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Determination of lead in water resources by flame atomic
absorption spectrometry after pre-concentration with
ammonium pyrrolidinedithiocarbamate immobilized on
surfactant-coated alumina
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Abstract: Arapid, simple, and sensitive procedure based on modified solid phase ex-
traction was developed for the pre-concentration and determination of trace amount
of lead in water resources. Lead was reacted with ammonium pyrrolidinedithio-
carbamate (APDC) to make a complex. The complex was then collected in a column
packed with surfactant-coated alumina. The parameters affecting the collection effi-
ciency and desorption rate of the lead complexes from the column were investigated
and optimized. The collection efficiency of the lead complex on the adsorbent was
excellent under the optimized conditions. The results obtained from the recovery
test showed the capability and reliability of the method for the analysis of trace
amounts of lead. The proposed pre-concentration procedure made it possible to ap-
ply conventional flame atomic absorption spectrometry (FAAS) for the sensitive de-
termination of trace amounts of lead in water resources.

Keywords: flame atomic absorption spectrometry, determination of trace lead, water
pollution, pre-concentration of lead, solid phase extraction.

INTRODUCTION

Lead is a toxic heavy metal and can affect many organs in the human body.
During the last decades, an extensive database has been published providing a di-
rect link between exposure to low levels of lead and mental defficiency in children.
Prolonged intake of even low concentrations of lead can cause serious problems
for human health.!

In recent years, concern has increased over the concentration of lead in drinking
and natural waters. The international public health associations have reduced the
permitted amount of lead in drinking water. For example, the European Community
(EC) recommends a limit of 50 pg/L of lead in potable waters, which requires a

method of lead determination with sensitivity much higher than that offered by con-
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ventional flame atomic absorption spectrometry. Although sensitive techniques for
the determination of trace elements are available in the commercial market, these
techniques require high primary investment, highly experienced technicians and are
usually not available everywhere. Therefore, a preliminary pre-concentration of lead
in environmental samples is necessary to improve the sensitivity of flame atomic ab-
sorption spectrometry for the determination of trace amounts of lead.24

The most frequently employed methods for pre-concentration are liquid-liquid
extraction,d sorption and chelating ion exchange.® solid phase micro-extraction,’ etc.
Among the different methods, much interest has recently been focussed on solid phase
extraction, owing to its high enrichment factor, simplicity and possibility of automa-
tion.%8 In any case, pre-concentration enhances the sensitivity of a determination
method and enables the use of conventional flame atomic absorption spectrometry for
the determination of trace amounts of lead in environmental samples.

In this work, the lead in an aqueous solution was reacted with ammonium
pyrrolidinedithiocarbamate (APDC) and the formed lead complex was then pre-con-
centrated in a column packed with a surfactant immobilized on alumina. The method
was applied for the determination of trace amounts of lead in natural waters.

EXPERIMENTAL
Reagents and chemicals

All chemicals were of analytical grade or better.

A commercial standard solution of 1000 ug mL"! of lead for atomic absorption spectrometry
(BDH Ltd) was used as the stock standard solution. Working standard solutions were diluted from
the stock standard solution with a 0.1 M nitric acid solution.

Sodium dodecyl sulfate (SDS) (Merck) was used without further purification. An APDC solution
(0.1 % w/v) was prepared by dissolving the appropriate amount of APDC in distilled de-ionized water.

Gamma-alumina (10-50 um) was used after washing with 5 ml of 3 M nitric acid and rinsing
with distilled de-ionized water.

All glassware were cleaned before use by soaking overnight in 1.5 M nitric acid and triply
rinsed with distilled de-ionized water and allowed to dry in a dust-free atmosphere.

Preparation of the surfactant-coated alumina column

2 g of alumina was suspended in 50 mL water and mixed with 100 mg SDS. The mixture was acidi-
fied to pH 2 with 3 M nitric acid. The mixture was then shaken for 15 min and the supernatant solution
was then decanted and the surfactant-coated alumina was used for the preparation of the column.

Instrumentation

A Varian atomic absorption spectrometer, Model AA-220, equipped with a deuterium back-
ground correcting system was used for the determination of the lead concentration. A Varian stan-
dard premixed air—acetylene burner and a Varian hollow cathode lamp were used. The instrumental
conditions for the determination of lead are given in Table I.

Procedure

100 mL of a standard solution of lead (30 ng/mL) or a water sample was transferred into a 250
mL beaker and the pH was adjusted to about 3 with nitric acid. 5 mL of APDC solution was added
and the mixture was slowly shaken for 1 min. The solution was then passed through SDS-coated alu-
mina packed column with the aid of a suction pump. The lead—APDC complex was absorbed in the
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column. The column was then washed with 10 mL distilled de-ionized water. The lead complex was
finally eluted from the column by washing with 4.5 mL of nitric acid (4M). The eluent was collected
in a 5 mL volumetric flask and made to the volume with distilled de-ionized water.

TABLE I. Instrumental conditions for the determination of lead

Wavelength 217.0 nm
Slit 1.0 nm
Lamp current S mA
Flame type Air—acetylene
Flame condition Oxidizing
Background correction On
Expansion factor 1
RESULTS AND DISCUSSION

Several parameters affect the pre-concentration efficiency of lead, including
pH, flow rate of the analyte through the column, reaction time and the flow rate of
the acid in the desorption stage. Therefore, the parameters had to be optimised in
order to obtain an effective pre-concentration.

Effect of pH

100 mL of the standard solution of lead (30 ng/ml) was transferred into a 250
mL beaker and the pH adjusted to different values from 1 to 5. After adding 5 mL of
APDC and shaking for 1 min, the solution was passed through the surfactant-coated
alumina column to collect the lead complex. The column was then washed with ni-
tric acid and the effluent analyzed for lead. The adsorption efficiency was then cal-
culated. The effect of pH on the adsorption efficiency is shown in Fig.1, which in-
dicates that a high deposition efficiency was achieved at pH 3 and above.
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Effect of the reaction time

The effect of the contact time between the reagent and sample before loading
onto the column was studied and no considerable differences between the efficien-
cies obtained with different times of reaction in a range of 0.5 to 3 min were found.
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Effect of the flow rate of the sample

The effect of the flow rate of the solution containing the lead complex through
the column on the adsorption efficiency of the complex was investigated. As can
be seen from Fig. 2, passing the analyte solution at higher flow rates through the
column reduces the contact time between the lead complex and surfacant-coated
alumina and reduces the recovery of the lead from the column.
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Effect of the flow rate of the acid solution

The effect of the flow rate of nitric acid used for the desorption of the lead
complex from the column was investigated. The obtained results are shown in Fig.
3, from which it can be seen that at flow rates above 1.5 mL/min, the desorption of
lead from the column was incomplete.
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Effect of diverse ions

The effect of some ions which naturally exist in water resources on the sensi-
tivity of determination of lead by the proposed method was also investigated.

TABLE II. Effects of different ions on the pre-concentration efficiency

Ion Mole ratio Recovery/% Ion Mole ratio Recovery/%
Ca™ 15 97.6 Cr 15 96.1
Mg 15 98.2 NO;~ 15 98.7
Fe™™ 15 97.5 SO, 15 96.2

Nit* 10 96.7 HCO5" 15 97.8
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TABLE II. Continued

Ton Mole ratio Recovery/% Ton Mole ratio Recovery/%
Mn** 10 97.8 CO5z™ 15 96.0
Crt 10 96.8 F- 10 96.3
Na* 15 97.0 CrO4— 10 95.9
Zn't 10 96.3 NO," 10 97.2

100 mL of a synthetic water containing a lead concentration of 30 ng/mL at pH
3 in the presence of each diverse ion was pre-concentrated according to the pro-
posed method under the optimized conditions. The recovery of lead was calculated
for each solution. The results are summarized in Table II and no interference effect
was observed with the different ions.

Analysis of real samples

The method was applied for the determination of lead in natural waters, in-
cluding river water, tap water and ground water. The sensitivity of the method was
evaluated by spiking lead into the sample. The results are shown in Table III. The
recovery of spiked samples showed that the proposed method is sensitive and reli-
able for the determination of trace amounts of lead in water resources.

TABLE III. Determination of lead in natural waters

Sample Added pg Found pg Recovery/%
River water 0 300 97.4
200 487
Tap water 0 3.6 96.5
5 8.3
Ground water 0 9.8 97.9
10 19.4

(Sample volume = 200 mL, pH 3, final volume 5 mL)

TABLE IV. Lead concentrations in Zayandeh-Rud and Bazoft Rivers, pg

Source Site 1 Site 2 Site 3 Site 4
Zayandeh-Rud 32043 43845 590+5 694+6
Bazoft 74+3 102+5 83+3 98+3

The method was also applied for a comparison of the lead concentrations in
two rivers: 1) Bazoft, and 2) Zayandeh-Rud. The river Zayandeh-Rud passes
through highly industrialized and agricultural areas, while the river Bazoft flows
through a non-industrialized area with no significant agricultural activities. The re-
sults of the analyses are shown in Table IV. It can be seen that the proposed proce-
dure is a method which enables the sensitive determination of lead over a wide
range. The results clearly show that industrial and agricultural wastes discharge a
considerable amount of lead into the water resources.
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U3BOJ

OJIPEBLHMBAIBE OJIOBA M3 BOJE UMOBUIIMCAHOT HA
MOJUNPNUKOBAHOM ATYMHWHNIYMOKCHUAY ITOCIIE KOHUEHTPUCABA
CA AMOHMJYM-ITMPOJIMIVHINTNOKAPEAMATOM METOJJOM ATOMCKE
AIICOPITLIMOHE CITEKTPOMETPUIE

SAYED MORTEZA TALEBI u HOMEYRA SAFIGHOLI

Department of Chemistry, Isfahan University, Isfahan, Iran

Pa3Bujen je 6p3, jeHOCTaBaH U OCETIbUB NTOCTYIAK 3a NPe-KOHLEHTPHUCAahEe U ofpebu-
Bam€ 0JIOBA y TParoBUMa Yy BOAY, 3aCHOBAHA HA €KCTPAKUUju MOAM(UKOBAHOM UBPCTOM
¢azom. O0BO ce NpeBOIN y KOMIUIEKC y peaKkI[iji ca aMOHUjyM-IUPOIUUHAUTHOKapOama-
ToM (APDC) M KOMIIIEKC XBaTa y KOJOHH ca alyMHHUjYMOKCHIOM NMPEKPUBEHAM MOBp-
IIMHCKY aKTUBHOM CYIICTaHIOM. MicnuTHBaHU Cy U ONTUMU30BaHU TapaMeTPU KOjU yTHYY Ha
KOJICKIIUOHY e(pUKaCHOCT U Op3HHY AecOpIIyje KOMIUIeKca 0j0Ba U3 KonoHe. Ha ontumu-
30BaHMM YCJIOBHMa KOJIEKIIMOHA €(UKACHOCT 3a OJIOBO je Omia m3BaHpepHa. oOujeHn
pe3yiaTaTi moKa3aay Cy MOIYhHOCTH 1 TOY3[JaHOCT METOJIE 3a aHAJIU3Yy OJI0Ba y TparoBuMa.
IIpennokenu nocrynak npe-KOHIEHTpHUCcalkha oMoryhasa NpuMeHy KOHBEHIIMOHAJIHE IIaMe-
He aTOMCKe arncopiuone cnekrpomeTpuje (FAAS) 3a oceTibuBO oipehuBame Tparosa oJo-
Ba y BOJY, OJJHOCHO Pa3JM4YUTUM BOJIHUM pecypcuma.

(ITpumibeno 8. maja, peBupupano 24. okroopa 2006)

REFERENCES

.J. F. Rosen, Toxicology 97 (1995) 11

. I. Baranowska, Occup. Environ. Med. 52 (1995) 229

. Analytical Quality Control (Harmonized Monitoring) Committee, Analyst 110 (1985) 1

. S. Dadfarnia, A. M. Haji-Shabani, H. Dehgan-Shirie, Bull. Korean Chem. Soc. 23 (2002) 545
. B. Ramon, V. M. Shinde, Bull. Chem. Soc. Jpn. 62 (1989) 3679

. M. C. Genaro, C. Balocchi, E. Campi, E. Mentasti, R. Argua, Anal. Chim. Acta 151 (1983) 339
. V. A. Lemos, S. L. C. Ferreira, Anal. Chim. Acta 441 (2001) 281

. J. E. Cantle, Atomic Absorption Spectrometry, Elsevier Scientific, New York, 1982, p. 74.

0N N AW —



