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a b s t r a c t

In this work, a new 2-(2-oxoethyl)hydrazine carbothioamide modified silica gel (SG-OHC) sorbent was
prepared and applied for preconcentration of trace mercury(II) prior to the measurement by inductively
coupled plasma atomic emission spectrometry (ICP-AES). The optimization of some analytical parameters
affecting the adsorption of the analyte such as acidity, shaking time, sample flow rate and volume, eluent
condition, and interfering substances were investigated. At pH 3, the maximum static adsorption capacity
eywords:
ilica gel
-(2-Oxoethyl)hydrazine carbothioamide
olid phase extraction
g(II)

nductively coupled plasma atomic
mission spectrometry (ICP-AES)

of Hg(II) onto the SG-OHC was 37.5 mg g−1. The quantitative recovery (>95%) of Hg(II) could be obtained
using 2 mL of 0.5 mol L−1 HCl and 1% CS(NH2)2 solution as eluent. Common coexisting substances did
not interfere with the separation of mercury(II) under optimal conditions. The detection limit of present
method was 0.10 ng mL−1, and the relative standard deviation (RSD) was lower than 4.0% (n = 8). The
prepared sorbent was successfully applied for the preconcentration of trace Hg(II) in certified and water
samples with satisfactory results.

© 2010 Elsevier B.V. All rights reserved.
. Introduction

Mercury is a global pollutant and is identified as a highly toxic
lement because of its accumulative and persistent character in
he environment and living organisms [1]. Therefore, determi-
ation of mercury becomes increasingly important, especially in
ater system. However, due to both the low concentration of mer-

ury in water and the complexity of the sample, a separation and
reconcentration step is required prior to the determination by

nductively coupled plasma atomic emission spectrometry (ICP-
ES).

Different methods, viz., cloud point extraction [2], electroan-
lytical techniques [3], liquid–liquid extraction [4], membrane
ltration [5], ion exchange [6], solid phase extraction (SPE) [7],
oprecipitation [8], resin chelation [9] and foam-flotation [10]
ave been reported for preconcentration of trace mercury(II). Of
ll these methods, SPE has gained rapid acceptance because of

ts merits of simplicity, rapidity, high enrichment factor, ease of
utomation, low consumption of organic solvents and the abil-
ty of combination with different detection techniques [11,12].
he basic principle of SPE is the transfer of the analyte from

∗ Corresponding author at: Tel.: +86 931 891 2422; fax: +86 931 891 2582.
E-mail address: gscxl love@126.com (X. Chang).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.07.076
the aqueous phase to bind to active sites of the adjacent solid
phase [13]. A variety of solid phase have been applied in SPE,
such as active carbon [14], silica gel [15], microcrystalline naph-
thalene [16], Amberlite XAD resin [17], polyurethane foam [18]
and alumina [19]. Among these solid phases, silica gel modi-
fied with organic compounds as metal chelating agent exhibits
some definite advantages such as porosity, large specific sur-
face area, good mechanics, the thermal and chemical stability
[20,21]. Hence, silica gel is selected as the solid phase in this
work.

In general, mercury(II) can complex strongly with ligands con-
taining nitrogen and sulfur atoms [22,23]. 2-(2-Oxoethyl)hydrazine
carbothioamide, which contains nitrogen, sulfur and oxygen atoms,
can probably form chelate with Hg(II).

In this study, a new silica gel modified with 2-(2-oxoethyl)
hydrazine carbothioamide was synthesized and characterized. The
prepared sorbent possessed a high adsorption selectivity for mer-
cury(II). Parameters that affect the quantitative recoveries of the
analytes were studied in detail. The proposed method was validated
by analyzing the certified reference materials (GBW 08301, river

sediment and GBW 08303, polluted farming soil) and applied to
the analysis of natural water samples with satisfactory results. The
proposed method showed simple, fast and accurate characteristics
for separation and preconcentration of Hg(II) from environmental
samples.
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Scheme 1. Synthe

. Experimental

.1. Instruments and apparatus

An IRIS Advantage ER/S inductively coupled plasma emission
pectrometer (TJA, USA) (RF power supply: 1.15 kW; Ar carrier
as flow rate: 0.6 L min−1; Ar auxiliary gas flow rate: 1.0 L min−1;
r coolant gas flow rate: 14.0 L min−1; viewing height: 15 mm;
avelength of Hg:194.227 nm) was employed for the metal ion
etermination. The pH was adjusted by a pHs-3C digital pH meter
Shanghai Lei Ci Device Works, Shanghai, China). Infrared spectra
4000–400 cm−1) in KBr were recorded on a Nicolet NEXUS 670 FT-
R spectrometer (Nicolet, Madison, WI, USA). An YL-110 peristaltic
ump (General Research Institute for Non-ferrous Metals, Beijing,
hina) was used in the preconcentration process. A PTFE (polyte-
rafluoroethylene) column (45 mm × 3.0 mm i.d.) was used in this
ork.

.2. Chemicals and reagents

Unless otherwise stated, all reagents used were of analytical
rade and all solutions were prepared with doubly distilled deion-
zed water. Standard labware and glassware used were repeatedly
leaned with HNO3 and rinsed with double distilled water, accord-
ng to a published procedure [24].

Silica gel (100–200 mesh) was purchased from Qingdao
ailang Chemical Factory (Qingdao, SD, China). 3-Aminopropyl-

rimethoxysilane was obtained from Chemical Engineering Corpo-
ation of Ocean University of China (Qingdao, China). Chloroacetyl
hloride (The First Reagent Factory, Shanghai, China) and thiosemi-
arbazide (Beijing Chemical Industry, Beijing, China) were used in
his work.

Standard stock solution of Hg(II) (1 mg mL−1) were prepared by
issolving spectral pure-grade HgCl2 (The First Reagent Factory,
hanghai, China) in double distilled water with the addition of
ydrochloric acid (The First Reagent Factory, Shanghai) and further
iluted daily prior to use. The standard reference material (GBW
8301, river sediment and GBW 08303, polluted farming soil) was
rovided by the National Research Center for Certified Reference
aterials (Beijing, China).

.3. Sample preparation
River water was collected from Yellow River, Lanzhou, China.
he water samples were filtered through a 0.45 �m polytetrafluo-
oethylene (PTFE) millipore filter and acidified to a pH of about 2
ith concentrated HCl prior to storage for use. Tap water samples
ere taken from our laboratory without pretreatment before deter-
te of the SG-OHC.

mination, the pH value was adjusted to 3 with 0.1 mol L−1 HCl or
0.1 mol L−1 NH3·H2O prior to use. The water samples were analyzed
within 2 weeks after collection.

The reference materials (GBW 08301 and GBW 08303) were
treated according to the following method: to oxidize organic mat-
ter such as humic acid, the sample was digested by oxidizing
UV-photolysis in the presence of 1% H2O2 using a low pressure
Hg-lamp which was integrated in a closed quartz vessel [25], and
then the digested samples were immediately filtered through a mil-
lipore cellulose nitrate membrane, pore size 0.45 �m, acidified to
pH 3 with hydrochloric acid and stored in precleaned polyethylene
bottles prior to use [26].

2.4. Preparation of new sorbent

2.4.1. Synthesis of silica gel modified with
3-aminopropyltrimethoxysilane (APSG)

In order to remove any adsorbed metal ions and increase the
content of –OH, silica gel (SG) was activated by refluxing with
concentrated hydrochloric acid under stirring for 8 h, then the
activated silica gel was filtered and washed with doubly distilled
water to neutral and dried under vacuum at 70 ◦C for 8 h. To pre-
pare APSG, 10 g of activated silica gel was dispersed into 150 mL
toluene, and then 10 mL 3-aminopropyltrimethoxysilane was grad-
ually added into the solution with continuous stirring. The mixture
was refluxed for over night. The final product was filtered off,
washed with toluene, alcohol and diethyl ether, and then dried
under vacuum at 70 ◦C for 8 h.

2.4.2. Synthesis of silica gel modified with
2-(2-oxoethyl)hydrazine carbothioamide (SG-OHC)

The dried APSG was transferred into the flask, then 10 mL
chloroacetyl chloride and 100 mL of dried ethanol were added in
sequence. The reaction mixture was stirred for 4 h at 0–5 ◦C under
nitrogen atmosphere, filtered under vacuum, washed with ethanol
and dried under vacuum at 60 ◦C for 6 h. Finally, 1.4 g of thiosemi-
carbazide was dissolved in 80 mL dimethyl sulfoxide (DMSO), and
5.0 g of the dried product was added to the solution. The mixture
reacted at 120 ◦C for 8 h. The resulting reaction product (SG-OHC)
was filtered, washed with a small amount of DMSO, ethanol and
dried in an oven at 80 ◦C for 8 h. The synthetic route of the SG-OHC
is schematically represented in Scheme 1.
2.5. General procedures

2.5.1. Batch method
Portions of 10 �g mL−1 (1 mL) standard or sample solutions con-

taining Hg(II) were transferred into a 25 mL beaker, and the pH
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Fig. 1. IR spectra of APSG (A) and SG-OHC (B).

alue was adjusted to the desired value with 0.1 mol L−1 HCl and
.1 mol L−1 NH3·H2O. Then the volume was adjusted to 10 mL with
ouble distilled water. 30 mg of SG-OHC was added, and the mix-
ure was shaken vigorously for 30 min to facilitate adsorption of
he metal ions onto the sorbents. After centrifugation, the concen-
rations of the metal ions in the solution were directly determined
y ICP-AES. The adsorbent was then eluted with CS(NH2)2 and HCl
nder optimum conditions. Finally, the desorbed metal ions were
easured by ICP-AES.

.5.2. Column procedure
A total 50 mg of SG-OHC was packed in the PTFE column plugged

ith a small portion of glass wool at both ends. Before using,
.5 mol L−1 HCl and doubly distilled deionized water were suc-
essively passed through the microcolumn in order to equilibrate,
lean and neutralize it. Portions of aqueous standard or sam-
le solutions containing Hg(II) were prepared, and the pH value
as adjusted to 3 with 0.1 mol L−1 HCl and 0.1 mol L−1 NH3·H2O.

ach solution was passed through the column at a flow rate of
.0 mL min−1 controlled by a peristaltic pump. Afterwards, the
ound metal ions were stripped off from the column with 1%
S(NH2)2 and 0.5 mol L−1 HCl solution. The analytes in the elution
ere determined by ICP-AES.

. Results and discussion

.1. FT-IR spectra and elemental analysis

The modified silica gel was confirmed by IR analysis as
hown in Fig. 1. The peaks of APSG at 467.76, 802.58, 1097.27,
628.68, 2938.32 and 3436.10 cm−1 were attributed to ı(Si–O–Si),
(Si–O–Si), longitudinal SiO2 lattice vibration, ı(H2O), �(CH3) and
(Si–OH), respectively [28]. The peak appeared at 3436.10 cm−1,
as assigned to �(N–H) [27]. Compared with that of APSG, the IR of

G-OHC showed remarkable spectral changes. According to the lit-
rature [27], the peak at 1099.42 cm−1 was due to �C–N, the peak at

635.73 cm−1 was caused by �C O, the band around 3438.52 cm−1

ould be assigned to �N–H. In theory, �C S is at 1190–1270 cm−1 and
ts intensity is weak, so the peak was not obvious in the spectrum.

Elemental analysis indicated 6.89% carbon, 1.97% nitrogen and
.913% hydrogen in SG-OHC. It could be calculated that 1 g silica
Fig. 2. Effect of pH on adsorption of 1.0 �g mL−1 Hg(II) on SG-OHC. Other conditions:
shaking time 30 min, temperature 25 ◦C.

gel contained 0.01478 g 2-(2-oxoethyl)hydrazine carbothioamide.
This was caused by the reason that only the surface of silica gel was
modified.

Consequently, the above experimental results suggest that silica
gel is successfully modified by 2-(2-oxoethyl)hydrazine carboth-
ioamide.

3.2. Effect of pH

Solution acidity affects metal adsorption: proton in acid solution
can protonate binding sites of the chelating molecules, and hydrox-
ide in basic solution may complex and precipitate many metals
[28]. In order to determine this parameter, the effect of the pH on
the static adsorption of Hg(II) was tested by equilibrating 30 mg
of SG-OHC sorbent with 10 mL of the buffer solutions containing
1.0 �g mL−1 of Hg(II), Cr(III), Fe(III), Co(II), Ni(II), Cu(II), Zn(II), Cd(II),
Mn(II) and Pb(II) in range of pH 1–7 using the batch procedure. It
could be seen in Fig. 2 that quantitative extraction (>95%) of Hg(II)
occurred from pH 1–7. The results indicated that the SG-OHC pos-
sessed excellent adsorptive selectivity towards Hg(II) at pH < 4 than
any other ions. To avoid hydrolyzing at higher pH values and get
higher recovery, pH 3 was selected as the enrichment acidity for
further study. In addition, Zn(II) was not enriched by SG-OHC at pH
3, Cr(III), Co(II), Cd(II) and Pb(II) could be adsorbed by SG-OHC about
10–16% at pH 3, Ni(II), Mn(II), Fe(III) and Cu(II) could be adsorbed
by SG-OHC about 31–67% at pH 3, but they did not interfere with
enrichment and determination of Hg(II).

3.3. Effect of shaking time

The shaking time is considered to be another important factor in
determining the availability of the newly synthesized SG-OHC for
the selective extraction of metal ions. In this work, different shak-
ing time (ranged from 2 to 40 min) was studied for the percentage
extraction of Hg(II) by SG-OHC. It is found in Fig. 3 that only 10 min
was needed for maximum recovery (>95%), which indicated that
SG-OHC possessed rapid adsorption kinetics for Hg(II). Therefore,
it is suitable for application in flow system.

3.4. Effect of flow rate
In the column SPE system, the flow rate of the sample solu-
tion was an important parameter not only affecting the retention
of cations on the adsorbent, but also controlling the time of anal-
ysis. Consequently, the effect of flow rate on adsorption of Hg (II)
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Table 1
Elution recovery (%) for Hg(II) adsorbed on SG-OHC sorbent.

Concentration of HCl (mol L−1)a 0.5 1 2 4 5

Recovery (%)
HCl 9.4 20.6 29.7 69.7 100
HCl + 1% CS(NH2)2 100 100

Eluent volume (mL)b 2 3 4 5 6

Recovery (%) 96.1 97.3 98.6 100 100

a 5 mL.
b 0.5 mol L−1 HCl + 1% CS(NH2)2.
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Table 2
Effect of coexisting substances on percent recovery of 1.0 �g mL−1 Hg(II) adsorbed
on SG-OHC.

Coexisting substances Concentration (�g mL−1) Recovery of Hg(II) (%)

NO3
− 3000 97.12

Cl− 3000 99.34
K+ 2000 95.82
Na+ 2000 98.74
SO4

2− 1000 100
Ca2+ 500 96.41
Mg2+ 300 100
Fe3+ 50 100
Cr3+ 50 100
Cd2+ 50 100
Zn2+ 50 100
Ni2+ 50 100
Cu2+ 50 100
Pb2+ 50 100
Mn2+ 50 100
Co2+ 20 95.73
Humic acid 2000 95.97

Table 3
Analytical results for the determination of Hg(II) in certified reference materials.

Sample Concentration of Hg(II) (�g g−1)

Found by present
methoda

Certified value The data of t-test

GBW08301 0.22
± 0.06

0.22 ± 0.01 0

GBW08303 2.13 2.11 ± 0.04 0.89
ig. 3. Effect of shaking time on adsorption of 1.0 �g mL−1 Hg(II) on SG-OHC. Other
onditions: pH 3, temperature 25 ◦C.

as examined under the optimum conditions (pH, eluent, etc.) by
assing 10 mL of sample solution through the microcolumn. The
ow rates were adjusted in the range of 0.5–3.5 mL min−1 con-
rolled by a peristaltic pump. The results are shown in Fig. 4. It
as found that the retention of the studied ion was practically not

hanged up to 2.0 mL min−1 flow rate. The recovery of the analyte
ecreased slightly when the flow rate was over 2.0 mL min−1. Thus,

flow rate of 2.0 mL min−1 was selected throughout the column

xperiment.

ig. 4. Effect of solution flow rates on adsorption of 1.0 �g mL−1 Hg(II) on SG-OHC.
ther conditions: 50 mg of SG-OHC, volume 10 mL, pH 3, temperature 25 ◦C.
± 0.05

a The value following “±” is the standard deviation (n = 5).

3.5. Maximum sample volume, enrichment factor and elution
condition
In order to explore the possibility of concentrating low con-
centration of Hg(II) from large volumes, the maximum applicable
volume must be determined. For this purpose, 50, 100, 150, 200, 250
and 300 mL of sample solutions containing 1.0 �g mL−1 Hg(II) were

Table 4
Analytical results for the determination of trace Hg(II) in natural water samples.

Water samples Concentration of Hg(II) (�g L−1) Recovery (%)

Added Founda

Yellow River water 0 0.94 ± 0.12
5 5.90 ± 0.17 99.2

10 11.02 ± 0.09 100.8

Tap water 0 –
5 4.86 ± 0.21 97.2

10 9.98 ± 0.16 99.8

a The value following “±” is the standard deviation (n = 5).
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Table 5
Comparison of figures of merit for determination of Hg(II).

Solid support Ligand pH Capacity (mg g−1) Ref.

MAA TMPTM-TAN 7 6.42 [31]
Bicarbonate-treated peanut hull carbon – 3.5–10.0 28.57 [32]
Amberlite XAD-4 resin Brilliant green – 4.12 [17]
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Ordered mesoporous silica Chitosan
Silica gel Diphenylcarbazone
Sol–gel silicas 1,5 Diphenylcarbazide
Silica gel 2-(2-Oxoethyl)hydrazine car

assed through the microcolumn with 50 mg sorbent at the opti-
um flow rate. Quantitative recovery (>95%) was obtained for the

ample volume of 100 mL for Hg(II), and at greater volume percent
f recovery decreased.

The elution condition was also studied by using various con-
entrations and volumes of thiourea and HCl solution for the
esorption of retained Hg(II). The obtained results showed (Table 1)
hat 5 mL of 5 mol L−1 HCl or 2.0 mL of 1% (w/w) CS(NH2)2 and
.5 mol L−1 HCl solution was sufficient for complete elution, but

n order to avoid using high concentration of HCl, so 2 mL of
.5 mol L−1 HCl and 1% CS(NH2)2 solution was chosen as eluent for
tripping off the adsorbed Hg(II). When the flow rate for desorption
f Hg(II) was varied from 0.2 to 2.0 mL min−1, the results showed
hat target ion could be quantitatively eluted at flow rate below
.5 mL min−1. Therefore, the enrichment factor of 50 for Hg(II) was
btained (because maximum sample volume was 100 mL and elu-
nt volume was 2 mL).

.6. Adsorption capacities

The capacity study was adopted from the paper recommended
y Maquieira et al. [29]. 10 mL of Hg(II) solutions of a series of con-
entrations (50–300 �g mL−1) were adjusted to the appropriate pH
nd followed the batch method. A breakthrough curve was gained
y plotting the concentration (�g mL−1) vs. the microgram of Hg(II)
dsorbed per gram of SG-OHC. From the breakthrough curve, the
aturated adsorption amount of SG-OHC for Hg(II) was found to be
7.5 mg g−1 at pH 3.

.7. Effect of coexisting substances

The effect of different substances on the adsorption of Hg(II)
n SG-OHC were investigated. In these experiments, solutions of
.0 �g mL−1 of Hg(II) containing the added interfering substances
ere prepared according to the batch procedure. The results rep-

esented in Table 2 showed that 3000-fold NO3
−, Cl−, 2000-fold K+,

a+, 1000-fold SO4
2−, 500-fold Ca2+, 300-fold Mg2+, 50-fold Fe3+,

r3+, Cd2+, Zn2+, Ni2+, Cu2+, Pb2+, Mn2+, 20-fold Co2+ and 2000-fold
umic acid did not interfere with the separation and determination
f the analyte. The high recoveries (>95%) of Hg(II) in the presence of
nterfering substances revealed that the present solid phase extrac-
ant (SG-OHC) allowed the interference-free extraction of trace
g(II) in the environmental samples.

.8. The detection limits and analytical precision

Under the selected conditions, eight portions of standard solu-
ions were enriched and analyzed simultaneously following the
eneral procedure. In accordance with the definition of IUPAC, the
etection limit of the method was calculated based on three times

he standard deviation of eight runs of the blank solution [30].
he detection limits (3�) were found to be 0.10 ng mL−1 for Hg(II).
he relative standard deviation (RSD) of the eight replicate deter-
inations was lower than 4.0%, which indicated that the method

ossessed good precision for the analysis of trace Hg(II) in solution

[
[
[

6.5 13.5 [33]
7 0.8 [34]
6 5.6 [35]

oamide 3 37.5 Present work

samples.

3.9. Application of the method

The proposed method has been applied to the determination
of trace Hg(II) in certified reference materials (GBW 08301, river
sediment and GBW 08303, polluted farming soil). According to the
results listed in Table 3, the estimated content by the proposed
method were in good agreement with the certified values of Hg(II).
For the analysis of Yellow River water and tap water samples, the
standard addition method was used. The results listed in Table 4
shows that the recoveries of Hg(II) were in range of 97.2–100.8%.
The obtained results indicated the suitability of the SG-OHC for the
preconcentration of Hg(II) from environmental samples prior to
ICP-AES analysis.

3.10. Comparison with other methods

Table 5 shows the comparison of the suggested method with
other SPE methods reported in the literature [31–35,17]. As seen
from the data, the present method possessed the advantages
of higher enrichment acidity and adsorption capacity than the
reported other SPE methods.

4. Conclusion

In this work, a simple, rapid, accurate and reliable method
was developed for determination of trace level of Hg(II) in envi-
ronmental samples based on adsorption of silica gel modified
with 2-(2-oxoethyl)hydrazine carbothioamide. This sorbent exhib-
ited good characteristics for separation and preconcentration of
Hg(II) in aqueous solution, such as excellent selectivity, fast
adsorption equilibrium, easy elution, good adsorption capacity and
interference-free extraction of trace Hg(II). Moreover, the prepara-
tion of SG-OHC was relatively simple and convenient. The proposed
method was successfully applied to the analysis of trace Hg(II)
in certified and environmental samples with satisfactory results.
In summary, the new sorbent shows good analytical potential for
analysis of trace Hg(II) from environmental samples.
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