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A novel, simple, sensitive and selective kinetic spectrophotometricmethod has been developed for the determina-
tion of Hg(II) in environmental samples. The method is based on the catalytic effect of Hg(II) on the potassium
bromate-leucocrystal violet (LCV) reaction system in the acidicmedium. Decolourization of LCVwas used tomon-
itor the reaction spectrophotometrically at 595 nm. The indicator reaction obeys Beer's law in the range of 0.005–
0.05 μg mL−1. The effects of various parameters such as pH, time, temperature and the concentration of the re-
agents have been optimized for the indicator reaction. Sandell's sensitivity and molar absorptivity for the system
were found to be 0.00006875 μg cm−2 and 3.95 × 106 L mol−1 cm−1, respectively. The detection limit and the
limit of quantificationwere calculated to be 0.0021 μgmL−1 and 0.014 μgmL−1, respectively. The proposedmeth-
od involving KBrO3 for the oxidation of LCV has successfully been applied for the determination of Hg(II) in vege-
tables, water, soil and fungicides samples.
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1. Introduction

Heavy metals are one of the most hazardous pollutants to the
environment because of rapid industrialization and urbanization. Thus
there has been continuous considerable emphasis on trace metal analy-
sis [1]. The determination of trace metals in metallurgical, agricultural,
and environmental samples has become increasingly important. This
has led to major developments in the field of trace metal analysis,
with emphasis on the development of new and sustainable analytical
methods. As a result there has been considerable growth in the analyt-
ical methods development for various toxic metals [1,2] and mercury is
no exception to this [3]. A rare element in the earth's crust, mercury is
found either as a native metal or in cinnabar, cordierite, livingstonite
and in other minerals with cinnabar.

Mercury concentrations in natural fresh waters are typically low
(10 ng L−1) but concentrations in humic-rich waters can be as high as
20 ng L−1 [4]. The toxicity of mercury depends on its chemical species
and it is found that organomercurials are more toxic than inorganic
mercury compounds [5,6]. Mercury being a highly toxic heavy metal,
with a long biological half-life and with bioaccumulation potential,
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accumulates in living organisms [7], regular attempts have been made
by many researchers to develop highly selective and efficient methods
for the determination of Hg(II) in environmental, food, geological, bio-
logical and biomedical samples [8]. Hg(II) is a soft acid and has good af-
finity towards sulfur containing ligands [9–11]. Thus dithizone has
frequently been used for the determination of mercury [12,13]. A sensi-
tive spectrophotometric method for the determination of trace level
mercury using dithizone i.e. 1,5-diphenylthiocarbazone in micellar me-
diumhas been reported [14]. The determination of Hg(II) inwater sam-
ples has mainly been carried out by instrumental methods, such as high
performance liquid chromatography (HPLC) [15], cathodic stripping
voltammetry [16,17] and electrochemical methods [18–21]. Mercury
has also been determined using thermo-oxidation-cold vapor-atomic
absorption spectrometry [22], sequential extraction and thermal de-
sorption from the solid phase [23,24]. However, these methods require
expensive instrumentation as well as highly skilled operators. Some
spectrophotometric methods have also been reported [10,22,25]. Few
of the methods involve the determination of Hg(II) based on its inhibi-
tory effect on the addition reaction between methyl green and sulfite
ion [26]. Another method based on the chromogenic reaction between
Hg(II) and anthrone phenylhydrazone has also been developed [27].
However, many of the methods suffer from interference, poor sensitiv-
ity, instability in color or involve extraction whereas other suffers from
blank absorption or the longer time required for the color development.
To overcome these drawbacks and considering that the kinetic methods
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Table 1
Analytical andmethod validation parameters under the reaction conditions: HCl (0.2 mol
L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol L−1), Hg(II) (0.02 μg mL−1), and
temperature 30 °C.

Parameters Results

λmax (nm) 595
Range of Beer's law (μg mL−1) 0.005–0.05
Stability of color (h) 24
Molar absorptivity coefficient (L mol−1 cm−1) 3.95 × 106

Sandell's sensitivity (μg cm−2) 0.00006875
Intraday relative standard deviation (%) 0.61–4.26
Inter day relative standard deviation (%) 0.45–0.93
Limit of detection (μg mL−1) 0.0021
Limit of quantification (μg mL−1) 0.014
Regression equation (t = 30 min) ΔAt = 17.287 [Hg(II)] + 0.0092

Table 2
Determination ofmercury(II) inmercury free samples under the reaction conditions: HCl (0.2
mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol L−1), and temperature 30 °C.

Spiked samplea Added (μg) Foundb (μg) Recovery (%)

Cauliflower 20.0 18.7 93.5
40.0 37.8 94.5
60.0 59.3 98.8

Cabbage 20.0 19.6 98.0
40.0 39.1 97.8
60.0 59.1 99.1

Spinach 20.0 18.8 94.0
40.0 39.0 97.5
60.0 59.1 98.5

a Amount of sample: 25 g.
b Mean of three replicate analysis.
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of analysis have many advantages such as high sensitivity, good selec-
tivity and rapidity, needing only expediency operation and simple
equipment, and in our continued efforts in developing various inexpen-
sive analytical methods [9,11,28–41], a selective and sensitive method
has been proposed for the determination of Hg(II) based on its catalytic
effect on the reaction between bromate and leucocrystal violet (LCV).
The developed method has been applied for the determination of
Hg(II) in various environmental samples.

2. Experimental

2.1. Apparatus and reagents

Varian Cary 50 Bio UV–visible spectrophotometer with 1 cm
matched quartz cell was used for recording the UV–visible spectra and
absorbance measurements. A thermostatic water bath (MAC Macro
Scientific Works Pvt. Ltd. MSW-273) was used to maintain the temper-
ature of all the reagents and the reaction mixture solutions. The pH
measurements were made with Systronics digital pH meter 335.

All reagents used were of analytical grade and all the solutions were
prepared in distilled deionized water (DDW). 100 mL stock solution of
Hg(II) was prepared by dissolving 0.1354 mg Hg(II) chloride (Northern
Minerals Ltd., India). Working standards of Hg(II) were prepared by the
appropriate dilutions. Potassium bromate (Merck, Mumbai, India)
aqueous solution of 4.3 × 10−3 mol L−1 was prepared in amber colored
volumetric flask. To prepare 5.6 × 10−4mol L−1 solution of LCV (Merck,
Mumbai, India), 200 mL of water, 3 mL of 85% phosphoric acid and
208 mg of LCV were taken to a 1 L volumetric flask and shaken gently
until the LCV was dissolved. The content of the flask was then made
up to 1 L with DDW. The LCV solution was stable for several months.
Methoxy ethyl mercury chloride (MEMC, Excel Industries Ltd., Mumbai,
India) was used for Hg(II) determination in fungicide. The solutions of
2 mol L−1 HCl (Merck, Mumbai, India) and 0.2 mol L−1 NaOH (Merck,
Mumbai, India) were also prepared following standard analytical
procedures.

2.2. General procedure

The reagents solutions and DDWwere kept at 30 °C in the thermo-
static water bath for 30 min to attain proper temperature. 1.0 mL of
LCV solution 5.6 × 10−3 mol L−1, 1.0 mL of HCl 0.2 mol L−1 and the so-
lutions containing 0.005–0.05 μgmL−1 of Hg(II) were added as required
to a 10mL volumetric flask and dilutedwithwater to 7mL. Then 1.0mL
of KBrO3 solution of 4.3 × 10−3 mol L−1 was added and the pH of the
reaction mixture was adjusted to 4.2 by adding NaOH 0.2 mol L−1.
The reaction mixture solution was diluted to 10 mL with DDW and
mixed well. The zero time was taken as the moment at which the last
drop of KBrO3 solution was added. A portion of the solution was trans-
ferred into 1 cm quartz cell and the absorbance, as a measure of initial
rate, was measured against DDW at 595 nm. The blank reaction was
performed according to the same procedure without addition of Hg(II)
and the change in absorbance was measured against DDW at the
same wavelength 595 nm. The absorbance of catalyzed (ΔAs) and
uncatalyzed (ΔAb) reactions was measured simultaneously. The
calibration curve was obtained by plotting the difference between cata-
lyzed and uncatalyzed absorbance at time t (ΔAt) versus concentration
of Hg(II) in the range 0.005–0.05 μgmL−1 which gave the linear regres-
sion equation as ΔAt = 17.287 [Hg(II)] + 0.0092 (cf. Table 1). It was
then used for the determination of Hg(II) in different samples.

2.3. Determination of mercury in spiked samples

To check the recoveries of Hg(II), known amounts of Hg(II)
standards were spiked in vegetable (cauliflower, cabbage and spinach)
samples (25 g) at three different concentrations of Hg(II), as shown in
Table 2, and kept for 24 h. The samples were then washed with ethanol
three times. The washings were collected and evaporated to dryness,
and the residues were dissolved in DDW and diluted, to bring Hg(II)
concentration within calibration range of the linear regression equation
(cf. Section 2.2), whichwere used for the determination of Hg(II) by the
proposed method by multiplying with dilution factor. The recoveries
data of Hg(II) in vegetable samples summarized in Table 2 are quite
quantitative. The similar procedures were used for the determination
of Hg(II) in water, soil and fungicide samples (vide infra).
3. Results and discussions

3.1. Indicator reaction and wave length choice

Leucocrystal violet is a compound which is oxidized by KBrO3 but at
very slow reaction rate as shown in Eq. (1) [27,42]. However, Hg(II) acts
as a catalyst in this reaction between LCV and KBrO3 inHCl acidmedium
which increases the rate of the reaction when present at ultra trace
level. The catalyzed reaction scheme is shown in Eqs. (2)–(4).



Fig. 1. Absorption spectra of reaction system taken under the reaction conditions: HCl
(0.20 mol L−1), KBrO3 (4.3 × 10−3) mol L−1, LCV (5.6 × 10−4) mol L−1, Hg(II)
(0.02 μg mL−1), and temperature 30 °C.
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The repetitive absorption spectra of the indicator reaction showed
the maximum absorbance at 595 nm (Fig. 1) while the reagent blank
had negligible absorbance at this wavelength. Hence the proposed
Fig. 2. Effect of HCl concentration under the reaction conditions: KBrO3 (4.3 × 10−3) m
indicator reaction was quit suitable for analytical application. Beer's
law was obeyed over the concentration range of 0.005–0.05 μg mL−1

for Hg(II) as recorded from the calibration equation (cf. Section 2.2).
Therefore, by measuring the increase in the absorbance of crystal violet
(CV), which is the oxidized product of LCV, after a fixed time of 30 min
of the reaction, the Hg(II) content in the sample can be measured.
The influence of different parameters on the reaction rate was studied
in the presence and the absence of Hg(II) for choosing the optimum
conditions and discussed in the following sections.

3.2. Effect of acid concentration

In the preliminary investigation the effects of various acids such as
HCl, H2SO4, CH3COOH and HNO3; all at the same concentration were
studied. The results showed that HCl acid gives greater sensitivity.
Therefore, the effect of HCl concentration (0.1–0.3 mol L−1) to obtain
the maximum sensitivity was investigated with 4.3 × 10−3 mol L−1

KBrO3 and 5.6 × 10−4 mol L−1 LCV for catalyzed and uncatalyzed reac-
tion at 30 °C. The results showed that with increase in [HCl] the change
in absorbance for the catalyzed (ΔAs) and uncatalyzed (ΔAb) reactions
increased due to increase in the oxidation ability of BrO3

−. Moreover,
the net analytical signal i.e. change in absorbance of the catalyzed
and uncatalyzed reaction (ΔA) reached to the maximum value at
0.20 mol L−1 HCl acid, and above that it decreased slightly (Fig. 2).
This means that the rate of uncatalyzed reaction increases with [HCl]
to a greater extent than the catalyzed reaction and the difference
between the rates of catalyzed and uncatalyzed reaction diminishes at
higher [HCl].

3.3. Effect of potassium bromate concentration

The effect of KBrO3 concentration was investigated in the range of
5.0 × 10−4 to 4.5 × 10−3 mol L−1 at 30 °C. Fig. 3 shows that both ΔAs

and ΔAb increased with increase in the [KBrO3] and the change in ana-
lytical signal (ΔA) reached to the maximum at 4.3 × 10−3 mol L−1,
while at a higher concentration it became constant i.e. leveled off. The
increase in both ΔAs and ΔAb is due to increased oxidation ability of
BrO3

− with its increasing concentration. According to the results,
4.3 × 10−3 mol L−1 [KBrO3] was selected as optimum concentration
for throughout the study.
ol L−1, LCV (5.6 × 10−4) mol L−1, Hg(II) (0.02 μg mL−1), and temperature 30 °C.



Fig. 3. Effect of potassium bromate under the reaction conditions: HCl (0.20 mol L−1), LCV (5.6 × 10−4) mol L−1, Hg(II) (0.02 μg mL−1), and temperature 30 °C.
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3.4. Effect of leucocrystal violet concentration

The effect of LCV concentration on the reaction rate was studied
in the range of 1–10 × 10−4 mol L−1 with 0.2 mol L−1 HCl and
4.3 × 10−3 mol L−1 KBrO3 at 30 °C. It was found that increasing LCV con-
centration up to 5.6× 10−4mol L−1 the sensitivity increasedwhereas the
higher concentration of this reagent led to the decrease in sensitivity as
shown in Fig. 4. This may be due to the aggregation of the dye at higher
concentration. Therefore, a final concentration of 5.6 × 10−4 mol L−1

LCV was selected as optimum concentration for further study.
Fig. 4. Effect of leucocrystal violet under the reaction conditions: HCl (0.20 mol L−1
3.5. Effect of temperature and pH

The effect of temperature on the catalyzed as well as uncatalyzed
reaction was studied in the range of 10–50 °C with the optimized
concentrations of the reagents. With increasing reaction temperature,
the rates of catalyzed as well as uncatalyzed reactions increased up to
30 °C but rate becamemore pronounced at higher temperature. The re-
sults showed that as the temperature increased up to 30 °C the sensitiv-
ity also increased whereas at higher temperature the sensitivity
(ΔAs–ΔAb) decreased (Fig. 5). This is due to the fact that at higher
), KBrO3 (4.3 × 10−3 mol L−1), Hg(II) (0.02 μg mL−1), and temperature 30 °C.



Fig. 5. Effect of temperature on the sensitivity of the reaction under the reaction
conditions: HCl (0.20 mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol L−1),
Hg(II) (0.02 μg mL−1), and temperature 30 °C.

Table 3
DeterminationofHg(II) in different environmental samples by thepresentmethodunder the
reaction conditions: HCl (0.20 mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol
L−1), temperature 30 °C and comparison with a reported method [43].

Sample Hg(II)
originally
found (μg)

Hg(II)
added
(μg)

Total Hg(II) found
(μg)

Recovery (%)

Present
method

Reported
method[43]

Present
method

Reported
method[43]

Water (A) – 10.0 9.9 9.8 99.0 98.0
Water (B) – 12.0 11.7 11.8 97.6 98.3
Water (C) – 14.0 13.9 13.8 99.3 98.6
Soil (A) 5.19 10.0 14.9 14.7 98.0 97.1
Soil (B) 6.70 10.0 16.5 16.2 98.8 97.8
Soil (C) 7.10 10.0 16.9 16.8 97.9 98.7
Emisan-6G (A) 12.0 – 11.9 11.8 99.1 98.3
Emisan-6G (B) 15.0 – 14.9 14.8 99.3 98.6
Emisan-6G (C) 18.0 – 17.9 17.8 99.4 98.8

Soil samples 5 g; Water samples 5 mL; Emisan-6G (5 mg/20 mL).
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temperature the rate of the uncatalyzed reaction increased more as
compared with catalyzed reaction rate.

The effect of pH on the reaction rate was studied in the pH range
2.5–7.0. The maximum initial rate i.e. absorbance value was observed
between pH 4–5 (Fig. 6). Below pH 4 and above pH 5, a sudden decrease
in the color intensity of the catalyzed as well as uncatalyzed reactions
was observed and thus the absorbance change (ΔA) decreased. The de-
crease in absorbance at the higher pHmay be attributed to the deficien-
cy of protons needed to regenerate the catalyst. Therefore, 30 °C and
pH 4.2 was found suitable for further study of the indicator reaction.

3.6. Method validation

The molar absorptivity, Sandell's sensitivity and other parameters
for Hg(II) determination were calculated and are shown in Table 1.
The limits of detection (LOD = 3.3 σ/S) and limit of quantitation
(LOQ = 10 σ/S where σ = the standard deviation of the response,
Fig. 6. Effect of pH on the indicator reaction under the reaction conditions: HCl
(0.20 mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol L−1), Hg(II)
0.02 μg mL−1), temperature 30 °C.
S = the slope of the calibration) were calculated and are shown in
Table 1. The precision of themethodwas calculated in terms of interme-
diate precision (intraday and inter day). Three different concentrations
of Hg(II), within the calibration limits, were analyzed in five replicates
during the same day (intraday precision) and five consecutive days
(inter-day precision). The range of relative standard deviations (RSD;
%) for intraday and inter day studies showed that the proposedmethod
is quite precise (Table 1).
3.7. Determination of Hg(II) in water and soil samples

Mercury has been reported to be present in various water and soil
samples [46]. Therefore, the known amounts of mercury (10, 12 and
14 μg) were added to three environmental water samples (5 mL
each), and analyzed by the proposed and the reported methods [43]
by diluting the sample aliquots (to bring concentration within calibra-
tion range). The concentration of Hg(II) inwater sampleswas calculated
using linear regression equation (cf. Section 2.2) and then multiplying
by dilution factor. The recovery range summarized in Table 3 shows
that the method is well applicable to environmental water samples.

Three soil samples were collected from a nearby steel industry
situated at Bhilai, Chhattisgarh, India. The soil samples (5 g each) were
sprayed with fungicide MEMC of known concentration (10 μg each) of
Hg(II). These samples were washed thoroughly with three 5 mL
portions of ethanol and filtered. The filtrates were analyzed for Hg(II)
by the proposed and the reported methods [43] in soil samples and
the concentrations were calculated by following the same procedure
as in case of water samples (cf. Section 3.7). The recovery of Hg(II)
Table 4
Effect of foreign species on the determination of 0.02 μg mL−1 Hg(II) under the reac-
tion conditions: HCl (0.2 mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol
L−1), Hg(II) (0.02 μg mL−1), and temperature 30 °C.

Foreign species Tolerance limit
(μg mL−1)a

SO4
2−

, CO3
2−

, CH3COO−, benzene, acetone 1000
Se4+, Fe2+ 500
Aniline 350
Atrazine, pyrethroid pesticide 250
Cr3+, Cd2+, Mg2+, Na+, K+, Mn2+, Al3+, NH4

+, NO3−, F− 200
Zn2+b 100
Dithiocarbamate pesticides 40
Carbamate pesticides 20
Br−c, I−c 10
Phenol 10

a Causing ± 4% error.
b Masked with 0.1% EDTA solution.
c Removed by addition of nitric acid as well as boiling the solution.



Table 5
Comparison of the present method with other spectrophotometric methods under its optimized conditions: HCl (0.2 mol L−1), KBrO3 (4.3 × 10−3 mol L−1), LCV (5.6 × 10−4 mol L−1),
Hg(II) (0.02 μg mL−1), and temperature 30 °C.

Reagents [Ref.] Medium/pH λmax

(nm)
Beer's law
(μg mL−1)

Remarks

o-Carboxyphenyl diazoamino p-azobenzene [43] Acidic 540 0.08–0.8 More sensitive, selective and free from interference of Pb2+, Cu2+ and Ni2+.
Dithizone [44] 5.0–11.0 538 0.15–1.5 Tedious and time consuming.
Cadion-2B [45] 8.5–9.8 524 0.1–1.20 Sensitive but interference from Cu2+, Pb2+, Ni2+ and Zn2+.
Rhodamine-B [46] Acidic 558 0.1–1.00 Sensitive but interference from Cd2+, Zn2+, Fe3+, and Mg2+.
Methyl orange [47] Acidic 525 6.0–1000 Sensitive but interference from As5+, Cu2+ and Cd2+.
Resacetophenone benzoic acid
hydrazone [48]

Alkaline 430 0.1–0.97 Free from interference of almost all cations and anions was found.

6-Mercaptopurine [49] 5.0–8.0 315 0.002–0.05 Sensitive but free from interference of almost all cations and anions was found,
small dynamic range.

Leucocrystal violet [Present method] Acidic/4.2 595 0.005–0.05 More sensitive, selective and free from interference of Cr2+, Cd2+ and pesticides, etc.
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summarized in Table 3 clearly shows that the proposed method is very
well acceptable for the determination of Hg(II) in soil samples.

3.8. Determination of Hg(II) in fungicides samples

Methoxy ethyl mercury chloride is known as Emisan-G (Excel In-
dustries Ltd., Mumbai, India) and used as contact-fungicide against
flag smut of wheat, black root of sugar beet, wet seed dressing before
planting and other diseases of cereals and cotton. Various samples of ce-
reals were collected from different sites of agricultural fields, where
MEMC i.e. Emisan-G had been sprayed as a fungicide. The samples
(5 g) were soaked in water for 2 h, blended in a mixer with 20 mL eth-
anol and then filtered. The filtrate was centrifuged for 10 min and then
three test solutions (0.8, 1.0 and 1.2 mL) were taken out and analyzed
by the proposed (cf. Section 2.2) and the reported methods [43]. The
recoveries summarized in Table 3 are well within analytical limits.

3.9. Interference studies and comparison

The effect of various foreign ions and pesticides where Hg(II) occurs
was studied by adding them to known concentration (0.02 μg mL−1) of
Hg(II) wherein the range of the interfering species was 1000 to 10 μg
mL−1, much higher than Hg(II) concentration. A variation in ±4% of
the Hg(II) recovery was taken as tolerance limit of interfering species.
The method was found to be free from the interference of most of the
foreign species studiedwhere the tolerance limits for the foreign species
are shown in Table 4.

The proposed method was compared with other existing spectro-
photometric methods for the determination of Hg(II) in different
types of environmental samples. Table 5 represents the comparison of
the reagents used, range of the determination, sensitivity and selectivity
i.e. interferences in various methods that have been developed involv-
ing spectrophotometric monitoring technique [43–49]. Many of the
spectrophotometric methods reported for the determination of Hg(II)
suffer from drawbacks including reagent cost, instability of color of the
reagents used, interference, low sensitivity and selectivity. The pro-
posed method involving redox reaction between simple reagents;
KBrO3 for the oxidation of LCV to CV shows high sensitivity and selectiv-
ity for determination up to 0.005 μgmL−1 of Hg(II) in spiked vegetables,
water, soil and fungicides samples where recoveries shown have been
well within analytical limits (Tables 2 and 3). Hence the developed ki-
netic method can play an important role for the determination of
Hg(II) in the range of 0.005–0.05 μg mL−1 in aqueous samples.
Tables 1 and 5 clearly shows that the proposed method is superior to
many other methods due to its much lower limit of detection
0.0021 μg mL−1 and other figure of merits. The higher stability of the
color solution, easy availability of the reagent, free fromvarious interfer-
ing species and applications to various samples for the determination of
Hg(II) are some advantages of the developed method. This method is a
good alternative for some of the costly instrumental methods.
4. Conclusion

Although many sophisticated techniques, i.e. atomic absorption
spectrometry, gas chromatography, high performance liquid chroma-
tography, and voltammetry are available, but the factors such as the
low cost of the instrument, ease of handling, and almost no mainte-
nance have caused kinetic spectrophotometry to remain a popular and
inevitable technique, particularly in the laboratories of developing
countries. The present proposed method based on a novel kinetic ap-
proach is sensitive, simple and selective as compared to many reported
spectrophotometric methods. The easy availability of the reagent and
freedom from a large group of interfering species are other advantages
of the proposed method.
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