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Abstract - Herein we have developed a reliable solvent 

extraction method of lead(II) with 5×10-3 M cyanex 301 

in kerosene from 1 M ammonium acetate solution. 

Physicochemical parameters like impact of ammonium 

acetate concentration, cyanex 301 concentration, 

equilibrium time, diluents study, and loading capacity 

were optimized for the quantitative extraction of lead(II). 

Lead(II) was stripped with 2 M HNO3 from the organic 

phase and determined spectrophotometrically with PAR. 

To extend the applicability and utility of this method, 

diverse ion study, multicomponent mixture separation, 

extraction of lead(II) from galena ore, and solder alloy 

were also investigated.   
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INTRODUCTION 

 

Lead is a toxic element for human beings and it is 

available everywhere in nature. When it is absorbed, it 

is engaged with extensive half-life and harms on 

kidney malfunctions, brain damage, anemia, and heart 

implant devices.[1-4]  Lead is employed for cable 

sheathing, rechargeable batteries, alloys, stabilizer, 

radiation sheeting, ammunition and shot, pigments, 

pesticide production, rolled and extruded products.[5]  

Because of the adverse impact of lead on the living 

organisms and environment, enormous application of 

lead, it is necessary to determine,[6-8] removal[9-11] and 

recovery [12-14] of this heavy toxic element from 

contaminated environmental matrices and industrial 

effluents makes significance in different industrial and 

environmental studies.  

It is significant to separate lead from various sources 

by environmentally friendly approaches. Many 

strategies have been developed for the separation of 

lead. Among which, solvent extraction is a more 

reliable strategy widely employed for separation, 

purification, and removal of various target metal ions. 

Various extractant have been used for the extraction of 

lead such as di-(2-ethyl-hexyl) phosphoric acid 

(HDEHP),[15] Cyanex 302,[16] tributylphosphate and 

bis(2,4,4-trimethylpentyl)phosphinic acid.[17] Bis-

4,4’(5’)-[ter.-butylcyclohexano]-l8-crown-6,[18]  2-

(Dibutylcarbamoyl)benzoic Acid,[19] Acetic acid,[20] 

Fluosilicic Acid.[21] EDTA,[22] di(2-

ethylhexy1)phosphoric acid (D2EHPA) and 2-

ethylhexylphosphonic acid mono-2-ethylhexyl ester 

(HEHEHP). [23] Weiyi et al extracted the lead from 

drinking water by using point-of-use filters [24] but this 

method requires faucets of point-of-use filters. 

As a result, the robustness of the above methods work 

is concerned; those require either mineral acid media, 

high concentration of extractant, high time of 

extraction etc. Whereas, in the proposed system, the 

extraction was carried out in 1.0 M ammonium acetate 

and cyanex 301 concentrations were 5 × 10-3 M, 

indicating the system is comparatively eco-friendly 

and a step ahead in the direction of green chemistry.    

 The main goal of the proposed study was to develop a 

greener and precise method for the extraction of lead. 

The hard works have been made to optimize the 

extraction method. The beauty of the proposed method 

is less use of extractant concentration, recovery of 
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solvent, and does not require too much of 

instrumentation.  
 

Experimental  

Apparatus and reagents 

Optical absorption measurements were carried out by 

using a visible spectrophotometer (Chemito 215D), a 

digital pH meter (Model LI-120, Elico, India) with 

glass and calomel electrodes was used for pH 

measurement and a digital flame photometer (PI, 

Modelno. 041, India) was used for determination of 

alkali and alkaline earth metals. 

A stock solution of lead nitrate was prepared by 

dissolving 1.59 g of lead nitrate (AR grade Merck 

Specialties Private Limited, Mumbai, India) in 100 mL 

distilled deionized water and standardized 

gravimetrically.[25] A solution containing 100 µg/mL 

of lead(II) was prepared by appropriate dilution of the 

standard stock solution. A stock solution of 

ammonium acetate (4.0 M) was prepared by dissolving 

30.08 g of ammonium acetate extra pure (Thomas 

Baker private Limited, Mumbai, India) in 100 mL 

distilled deionized water. Cyanex 301 (American 

Cyanamide Co) was used without further purification. 

 

General procedure 

To an aliquot of solution containing 50 µg/mL lead(II), 

1 M ammonium acetate solution was added in a total 

volume of 10 mL. The solution was transferred to a 

separating funnel and equilibrated with 10 mL of 5 

x10-3M cyanex 301 in kerosene as a diluent, for 10 

minutes on a wrist action flask shaker. The two phases 

were allowed to settle and separate. Lead(II) was 

stripped from the organic phase by shaking with 10 mL 

of 2.0 M HNO3. Lead(II) in the aqueous phase was 

determined spectrophotometrically with PAR [26-28] at 

520 nm using a calibration graph. 
 

RESULTS AND DISCUSSION 
 

Extraction of lead(II) as a function of ammonium 

acetate concentration with cyanex 301. 

The optimum concentration for the quantitative 

extraction of lead(II) was ascertained by extracting 

lead(II) with 5x10-3 M cyanex 301 in kerosene as a  

diluent. In these experiments, the concentration of 

cyanex 301 in the organic phase was fixed at 5x10-3 M 

and the concentration of ammonium acetate was 

varied from 1x10-3 to 4.0 M as shown in (Figure 1). It 

was found that there was a quantitative extraction of 

lead(II) from 5x10-1 to 4.0 M ammonium acetate 

concentration. For further extraction studies, 1.0 M of 

ammonium acetate was selected and used. 

 
Figure 1. Extraction of lead(II) as a function of 

ammonium acetate concentration 
 

Effect of varying concentration of cyanex 301 

To ascertain the optimum concentration of cyanex 301 

require for the quantitative extraction of lead(II), the 

concentrations of cyanex 301 were varied in the range 

of 1x10-3 to 1.0 M by using 5x10-1 M of ammonium 

acetate at as shown in (Figure 2). It was found that the 

extraction of lead(II) increases from 87 % at 1× 10-3 M 

to 93.42% at 2x10-3 M and was quantitative from 4 x 

10-3 M to 6 x 10-3 M, then extraction decreases at 

higher concentration. Hence, further extraction studies 

of lead(II) was carried out using 5 x 10-3 M cyanex 301 

in kerosene. 

 
Figure 2. Effect of varying concentration of cyanex 

301 

Time of equilibration and choice of stripping agents 

The extraction time was optimized by performing the 

equilibration for various periods (1-20 min). The 

results showed that with 10 minutes of equilibration 

there was quantitative extraction of lead(II). So, 10 

minutes of equilibration time was used. After 

extraction, back extraction was carried out to separate 

lead(II) from the organic phase, therefore various 

stripping agents were tested. The back extraction of 

lead(II) from the organic phase was carried out using 
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HNO3 H2SO4, HCl, HCIO4 as stripping agent.The 

concentrations of strippants were varied from 0.1-8.0 

M. Back extraction of lead(II) was quantitative with 

1.0–8.0 M nitric acid, 7.0–8.0 M sulphuric acid, 2.0-

8.0 M hydrochloric acid, 0.1-8.0 M perchloric acid, 5.0 

-8.0 M hydrobromic acid. Whereas all strippant are 

efficient strippant for lead(II) except acetic acid as 

shown in (Figure 3). Among all strippant nitric acid, 

hydrochloric acid, perchloric acid are most efficient 

strippants for lead(II). Further back extractions were 

carried out with 2.0 M HNO3.  

 

Figure 3. Choice of stripping agents 

 

Effect of diluents on the extraction of lead(II) 

In the extraction of lead(II) the influence of solvent is 

very important. The polarity of solvent seems to be the 

most decisive factor. Lead(II) extraction was carried 

out from 1.0 Mammonium acetate using 5x10-3 M 

cyanex 301 with various solvents, such as carbon 

tetrachloride, xylene, toluene, chloroform, kerosene, 

tetrachloroethane, n–dodecane as shown in (Table 1). 

The phase volume ratio was maintained at unity. It was 

observed that there was quantitative extraction with 

kerosene while carbon tetrachloride, xylene, toluene, 

chloroform, tetracholroethane & n-dodecane were 

found to be inefficient diluents. Kerosene was the 

cheapest and best diluent among tested and gives clear 

cut separation was achieved. Hence, kerosene was 

selected as a diluent for further study. 

 

Table 1. Effect of diluents on the extraction of lead(II) 

Diluents Dielectric constant % Extraction Distribution ratio(D) 

Chloroform 4.80 63 1.70 

Carbon tetrachloride 2.24 76 3.1 

Toluene 2.38 47 0.1 

Kerosene 2.02 100 ∞ 

Xylene 2.30 73 2.7 

n-Dodecane 2.00 17 0.2 

Dichloroethane 10.50 55 1.22 

Tetrachloroethane 8.20 76 3.1 
 

Effect of varying concentration of lead(II) 

Lead(II) was extracted with 10 mL of 5x10-3 M cyanex 

301 from1.0M ammonium acetate medium using 

kerosene as a diluent. The concentration of lead(II) 

was varied from 50-2000 µg /mL. It was found that 10 

mL of 5x10-3 M cyanex 301 solutions was adequate to 

extract lead(II) quantitatively up to 700 µg /mL of 

sample solution as shown Figure 4. 

 

Figure 4. Effect of varying concentration of lead(II) 
 

Applications 

Study of diverse ion effect on extraction of lead(II) 

 Lead(II) was extracted in the presence of a wide range 

of foreign ions. The tolerance limit was set such that 

the amount of foreign ions required causing±2% error 

in the recovery of lead(II). The Zinc(II), cadmium(II) 

iron(II), zirconium(IV), copper(II) and cobalt(II) was 

co-extracted along with lead(II). Some d-block cations 

showed a low tolerance limit except manganese 

(II).But a most of the p-block and f-block cations 

showed a low tolerance limit. Most of the s-block and 

anions of organic and inorganic acids showed a low 

tolerance limit except manganese(II) and NO3
-. The 

tolerance limit (mg) of various cations and anions are 

listed in (Table 2). 
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Table 2. Study of diverse ion on extraction of lead(II) 

Ion Added as Tolerance limit (mg) Ion Added as Tolerance limit(mg) 

Li+ LiCl 10 Tl3+ Tl(NO3)3.3H2O 5 

Na+ NaCl 8 La3+ La(NO3)36H2O 4 

K+ KCl 1 Y3+ Y(NO3)3 5 

Cs+ CsCl 6 V4+ VOSO4.H2O 5 

Be2+ BeSO4.4H2O 4 Th4+ Th(NO3)4.6H2O 0.5 

Mg2+ MgCl2.6H2O 5 Mo6+ (NH4)6Mo7O244H2O 2.5 

Ca2+ CaCl2 0.1 Cl- HCl 10 

Sr2+ Sr(NO3)2 1 Br- HBr 10 

Ba2+ Ba(NO3)2 2.5 SCN- NaSCN 10 

Co2+ CoCl2.6H2O Co-extract ClO4
- HClO4 10 

Ni2+ NiCl2.6H2O 2.5 CH3COO- CH3COOH 10 

Mn2+ MnCl2.4H2O 12 SO4
2- H2SO4 0.01> 

Zn2+ ZnCl2 Co-extra Tartarate Tartaric acid 0.2 

Cd2+ (CH3COO)2CdH2O Co-extra EDTA EDTA 0.1 

Ce3+ Ce(NO3)3 3 Oxalate Oxalic acid 0.5 

Sn2+ SnCl2.2H2O 1 Citrate Citric acid 0.5 

Fe3+ FeCl3.6H2O Co-extra Zr4+ Zr(NO3)4.4H2O Co-extra 

Cr3+ K2Cr2O7 0.075 NO3
- HNO3 15 

Cu2+ CuSO4 Co-extra Sb3+ SbCl3
2- 0.01 

 

Separation of lead(II) from multicomponent mixtures 

The mixture containing lead(II), Iron(III), and 

beryllium(II)/ lanthanum(III), vanadium(IV) in 1.0 M 

ammonium acetate was extracted with 5x10-3 M 

cyanex 301 in kerosene. Under this set conditions 

lead(II) and iron(III) were extracted leaving behind 

beryllium(II), lanthanum(III), vanadium(IV) in the 

aqueous phase. From the organic phase, iron(III) was 

stripped with 0.5 M H2SO4 while lead(II) remained in 

the organic phase. Finally, lead(II) was stripped with 

2.0M HNO3. Also, the mixture containing lead(II), 

copper(II), and lanthanum(III), cerium(III), 

thallium(II) in 1.0 M ammonium acetate was extracted 

with 5x10-3 M cyanex 301 in kerosene. Under this set 

condition lead(II) and copper(II) were extracted 

leaving behind lanthanum(III), cerium(III), 

lanthanum(III), thallium(II) in the aqueous phase. 

From the organic phase copper(II) was first stripped 

with 1.0 M H2SO4 while lead(II) remained in the 

organic phase. Finally, lead(II) was stripped with 2.0 

M HNO3. The results show that good separation was 

achieved by using this method and recovery is often 

greater than 98 % as shown in (Table 3). 

 

Table 3. Separation of lead(II) from multicomponent mixtures 

No. Mixture Taken µg/mL Found µg/mL *Recovery percentage Extractant Strippant 

1 Pb(II) 50 49.5 99.0 CX 301+AA 2.0M HNO3 

Fe (III) 50 49.8 99.6 CX 301+AA 0.5M H2SO4 

Be(II) 50 49.9 99.8 Aq. Phase - 

2 Pb(II) 50 49.5 99.0 CX 301+AA 2M HNO3 

Fe(III) 50 49.8 99.6 CX 301+AA 0.5M H2SO4 

La(III) 50 49.7 99.7 Aq. Phase - 

3 Pb(II) 50 49.5 99.3 CX 301+AA 2.0M HNO3 

Fe(II) 50 49.8 99.6 CX 301+AA 0.5M H2SO4 

V(IV) 50 49.8 99.6 Aq. Phase - 

4 Pb(II) 50 49.7 94.4 CX 301+AA 2.0M HNO3 

Cu (II) 50 49.5 99.0 CX 301+AA 1.0MH2SO4 

Ce(III) 50 49.9 99.8 Aq. Phase - 
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5 Pb(II) 50 49.6 99.2 CX 301+AA 2.0M HNO3 

Cu(II) 50 49.8 99.6 CX 301+AA 1.0MH2SO4 

Ba(II) 50 49.9 99.8 Aq. Phase - 

6 Pb(II) 50 49.8 99.6 CX 301+AA 2.0M HNO3 

Cu(II) 50 49.8 99.6 CX 301+AA 1.0MH2SO4 

Tl(II) 50 49.5 99.0 Aq. Phase - 

 

Determination of lead(II) in real sample 

Real sample of galena ore (PbS) (Geological sample) 

Known weight of galena ore (PbS) was heated up to 

700 0C for 2 hrs to remove organic matter. The PbS 

was treated with concentrated nitric acid and heated up 

to moist dryness. The solution was filtered through 

Whatmann filter paper number 41 and diluted to 100 

mL with distilled deionized water. An aliquot sample 

solution was analyzed as per the general procedure and 

lead(II) content was determined. The amount of 

lead(II) found in Galena ore by general procedure was 

57.9 % and the reported value of lead in galena ore was 

60 %. 

 

Real sample of solder alloy  

The amount of lead(II) found in solder alloy by general 

procedure.Given the known weight of solder alloy was 

heated to remove organic matter. The solder alloy was 

treated with concentrated nitric acid and heated to 

moist dryness. The solution was extracted with 

distilled deionized water. At this stage, lead was 

converted into lead nitrate (PbNO2) and tin was 

separated as metastannic acid. The solution was 

filtered through Whatmann filter paper number 41 and 

diluted to 100 mL with distilled deionized water. An 

aliquot sample solution was analyzed as per the 

general procedure and lead(II) content was 

determined. The amount of lead(II) found  38.0% in 

solder alloy and the reported value of lead in solder 

alloy was 40.0 %. Also by the same general procedure, 

the amount of lead (II) in gunmetal alloy was 1.70 % 

and the reported value of lead in gunmetal alloy was 

2.31 %. 

 

CONCLUSIONS 

 

From investigation, it is concluded cyanex 301 is a 

potential extractant for the extraction of lead(II) from 

ammonium acetate medium. The proposed method has 

advantages such as easy phase separation, less 

equilibration time and single extraction is sufficient 

for quantitative extraction of lead(II). Cyanex 301 

extracts lead(II) very rapidly, equilibrium was reached 

within 10 minutes. The method permits the separation 

of lead(II) from other elements. The method was 

extended to the determination of lead in real samples. 

The present investigation aims to demonstrate a 

simple, selective with cheap method and has good 

reproducibility (approximately ± 2%). 

 

Declarations 

Competing interests 

The authors declare that they have no competing 

interests. 

Funding 

Not applicable.  

Availability of data and materials 

Not applicable 

Code Availability 

Not applicable 

 

ACKNOWLEDGMENT 

 

Author is very much thankful to Research Guide Late 

Dr. B.S. Mohite, for his constant support and 

motivation throughout my research tenure, also 

thankful to Department of Chemistry, Shivaji 

University, Kolhapur.  

 

REFERENCE 

 

[1] Ikeda, M., Zhang, Z. W., Moon, C. S., Imai, Y., 

Watanabe, T., Shimbo, S., ... & Guo, Y. L. (1996). 

Background exposure of general population to 

cadmium and lead in Tainan city, Taiwan. 

Archives of environmental contamination and 

toxicology, 30(1), 121-126. 

[2] Lynarn, D. R.; Plantanido, L.G.; Cole, J. F. 

Environmental Lead, Academic Press, New York, 

1975 

[3] Peterson, P. J.; In: J.O. Nriagu (Ed.), 

Biochemistry of Lead in the Environment 

(Elsevier,  Amsterdam, 1978 



© October 2025| IJIRT | Volume 12 Issue 5 | ISSN: 2349-6002 

IJIRT 185157     INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 793 

[4] Maurits, S. B.; Van der Heijden, A. C.; Schalij, M. 

J.; Erven, L. V. How adequate are the current 

methods of lead extraction? A review of the 

efficiency and safety of transvenous lead 

extractionmethods, Europace Advance Access, 

2015,https://doi.org/10.1093/europace/euu378 

[5] Hernberg, S. Lead poisoning in a historical 

perspective, Amer. J. Ind. Med. 2000, 38, 244. 

https://doi.org/10.1002/10970274(200009)38:3<

244::AID-AJIM3>3.0.CO;2-F 

[6] Zhou, Q.; Zhao, N.; Xie, G. Determination of lead 

in environmental waters with dispersive liquid-

liquid microextraction prior to atomic 

fluorescence spectrometry, J. Hazard. Mater. 

2011, 189, 48. 

DOI: 10.1016/j.jhazmat.2011.01.123 

[7] Yilmaz, E.; Soylak, M. Ionic liquid-linked dual 

magnetic microextraction of lead(II) from 

environmental samples prior to its micro-

sampling flame atomic absorption spectrometric 

determination, Talanta, 2013, 116, 882. 

https://doi.org/10.1016/j.talanta.2013.08.002 

[8] Promphet, N.; Rattanarat, P.; Rangkupan, R.; 

Chailapakul, O.; Rodthongkum, N. An 

electrochemical sensor based on 

graphene/polyaniline/polystyrene nanoporous 

fibers modified electrode for simultaneous 

determination of lead and cadmium, Sensors 

Actuat. B. 2015, 207, 526. 

DOI: 10.1016/j.snb.2014.10.126 

[9] Zamani, A. A.; Shokri, R.; Yaftian, 

M.R. Adsorption of lead, zinc and cadmium ions 

from contaminated water onto Peganum 

harmala seeds as biosorbent. Int. J. Environ. Sci. 

Technol. 2013, 10, 93–102. 

https://doi.org/10.1007/s13762-012-0107-x  

[10] Goel, J.; Kadirvelu, K.; Rajagopal, C.; Garg, V. 

K. Removal of lead(II) by adsorption using 

treated granular activated carbon: Batch and 

column studies, J. Hazard. Mater. 2005, 125, 

211.https://doi.org/10.1016/j.jhazmat.2005.05.03

2 

[11] Basu, M.; Guha, A. K.; Ray, L. Biosorptive 

removal of lead by lentil husk, J. Environ. Chem. 

Engin. 2015, 3, 1088-1095. 

DOI:10.1016/j.jece.2015.04.024 

[12] Ma, Y.; Qiu, K. Recovery of lead from lead paste 

in spent lead acid battery by hydrometallurgical 

desulfurization and vacuum thermal reduction, 

Waste Manage. 2015, 40, 151.  

https://doi.org/10.1016/j.wasman.2015.03.010 

[13] Chen, C.; Shih, Y.; Huang, Y. Remediation of 

lead (Pb(II)) wastewater through recovery of lead 

carbonate in a fluidized-bed homogeneous 

crystallization (FBHC) system, Chem. Eng. J. 

2015, 279, 120. 

https://doi.org/10.1016/j.cej.2015.05.013 

[14] Wu, Z.; Dreisinger, D. B.; Urch, H.; Fassbender, 

S. Fundamental study of lead recovery from 

cerussite concentrate with methanesulfonic acid 

(MSA), Hydrometallurgy, 2014,142, 23. 

https://doi.org/10.1016/j.hydromet.2013.10.018 

[15] Shah, D. B.; Phadke, A.V.; Kocher, W. M. Lead 

Removal from Foundry Waste by Solvent 

Extraction, J. Air & Waste Manage. Assoc. 1995, 

45, 150-155.https://doi.org/10.1080/10473289. 

1995.10467354 

[16] Menoyo, B.; Elizalde, M. P.; Almela, A. 

Extraction of lead by cyanex 302 from phosphoric 

acid media, solvent extraction and ion exchange, 

2001, 19, 677-698. https://doi.org/10.1081/SEI-

100103815 

[17] Baba, A. A.; Adekola, F. A. Solvent extraction of 

Pb(II) and Zn(II) from a Nigerian galena ore leach 

liquor by tributylphosphate and bis(2,4,4-

trimethylpentyl)phosphinic acid, J. King Saud 

Univ. Sci. 2013, 25, 297–305. 

https://doi.org/10.1016/j.jksus.2013.07.003 

[18] Honvitz, E. P.; Dietz, M. L.; Rhoads, S.; Felinto, 

C. N.; Houghton J. A lead-selective extraction 

chromatographic resin and its application to the 

isolation of lead from geological samples, 

Analytica Chimica Acta, 1994, 292, 263-273. 

https://doi.org/10.1016/0003-2670(94)00068-9 

[19] Soltania, H.; Yaftiana, M. R.; Zamanib, A.; 

Ghorbanlooc, M. Selective liquid-liquid 

extraction of lead ions using newly synthesized 

extractant 2-(Dibutylcarbamoyl)benzoic acid, 

Anal. Bioanal. Chem. Res.  2015, 2, 91-98. DOI: 

10.22036/ABCR.2015.10756 

[20] Hatem Asal Gzar1, Awatif S. Abdul-Hameed2, 

Asmaa Younus Yahya2, Extraction of lead, 

cadmium and nickel from contaminated soil using 

acetic acid, Open J. Soil Sci. 2014, 4, 207-214. 

http://dx.doi.org/10.4236/ojss.2014.46023  

[21] Amalia, D.; Maryono, R. Y. Extraction of lead 

from galena concentrates using fluosilicic acid 

and peroxide, Indonesian Mining J. 2017, 20, 69 

https://doi.org/10.1093/europace/euu378
https://doi.org/10.1016/j.jhazmat.2011.01.123
https://www.sciencedirect.com/science/journal/00399140
https://doi.org/10.1016/j.talanta.2013.08.002
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.snb.2014.10.126
https://doi.org/10.1007/s13762-012-0107-x
http://dx.doi.org/10.1016%2Fj.jece.2015.04.024
https://doi.org/10.1016/j.wasman.2015.03.010
https://doi.org/10.1016/j.cej.2015.05.013
https://doi.org/10.1016/j.hydromet.2013.10.018
https://doi.org/10.1016/j.jksus.2013.07.003
https://doi.org/10.1016/0003-2670(94)00068-9
https://dx.doi.org/10.22036/abcr.2015.10756
http://dx.doi.org/10.4236/ojss.2014.46023


© October 2025| IJIRT | Volume 12 Issue 5 | ISSN: 2349-6002 

IJIRT 185157     INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 794 

– 80. DOI: https://doi.org /10.30556/imj. 

Vol20.No1. 2017.187 

[22] Chulsung, K.; Yongwoo, L.; Say, K. O. Factors 

affecting EDTA extraction of lead from lead-

contaminated soils, Chemosphere, 2003, 51, 845–

853. https://doi.org/10.1016/S0045-

6535(03)00155-3 

[23] Juang, R. S.; Lee, S. H. Extraction equilibria of 

lead(II) from nitrate solutions with acidic 

organophosphorus compounds, J. Chem. Tech. 

Biotechnol. 1994, 60, 61-66. 

https://doi.org/10.1002/jctb.280600110 

[24] Pan, W.; Johnson, E. R.; Giammar, D. E. 

Accumulation on and extraction of lead from 

point-of-use filters for evaluating lead exposure 

from drinking water, Environ. Sci.: Water Res. 

Technol. 2020, 6, 2734-2741. 

https://doi.org/10.1039/D0EW00496K. 

[25] Vogel, A. I. Quantitative Inorganic Analysis, 

Longmans, London, 3rd Ed, (1975) 540. 

[26] Dangell, R. M.; West, T. S.; Young, P. 

Determination of lead with 4-(2-pyridylazo)-

resorcinol—I: Spectrophotometry and solvent 

extraction, Talanta, 1965, 12, 583. 

https://doi.org/10.1016/0039-9140(65)80071-6 

[27] Marczenko, Z. Spectrophotometric 

Determination of Element, Ellis Horword, (1976) 

199. 

[28] Shvoeva, O. P.; Dedkova, V.P.; Savvin, S. B. 

Determination of Lead with 4-(2-

Pyridylazo)resorcinol after the sorption of lead as 

its thiosulfate complex on a fibrous sorbent filled 

with AV-17. J.  Anal. Chem. 2001, 56, 1080–

1083. https://doi.org/10.1023/A:1012976614599  

https://doi.org/10.1016/S0045-6535(03)00155-3
https://doi.org/10.1016/S0045-6535(03)00155-3
https://doi.org/10.1002/jctb.280600110
https://doi.org/10.1039/D0EW00496K
https://doi.org/10.1016/0039-9140(65)80071-6
https://doi.org/10.1023/A:1012976614599

