
 
 
 
 

18 P. C. Verma 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2, Issue 10 

October 2015       

Study of Adsorption and Concentration of Cr(III) and Fe(II) 

on azadirachta indica (Neem leaves)  
 

P. C. Verma 

Department of Chemistry, Yobe State University, Damaturu, Nigeria 

 
ABSTRACT 
The study was conducted to determine the adsorption of Cr(III) and Fe(II) on Azadirachta indica leaves. Leaves (sample) 

for the work were washed, air dried at room temperature and ground to powder. The sample powder (0.5g) was placed 

into a test tube containing 10 ml of the adjusted pH value (1-6) of 3.5 µg l
-1

 solute of Cr(III) and Fe(II) each and the final 

concentration was determine using atomic adsorption spectroscopy (Buck Scientific Model 210 VGP). The result which 

shows a significant decrease in the concentration of both Cr(III) and Fe(II) with increase in pH, indicating an increase 

in adsorption Cr(III) which have maximum 22.2% at pH= 6 and Fe(II) have maximum 20.0% at  pH= 6. 
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INTRODUCTION 

        Adsorption into solid adsorbent can effectively remove pollutants from both aqueous and gaseous 

streams and therefore has considerable environmental significant [1-3]. Activated carbon, the popular 

adsorbent, has been traditionally used for the removal of odour taste and colour, which are designed as trace 

pollutants. Its high adsorptive capacity and versatility have expanded its application to the treatment of 

numerous industrial waste streams. Other commercial adsorbents, having increased reversibility, have been 

recently reviewed and although their versatility and adsorption capacity are generally less than those of 

activated carbon, they are advantageous for certain applications. Such low cost adsorbents have been found 

use in laboratory scale for treatment of various pollutants from water and water waste [4]. 

       The present study aims to develop a non-conventional adsorbent from the leaves of Azadirachta Indica  

(Neem) tree to be used for toxic pollutants, such as Cr(III) and Fe(II) in aqueous medium [5-6]. Chromium 

and Iron are continuously released into natural environment due to industrial activities, weathering of rocks 

and soils, combustion of fossil fuels, agricultural activities, atmospheric emission and mining activities. 

Speciation analysis of trace amount of chromium ions has become an important topic in environmental and 

biological science. It is well known that the toxicological and biological properties of most elements depend 

upon their chemical forms [7]. Therefore, the knowledge on the speciation of chromium is of particular 

necessity. Chromium is widely used in various industries such as plating, tanning and pigment production and 

metallurgy which possibly contaminate the environment. Chromium(III) compounds are one of the essential 

trace nutrients in human bodies and play an important role in the metabolism of glucose and certain lipids 

whereas chromium(VI) compounds are toxic and carcinogenic. The United State Environmental Protection 

Agency (USEPA) has regulated the permissible limit of 0.1mg l
-1

 of total chromium in drinking water. In 

Japan, the tolerable concentration of chromium in water is 0. 5 mg l
-1

 for  total chromium. The element 

chromium occurs in natural samples in two relatively stable valence state, i.e. in the form of Cr(III) and 

Cr(VI) species, which exert quiet different effects on biological system. In fact, while Cr(III) is an essential 

component having an important role in the glucose, lipid and protein metabolism, Cr(VI) has a definitely 

adverse impact on living organism. Cr(VI) can easily penetrate the cell wall exert itself. The importance of 

chromium speciation in plants may be illustrated by the fact that to maintain good health, humans require an 

adequate daily intake of nutrients including essential trace elements such as chromium, cobalt, copper, iodine, 

iron, manganese, molybdenum, selenium, zinc and several other micro elements found mostly in vegetables. It 

is therefore essential to ascertain in which form chromium is present in plants tissue as well as extent of their 

accumulation, because plants derived chromium containing good materials, primarily from vegetable crops 
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provide a major portion of the daily chromium intake. Another example of Cr(VI) speciation is connected 

with the possibility of its presence in medicinal plants. 

       Since one of the routes chromium incorporation into the human body is by ingestion, several analytical 

methods have been developed in order to separate and determine Cr(III) and Cr(VI) species in water samples. 

The concentration of chromium in natural water is very low, in order of a few µg l
-1

. Therefore, powerful 

techniques are required but of those currently available only a few show sufficient detection power. 

       Despite the fact Iron is the second most abundant metal in the earth crust. Iron deficiency is the world’s 

common causes of anaemia. When it comes to life, Iron is more precious than gold. The body hoards the 

element so effectively that over millions of years of evolution, humans have developed no psychological 

means of extraction. Iron adsorption is the sole mechanism by which Iron stores are physiologically 

manipulated. The average adult stores about 1 to 3 grams of irons in his/ her body and exquisite balance 

between dietary uptake and loss maintains this balance. About 1 mg of iron is lost each day through sloughing 

of self from skin and mucosal surfaces, including the lining of the gastrointestinal traces. 

       In northern Nigeria, the Hausa and the Fulani tribes utilize Neem tree Azadirachta Indica ethno-

medicinally as a remedy for several human and animal’s aliments [8]. The plant Azadirachta Indica is given 

different names by different tribes. Hausa people call it the “Derbejiya or dogon-yaro”, the people Igbo call it 

“akorun shorop” and the Yoruba people call it Igioba. Azadirachta Indica is savannah tree easily recognised 

by its round ever green crown, dark shinning. The leaves and the stem/bark of this tree has been used in Yobe 

state northern Nigeria in form of decoction and concoctions for the cure of malaria, purifying blood, leprosy, 

skin diseases, leucoderma intermittent fever, worms ulcers, burning sensation, tumours, tubercular glands, 

vomiting, dyspepsia, intestinal worms, cough inflammation and fatigue [9]. The application of herbals to treat 

disease is almost universal among non-industrialised societies. This might be because pharmaceutical drugs 

are expensive to be bought. In fact, World Health Organisation (WHO) estimated that 80% of the world 

population presently use herbal medicine for some aspect of primary healthcare. Among those of few herbals 

remedies demonstrated positives effect on humans. Because of the strong dependent on plants, large number 

of studies has been concluded on traditional medicine usage of plants and some often showed scientific 

rational or resulted in the isolation of bioactive compound for direct use in medicine. However, still very little 

are known about African traditional medicine when compared to the European and Asian system [10].  

        These metals are needed in very small quantity for proper functioning of the system for both plants and 

animals. But if released into the biosphere in large quantity they undergo a cyclical process through biotic 

means, and are converted into toxic substance that can affect the eco-system. In view of the above, the 

qualification of trace methods at a very low concentration is becoming the requirement of environmental 

assessment studies. 

       The commonly used analytical for trace metal analysis in environmental sample includes FAAS (Flame 

Atomic Absorption Spectroscopy)[ 11]. Hence, it is imperative suitable separation /pre- concentration method 

to avoid metric affects prior to their determination. Some of the pre- concentration methods used for trace 

metals includes liquid- liquid extraction. 

      In this study, the possibility of using Azadirachita Indica leaves as a bio -sorbent was explored. From 

literature, scanning been conducted on adsorption of Cr(III) and Fe(II) on Azadirachita Indica leaves. 

Significance of the Study 

The research work is important in several reasons: 

        Firstly, the research work is important in terms of determining the level of chromium and Iron on Neem 

leaves (Azadirachita Indica). 

       Secondly, it will provide comprehensive information to researcher who might wish to further process. 

       Thirdly, this research work will lead to further in-depth research on the determination of the levels of 

chromium and Iron on Neem leaves. 

       Lastly, the research work will serve as a contribution to knowledge in the area of determining chromium 

and Iron on Neem leaves. 

Aim and Objectives 
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The aim of this research can be achieve through the following objectives: 

i   To investigating the adsorption of Cr(III) and Fe(II) on leaves powder of Neem. 

ii   To explore the possibility of Cr(III) and Fe(II) adsorption on Neem leaves. 

 

MATERIALS AND METHODS 

  Materials: Atomic Adsorption Spectroscopy (Buck Scientific Model 210VGP), Centrifugal machine TDL 

50B and 3505 JENWAY pH meter. 

Reagents: Ferrous chloride (FeCl2), Chromium chloride (CrCl3), Hydrochloric acid (HCl), Sulphuric acid 

(H2SO4) and Ammonia solution (NH3). 

 Standard stock solution containing (1.0 g l
-1

) of Cr(III) and Fe(II) were prepared separately by dissolving 

CrCl3. 6H2O (Loba Chemie Pvt. Ltd., Mumbai, India) and FeCl2 (B.D.H Chemical Ltd., Poole England) in 2% 

HCl and 20% H2SO4. 

Preparation of Adsorbent 

       The fresh leaves of Azadirachta Indica (neem) were collected from azadirachta tree. It was dried and 

grind into powder by mortar and pestle and then stored for future use as adsorbent. 

 

METHODS 

i.    Sample solution containing 3.5µg l
-1

 of the analytes Chromium(III) and Iron(II) were prepared by               

appropriate of those stock solution with distilled water and adjust to desired pH value (1-6) with 1.0  mol l
-1 

ammonia or hydrochloric acid before use. 

ii.    Sample of azadirachta indica leave powder (0.5g) was placed into test tubes containing 10ml of the pH 

adjusted (1-6) sample solution of the analytes. 

iii.    The test tube was centrifuged at 500rmp for 50 minutes and 5 ml of the supernatant was pipette into 

separate clean test tube. The concentration of Cr(III) and Fe(II) were then determined using Atomic 

adsorption spectroscopy (Buck Scientific Model 210 VGP). 

  Calculation of Amount Adsorbed 

    Amount Adsorbed = Concentration in blank solution – Concentration in supernatant 

Calculation of Adsorption % of Cr(III) and Fe(II) 

Adsorption % = (Amount Adsorbed at that pH x 100)/(Amount of sample solution of the analyte taken). 

 

RESULT AND DISCUSSION 

TABLE 1: The concentration of Cr(III) in supernatant and in blank solution (without sample) at pH of 

1 to 6. Also the amount of Cr(III) adsorbed by the sample and Adsorption percentage. 

pH Concentration in 

supernatant (µgl
-1

) 

Concentration in 

blank solution (µgl
-1

) 

Blank solution minus 

analytes  (µgl
-1

) 

Adsorption 

(µgl
-1

) 

Adsorption 

(%) 

1 3.20 3.50 3.50 – 3.20 0.30 8.5 

2 3.10 3.45 3.45 – 3.10 0.35 10.0 

3 2.80 3.30 3.30 – 2.80 0.50 14.3 

4 2. 71 3.27 3.27– 2.71 0.56 16.0 

5 2.60 3.25 3.25 – 2.60 0.65 18.6 

6 2.46 3.24 3.24 – 2.46 0.78 22. 2 

                                                                                                                                                                  

Effect of pH on the adsorption of Cr(III) on the azadirachta indica 
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Based on the experiment conducted on adsorption of Cr(III) on the azadirachta indica, the results indicate that 

the maximum adsorption of 22.2% was obtained at pH=6(shown in figure1) . 
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Figure1. The variation of pH with adsorption % for Cr(III) and Fe(II). 

      The effect of pH on adsorption of Cr(III) on azadirachta indica leaves has been investigated; the pH of 

sample solution containg3.5 µgl
-1

 of the target analytes was adjusted to a pH range of (1-6) by adding 0.1 mol 

l
-1

 solution of NH3 or HCl. As could be seen, maximum adsorption of 22.2% was obtained at pH=6 was 

selected as the optimum pH for all subsequent studies. 

TABLE 2: The concentration of Fe(II) in supernatant and in blank solution (without sample) at pH of 1 

to 6. Also the amount of Fe(II)  Adsorbed  and Adsorption percentage. 

pH Concentration in 

supernatant (µgl
-1

) 

Concentration in 

blank solution (µgl
-1

) 

Blank solution 

minus analytes  

(µgl
-1

) 

Adsorption 

(µgl
-1

) 

Adsorption 

(%) 

1 2.40 2.50 2.50 – 2.40 0.10 2.9 

2 2.25 2.50 2.50 - 2.25 0.25 7.1 

3 2.00 2.40 2.40 – 2.00 0.40 11.4 

4 1.82 2.30 2.30 – 1.82 0.48 13.7 

5 1.60 2.25 2.25 – 1.60 0.65 18.6 

6 1.50 2.20 2.20 – 1.50 0.70 20.0 

 

Effect of pH on the adsorption of Fe(II) on the Azadirachta indica      

 Based on the experiment conducted on the adsorption of Fe(II) on the azadirachta indica, the result indicated 

that the maximum adsorption of 20% was obtained at pH= 6. Hence the highest pH of adsorption of Fe(II) 

using supernatant is pH= 6(shown in figure 1).  

 The effect of pH on adsorption of Fe(II) on azadirachta indica leaves has been investigated, the pH of sample 

solution containing 3.5µg l
-1

 of the target analyte was adjusted to a pH range of (1- 6) by adding 0.1   mol l
-1

 

NH3 solution or HCl solution. As could be seen, maximum adsorption of 20% was obtained at pH=6 was 

selected as the optimum pH for all subsequent studies.  

 

 DISCUSSION   

        The above result of the adsorption of Cr(III) and Fe(II) using an azadirachta indica leaves powder shows 

that the neem leaves are used in removal of toxic metals  from the surrounding since from the concentration of 

both it shows that there is a significant decrease in the concentration of both Cr(III) and Fe(II) with increase in 

the pH values which is signifying an increase in the adsorption of  Cr(III) of 22.2%  in the value pH= 6 and  
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an increase in the adsorption of Fe(II) of 20% in the value pH= 6 with this finding in  and compared with the 

result of an adsorption of Cr(IV)  on azadirachta indica (neem) by leaf powder  and their conclusion that  

neem leaf found to be sufficient to make solution free Cr(VI) at much higher levels of concentration than is 

usually found in effluents [9]. 

 

CONCLUSION 

The present study shows that a biological resource, known for its traditional medicinal application, can also be 

useful as an adsorbent to remove toxic pollutants from water. The Neem leaf powder, which has been tested in 

this work for adsorbing toxic Cr(III) and Fe(II) ions from aqueous solution, has been found to be very 

effective. A small amount of the powder was found to be sufficient to make water free from Cr(III) and Fe(II) 

at much higher levels of concentration than is found in effluents. 

A maximum adsorption of about 22.2% for Cr(III) at pH= 6 and a maximum adsorption of 20% for Fe(II) at 

pH= 6 were obtained respectively. 
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