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Summary 
The Efficiency removal of lead and copper and neutralization of Calculus contain of soil by 

organic acid ( Citric acid) as a chelating were carried out by using of UV-Spectrophotometry 

technique. The result demonstrated the complexation formulating between the Citric acid and 

heavy metals. The high efficiency of Citric acid played an important role in removal of lead and 

copper with neutralization of soil's bicarbonate , in addition to these removal were increased by 

increasing the Citric acid. The Enhancing of Citric acid in phytoextraction lead and copper 

caused slowly growing of plant , reducing of Electrical conductivity ,pH and increase soil's 

porosity.  
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 الخلاصة:
باسخخذام  الماعذيتأجريج دراست كفاءة إزالت الكاحيىًاث الوىجبت الرصاص والٌحاش وهعادلت الوحخىي الماعذي للخربت 

هض كعاهل ساحب للعٌاصر عي طريك اهخصاصها بالٌباحاث ولذرث الكاحيىًاث باسخخذام حمٌيت حاهض ألسخريك.إر اسخخذم الحا

الأشعت فىق البٌفسجيت .بيٌج الٌخائج كفاءة الخركيس العالي للحاهض في هعادلت الخربت الماعذيت فضلا عي إى حلك الإزالت ازدادث 

الثميلت سبب بظء ًوىٍ الٌباحاث ، خفض ليوت الخىصيل بسيادة حراكيس الحاهض ، كوا إى الاسخخلاص بالٌباث للعٌاصر 

 الكهربائي و درجت حفاعل الخربت وزيادة هساهيخها.

 

 

1. Introduction 
Large area of agricultural soils are contaminated by heavy metals and salinity that mainly 

originate from industrial activities , mining , smelting of ferrous are metals, exhaust gas and fuel 

energy production[1]. 

Most heavy metals are toxic for plants , especially lead has been shown to be toxic effect on 

variety metabolic process essential to, plant growth and development including  photosynthesis  

transpiration , DNA synthesis and metabolite activity [2]. 

Studies undertaken during the last decades have shown the organic complexation is important 

for number of trace element metal.  

An important  fraction (30-99.9%) of metals including ,copper ,ion ,nickel and zinc are 

complexed by natural and anthropogenic organic Ligand this organic complexation is thought to 

decrease activity and scavenging by suspended particulate matter the metal – organic Ligand 

complexes are strong with reported conditional stability constant Log KMeL   M+2 : Metal ,L: 

Ligand , Co(ΙΙ) 15.6 – 16.1 , Cu(ΙΙ) 10-13, Fe(ΙΙΙ) 18.8-21.2 ,Ni(ΙΙ) >17 ,Zn(ΙΙ)10 [ 3 ]. 

Chemically chelate is a compound from complexion of cations with organic compounds 

resulting in airing structure. 

Citric acid which was used in carry study is one of the organic acids commonly used as 

chelating agents and neutralization [4],Citric acid form square planer complex with heavy metals 

through binding to citrate anions with cations. phytoremediation  is a novel clean up technology for 

removal of contaminate from polluted water and soils ,in phytoremediation the plant uptake 

capability and the availability of the pollutant in the medium are important [5] so , adding of 

chelating agent [6] enhancing phytoremediation by increasing the bioavailability of heavy metals.  
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The aim of the present study was to evaluate  the  citric acid efficiency in removal the soil 

containments with heavy metals lead and copper in addition to soil´s bicarbonate neutralization. 

 

2-Materials and Methods 

2-1.Chemicals 
All commercial materials were received from Pharmacy college / Basrah University  including: 

,Sulfuric acid , Phenophaline ,Methyl orange ,lead acetate , copper chloride ,Citric acid and 

Distilled water. 

 

2-2. Apparatuses 
Buret ,Pipet , conical flask ,Funnel , filter paper, Volumetric phials and UV visible. 

 2-3. Assay of Lead and Copper in Soils Samples  

2-3-1. Preparation of Solution 
Various standard solution from lead acetate and copper chloride were prepared with 

concentration 2,5,10,15,20,25 ppm for each element.   

2-3-2.Procedure 
Add 15 g of dry soil dust to 100 ml Distilled water then the filtration was measured by UV- 

Visible [7].   

2-4.Efficincy of CA in Removal of lead and copper from soil suspension  
various series concentration of CA ( 2 , 3 , 6 , 10 and 15)% were added for soil samples. After 

30,60 and 120 minutes addition , the concentration of lead and copper were assayed.  

2-5. Studying of Soil properties after CA addition 
Physiochemical properties of soil were studied at water laboratory ,department of soil sciences 

and water , Agriculture college, Basrah University. 

Samples were prepared to measure some Physiochemical properties, by pass the samples after 

drying through sieve, soil samples assayed practical size distribution according to described 

procedure by [8] also the [9] was depended in Bulk density by Core while [10] procedure was 

followed in cations an inions assayed. 

2-6. Bioassay of CA effectiveness in plant Growth 
The experiment was carried out by using the six pots , they were filled with 100 g soil. These 

pots cultured with the Garden Cress  Lepidium sativum seeds by 10 seed per pot in weeds 

laboratory / Agriculture college / Basrah University. Two treatments were used , First was sprayed 

with water and second was sprayed with citric acid . After 30 days from the culture ,the growth of  

Garden Cress  Lepidium sativum was compared between them as  a Morphology.  

2-7. Efficiency Studying of Citric acid in Removal of Bicarbonate  
a. 10 ml of soil suspension was put in conical flask , three drops from Phenophaline was 

added ,if the color became pink it means there is carbonate . 

b. The sample was titrated with 0.01 M sulfuric acid To the disappear of pink color, The 

volume recorded as (y). 

c. Some drops of methyl orange were added to the sample ,then titrated with sulfuric acid 

to the color change from yellow to orange. The volume recorded as (Z). 

           Meq HCO3 /L = ( Z – 2 y) × NH2SO4 /ml in liqut × 1000 [11]. 

2-8. Statistical analysis 
The results of paragraph no. 2-3 was analyzed using linear simple correlation for pearson in 

properly level o.o1%  using one-way analysis of variance (ANOVA) to test for significance, by 

application of computer program SPSS. 
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3. Results  and Discussion  
3-1. Calibration Curve of Lead and copper 

Fig 1 and 2  showed the calibration curves  which is depended in this study and its obtained by 

Ultra Violate Technique. Its represented  the relationship between the Absorption and 

Concentrations which carried out at the λ Max 320 nm for Lead and 350 nm for copper.  

A linear correlation was observed between the concentration and the absorbance  according to 

the statistic analysis . The correlation coefficient valued  r = + 0.99 in case of lead and + 0.99 in 

case of copper respectively . This provided an indicator which linked the variables.  

 

3-2. Efficiency of CA in Removal of lead and copper from soil suspension  
The fig 3 showed the efficiency of CA in reducing the heavy metals ( pb and cu ) from the soil 

suspension. It observed that the CA concentrations  2,3,6,10 %  reduce the concentrations of pb and 

Cu from 2.5 ,  0.8  to 2.4 ,1.9 ,1.4 , 1.15 and to 0.49 , 0.40 , 0.34, 0.18 ppm for both Lead and 

Copper respectively , also the results illustrated that the high concentration of CA 15% caused large 

reducing in lead and copper 0.1 and 0.009 ppm respectively. 

Complete removal of lead and copper were observed sequence with increasing the CA 

concentration, this belonging to that the organic acid ( citric acid) was effective in removing heavy 

metals from the soil , mainly owing to the better solublization of  the metals at low pH conditions in 

the soil solution provided by citric acid [12].  

Also the citric acid is a tricarboxylate is using as chelating agent , act complexion  with cations 

such as lead and copper ( pic 1 ). In addition to [13 , 14] reported that the addition of citric acid and 

its salts selectively  increase uranium mobility in soil and subsequently also plant uptake. The 

authors suggest that the strong mobilization of uranium by citric acid is due to the formation of 

citrate–uranyl complexes rather than to the decreased pH. 

3-3. Efficiency of Citric acid in Removal of bicarbonate from Soil suspension  
An estimation study of bicarbonate was studied in order to determine the efficiency of several 

citric acid concentrations in removal of bicarbonate from soil suspension(Table 1).  

The citric acid concentrations 2, 3, 5, 10, %  lowered bicarbonate  content to                                    

0.0018, 0.0006, 0.00045, 0.00006 meq /L. respectfully compared with its content before treatment 

was 0.0026 meq / L.  

The citric acid played an importance role in reduced the bicarbonate level because of 

neutralizing the solution by the additive the H2SO4 , leading to low of soil´s pH 5.6 – 6.0 [15].  

The [16] showed that the citric acid is an electrolyte component have the ability to maintain an 

acidic pH for the soil with low buffering capacity in addition to it’s a polyprotic acid there for it has 

a buffering capability and can neutralized in coming base component.   

 

Table 1 : Efficiency of Citric acid in neutralized the bicarbonate of soil 

suspension 

 

 

 

 

Citric acid Concentrations (% ) Volume of H2SO4  

(ml) 

Meq /L of Bicarbonate 

2 1.8 0.0018 

3 0.6 o.ooo6 

5 0.45 0.00045 

10 0.06 0.00006 
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3-4. Effect of Citric acid in Growth Response of Plant  
When citric acid was applied to treated soil with  Seeds ,the growth was observed to be  slowly 

compared with an irrigated by CA ( picture 2 ).This because CA enhanced the uptake of toxic 

matter by plants result reducing in their growth and biomass . 

Heavy metals uptake from plants controlled by three main factors : 

pH of soil  : its found through studied that heavy metals uptake is depended upon pH soil 

increase as decreasing the later. Since low pH in hence the solubility of heavy metals then 

increasing its uptake [17 ،18].  

Sorption : CA has sorption characteristic to remove copper and lead ions from aqueous 

solution[19,20].  

Citric acid is used as chelating agent for extraction of heavy metals ions from contaminated soil 

( formation complexation between Citric acid and ions). [21,22,23,24].   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig (1): Calibration curve of Lead  
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Fig( 3) showed the percentage removal of lead and copper by using citric acid  

 

 

 

 

 

 

 

Fig (2): Calibration curve of Copper 
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          Picture (1): show the complex between citric acid with lead 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pic (2):The effect of CA on plant growth Lepidium  sativum 

a:plant irrigated with CA  

b:plant irrigated with water 
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3-5. Effect of Citric acid addition on Soil Properties 
Through the studying of physiochemical properties of soil ( Silt Clay Loam) at the laboratory, 

it's found the CA had high efficiency enhanced these characteristics . 

Table (2) illustrated : 

1. Increasing porosity from 20% to 33% for soil treated with water only and to 28% for soil 

treated CA. 

2. Decreasing in pH and EC ,the pH decreased from 7.14 to 7.11 and 7.10 for both soil treated 

with water and CA respectively.  

These results indicated to important role of CA in an enhanced of soil characteristics by 

removal of salinity lead to good aerotation.    

 

Table ( 2 ): Soil properties were used in this study 
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