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a b s t r a c t

A novel solid phase extraction method for the determination of mercury has been developed. The Hg(II)
ions were retained on a mini-column packed with agar powder modified with 2-mercaptobenzimidazole
at a flow rate of 6 mL min−1. The retained Hg(II) ions were eluted with 3 mol L−1 solution of HCl and mea-
sured by cold vapor atomic absorption spectrometry (CV-AAS). The effect of different variables such as
pH, sample flow rate, amounts of 2-mercaptobenzimidazole loaded on agar and SnCl2 concentration was
eywords:
g(II)
gar
-Mercaptobenzimidazole
olid phase extraction
old vapor atomic absorption spectrometry

investigated and optimum conditions were established. The calibration curve was linear in the range of
0.040–2.40 ng mL−1 with r = 0.9994 (n = 8). The limit of detection based on three times the standard devi-
ation (3Sb) (n = 10) obtained under optimum conditions was 0.02 ng mL−1. The relative standard deviation
(R.S.D.) for the determination of 0.4 and 2.0 ng mL−1 of Hg(II) was 2.6 and 1.9% (n = 8), respectively. The
method was successfully applied to determine Hg(II) in water, wastewater and fish samples.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Mercury is a global pollutant and is identified as a highly
oxic element because of its accumulative and persistent charac-
er in the environment and living organisms. Lethal concentrations
f mercury salts range from less than 0.1 ng mL−1 to more than
00.0 ng mL−1 for marine species and freshwater organisms [1].
herefore, routine monitoring and control of mercury are becom-
ng increasingly important, especially in water system. Several
nalytical techniques such as spectrophotometry [2,3], induc-
ively coupled plasma mass spectrometry (ICP-MS) [4], inductively
oupled plasma atomic emission spectrometry (ICP-AES) [5],
oltammetric [6], atomic fluorescence spectrometry (AFS) [7] and
eutron activation analysis [8] have been developed for the deter-
ination of mercury. Nevertheless, cold vapor atomic absorption

pectroscopy (CV-AAS) is the most widely used method due to
ts simplicity, relatively low cost of operation, high sensitivity

nd selectivity [9–11]. However, CV-AAS is not straightforwardly
pplicable to some environmental, clinical, or biological sam-
les in view of low analyte content and matrix of the sample.
herefore, a reliable preconcentration step is essential for quanti-

∗ Corresponding author. Fax: +98 611 333 7009.
E-mail address: npourreza@yahoo.com (N. Pourreza).
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ative separation and enrichment of mercury ions from the matrix
f the sample. Several separation and preconcentration proce-
ures including preconcentration on gold amalgamator [12,13],

iquid–liquid extraction [14], cloud point extraction [15] and solid
hase extraction [16,17] have been used prior to measurement by
V-AAS.

The application of solid phase extraction for preconcentration of
race metals from different samples results in several advantages
uch as the minimal waste generation, reduction of sample matrix
ffects, simplicity, high preconcentration factor as well as sorption
f the target species on the solid surface in a more stable form.

Various organic and inorganic solid phases including
hloromethylated polystyrene [18], Cyanex 923 [19], naph-
halene [20,21], activated carbon [22], silica gel [23] and alumina
24] can be used as a support for the extractor compound that
eacts selectively with the target species. The most successful
elective extractor compounds for soft metal ions are sulfur-
ontaining molecules, which are widely used in different analytical
elds.

In this paper, agar–agar powder was used as a new solid sup-

ort. Agar–agar powder is a mixture of branched and unbranched
olysaccharides that has a high molecular weight and is insoluble

n water at room temperature [25,26]. This article aims at devel-
ping a rapid, sensitive and efficient method for preconcentration
nd CV-AAS determination of Hg(II) ions in water, wastewater and

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:npourreza@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.04.043
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sh samples by sorption on the agar mini-column modified with
-mercaptobenzimidazole (2-MBI).

. Experimental

.1. Instrumentation

The atomic absorption measurements were performed with a
hilips PU9100X (England) atomic absorption spectrometer fitted
ith a mercury hollow cathode lamp (Unicam, Franklin, MA). A
avelength of 253.7 nm and spectral bandpass of 0.5 nm was used

hroughout. A T-cell quartz tube (120-mm length and 5-mm i.d.)
as placed directly on the nitrous oxide/acetylene burner equipped
ith T-cell tube holder. The nitrous oxide/acetylene flame was

urned off throughout the process. All measurements were recoded
n the height mode of atomic signal.

Gaseous mercury atoms were generated using homemade glass-
are called reaction cell-gas liquid separator (RC-GLS) (Fig. 1). The

haracteristics were as follows: internal diameter, 10 mm, length,
50 mm, an inlet for N2 gas and the outlet for N2 and Hg gas mix-
ure. In each experiment, Hg(II) sample solution and reductant
ere introduced to the RC-GLS from the removable cap and placed
irectly on the frit glass that was fitted to this glassware.

.2. Reagents and solutions

All chemicals used were of analytical reagent grade and the pres-
nce of mercury was not detected within the working range. Double

istilled water was used throughout the work.

The Hg(II) stock solution (1000 �g mL−1) was prepared by dis-
olving 0.1349 g of HgCl2 (Merck, Darmstadt, Germany) in 1 mL of
oncentrated HNO3 (Merck, d = 1.4, 70%) and diluting to 100 mL
ith water. The working solutions of Hg(II) were prepared daily

Fig. 1. Schematic diagram of the reaction cell-gas liquid separator (RC-GLS).
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y appropriate dilution of the 10 �g mL−1 mercury solutions which
as prepared weekly, with water. A 2% (w/v) SnCl2·2H2O (Merck)
sed as reducing agent was prepared daily by dissolving the appro-
riate amount of SnCl2·2H2O in HCl (Merck) and diluting with
ater.

Agar–agar powder (Merck) of mesh 60 size and 2-merca-
tobenzimidazole (Merck) were purchased for solid phase prepa-
ation. All containers were soaked in 20% of HCl and HNO3,
espectively, and then cleaned thoroughly with water [27].

A citrate–citric acid buffer solution was prepared by adding
.2 mol L−1 of NaOH to 50 mL of 0.2 mol L−1 citric acid (Merck) solu-
ion and adjusting the pH to 2.5 using a pH meter (model 632,

etrohm, Herisau, Switzerland).

.3. Sample pre-treatment

Drinking water sample supplied from Water Safe Company and
badan Petrochemical wastewater samples were collected in a 2.5-
PTFE bottle and filtered through a filter paper (Whatman no. 40)
efore use.

For digestion of fish samples, 500 mg of dried sample was placed
n a digestion vessel and 5 mL of HNO3 (70%) as well as 6 mL of H2O2
30%) were added. The vessel was immediately assembled, gently
wirled and placed in the pre-heated oven at 180 ◦C for about 1.5 h
27]. Then 6 mL of 1 mol L−1 of K2S2O8 was added and heated for
0 min. The digested fish sample was cooled at room temperature
28,29]. Appropriate amounts of 2 mol L−1 NaOH was added to neu-
ralize the excess of HNO3 and then 4 mL of the citrate–citric acid
uffer solution (pH 2.5) was added to adjust the pH at the optimized
alue.

300 mg of DORM-3 certified reference material, was refluxed
ith 10 mL of H2SO4 (98%) and 10 mL of HNO3 (70%) at 250 ◦C for
h. Then 10 mL of K2S2O8 (5%) and 10 mL of KMnO4 (5%) was added
nd digested for 2 h. It was cooled, filtered, neutralized with sodium
ydroxide and diluted to 500 mL in a volumetric flask. 50 mL of this
olution was treated under the general procedure.

.4. Mini-column preparation

For the preparation of the adsorbent, 250 mg of 2-merca-
tobenzimidazole was added to 15 mL of acetone (Merck) in a 50-
L beaker and heated up to 45 ◦C for 10 min. Then 5 g of agar–agar

owder was added gently to the solution and mixed thoroughly.
he mixture was placed at 4 ◦C for 15 min and then left to dry at
oom temperature for about 30 min. 200 mg of this dried adsor-
ent was packed in a mini-column (8-mm i.d. and 80-mm length)
or preconcentration procedure. The dried adsorbent can be stored
nd used for 4 months after the preparation.

.5. General procedure

For the preconcentration of mercury ions, 250 mL solutions con-
aining mercury in the range of 0.04–2.40 ng mL−1 and 4 mL of
itrate buffer at pH 2.5 was passed through a mini-column packed
ith 200 mg of the adsorbent at a flow rate of 6 mL min−1 (five
reconcentration operations were performed simultaneously). The

ercury ions were eluted from the mini-column by 2.5 mL of
mol L−1 of HCl at a flow rate of 6 mL min−1. The eluted mercury

olution was placed in the RC-GLS and 4 mL of 2% of SnCl2 solution
as added. After 1 min, N2 gas at a flow rate of 350 mL min−1 was
assed through the RC-GLS to take the mercury vapors to the T-
ell quartz tube. The measurements were performed on the height
ode of atomic signal.
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Fig. 2. Effect of pH on the recovery of 0.4 ng mL−1 of Hg(II).

. Results and discussion

2-Mercaptobenzimidazole is a well-known analytical reagent
or mercury. 2-MBI was immobilized on agar–agar powder and
sed as a new adsorbent for retention and preconcentration of mer-
ury. The effect of different variables was investigated in order to
chieve highest possible sensitivity.

.1. Effect of pH

The reaction between mercury ions and 2-MBI reagent can be
nfluenced by the pH of the solution. Therefore, in this experiment
he effect of pH on the preconcentration of 0.4 ng mL−1 of Hg(II) was
nvestigated. Fig. 2 shows that the sorption of Hg(II) ions increased

ith increasing the pH of the solution up to 2 and remained con-
tant in the range of 2–3. Thus, the pH 2.5 was selected as the
ptimum value for the sorption of Hg(II) ions and 4 mL of citric
cid–citrate buffer solution pH 2.5 was used to maintain this pH.

.2. Effect of reducing agent concentration

The influence of the SnCl2 concentration on the cold vapor gen-
ration was evaluated within the range of 1.0–5.0% (w/v). Fig. 3

hows that the maximum absorbance is obtained at concentrations
etween 2.0 and 3.0% (w/v). Thus, SnCl2 concentration of 2.0% was
elected for further experiments.

ig. 3. Effect of SnCl2 concentration on the absorbance of 0.4 ng mL−1 of Hg(II).

w
q

3

fl
1
F
b

T
R
s

S

T
H
H
H

ig. 4. Effect of amounts of ligand immobilized on agar powder on the retention of
.1 �g of Hg(II).

.3. Effect of amount of ligand

For a proper modification of the agar adsorbent, the effect
f the amount of 2-mercaptobenzimidazole on the retention of
g(II) ions was studied. Various amounts (25–450 mg) of 2-
ercaptobenzimidazole were added to 5 g of agar–agar powder

nd 200 mg of the mixture was used as a mini-column. As shown in
ig. 4, the agar mini-column modified with 20–90 mg g−1 of 2-MBI
igand is capable of retaining Hg(II) ions with quantitative recov-
ries. Thus, 200 mg of the adsorbent containing 50 mg g−1 of the
igand was used for further investigations.

.4. Effect of elution parameters

The nature of the eluent is of prime importance and should meet
hree criteria; efficiency, selectivity and compatibility [24]. Sev-
ral eluent solutions such as thiourea, HNO3, H2SO4 and HCl were
ested. As it is observed in Table 1 a solution of HCl at concentra-
ion of 3 mol L−1 is a proper solvent to elute Hg(II) from the column
ith 96% recovery. Higher concentrations of HCl have no effect

n the recovery. The effectiveness of HCl as an eluent may come
rom both its ability to decompose the complex of Hg(II) and 2-

BI on the mini-column and produce stable complexes of HgCl42−

r HgCl3− that is not retained on the mini-column. To achieve the
ighest recovery for mercury ions, the effect of volume of the eluent
as also tested. The minimum volume of 3 mol L−1 HCl required for

uantitative elution of the retained analyte complexes was 2.5 mL.

.5. The effect of flow rate

In order to ensure quantitative recovery (>95%), the effect of

ow rate of mercury sample solution was studied in the range of
–12 mL min−1 under above optimum conditions. As the results in
ig. 5 show, a sample solution containing 0.4 ng mL−1 of Hg(II) can
e retained on the column quantitatively with flow rates in the

able 1
ecovery of 0.4 ng mL−1 Hg(II) from the modified agar mini-column using different
tripping solutions

tripping solution Recovery (%)a

hiourea (1 mol L−1) 1
2SO4 (3 mol L−1) 62
NO3 (3 mol L−1) 76
Cl (3 mol L−1) 96

a Recoveries are based on three replications.
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Table 2
Effect of foreign species in the determination of 0.4 ng mL−1 of Hg(II)

Species Tolerance ratio (w/w) Recovery (%)

Na+, K+, NH4
+, Ca2+, Cu2+, Pb2+ and Ni2+ 50,000 97

Fe2+, Fe3+, Mg2+ and Zn2+ 25,000 95
Al3+, Cr3+, Bi3+ and Mn2+ 5000 97
Sb3+ 250 96
As3+ and Ag+ 50 98
NO3

− , HCO3
− , CO3

2− and SO4
2− 50,000 100

NO2
− , H2PO4

− , Br− ,SO4
2− and PO4

3− 25,000 95
Cl− 5000a 95
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The drinking water supplied from Water Safe Company and
Abadan petrochemical wastewater samples were passed through
the mini-column at optimum conditions, after adding appropriate
amounts of K2S2O8 and HNO3 for digestion and removal of chloride
ion and organic compounds. The recovery test was also conducted
Fig. 5. Effect of sample flow rate on the recovery of 0.4 ng mL−1 of Hg(II).

ange of 4–6 mL min−1. Therefore, to achieve the speed of operation,
sample rate of 6 mL min−1 was selected as the optimum value.

he effect of flow rate of the eluent solution was also studied in the
ange of 1–10 mL min−1 and it was found that up to flow rates of
mL min−1 the recovery remained constant. Therefore, a flow rate
f 6 mL min−1 was selected for eluting the retained mercury ions
rom the column.

.6. Effect of sample volume

The effect of the sample solution volume on mercury sorption
as studied by passing 100–500 mL sample solutions containing

ame amounts of mercury through the mini-column at a flow rate
f 6 mL min−1. For the sample solutions containing 0.4 ng mL−1 of
ercury ions, the maximum sample volume that can be passed
ith quantitative recovery (>95%) was 250 mL. Above 250 mL the
ercent sorption decreased for the analyte.

.7. Capacity of the adsorbent

In order to determine the maximum amount of Hg(II) ions
etained on the modified agar adsorbent 100 mL of a solution
ontaining 100 �g of Hg(II) was passed through the column at opti-
ized flow rate and pH. Then 2.5 mL of 3 mol L−1 HCl at a flow rate

f 6 mL min−1 was passed to elute mercury ions from the column.
ecause of high mercury concentration, the solution was diluted
o 100 mL with distilled water and then 400 �L of this solution
as analyzed by CV-AAS. The maximum capacity was found to be
9 ± 2 �g g−1 of the adsorbent.

.8. Analytical performance

A linear calibration curve was obtained in the range of
.04–2.4 ng mL−1 of Hg(II) in the initial solution. The linear
egression equation was A = 0.1617 C + 0.0488, with r = 0.9994

n = 8), where A and C are the absorbance and concentration
f mercury in ng mL−1, respectively. The limit of detection
LOD) of the proposed method based on three times the
tandard deviation (3Sb) and for 10 replicate measurements
f blank solution at optimized conditions was 0.02 ng mL−1.
he relative standard deviation (R.S.D.) for the determination
f 0.4 and 2.0 ng mL−1 of Hg(II) was 2.6 and 1.9% (n = 8),
espectively.

T
D

C
C
F
R

− and I− 500 98
DTA, thiourea acetic acid 25,000 98

a After addition of 6 mL 1 mol L−1 K2S2O8 [28].

.9. Interference studies

The effect of diverse cations, anions and organic substances on
he preconcentration and determination of 0.4 ng mL−1 Hg(II) by
he proposed method was studied. Each ion or organic substance
as considered to be an interferent when it caused an error greater

han ±5% in the determination of mercury. As shown in Table 2 the
roposed method was relatively selective for Hg(II). However, Cl−

nterfered in the preconcentration procedure. This was attributed to
he formation of chlorocomplexes of mercury such as HgCl42−. The
nterference of this anion in water and fish samples can be easily
liminated by adding 6 mL of 1 mol L−1 potassium peroxidisulfate
K2S2O8) during digestion procedure [29,30].

. Application

.1. Analysis of certified reference material

In order to evaluate the accuracy of the developed procedure,
ercury was determined in a certified reference material (DORM-

). It was found that there is no significant difference between
esults obtained by the proposed method and the certified value
Table 3).

.2. Analysis of fish samples

The proposed method was applied to the determination of Hg(II)
ons in Persian Golf fish samples, Benni (Barbus sharpie) and Biyaah
Liza abu) which were purchased from Abadan local fish market.
00 mg of each dried sample was initially digested as described

n Section 2.3 and then subjected to the proposed procedure. The
ecovery of the spiked standard solutions as shown in Table 4 was
n the range 95–103% which demonstrates the good recovery of the

ethod.

.3. Analysis of water samples
able 3
etermination of mercury in a certified reference material

ertified reference material DORM-3
ertifieda (�g g−1) 0.409 (±0.027)
ounda (�g g−1) 0.405 (±0.078)
elative error (%) 0.98

a Values in parentheses are confidence limit (95%) based on five replications.
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Table 4
Determination of Hg(II) in fish samples

Fish sample Added (ng mL−1) Found (ng mL−1) Recovery (%)

Liza
abub

– 0.06 (±0.01)a –
0.4 0.46 (±0.02) 100.0
0.8 0.86 (±0.03) 100.0

Barbus
sharpiec

– 0.38 (±0.01) –
0.4 0.77 (±0.02) 98.7
0.8 1.16 (±0.04) 99.1

a Values in parentheses are confidence limit (95%) based on five replications.
b Amount of mercury in Liza abu was 31.5 ng g−1.
c Amount of mercury in Barbus sharpie was 189.2 ng g−1.

Table 5
Determination of Hg(II) in water samples

Sample Added
(ng mL−1)

Found (ng mL−1) Recovery (%)

Water Safe Company – ND –
0.4 0.38 (±0.01)a 95.0
0.8 0.78 (±0.02) 97.5

Abadan Petrochemical
Wastewater

– 0.35 (±0.02) –
0.4 0.74 (±0.03) 98.7
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0.8 1.14 (±0.02) 99.1

D: not detected.
a Values in parentheses are confidence limit (95%) based on five replications.

o evaluate the feasibility of the method. Each water sample was
piked with two standard solutions. The results are listed in Table 5.
ccording to the results, the concentration of Hg(II) in the Abadan
etrochemical wastewater sample is out of linear calibration range
f the proposed method, but because of its complex matrix, this
ample was also diluted and analyzed by the proposed method.

. Conclusion

The proposed method offers a simple, inexpensive and selec-
ive method for the enrichment of Hg(II). Up to our knowledge, this
s the first application of modified agar as an adsorbent for solid
hase extraction. The reaction cell-gas liquid separator used in this
rocedure provides high sensitivity, which is comparable or better
han some of the previously reported methods (Table 6). Since the
gar–agar powder is a neutral and natural product, it has no side
ffects on the human health and the environment, in comparison

ith solid phases that have been used in other similar preconcen-

ration procedures [18,20,30]. Additionally, low volumes of acetone
ere consumed for the preparation of modified agar mini-column.

he preconcentration factor of this method is 100, which is better

able 6
omparison of the proposed method with some of the methods reported in literature

ystem Linear
range
(ng mL−1)

DL (ng mL−1) Ref.

iphenylthiocarbazone complex
on cellulose column

0–2000 2 [3]

mprinted diazoaminobenzene
vinylpyridine copolymers

0.13–25 0.05 [30]

ilica gel modified With
diaminothiourea

– 0.28 [31]

18-catridge and
p-sulfobenzylidenerhodanine

10–1200 0.02 [32]

ation-exchanger Dowex 50Wx4 – 0.027 [33]
ol–gel doped with Cyanex 301 0.1–2 0.033 [34]
gar powder modified by

2-mercaptobenzimidazole
0.04–2.4 0.02 Present work

[

[

[

[

[

[

[

[

dous Materials 161 (2009) 982–987

han some of the similar procedures. The proposed method can be
uccessfully applied for separation and preconcentration of Hg(II)
ons from water, wastewater and fish samples.
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33] A. Krata, K. Pyrzyńsk, E. Bulska, Use of solid-phase extraction to eliminate

interferences in the determination of mercury by flow-injection CV AAS, Anal.
Bioanal. Chem. 377 (2003) 735–739.

34] F. Mercader-Trejo, E.R. San Miguel, J. Gyves, CVAAS determination of naturally
occurring levels of mercury in sediments after on-line preconcentration with
a sol–gel sorbent doped with CYANEX-301, J. Anal. Atom. Spectrom. 20 (2005)
1212–1217.


	Determination of mercury in water and fish samples by cold vapor atomic absorption spectrometry after solid phase extraction on agar modified with 2-mercaptobenzimidazole
	Introduction
	Experimental
	Instrumentation
	Reagents and solutions
	Sample pre-treatment
	Mini-column preparation
	General procedure

	Results and discussion
	Effect of pH
	Effect of reducing agent concentration
	Effect of amount of ligand
	Effect of elution parameters
	The effect of flow rate
	Effect of sample volume
	Capacity of the adsorbent
	Analytical performance
	Interference studies

	Application
	Analysis of certified reference material
	Analysis of fish samples
	Analysis of water samples

	Conclusion
	Acknowledgement
	References


