
INTRODUCTION

Nowadays, in such an industrial world one
of the most important concerns is securing the health
of human race. The harmful effects of mercury and
organomercury species are well known. Disastrous
effects, both on personal levels and large population
levels, have resulted from exposure to certain
mercury species. Mercury exists in a variety of
inorganic and organic forms. The environmental
chemistry of mercury is complex and difficult to
predict because it is controlled by a multitude of
environmental processes which includes
photochemical reactions, chemical oxidation and
reduction, microbial transformation, and
physiological fractionation leading to complex and
highly mobile cycles of transitions between
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ABSTRACT

In this study, a micelle mediated extraction procedure for preconcentration of trace quantities
of Hg(II) as a prior step to its simultaneous spectrophotometric determination has been developed.
The method is based on a ternary ion-association of Hg(II), Xylidyl Blue (XB) and cationic surfactant
(CTAB). Major factors affecting the efficiency of the method has been studied. The limit of detection
(LOD) under optimum conditions based on 3S

b
 was 4.65 ng mL-1. The proposed method has been

applied for determination of trace amount of mercury in water samples with satisfactory results.

Key words:  Hg(II), Xylidyl Blue, cloud point extraction (CPE), Ternary ion-association system.

molecular forms, each with varying degrees of
toxicity1. In aquatic environments, mercury is
methylated through a microbially-mediated process
primarily involving sulfate-reducing bacteria.
Methylmercury is of great concern in aquatic
environments because of its ability to bioconcentrate
and biomagnify through trophic webs1. More direct
anthropogenic mercury contributions come from
municipal wastewater treatment plants2,3 and a
number of industrial processes. Chronic exposure
to mercury results in toxicity to the central nervous
system, and the extensive use of mercury in the fur,
felt and hat industry in the eighteenth century was
the cause of “mad hatters disease,” a condition
characterized by delirium and hallucinations4. At
least two epidemiological studies have linked
methylmercury exposure to deaths from leukemia5,6.
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Ternary complexes in which the central ion
reacts with two different ligands, have aroused
considerable interest in the past two decades7,8. Ion
association systems, in general way, could be said
to result from the interaction of charged particles
such as metal cations or complexes with oppositely
charged ions. In the last decade, the increase of
attention and interest upon the use of aqueous
micellar solution has been found in field of
separation science9. The cloud point extraction
(CPE) technique has also been applied as a
procedure for determination and removal of dyes
and pigments as well as analyzing metals10-11.

In this work, we have adopted a method
for the simultaneous spectrophotometric
determination of mercury (II) after preconcentration
in a simple cloud point extraction process based on
a ternary ion-association of Hg(II), Xylidyl Blue (XB)
and cationic surfactant (CTAB). The method is based
on the colour reaction of mercury (II) with Xylidyl
Blue (XB) and micelle mediated extraction of
produced complexes. A cationic surfactant,
cetyltrimethylammonium bromide (CTAB) was
chosen as extracting agent.

EXPERIMENTAL

Apparatus
Absorption spectra and absorbance

measurements were made by a Shimadzu UV-1800,
UV–Vis spectrophotometer using 1 cm quartz cells
(1.0 mL). A Metrohm digital pH meter (model 691)
with a combined glass electrode was applied to
measure pH values. A Hettich universal 320
centrifuge was used to hasten the phase separation.

Standard solutions and reagents
Unless otherwise stated, all commercial

reagents used were of analytical grades without
further purification. The stock solution of Hg2+ (1000
µg mL-1) was prepared by dissolving suitable amount
of HgCl2 in ultrapure water with several drops of
concentrated hydrochloric acid (HCl). A working
solution was prepared by suitable dilution. A 1.010-

4 mol L-1 solution Xylidyl Blue was prepared by
dissolving appropriate amount of this reagent
(Sigma) in freshly double distillated water and
diluting to the mark in a 100 mL volumetric flask.
Stock solution CTAB (1.010-3 mol L-1) was prepared

by dissolving 0.0364 g of this reagent (Merck) in
bidistilled water and diluting to the mark in a 100
mL volumetric flask. Stock solution of NaCl (1.010-1)
was prepared by dissolving 0.584 g NaCl in distilled
water and diluting to 100 mL in a flask.

Procedure
An aliquot of the solution containing of Hg2+

(so that its final concentration would be in the range of
20-1000 µg L-1), 2.0 mL of pH 5.0 acetate buffer
solution, 1.5 mL of 1.0×10-4 mol L-1 of XB, 2.0 mL of
1×10-3 mol L-1 of CTAB, and 1.5 mL of 110-1 mol L-1 of
NaCl, was transferred into a 25 mL tube, diluted to the
mark with distilled water, allowed to stand for 10 min
at room temperature. Separation of the aqueous and
surfactant-rich phase was performed by centrifugation
for 10 min at 3500 rpm. Subsequently, the aqueous
phase could be discarded by inclining the tube. The
surfactant-rich phase of this procedure was dissolved
and diluted to 0.8 mL with the DMF and transferred
into a quartz cell (1 mL). The absorbance of extracted
colored ion associate was measured at 523 nm in 1
cm cells against a reagent blank.

Preparation of samples
The water samples including lake water,

river water, dental waste water, industrial waste
water and domestic waste water were
preconcentrated by evaporation. All the collected
samples were spiked with a suitable amount of
standard solution of Hg2+. All the aforementioned
samples were filtered through a 0.22µm membrane
to remove the suspended and floated particles.

RESULTS AND DISCUSSION

To obtain the maximum absorbance and
sensitivity, we need to optimize various conditions
which can affect the extraction. Hence, the effects of
various operating conditions have been investigated
and the optimum concentrations have been
established for CPE.

Effect of pH
The pH plays a crucial role in metal-

complex and ion associated complex formation. Very
low and high values of pH can cause to decompose
of ion associated complex formation. The effect of
pH on the extraction efficiency of mercury (100.0 ng
mL-1) was studied with pH values varying from 3.0
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Table 1: Determination of Hg2+ in spiked water samples

Sample Hg2+ added Hg2+Found a Recovery
(ng mL-1) (ng mL-1) (%)

Industrial waterb - 35.75 ± 0.10 -
50 87.70 ± 0.25 102.3
100 133.0 ± 0.19 98.0

Domestic waste water - N.Dc -
50 48. 5 ± 0.14 97.6
100 98.65 ± 0.22 98.65

River waterd - 45.75 ± 0.10 -
50 93.87 ± 0.13 98.0
100 145.75 ± 0.10 100.0

Dental waste water - 23.37 ± 0.17 -
50 74.90 ± 0.19 102.1
100 124.50 ± 0.18 100.9

Lake water - N.D -
50 51.36 ± 0.11 102.7
100 97.5 ± 0.09 97. 5

a  ± ts at 95% confidence (n = 5) b petrochemical industry
c Not detected. d a river in an industrial city.

Table 2: Comparison of the LOD of the proposed method
with some of the methods reported in literature

Method LOD (ng mL-1) Reference

Solid phase extraction 4.0 (13)
CVG-ICPa 4.2 (14)
(RTP)b 14.0 (15)
(SWASV)c 8.2 (16)
Cloud point extraction 1.65 This work

aCold vapour generation inductively coupled plasma.
bRoom temperature phosphorescence.
cSquare wave anodic stripping voltammetry.

to 9.0. As can be seen in Fig.1, the maximum
extraction efficiency of mercury was obtained at pH
5.0. The pH was adjusted to the desired value using
2 mL of pH 5 acetate buffer solution.

Effect of Xylidyl Blue dye concentration
Xylidyl Blue is a dye having heterocyclic

azo-group in form of H2L
-, used as a ligand. It is

complexed with the metal ions through the nitrogen
atom, the amino-nitrogen atoms and o-hydroxyl
groups. In this procedure the XB was used as a
chelating agent. The effect of XB concentration used

for the determination of Hg2+ was examined by
varying the amounts of XB. The absorbance
increased with increasing XB concentration up to
1.510-5 mol L-1 of XB in the final solution and
concentrations greater than 1.510-5 mol L-1 have no
effect on the extraction of the mercury. The
absorbance changes as a function of the
concentration of XB were shown in Fig.2.

Effect of CTAB concentration
The effect of CTAB concentration used for

the extraction of Hg2+ was examined by varying the
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Fig. 1: The effect of pH on the absorbance of 0.1
µg mL-1 of Hg2+ after micelle mediated extraction

Fig. 2: The effect of XB concentration on the
absorbance of 0.1µg mL-1 of Hg2+ after

micelle mediated extraction

Fig. 3: The effect of CTAB concentration on the
absorbance of 0.1µg mL-1 of Hg2+ after micelle

mediated extraction

amounts of CTAB surfactant. CTAB is a cationic
surfactant that in this procedure the CTAB was used
as an extraction agent, which transfers metal-ligand
complex from aqueous phase to surfactant-rich phase.
The absorbance of ternary ion associate increased
with increasing CTAB concentration up to 2.010-4 mol

L-1 of CTAB in the final solution and decreased at more
concentrations. The results are shown Fig.3.

Effect of NaCl concentration
In this procedure, NaCl was used as a co-

extraction agent. The cloud point of micellar solutions
can be controlled by addition of alcohols, salts, non-
ionic surfactants and some organic compounds
(salting-out effects)12. The effect of electrolyte
concentration on the formation of (Hg2+-XB)-CTA+

ternary ion associate was examined. The result
showed that the absorbance of ion association
complex increased with increasing NaCl
concentration up to 1.5×10-2 mol L-1 in final solution
and approximately remained constant above that.

Effect of centrifuge time and rate
It is often necessitated to preconcentrate

trace amounts of metals with high efficiency in a
minimum time. The results indicated that centrifuging
for 10 min at 3500 rpm leading to the highest
extraction of Hg2+. In addition, the effect of time on
the formation of (Hg2+-XB)-CTA+ ternary ion
associate was studied over the time period 5-20
min which the maximum absorbance was obtained
10 min.

Analytical performance
Under optimum conditions, the analytical

performance of the proposed method was studied.
The calibration curve was linear in the concentration
range of 20-1000 ng mL-1. The regression equation
obtained by the least square method is A = 2.16
×10-3 CHg + 1.13 ×10-2  for 20-1000 ng mL-1 of Hg2+

with a correlation coefûcient of 0.998 (n = 15), where
A is the absorbance and CHg shows the
concentration of Hg2+ in ng mL-1. The limit of
detection (LOD) based on 3Sb was 4.65 ng mL-1

and the relative standard deviation (RSD) at 50 and
500 ng mL-1 was 2.378 and 1.245, respectively (n =
8). The preconcentration factor was 31.25.

Interference studies
In order to study the influence of various

cations and anions on the determination of Hg2+, a
fixed concentration of Hg2+, 100.0 ng mL-1, was taken
with different amounts of foreign ions and
recommended procedure was followed. A relative
error of ±5% with respect to the absorbance
difference for the Hg2+ solution was considered
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tolerable. The result indicated that Na+, Cl- (1000
folds), Mn2+, Li+, NO3

- (800 folds), Ba2+, CH3COO-,
K+, NH4

+, Ag+, HCO3
-, Br-, HPO4

2-  (500 folds ), Co2+,
Zn2+, (250 folds), Sn2+, Cd2+ (100 folds), Cu2+, Pb2+,
Al3+ (50 folds), did not interfered. This shows the
good selectivity of the proposed method.

Application
The proposed method was applied to the

determination of Hg2+ in water samples. The results
are shown in Table 1. The validity of the method is
satisfactory. The recoveries are nearly close to 100%
and indicate that the proposed method was helpful
for the preconcentration and determination purpose.
In addition, the analytical performance of the
proposed method for extraction and determination
of Hg2+ was compared with those of previously
reported. A comparison of the results is given in
Table 2.

CONCLUSION

The aim of this study is spectrophotometric
determination of Mercury (II) by simultaneous
micelle mediated extraction through ternary
complex formation in water samples. The proposed
method is simple, rapid, reproducible and highly
sensitive and can be applied for quality control of
Hg2+ in water samples. The limit of detection of the
proposed method seems to be satisfactory.
Furthermore, in contrast with solvent extraction
methods, it is much safer, because only a small
amount of the surfactant, which has a low toxicity, is
used.
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