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Environmental pollution by toxic metals occurs globally through military, 

industrial, and  agricultural processes and waste disposal (Duffus, 2002). Fuel and 

power industries   generate 2.4 million tons of As, Cd, Cr, Cu, Hg, Ni, Pb, Se, V, 

and Zn annually.   The metal   industry adds 0.39 million tons/yr of the same 

metals to the environment, while agriculture contributes 1.4 million tons/yr, 

manufacturing contributes 0.24 million tons/yr and waste disposal adds 0.72 

million tons/yr. Metals, discharged or transported into the environment, may 

undergo transformations and can have a large environmental, public health, and 

economic impact (Brower et al. 1997; Nriagu & Pacyna, 1988; Gadd & White, 

1993). 

Among different techniques used for removal of high concentrations of heavy 

metals, precipitation-filtration, ion exchange, reverse osmosis, oxidation-reduction, 

solvent extraction, as well as membrane separation should be mentioned 

(Hubicki,et al. 1999; Dąbrowski et al. 2004). However, some of the wastes contain 

substances such as organics, complexing agents and alkaline earth metals that may 

decrease the metal removal and result in unacceptable concentrations of heavy 

metals in the effluents. The pollutants of concern include cadmium, lead, mercury, 

chromium, arsenic, zinc, cobalt and nickel as well as  copper. They have a number 

of applications in basic engineering works, paper and pulp industries, leather 

tanning, petrochemicals, fertilizers, etc. Moreover, they have also negative impact 

on human health. 

 

Cadmium is a metal of great toxicological concern. An important source of human 

exposure to cadmium is food and water, especially for the population living in the 

vicinity of industrial plants, from which cadmium is emitted to the air. In the case 

of exposure to occupational cadmium compounds, they are absorbed mainly by 

inhalation. Through the  194 Ion Exchange Technologies  gastrointestinal tract less 



than 10% cadmium is absorbed. An important source of human  exposure to 

cadmium is food and water. In natural water its typical concentration lies below 

0.001 mg/dm3, whereas, the upper limit recommended by EPA (Environmental 

Protection Agency) is less than 0.003 mg/dm3. The maximum limit in drinking 

water is 0.003 mg/dm3. Cadmium accumulates in kidneys, pancreas, intestines and 

glands altering the metabolism of the elements necessary for the body, such as 

zinc, copper, iron, magnesium, calcium and  selenium. Damage to the respiratory 

tract and kidneys are the main adverse effects in humans exposed to cadmium 

compounds. In humans exposed to fumes and dusts chronic toxicity of cadmium 

compounds is usually found after a few years. The main symptom of emphysema 

is that it often develops without preceding bronchitis. The second basic symptom 

of chronic metal poisoning is kidney damage. It includes the loss and impairment 

of smell, pathological changes in the skeletal system (osteoporosis with 

spontaneous fractures and bone fractures), pain in the extremities and the spine, 

difficulty in walking, the formation of hypochromic anemia. The most known ‘Itai-

Itai’ disease caused by cadmium  exposure is mixed osteomalacia and 

osteoporosis. However, an important source of cadmium in soils are phosphate 

fertilizers. Large amounts of cadmium are also introduced to soil together with 

municipal waste. The high mobility of cadmium in all types of soils is the reason 

for its rapid integration into the food chain. Daily intake of cadmium from food 

in most countries of the world is 10-20 mg. 

 

Lead is a toxic metal, which accumulates in the vital organs of men and animals 

and enters into the body through air, water and food. According to the WHO 

(World Health Organization) standards, its maximum limit in drinking water is 

0.05 mg/dm3 but the maximum discharge limit for lead in wastewater is 0.5 

mg/dm3. Its cumulative poisoning effects are serious haematological damage, 



anaemia, kidney malfunctioning, brain damage etc. Chronic exposure to lead 

causes severe lesions in kidney, liver, lungs and spleen. Lead is used as industrial 

raw material in the manufacture of storage batteries, pigments, leaded glass, fuels, 

photographic materials, matches and explosives. Lead being one of very important 

pollutants comes from wastewaters from refinery, wastewaters from production 

of basic compounds containing lead, wastewaters with the remains of after 

production solvents and paints. Large toxicity of lead requires that its contents are 

reduced to the minimum (ppb level). To this end there are applied chelating ions 

with the functional phosphonic and aminophosphonic groups. Also weakly basic 

anion exchangers in the free base form can be used for selective removal of 

lead(II) chloride complexes from the  solutions of pH in the range 4-6. Also a 

combined process of cation exchange and precipitation is often applied for lead(II) 

removal form wastewaters (Pramanik et al. 2009). 

The average collection of lead by an adult was estimated at 320-440 mg/day. 

Acutepoisoning with inorganic lead compounds occurs rarely. In the case of acute 

poisoning in man, the symptoms are burning in the mouth, vomiting, abdominal 

cramps, diarrhea,  constipation progressing to systolic, blood pressure and body 

temperature. At the same time there is hematuria, proteinuria, oliguria, central 

nervous system damage. Alkyl lead compounds are more toxic than inorganic lead 

connections. Tetraethyl lead toxicity Selective Removal of Heavy Metal Ions from 

Waters and Waste Waters Using Ion Exchange Methods manifested primarily in 

lead damage of the nervous system. Toxic effects of lead on the central nervous 

system are observed more in children. In adults, the effects of lead toxicity occur in 

the peripheral nervous system. Symptoms of chronic poisoning may vary. The 

acute form of poisoning known as lead colic is the general state of various spastic 

internal organs and neurological damage in the peripheral organs. Long-term lead 

poisoning can lead to organic changes in the central and peripheral nervous 



systems. Characteristic symptoms include pale gray skin colour and the lead line 

on the gums (blue-black border). In nature, natural circulation of mercury vapour 

has a significant influence on the content of the soil and water. Elemental mercury 

in the rain water creates compounds by oxidation to divalent mercury. Both the 

chemical reaction, and under the influence of biological factors, and especially the 

activity of bacteria in the sediments of water bodies methyl and dimethyl mercury 

compounds are formed. Mercury, a fixed component of the waste water treatment 

that may be used for soil fertilization is a major threat to the inclusion of the metal 

in nutritional products. Drinking water may contain up to 300 ng Hg/dm3, in 

highly industrialized areas it can reach up to 700 ng/dm3. Daily consumption of 

mercury from food 

mercury absorbed by the respiratory system is retained in the body. In the case of 

ingestion of inorganic mercury salts, salivation, burning in the throat, vomiting, 

bloody diarrhea, necrosis of the intestinal mucosa and kidney damage, leading to 

anuria and uremii can occur. The concentration of mercury vapour over 1 mg/m3 

damages lung tissue and causes severe pneumonia. The classic symptoms of 

metallic mercury vapour poisoning are manifested by tremor, mental disorders, 

inflammation of the gums. Its maximum limit in drinking water is 0.0005 mg/dm3. 

 

Chromium, occurring as Cr(III) or Cr(VI) in natural environments, is an important 

material resource, an essential micronutrient or toxic contaminant. Cr(III) is 

required for normal development of human and animal organisms but Cr(VI) 

activates teratogenic processes, disturbs DNA synthesis and can give rise to 

mutagenous changes leading to malignant tumours (WHO, Report 1998). Natural 

sources of chromium include weathered rocks, volcanic exhalations and 

biogeochemical processes and, in the man-polluted environment, mainly wastes 

after processing and utilization of chromium compounds. Chromium is an 



important and widely applied element in industry. The hexavalent and trivalent 

chromium is often present in electroplating wastewater. Other sources of 

chromium pollution are leather tanning, textile, metal processing, paint and 

pigments, dyeing and steel fabrication.  To remove toxic chromium compounds 

from sewages there are used such methods as: precipitation, coagulation, solvent 

extraction and various kinds of membrane processes, ion flotation, adsorption and 

ion exchange (Bajda, 2005). The maximum limit in drinking water is 0.05 

mg/dm3. The Polish drinking groundwater chromium content ranges on the 

average from 0.07 to 2 mg/dm3. 0.02 mg/dm3 is accepted as the permissible 

content of chromium in groundwater. The daily dose taken by the adult can be 50-

200 mg/day (or 60-290 mg/day). Cr(III) cation predominates in most tissues except 

the liver. Chromium is associated with nucleic acids and is the subject to the 

concentration in liver cells. It plays an important role in the metabolism of glucose, 

certain proteins and fats, is part of enzymes and stimulates the activity of others. 

All compounds of chromium, with the exception of chromate. Chromium also 

accumulates in the liver and kidneys. High concentrations of chromium, observed 

in the lungs of people exposed to this metal, indicate that at least part of chromium 

is stored in this organ in the form of insoluble compounds. 

The binding of chromium with the elements of the blood and transport of 

chromium by the blood depends mainly on its valence. Hexavalent chromium 

readily crosses the membranes of red blood cells and after reduction to trivalent 

chromium is bound to hemoglobin. The reduction of hexavalent to trivalent 

chromium, occurring within cells, considered as the activation of the carcinogenic 

chromium, increases because the probability of interaction of trivalent chromium 

on the DNA. Clinical signs of acute toxicity of chromium compounds are 

characterized by severe abdominal pain, vomiting and bloody diarrhea, severe 

kidney damage with hematuria leading to anuria, observed gastrointestinal 



ulceration. Chromium compounds and chromic acid are especially dangerous and 

cause serious damage to internal organs. Chronic exposure leads to chronic 

disorders in the body. 

 

Arsenic is present in over 160 minerals. It is readily bioaccumulative and therefore 

its concentration in polluted waters may reach 430 mg/dm3 in plants and 2.5 

mg/dm3 in fish.  The upper limit of arsenic recommended by US EPA, EU and 

WHO is 0.01 mg/dm3. However, many countries have retained the earlier WHO 

guideline of 0.05 mg/dm3 as their standard. Arsenic accumulates in tissues rich in 

keratin, like hair, nails and skin. Arsenic and its inorganic compounds can cause 

not only cancer of the respiratory system and skin, but also neoplastic lesions in 

other organs. Arsenic compounds enter the body from the gastrointestinal tract and 

through skin and respiratory system. Arsenic compounds have affinity for many 

enzymes and can block their action, and above all disturb the Krebs cycle. 

Inorganic arsenic compounds are more harmful than organic and among them 

AsH3 and As2O3 should be mentioned. 70-300 mg of As2O3 is considered to be 

the average lethal dose for humans. The dose of 10-50 ppb for 1 kg of body weight 

can cause circulatory problems, resulting in necrosis and gangrene of limbs. The 

dominant effects of arsenic in humans are changes in the skin and mucous 

membranes as well as peripheral nerve damage. There are xerosis soles and palms, 

skin inflammation with ulceration. In addition, there is perforation of the nasal 

septum. The values of the maximum allowable concentration (NDS) in Poland set 

for inorganic arsenic compounds are 0.3 mg/m3 and 0.2 mg/m3 for AsH3. 

 

In nature, zinc occurs in the form of minerals. An important source of zinc 

pollution is the burning of coal, petroleum and its products. Incineration of 

municipal solid waste can introduce about 75% zinc to urban air. Also, municipal 



wastewater generally contains significant amounts of zinc. The use of municipal 

and industrial waste in agriculture results in the accumulation of zinc in the surface 

layers of soil. Another source of this metal in soils are some preparations of plant 

protection products, as well as phosphatic fertilizers. The degree of toxicity of zinc 

is not big, but it depends on the ionic form, and changes under the influence of 

water hardness and pH. The daily average download of zinc by an adult is 

estimated at about 10-50 mg /day. The toxic dose is 150-600 mg. It is necessary for 

the proper functioning of living organisms and it is involved in the metabolism of 

proteins and carbohydrates. High doses of zinc cause damage to many biochemical 

processes followed its deposition in the kidneys, liver, gonads. Kidney play an 

important role in maintaining zinc homeostasis in the body. Zinc is relatively non-

toxic to humans and animals. Hazard zinc mainly connected with secondary copper 

deficiency does not give specific symptoms. 

 

Nickel is a moderately toxic element as compared to other transition metals. It is a 

natural element of the earth’s crust; therefore its small amounts are found in food, 

water, soil, and air. Nickel occurs naturally in the environment at low levels. 

Nickel concentrations in the groundwater depend on the soil used, pH, and depth of 

sampling. The average concentration in the groundwater in the Netherlands ranges 

from 7.9 μg/dm3 (urban areas) to 16.6 μg/dm3 (rural areas). Acid rain increases the 

mobility of nickel in the soil and thus might increase nickel concentrations in the 

groundwater. In the groundwater with a pH below 6.2, nickel concentrations up to 

0.98 mg/dm3 have been measured, whereas the upper limit recommended by FAO 

(Food & Agricultural Organization of the United Nation) for nickel in water is 0.02 

mg/dm3. According to the Polish standards the maximum discharge limit for 

nickel in waste water is 2-3 mg/dm3. The maximum limit in drinking water in 



Europe is 0.01 mg/dm3. Although it has been suggested that nickel may be 

essential to plants and some animal species as well as in human nutrition, this 

metal causes damage to humans. Nickel occurs in seams of coal in the amount of 

4-60 mg/kg. Crude oil contains about 50-350 mg/kg of the metal. The most 

dangerous is tetracarbonyl nickel occurring mostly in nickel refineries. The content 

of this metal in industrial and municipal wastewater ranges 20-3924 mg/kg. An 

important source of nickel pollution is its emissions to the air, the combustion of 

coal and liquid fuels, primarily by diesel engines. Large amounts of nickel are 

given to surface waters from municipal wastewater in which the concentration 

exceeds 3000 ppm s.m. The 

Nickel readily accumulatives particularly in phytoplankton or other aquatic plants. 

The daily absorption of nickel by humans ranges 0.3- 0.5 mg. In humans, the 

absorption of nickel from the gastrointestinal tract is less than 10%. Nickel taken 

with food and water is poorly absorbed and rapidly excreted from the body. It 

accumulates mainly in bones, heart, skin and various glands. Nickel inhalation of 

atmospheric air is largely accumulated in the lungs. Practically fatal or acute 

poisoning with nickel or its salts is not found. The most toxic compound is 

carbonyl nickel. An excess of inhaled nickel causes damage to the mucous 

membranes. Moreover, its symptoms are allergic disorders (protein metabolism 

disorder in plasma, changes in the chromosomes and changes in bone marrow and 

cancer. It is known that inhalation of nickel and its compounds can lead to serious 

problems, including, among others, respiratory system cancer. Moreover, nickel 

can cause skin disorder which is a common occupational disease in workers who 

handle its large amounts. Also dermatitis is the most common effect of chronic 

dermal exposure to nickel. Chronic inhalation exposure to nickel in humans also 

results in detrimental respiratory effects. 



Copper is generally found in the earth's crust, usually in the form of sulphides. 

Municipaland industrial waste waters are an important source of pollution of rivers 

and waterreservoirs. Copper accumulating plants may be the cause of poisoning. 

Copper is an essential nutritional element being a vital part of several enzymes. It 

is one of the components of human blood. The estimated adult dietary intakes are 

between 2 and 4 mg/day. The demand for copper is increased in pregnant women, 

children and the elderly. Good dietary sources of copper include animal liver, 

shellfish, dried fruit, nuts andchocolate. In some cases drinking water may also 

provide significant levels of copper.Copper in the body is involved in oxidation-

reduction processes, acts as a stimulant on the amount and activity of hemoglobin, 

in the process of hardening of collagen, hair keratinization, melanin synthesis as 

well as affects on lipid metabolism and properties of the myelin sheath of nerve 

fibers. In animal cells it is mainly concentrated in the mitochondria DNA, RNA, 

and the nucleus. Copper readily forms a connection with various proteins, 

especially those of sulphur.  Although copper is an essential metal, it can, in some 

circumstances, lead to toxic effects including liver damage and gastrointestinal 

disturbances. Such as Wilson's disease (also known as hepatolenticular 

degeneration), Indian Childhood Cirrhosis (ICC) which are characterised by an 

accumulation of copper-containing granules within liver cells. Ingestion of high 

levels of copper salts is known to cause gastrointestinal upsets. Additionally, 

absorption of copper compounds by inhalation causes congestion of the nasal 

mucosa, gastritis, diarrhea and toxic symptoms such as chronic lung damage. 

Copper compounds act on the intact skin, causing it to itch and inflammation. They 

can cause conjunctivitis, ulceration and corneal opacity, nasal congestion and as 

well as sore throat and nasal septum. The upper limit recommended by WHO for 

copper is less than 1.3 mg/dm3. The maximum limit in drinking water is 0.05 

mg/dm3 (Fewtrell et al. 1996). 



Ion exchange  

Ion exchange may be defined as the exchange of ions between the substrate and 

surrounding medium. The most useful ion exchange reaction is reversible. When 

the reaction is reversible, the ion exchanger can be reused many times. Generally 

resins are manufactured in the spherical, stress and strain free form to resist  

physical degradation. They are stable at high temperatures and applicable over a 

wide pH range. Ion exchange resins, which are completely insoluble in most 

aqueous and organic solutions, consist of a cross linked polymer matrix to which 

charged functional groups are attached by covalent bonding (Sherrington, 1998). 

The ion exchangers which contain cations or anions as counterions are called 

cation exchangers or anion exchangers, respectively. The usual matrix is 

polystyrene cross linked for structural stability with 3 to 8 percent of 

divinylbenzene (3-8 % DVB) (Kunin, 1958; Helfferich, 1962). The resins of higher 

cross linking (12-16% DVB) are more costly, both to make and to operate and they 

are specially developed for heavy duty industrial applications. These products are 

more resistant to degradation by oxidizing  agents such as chlorine, and withstand 

physical stresses that fracture lighter duty materials. Typical ion exchangers are 

produced with a particle size distribution in the range 20-50 mesh (for separation 

of anions from cations or of ionic species from nonionic ones). For more difficult 

separations, materials of smaller particle size or lower degrees of cross linking 

Selective.  Moreover, when the separation depends solely upon small differences in 

the affinity of the ions, a particle size of 200-400 mesh is required and when the 

selectivity is increased by the use of complexing agents, the particle size in the 50-

100 mesh is adequate. The ion exchangers finer than 100 mesh are employed for 

analytical purposes and for practical applications on the commercial scale the 

materials finer than 50 mesh are used. Depending on the type of functional groups 

of exchanging certain ions, the ion exchangers with strongly acidic e.g., sulphonate 



-SO3H, weakly acidic e.g., carboxylate -COOH, strongly basic e.g., quaternary 

ammonium -N+R3 and weakly basic e.g., tertiary and secondary amine -N+R2H 

and -N+RH2 should be mentioned. The strong acidic cation exchangers are well 

dissociated over a wide pH range and thus reaching its maximum sorption 

capacity.Chelating resins have found increasing utility for separation and 

concentration of metal ions at trace levels, because of their selectivity. A number 

of chelating resins containing various functional groups (e.g., ethylenediamine 

tetraacetic acid [1], iminodiacetic acid [2-4] etc.) have been reported. Vernon and 

Eccles used chelating resin formed with TV-substituted hydroxylamine [5]. There 

are reports of chelating resin containing bicine [6] functional  group. Polyamines 

like ethylenediamine, diethylenetriamine, etc., form an important class of chelating 

ligands. Several authors have studied the modification cation of synthetic resins 

with linear polyamine ligands [7-10]. More recently Blain et al. have applied a 

chelating resin, chelamine, for preconcentration of trace metals from sea water 

with high selectivity [11]. Synthesis of chelating resins having good selectivity is a 

subject of continuing interest and importance. 1-Hydrazinophthalazine, a hydrazine 

type ligand capable of chelating interactions utilizing the a-nitrogen of the 

hydrazine residue and the nitrogen doners of phthalazine substituent. Thus, it 

presents a favourable environment for coordination with the metal ion.                                                   

1-hydrazinophthalazine has been reported to form stable complexes with Fe(III), 

Cu(II) and Zn(II), while it has negligible affinity for Ca(II), Mg(II) and Mn(II) 

[12]. Additionally, ion exchangers possess: the iminodiacetate functional groups               

(-N{CH2COOH}2), phenol (-C6H4OH), phosphonic (-PO3H2) and phosphine (-

PO2H) functional groups. These groups are acidic in nature and are dissociated 

with the exchange of H+ or Na+ ions for other cations from the solution. Negative 

charge of the functional groups is offset by an equivalent number of mobile cations 



so-called counter ions. Counter ions can be exchanged for other ions from the 

solution being in the contact with the resin phase. There are also amphoteric 

exchangers, which depending on the pH of the solution may exchange either 

cations or anions. More recently these ion exchangers are called bipolar electrolyte 

exchange resins (BEE) or zwitterionic ion exchangers (Nesterenko & Haddad, 

2000). The aminocarboxylic amphoteric ion exchangers AMF-1T, AMF-2T, AMF-

2M, ANKB-35 as well as the carboxylic cation exchanger KB-2T were, for 

example used for recovery of Ni(II) from the Mn(NO3)2–H2O system (Kononowa 

et al. 2000). The individual ions present in the sample are retained in varying 

degrees depending on their different affinity for the resin phase. The consequence 

of this phenomenon is the  strongly acidic cation exchanger weakly acidic cation 

exchanger  strongly basic anion exchanger  weakly basic anion exchanger  

 

Cation exchangers with the sulphonic functional groups 

It is well known that the affinity of sulphonic acid resins for cations varies with the 

ionic size and charge of the cation. The affinity towards cation increases with the 

increasing cation charge: 

 

Na+< Ca2+<Al3+<Th4+, and in the case of different cations with the same charge 

the affinity increases with the increasing atomic number: 

 

Li+< H+< Na+< NH4+ < K+< Rb+< Cs+< Ag+< Tl+ Mg2+ < Ca2+ < Sr2+ < 

Ba2+Al3+ < Fe3+. 

  



Cation exchangers with the carboxylic functional groups 

Cation exchangers with the carboxylic functional groups show the opposite the 

affinity series for alkali and alkaline earth metal ions. Noteworthy is the fact that 

the cations exhibit a particularly high affinity for H+. The affinity of this type of 

cation is therefore as follows: 

 

H+ > Mg2+ > Ca2+ > Sr2+ >Ba2+ > Li+ > Na+ > K+ > Rb+ > Cs+. 

 

Anion exchangers with the quaternary ammonium functional groups 

The charge of the anion affects its affinity for the anion exchanger in a similar way 

as for the cation exchangers:citrate > tartrate > PO43- > AsO43- > ClO4- > SCN- 

> I- > S2O32- > WO42- > MoO42- > CrO42- > C2O42-> SO42> SO32-> HSO4- 

>HPO42- > NO3- > Br- > NO2- > CN- > Cl- > HCO3- > H2PO4- > CH3COO- 

> IO3- > HCOO- > BrO3 

 

for Dowex 1 (type 1): 

ClO4- > I- > HSO4- > NO3- > Br- > NO2- > Cl- > HCO3- > CH3COO- > OH- > 

F-, 

 

for Dowex 2 (type 2): 

ClO4- > I- > HSO4- > NO3- > Br- > NO2- > Cl- > HCO3- > OH- > CH3COO- > 

F- 

 

Anion exchangers with the tertiary and secondary amine functional groups 

Only with the exception of the OH- ion, the affinity of the anion exchangers with 

the tertiary and secondary functional groups is approximately the same as in the 



case of anion exchangers with the quaternary ammonium functional groups. These 

medium and weakly basic anion exchangers show very high affinity for OH- ions. 

Anion exchange materials are classified as either weak base or strong base 

depending on the  type of exchange group. These are two general classes of strong 

base anion exchangers e.g. types 1 and 2 depending on chemical nature. The 

synthesis of the weak base anion exchangers with the tertiary amine groups is 

usually provided by the chloromethylation of PST-DVB followed by the amination 

by secondary amine (Drăgan & Grigoriu, 1992). Weak base resins act as acid 

adsorbers, efficiently removing strong acids such as sulphuric and hydrochloric 

ones. They are used in the systems where strong acids predominate, where 

silica reduction is not required, and where carbon dioxide is removed in 

degasifiers. Preceding strong base units in demineralizing processes, weak base 

resins give more economical removal of sulphates and chlorides. The selectivity 

for the bivalent ions such as SO42- depends strongly on the basicity of the resin, 

the affinities of various functional groups following the order: primary > secondary 

> tertiary > quaternary. Therefore among the factors affecting the sorption 

equilibrium the most important are: first of all nature of functional groups and the 

concentration of the solution (Boari et al. 1974). At low concentration the resin 

prefers ions at higher valency and this tendency increases with solution diluting. It 

should be also mentioned that obtaining resins with the primary amine functional 

groups is difficult by chemical reactions on polystyrene-divinylbenzene 

copolymers. Weakly basic anion exchangers can be used, for example for zinc 

cyanide removal from the alkaline leach solutions in the Merrill Crowe process 

(Kurama & Çatlsarik, 2000). 

 

  



 Gel and macroporous resins 

The development in polymerization technique has provided novel matrices for a 

series of new ion exchangers. They differ from the earlier corresponding 

copolymers that are characterized by being essentially cross linked gels of 

polyelectrolytes with pore structure defined as the distance between polymeric 

chains. It is well known that the fouling of the resin by organic compounds and 

mechanical stress imposed by plant operating at high flow rates are the most 

important problems encountered in the use of the ion exchange resins (De Dardel 

& Arden, 2001). To overcome these problems the ion exchangers with a high 

degree of cross linking containing artificial openpores in the form of channels with 

diameters up to 150 nm were introduced. 

The first macroporous ion exchanger was a carboxylic resin made by Rohm and 

Haas, which covered a wide variety of acrylic compounds copolymerized with 

polyvinyl cross linking agents to make insoluble, infusible weakly acidic resins. By 

1948 AmberliteTM IRC-50, made by the copolymerization of methacrylic acid and 

divinylbenzene was in production and possessed the ‘sponge structure’ (Abrams & 

Milk, 1997).  

Therefore classification of resins should be based on their properties and function 

(Ionexchange resins and adsorbents, 2006).During last decades the great progress 

was made by the development of the macroporous ion exchange resins. It should 

be mentioned that macroporous resins can also perform as adsorbents because of 

their pore structure. For organic ion exchange resins based on cross linked 

polystyrene the porosity was originally selected by the degree of cross linkage. 

These gel type resins are able to sorb organic substances from water according to 

their degree of porosity and the molecular weight of the adsorbate. They not only 

allow for large molecules or ions to enter the sponge like structure but also to be 

eluted during the regeneration. 



Therefore they perform two functions: ion exchange by means of the functional 

groups and the reversible adsorption and elution due to the macroporous structure. 

They are also  resistant against organic fouling which results in a longer resin life 

compared with the conventional gel type ion exchangers as well as the quality of 

the treated water is much better because of the adsorption of organic species by the 

macroporous structure.  

The influence of temperature on the equilibrium properties of ion exchange resins 

was studied extensively. The decrease of the capacity of the cation exchange resins 

based on the polystyrene matrix due to the operation temperature is not a 

significant problem. However, the relatively slight decomposition gives enough 

decomposition products to cause significant problems elsewhere. This may be 

decomposition of the bone polystyrene matrix, resulting in styrene sulphonic acid 

derivatives or as a substitution of the sulphonic group giving sulphate. Further 

decomposition of styrene sulphonic acid derivatives will also result in sulphate as 

one of the end products (desulphonation). The amount of sulphate produced 

is sometimes high. The information on the stability of the ion exchange resins 

mainly deals with the anion exchange resins. The mechanism of the degradation of 

quaternary ammonium salts and tertiary anions is well-known (Reynolds, 1982; 

Fernandez-Prini, 1982; Fisher, 2002). The effect of temperature on the properties 

of chelating ion exchangers was also described in the paper by Ivanov (1996). 

Ion exchange technique can remove traces of ion impurities from water and 

process streams and give a product of desired quality. Ion exchangers are widely 

used in analytical chemistry, hydrometallurgy, antibiotics, purification and 

separation of radioisotopes and find large application in water treatment and 

pollution control (Clifford, 1999; Luca et al., 2009). The list of metals which are 

recovered and purified on an industrial scale by means of ion exchange include: 

uranium, thorium, rare earth elements (REEs), gold, silver, platinum metals 



(PGM), chromium, copper, zinc, nickel, cobalt and tungsten. In some of these 

cases, the scale of operations is relatively small, for instance in the rare earth 

elements or noble metals, but the values of recovered metals are very high. Ion 

exchange process is particularly suitable for purification of metal ions with a high 

value and low processing. The alternative is also a process of large-scale recovery 

of trace amounts of metals from waste streams, such as cadmium and mercury, 

chromium, or copper and zinc. The use of ion exchange processes in 

hydrometallurgy is high and every year continues to   grow. It is associated mainly 

with the progress of what is observed in the synthesis of new selective chelating 

ion exchangers containing complexing ligands (Minczewski, et al. 1982;Selective 

Removal of Heavy Metal Ions from Waters and Waste Waters Using Ion Exchange 

Methods 205 

 

Chelating and special ion exchangers 

Typical disadvantage of lack a of the selectivity towards heavy metal ions and 

alkali and alkaline earth metal ions of most widely used functionalized ion 

exchangers such as Chelex100 is overcome by introducing chelating ligands 

capable of removing selective metal ions. 

It exhibits high affinity for heavy metal ions: Cu2+ > Hg2+ > Pb2+ > Ni2+ 

Zn2+ > Cd2+ > Co2+ >Fe2+ > Mn2+ > Ca2+ > Mg2+ > Sr2+ > Ba2+ >>> 

alkali ions > H+, whereas for sulphonic ones the analogous affinity series can be 

as presented earlier (for Lewatit SP 112). Generally, the functional group atoms 

capable of forming chelate rings usually include oxygen, nitrogen and sulphur. 

Nitrogen can be present in a primary, secondary or tertiary amine, nitro, nitroso, 

azo, diazo, nitrile, amide and other groups. Oxygen is usually in the form of 

phenolic, carbonyl, carboxylic, hydroxyl, ether, phosphoryl and some other groups. 



Sulphur is in the form of thiol, thioether, thiocarbamate, disulphide groups etc. 

These  groups can be introduced into the polymer surface by copolymerization of 

suitable 

monomers, immobilization of preformed ligands, chemical modification of groups 

originally present on the polymer surface. However, the last two are most often 

used (Warshawsky, 1987). Chelating resins with such type of ligands are 

commonly used in analysis and they can be classified according to Fig.1. 

(Kantipuly et al. 1990). The choice of an effective chelating resin is dictated by the 

physicochemical properties of the resin materials. These are the acid-base 

properties of the metal species and the resin materials, the polarizability, 

selectivity, sorptive capacity, kinetic and stability characteristics of the resin. 

The sorption capacity of chelating ion exchangers depends mainly on the nature of 

functional groups and their content as well as solution pH as for their selectivity it 

depends on the relative position of functional groups, their spatial configuration, 

steric effects, and sometimes their distance from the matrix and to a lesser extent 

on the properties of the matrix. Their use allows the recovery of valuable metals 

from ores and sludge, sea water and industrial effluents. They are used as flotation 

agents, depressants, flocculants and collectors. It is worth emphasizing that these 

resins are invaluable wherever it is necessary to concentrate or remove elements 

present in very low concentrations. With a range of well known chelating ion 

exchangers only a few types are produced on an industrial scale. Among the most 

important ones these with the functional groups: amidoxime, dithiocarbamate, 8-

hydroxychinoline, iminodiacetate, aminophosphonic, bispicolylamine, 

diphosphonic, sulphonic and carboxylic acid groups, thiol, thiourea as well as 

isothiourea should be selected (Sahni & Reedijk, 1984; Busche et al. 2009). 

Among them the chelating ion exchangers possessing methylglucoamine, 

bis(2pirydylmethyl)amine also known as bispikolilamine, thiol etc. are used for 



special applications such as removal of precious metal ions, heavy metal ions from 

the acidic medium, boron and special oxoanions removal.  

 

Chelating ion exchangers with the iminodiacetic functional groups 

Recently the attention has been paid to the ion exchangers with the amino- or 

iminoacids groups. The presence of two carboxyl groups and the tertiary nitrogen 

atom provides strong preference for chromium(III) and copper(II) (Marhol & 

Cheng, 1974). Therefore, for the commercial chelating ion exchangers such as 

Chelex 100, Dowex A 1, CR-20, Lewatit TP 207, Lewatit TP 208, Purolite S 930, 

Amberlite IRC 748 (formely Amberlite IRC 718) or Wofatit MC-50 the sorption 

process of metal ions proceeds according to the order: Cr3+ > Cu2+ > Ni2+ 

> Zn2+ > Co2+ > Cd2+ > Fe2+ > Mn2+ > Ca2+ >> Na+. This type of ion 

exchangers also exhibis high affinity for Hg(II) and Sb(V) ions. It should be noted 

that depending on the pH value they may occur in the following forms (Zainol & 

Nicol. 2009a): At pH <2.0 the nitrogen atom and the two carboxylic groups are 

protonated. In this case the chelating ion exchanger with the iminodiacetic 

functional groups behaves as a weakly basic anion exchanger. At pH ~ 12, the 

nitrogen atom and the two carboxylic groups undergo deprotonation – the ion 

exchanger behaves as a typical weakly acidic cation exchanger. For 

pH medium values, the iminodiacetic resin behaves as an amphoteric ion 

exchanger. 

 

Chelating ion exchangers with the phosphonic and aminophosphonic 

functional groups 

Among various types of ion exchangers with the acidic ligands, those having 

phosphonate  functionality are of particular interest since they are selective towards 

heavy metal cations. Development of this type of ion exchangers started in the late 



1940s with phosphorylation of poly(vinyl alcohol) using various phosphorylating 

agents (Trochimczuk & Streat, 1999; Trochimczuk 2000). Besides phosphate, 

phosphinic and phosphonic resins, containing – OPO(OH)2, –PO(OH) and -

PO(OH)2 functional groups, respectively, they also contain 

methylenediphosphonate, ethylenediphosphonate and carboxyethyl phosphonate 

ones (Marhol et al. 1974; Kabay, 1998a; Ogata et al. 2006). In all cases they 

display good selectivity towards metal ions even at very low pH (except for 

ethylenediphosphonate and carboxyl containing resins, being less acidic, more 

selective at the pH value from 1 to 2). 

 

Chelating ion exchangers with the bis(2-pyridylmethyl)amine functional 

groups 

The ion exchange resins with the bis(2-pyridylmethyl)amine (bpa) functional 

groups also known as bispicolylamine are capable of selective sorption of 

transition metals, particularly Cu(II) ions due to the presence of donor atoms 

(nitrogen atoms) which are capable of coordination reaction with Cu(II). Due to 

this fact, such chelating ion exchange resins can combine ion exchange and 

complexing reactions and then exhibit high selectivity for metal ions. Dowex M 

4195 possessing such functional groups is commercially available.  

Chelating resins have found increasing utility for separation and concentration of 

metal ions at trace levels, because of their selectivity. A number of chelating resins 

containing various functional groups (e.g., ethylenediamine tetraacetic acid [1], 

iminodiacetic acid [2-4] etc.) have been reported. Vernon and Eccles used 

chelating resin formed with TV-substituted hydroxylamine [5]. We have reported 

chelating resin containing bicine [6] functional group. Polyamines like 

ethylenediamine, diethylenetriamine, etc., form an important class of chelating 

ligands. Several authors have studied the modification of synthetic resins with 



linear polyamine ligands [7-10]. More recently Blain et al. have applied a chelating 

resin, chelamine, for pre concentration of trace metals from sea water with high 

selectivity [11]. Synthesis of chelating resins having good selectivity is a subject of 

continuing interest and importance.  1-Hydrazinophthalazine, a hydrazine type 

ligand capable of chelating interactions utilizing the a-nitrogen of the hydrazine 

residue and the nitrogen doners of phthalazine substituent. Thus, it presents a 

favourable environment for coordination with the metal ion. 1-

Hydrazinophthalazine has been reported to form stable complexes with Fe(III), 

Cu(II) and Zn(II), while it has negligible affinity for Ca(II), Mg(II) and Mn(II) 

[12]. Ruggieri et al. have used 1-hydrazinophthalazine as a sensitive reagent for the 

determination of Fe(III) [13]. Takaoka et al. have reported a similar reagent, di-2-

pyridylmethanone 2-(5-nitro) pyridyl hydrazone for sensitive and selective 

spectrophotometric determination of trace iron [14]. Hence it was considered 

interesting to incorporate this ligand on to a polymeric support and study its 

analytical potential. In the present work, the macroporous resin poly styrene-co-

divinylbenzene (XAD-4) has been functionalized using 1-hydrazinophthalazine 

ligand. The resin have been characterized and sorption behaviour of different metal 

ions on the resin has been studied. 

 

  



Methodology 

A multistep synthesis was used to synthesize new chelating resin containing Bicie 

ligands. The polystyrene divinylbenzene co polymer XAD-4 was dried under 

vacuum to remove the moisture content. The dried XAD- 4 was first converted to 

acyl form by reacting with acetic anhydride in the presence of dry aluminum 

chloride in petroleum ether. The reaction is completed in 30-36 hours. 

Subsequently the acyl form was converted to it carboxylic acid form by reacting it 

with thionyl chloride. The bicine ligand was attached to the acid chloride in the 

presence of sodium ethoxide. The resin was characterized using FTIR, TGA and 

elemental analysis technique. A  AA 4139 microprocessor controlled atomic 

absorption spectrometer (courtesy I I T Mumbai) was utilized for determining 

metal concentration; an ELICO digital pH meter (LI-120) was used for pH 

measurements. A mechanical shaker with incubator, 200 strokes min was used for 

carrying out equilibrium studies. Infrared (IR) spectra were recorded on a Nicolet- 

5DX Fourier transform IR spectrophotometer (I I T) 

 

Reagents 

The stock metal ion solutions were prepared by  dissolving analytical reagent grade 

metal nitrates, chlorides or sulfates in double distilled water.  All the metal ion 

solutions were standardized using standard methods [15]. Poly (styrene-co-(divinyl 

benzene)] resin (Amberlite XAD-4) was obtained from Fluka (Buchs, Switzerland) 

and 1-hydrazinophthalazine from Sigma (U.S.A.). The following buffers were used 

to control the pH of the solution: hydrochloric  acid-glycine (pH 1-3), acetic acid-

sodium acetate (pH 3-5); disodium hydrogen phosphate-potassium dihydrogen 

phosphate (pH 5-8); and sodium borate-hydrochloric acid (pH 8-9). 

 

 



Effect of pH on metal ion uptake 

The effect of the pH on the metal ion uptake was studied by a batch equilibration 

technique. Metal ion solution (50 ml, 50 ug ml ') was shaken with 100 mg of resin 

for 1 h. The pH of the metal ion solution was adjusted prior to equilibration over 

the range 2.0-9.0, with buffer solution. After the equilibration, the concentration of 

the metal ion remaining in the solution was determined by AAS. The concentration 

of metal ion was also determined in the eluent after desorbing the metal ion with 1 

M hydrochloric acid. Sorption experiments were carried out in duplicate each time. 

 

 pH dependence of trace metal ion uptake 

A 50 ml volume of buffered solution containing 5 ug ml ~ ' of metal ion was 

shaken with 100 mg of resin for 1 h in a glass stoppered bottle. The resin was 

filtered off and the concentration of the sorbed metal ions was determined after 

eluting out with 1 M HC1 (10 ml) and diluting the resultant sample solution to 50 

ml with distilled water. 

 

 Resin capacity 

The capacity of the resin was determined by shaking the excess of metal ion [50 

ml; 100 ug ml"1 for Cu(II), Ni(II), Fe(III), Zn(II), Cr(III) and Co(II) and 200 ug 

ml"1 for Pb(II) and Cd(II)] with 50 mg of resin for 6 h at the optimum pH of 

sorption. The resin was filtered off and the concentration of the remaining metal 

ion in the  solution was determined by AAS. The capacity of the resin was also 

checked after soaking the resin in 1 M HC1-1 M NaOH for 24 h. 

 

 

 

Equilibrium time 



To determine the time of equilibrium for the metal ion under investigation, the 

metal ion solution (50 ml, 10 ug ml-1) at a constant pH was sampled in six bottles. 

These bottles were removed from shaker at regular intervals of time and 

concentration of the sorbed metal ions was determined. The duplicate values 

agreed with a precision of + 2%. 

  

Effect of diverse ions 

The effect of diverse ions viz. potassium, magnesium and calcium ions on the 

recovery of various metal ions from aqueous solution was studied. For this, 

standard solutions of 50 ml of Cu(II), Zn(II), Pb(II) and Fe(III) (1-5 ug ml"1each) 

containing manifold amounts of the foreign ions as interferents were analysed. 

 

Concentration and separation of metal ions 

A batch equilibration method was used to concentrate the trace metal ions. Sample 

solutions (250-500 ml) containing 0.1 ug ml"1 metal ion were adjusted to the 

optimum pH of sorption with buffer solution. The solution was then shaken with 

100 mg of resin for about 10 min. Sorbed metal ions were eluted with 1 M 

hydrochloric acid (10 ml) and the concentration of the metal ion in the eluent was 

determined using AAS. Based on the sorption behaviour of metal ions on XAD4-1- 

hydrazinophthalazine resin at different pH values, separation of Fe(III) from 

various other metal ions were carried out in binary mixtures by column method. A 

funnel-tipped glass column with a length of 6 cm and i.d. of 0.5 cm was used for 

separation purposes. The dry resin (0.5 g) was loaded into the glass column, 

immersed in the buffer solution and 50 ml of metal ion solution containing Fe(III) 

(10 ug ml"1) and other metal ions (10 ug ml" y) was passed through the column at 

a flow rate of 2.0 ml min^1. The sorbed metal ion was desorbed from the resin 

with 1 M HC1 (10 ml). Concentration of Ni(II), Cu(II), Co(II), Zn(II) or Pb(II) was 



determined in the effluent by AAS.XAD4-1-hydrazinophthalazine was also used 

for separation and analysis of Fe(III) in synthetic samples (N.B.S., SRM-1632 and 

NKK, No. 920). 

  

  



Results and discussion 

The resin was synthesized according to Scheme 1 and the incorporation of 1-

hydrazinophthalazine into the polymeric matrix was established by IR and 

chemical analysis The final resin (V) did not have C-Cl band at 670 cm1 

supporting Scheme 1. It is further indicated by a upper shift in the absorption band 

corresponding to a carbonyl group (1740-1765 cm ~ ') in the spectrum of resin (IV) 

(acid chloride form) probably resulting from Fermi-resonance between the C=O 

band and the overtone of a longer wavelength band near 875 cm*1 [16]. The ligand 

is attached to the polymer through the secondary amine group. This is indicated by 

disappearance of the band corresponding to secondary aryl N-H. All other 

characteristic band of pure ligand were present in the final resin(II).Fig. 2 shows 

the scheme for coordination of the metal ion with the ligand. 1-

Hydrazinophthalazine acts as bidentate ligand coordinating through a-nitrogen of 

the hydrazine moiety and one of the nitrogen of the phthalazine ring [17],  resulting 

in the formation of a stable five membered ring. Nitrogen analysis of the resin gave 

a value of 8.05% nitrogen. Assuming that all nitrogen is part of intact 1-

hydrazinophthalazine group, the capacity for the metal ion should be 1.44 mmol g 

of resin. The values actually obtained are reported in Table 1.Fig. shows the 

sorption behaviour of Cu(II), Ni(II), Zn(II), Co(II), Pb(II), Cd(II), Fe(III) and 

Cr(III) as a function of pH using XAD4-l-hydrazinophthalazine resin.  

 

Table:  Metal uptake capacity  

Metal Ion pH Capacity (SD)mmol g-1of resin 

Cu(II) 6.5 1.24 (0.02) 

Zn (II) 7.05 0.74 (0.01) 

Fe(III) 4.52 1.32 (0.01) 



Pb (II) 6.52 0.86 (0.02) 

Ni (II) 8.54 0.82 (0.02) 

Cd(II) 7.52 0.96 (0.01) 

Co(II) 8.03 0.85 (0.02) 

Cr(III) 8.84 0.62 (0.02) 

 

  



Conclusion 

The sorption studies of XAD4-l-hydrazinophthalazine indicates its potential for 

enrichment and separation of various metal ions from aqueous solution. Resin has 

shown high selectivity for Fe(III) and its separation from other metal ions has been 

carried out effectively. Several other separation like Cu-Ni, Cu-Co, Cu-Zn, Pb-Co, 

Pb-Ni, etc., are feasible on resin by control of pH. 
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