
© Българско геологическо дружество и Българска академия на науките, 2023 https://bgd.bg/review-bgs

Национална конференция с международно участие „ГЕОНАУКИ 2023“
National Conference with International Participation “GEOSCIENCES 2023”

СПИСАНИЕ НА БЪЛГАРСКОТО ГЕОЛОГИЧЕСКО ДРУЖЕСТВО,  
год. 84, кн. 3, 2023, с. 241–244

REVIEW OF THE BULGARIAN GEOLOGICAL SOCIETY,  
vol. 84, part 3, 2023, p. 241–244

A simplified spectrophotometric procedure for the detection of mercury ions

Mariya Georgieva1, Rositsa Titorenkova1, Stephan Kozhukharov2

1 Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, Acad. Georgi Bonchev Str., bl. 107, 1113 Sofia, 
Bulgaria; E-mails: mgeorgieva@imc.bas.bg; rositsatitorenkova@imc.bas.bg
2 Department of Physics, University of Chemical Technology and Metallurgy, 8 Kliment Okhridsky Blvd. 1756, Sofia, Bulgaria; 
E-mail: s.kozhukharov@uctm.edu

Опростена спектрофотометрична процедура за откриване  
на съдържанието на живачни йони 
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Abstract. The recent brief work presents the results of attempts to simplify a procedure to detect dissolved Hg(II) 
compounds. It is based on the performance of a procedure, after the simplification of the prescription given in litera-
ture. The simplification was performed, to avoid the use of volatile organic compounds (VOC), such as the proposed 
in literature isoamyl alcohol. The present study aims to verify a simplified procedure, which does not require the use 
of mentioned VOC and detergents, like sodium dodecyl sulfate.
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Introduction

Despite the restrictions of the EU (Directive 
2004/107/EC, EU Directive 2002/95/EC), the use 
of mercury remains an indispensable practice for 
some branches of the conventional chemical in-
dustry. For example, the most efficient industrial 
method to produce sodium hydroxide is the alka-
line electrolysis of sodium chloride (Georgiev et 
al., 1968). Although the fact that this element is 
used for liquid mercury cathodes, which are con-
tinuously recycled, small amounts leak into the en-
vironment, usually through insufficiently treated 
outlet flows. Other potential sources of Hg leakage 
may be storage and transportation facilities and 
equipment. That is among the main reasons for on-
going research efforts dedicated to the detection of 
Hg traces in various marine nutrition sources (Basu 
et al., 2022; Chen, Dong, 2022; Souza-Araujo et 

al., 2022). Other sources of Hg-contamination are 
related to the mining sector. Especially, the cinna-
bar mines (Chen et al., 2017) and the coal-related 
energy sector (Vassilev, Vassileva, 2023) appear 
the main environmental Hg contaminators. Par-
ticularly, the latter source is related to the entire 
cycle from the coal mining, transport, final com-
bustion and the final fly ash deposition in tailing 
ponds. These contaminations are further spread by 
the underground and irrigation water flows (Peng 
et al., 2023) to the soil (Fernández-Martínez et 
al., 2015; Hussain et al., 2022), where the mer-
cury is resorbed by the agriculture and wild plants 
(Meloni et al., 2023). In this sense, the detection 
of Hg traces in ore, soil, and biomass samples 
is of crucial importance for any remediation ac-
tivities planning and execution. Analytical proce-
dures, involving the use of either isoamyl alcohol 
or 1,4-dioxane are provided by Khan et al. (2005) 
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and Ahmed and Alam (2003), respectively. How-
ever, the execution of these prescriptions is related 
to some inconvenience, regarding the use of these 
toxic VOCs. Hence, a necessity for overcoming 
this drawback appears.

The present work aims to develop a simplified 
version of a commonly used spectrophotometric 
method for the detection of Hg(II), without the use 
of VOCs and detergents. 

Experimental
Methods used are based on diphenylthiocarbazone 
(dithizone) reacting in slightly acidic 50% aque-
ous 1,4-dioxane (0.18–1.80  M sulfuric acid) with 
mercury(II) to give an orange chelate, which has an 
absorption maximum at 488 nm.

After repeated implementation of the prescrip-
tion provided by Ahmed and Alam (2003) and 
Khan et al. (2005), some inconveniences, related 
to the use of the already restricted VOC substances 
(Council Directive…, 2001) (e.g. isoamyl alcohol, 
1.4-dioxane, etc.) were found. Together with the 
formation of stable emulsions (by the use of deter-
gents, like, for instance sodium lauryl sulphonate), 
these effects violate the spectrophotometric meas-
urement procedure. For this reason, an alternative 
Hg2+ ion containing stock solution was prepared by 
the following sequence of procedures: (i) dissolving 
1.7335 g of Hg(NO3)2.2H2O, in 25 ml diluted HNO3 
: water (1:1); (ii) parallel dissolution of 0.5923 g of 
NaCl in other 25 ml of the acid solution; (iii) mix-
ing these solutions in a 250 ml volumetric flask; and 
filling the flask (up to the level marker line) with 
96% ethanol. This approach allowed obtaining ap-
proximately 5.10–3 M Hg2+ concentration and twice 
the molar content of Cl– ions. An ethanolic-saturat-
ed diphenylthiocarbazone solution was prepared as 
an indicator. Finally, the third, blank solution was 
prepared by mixing 50 ml of diluted HNO3 and add-
ing ethanol up to 250 ml.

The three solutions described above were used 
to prepare a set of Hg2+ ions containing solutions 
by sequentially diluting the stock solution 1:1, with 
the blank solution (5 ml to 5 ml ratio). This proce-
dure was performed by consecutive 6-fold repeti-
tion. From each of these samples, 1 ml was used 
to prepare the final analytical mixtures. These were 
prepared by the already mentioned 1 ml of sample, 
adding 1 ml of saturated indicator solution, and fi-
nal dilution to 10 ml by the blank solution. 

The spectrophotometric measurements were 
performed using a Varian Cary 100 UV-Vis spec-
trophotometer, in the range of 400–800 nm, with 1 
nm of resolution. The reference solution was com-
posed of 1 ml indicator solution, diluted up to 10 ml 
by the blank solution.

Results and discussion

The procedures described above allowed a standard 
curve to be plotted based on 7 data points (i.e., the 
stock solution with 1:1; 1:2; 1:4; 1:8; 1:16 and 1:32 
fold dilutions, respectively). The resulting optical 
absorption spectra are shown in Figure 1. 

A dependency switching effect is observed dur-
ing the spectra acquisitions. Initially, the absorbance 
increased at the lower dilutions (Fig. 1, a), but then 
at higher dilution apparently decreased (Fig.  1b). 
These data were further analyzed, in order to plot 
the correlation between the optical absorbance at 
488 nm and the Hg2+ content in the analytical mix-
tures. The obtained data are illustrated in Fig. 1c, d, 
respectively.

The standard plots of the Hg2+ content show 
alteration of the correlation trend between optical 
absorbance and dilution rates. More concentrated 
solutions (Fig.  1c) show a decrease in optical ab-
sorption with decreasing Hg2+ concentrations with 
linear dependence coefficient of –0.1x, while at 
concentrations lower than ~ 0.87 mg L–1, the oppo-
site trend is observed with proportion coefficient of 
1.5x. The data obtained are summarized in Table 1 
so that can be used for further research. 

Data show the change in optical absorbance trend, 
revealing that the stock solution with 6.934 mg L–1 
possesses the lowest absorbance: A489 = 26.76%. 
Next is the most diluted solution with 0.108 mg L–1. 
It is equal to A492 = 33.79%. A change in absorption 
trend was observed for the solution with 1:4 dilu-
tions (0.867 mg L–1). The registered absorbance in 
this case was A490 = 96.01%. An additional effect of 
shifting the absorption maximum wavelength (λmax) 
was observed, as well. It is probably related to the 
formation of instable complexes in the bulk of the 
analyzed solutions. 

Experiments were also performed without the 
addition of NaCl and the result has shown that the 
occurrence of Cl– ions is indispensable for the de-
tection of Hg(II) compounds for the used here indi-
cator. The observed two opposing trends of depend-
ence of optical absorbance of the analyzed Hg2+ ion 
solutions require additional research. Since both 
trends are within the same absorbance range, then 
an absorbance value of each analyzed solution can 
correspond to two different concentrations, simulta-
neously. Thus, it is not clear whether the absorbance 
value of each analyzed solution corresponds to the 
respective higher or lower concentration.

To overcome this obvious disadvantage of the 
simplified analytical procedure proposed here, ap-
plication of the method of standard addition is 
necessary. By applying a standard (with defined 
concentration of mercury ions) it will be possible 
to determine concentration of Hg(II) in analyzed 
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Fig. 1. Optical absorption spectra of the analytical mixtures with low (a), high (b) dissolution rates and optical absorption curves 
of Hg2+ content in the analytical mixtures (c) and (d)

Table 1. Data acquired from the analyzed Hg(II) solutions at the respective dilution rates

Data point Dilution 
step

Dilution 
rate

Concentration
[mg L–1]

λmax

[nm]
Optical absorbance

[%]
First 0 – 6.934 489 26.76
Second 1 1:1 3.467 488 60.39
Third 2 1:2 1.734 488 83.84
Fourth 3 1:4 0.867 490 96.01
Fifth 4 1:8 0.433 495 85.49
Sixth 5 1:16 0.217 499 64.76
Seventh 6 1:32 0.108 492 33.79

solution. Without applying a standard, the mercury 
content is undetectable.

Conclusions

The present brief investigation of the spectrophoto-
metric determination of Hg2+ ions content shows that 
the analytical procedure can be performed without 
VOC substances, such as isoamyl alcohol or 1.4-di-

oxane.This method facilitates the performance 
of the analytical procedures since the preparation 
of solution does not require the use of detergents. 
The used analytical solutions are homogeneous and 
transparent, which allows a high degree of repeat-
ability of data. The optical absorption spectra and 
their dependence on Hg2+ concentration show two 
different trends, namely an increase absorption with 
a proportional factor from –0.1x until ~0.87 mg L–1. 
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At a lower concentration of mercury ions in the so-
lution, respectively by a factor 1.5x a reverse trend 
was registered. 

An additional effect of absorption maximum 
wavelength (λmax) value dispersia is observed, which 
is probably due to the formation of unstable com-
plexes in the analyzed solutions. The occurrence of 
Cl– ions is indispensable for the proposed analyti-
cal approach. The presence of two different trends 
(linear growth and linear decrease) means that an 
absorbance value from each analyzed solution cor-
responds to two concentration values at the same 
time. This drawback can be overcome by applying a 
standard solutions addition method.

Acknowledgements: The present research work 
was performed by the financial support of the Bul-
garian National Science Fund (grant agreement BG-
175467353-2022-04-0003). Thanks to Prof. Vassi-
lev for ideas and discussions on this project.

References
Ahmed, M. J., S. Alam. 2003. A rapid spectrophotomet-

ric method for the determination of mercury environ-
mental biological, soil and plant samples using diphe-
nylthiocarbazone. – Spectroscopy, 17, 45–52; https://doi.
org/10.1155/2003/250927.

Basu, N., K. Abass, R. Dietz, E. Krümmel, A. Rautio, P. Wei-
he. 2022. The impact of mercury contamination on human 
health in the Arctic: A state of the science review. – Sci-
ence of the Total Environment, 831, 154793; https://doi.
org/10.1016/j.scitotenv.2022.154793.

Chen, B., S. Dong. 2022. Mercury contamination in fish and its 
effects on the health of pregnant women and their fetuses, 
and guidance for fish consumption–A narrative review. – 
Int. J. Environ. Res. Public Health, 19, 23, 15929; https://
doi.org/10.3390/ijerph192315929.

Chen, Y., Y. Yin, J. Shi, G. Liu, L. Hu, J. Liu, Y. Cai, G. Jiang. 
2017. Analytical methods, formation, and dissolution of 
cinnabar and its impact on environmental cycle of mercury. 
– Critical Reviews in Environmental Science and Technol-
ogy, 47, 24, 2415–2447; https://doi.org/10.1080/10643389
.2018.1429764.

Fernández-Martínez, R., R. Larios, I. Gómez-Pinilla, B. 
Gómez-Mancebo, S. López-Andrés, J. Loredo, A. Ordóñez, 

I. Rucandio. 2015. Mercury accumulation and speciation 
in plants and soils from abandoned cinnabar mines. – Geo-
derma, 253–254, 30–38; https://doi.org/10.1016/j.geoder-
ma.2015.04.005.

Georgiev, G., B. Ilieva, M. Pishtiyska, N. Halachev, A. Stoy-
anov. 1968. Inorganic Chemical Technology. Sofia, Tech-
nika, 335–338. 

Hussain, H., J. Yang, J. Hussain, A. Sattar, S. Ullah, I. Hussain, 
S. Ur Rahman, P. Zandi, X. Xia, L. Zhang. 2022. Mercury 
fractionation, bioavailability, and the major factors predict-
ing its transfer and accumulation in soil–wheat systems. 
– Science of Total Environment, 847, 157432; https://doi.
org/10.1016/j.scitotenv.2022.157432.

Khan, H., M. J. Ahmed, I. Bhanger. 2005. A simple spectro-
photometric determination of trace level mercury using 
1.5-diphenylthiocarbazone solubilized in micelle. – Anal. 
Sci., 21, 507–512; https://doi.org/10.2116/analsci.21.507.

Meloni, F., A. Farieri, P. Higueras, J. Esbrí, B. Nisi, J. Cabas-
si, D. Rappuoli, O. Vaselli. 2023. Mercury distribution in 
plants and soils from the former mining area of Abbadia 
San Salvatore (Tuscany, central Italy). – Environ. Geo-
chem. Health; https://doi.org/10.21203/rs.3.rs-2823040/v1.

Peng, D., M. Chen, X. Su, Ch. Liu, Zh. Zhang, B. Middleton, 
T. Lei. 2023. Mercury accumulation potential of aquatic 
plant species in West Dongting Lake, China. – Envi-
ron. Pollut., 324, 121313; https://doi.org/10.1016/j.en-
vpol.2023.121313.

Souza-Araujo, J., N. E. Hussey, R. A. Hauser-Davis, A. H. 
Rosa, M. O. Lima, T. Giarrizzo. 2022. Human risk assess-
ment of toxic elements (As, Cd, Hg, Pb) in marine fish 
from the Amazon. – Chemosphere, 301, 134575; https://
doi.org/10.1016/j.chemosphere.2022.134575.

Vassilev, St., Chr. Vassileva. 2023. A retrospection on the 
content, association, and significance of mercury in coals 
and coal ashes from Bulgarian thermoelectric power sta-
tions. – J. Hazard. Mater., 457, 131850; http://dx.doi.
org/10.1016/j.jhazmat.2023.131850.

Council Directive on the limitation of emissions of VOC due to 
the use of organic solvents in certain activities and instal-
lations. Official Journal of the European Community 44, 
(2001) p. L 309.

Directive 2004/107/EC of the European Parliament and of the 
Council of 15 December 2004 relating to arsenic, cadmium, 
mercury, nickel and polycyclic aromatic hydrocarbons in 
ambient air. Official Journal of the European Community L 
23, 26.1. 2005, 3–16.

EU Directive 2002/95/EC: Restriction of Hazardous Substances in 
Electrical and Electronic Equipment. (RoHS directive 2002; 
http://ec.europa.eu/environment/waste/rohs_eee/legis_ 
en.htm.

https://doi.org/10.1155/2003/250927
https://doi.org/10.1155/2003/250927
C:\Users\Ivo\Ivo\AppData\Local\Temp\4d7cf8bf-77a6-44f6-a3a4-6c8214f96516_��������-����������� � ��..zip.516\Science of the Total Environment
C:\Users\Ivo\Ivo\AppData\Local\Temp\4d7cf8bf-77a6-44f6-a3a4-6c8214f96516_��������-����������� � ��..zip.516\Science of the Total Environment
https://doi.org/10.1016/j.scitotenv.2022.154793
https://doi.org/10.1016/j.scitotenv.2022.154793
https://doi.org/10.3390/ijerph192315929
https://doi.org/10.3390/ijerph192315929
https://doi.org/10.1080/10643389.2018.1429764
https://doi.org/10.1080/10643389.2018.1429764
https://doi.org/10.1016/j.geoderma.2015.04.005
https://doi.org/10.1016/j.geoderma.2015.04.005
https://doi.org/10.1016/j.scitotenv.2022.157432
https://doi.org/10.1016/j.scitotenv.2022.157432
https://doi.org/10.2116/analsci.21.507
https://doi.org/10.21203/rs.3.rs-2823040/v1
https://doi.org/10.1016/j.envpol.2023.121313
https://doi.org/10.1016/j.envpol.2023.121313
https://doi.org/10.1016/j.chemosphere.2022.134575
https://doi.org/10.1016/j.chemosphere.2022.134575
http://dx.doi.org/10.1016/j.jhazmat.2023.131850
http://dx.doi.org/10.1016/j.jhazmat.2023.131850
http://ec.europa.eu/environment/waste/rohs_eee/legis_en.htm
http://ec.europa.eu/environment/waste/rohs_eee/legis_en.htm

