99.994 for initial 

concentration of 50 mg/l (ie, the concentration of 

cadmium is reduced to 0.003 mgll). By the addition of 

chitosan further reduction from 0.003 to 0.001 mg/l 

is obtained. When bath FeC13 and chitosan are added, 

the cadmium content is completely removed with an 

initial concentrat.i@n of 58 mg/l. 100% removal of 

cadmium is noticed with 10 mg/l initial concentration 

also. 

a 4.2.2.3. Effect of initial cocentration 
4 

n 
The effect of cocentration is shown in Table 37 and 

Fig 54. At optimum pH 11.0, the percentage removal of / 

- * 
cadmium is above 99.9%. So t.he initial concentration has 

no considerable effect on cadmium *prec'ipitation. By 

changing the initial doncentration of cadmium from 5 to 
. . 

100 mgll, it is found that the combined addition of 

chitosan and ferric chloride can completely remove the 

cadmium content. 



4.2.2.4. Effect of Chitosan on Settleability 

Effect of chitosan on settleability of precipitated 

cadmium ~ l u d g e  is zhnwn by Table No:38  and Fig: 55. The 

rate of settling increases with the addition of 100 mg/l 

ferric chloride and 2 mg/l chitosan as shown by the two 

middle curves. The settling rate is much higher when 

both ferric chloride and chitosan are added. Thus 

chitasan increases the settling rate of precipitated 

sludge as well as reduces the cadmium concentration by 

the dual action of flocculation and adsorption for the 

precipit.ation of cadmium. 

4.2.3. Chemical Precipitation of Lead 

4.2.3.1. Eff sct of dosage of Coagulant/Pol yelectrol yte 

From Table No: 39, the optimum dosage of coagulant 

(Ferric Chloride) and Polyelectrolyte (Chitosan) are 

found to be 150 mg/l and 2.0 me11 respectively. 



4.2.3.1. Effect of pH on Precipitation of Lead 

The effect of pH on precipitation of lead from 

solutions of initial concentrations 50 and 10 mg/l are 

shown in Table No: 40 & 41. and fig. 56 & 57. It is 

found that the concentration of lead in the solution 

decreases rapidly by increasing the pH from 7.5 to 9.5. 

The lead content is minimum at pH 9.5. THe same trend 

is observed with solutions of concentrations 50 and 

10 mgll. Thus the optimum pH for precipitation of lead 

is 9.5. 

A t  the optimum pH 9.5, the lead content decreases from 

50 to 2.15 mg/l (95.7% reduction) due to precipitation 

alone. With the addition of 150 mg/l ferric chloride 

the percentage reduction increases to 96.40 and with 

2 mg/l chitosan it reaches 97.80%. The concentration of 

lead further reduces to 0.85 mg/l (98.30%) with the 

addition of both the ferric chloride and chitosan.. 

For an initial concentration of 10 mg/l lead, the 

maximum reduction achieved without the addition of 



any coagulant or polyelectrolyte is 92.50%. When 

chitosan is added along with chemical precipitation the 

lead content further reduces from 0.58 to 0.40 mg/l 

(31%). The addition of both ferric chloride and 

chitosan brings down the lead concentration to 

0.33 mgll. Thus an overal l reduction of 96.70% is 

obtained. 

4.2.3.3. Effect of Concentration of Lead 

From Table No: 42 and fig. 58, it is found that with 

increase in concentration of lead from 5 to 100 mg/l 

the percentage removal increases from 91.40 to 97.20. 

With ferric chloride a reduction of 93.0 to 97.80% is 

obtained. When chi tosan is added the concentration of 

lead further reduces in the range of 95.40 to 98.20%. 

The.combination of ferric chloride and chitosan reduces 

the metal content still further from 96.4 to 98.58%. 

4.2.3.4. Effect of Chitosan on Settleabil ity 

The effect of chitosan on settleability of precipitated 

sludge is shown in Table N o :  43 and fig. 59. It shows 



that with the addition of chitosan the rate of settling 

of the sludge is increased. It can be seen that with 

the addition of chitosan in chemical precipitation the 

final concentration of lead in the solution is reduced 

considerably. Thus chitosan acts as an adsorbent and 

flocculating agent. 

4.2.4. Precipitation of Chromium 

4.2.4. l. Effect of Time on Reduction of Hexavalent 

Chromium 

Table No: 44 shows that the percentage removal of 

chromium is increased as the time of reduction reaction 

is increased from 5 to 20 minutes. As the reduction 

reaction time is increased beyond 20 minutes, the 

percentage removal remains more or less constant 

irrespective of the initial concentration of the 

solution. So a period of 20 minutes is given for the 

reduction reaction. 



4 .2 .4 .2 ,  Effect of pH on Reduction of Hexavalent 

Chromium 

This effect is shown in Table No: 45. The initial pH of 

the dichromate solution affects the reduction reaction 

and hence the percentage removal of chromium. It is 

found from the table and figure that the reduction is 

most effective around a pH 2.5. 

4.2.4.3. The Effect of Dosage of Ferrous Sulphate on 

Reduction of Hexavalent Chromium 

The effect of varying ferrous sulphate dosage is given 

in Table Nos: 46. Stoichiometrical ly around 16 parts by 

weight of ferrous sulphate hepta hydrate (FeS04 7 H20) 

is required to reduce one part by weight of hexavalent 

+ 3  chromium ( ~ r + ~ )  to trivalent Chromium (Cr . Thus for 

a 50 mg/l chromium solution around 800 mg/l ferrous 

sulphate hepta hydrate is stoichiometrically required. 

Rut this dosage when used for reduction gives only 96.4% 

conversion of hexavalent to trivalent chromium. When 

1000 mg/l solution is added , 98.2% reduction/removal is 

obtained. Further increase in dosage has no noticeable 



effect. Hence for 50 mg/l solution the optimum dosage 

is fixed as 1000 mg/l. In the case of 10 mg/l solution, 

the optimum dosage is find t.o be 2067 rngll. 

4.2.4.4. E f f e c t  of p H  on precipitation of Chromium. 

The effect of pH on precipitation of trivalent Chromium 

as its hydroxide is given in Table Nos. 47 & 48 and Fig 

No. 60 & 61. It is seen that precipitation is maximum 

in the pH range 8.5 to 9. Both above and below this 

pH, precipitation and hence percentage removal is less. 

Thus the optimum precipitation pH for maximum chromium 

removal is found to be in the range of 8.5 to 9. The 

concentration of chromium decreases from 50 to 1.15 

mgil on precipitation (97.7%). Addition of chitosan 

reduces the chromium content in solution from 1.15 to 

0.50, ie. a further reduction of 56.52% is obtained. 

The overall percentage removal is 99.0. 



4.2.4.5. Effect of Initial Concentration on 

Precipitation of Trivalent Chromium 

Table No. 49 and Fig.No. 62 show the effect of initial 

concentration of chromium on removal of chromium b y  

reduct.ion precipit.at.ion. A 5  t.he c0ncent.rat.i on 

increases, the percentage removal of chromium also 

increases. It is also seen that chitosan enhances the 

percentage removal by 97 to 99.2 % by varying the 

initial concentration from 5 mg/l to 100 mg/l. 

4.2.4.6. Settleabil i t y  St.udy. 

The rate of settling of the precipitated sludge and the 

effect of polyelectrolyte (Chitosan) are shown in Table 

No.50 and Fig 63. It is seen that rate of settling 

increases considerably with the addition of chitosan as 

is evident from the graphs. 



4.3. Treatability Study - On Removal of Heavy Metals in 

Combination Yith Other Pollutants by Chemical 

Precipitation 

Treatability studies were conducted on the combined 

effluent collected from M/s. Hindustan Newsprints Ltd, 

Vel loor and M/s. Kainady Tanneries Ltd, Edayar using 

chitosan as a floculating agent as well as an adsorbent 

for removing traces of heavy metals. The action of 

chitosan as an adsorbent and flocculant for removing 

traces of heavy metals present along with other 

p01 l utants l i ke BOD, COD, Col our and .,suspended Sol ids 

were investigated. 

4.3.1 Treatability Studies on Pulp and Paper Mill 

Effluent 

The data obtained from the studies conducted on pulp and 

paper mill effluent is given in Table No. 51 81 52. When 

chemical precipitation is conducted without adding 

chitosan there is no considerable change in the 



concentration of mercury in the effluent. When chitosan 

is employed as a flocculant along with chemical 

precipitation traces of mecury (0.002 mg/l) present in 

the raw effluent is completely removed. Along with 

compl ete removal of mercury other parameters l ike 

color, BOD, COD, SS are further reduced when chitosan is 

used as a f locculant. This shows the ability of 

chitosan as a flocculant and as an adsorbent for 

removing metals like mercury. The settling rate 

of precipitated sludge with and without the addition of 

chitosan is shown in Fig 64. This figure and the 

photograph in Annexure - I  clearly indicate the high 

rate of settling when chitosan is added as a flcfculant. 

4.3.2 Treatabilit-y study on Tannary Effluent 

The Experimental data shown in Table No. 53 & 54 and 

Fig. 65 indicate the effect of chitosan as adsorbent 

for removing trace quantities of chromium present in the 

effluent and also act as a flocculating agent to 

increase the settleability. Without adding chitosan 

khomical precipitation a1 one the chromium content is 
A 



reduced from 56.8 mg/l to 1.56 mg/l. But chitosan is 

added along with chemical precipitation as a flocculant, 

the .chromium content in the final effluent could be 

brought down to 0.63 mg/l ie. a further reduction of 

about 60% is obtained, which is below the tolerance 

l imit. 

Thus it is possible to bring down trace amount of 

chromium present in the treated effluent after chemical 

precipitation by adding 2 mg/l chitosan as a flocculant. 

Fig. 65 and the photograph in Annexure - I show the high 

rate of settling of the precipitated sludge with the 

addition of chitosan. 

Considerable reduction is also noted in other pollutant 

like BOD,COD,SS,etc. with chitosan. This is because of 

the high affinity of chitosan towards heavy metal ions 

like mercury, cadmium and lead. 



In an existing treatment plant having primary 

treatment facilities it is possible to remove traces of 

metal ions like mercury, chromium, lead and cadmium in 

combination with other. pollutants by chemical 

precipitation when chitosan, a natural polymer is added 

as a flocculant. 



5. SUMMARY AND CONCLUSIONS 

The heavy metal pollution is a problematic issue facing 

the vegitable and animal life in the aquatic as well as 

terrestrial environment. People are becoming more and 

more aware of the harmful effects of heavy metal 

p01 lution. Many attempts have been made to develop 

methods and materials for the removal of the heavy 

metals present in industrial and domestic effluent. 

These include the traditional methods such as ion 

exchange, adsorption, chemical precipitation, reverse 

osmosis etc. 

With a view to develop suitable techniques for the 

removal of heavy metal ions like Mercury, Cadmium, Lead 

and Chromium by the principle of adsorption process, 

batch experiments were carried out in the laboratory 

adopting contact filtration method. Sorption kinetics 

study of the metal ions on chit.osan and the effect of 

parameters such as particle size of adsorbent, 

temperature, initial concentration and pH were studied. 



Also compared t.he effectiveness of chitosan as an 

adsorbent by studying the sorption kinetics of Activated 

carbon ( a  st.andard adtsorbent.) , Pawex-SIF (a rsynt.hetic 

polymer) and Rice husk carbon (a waste material). 

In the second part. of t.he st.udy experiments were done 

for the removal of metal ions by chemical precipitation, 

f 1 occul ation and s1-~brsequent adsorpt.ian using chi t.o~an as 

a flocculating agent. 

In the final part of the investigation treatability 

studies were conducted on industrial effluents using 

chitosan for the removal of heavy metals in 

combinat.ion wit.h t.h~ removal af ot.her pollut.ants like 

colour, dissolved organics (ie, BOD, COD etc) and 

su~pended ~olids. 

Removal of Heavy metal in combination with other 

pol 1ut.mt.s has much practical appl icat.ion in the 

treatment of industrial effluents and that may have 

commercial import.ance, Hence in t.he last phase of t.he 

study stress has been given on that aspect. 



CHAPTER - 5 

1 SUMMARY AND CONCLUSIONS 



Sorption kinetics of Mercury, Cadmium, Lead and Chromium 

on chitosan were studied at different initial 

concentrations of 0.5, 5, 10 and 50 mg/l as metal ions 

keeping the pH and temperature of solution constant. 

Following are the important observation made from the 

sorption kinetic study. 

i )  It is observed that the initial sorption rate is 

high for all the metal ions and the equilibrium is 

reached within one hour. The rate of sorption is 

very rapid initially and decreased markedly, finally 

approaching zerg, 

i i )  The rate of adsorption is the highest for mercury 

followed by cadmium, lead and chromium in t.he decreasing 

order. 

i i i )  Greater fraction of metal ions is adsorbed at 

constant adsorbent to solution ratio in a specified 

time when the initial concentration is lower. 



i v )  The sorption data fitted to the reversible 

first-order kinetic model rate equation 

Where k' = k 1  + k2. 

v )  The adsorption rate is found to increase wit.h 

decrease in particle size. This is due to the increase 

in specifc surface area of chitosan particle. 

v i )  It is observed that at a particular time, the 

quantity of metal ions adsorbed per unit weight of 

adsorbent increases with decrease in temperature. The 

rate of adsorption is found to be high at lower 

temperatures in the case of all the four metals. 

Rate equation for reversible first order kinetics of 

mercury sorption on chitosan at different temperatures 

of 20'~~ 29%, and 36'~~ when plotted, show that the 

sorption rate decreases with increase in temperature. 

v i i )  From the Plot of in k Vs I/T for the sorption 

of mercury on chitosan, activation energy for the system 

is found to be 5320 cal/mole. Comparatively low value of 



activation energy indiates that the reaction is very 

fast. Also indicates that the sorption on chitosan is 

l ess temperature sensitive. 

v i i i )  Sorption is high and more or less steady in the 

acidic range and a reduction in sorption is noticed 

with rising pH. 

i x )  The results of the equilibrium study conducted at 

different initial concentrations ranging from 0.2 mg/l 

to 50 mg/l mercury, cadmium, lead and chromium show 

that the equilibrium data fitted to the linear form of 

the Freundl ich Equation as fol lows. 

1 )  Mercury Chitosan 1 
System 1 Y* =(2.75 x10-5)~2*53 

2 )  Cadmium Chitosan 1 
System 1 Y* =(0.01) X 1.438 

3 )  Lead Chitosan 
System 

4) Chromium Chitosan 1 
System 1 Y* = (0.0273) X 1.26 



X ) Mercury sorption capacity of chit.osan is the 

highest among the four adsorbents studied. Isothern 

equation for other adsorbents employed in the present 

study is given below: 

Comparative St-udy of flercury Sorpt-ion on 
Different Adsorbents 

Initial concentration : 5 mg/l as Hg. 
of solution 
Temperature : 29'~ 
PH : 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Freundl ich mg of H g  Remarks 
Adsorbent isotherm adsorbed 

Y* = m X". per gm of 
adsorbent 
at eauil i-  
brium 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chi tosan, * 3 E ?  
(Natural Y =(2.75~10-~)~"'"" 24.6 
Polymer 1 

n>2 
Good 
Adsorbent. 

Ijowex 50 Y * = I ~ .  i 5 ) ~ ~ ' ~ ~ ~  12.6 1 
(Synthetic 
Polymer ) ) 

n between 
Activated ~ * = ( 0 . 2 1 2 ) ~ ~ * ~ ~ ~  6.6 ) lto2 
Carbon Moderate 
( 4  Standard ) 

Adsorbent) ) 

1 

Rice husk y*=(0.6376)x1' 4.0 
Carbon 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - -  



Owing to nxt.remely favourable equilibrium distribution 

of mercury towards chi tosan, adsorption system 

employing contact f i l tration technique can be 

convenient l y empl oyed for the removal and recovery of 

mercury from industrial effluents on a commercial scale. 

It is also possible to predict the adsorbent to solution 

ratio for a given change in concentration of adsorbate 

in solution by applying ~reundlich equation. 

Chemical precipitation technique is employed when 

substantial quantity of heavy metal is to be removed 

from solution. Traces of metal remaining after chemical 

precipitation can then be removed by adsorption. In 

order to increase the settleability of the precipitated 

sludge the capability of chitosan as a flocculating 

agent has been exploited. Synthetic polyelectrolyte of 

Polyacrylamide type generally employed for this purpose 

is quit.e toxic in nature and hence a natural 

polyelectrolyte like chitosan which is edible and quite 

eco-f riendl y was empl ctyed for t.his purpose. When 

chitosan is thus employed as a flocculating agent, the 

percentage removal ctf heavy metal is found to be more 
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than when chemical precipi t.ation is conducted without 

chitosan. The reason for this aditional removal of heavy 

met.al over and above that. is p o ~ s i b l e  by normal chemical 

precipitation may be due to the great affinity of 

certain hevr met.al  ion^; $.@wards chi t.osan. Thus chi t.osan 

is having a duel function in such cases. as a 

flocculating agent as well as an adsorbent. 

When the treatability of pulp mill effluent from 

Hindustan news print^ Ltd., employing a standard 

coagulant was studied for the precipitation of colour 

bearing lignin, it was found that more than 60 to 70% 

removal of COD and BOD could be obtained along with more 

or less complete removal of colour, but noticeable 

reduction of mercury was not obtained. When one m g  per 

1 i t.rn of chi t.nsan was added aE a f 1occulat.ing agent 

along with the coagulant more or less complete removal 

or mercury was obtained. 

When the treatability of tannary effluent was conducted 

for the precipitation of dissolved organics and 

t.rivalent chromium, it was found that the final 

cancent.ration of chromium reduced from 56.8 mg/l to 1.56 



mg/l. But when chit.osan is added along with chemical 

precipitation as a flocculant chromium content in the 

final eff luent. could be brought. down t.0 0.63 mg/l ie. a 

further reduction of about 60% is obtained. 

The resul ts of chemical precipitation studies inferred 

that the addition of chitosan can remove/considerably 

reduce the concentration of heavy metal from effluent. 

Also found that the rate of settling of the precipitated 

sludge is considerably increased with the addition of 

chitosan as a flocculating agent. The dual action of 

chitosan as an adsorbent. and flocculant. in chemical 

precipitation find extensive industrial application when 

the quantity of effluent. is sa large and heavy metal 

concentration after chemical treatment is too small 

necessitating huge investment for bringing down the 

concentration of heavy metal ions. 



NOMENCLATURE 



CAo - 

CRo - 

t - 

CAe - 

NOHENCLATURE 

Initial concentration of metal in 
solut.ion, mg/l. 

Initial concentration of metal on 
adsorbent, mg/l. 

Concentration of metal remaining 
in solution at time t, mg/l. 

Time, minutes. 

Equilibrium Concentration of 
metal in solution, mg/l. 

Fractional conversion of metal. 

rate constant, (min)-l. 

Temperature OK. 

Equilibrium concentration of 
adsorbate, rngll. 

Weight of adsorbate adsorbed per unit 
weight of chitosan, mg/g. 

Constant. 

Slope of Freundlich isotherm. 

Intercept on ordinate. 

Mass of adsorbate free adsorbent 
added, mg. 

Mass of adsorbate for solution, mg. 

Initial adsorbate concentration, mg/l 
Sol vent. 



EOD - 

COD - 

SS - 

Final adsorbate concentration, m g /  l 
Solvent. 

Initial solute adsorbate concentration, 
mg/gm of adsorbate. 

Final solute adsorbate concentration, 
mg solute/adsorbent. 

Eia Chemical Oxygen Demand, mg/l 

Chemical Oxygen Demand, rngll. 

Suspended Solids, mg/l. 
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TABLE NO: 1 

Adsorbent : 200 mg of 0.3mm size chitosan 
Solution : 1000 m1 Mercuric Chloride 
Initid Conctmtmtion : 0.5 mgfl / 5 mgll / 10 mg/l/ S0 mg!l rts Hg 
Temperature : 29% 
PH : 6.0 

I Time in ; Final concentration of I Percentage Removal of 1 1 minutes i Mercury in solution Hg, m@ i Mercury 
! I 

I 
I 

I l l 

I 
I I ! Initial Initial / Initial j Initial j hitial ) Initial I Initial Initial 
i I conc. i conc. i conc / conc. i conc. i conc. i conc i conc. I 
I I 
I 1 0.5 1 5.0 i 10 I 50 1 0.5 1 5.0 10 1 50 I 
i I , m@ l mgil ! mgfl mgfl Z/1 mgfl mgfl ! mgfl ' 

! 0 : 0.5 I S.? I l 0 . 0  ! 50.00 0 0.00 ! 0.00 0.00 1 



TABLE NO: 2 

SORPTION KINETICS OF CADMIUM ON CHITOSAN 

Adsorbent 
Solution 
hitid Cuncentration 
Temperature 
pH 

: 200 mg of 0.3mm size chitosan 
: 100iJ I& Cadmium Sulphate 
: 0.SmgA /5mg/ l /10m~l /SOmgAnsCd 
: 2 9 ' ~  
: 6.0 

1 Time in I Final concentration of 1 
I Percent age Removal of I 

I minutes ) Cadmium in solution Cd ~1 i Cadmium 
I I ! 

I 

I I Initial / fnitid / Mtial 1 Initial Initial I Ynitiai 1 Initial Initial 
l ! cone ! cone. cone. cone. I cone. j cone. i cone. i cone. 

l l I I I 0.5 i 5.0 1 10 50 1 0.5 i 5.0 1 10 1 50 



TABLE NO: 3 

SORPTION KINETICS OF LEAD ON CHITOSAN 

Adsorbent : 200 mg of 0.3mm size chitosan 
Solution : l000 m1 Lead Nitrate 
Initial Concentration : 0.5rng/l / 5 ~ 1 / 1 0 r n g t l i 5 0 m g f l  asPb 
Temperature : 2 9 ' ~  
PH : 6.0 

1 Time in ! Final concentration of Lead in I Percentage Removal of Lead 
I minutes : solution Pb, mg/l 1 
! l 
I I ! 

I j Initial i Initial 1 Initial l Initial 1 Initial j Initial Initial { Initial 
i conc. i conc. i conc. / conc. i conc. I conc. I conc. j conc. 

I l I 0.5 I 5.0 1 10 i 50 0.5 : 5.0 I I0 1 50 



TABLE NO: 4 

Adsorbent : 200 mg of 0.3mm size chitosan 
So:ation : 1000 ml Potassium Dichomaie 
Initial Concentration : 0 . 5 m e / l / 5 m g l / l O m g . / l / 5 0 n ~ ; r s C r  
Temperature : 2 9 ' ~  
PH : 4.0 

Time in i H'mal concentration of I Percentage Removal of I 
minl~tes I Cluomi~un in sol~~iion, mgA 1 Chromi~un 

i l 
I 

Initial I Initial i Initial i Initial i Initial I Initial ( Initial i Initial 
I I l I 

conc. I conc. I cone i conc I conc. i conc. I conc. i conc. 
I 0.5 j 5.0 1 10 j 50 1 n.s s.n ' IO 1 so 

me.4 mnd ! r n u ~  I me:? i me" rnzg j mz* I me4 
0.00 ! 0.00 I 0.00 i 0.00 

20.00/ 16.00 113.501 10.00 
34.00 1 30.80 1 24.00 1 18.20 I 

0 i O S  
2 0.40 
5 1 0.33 
l 0  ! 0.25 

5.00 i 10.00 1 50.00 
4.20 i 8.65 145.00 
3.46 

15 / 0.235 i 2.43 i 5.36 / 31.68 1 53.00 [ 51.40 / 46.40 / 36.61 1 
20 i 0.192 / 2 1 0  / 4.46 i 28.75 / 61.60 1 55.00 / 55.40 / 42-50 

7.60 1 40.90 
. 2.90 6.33 j35.50 ! 44 .00 !  42.00!36.70!28.40 



TABLE NO : 5 

EFFECT OF PARTICLE S m  OF c.'HFrOSAN ON 
ADSORPTIOX OF bIERCfiRY 

Adsorbent. : 206 mg of 0.10 / 0.30 / I.Om size Chitosrcn 
Initid Concmtrztion of so!ntion : 5 mg4 as Hg 
Temperature : 2 9 ' ~  
PE : 6.0 

Time in 1 mnal concentration of i rng.of Hg adsorbed/gm.of 
j minlttes I Soiiltion as Hg, m@- 1 Clkitosan 
i I 0 . h  i G.3mm 1 1.Gmm C.1mm I 0 . 3 m  j ?mm 

! 
! 1 she i size i size i size i size 1 size 



TABLE NO : 6 

EFFECT OF PARTICLE SIZE OF CHITOSADT ON 
ADSORPTIOX OF cm~rn3i 

Adsorbent : 200 mg of 0.10 / 19.319 / 1 . h  size Chitosan 
Initial Concentration of solution : 5 mwl as Cd 
Temperature : 29'~- 
PH : 6.0 

I T h e  in j Final concentration of Solution as Cd. I mg.of Cd.adsorbed!gm of chitosan ( 
j minutes i 
I 

me/l i 
I 0.lmm size l 0.3mm size I 1.0- size I 0.lmm size : 0.3mm size : 1.0 mm sire 

I 0 l 
I 5.00 1 5.00 1 5.00 0 I 0 ! 0 

I 2 ! 3.15 1 3.60 1 4.25 ! 8.75 7.00 1 3.75 
I 5 1 2.10 1 2.80 1 3.72 1 14.50 1 11.00 1 

I 1 6.40 
l 10 1 1.20 ; l 

l 
1.86 I 2.90 19.0 I 15.70 1 10.50 

I 15 
I 0.76 ] 1.42 ] 2.38 21.20 17.90 13.10 

I 20 ! 0.52 1.08 1 1.86 I 22.50 I 19.60 ! 15.70 
l 25 1 0.36 I 1.00 I 1.46 1 23.20 1 20.00 1 17.70 

I I 
I 30 I 0.30 ; 0.82 / 1.30 1 23.50 1 20.90 18.50 
I 40 0.25 1 0.70 1 1.18 j 23.75 1 21.50 1 19.10 

I 

I 50 1 0.25 1 0.65 1 1.15 1 23.75 1 21.?5 1 19.25 
60 1 0.25 1 0.65 1 1.12 1 23.75 1 21.75 I 19.40 



TABLE NO : 7 

EIWECT OF PARTICLE SfZE OF CHITOSAN ON 
ADSORPTION OF LEAD 

Adsorbent : 200 mg of 0.10 / 0.30 / l.Om size Chitosan 
Initial Concentration of solution : 5 mgl  as Pb 
Temperature : 2 9 ' ~  
PR : 6.0 

Time in I Final concentration of Solution as Pb. m84 /l mmg.of Lead adsorbed/gm.of chitosan ! 1 minutes 1 I 

I 

t I U.hnm size ! U.3mm size LOmm size j O.lmm size ! 0.3mm size f 1.Omm size 
1 0 f 5.00 5.00 5.00 I 0 I 0 I 

I 0 
I 2 ! 3.40 1 3.80 4.10 I 8.00 1 6.00 3.00 



TABLE NO : 8 

EFFECT OFPARTICLE SIZE OF CHITOSAN OK 
ADSORPTIOY OF C m O B m ?  

Adsorbent : 200 mg of 0.10 / 0.30 / l . O m  sue Chiiosan 
Xnitial Concentration of solution : 5 mg/l as Cr 
Temperature : 29'C 
PH : 4.0 

Time in ! Filal concentration of Solution as Cr. m@ ! mmg.of Cr. adsorbedlgm of chitosan 1 1 minutes I ! 
I 

I 0.1- size : 0.3mm size 1 l.0m.m size 0.1- size O.3mm size I l.0mm size 



TABLE NO : 9 

EFFECT OF TEMPERATURE ON ADSORPTION OF IVERCURY 

Adsorbent : 200 mg, 0.3mmsizeChitosan 
Solution : 1000 ml b1mcmic Chloride sol~ltion 
Initial Concentrztion : 5 mgtas Hg 
PH : 6.0 

1 Time in minntes i Final concentration of Mercury mg4 
! 

i 
! 



TABLE NO : l 0  

E m C T  OF TEMPE2ATCX.E ON ADSORPTION OF CADME31 

Adsorbent : 200 mg, 0.3rnm size Chitosan 
Solntion : 1000 ml Cadminm Sal?hate Solution 
Initial Concentration : 5 m 4 1  
PH : 6.0 

1 Time in miniites j Find concentration of Cadmiim mgil 
I I l 



E m C T  OF TE3PETWTCmE 05 ADSORPTION OF LEAD 

Adsor5ent : 200 mg, 0.3mm size Chitosm 
Solution : l000 m1 Lead Nitrate Solution 
Initid Concentration 
?H : 6.0 mq' 

I ] Time in minutes Yid concentration of Lead mg/l 
i I 

l 
i 



TABLE NO : 12 

EmCT OF TERIFEUTLm ON ADSORPTION OF CI3ROIwr.M 

Adsorbent 
Soiution 
Initid Concentration 
pH 

: 200 mg, 03mm size Chitosan 
: 1006 ml Potassium Dic'momate Soiution 
: 5 ngp 
: 4.0 

i Time in minutes 1 J!hal concentration of Chromium mg/l 
i 

1 I i 



TABLE NO : $3 

EmCT OF p 9  ON ADSOZU*TION 08 3!EXC~?Y 

.4$sc?rbent : 200 mg, 0.3nm size cbitesm 
Initial concentration of solution : 5 mgl  as Hg. 
Temp erat1u.e : 2 0 ' ~  



-Ad sol-bent : 200 mg, 0.3mm size ctitosan 
Initial concentration @f solration : 5 rnd Cd. 
Temperature : 2 9 ' ~  

i Initial pH : W d  conc. of solution I  am of Cd. I 
! I 

! 1 as Cd mg7 aesorbed per p. of I 



TABLE NO : 15 

Adsorbent : 200 mg, C . 3 m  size chitosarr 
Initial concentration of solution : 5 me/l as Pb. 
Temperature : 2 9 ' ~  

i ~ ~ d  PH l I f i " i n a :  CGnC. 0; %ICa@YUI.i of k& 1 
i 
i i solution as P%, ngA i rrdsorbed per p of ! 

i 
i i I chitosan i 

3.0 ! 0.95 i 20.25 i 
I 



TABLE NO : 16 

Adsorbent : 200 me, 0.3mm size chitosan 
Initial concentration of solution : 5 me/l Cr. 
Temperat~~re : 2 9 ' ~  

Initial pH f i a l  conc. o f )  MiUigram of Cr. adsorbed I 



TABLE ,"TO : 17 

Adsorbent : 200 mg, 0.3mm size Wtosan 
Solution : 1001) ml Mercuric Chloride Solution 
Contact Time : l hr 
Temperature : 2 9 ' ~  
PH : 6.0 

1 ~nitinl con. of 1 ~ q u i ~ b r i u m  I -~illigram o f ~ g  I h Y * ; In X Percentage 
solution as i cenc. of 1 adsorbed/pof ! l I removal of 

/ so1ution rngl chitosan X i i 
I I i l as Hg. Y* i 
i i I i 

1 ! i l ! 
i 0.20 l 0 I 1.00 i - I 11 ! 100 

l I 1 , 
l 0.50 I 0 i 2 5 0  - i 0.92 1 100 

1 

1 1.00 ! 0 I 5.00 - 1.67 ! 100 1 



TABLE KO : 18 

Ad S orb ent : 200 mg, 0.3mm size Chitosan 
Solution : 1CGO ml Cadmium Sulphate Solution 
Contact Time : lhr  
Temperature : 29% 
PE : 6.0 

Initial conc. of 1 EquiWfiurn i ~ ~ g r a r n  of Cd 1 in Y * i In X i Percentage / 1 solution as  d. : conc.of i adsorbed/gm of I 
I / removal of I 

! =/l 1 solution m@ ! chitosan? X 1 i i Cd I 



Adsorbent : 200 mg, 0.3mm size Chitosan 
Soiution : 1000 m! Lead Nitrate Solution 
Contact Time : l h r  
Temperature : 29" 

: 6.0 

1 Initial Equilibrium ] SXUigram of I h Y * ] h S I Percentage 
! conc. of ; conc. of Lend I I 

i I 
I removal of 

I solution I solution I odrorbed/gm of l I I Pb I 
I I i 

as Pb m@ as P b 1 chitosan, X i i I 

I m~ ! y* 
I l I I 

I I l 
I 

I I 

! I ! 1 I 

] 0.2 1 0.U1 I 41.95 1 - 4.61 - 0.05 I 95.00 i 

i 0.5 I 0.050 I 2.25 1 - 3.00 i 0.81 : 90.80 1 
1 1.00 I (1.11 4.45 1 - 2.21 1 1.49 I ~ 9 . 8 0  j 
! 2.00 0.18 8.60 1 - 1.27 2.15 86.N ] 

5.00 1 0.88 20.6 i - 0.13 3.04 8240 i 

1 10.00 2.20 1 40.7 : 0.621 i 3.71 81.40 1 
j 20.00 4.66 76.7 I 1.54 4.34 1 -6.70 j 
! 3C!.(I0 I 7 .U 110.75 ! 2.@6 4.71 73.80 1 
1 40.00 i 11.34 143.3 1 2.43 4.96 71.65 i 

j 50.00 16.00 1 1'70.00 1 2.77 : 5.14 : 68.iO 



Adsorbent : 200 mg, 0.3mm size Chitosan 
Solution : 1000 ml Dichromate Solution 
ContactThe : l h r  
Temperature : 2 9 ' ~  
PH : 1.0 

I Initial Equilibrium / IJIiUigrnm of ] h Y + / In X 1 Percentage i 
conc.of iconc.of !Chromi~un I i I I I removal of I 
sol~~iien as ! soltrtion ! adsorbed/gm of i j i Chromitm 

! Cr. mgl m#l as Cr / chitosan X 1 1 

! y* 
l 
I 

! ! ! ! I 
I 



SORPTfON KEWTICS OH XERCL?Y ON ACTIVATED C.XRBON 

-4dsorbent : 5Wmg.Activated Carbon 
Solution : 1000 ml Mercwic Chloride 
M i d  Concentration : 5 m@ / 1 G  m@ / S0 mgA as: 11g. 
39 : 5.F 
Temperature : 2 9 ' ~  

b J 

i 
i ! Final concertratios of Mercury i Percentage removal ef 
1 Timein 1 i 

! Mercury ! 
j m h ~ ~ t e s  1 ! i 
i 
! I Initial I Etid / Mtial / Initial I Initial I Initid 
! ! csnc. i cam. 1 cenc. conc. i conc. I cmc. I 
! I l i 5 i 

I 10 i 50 5 1 0  I 50 1 



TABLE NO : 22 

E Q L . B W ! ?  CELZ4CTEXSTfCS OF 1\IERCL%Y ON ACTITr,4TED C.iRBOY , 

Adsorbent 
Solution 
Temp eratme 
PH 

: 500 mg of activated carbon 
: lOOU~of&IercuricChloride 
: 2 9 ' ~  
: 6.0 

i Initid : End conc. : 3liIQ1-m of mercury In P* j ln X : Percentage 1 
t conc. of I of Hg. mg4 I adsorbed/= of r I I Removal / 
I He. mwl : y* : activated ca&on. X I I 

I 

1.38 I 
I 

1 : 0.31 I I - 1 .  0.32 1 69.00 1 
: 2 ! 0.64 1 272  I - 0 . 4  0 0  1 65.00 j 
i 5 I 1.70 1 6.60 : 3 1.89 ] 6 6 . I ~  i 
1 10 3.75 I 12.50 1 1.32 1 2.53 I 62.51, f 
1 20 8.00 24.00 I 2.08 : 3.18 1 60.00 

30 f 1236 1 35.25 I 1 2.51 ( 3.56 1 58.86 
/ 40 19.85 

f 
44.30 2.88 ! 3.79 1 55.38 1 

i 50 I ZJ.O(I 52.01, I 3.18 I 3.95 I 52.00 1 



TABLE X 0  : 23 

SORPTION KIBXTICS OF MERCURY ON DOWXX - 51) 

Adsorbent : 200 mg. Dowex -5U 
Soll~tion : 1000 ml of 3Tercluic Chloride + 
Initial Concentration : 5 m g l  / 10 mg~l  ! 50 m g l  as Hg. 
PH : 6.U 
Temperature : 2 9 ' ~  

1 Time in ) Find concentration of Mercmy j Percentage removal of j 
i minutes ! m#l I Mercury i 
I I Initial I Initial I Initial I Initial 1 Initial i Initial i 
l I 

I I I I I l 
I I conc. I conc. ; conc. I conc. i conc. I conc. I 
I l 

5 ; 10 , l 

1 
I 51, i 5 1 1 0  I 5 0  l 

I I mgn 1 me4 1 me4 I met1 1 me4 I me9 I 
I 0 I 5.00 I 10.00 1 50.00 : 0.110 1 0.00 1 0.00 I 



TABLE YO : 14 

Adsorbent 
Solution 
Temperature 
pH 
Contact Time 

: 200 mg of Dowex - 50 
: 1000 ml of Mercwic Chloride 
: 2 9 ' ~  
: 6.0 
: l hr 

1 Initial Final conc. 1 3IiNgatn of mercury I In I In ?L 
I 

I Percentage I conc. of : of Hg. m g l  : adsorbed/gm of I I : Removal 
I Hg. mgtl ! Y* I Dowex-50? X I 

I l 
l 1 I 



TABLE NO : 25 

SOTLDTIOY KMF,TfCS OF MERCLTRY OY RXCE HUSK CA2RBOX 

-4dsorbent : 500 mg. Rice Husk Carbon 
Solution : l000 m1 Mercuric Chloride 
Initial Concentration : 5 m31 ! 10 m@ 1 50 mgfl its Rg. 
pH : 6.0 
Temperature : 29% 

] Time in : Wal concentration of Percentage removal of BXercu~ 1 - 
I Minutes I >%ercury, me1 1 i 

I i d  Initid Initial i Mtial / Initial 1 Initial 1 
I ! CORC. I conc. i conc. j conc. i cone. i conc. i 
I 
! 1 5 ;  I b j 5 0 ] 5 / 1 0 i  50 1 



TABLE NO : 26 

E Q ' C m I B m  CHARACTERISTICS OF ,MERCURY ON RICE HUSK CA.ElBON 

Adsorbent 
Soilition 
Temgmtwe 
?'H 
Contact Time 

: 500 mg of Rice Husk Carbon 
: l000 ml of Mercuric Chloride 
: 2 9 ' ~  
: 6.0 
: 1hr 

1 
- 

I conc. of ; of &. mgl  I mercury I ! i I ; R ~ ~ O V &  I I ~ g .  mgl i Y* j adsorbedlp of i ! i 
I l 

I f Rice husk carbon, I i ! ! I 
! j S 1 I ! 

i l . I 0.53 i 0.94 i -0.6348 i -0.0618 1 47.00 1 
1 2 ;  1.14 1.72 ( 0.1311) I 0.5423 i 43.01) 

j 5 3.00 1 4.00 / 1.0986 1 1.3862 1 40.00 1 
! l 0  6.23 1 7.14 1 1.3373 1 2.0063 1 37.20 1 



CAPACITY OF CMTOSAN ON .WSORPTIO?J OF METAL IONS 

Adsorbent : 2011 mg 0 . 3 m  size Chitosan 
Initial Concentration of solution : 5 mgA as Hg/Cd/Pb/ Cr 

1 Time in I Final concentration of mctd ions, m@l I 3mgt-om of metal ions ndsorbed/gm 
i 

i 
i minlltes 1 i of adsorbent I 
I 1 15.Iercm-y ! Cadmium 1 Lead 1 Chromium 1 BIerciuy ; Cadmium Lead ! Chromium 
I o I 5.0~1 i 5.00 I 5.00 5.00 j ii.00 0.00 I 0.00 I 0.00 
f, 5 1 1.90 i 2.50 f 3.34 1 8.46 1 15.50 1 11.00 1 8.30 f 7.70 1 



&IERCL%Y SORfTION ON DIFFERENT ADSORBENTS 

Adsorsent 
Soltltion 
Initial Concentration of NIerc~uy 
pH 

: Chitosan/Activated Curbon/Dowex-SO/Rice Husk Carbon 
: 10430 ml Mercmic CMo~ide 
: 5 mg l  asHe 
: 6.0 

Time in I Find concentration of Mercury l 
I bm~sun of Mercrrrly ndsorbed/gm 

minutes I l H€!, m@ l 
I of adsorbent 

I I 
1 

i Chitosun 1 Activatrd 1 Dowex-50 1 RiceIIusk i Chitosnn / Activated i Dowex-50 / RiceHusl. 
I / tL'0mg / carbon i 2OOrng 1 Carbon f I 1 Carbon i 

I ; Cwbon 



TABLE NO : 29 

EF_RECT OF COAGULANT 4'LOCCULANT DOSAGE 
0s PRECIPITATION OF 3IE:RCURl- 

Znitiai Concentration of solution : 51) mql as Mercury 
PH : 9.0 
S t M g  T h e  : 15&. 
Sodium Sulphide : 40 mql 
Ternyeratwe : 2 9 ' ~  

- 
I mgfl i eonc. ! Removal i ! 



TABLE NO : 30 

EFFECT OF pH ON PRECIPITATION OF R'IERCXJRY 

Initial concentration : 50 net1 s s  Merciuy 
Stirring Time : 15 min. 
Temperatiwe : 2 9 ' ~  
Sodiim Sulphide : 40m@ 
I'olyclectrol~ytvto (Chitosan) : 2 mgl  
Congllant (TeC13) : 100 m@- 

I Mtial l F'inal concentration, mg/l ! Percentage Removai l 

p I l 

I 
f 

] Without i With I With With Without With I With 1 

I i congulnnt / FeCI3 ! Chitosan / FeC13 dk 1 coanllant. 1 FeCl3 ! Chitosnn FeC13 & 
I &polyele- l / chitosm i &~Pol~eie- i l 

I l i 
1 / Chitosan / 

! 1 ctrolyte 1 i i 1 ctroll-te 
1 7.5 1 2.62 1 1.25 j 1 . 0  1 0.86 1 94.76 197.50 j 97.80 ! 98.28 



TABLE NO : 31 

EFFElCT OF pH ON PRECIPITATION OF &IEIRCUREE 

hi t id  concentration : 10 mwl as iV1erclu-y 
Stbling Time : 15 mts. 
Temp eratwe : 29% 
Sodium Sulphide : S mg/l 
Polyelectrolq-te (Chitoson) : 2 mg4 
Coragdnnt (FeC!3) : 100 mu1 

Tma: concentration , mgA 1 Percentage Xemovd 
l 

i j Without / With I With i With j Withorrt / With i With With i 
I coagulant FeC13 i Chitosan 1 FeC13 & coagulant i FeC13 / Chitosan FeC13 & I 
I i i i CMOSIUI i C14itosm j &Polyelo I 

! 
! ! ctrolyte j i ) ctrolyte I 1 ! 
1 7.5 / 1.26 i 0.96 / 0.75 i 0.63 i 87.40 j 90.40 1 92.50 93.70 i 
I 8.0 ? 0.66 1 0.43 I 0.22 i 0.12 1 93.40 1 95.70 1 97.80 1 98.80 

8.5 I 0.45 ] 0.30 1 0.14 0.086 ' 1 95.50 1 37.08 j 98.60 1 99.14 / 9.0 1 (1.38 10.28 1 0.12 OJS3 1 96.2(1 197.291 98.80 j 99.17 
1 9.5 i 0.38 j 0.2s / 11.12 i 0 . 0 ~ 3  j 96.20 i 97.20 i 98.80 i 99.17 l 
1 10.0 1 0.38 1 0 . 2 8  / 0.12 / 0.083 1 96.20 197.201 98.80 99.17 1 



TABLE NO : 32 

EFFECT O F  CONCENTRATION ON PRECIPITATION O F  NERCZTRZT 

PH : 9.0 
Stiwing TIme : 15 min 
Temperature : 29% 
301yelectrolyte (Cfiitosm) : 2 mg/l 
C o a ~ d a n t  (FeC13) : 101) me/l 
Sodi~un Sulphide : 10090 Excess of Stoichiomet.ric Reqriirement 

/ ~ t i a l  ! Find concentration, mg/l as Hg j Percentage Removd 
I Conc. l 

l 
! 
! 

Initial Without 1 With With ; With 1 Without i With 1 With / With 1 Conr. coagulant 1 FeCl3 1 Chitorm 1 FrCl3 S 1 coagulant Chilorsn l FrCl3 
1 m@ as ! kpolyete 1 ~g 1 -ctrolyte ! l 

Chitosan [ &Polyele , 
i ctrolyte I 

I B  
I Chitosan ' 5.0 / V.29 I 0.20 i 0.080 / 0.05 / 94.80 / 95.60/ 98.28 i 99.00 

0.38 0.28 1 0.12 1 0.083 1 96.20 
I 1 10.0 1 1 97.20 1 98.80 99.17 

20.0 1 0.56 1 0.38 1 0.16 f 0.12 1 97.20 j 98.10; 99.10 99.40 1 50.0 ! 0.96 1 0 . 4 0  l 0.22 j 0.185 l 98.08 ! 99.20! 99.56 ! 99.63 
1 100.0 1.28 / 0.53 i 0.33 i 0.22 98.72 i 99.47 / 99.64 1 99.78 ] 



TABLE NO : 33 

Initid concent~xition of 3Xercrn-i~ CMoiideSo~~it.ion : 50 m@ 
?H : 9.0 
Sodium Sulphide : 4Urngl 
Coagulant (Fenic Chlo~ide) : 106 mg13 
Pc!yelect.rolyte (chit osm) : 2 mgll 

Timein lleigl~t of Sludge Line, cm l I 
! &.ntes 1 1 
i i 

i 
Witho!~t- ! with FeCD ! With i Wth FeC13 ! 

! I 
I i coaeuiant& I i Chitosan I & Chitosm I 



E=CT OF CCAG'L%.tYT /FLOCCI,ZZQ'IT DOSAGE ON 
P-rlECPJTATLON OF CAD-MlIilM 

Mt!d cnncent-r~tion : 50 ng.4 as Ceddim 
pH : 11 
St in ing  Time : 15min. 
Temperatwe : 2 9 ' ~  

I I 1 
I Coagidaat (Feilf c CMoiide) l 

Pobdecti-GIJ-t e (Chit osaa) 
Dosnge ngq fl Pia!  conc. ) 94 Renzow! Dosnge ) f i d  conc. 1 4 Remova! I 

i 1 mg/1 j /l l my1 j 
I 0 0.003 99.994 1 0 1 0.003 i 99.994 1 

I SO 1 0.0025 f 99.995 ] 0.50 0.002 1 09.996 
100 I j 0.002 99.996 ! 1.00 j 0.0015 1 99.997 1 

I 150 i 0.002 99.996 i 2.00 j (1.fl81 99.998 1 
i 200 / 0.002 1 99.996 1 2 5 0  0.001 1 99.998 1 



Initial concentration : 50 mgil as Cadmium 
S t i g  T h e  : IS*. 
Temperature : 2g3c 
Poiyelectroiyke (Chitosm) : 2 m@ 
Coagulant (Fenic  CMoride) : 100 mgfl 

f Initial Final concentration as Cd, mgll ! Percentage Removal 
!?H i i 
r 
i ! ! Without I With 1 With j With ! Without i With 1 with With 
I 
i i coagdant / FeC13 I Chitosan i FeC13 & crtaguinnt I FeC13 j CNtosm I FeCl3 & 

i i I Chitosan ! & I i & I  I 1 
i I ~hit0sE.n 

i i polyele- i I i l polyels 1 1 i 
I i i 1 l 1 

i ctrolyte 1 I ctrolyte l 



TABLE NO : 36 

Initial concentration : 10 mg4 as Cadmiiun 
Stirring Time : 15min. 
Temperature : 2 9 ' ~  
Polydectrolqte (Chitosm) : 2 mg/l 
Coagulant (Fenic Chloiide) : 100rng,4 

* 
Final concentration mgA l 

l Percentage Removal 
I 

I I 'CVithont ; With i With ; With Without 1 With i With i With 
1 I coagulant 1 FeC13 I Chitosan 1 FeC13 & / coagulant / Fee13 / Chitosan 1 FeCl3 & 
I d: poiyele- j ! I CXtosm & polyele- j I 

I I 
I Chitosan 

I trolyte 1 I i I trolyte I I I 

! 8.5 6.75 ; 5.46 1 4.80 4.62 i 32.50 i JS.4o ! 52.00 I 53.80 
1 9.0 3.60 2.05 1 1.66 1.44 64.00 79.50 1 83.40 1 85.60 
i 9.5 1 1-58 ] 11.63 1 0.46 1 (1.33 1 8 4 . 2 ~  1 93.70 1 95.40 1 96.70 
/ 10.9 ! O.Ql5 I 9.01 0.006 I 0.003 99.83 1 99.90 99.94 j 99.97 

10.5 i 0.11118 L.II114 0.1102 j 0.001 99.92 1 99.96 1 99.98 j 99.999 
i 
i 11.0 0.0025 1 0.002 1 0.001 0.00 1 99.975 1 99.98 1 99.999 1 100.00 
! 1ZQ I Q.Cfl25 1 o.002 (I.OCl 1 C.00 1 99.975 i 99.98 1 99.999 lC0.01) 



pH : 11.00 
Sti~ring Time : 15min. 
Temperature : 2 9 ' ~  
Polye!ectrol-yte (Chitosan) : 2 ng4 
Coagulant (Ferric Chloride ) : 100 m@ 

. -- 

! bitid 1 Fhal concentration m31 i Percentage Removal i 
1 I I 
i conc . i i i 
!mg I I 

I withod / i t  1 \w:a w7irrout i t  with ; t / 
1 ! cc?agdmt ! FeCl3 I Chit05an i FeC13 LYZ ) c~apdalrt ! F&!3 i Chit~san ! FeC13 dk ! 
i I I 
i 1 & yoiyeie- i I I Chitosan 1 & polyei* I i 1 Chitosan 



TABLE X 0  : 38 

SETTLEA%ILITY OF PRECIPITATED SLUDGZ 

! 
I Effect of Height of Sludge Line , cm I 
! czbiiosan ! i 
1 Timein l Without i With With I With 
i minutes I cormdant i P ~ C U  ~hitosan FeCii B 1 
i 61 polyele- i I 
i i i I CFitosan / 
I I ctrdyte 1 I I 



TABLE NO : 39 

EFFECT OF C O A G L W T  / B T B C C U N T  DOSAGE Olu 
PIZECIPITATIOX OF LZAD 

Mtial Concentration 

Stirring Time 
T emperatwe 

Coaguihnt @emc Chi01ide ) Polyelectrofyte j Cfiitosan) 1 

j 2osnge [ Find ! 16 Dosage j ~ n d  I 
i ng4 i cmc. i Removal i =g11 i cmc. r Re~nvs! j 
i I I I I I 

i i mdl i i 1 m d l  i 



TABLE NO : 40 

EFFECT OF p E  O_N PRECIPITATIOIV OF LEAD 

L!tial co??centration 
Stirring Time 
Temperature 
Pclyelectro!yte (Chitcsm.) 
Coagulant (,Ferric Chloride) 

: 50 mg4 as Lead 
: 15 min. 
: 29Oc 
: 2 rcg4 
: 150 mgl  

i hitid ! Fi!d ccncentmtiofi , Pb nrgl i Percentage l i e ~ c v d  i 
jpEX 1 ! f 
i ! ' 3Vit?xout i With With / With 1Tithout i Wifi ' With j 
i I coogbnt ; FeCn j Chitosan FeC.3 rG coogulniit / FeC13 i CMtosnn j FeC.3 91 j j ! 

I & 1 I i Chitecan j & ?obel.~19 j i 
i 

i Chitesan i 
i ! ! ! I 1 i p~iyd* I 1 1 c t r o i p  I ! 1 i 



TABLE NO : 4 1  

EFFECT OF pH O_N ,PRECPITATIO_N OF LEAD 

Initid concentration : l@ mg4 as Lead 
Stining Time : 15min. 
Temperature : 2 8 ' ~  
Po!ydettro!?lte (Chitcsan) : 2 ng4 
Coagulant [Pemc Chloride) : 150 mu1 

I Initial l ccmce~tratkn, Pb m@ 1 Perce~t age Remova! 
i DH I I 
I 

I 
I 

i I FYithout IYithI With / With I IVthout 1 With I W i h  I ITith f 
I i 

l ' coagdant / FeCU 1 Ckiit~san .eC3 & coagulant I FeCl3 i C?litosan I FeC!3 (G , 
i i & pclyele- i I 
t I I I 1 Zhitesan 1 a pe!ye!+ i i I I Chiteran 
I I ctroiyte I I I 1 rtroiyte 1 I I 

I 
1 

1 7.5 1 6.65 1 6.20 1 5.50 1 4.86 i 33.50 ; 33.00 / 45.00 / 51.40 ' 
] 8.9 1 3.36 1 3.30 / 2 7 0  2.56 I 61.49 67.00 1 73.00 71.40 
! 8.5 1 1.88 1 1.64 1 1.40 1 1.10 i 86.20 j 83.6(r ! 86.n0 j 89.00 1 i 9.0 1 0.93 i 0.76 i 0.50 i 0.40 i 9u.7u j 92-40 i Y S . U ~  i 96.00 i 
; 9.5 1 0.75 10.58 1 0.40 1 0.33 92.50 194.201 96-60 1 96-70 r 



TABLE NO : 42 

EmCT OF CONCEIUTRATIO_N OF LEAD 



Initial concentration of Lead hitrate Solution : 56 mgA as Pb 
PE : 9.5 
Coeg~Jant Fexric Cliloride) : 150 ngA 
Polyelectrolyte [Chitosan) : 2mg/l 

/ Timein IIeight of Sludge Line. cm 1 

i 
! minutes f 

! I i ceagulant i cnaydmt i pslycle- rea~dant ! 
I I poiyele- 1 i ctroiyte ; and poiyeie 1 
i I ctro!y%e I 1 : ctro!jte j 



Reduction pH 
Precipitation p13 

Time h j hitid coric . : 50 ng;l 1 Initial c ~ n c .  : ICmgl 
i &utes i Perroas Sulphate : l@@@ mg! j Ferroas Sulphate : 260n~;/1 I 
I 
i 

i Final coec. i Percentage ! ffid conc. i Percentage 
i I 

i i m& as Cr. i Removai 1 mgtl as Cr f Removai I 
i c ;  sn.oo I I c 10.00 !, 0 ! 

I 5 1  2.65 ! 94.70 ! 1.26 i 8?.4C! 1 



Tleaction the 
Precipitation pH 

i Initiui pH : Initial conc. : 50 mgd 1 Initid conc. : 10 my1 1 
i 
i I Ferrous Sdphate : :@CO mg4 l F e ~ ~ o u s  Sulphate : ZfiC m g q  
i I l i 
! I Final conc. of I Percentage I Find conc. of I Percentage I 
! I Cr. r n d  I 
I ; Conversion 1 Cr, mu1 I Conversion f 
1 4.0 I 3.10 ! 93.50 I 1.10 86.aO i 
j 3.5 2.20 I 95.60 I 0.36 ! 99.40 ! 
i 3.0 I 1.30 i 97.40 I 0.62 I 93.80 ! 
1 2.5 l. 15 

I I I 

I 97.70 i 0.33 I 9 6.7U I 
1 2 . 0  1.15 ! 07.70 ! 0.33 ! 96.70 j 
f 1.5 ! l. 15 ! 97.?0 I 0.33 I 96.79 ! 



TABLE NO : 46 

pH @f Rednction reaction : 2.50 
Reduction Reaction time : 20 minutes 
Precipitation pH : 8.5 

I Initia! conc. : 50 m&'? I 

l l 
kitid conc : Z0 mg4 1 

! i 
i 
! 

i Dosage of I Final i i Dosage of Final j / i 
i / FeSG4.i H20 conc.of I ilunovd j FeSO4.7 H20 I conc.of Rmovai I 

! mgt? ; Cr. mg4 1 ng9 Cr.mg? ! 

1 13.40 1 7 3 . 3  j ! dC!C! l(!@ I 2.46 ! ?5.40 I 
i 600 i 10.65 i 78.71) i 125 i 1.90 i 81.Cll) i 
i 
i 800 1 4.20 1 96.40 j 150 1 1.10 / 85.66 1 
! 90C I 1.80 I 96.40 ] 175 I 0.50 ! 95.89 ! 

1080 1 1 5  i 9?.7(! ! 20(! ; 0.33 j 96.70 1 
i 1100 I 1.15 i 97.71) / 225 1 0.33 i 96-71] 

l200 i I 1.15 97.70 I 250 1 0.33 1 56.70 ! 



bi?iel Concentraticm : 50 mg.4 
Reduction Reaction pH : 2 5  
Xeduction Reaction Time : 20mh. 
Ferrocs Sdp3ate : 2000mg/! 
Poiyelectroi-yte ichitosan) : 2 mgA 
Tempmature : 2 9 ' ~  

j Initial pH ) Find concentration, m@ ' I Percentage iiemovd I 
! I 
i 
i 

1 i 

! Withcut j With j W f i h ~ ~ ~ t  i i With i 
I 
l I 7.5 i 2.10 1.80 1 95.80 : 96.40 I 

1 8.0 1.26 1 6.75 ] 97.48 1 98.58 I 

! 8.5 I 1-15 i @.JO i 97.70 l 99.0e i 
I 9.0 1.15 i , 0.50 i 97.70 i 99.00 i 
1 9.5 I I 1.30 1 0.63 1 97.40 I 98.74 ! 
j lC.G 1.40 ! I.IC 37.20 f 37.53 I 

f lC.5 1 2.90 r 2.40 i 94.20 1 95.20 j I 
i 1l.u ; 6.20 I 5.60 f 87.60 88.80 i 



Initia! Concentration 
Reduction Reaction pH 
Reduction Reaction Time 
Ferrozs Sd?hate 
Polyeiectrolyte [Chitosan) 
Temperature 

I 

! xiid pH 1 
J 
I 

I Phd concentration, mg? I Percentage Xemovd ; 
1 1 i i 
i i Withntlt I With i Witheut i With i 
I 
i Chiiosan I Chirosan I Chitosan j Chitosan I 
I 
i 7.5 ! 0.56 1 0.38 1 94.40 1 96.20 

j 3.0 i 0.43 ! 0.24 i 36.00 1 97.60 1 
i 8.5 I 0.33 i 0.20 ! 96.70 i 9s.00 I 

I l 

i 9.0 
l , 

I 0.33 I ir.20 i 96.70 i 98.00 [ 
I 
i 9.5 1 0.40 I 0.26 / 96.00 1 9'7.40 i 
! 10.0 j 0.55 0.35 ! 91.5CI 1 76.50 1 



TABLE NO : 49 

ELTFECT OF CONCESTXATIOY ON PRECIPITATION 
OF m o - m  

Reduction p H  
Reduction Reaction Time 
Precipitation pH 

: 2.5 
: 20 min. 
: 8.5 

i 1 
i Initid : End concenka~on, mgJ j ?ercentage i 
j cenc. mzil 1 I i 

i I Withsat I With I Withsnt I With i 
I i i 

i Chi=osan Chitosan i Chitosan I Chitosan 



X t i d  concent.rrrtion o; Potassium Chromate Solution : 50 mg'l 
?E! : 8.5 
Polyelectrolyte (chitosanj : 2m@ 

I Time in minutes i Heidt of Sludge Line. cm 
1 

i 
I : without poiyeiectroi-yte 1 With po jeiectroiyte l 



TABLE NO : 51 

Ssmpie : Combined effluent from Pulp & Paper lMiu 
(Hindustan News Print Ltd.. Velloor, KoUayam) 

Reagent : 600 m@ Femc Alum. 

I Parameters l 

1 Characteristics of Combined Effluent 1 
I 
! Raw I Treated Effluent : Treated Effluent with I 
I j Effluent without Chitosan. Chitosan. 2 m.$l I 

pH I 8.2 I ?.O I ?.O I 
j Colour PLCO Units 3500 120 t 80 
I BOD. m@ l l I 

I 486 I 210 i 196 
COD, mall I I450 I , 450 f 

l 
475 I 

1 Suspended Solids. m ~ ~ l  ! 11-200 I 85 I 4 O t 
I Mercury, mwl i 0.002 I 0.04)16 I Nil 



TABLE YO : 52 

EE'FECT OF CHXTOSAV ON SETTLEmmTY OF PRECIPITATED 
SLLDGE FROM PAPER MILL EF'F'LIENT 

Timeinminutes 1 Height of Sludgeline, cm I 
I I Without Chitosan / With 2 mm1 Chitosan 1 
! 0 16.00 I I 16.00 l 



TREATABILITY STUDY OF TANNERY EFFLUENT 

Sumpie : Combined Efflaent from Tannery 
(Kinadi Tanneries Ltd, Development Area, Edayar, Aluva) 

1 
1 P slrruneters Chmiicte~istics of Combined Effluent I 
I 
I / Raw Effluent ( Treated Effluent I Treated Effluent with I 
i 
! 
l 

j ~ i t h o a t  1 Chitosnn 
! c~~~~~~~ i 

I p~ I 9.0 I 8.5 i 5.5 
I 

j Suspended Solids m g l  1 1630 f 94.0 3 3 
I ROD, mg/l 1 2550 1 1350 1 1340 
1 COD, mc!'l ! 4680 I 1611) 1 1550 
crL' i 56.50 i 1.56 1 1 

I 
0.63 

/ Rate of Settling ---- l Good Vctly fast 1 



TABLE NO : 54 

EFFECT OF CHIT0S.L.X OX SETTI33.amTY OF PRECIPITATED 
SLUDGE FROM TANNERY EFFL~-NT 

/ Time in minutes I Height of Sludge line, cm 
I l 
l 

I Without Chitosm i \.\'&h 2 mq'l Chitosan ] 
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F IG  SOR P T  ION KINETICS OF H g / ~ d / ~ b / ~ r .  ON CHITOSAN 

1 Init ial conc  0.5 mg/l 

I I l I I I I 

- 

Adsor b e n t  200mg .. ch itosan 

I 

0 M e r c u r y  

Cadmium 

A Chromium 





FI  G SORPTION KINETICS OF H ~ / c ~ / P ~ / c ~ .  ON CHITOSAN 
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SORPTION KINETICS OF MERCURY ON CHITOSAN 
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FIG 
7 

SORPTlON KINETKS OF LEAD ON CHITOSAN 

EFFECT OF IN IT IAL  CONC. 
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F IG FIRST ORDER REVERSIB LE KINETIC 
9 FTT OF MERCURY SORPTION O N C H I T W  
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FIG FIRST ORDER REVERSIBLE KINETIC FIT OF 
10 CADMIUM SORPT ION ON CHlTOSAN 
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F IG 
I I 

FIRST ORDER KINETIC FIT OF LEAD 
SORPTION ON CHITOSAN. P b- 5 mg/l 
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EFFECT OF PARTICLE SIZE O F  CHITOSAN ON 

ADSORPTION OF MERCURY 

I 
I 

l 

1 I I 

Adsorbent: MO mg ch itosan 
lniticl c o n G  md[. PH. 6 

- 

- 

- 

I I 



\ 

J 

/ 

% 

F I G  
I 4 

T i m e  i n  minutes 

C . 

EFFECT OF PARTICLE SIZE OF C H I T O S A N  oNI  
ADSOR PT I O N  OF CA,DMIUM 

I I I 1 I 

- 

- 

- 

- 

d L  

- 

I 

Adsorbent 200 mg c h itosan 
Initial C O  nc-5mg. PH: 6 

- 
0 1 i,,,,,q CSu=. 

0 0 . 3 m w  QI . 8 
, A 1 - 0  mm @$p. 

I 

e 

V 

l\ 

A 

- 

A 

\ 

I >  r\ 

1 T I I 
0 2 0 30 4 0 5 0 6 0 7 0 





d 

4 

6.0 

- 0 . I  M&/& 

0- 63 a- - a- 
6 - 4 .  0 a m .  d&, 

Adsorbent: 200 mgchitom - 
Initial conc 5 mg/l 

U 
C 

- 

d 

U \ 

C - . - 
L!- 

- - 
I 

- 

0 I l l I I l 1 

0 
. 

10 20 3 0 L0 50 60 7 0 
\ T i m e  i n m i n u t e  : 

i 

F I G  
16 

" I 

- 

EFFECT O F  P A R T I C L E  SIZE OF CHITOSAN ON 

ADSORPTION OF CHROMIUM 

I I I l 1 % 

- 



OF MERCURY 

6.0 

5 0 

4 o 

t 3.0 
-T: 

m 
E 

2.0 
U 

d 

5 
t . - 
U- 1.0 

0 

Time i n  m i n u t e  - 

A 





4 

EFFECT OF TEMPERAT M E  ON ADSORPTfON 

0 I 0  ?O , $0 - 40 50 60 70 

Time in  minutes -+ 

i 

m 

L 





F 

5 

F IG 
2 1 

- 

FIRST ORDER REVERSJB LE K INETIC FIT 

OF MERCURY SORPTION AT DIFFERENT TEMP 

- 

- 
t 4  

- 
2 4 

I 

I 

0 

u 0  3 
I 
0 

Q <  
0 

I 

- 

- 

. 
50 60 

U 
C 

2 

1 

- 

TIME IN MINUTE 

5 . 1  -. l 

I I I I 
0 10 20 3 0 4 0 



FIG TEMPERATURE DEPENDENCY OF 
22 MERCURY SORPTION ON CHITOSAN 

I I 

Hg: 5mgh - - 
sloper2.6774 I xlO 3 

2.2 . 

- 

t 
2.0 

- 
Y 

- 

S 
1.8 

- - 

1.6 

- 

I .L 1 I I I 
3.0 3.1 3.2 3.3 3 .L 3.5 

+ X  1 i 3 ,  K +  



> 

F I G  EFFECT O F  P H  0 ADSORPTION 
23 

3.0 I I I I 

- I l I 

- 
Adsorbent 200mg ch itosan 

2.5 . 
In1 t ial conc-5mgIl 

t/ 

0 MERCURY 
CADMIUM - 

o LEAD 

2.0 
a CHROMIUM 

- - 

1.5 
l 

h L ,  - 

1.0 ., 
LJ 

- - 
b 

0.5 

P; 

0 
5 6 3 4 7 8 9 10 





7 -  2 0 -  
ui 
I 

16 
d - 
m 
E 

. 12 U 
c 
0 
U 

E 
3 . - 
L 

n . - 
d . - 
3 
U 

LLJ 
L 

* > 

0 L0 80 12 0 1 6 0  2 GO 2'4 0 

X-mg. of M e r c u r y  adsorbed/g m o f  ch i tosan - 

F IG 
2 5 

' 

- 

- 

- 

o + =  I -  

- 
EQUILIBRIUM C H A R A C T E R  l S T  l C S  OF 

CH1 TOSAN AGAINST MERCURY 

I I 

/ 0 I I I 

I 

- 

- 

I 

I 

- 

- 



- 

2 0 I I I I I I 

- - 

D 
0 

- - 

5: * - - 

- 

- 

I 
Q 

i 

L0 8 0 120 160 200 210 

X -  mg,of c a d m i u m  a d s o r b e d  

gm. of chi tosan 

1'7 6 
., 

FIG 
2 6 

EQUILIBRIUM CHARACT ERISTICS OF 

CHITOSAN AGAINST CADMIUM 



i 

9 

20 

F1 G 
' 27 

I 

- 

i 

+ 

EQUILIBRIUM CHARACTERISTCS OF 

CHITOSAN AGAINST LEAD 

d 16 

l 

. 

I I 

. L? 
a 

12 
.I 

d 

\ 
0, 

E 
- 

k > 8 

- 

r, 

0 ' 

- 

- 

- 

- 

I 

I 

0 4 0 80 120 160 200 240 

X - mg of Lead adsorbed - 
gm of c h i t o s a n  

b 

7 r,' 

I 

- 



C 

F I G  EQUILIBRIUM CHARACTERISTICS OF 
2 8  CHITOSAN AGAINST CHROMIUM 

I I I I I l 

I 

/ 

I 1 I 





6 .  

4 ,  

r 

F IG. 
30 

I 

- 

FREUkDLICH I S O T H E R M  FOR 

CADM l l lM SORPTION ON CHITOSAN 

- 
t X > 
C 
d 

- 

I I I 

- 

2 

- 

I 

- 

- 

I 4 

10 12 

n = 1.43 

m = 0.01 

Ln X - +  

- 

-6 
0 ' 2 4 6 8 

I' 

- 

2 I I I I 



- 

F R E U N D L I C H  I S O T H E R M  FOR 

3 1 LEAD SORPTION ON CHITOSAN 





t 
5 

- 

F I G 
3 3 

I 

- 

m 
I - L 1 
cn 
E 

C 

U 
Z 
O 3 
U 

J 
6 
z 
L 2 

1 

0 10 20 3 0 L0 50 60 

TIME IN MINUTE - 

SORPTION KINETICS OF MERCURY 

ON ACTIVATED CARBON & RICE HUSK CARBON 

I In i t ia l  conc, 5mg/ l  as Hg 

Weight o f  adsorbent 500rnd~ 
PH: 6. 

- 

C I  

- 

a Activated carbon a. 

I 

- 

I I 

- 
I 

o R iceh usk carbon 
- 

I I 

I I 

- 

I I 1 I 

- 

I 





# 

F IG  
3 5 

SORPTKIN KINETICS OF 

MERCURY ON ACTIVATED CARBON &RIC€HUSK CARBON 

I I I l I 

- 
I n i t i a l  conc 50mg/[ as Hg 

t 
501 Weig h t  of adsorbent 500 mg/l 

PH: 6 . Temp: 290 C .  - 
'3 
X 

40 a 

< 
F - 

- 
0 30 - z 
0 
U - 
-1 
Q: 
z 20 - 
L 

10 

- 

- 

I 

Activated carbon 

o Rice husk carbon 

0 10 2 0 3 0 40 50  60 

TlME IN MINUTE .- 

J S 

- 

- 

I I I I 





C 

l - lo 
C3 
LLI c 

0 8  rx 

(71 

I 
U 

0 6  
z 
0 
l- 
0 

2 
L 04 

- - 

0 2  

- 

I 
0 10 20 30 40 5 0 60 

TIME IN MINUTE , 

FIG 
3 7 

- 

- 

- 

SORPTION KINETICS OF MERCURY ON RICEHUSK CARBON 

EFFECT OF INITIAL CONC. 

I I I l 

o I n i t i a l  conc, 5 mg/l 

e I n i t i a l  conc, 10 mg/l  
A I n i t i a l  conc,  50 mg/[ 

- 

- 

I I 

- 





F I G  F REUNDLICH ISOTHERM FOR 
39 M ERCURY SORPTION ON ACTIVATEDCARBON 

I I I i l 

- - 

- 

- 

- - 

- 
n = 1.125 

m = 0.212 

- 

G 1 I I I * 



TIME IN MINUTE - 

50 

En 
I 
m 
0 

30 
U 
Z 
0 
o 
J 
a 20 
z - 
LL 

I0 

FIG 
L 0 

I 

- 

- 

SORPTION KlNETrCS OF MERCURY ON DOWEX-50 

I 

' 

L 

=% ,, Y 

- 
I. 

LoL 
- 

L 

Ah 
Ah n 

A 

\, 

- 

- 

1 b  

I 

I 

- 

- 

,, 

- 

- 

o %mg/\ asHg 

10 m d l  as ~g 
A 5 mg/l asHg 

0 10 20 30 40 50 60 

190 

- -7 

I 1 I 
-- 

I 

L 1 

I 
LI Y 

I 

Ini t ial  conc 50/10/5 mg I as Hg 

Adsorbent : 200 mgDowex-SO 

PH: 6 .  Temp:  2 9 " ~  

I 

- 
I 





FIG EQUILIBRIUM CHARACTERISTICS OF MERCURY 
L2  SORPTION ON DOWEX - 50 

I I I I 

1 I I I 



* 

F1 G FREUNDLICH ISOTHERM FOR MERCURY 
4 3  SOR PTlON ON DOWEX- 5 0 

4 I 1 I I I I 

- 

3 

- 

2 F 

t - 
X 

- 
> 

C I 
d 

- - 

0 
n = 1.157 

- - 
m = 0.1495 

0 

- 1 

- 

-2 1 I l I 

I 2 3 4 5 6 

In X - 
1 0 2  



I" 
ul 
0 

d 

1 

L0 
U 
z 
0 
U 

2 30 
3 - 
L1: 
m 
2 
3 

S 20 

%- 

to 

0 10 20 30 40 50 GO 

-, X = mg of Hg adsorbed 
gm r ice husk car b n  

FIG EQU ILBRIUM CHARACTERISTICS OF MERCURY 

4 4 SORPTION ON RICE HUSK CARBON 

I I I i I I 

- - 

- 

/ 

- 

- 

- 

I I I 



FREUNDLICH ISOTHERM FOR 

I I I I I I 



t 
2 5 

C 

8 
0 

20 
C 
U 

E 
m 

' v1 15 
C 
0 .- 
d 

0 
V 

E 10 
CL 
0 

m 
E 

5 

0 
0 10 2 0 30 40 50 60 

TIME IN MINUTE 

J 

F TG 
L 6 

I 

- 

CAPACTTY OF CHITOSAN ON 

ADSORPTION OF METAL IONS 

1 I I I 

- 



J 

t 
U 

C 
W 
n 
o L 25 
V) 
U 
0 

+ 
0 

E 
En 2 0 
\ 
D 
Q) 
n 
L 
0 
V) 15 
-U 
0 

0 - l  
X ..- 
0 

10 
m 
E 

5 

0 I0 20 3 0 L 0 50 60 

TIME IN MINUTE + 

FIG 
4 7  

- 

- 

(t 

- 

MERCURY SORPTION ON DIFFERENT ADSORBENTS. 
t N  lT lAL CONC OF Hg 5 m g f l .  PH: 6 

I I 

C, h i  tosan 
o Dowex 50 
A Activated carbon 
o Rice husk carbon 

l I 

- 

- 

t I 
- 

d. 4, 



L 

F IG 
48 

EFFECT OF PH  ON PREClPrTATlON OF MERCURY 

INITIAL CONC 50 mg/l  as Hg 

- 

Without coagulant & polyelec trolyte 

X With Fecl, 100mg/l 
- 

, Wi th  chitosan 2mg/ l  

With Fecl, & chitosan - - 
v 
Z 

- 

0 
1.5 

- 

7.0 7.5 813 8.5 9.0 95 10.0 105 

p H  





INITIAL CONC , mg/L Hg 











FIG 
5 5 

SET TLEABILITY OF PRECIPITATED SLUDGE 

CADMIUM 

- 

- 

U - A W i t h  Fec13. . - 
0 W i t h  Chitosan 

Without Fecl,&Ch itosan 
aJ 
0 
U 
3 - - 

- 

- 

0 2 6 8 10 - 12 16 

T ime In minute - 
a 





4.0 

EFFECT OF P H  ON PRECIPITATION OF LEAD 

INITIAL CONC 10 mg/ l  as Pb 
3.5 

- 
Q Without coagulant R polye tectroly te 

3.0 a Wi fh  Fecl, 150mg l l  

o W i t h  ch i tosan 2 mg/l - 
8 With Fec13 & chitosan 

2.5 

t - 
-r: 

2.0 E 
.. 

U 
Z 
0 
v 
-1 

1.5 
Q z 
U 

1.0 

0 5 

- 

0 
8.0 8.5 9.0 9.5 1013 1C-5 11.0 

pH L 



100 

t 

U Without coagulant& polyelectrolytc! 

A With Fecl,. 150 mg/l - 

, o With chitosan 2 mgh 
e With chitosan 8 FeclJ 

- 

9 0 ~  
I I 1 I I 

20 L0 GO Kl 100 

INITIAL CONC, mg/l . ,  

F I G 
5 8  

- 

- 

+ 

EFFECT OF CONC ON PRECIPITATION OF 

L E A D  

I I I I 



* 

F I G  
59 

, 

SETT LE ABILITY OF PRECIPITATED SLUDGE 
L E A D  

- 

- 
4 b  

0 I I I 1 I I I 
0 2 1 6 8 10 12 I4 16 

4 

Time in minute 

N 











t 

F I G EFFECT OF CHITOSAN ON SETTLEABILITY OF SLUDGE 
64 . FROM PAPER MILL EFFLUENT 

I I l I I I 1 

- 

1 L 

0 Without chitosan - 
With chitosan 

- 

- 

I- 

- 

- - 
W 

2 

0 
0 2 4 6 8 10 12 I 4 16 

TIME IN MINUTE - 
i 

- 

I I I I I I 1 

- 

I 



J 

2 

FIG EFFECT OF CHITOSAN ON SETTLEABILITY OF PREC[PITATEDKUEE 
6 5 FROM TANNERY EFFLUENT 

I 

- 

o Without  chitosan - 
With chitosan2rn$ 

- 

Z - - 
LIJ - 

LIJ 

- 

0 
l- 
I - 
Q 

- 

- - 
2 

0- 
0 2 4 6 8 10 12 14 16 

TIME IN MINUTE - 
- 

I I I I I I I 

W 

I 

- 



ANNEXURES 



25- 

PRAWN A N D  PRAWN SHEL 



I d H I T O S L  FLAKES . 
- 



CHITOSAN- DIFFERENT G R A I N  S I Z E S  





r 
TREATABILITY STUDIES PUEP AND P - 





HEALTH EFFECTS OF MERCURY,CHROMIUM LEAD AND CADfiIUfl - - %  

. .  . . . - - -'. . - r 

i 1 flercury: The toxicity of mercury varies greatly 

with its chemical form. Thus monovalent mercury is 

quite nontoxic due to the low solubility of its salts. 

However, tissues and erythrocytes can oxidize monoval ent 

mercury to highly toxic divalent mercury. Organic 

mercurials are also highly toxic. 

Acute mercury poisoning can result from inhalatin of 

inorganic mercury at concent.ration from 1,200 to 8,500 

micro gram per cu.meter. The kidneys and intestinal 

tract. are primari ly invol ved, Sympt.am5 are metal l ic 

taste, nausea, abdnominal pain, vomiting, diarrhea, 

headache, salivation and anuria. The stomach, gums and 

sal ivary g1 ands may become inf lamed. Acute exposure to 

elemental mercury can also cause pulmonary irritation 

and neural damage. Chronic symptoms such as muscular 

tremor persist in some cases. Extreme cases may lead to 

homlysis, insomania, delirium and ultimate death from 

exhaustion. Inge~t.ion of l.@ t.o 2 gms mercuric chloride 



is frequently fat.al to human beings. Inhalation of 

alkyl mercury can produce dryness and irritation in the 

nasopharynx and mouth. Alkyl mercury poisoning have 

caused permanent neurological damage resulting in 

impaired vision and hearing, sensory loss in limbs, 

ataxia and tremor. Fatal nerve tissue may be especially 

sensitive to methyl mercury. 

i i. Cadmium:- Health problems frnm cadmium were 

suddenly brought into focus when high cadmium intake was 

indentified as the probable cause of the terrible itai 

itai* disease. T h i ~  disea~e, really poisoning, result.ed 

in gross deformities, pain as bones snapped under weight 

of the body. 

Cadmium can enter the body by two routes, by inhalation 

into the respiratry sytem and by ingestion into the 

gastro-intestinal tract. About 20-30% of inhaled 

cadmium is deposited on the lung tissue, and about 

two-thirds of that is absorbed. 

Absorbed cadmium is transported by the blood stream to 

the l iver, where most is bound to a protein complex 

cal led metal lothioneine. This acts as a transport 



agent, carrying the cadmium to other parts of the body, 

notably the nerves and especially the renal cortex, 

where it. is deposit.ed. Cadmium is cumulative in the 

liver. Kidney syndrome in Japan has been associated 

with the ingestion of as 1itt.le as 6@0 /ug/day of 

cadmium. 

Being excreted only very slowly from the body, cadmium 

is a cumulative poison. Its biological life ranges from 

about 40 days in the blood to 20 years or more in liver 

and kidneys. 

Cadmium is an extremely dangerous cumulative toxicant, 

causing in~idiaus pragresEive chronic poisoning in 

mammals, fish and probably other animals because the 

metal is not excreted. Cadmium could form organic 

compounds which might lead to mutagenic or teratogenic 

effects. Cadmium is known to have marked acute and 

chronic effects on aquatic organisms also. 

Cadmium acts synergistically with other metals. Copper 

and zinc substantially increase ints toxicity. Cadmium 

is concent.rat.ed by marine organisms, particularly 

molluscs, which accumulate cadmium in calcareous tissues 



and in the viscera. The eggs and larvae of fish are 

apparent1 y more sensitive than adul t fish t.o poisoning 

by cadmium, and crust.aceans appear to be more sensitive 

than fish eggs and larvae. 

i i i )  Lead:- Lead ent.ers the body through inhal ati on 

and ingestion and absorbed into circulatory system from 

the lungs and digestive tract, and excreted via. the 

urine and faeces. Normally intake of lead approximately 

equals the output. However, excessive exposure and 

intake can up~et. this balance and cause tissue 

concentrations to increase to the point where illness 

can result.. P aympt.onms af lead gni~oning includes 

anemia, fatigue, headache, weight l oss and 

constipation. More severe manifestations include damage 

to the nervous system and kidneys. 

The particle size and chemical composition of lead and 

lead compounds affect the readiness with which lead is 

absorbed from the lungs and digestive tract. Larger 

particles and compounds with lower solubility are less 

hazardous t.han f inel Y divided particles and compounds 

of higher solubility. 



Lead is a toxic material that is foreign to humans and 

animals. The most common form of lead poisoning is 

cal led plumbism. Lead can be int.roduced int.o t.he body 

from the atmosphere containing lead or from food and 

wa t.er . Lead cannot be easily excreted and is 

cumulative in the body over long periods of time, 

eventually causing lead poisoning with the ingestion of 

an excess of 0.6 mglday over a period of years. It has 

been recommended that 0.05 mg/l lead not be exceeded in 

public water supply sources. 

Chronic lead poisoning has occurred among animals at 

levels of 0.18 mg/l of lead in soft water and by 

concent.rat.ions under 2.4 mg/l in hard water. Farm 

animals are poisoned by lead more frequently than any 

other poison. Sourcea of this occurrence include paint 

and water with the lead in solution as well as in 

suspension. The bacterial decomposition of organic 

matter is inhibited by lead at levels of 0.1 to 

0.5 mgll. 

Fish and other marine life have had adverse effects from 

lead and salts in their environment. Experiments have 



shown that. small concent.rat.ions of heavy metals, 

especially of lead, have caused a film of coagulated 

mucus to form first over t.he gil 1s and then over t.he 

entire body probably causing suffocation of the fish due 

to this obstructive I'ayer. Toxicity of lead is 

increased with reduction of dissolved oxygen 

concent.rat.ion in t.hs water. 

i v )  Chromium:- Chromium in its various valence 

states, is hazardous t.o man. The exposure of industrial 

workers to airborne chromium compounds and chromic acid 

mists, part.icularly t.he hexavalent. chromates, has been 

observed to produce irritation of the skin and 

respiratory tract, dermatitis, perforation of the nasal 

septum, ulcers and cancer of the respiratory tract. 

HexavaIent compounds appears to be much more harmful 

than trivalent compounds, with the toxic effects 

depending on solubil it.y. Hexaval ent chromium is 

corrosive to the flesh. 

It can produce lung tumors when inhaled and induces skin 

ssnsitizations. Large doses of chromates have corrosive 

effects on t .he  int.est.inal t.ract and can cause 



inflammat.ion of the kidneys. Levels of chromate ions 

that have no effect on man appear to be so low as to 

parohibit determination to date. The recommendation for 

public water supplies is that such supplies contain no 

more than 0.05 mg/l total chromium. 

The toxicity of chromium salts to fish and other aquatic 

life varies widely with the species, temperature, pH, 

valence of the chromium and synergistic or antagonistic 

effects, especially those of hard water. Studies have 

show that trivalent chromium is more toxic to fish of 

some t.ypes than hexaval ent. chromium. Ot.her studies have 

shown opposite effects. Fish food organisms and other 

lower forms of acauatic life are extremely sensitive to 

chromium and it also inhibits the growth of algae. 

Therefore, both hexavalent and trivalent chromium must 

be considered harmful to particular fish or organisms. 



A N N E X U R E  - I J I 

PREPARATION. PROPERTIES A N D  USES OF C H I T O S A N  

There are different methods for the production of 

chitosan from prawn peelings viz. Cold deacetylation, 

A1 cohol ic deacety lation and Aqueous caustic soda 

deacetylation. Among these aqueous caustic soda process 

was found to be the most economical and viable one for 

industrial production. 

The aqueous caustic soda process was used in the 

laboratory for producing chitosan required for 

experimental purpose. The raw material dry prawn shell 

contains about 22% chitin, 38% protein, 30% minerals 

(CaC03) and 10% sand. The unwanted materials present in 

the prawn shell are removed and chitin is recovered. 

The chitin obtained is then deacetylated to get 

chitosan. 



The production process consist of the following steps: 

l .  De-proteinisation :- 1 K g  dry prawn shell is 

heated with 12 litre 0.5% caustic soda solution at 8 0 O ~  

for 30 minutes for removing the protein. Then the shell 

waste is heated wit.h 3% caustic soda solution at 8 0 O ~  

for 30 minutes. 

2). De-mineralisation :- After de-proteinisat.ion, the 

shells are treated with 4 litres of 6% Hydrochloric Acid 

for one hour. After the reaction is over, the excess 

acid with mineral content is drained off and the residue 

is repeatedly washed with water. The material obtained 

after de-minerali~ation is called chitin. 

3). De-acetylation :- Chitin containing 6@% moisture 

cont.ent is heat.ed wit.h 48% (w/v) cau~t.ic soda 

solution at 90 - 95 OC for 1 112 - 2 hours. After 

de-acetylation the material is thoroughly washed with 

water repeat.edly and dried in a t.ray drier. The dried 

chitosan is then powdered in a pulverizer. 



(ii). Properties :- Chitosan is polv 2-amino - 

2 deoxy-P-D gIucose in which the monomer unit.s are 

l inked by (1-4) - /3 bonds. This is an important 

derivative of chitin - a natural polymer of N- acetyl- 

D- g1 ucosamine. The average molecular weight of 

5 chitosan is of the order of 1.2 X 10 . 

Chitosan is almost colourless flakes of ridged or 

layered structure. Porosimetry studies suggest 

that the particles are gel like rather than microporous 

with very large ( 70 A median diameter). Chitosan 

exhibits only an 8% increase in volume upon exposure to 

base from acid. Columns packed with chitosan exhibit 

low back pressure, an effect probably due to the 

irregular shape of the flake. 

Chitin is insoluble in water, dilute acids, cold 

alkalies or organic solvents. Chitosan also possess the 

same properties as that of chitin except that chitosan 

is soluble in many dilute, aqueous, organic acids such 

as acetic acid, formic acid etc. at a pH below 6. 



Because of this property chitosan can be distinguished 

experimentally from chitin. Chitosan solutions are 

highly viscous. 

Viscosity of chitosan solution in acetic acid increases 

with acid concentrat.ion, and decreases wit.h temperature. 

Viscosity of 1% solution of chitosan in acetic acid oven 

aged for 5 days at 60OC is given below. Chitosan possess 

high thermal stability and decomposes at 230Oc. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
pH Sampl e Viscosity, CP 

original final % retained 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 Shrimp chitosan 2780 170 6.1 

4 King-crab chitosan 1460 460 31.5 

3 Shrimp chitosan 2640 385 14.6 

3 King-crab chitosan 1460 570 39.0 

From chemical point of view, chitosan is a primary 

aliphatic polyamine and can undergo all those reactions 

typical of amines. Chitosan possess a high density of 



amino groups per unit weight. Under acidic conditions 

chitosan carries a strong positive charge and is water 

solubl e. Under neutral or basic condit.ions t.he many 

uncharged amino groups give chitosan a high capacity for 

binding transit.ion5 metal ions by chelat.ian. 

The amino groups of chitin and chitosan are 

except.iona1 1y soluble in 50% NaOH, even at 160'~. at 

which most amines liberate ammonia or yield degradation 

products. Amino groups of chitosan reacts with carbolyl 

compounds (eg. salicyl aldehyde) leading to the 

formation of Schiff's base. Chitosan hydroxyl groups 

react with sulfonium salts in alkaline media and 

liberate the sulfonium cation. 

Chitosan is a cationic polyelectrolyte'with one amino 

group and two free hydroxyl group for each glocose ring. 

Recause of this cations nature chitosan spontaneously 

form insolubl e camp1 exes wi t.h natural tannin and ot.her 

anionic polyelctrolyte. 



(iii). Uses :- Among t.he various uses of chitin and 

chitosan, the most promising one is in the treatment of 

industrial pollutants carrying harmful metals to the 

environment like mercury, lead, cadmium, copper, 

nickel, chromium and zinc discharged from metal 

finishing operations, chemical fact.or ies etc. Moreover 

nuclear fission products containing zirconium, hofnium, 

ti tanium, niobium, ruthenium are also collected by 

chitin and chitosan. Special mention may be made here of 

the unique ability of both chitin and chitosan in the 

collection of ruthenium from the nitrosyl complex of 

the metal, which resists attack by other chelating 

agents. Chitosan finds wide application in the paper 

and text.ile industry as a sizing agent and thickener. It 

can ,also be used as an aid in the dyeing of glass 

fabrics and p1ast.i~ fabrics. It. offers a superior 

shrink resistance to wool l en fabrics. 

Chitin and its many derivatives have been successfully 

employed as adhesive for bonding cellulogics. This 

adhesive possesses a good tensile strength and superior 

water resistance when compared to other conventional 

adhesives such as glue. 



Chitosan can be used in t.obacc~ and 1eat.her manufacture 

as a filler to improve the quality of these products. 

Chitosan can also be used in treating ageous solutions 

containing suspended matter. It has been successfully 

tried as a coagulant far in organic suspended solids, 

vegetable canning wastes and to aid in the recovery of 

protein from solut.ion. It is also useful for dewatering 

municipal sludges. 

In the field of medicine and pharmaceuticals, chitin and 

its derivatives find vide applications such as 

artificial kidney membranes, pharmaceutical carriers, 

blood anti-coagulants and as wound healing accelerators. 



STRUCTURE O F  GLUCOSAMINE , C H I T I N  AND 

C H I T O S A N  

H-C-NH2 

HO-C-H 
OH 

OH 

H-C- OH 

N - a cetyl glucosamine 

D - Glucosamine 

C H,OH H 

H 
H OH H 

OH H 
H H 

CH,OH 
H N HCOCH3 

CHlTlN 

1 Deace ty lation 

CHITOSAN 
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EFFLUZNT STANDARD 

Annexure : IV 

: Tolerance limits for in land surface waters subject to  pollution 

(a) Drinking wate r  source without conventional treatment bu t  a f te r  disinfection 

.------- .................... ................................................................... !2-:;!$:!2!:- 
SI. No. Characteristic Unit Tolerance Limit ................................................................................................................ 

Dissolved oxygen 

B.O.D. (3 days a1 27O C) 

Total colifom organisms 

Colour 

Odour 

Taste 

Total dissolved solids(T.D.S.) 

Total hardness (as CaC03) 

Calcium hardness (as CaC03) 

Magnesium hardness (as CaC03) 

Copper (as Cu) 

Iron (as Fe) 

Manganese (as Mn) 

Chlorides (as Cl) 

Sulphates (as SO,) 

Nitrates (as NO,), 

Fluorides (as F) 

Phenolic compounds (as C,H,OH) 

Mercury (as Hg) 

Cadmium (as Cd) 

Selenium (as Se) 

Arsenic (as As) 

Cyanides (as CN) 

Lead (as Pb) 

Zinc (as Zn) 

Hexavalent chromium (as Cr*) 

Anionic detergents (as MBAS) 

Polynuclear Aromatic 

m@, min. 

mgA, max. 

MPN/100 ml, max. 

Hazen unit, max. 

6.5 to 8.5 

6 

2 

50 

10 

Unobjectionable 

Tasteless 

500 

300 

200 

100 

1 .S 

0.3 

0.5 

250 

400 

20 

1 .S 

0.002 

0.001 

0.01 

0.01 

0.05 

0.05 

0.1 

15 

0.05 

0.2 

Hydrocarbons (PAH) Jlg/l, max. 0.2 
30. Mineral oil. mgll, max. 0.01 
3 1 .  Barium (as Ba) mg/l, max. 1 
32. Silver (as Ag) 0.05 
33. Pesticides Absent 
34. Alpha emitters pCi/ml, max. I 0 9  
35. Beta emitters 10-8 



. . Characteristics of drinking water 
IS 10500-1983 ............................................................................................................................... 

Relaxation allowed 
SI. No. Parameter Unit Limit if alternate sources 

are not available 

1. Colour 

2. Odour 

3. Taste 

4. Turbidity 

5; ~ i s i o l v e d  solids 

6. pH 

Hazen, max. 10 

Unobjectionable 

Agreeable 

NTU, max. 10 25 

m@, max. 500 3000 

6.5 .to 8.5 9.2 

7. Total hardness (as CaC03) r n g ,  max. 300 600 

8. Calcium (as Ca) .. ' 75 200 

9. Magnesium (as Mg) .. 30 100 

10. Copper (as Cu) . 0.05 1.5 

I I .  Iron (as Fe) 0.3 1 

12. Manganese (as Mn) ,. 

13. Chlorides (as Cl) ,. 
14. Sulphates (as SO,) 

{provided magnesium [as Mg] 
does not exceed 30 ) 

15. Nitrates (as NO3 

16. Fluorides (as F) 

17. Phenolic compounds(as C,H,OH) ., 0.00 1 0.002 
) 

18. Mercury (as Hg) , . 0.001 - 
19. Cadmium (as Cd) 

20. Selenium.(as Se) 

2 1 .  Arsenic (as As) 

22. Cyanides (as CN) 

23. Lead (as Pb) .. 0.1 - 

24. Zinc (as Zn) . , 5 15 

25.. Anionic detergents (as MBAS) ., 0.2 1 .O 

26. Hexnvalent chromium (as Cr*) ., 0.05 - 

27. Mineral oil .. 0.01 0.03 

28. Residual free chlorine mg/l, min. 0.02 - 

29. Pesticides Absent 

30. Radioactive materials 
Alpha emitters pCi/ml, rnax. l 

Beta emitters , v 1 0.' 
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Total chro~niurn (as Cl.) 

Copper (as Cu) 

Zinc (as Zn) 

Selenium (as Sc) ,. 

Nickel (as Ni) ,, 

Cyanides (as CN) 

Fluorides (as F) ,, 

Dissolved Phosphalcs (as P) v $  

Sulphides (as S) 

Pllcllolic conipounds 
(as C6H,0H) , , 

Radioactive malcrials: 
a) Alpha ernittcrs pCilnil, max. 
b) Beta ctnitlers pCi/ml, max. 
Bio-assay lcsl 

1 o . ~ '  
I 0.7 

90 % survival of fish 
aller 96 h in 100 '% 

rlflucnl 
-- 
-- 
-- 
-- 

I 0-7 
1 u6 

90 % survival of fish 
a11cr 96 h in 100 Ib 

cmuenl 
2 

3 
0.2 

20 

I 0-7 
1 o-6 

90 % survival of fish 
aller 96 h in 100 % 

elfluc~~l 
2 

3 

0.2 

I 0-7 
1 0-6 

90 % survival  01 fish 
alter 96 l1 i n  100 % 

elfluenl 
2 

3 

0.2 

10 

30. Mangancsc (as Mn) ~ngll ,  max. 

3 1.  Iron (as Fc) 

32. Vanadiurn (as V) 

33. Nitratc nirrogcn (as N) 


