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Abstract

Ammonium pyrrolidinedithiocarbamate impregnated activated carbon (APDC-AC) has been used for the preconcentration of Cd(ll),
Cu(ll), Ni(Il), and Zn(ll) from aqueous solution by column solid phase extraction (SPE) technique. Trace metal ions in aqueous solution were
quantitatively sorbed onto APDC-AC packed in a SPE column at pH 5.0 with a flow rate of 1.0 mk rfilme sorbed metals were eluted
with 1 M nitric acid in acetone solution at a flow rate of 0.6 mL miimnd analyzed by flame atomic absorption spectrometry. The effects of
sample volume, amount of APDC-AC, volume of eluent and ionic strength of working solution on metal ion recovery have been investigated.
The present methodology gave recoveries from 90 to 106% and R.S.D. from 0.6 to 5.5%.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction recent years SPE has been successfully used for the sepa-
ration and sensitive determination of metal ions, mainly in
Various techniques have been applied for the determi- water samples.
nation of trace heavy metals in aqueous samples. Direct Activated carbon has been widely used for many purposes
instrumental analysis of these samples is difficult because ofboth in the laboratory and industrial settings, due to its ability
complex formation and significant matrices, which invariably to adsorb organic compounds and organic metal complexes.
influence normal instrumental analygl$. In addition, some Since its introduction in analytical chemistry, enrichment of
metals have low concentrations, which are near or below trace metals using activated carbon has been carried out with
the limit of detection of the instrument. Preconcentration very high preconcentration factors in different matrifgs
can solve the above two problems and leads to simplified There are general approaches to metal preconcentration
heavy metal determination. There are many methods of pre-using activated carbon from aqueous solutions by simply
concentration, including coprecipitation, solvent extraction, adjusting the pH to an adequate value and by using chelating
electrodeposition, membrane extraction, and solid phaseagen{3]. The use of commercial and fabricated activated car-
extraction. In this work, solid phase extraction (SPE) was bon from different natural sources for sorption and determi-
used to preconcentrate Cd, Cu, Ni, and Zn from aqueousnation of metals has been recently repofted 0]. However,
solution. activated carbon alone does not adsorb metal ions quantita-
Solid phase extraction offers a number of important ben- tively at trace levels. Some authors reported the adsorption of
efits. It reduces solvent use, solvent exposure, disposal costenetallic complexes onto activated carbon after complexation
and extraction time for sample preparation. Consequently, in with chelating agents; for example, pyrocatechol violet for
Cu, Mn, Co, Cd, Pb, Ni, and ¢t 1], 8-hydroxyquinoline for
Cd [12], O,O-diethyl-dithiophosphate for Pld3], pyridyl
* Corresponding author. Tel.: +66 2 218 7607; fax: +66 2 254 1309.  azo resorcinol for Cu, Co, Cd, Cr, Ni, Pb, and[14] and
E-mail addressiapichat@chula.ac.th (A. Imyim). thiourea and bromide ion for BiL5]. The disadvantage of
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these procedures is that it requires a series of complexationLaboratory Supplies) in 0.008 M ammonium acetate buffer
steps. For this reason, the use of chelating activated carbor(pH 5). Ammonium acetate buffer solution was prepared by
has beenrecently proposed, such as activated carbon modifieddding an appropriate amount of acetic acid (Fisher Scien-
with chitosan for Cr(VI) remova[16], 1-(2-thiazolylazo)- tific) to ammonium acetate (Carlo Erba Reagenti) solution
2-naphthol for Hg(ll) recovery17], and diarylazobisphenol  until pH 5 was attained.
for U(VI) extraction[18]. The above mentioned chelating
activated carbons have been used for single element recovery2.3. Preparation of APDC impregnated activated
To our knowledge, there is no chelating activated carbon carbon (APDC-AC)
reported for multi-element preconcentration of heavy metals.

Ammonium pyrrolidinedithiocarbamate (APDC) is one of Activated carbon powder (Merck) was treated with 20%
a few chelating agents that permits the preconcentration of nitric acid, washed with de-ionized water and oven-dried at
trace metals from solutiofil9]. The standard method for 110°C. SPE tubes and frits were soaked in 1% nitric acid
determination of trace metals in aqueous samples involvesovernight and then washed with water. The cleaned frit was
the use of APDC for complex formation, followed by ex- placed on the bottom of the SPE tube. The column was
traction of the metal complex with methyl isobutyl ketone then filled with washed activated carbon (AC) and ready for
(MIBK) [20] and subsequent determination by flame atomic the SPE experiments. The AC (500 mg) was impregnated
absorption spectrometry (FAAS). The disadvantages of this with APDC by percolating 10 mL of 1% (w/v) APDC so-
technique are that it requires a large amount of solvent andlution through the column packed with AC at a flow rate of
takes significant time to complete. APDC was also added to 1 mL min—1. Thefiltrate was collected and analyzed for unad-
Sb(lll), Pb(Il), Cu(ll), Cd(ll) solutions in order to form com-  sorbed APDC with the UV-vis spectrophotometer at 277 nm.
plexes which were subsequently adsorbed eg<lica gel The column was then washed twice with 5 mL water and the
[3]. In addition, APDC was used to form complexes with Ni, filtrates were analyzed for APDC that was released. The re-
Cd, Cu, Co, and Pb followed by adsorption on cellulose ni- tained amountof APDC on the AC columnwas 69 mg/g (12%
trate membrang1] and to form complexes with J@2] and relative range).
Pb[23] before being separated by activated carbon.

In this work, we combined the advantages of activated car- 2.4. Extraction procedure
bon and APDC for the simultaneous preconcentration of Cd,
Cu, Ni, and Zn in aqueous solution, and subsequent atomic The metal solutions (0.8 mgil of each metal) were
absorption spectroscopic determination. The selected methogassed through the APDC-AC column at a flow rate of
was applied for determination of the metals in water samples. 1 mL min~1. The filtrate was collected and analyzed for un-
sorbed metals by FAAS. The effects of sample volume,
amount of APDC-AC, and working solution ionic strength

2. Experimental : . : .
on the recoveries of metal ions were investigated.

2.1. Apparatus .
2.5. Desorption procedure

A UV-vis Spectrophotometer (Hewllet Packard Model ] )
HP8453) was used for the determination of the APDC con- ~The desorption of retained metal from the column con-
centration at 277 nm. A flame atomic absorption spectrometert@ining 500 mg APDC-AC was investigated using 50 mL of
(Perkin-Elmer Model AAnalytst100) was used to determine Various eIgtmg agents. ,f\standard solution for preconcentra-
metal concentrations using an air/acetylene flame. The an-tion contained 0.8 mgL™ Cu(ll) (pH 5, S0 mL). One molar
alytical wavelength of Cd, Cu, Ni and Zn are 228.8, 324.8, ©f nitric acid, 5M nitric acid, acetone, 1 M nitric acid in ace-
232.0and 213.9 nm, respectively. The SPE was performed us{one and MIBK were used as eluents. Afterwards, the best
ing a VisipregM™ Vacuum Manifold and 6 mL polyethylene eluentwas chosen and used in the preconcentration of Cd(ll),
tubes and frits (Supelco). A digital pH meter (Hanna instru- Cu(ll), Ni(ll), and Zn(ll). The effect of volume of eluent on
ments Model pH 211) was used for all pH measurements. the recoveries of metal ions has also been investigated.

2.2. Materials and reagents 2.6. Determination of metals in water sample

All reagents and solvents were standard analytical grade  Natural surface water and tap water were collected by grab
and used without further purification. De-ionized water was sampling method in a polypropylene container from Chu-
obtained from cation and anion exchange resin columns.lalongkorn pond (10 cm depth from the surface) and at the
The conductivity of the de-ionized water was less than Faculty of Science, Chulalongkorn University, Bangkok in
18uS cnm 1. APDC (Sigma) solution (1%, w/v) was prepared October 2004, respectively. The samples were immediately
daily by dissolving APDC in de-ionized water. Working stan- filtered through 0.4m cellulose nitrate membranes (Mil-
dard solutions of Cd, Cu, Ni, and Zn were prepared by step- lipore) before analysis. For the preconcentration, 2 mL of
wise dilution of 1000 mg £ stock standard solutions (BDH 0.2 M acetate buffer was added into 50 mL of the sample
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to attain pH 5. The sample solution was passed through aTable 2 _ _
SPE column packed with 100 mg APDC-AC at a flow rate Recovery of Cu with various eluents

of 1mL min~!. The sorbed metals were eluted with 1 M ni- Eluent Recover§ (%) R.S.D. (%)
tric acid in acetone solution at a flow rate of 0.6 mL min MIBK - -
The eluant was then rapidly evaporated with a heating gun Acetone 20.2 -
to 1 mL, transferred to a 5mL volumetric flask, and diluted 1M nitric acid 108 D8
5 M nitric acid 7.5 73

with de-ionized water. Finally, the metals were determined by 1 M nitric acid in acetone
FAAS. The accuracy of the method was examined by adding
2 and 5.9 of each metal ion into water samples. The spiked

water samples were analyzed by the procedure mentioned
earlier. The accuracy and precision are reported in terms of
recovery (%) of metalsand R.S.D. (%), respectively. The limit

of detection was measured by using 50 mL of de-ionized wa-
ter as a blank following the same preconcentration procedure

97.1 R

2 Mean valuen=3.

the eluent should not destroy the sorbent and (iii) the eluent

should be suitable for the subsequent determination technique
[23]. Organic solvents and inorganic acids have been found

‘to meet the requirements.

In our study, all metal ions have the same d-10 valence
electrons so the adsorption on APDC-AC and desorption
mechanisms are possibly similar. Cu(ll) ion was chosen as a
representative ion for the desorption study. In this experiment,
the standard solution for preconcentration was 0.8 myL
Cu(ll) (pH 5, 50 mL). The eluents chosen were MIBK, 1 M
nitric acid, 5 M nitric acid, acetone and 1 M nitric acid in ace-
tone. The effectiveness of metal desorption from APDC-AC
was evaluated from the recovery (%) of copper. The recovery
(%) in this section was calculated from the amount of metals
(mg) in the starting solution )l and the amount of metals
(mg) eluted from the column ¢Naccording to Eq(2). The
results are summarized irable 2:

3. Results and discussion
3.1. Efficiency of impregnated activated carbon

The efficiency of the APDC-AC column for the sorption
of metals was studied by using 500 mg of APDC-AC in com-
parison with 500 mg of AC for preconcentration of metalsina
model solution. Starting with 40g of each metal in 50 mL of
solution, the quantity of unretained metals in the filtrate was
determined by FAAS. The percentage sorption of the metals
retained on the sorbents was calculated from the difference
between the starting amount of each metal (mg) éxd the
amount of metal (mg) left in the filtrate {Naccording to Eq. Ny
(2): recovery (%)= I x 100 (2)

S

sorption (%)=

Ns— N
s 100 1)
N.

S

According toTable 2, MIBK could not elute the Cu(ll), while
the other solvents could elute Cu(ll) with recoveries (%) rang-
ing from 7 to 97%. It is clear that 1 M nitric acid in acetone
was the best eluent allowing 97% recovery and 7.94% R.S.D.
Thus, this solvent mixture was chosen for the desorption of
all heavy metals studied in further experiments.

The recovery of Cd, Cu, Niand Zn was investigated. A so-
lution containing four metal ions (0.8 mgt of each metal
ion) was used in this experiment. Fifty milliliters of solu-
tion was percolated through the column with a flow rate of

. . 1 mL min—1. The elution step was performed using a flow rate
An appropriate eluent for metal desorption was selected ¢ 4 g mL mirrL. The recoveries of Cd. Cu. Niand Zn using

by taking into account the following considerations: (i) the 1 \ nitric acid in acetone as eluent are showiable 3. The

eluent should desorb the metals or chelate complexes, (i) eqyits show that the recoveries higher than 96% with R.S.D.
values less than 5% could be obtained for all metal ions.

Theresults are shownTrable 1. The APDC-AC canretain all
the metal ions while the untreated AC cannot quantitatively
retain Cd, Ni and Zn. Evidently, the preconcentration of the
metals with the untreated AC is not suitable for Cd, Ni and
Zn. Therefore, APDC-AC seems to be a better sorbent in
simultaneous sorption of the studied elements.

3.2. Desorption of metals

Table 1
Percentage of metal sorption of untreated (AC) and impregnated activated
carbon (APDC-AC)

Table 3
Element Sorptiorf (%) Recoveries of Cd, Cu, Ni, and Zn using 1 M nitric acid in acetone as eluent
AC APDC-AC Element Recover§ (%) R.S.D. (%)
Cd 14.8+1.3 >99.4 Cd 96.9 45
Cu >99.7 >99.7 Cu 101.7 2.4
Ni 29.1+0.6 >09.9 Ni 99.5 4.7
Zn 12.24+2.7 >09.8 Zn 104.8 4.5

2 Mean valuet confidence interval at 95%,= 3. 2 Mean valuen=3.
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3.3. Effect of the sample volume on the metal sorption In this study, metal ions could be quantitatively retained
on the columns containing the studied amounts of sorbent. In

For the analysis of a real sample using preconcen- the case of 100 mg of APDC-AC, the volume of eluent from
tration, the sample volume is one of the most important 10 to 50 mL did not affect the recoveries of the metals. When
parameters for obtaining high preconcentration factors. In higher amounts of sorbent was used, the metal recoveries
this study, the effect of sample volume on the sorption increased with increasing volume of eluent. In this study,
behavior of the analytes was investigated by passing 100 mg of APDC-AC and 10 mL of eluent are ideal for the
10, 50 and 100mL of solutions containing Cu, Cd, Ni preconcentration of metal at a concentration ofig0r less
and Zn ion (4Qug of each metal ion) into a column in the solution having volumes up to 100 mL.

(500 mg APDC-AC) and comparing the percentage of metal
sorption.

More than 99% of each metal was retained on the column.
The sorption of the metal ions was not affected by sample
volume between 10 and 100 mL. Thus, a sample volume in g, are always found in water samples and have the ca-
this range could be_ u_sed In-our procedures. '_I'he recovery 0fpability to compete with many metal ions to complex with
metals Lsing 1M nitric acid in acetone were in the range of jjan4s and common anions such as nitrate and chioride have
95-106%. the ability to bind with metal ions. Therefore, in their pres-
ence the efficiency of the impregnated ligand to bind metal
ions may be reduced resulting in a reduction of the recovery.
From the literature, Goswami and Sinf@d] also mentioned

3.5. Effect of ionic strength

Common cations such as sodium, calcium, and magne-

3.4. Effect of the amount of activated carbon and eluent
volume

In the adsorption step, an appropriate amount of activated

carbon should be used in order to obtain quantitative retention 1204
of metals. On the other hand, an excess amount of the sorbent 100 1§:.‘_i\:— —i—}\
also prevents the quantitative elution of the retained metals ® g0 \"x 'S i i
by a small volume of eluerft1]. For this reason, the effect of g \\i
the amount of activated carbon and the eluent volume were 2 ol s TN =
examined. The solutions used in this experiment contained “ Rrare e
20p.gof each metalion (50 mL, pH 5). The amount of APDC- L8 I et M
AC was varied in the range of 100-700 mg. The sorbed metals 0 i o : \1?
were then eluted by 1 M nitric acid in acetone with a flow rate Tonic strength .
of 0.6 mL minL. The volume of the eluent was varied from
10 to 50 mL. The results are shownl-‘rig. 1. Fig. 2. Effect of ionic strength on metal sorptiam=2).
1204 100'mg APDC-AC 1207 300 mg APDC-AC
® - F . T e e e =
= 100 F———Ft—F% I S S —
& ke T T T = & 4
QS) + - % 80 i
g 80 - - 3 ;
I~ ——Cd —-—'Lu & 604 E ——Cd ——Cu
—+—Ni ——Zn il —en
60 T T T T ] 40

0 10 2 3 40 0 10 20 30 40 S50

Volume of eluent, mL Volume of eluent, mL
1207 500 mg APDC-AC 120+ 700 mg APDC-AC
o 1001 E ————
& 1001 i = 3 ;%— -
= - 801 = 4
(] = | I"
z 801 o J
g F z 60 7
o = g 401 /
= 604 ——Cd —Cu| & v ——Cd ——Cu
—+—Ni ——Z7n 20 —+—Ni ——7n
40 T T T T | 0 T . . - 1
0 10 20 30 40 50 0 10 20 30 40 50
Volume of eluent, mL Volume of eluent, mL

Fig. 1. Effect of the volume of eluent for 100-700 mg of APDC-AG=(2) (20g of each metal).
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Table 4
Concentration and recoovery of Cd, Cu, Ni, and Zn in water samples (50 mL)
Sample Element Added (.g) Found (ng) Recovery (%) R.S.D. (%)
Tap water Cd - ND - -
2 1.80+0.12 90.0 2.8
5 4.76+0.37 95.2 3.2
Cu - ND - -
2 1.96+0.25 98.0 5.1
5 5.17+0.50 103.4 3.9
Ni - ND - -
2 1.87+0.20 93.5 5.3
5 4.94+0.20 98.8 1.6
Zn - ND - -
2 2.02+0.25 101.0 5.0
5 4.99+0.30 99.8 24
Chulalongkorn pond water Cd - ND - -
2 1.83+0.15 91.5 3.3
5 4.51+0.07 90.2 0.7
Cu - ND - -
2 2.12+0.15 106.0 2.8
5 4.58+0.22 91.6 2.0
Ni - ND - -
2 2.03+0.12 101.5 25
5 5.04+0.25 100.8 2.0
Zn - ND - -
2 2.04+0.15 102.0 2.9
5 5.08+0.07 101.6 0.6

2 Mean valuet confidence interval at 95%.
b Mean valuen=3; ND = not detectable.

that sodium nitrate at concentrations higher than 0.08 M had ples. The results are given ifable 4. The recoveries of

an effecton the sorption efficiency of Znand Cdionsin model the metal ions were in the order of 90-106%. The R.S.D.

solutions on modified silica gel. The total amount of ions can values were less than 6%. The concentrations of the metal

be represented by the ionic strength. ions in the samples were lower than the method detection
In this study, the effect of ionic strength on the sorption limit.

of metals was tested by adding sodium nitrate in the range

of 0-1.5M into a model solution containing 0.4 mgLof .

each metal ion at pH 5. The results are showfFim 2. In 4. Conclusion

the presence of sodium and nitrate ions, the sorption (%) of _ ) )

Zn decreased sharply. When the amount of sodium nitrate A Simultaneous preconcentration of Cd(1l), Cu(l), Nil1),

was higher than 0.1 M, Ni could be sorbed less than 90%. @hd Zn(ll) from aqueous solution on an activated car-

The sorption (%) of Cu and Cd diminished from 100% when bon impregnated with ammonium pyrrol|d|nedlthlocarpa-

the concentration of sodium nitrate was higher than 0.5 and Mate column was successfully developed. The conditions

1.0 M, respectively. The results attributed the effect of ionic for preconcentration of metal ions were selected using
strength on the sorption of the metal ions. model solutions. The accuracy and precision of the pro-

posed SPE method was reported in term of recovery (%)
ranging from 90 to 106%, and R.S.D. (%) ranging from

0.6 to 5.5%. The proposed method can be applicable for
the determination of trace metal ions in a variety of water
samples with low detection limit, high accuracy and high

precision.

3.6. Method detection limit

The method detection limits were calculated by three times
the standard deviation nl15) of the blank. The values were
20ng L1 for Cd, 19ng Lt for Cu, 23ng -1 for Ni, and
28 ng L1 for Zn. These limits were based on 50 mL of blank
undergoing the preconcentration. They can be improved by ocknowledgements
increasing the sample volume.

This study had been carried out in the Environmental
3.7. Determination of metals in water sample Analysis Research Group, Department of Chemistry, Fac-
ulty of Science, Chulalongkorn University and was supported
The proposed method was applied for the determination by the Thai Government Research Fund, Thai Government
of Cd, Cu, Ni, and Zn in tap water and natural water sam- Budget.
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