
  

 
55  

 
Determination of lead in river water by Flame 

Atomic Absorption Spectrometry 
 

Safaa Sabri Najim 
safchem2000@yahoo.com 

Chemistry Department, College of Science, Missan University- Iraq 
 

Abstract 

Simple method for determination of Pb in natural water by flame atomic 
absorption spectrometry (FAAS) has suggested .The calibration graph for lead was 
linear in the range (0.02- 0.1) µg ml-1and the detection limit was 0.4 x 10-3 µgL-1.  

For the determination of microamounts of lead in natural water, an extraction 
technique was developed. Lead was retained as Pb-dithizone complex and extracted 
into carbon tetrachloride. The preconcenration, liquid – liquid extraction, optimal 
conditions for the extraction of lead complex were determined. The FAAS method 
was applied to the determination of Pb in natural water from different areas of Missan 
province. The obtained results demonstrated that the procedure could be successfully 
applied for the analysis of water samples with satisfactory accuracy.  

Keywords: FAAS, dithizone, liquid- liquid extraction.    
 

Introduction 
Water pollutants mainly consist of heavy metals, microorganism, fertilizer and 

thousand of toxic organic compounds (WHO, 1999). Lead is one of the most toxic 
elements, has an accumulative effect and is an environmental priority pollutant [1].  

Lead pollution in water systems has seriously influenced the quality of life, 
especially in developing country. Lead is accumulated in tissues and may cause 
serious health problems for humans and animals. This metal inhibits biosynthesis and 
affects the kidneys, brain cells and the permeability the liver membrane, thereby 
reducing some of their functions. It can be accumulated in the body and can promote 
disturbance such as nausea, vomiting, diarrhea, sweating and, in some cases, 
convulsions, coma and death [2, 3]. 

The U.S. Environmental Protection Agency (EPA) has classified lead as a Group 
B2 (probable) human carcinogen [4]. The environmental and health problems arise 
fundamentally from the use of gasoline antiknock products and paint pigments 
[5].Nevertheless, it is used as a raw material in the manufacturing industry such as 
automotive batteries, ceramic and ink [6].The World Health Organization (WHO) has 
established the maximum allowable limit of 10 µg L-1 for lead in drinking water. It is, 
therefore, important to monitor the lead level in the environmental samples [7]. 

The most common analytical methods for the lead trace determination are the 
flame atomic absorption spectrometry (FAAS) [8, 9] the electrothermal atomic 
absorption spectrometry (ET AAS) [10-12] and the inductivity coupled plasma 
emission spectrometry (ICP) [13]. Of the three aforementioned methods, ET AAS is 
the most sensitive technique with a detection limit in the sub-picogram range for most 
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metals [14]. More recently, the inductively coupled plasma-mass spectrometry (ICP-
MS)[15] has produced a detection limit in the same range with (ET 
AAS)[16].Nevertheless, the detection of metal trace elements in aqueous samples is 
difficult due to various factors, particularly their low concentration and the matrix 
effects [1]. Precocentration and separation techniques, such as liquid-liquid extraction 
[17], ion exchange [18],co-precipitation[19] and solid phase extraction (SPE)[20, 21]. 

Flame atomic absorption spectrometry (FAAS) is a more frequently used technique 
due to its simplicity and lower cost, although this method has a limited sensitivity for 
lead so a preconcentration step is often required to improve the detection limit[22-
24].  

The aim of the present study was to propose an extraction procedure for the 
preconcentration of lead in natural water samples, determined by FAAS. 

The experimental conditions for the extraction of the dithizone complex of lead 
into carbon tetrachloride (extraction time, amount of extractant, pH of the aqueous 
solution,etc.)were optimized. This paper also reports the application of the proposed 
method to the determination of Pb in river, well, marshes and tap water samples from 
different areas of Missan province.         

 
Experimental 

Reagents and solutions 
       The lead stock solution (1000 µg ml-1) was prepared by dissolving 0.1598 g of Pb 
(NO3) (Thomas Baker) in 1% (v/v) nitric acid solution in a 100 ml volumetric flask. 
The working solutions were prepared daily by serial dilutions of the stock solution 
prior to analysis. Dithizone reagent was prepared by dissolving 0.005 g in 100 ml CCl4. 
To determine the influence of pH, solution of 2 M HCl or NH3 (1:1) were added to the 
aqueous solution samples. Deionized water was used throughout the experiments. 
 Instrumentation. 

All measurements were carried out with an AI 1200 Flame Atomic Absorption 
Spectrometer (Aurora Instruments Ltd., Canada). The instrumental parameters were 
adjusted according to the manufacturer's recommendations. A lead hollow cathode 
lamp was used as a radiation source, operated at 5 mA with a slit width 0.2 nm, the 
wavelength was set at 217 nm resonance line. The air-acetylene flame was used, fuel 
flow rate was 1.5 Lmin.-1 pH meter (HANNA instruments pH-211).    

Procedure 
A calibration curve for determination of lead in natural water by FAAS method was 

established by using the following procedure. First, an appropriate amount of working 
standard solutions of lead was transferred to an extraction tube, then, 1 ml of 0.005% 
dithizone was added, and the obtained solutions were extracted for 120 sec. with 
carbon tetrachloride. Finally, after removing the organic solvent by slow evaporation, 
the residue was dissolved in 10 ml of NH3 (1:1), transferred to100 ml volumetric flask 
and filled to the mark with deionized water.  

For the determination of lead in natural water samples, the analyzed sample (100 
ml) was transferred into an extraction tube and the same preconcentration procedure 
was followed.  
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Sampling  
The water samples were collected from different regions of Missan province during 

Mar. 2013, in clean and dry plastic bottles 1.5 L, filtered by filter paper (Munktell 
Filter AB, Grade 292),  

5 drops of HNO3 Conc. 69% (Applichem) were added for each bottle. The samples 
were kept in Refregrator at 4◦C before the analysis.  

Results and discussion  
In the present study, an extraction procedure for the concentration of the analyte has 

been suggested. To demonstrate the suitability of the proposed method, the conditions 
for the extraction of the Pb-dithizone complex with carbon tetrachloride have been 
investigated.  

The extraction procedure involves transfer of complex through the aqueous/organic 
phase interface, the efficiency of this procedure depends on the contact time, the effect 
of extraction time on the analytical signal of the Pb was considers estimated (Fig.1).As 
can be seen, the absorbance is stable after 120 Sec. Consequently, this time could be 
considered as the time necessary for complete extraction.  

 
                              

Fig.1 Influence of the extraction time on the analytical signal of Pb. Preconcentration 
step: 0.02 µg ml-1 Pb, pH = 9.5, 10 ml CCl4 

 
Fig.2 Influence of the extractant volume on the analytical signal of Pb. 

Preconcentration step: 0.02 µg ml-1 Pb, pH= 9.5, 120 sec. extraction time. 
 

The effect of the extractant volume on the analytical responses is shown in Fig.2. A 
variation of the analytical signal as a function of the extractant volume is evident. 
From these results, 10 ml of CCl4 was chosen as the optimum volume. 
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In order to optimize the preconcentration conditions, the extraction was also 
performed at different pH values of the aqueous solution. Fig.3 shows that the 
optimal pH values is in the range (8 – 11.5), the results are understandable since a 
better complexation occurs in this pH range. 

 

 
 

Fig.3 Influence of the pH of the aqueous solution on the analytical signal of Pb. 
Preconcentration step: 0.02 µg ml-1 Pb, 120 sec. extraction time, 10 ml CCl4.  

 

 

 
 
 

   Fig.4 Influence of the water sample volume on the analytical signal of Pb.  
Preconcentration step: 0.02 µg ml-1 Pb, pH = 9.5, 120 sec. extraction time, 10 ml 

CCl4. 
The recovery of heavy metals when extracted as different complexes from water 

samples in some cases depends on the total volume of the analyzed sample [25].  
Therefore the limiting amount of sample, which would still be suitable for 

quantitative extraction, is a very important parameter. It can be seen from Fig.4 that 
there is no significant effect on the analytical response for sample volume up to 100 
ml. 
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Fig.6 The calibration curve of Pb, obtained by FAAS 

 
Table1. Results obtained for determination of lead in water samples 

 

Ser. Sample Lead* concentration determined 
 by FAAS / mgL-1 

1. TSH1 site  0.067 ± 0.011 
2. TM2 site 0.050 ± 0.020 
3. T333 site 0.085 ± 0.003 
4. TJ4 site 0.021 ± 0.002 
5. T325 site 0.036 ± 0.010 
6. Tap water 0.072 ± 0.001 
7. Rain water 0.031 ± 0.014 
8. Well water 0.081 ± 0.015 
9. MO 0.056 ± 0.007 

 
*Mean ± SD 

 
TSH1 Al-musherh sample collection station of Missan environmental directorate.  
TM2 Al-meymonah sample collection station of Missan environmental directorate. 
TJ4 Al-meger sample collection station of Missan environmental directorate. 
T333 Al-uzer sample collection station of Missan environmental directorate. 
T325 Al-Kalah sample collection station of Missan environmental directorate. 
MO Al-Oudah marshes sample collection station of Missan environmental 
directorate.  
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CONCLUSIONS 

A procedure for determination trace amount of Pb in natural water is described. 
The method combines atomic absorption spectrometry with preconcentration of 
analyte by liquid-liquid extraction. The complexation of lead with dithizone was 
efficient enabling its preconcentrate from water. The determination of lead in natural 
water samples were selected from different areas of Missan province.  

In addition, the analytical costs of the preposed extraction method are low, it is 
also simple, quick and the operation techniques are fairly easy. Thus, the proposed 
preconcentration methodology offers a simple and sensitive alternative to other 
preconcentration technique. This proposed procedure for determination of lead can be 
suitable for routine application for water analysis.         
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  : الخالصة
ي ذري اللھب صاص ال ة األمت ة بمطیافی اه الطبیعی ي المی اص ف ة لتقدیرالرص سیطة مقترح ة ب ى . طریق منحن

ان خط اص ك ایرة للرص االمع دى " ی من الم مµ) 0.1 – 0.02( ض ان / غ شف ك د الك ل وح  x  10-3 0.4م

µم ر/غ ث . لت ة حی اه الطبیعی ي المی اص ف ة للرص دیرالكمیات المایكروی تخالص لتق ي األس ة ف ة معین ورت تقنی ط
ى .  دایثایزون ثم استخلص في رابع كلورید الكاربون-Pbیرتبط الرصاص على ھیئة معقد  درت الظروف المثل ق

ي -خالص بالتركیز المسبق بطریقة األستخالص سائللألست ذري اللھب ة األمتصاص ال  سائل ثم استخدمت مطیافی
اوضحت النتائج أمكانیة تطبیق الطریقة . لتقدیر الرصاص في المیاه الطبیعیة ومن مناطق مختلفة لمحافظة میسان

  .  في تحلیل نماذج مختلفة من الماء وبقناعة دقیقة
 
 



  

 
61  

References  
1. J. Chena, S. Xiao, X. Wu, K. Fang, W. Liu, Determination of lead in water samples by graphite 
furnace atomic absorption spectrometry after cloud point extraction, Talanta 67 (2005) 992.  
2. T. A. Maranhao, D. L. G. Borges, M. A. M. S. da Veiga, A. J. Curtius, Cloud point extraction for 
the determination of cadmium and lead in biological samples by graphite furnace atomic absorption 
spectrometry, Spectrochim. Acta 60 (2005) 667. 
3. R. K. Sharma, M. Agrawal, F. M. Marshall, Heavy metal in vegetable collected from production 
and market sites of a tropical urban area of India, Food Chem. Toxicol. 47 (2009) 583. 
4. H.P. Wagner, Determination of lead in beer using Zeeman background corrected graphite 
furnace atomic absorption spectrometry. J. Am. Soc. Brew. Chem. 5 (1995) 141. 
5. M.S.D. Nezio, M.E. Palomeque, B.S.F. Band, A sensitive spectrophotometric method for lead 
determination by flow injection analysis with on line preconcentration,  Talanta 63 (2004) 405. 
6. A.L.D Comitre, B.F. Reis, Automatic flow procedure based on multicommutation exploiting, 
liquid-liquid extraction for spectrophotometric lead determination in plant material, Talanta 65 
(2005) 846. 
7. World Health Organization, Health Criteria and Other Supporting Information, vol. 2, 2nd., 
WHO, Geneva, (1996), p. 973. 
8. W.L. dos Santos, C.M.M. dos Santos, J.L.O. Costa, H.M.C. Andrad, S.L.C. Ferreira, 
Multivariate optimization and validation studies in on-line pre-concentration system for lead 
determination in drinking water and saline waste from oil refinery, Microchem. J. 77 (2004) 123. 
9. G.A. Zachariadis, A.N. Anthemidis, P.G. Bettas, J.A. Stratis, Determination of lead by on-line 
solid phase extraction using a PTFE micro-column and flame atomic absorption spectrometry, 
Talanta 57 (2002) 919. 
10. R.C. de Campos, H.R. dos Santos, grinberg, Determination of copper, iron, lead and nickel in 
gasoline by electrothermal atomic absorption spectrometry using three-component solution, 
Spectrochim. Acta Part B (2002) 15.  
11. J.C.P. de Manttos, A.M. Nunes, A.F. Martins, V.L. Dressler, E.M. de Moraes Flores, 
Influence of citric acid as chemical modifier for lead determination in dietary calcium supplement 
samples by graphite furnace atomic absorption spectrometry, Spectrochim. Acta Part B 60 (2005) 
687. 
12. J.Y. Cabon, Determination of Cd and Pb in seawater by graphite furnace atomic absorption 
spectrometry with the use of hydrofluoride acid as a chemical modifier, Spectrochim. Acta Part B 
57 (2002) 513. 
13. J. Koksal, V. Synek, P. Janos, Extraction- spectrometric determination of lead in high-high 
purity aluminum salts, Talanta 58 (2002) 325. 
14. K.A. Wagner, J.D. Batchelor, B.T. Jones, A Rowland Circle, multielement graphite furnace 
atomic absorption spectrometer, Spectrochim. Acta Part B 53 (1998) 1805. 
15. K. Ndungu, S. Hibdon, A.R. Flegal, Determination of lead in vinegar by ICP-MS and 
GFAAS: evaluation of different samples preparation procedure, Talanta 64 (2004) 258. 
16. J.C.R. Garcia, J.B.Garcia C.H. Latorre, S.G. Martian, R.M.P. Crecente, Direct and combined 
methods for the determination of chromium, copper, and nickel in honey by electrothermal atomic 
absorption spectroscopy, J. Agric. Food Chem. 53 (2005) 6616. 
17. K. Ndungu, R.P. Frank, K.W. Bruland, A.R. Flegal, Organic complexation and total dissolved 
trace metal analysis in estuarine waters: comparison of solvent-extraction graphite furnace atomic 
absorption spectrometric and chelating resin flow injection inductively coupled plasma-mass 
spectrometric analysis.Anal. Chim. Acta 481 (2003) 127. 
18. R.B.R Mesquita, S.M.V. Fernandes, A.O.S.S. Rengal, A flow system for the 
spectrophotometric determination of lead in different types of waters using ion-exchange for pre-
concentration and elimination of interferences, Talanta 62 (2004) 395. 



  

 
62  

19. G. Doner, A. Ege, Determination of copper, cadmium and lead in seawater and mineral water 
by flame atomic absorption spectrometry after coprcipitation with aluminum hydroxide, Anal. 
Chim. Acta 547 (2005) 14. 
20. M.R. Jamali, Y. Assadi, F. Shemirani, M.R. Milani Hosseini, R. Rahnama Kozani, M. Masteri-
Farahani, M. Salavati-Niasari, Synthesis of salicylaldehyde- modified mesoporous silica and its 
application as a new sorbent for separation, preconcentration and determination of uranium by 
inductively coupled plasma atomic emission spectrometry, Anal. Chim. Acta 579 (2006) 68. 
21. M.R. Jamali, Y. Assadi, F. Shemirani, M. Salavati-Niasari, Application of thiophene-2-
carbaldehyde- modified mesoporous silica as a new sorbent for separation and preconcentration of 
palladium prior to inductively coupled plasma atomic emission spectrometric determination, 
Talanta 71 (2007) 1524. 
22. A.N. Araujo, R. C. C. Costa, and J. L. F. C. Lima, “Application of sequential injection analysis 
to Anal. Sci., 1999, 15, 991-994. 
23. I. Karadjovo, G. Zachariadis, J. Boskou, and J. Stratis “Electrothermal atomic absorption 
spectrometric determination of aluminium, cadmium, chromium, copper, iron, manganese, nickel 
and lead in olive oil”, J. Anal. Atom. Spectrom., 1998, 13, 201-209. 
24. P. Vinas, I. Lopaz-Garcia, M. Lanzon, and M. Hernandez-cordoba, “Direct determination of 
lead, cadmium, zinc and copper in honey by electrothemal atomic absorption spectrometry using 
hydrogen peroxide as a matrix modifier”, J.Agric. Food Chem., 1997, 45, 3952-3956. 
25. M.V. Esnaola, E. Millan, Evaluation of heavy metal lability in polluted soils by a cation 
exchange batch procedure, Env. Poll.99 (1998) 79.   
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  


