
A

n
(
a
w
(
i
©

K

1

d
t
t
w
e
T
a

t
a
i
i
O
(

s

0
d

Journal of Hazardous Materials 146 (2007) 142–147

Separation/preconcentration of silver(I) and lead(II) in environmental
samples on cellulose nitrate membrane filter prior to their flame

atomic absorption spectrometric determinations

Mustafa Soylak ∗, Rukiye Sungur Cay
Erciyes University, Faculty of Art and Science, Department of Chemistry, 38039 Kayseri, Turkey

Received 14 October 2006; received in revised form 30 November 2006; accepted 1 December 2006
Available online 8 December 2006

bstract

An enrichment method for trace amounts of Ag(I) and Pb(II) has been established prior to their flame atomic absorption spectrometric determi-
ations. The preconcentration/separation procedure is based on chelate formation of Ag(I) and Pb(II) with ammonium pyrrolidine dithiocarbamate
APDC) and on retention of the chelates on cellulose nitrate membrane filter. The influences of some analytical parameters including pH and
mounts of reagent, etc. on the recoveries of analytes were investigated. The effects of interferic ions on the quantitative recoveries of analytes

ere also examined. The detection limits (k = 3, N = 11) were 4.6 �g L−1 for silver(I) and 15.3 �g L−1 for lead(II). The relative standard deviations

R.S.D.) of the determinations for analyte ions were below 3%. The method was applied to environmental samples for the determination of analyte
ons with satisfactory results (recoveries >95%).

2006 Elsevier B.V. All rights reserved.
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. Introduction

A beneficial level of traces element in humans does not cause
eviations from the proper condition of health. The line between
he quantity being indispensable and harmful is usually fine and
he establishment of a level of traces element ions in food and
ater is difficult [1–4]. Heavy metal ions should be accurately

valuated in order to prevent the occurrence of harmful effects.
he cycle of trace metal ions from environment to human is also
n important part of environmental studies [5–8].

Various analytical techniques have been used for determina-
ion of traces metal ions including spectrophotometry, atomic
bsorption spectrometry (AAS), electroanalytical techniques,
nductively coupled plasma mass spectrometry (ICP-MS),

nductively coupled plasma optical emission spectrometry (ICP-
ES), etc. [9–12]. Flame atomic absorption spectrometry

FAAS) has been widely selected and used as the technique of
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onmental samples

hoice to analysis of trace heavy metal ions owing to its high sen-
itivity, reproducibility, wide dynamic concentration range, and
ts relatively low cost [13–15]. However, the determinations of
lements at �g L−1 concentration level by FAAS are not possi-
le and also interferences caused by coexisting components are
ften serious problems. In order to solve these two problems,
nalytical chemists are used to combination of preconcentration
nd separation methods [16,17]. Preconcentration and separa-
ion methods should provide a large enrichment factor, make the
omposition of the sample the same as that of standard by elimi-
ating basic components effects, can be used in routine analysis
nd be simple, rapid, and inexpensive [18,19]. Various sepa-
ation/preconcentration methods including evaporation, solvent
xtraction, solid phase extraction, ion exchange, electrodeposi-
ion, cloud point extraction, and coprecipitation have been used
efore the atomic absorption spectrometric determinations of
races of heavy metal ions [20–25].

Membrane filtration of trace heavy metals is effective from

he point of view of concentration coefficient. Membrane fil-
ers including cellulose nitrate, cellulose acetate, etc. have been
sed for solid-phase extraction of trace species such as organic
pecies, some anions and heavy metal ions in various media

mailto:msoylak@gmail.com
mailto:soylak@erciyes.edu.tr
dx.doi.org/10.1016/j.jhazmat.2006.12.005
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26–34]. The most attractive features of membrane filtration
echnique are the simplicity and rapidity of the preconcentration
rocedure, an easily attainable high preconcentration factor, and
etermination with high precision [35,36].

In the present work, membrane filtration method on cellulose
itrate filter for the enrichment/separation of Ag(I) and Pb(II) in
nvironmental samples including natural waters has been estab-
ished for flame atomic absorption spectrometric determinations.
he analytical parameters including reagent amounts, sample
olume, and matrix effects, etc. were investigated.

. Experimental

.1. Instrumental

A Perkin-Elmer Model 3110 flame atomic absorption
pectrophotometer equipped with Perkin-Elmer single-element
ollow cathode lamps and a 10 cm air-acetylene burner were
sed for the determination of the metal ions. The operating
arameters for working elements, which were given in Table 1,
ere set as recommended by the manufacturer. A pH meter,
artorius PT-10 Model glass-electrode was employed for mea-
uring pH values in the aqueous phase. An Erlenmeyer flask with
round stopper was used for membrane filtration of solutions.

.2. Reagents and solutions

Aqueous solutions of chemicals were prepared with deion-
zed water (Human RO 180). High purity reagents were used for
ll preparations of the standard and sample solution. Standard
tock solutions containing 1000 mg L−1 analyte were prepared
rom nitrate salts of investigated analyte ions in 1% of HNO3 into
L calibrated flasks. Diluted standard solutions and model solu-

ions were daily prepared from the stock standard solutions. The
alibration curve was established using the standard solutions
repared in 1 mol L−1 HNO3 by dilution from stock solutions.
he calibration standards were not submitted to the separa-

ion/preconcentration procedure. Membrane filters used in the
resent study were purchased from Osmonics (Westborough,
A).
Percentage 0.05 (m/V) solution of ammonium pyrrolidine

ithiocarbamate (APDC) (Sigma Chem. Co., St. Louis) was
repared by dissolving the required amount of APDC in a
ater/ethanol (75/25, v/v) mixture. The APDC solution was
repared daily.
.3. Preconcentration procedure

Twenty-five milliliters portion of an aqueous solution con-
aining 20 �g Pb(II) and 10 �g Ag(I) ions was placed in a glass

able 1
nstrumental conditions for the measurements of the analytes by FAAS

nalyte Wavelength (nm) Slit width (nm) Lamb current (mA)

b 283.3 0.7 8.0
g 328.1 0.7 5.0
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o
s

3

e
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o
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eaker in the experiments for the retention of investigated metal
ons on cellulose nitrate membrane filter. APDC solution was
dded and then pH of the solution was adjusted by the addi-
ion of 0.1 mol L−1 HCl or 0.1 mol L−1 NH3. After 10 min,

etal-chelates solution was collected through a cellulose nitrate
embrane filter of 0.45 �m size and 47 mm diameter. The col-

ection is performed very quickly by filtration under suction
ith an aspirator. Then the cellulose nitrate membrane was com-
letely dissolved in 0.5 mL of concentrated nitric acid at 80 ◦C
n a hot plate on a hood. The solution was evaporated to dry-
ess. The residue was diluted to 2–5 mL with distilled water.
he metal concentrations in the final solution were determined
y FAAS.

.4. Application to real samples

Soil sample (0.5 g) from Mersin city of Turkey was digested
ith aqua regia (12 mL concentrated hydrochloric acid and 4 mL
f concentrated nitric acid) at room temperature then it was
eated to 95 ◦C. After the evolution of NO2 fumes had ceased,
he mixture was evaporated almost to dryness on a sand-bath
nd mixed with 8 mL of aqua regia. Then the mixture was again
vaporated to dryness. After evaporation, 8–9 mL of distilled
ater was added and the sample was mixed. The resulting mix-

ure was filtered through a blue band filter paper. The filtrate
as diluted to 25 mL with distilled water. pH of this solution
as adjusted to 4.0 by the addition of diluted HCl. Then the
reconcentration procedure given above was applied.

The water samples were collected in pre-washed (with deter-
ent, doubly deionized distilled water, dilute HNO3 and doubly
eionized distilled water, respectively) polyethylene bottles. The
amples were filtered through a Millipore cellulose nitrate mem-
rane of pore size 0.45 �m. The samples were stored in 1 L
olyethylene bottles and acidified to 1% with nitric acid and
ere subsequently stored at 4 ◦C in a refrigerator. To apply

he presented method, 100 mL of water sample was taken in a
eaker, and then the pH of the sample was adjusted to pH 4 with
.1 mol L−1 HCl. Then the separation/preconcentration method
iven above was applied. The concentration of the analyte ions
n the final solution were determined by FAAS.

. Results and discussion

The enrichment/separation procedure was optimized for var-
ous analytical parameters such as pH, sample volume, matrix
ffects, etc. to obtain quantitative recoveries of the metal ions on
ellulose nitrate membrane filter. The percent of metal adsorbed
n the filter was calculated from the amounts of metal in the
tarting sample and the amounts of metal in the final solution.

.1. Effect of pH

The influences of pH of the aqueous solutions on the recov-

ries of Ag(I) and Pb(II) as APDC chelates on cellulose nitrate
embrane filter were investigated in the pH range 2–8. The pH of

he solutions was adjusted by the addition of 0.1 mol L−1 HCl
r 0.1 mol L−1 NH3. The results were depicted in Fig. 1. The
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for silver(I) and 250 mL for lead(II) of the sample solution was
ig. 1. The influences of the pH of the aqueous solution on the recoveries of
g(I) and Pb(II) ions (N = 3, membrane: 0.45 �m pore size, 47 mm diameter

ellulose nitrate).

uantitative recoveries (>95%) for silver and lead were found at
he pH ranges 3–8 and 3–5, respectively. All subsequent stud-
es were carried out at pH 4. The preconcentration studies were
lso performed at pH range of 4 without APDC. The recoveries
f Ag(I) and Pb(II) were not quantitatively recovered. This sit-
ation concluded that ammonium pyrrolidine dithiocarbamate
APDC) as complexing agent is necessary for quantitative recov-
ries of all the analyte ions on cellulose nitrate membrane filter
t our working conditions.

.2. Influences of amounts of APDC

Due to the amount of ligand, which is also an important fac-

or in the preconcentration studies for the quantitative recoveries
f analyte ions from the working media [37–41], the influences
f the APDC amounts on the retention of Ag(I) and Pb(II) on
he cellulose nitrate membrane filter was also examined in the

ig. 2. Effects of the ligand mass on the recovery of Ag(I) and Pb(II) ions (N = 3,
igand: ammonium pyrrolidine dithiocarbamate (APDC), membrane: cellulose
itrate).
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ig. 3. Effects of sample volume on the recoveries of Ag(I) and Pb(II) (filter:
ellulose nitrate, N = 3).

igand amount range 250–1500 �g with keeping other analytical
arameters constant. The results were given in Fig. 2. Quanti-
ative recoveries for silver and lead ions were obtained in the
ange of 250–1500 �g of APDC and 750–1500 �g of APDC,
espectively. All further works, 1500 �g of APDC was added to
he working solutions.

.3. Effect of sample volume

The membrane filtration technique is a common procedure
or extraction and separation of metal ions from large sample
olumes to obtain high preconcentration factor. The recovery
alues as a function of sample volume were shown in Fig. 3. It
as found that the recoveries were constant when up to 750 mL
sed. At the higher volumes the recoveries for analytes were
ecreased. Therefore, a preconcentration factor of 375 for sil-

able 2
nfluences of matrix ions on the recoveries (N = 3)

on Added as Concentration
(mg L−1)

Recovery (%)

Ag Pb

a+ NaNO3 1000 95 ± 3 98 ± 3
2500 94 ± 1 98 ± 5

+ KNO3 1000 98 ± 4 97 ± 4
g2+ Mg(NO3)2 1000 99 ± 5 98 ± 3
a2+ Ca(NO3)2 1000 95 ± 2 96 ± 0

e3+ Fe(NO3)3 5 103 ± 2 97 ± 5
10 101 ± 2 94 ± 5

o2+ Co(NO3)2 5 97 ± 3 85 ± 0
10 97 ± 3 92 ± 5

u2+ Cu(NO3)2 5 101 ± 1 97 ± 3
10 96 ± 4 98 ± 5

n2+ Mn(NO3)2 5 100 ± 5 102 ± 3
10 103 ± 2 92 ± 1
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Table 3
Application of the presented procedure for a soil sample from Mersin city of
Turkey (Amounts of soil: 0.50 g, N = 3)

Analyte Added (�g) Found (�g) Recovery (%)

Ag 0 BDL –
12.5 12.0 ± 0.2a 96.0
25.0 24.6 ± 0.6 98.4
50.0 50.7 ± 0.6 101.4

Pb 0 BDL –
12.5 12.5 ± 0.5 100.0
25.0 24.7 ± 0.9 98.8
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er(I) and 125 for lead(II) can be achieved when using 750 mL
or silver(I) and 250 mL for lead(II) of the sample volume and
.0 mL of final volume.

.4. Matrix effects

Due to determination of metal ions by atomic spectroscopic
ethods, positive or negative effects of matrix components of

he analyzed samples are one of the main problems [40–43],
he influences of possible matrix ions in the environmental sam-
les and some transition metals were also examined. The effect
f potential interfering ions on the determination of Ag(I) and
b(II) were investigated by adding known concentrations of each

on in a solution containing analytes and then determining the
atter. The results were summarized in Table 2. The tolerated
mounts of each ion were the concentration values tested that
aused less than 5% of the absorbance alteration. The ions nor-
ally present in water do not interfere under the experimental

onditions used. Also, some of the transition metals at mg L−1

evels were not interfered on the recoveries of the analyte ions.
he matrix metal ions were not retained on the cellulose nitrate
embrane filter because of their very low stability constants of
PDC complexes. These results show that the proposed pre-

oncentration/separation method could be applied to the natural
ater samples.

.5. Reproducibility and detection limits

The analytical performance of the procedure can be calcu-
ated for the results from FAAS measurements. The calibration
urves for analyte ions were drawn after setting various param-
ters of FAAS including wavelength, slit width, lamp current at
n optimum level. The optimum linear concentration ranges for
g(I) and Pb(II) were 0.25–5.0 mg L−1 and 0.5–10.0 mg L−1.
he statistical calculations are based on the average of triplicate

eadings for a standard solution analyte ions.

The reproducibility of the preconcentration and separation

ethod was evaluated by passing 25 mL of solution containing
0 �g Pb(II) and 10 �g Ag(I) ions through cellulose membrane
lter and repeating this procedure ten times. The relative stan-

m
t
i
m

able 4
pplication of the presented procedure for two water samples (sample volume = 100

nalyte Added (�g) Tap water from Eskisehir bagla

Found (�g) Re

g 0 BDL
6.25 6.66 ± 0.11a 10

12.5 12.3 ± 0.3 9
25.0 24.3 ± 0.4 9
50.0 48.2 ± 0.5 9

b 0 BDL
12.5 12.6 ± 0.8 10
25.0 25.9 ± 0.5 10
50.0 48.5 ± 0.8 9

100.0 96.3 ± 1.0 9

DL: below the detection limit.
a Mean ± standard deviation.
50.0 50.0 ± 1.5 100.0

DL: below the detection limit.
a Mean ± standard deviation.

ard deviations (R.S.D.) were 3.0% for Ag(I) and 2.6% for
b(II).

The detection limits for analytes were calculated after pre-
ented preconcentration procedure was applied to the blank
olutions. The detection limits of the investigated elements based
n three times the standard deviations of the blank (k = 3, N = 11)
n a sample volume of 150 mL were 4.6 �g L−1 for silver(I) and
5.3 �g L−1 for lead(II).

.6. Application to environmental samples

We have explored the feasibility of the methodology given
n Section 2 using preconcentration with cellulose nitrate mem-
rane filter for the determination of Ag(I) and Pb(II) in different
nvironmental matrices by standard addition method. Reliability
as checked by spiking experiments and independent analysis.
he results for this study are presented in Table 3 for a soil sam-
les from Mersin, Turkey and in Table 4 for two different water
amples. The recovery of spiked samples is satisfactorily reason-
ble and was confirmed using addition method, which indicates
he capability of the system in the determination of Ag(I) and
b(II). A good agreement was obtained between the added and

easured analyte amounts. The recovery values calculated for

he added standards were always higher than 95%, thus confirm-
ng the accuracy of the procedure and its independence from the

atrix effects.

mL, final volume: 5 mL, N = 4)

ri Bottled drinking water

covery (%) Found (�g) Recovery (%)

– BDL –
6.6 6.36 ± 0.19a 101.8
8.4 12.9 ± 0.1 103.2
7.2 24.3 ± 0.5 97.2
6.4 48.8 ± 1.5 97.6

– BDL –
0.8 12.5 ± 0 100.0
3.6 24.4 ± 0.3 97.6
7.0 49.5 ± 0.7 99.0
6.3 102.1 ± 1.0 102.1
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. Conclusion

The presented membrane filtration method has the following
dvantages: simple, rapid, and low analysis cost. The recoveries
f analyte ions at pH 4 were greater than 95% at the optimal
orking conditions. The time required for the membrane filtra-

ion and determination was about 20 min. The analyte ions can
e sensitively determined by FAAS without any influence of
atrix ions. The membrane filtration method can be applied not

nly to water samples but also geological and biological samples
nd similar media.
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