
Monitoring’2023   

 

 

XVII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
7–10 November 2023, Kyiv, Ukraine 

 

Mon23-037 
Arsenic in waters of the Nemyriv drinking-groundwater field 

*I. Koliabina (Institute of Geological Sciences of National Academy of Sciences of Ukraine), 
V. Shestopalov (State Institution “Radioenvironmental Centre of National Academy of Sciences of 
Ukraine”), N. Kasteltseva (Institute of Geological Sciences of National Academy of Sciences of 
Ukraine) 

SUMMARY 

Arsenic is highly controversial element occurring in all environment components. As(III) is 
known to be more toxic than As(V), and significantly more toxic than its organic forms. The 
purpose of this study is to assess the arsenic forms in drinking waters of the Nemyriv 
groundwater field, as well as the conditions of its transition from one form to another. We 
have shown that As occurs as As(V) in the Nemyriv waters and its concentration does not 
exceed the MPC. The main mechanisms of aqueous As interaction with rocks are sorption on 
clay and iron minerals, and co-precipitation with the later. According to the modelling results, 
at realistic Eh values for Nemyriv waters arsenic occurs as a mixture of As(III) and As(V). 
Since As is a physiologically essential element, it is advisable to retain arsenic in drinking 
water in the less toxic As(V) form rather than remove it from the waters. This can be 
achieved by exposing the water to oxygen (e.g., in open air). The results obtained may be 
useful for Ukrainian regions with elevated As concentrations (including areas of active 
military operations), but specific studies, including geochemical modelling of such waters, 
should be performed for each region. 
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Introduction 
 
Arsenic is one of the most controversial chemical elements occurring in all components of the 
environment. It is a strong poison and carcinogen, but on the contrary, it is used as an antiseptic, in the 
treatment of cancer and for other medical purposes (Hunter, 2008). Arsenic can enter the human body 
by various pathways, but the most important of them is ingestion with drinking water (Peel et al., 
2022; etc.). Arsenic concentrations in the natural water range widely, not exceeding 10 mg/l (and 
often lower than 1 mg/l) in fresh waters (Smedley and Kinniburgh, 2002). Chemical properties of As 
and its behaviour in the geological environment are well enough understood. Thus, arsenic is well 
known to occur in the environment in several oxidation states (-3, 0, +3 and +5). Under oxidising 
conditions, arsenic is present in groundwater predominantly in the As (V) form and under oxygen-free 
environment in the As (III) form (Zhuang et al., 2023; etc.). Organic forms of As can be resulted from 
biological activity, mainly in surface water. They are rarely quantitatively important (Smedley and 
Kinniburgh, 2002). The As concentration and its forms in groundwater can be controlled by a variety 
of processes. As(V) can be strongly sorbed by iron and aluminium oxides/hydroxides, clay minerals 
and organic matter (Fendorf et al., 2010 and others). As (III) can also be sorbed within sedimentary 
rocks, mainly on Fe oxides/hydroxides (e.g., Dixit & Hering, 2003). Arsenic sorption can be 
influenced by anions such as phosphate, carbonate, dissolved organic matter, and pH values 
(Srivastava et al., 2021; etc.). Both As (III) and As (V) can be incorporated into solid phases through 
reactions of precipitation or co-precipitation with sulphides, iron oxides/hydroxides and other 
minerals (Peel et al., 2022). In addition, oxidation of As (III) to As (V) and reduction of As (V) to As 
(III) can occur under the influence of biotic and abiotic factors. Currently, it has been shown that 
As(III) forms are more toxic than As(V) forms, and all inorganic forms of arsenic are more toxic than 
its organic forms (Genchi et al., 2022; Zhuang et al., 2023). This is due to different ways in which 
diverse forms of As are involved in metabolic processes in the human body (e.g., Genchi et al., 2022), 
in particular, the different affinity of arsenic forms to functional groups of protein compounds (Nurchi 
et al., 2022; etc.). In addition, the carcinogenic effect of even small amounts of arsenic on the human 
body in the case of its prolonged ingestion with drinking water (the so-called "chronic" effect) is 
currently under active discussion. The purpose of this study is to assess the forms of arsenic in 
drinking waters of the Nemyriv groundwater field, as well as the conditions of its transition from one 
form to another. 
 
Objects and methods 
 
The Nemyriv drinking-groundwater field is located within the Ukrainian Shield. Generally, according 
to the geological structure and lithology, 5 aquifers were distinguished within the study area. The 
Archean-Proterozoic (AR-PR) aquifer confined to the zone of fractured rocks is the most intensively 
exploited (Terentiev et al, 2019). Within the Nemyriv groundwater field over 5 groundwater intake 
facilities operate the pre-Cambrian aquifer in crystalline rocks (Terentiev et al., 2019). In this study 
we used data on water chemical composition and arsenic content in it for 6 wells located in the 
Skifska site of the LLC "LVN LIMITED" groundwater intake facility (Fig.1): 3 wells (1/12, 8/2039 
and 6/2040) are located in the ravine and 3 wells - along the Ustya River. The data were sourced from 
the report (Terentiev et al., 2019). 
 
Geochemical modelling was performed using the PHREEQC code 
(https://www.usgs.gov/software/phreeqc-version-3). 
 
Results and discussion 
 
The analysis of the initial data showed that waters from all the examined wells belong to the 
hydrocarbonate-calcium type, while the content of basic ions is higher in the waters from the wells 
located along the Ustya River (Fig. 2a). On the contrary, arsenic content is higher in waters from 
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wells located in the ravine (Fig. 2b). It should be noted that in all waters the concentration does not 
exceed MPC. 
 

 
Figure 1 Layout of the examined wells within the Skifska site of the Nemyriv drinking-groundwater 
field (Terentiev et al., 2019) 
 

  
Figure 2 Concentration of macroelements and arsenic in waters from wells located in the Skifska site 
of the Nemyriv drinking-groundwater field: a) macroelements; b) arsenic 
 
Modelling results (Table 1) showed, that all the studied waters contain arsenic in the As(V)-form, 
generally considered to be less toxic to the human body (Genchi et al., 2022; Zhuang et al., 2023). In 
this case, the main compound is HAsO4-2 (73-85%). Concentration of the H2AsO4- varies from 15 to 
27%. Very low concentration of As(III) as H3AsO40 complex was found only in a single well 
(5/2069), of those along the river, and being the only well operated during 2011-2018. Such 
distribution of arsenic forms is typical for oxygen groundwater (Cheng et al., 2009). 
 
Table 1 Forms of arsenic in water within the Skifska site of the Nemyriv drinking -groundwater field 
Well number As(V) As(III)  HAsO4

-2 H2AsO4
- H3AsO4 Others 

Wells located in the ravine 
1/12 100,00 0,00 76,87 23,11 0,00 0,02 
6/2040 100,00 0,00 76,93 23,07 0,00 0,00 
8/2039 100,00 0,00 80,79 19,21 0,00 0,00 

Wells located along the Ustya River 
2 100,00 0,00 73,17 26,82 0,00 0,01 
3 100,00 0,00 81,82 18,17 0,00 0,01 
5/2069 99,99 0,01 84,78 15,18 0,01 0,03 
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The modelling results also showed that all waters were not saturated with respect to arsenic minerals, 
but they were saturated with respect to iron minerals (goethite, magnetite, hematite), mica, hydrous 
mica and clay minerals (kaolinite, montmorillonite), which indicates their precipitation. According to 
modelling results, sulphide minerals were not precipitated and were not identified in the aquifer rocks 
(Terentiev et al., 2019). Therefore, the main mechanisms of interaction between arsenic of natural 
waters and rocks are likely to be sorption and co-precipitation with iron minerals (Peel et al., 2022). 
 
While modelling with the PHREEQC code, the redox potential was set by the N(-III)/N(V) pair. As a 
result, we obtained high values of Eh (290-320 mV). No experimental data on the Eh values were 
available. According to the report (Terentiev et al., 2019), the Eh of these waters is in the range of -80 
÷ +75 mV, which is lower than the values we calculated. As mentioned above, As readily enters into 
redox processes and its toxicity depends on the oxidation degree. Therefore, we performed modelling 
of the arsenic forms changes as a function of Eh. Eh values were set as typical for groundwater: from 
-150 to +150 mV. From the results obtained (Fig.3) it follows that under reducing conditions in all 
waters, the arsenic occurs as As(III), but, starting from Eh -100 mV, As(V) formation begins, and the 
rate of changes of As(III)/As(V) ratio increases with decreasing pH of waters. In addition, the Eh 
interval in which both forms coexist with decreasing pH, shifts towards more oxidising conditions. At 
Eh values greater than 50 mV, all arsenic is in the As(V) form. Thus, in the Eh interval from -50 to 0 
mV, both forms are in comparable concentrations. It should be noted that such fluctuations of redox 
potential are very probable for groundwater. 
 

 
Figure 3 Influence of Eh on the arsenic forms in waters of the Nemyriv drinking-groundwater field 
 
In all waters, the saturation indices for sulphide minerals remained negative, indicating that their 
precipitation is unlikely, and therefore, fixation of arsenic in rocks through mechanism of co-
precipitation with sulphide minerals does not occur. 
 
Conclusions 
 
According to the obtained results the arsenic concentration in the waters of Nemyriv field does not 
exceed the MPC and it is in a relatively safe form As(V). The main mechanisms of interaction 
between arsenic of natural waters and rocks are sorption on clay minerals, iron minerals, and co-
precipitation with the later. Assessment of the influence of the redox potential on the arsenic oxidation 
state showed that at realistic for these waters Eh arsenic occurs as mixture of As(III) and As(V), 
which reduces the safety of these waters. But since arsenic is a physiologically essential element for 
humans (required daily dose is 30 to 100 µg), it is advisable to retain arsenic in drinking water in the 
less toxic form As(V) rather than remove it from the waters of Nemyriv field. This can be achieved by 
exposing the water to oxygen conditions (e.g., open to air). In addition, the possible changes in the 
forms and concentrations of arsenic in water circulating in the water-supply system should be 
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considered. The results obtained in this study may be particularly useful for regions of Ukraine with 
elevated arsenic concentrations in water, but for each region special studies, including geochemical 
modelling of such waters, should be performed. Another important application of the results obtained 
and geochemical modelling is the assessment of war damage in Ukraine. As an example of such an 
object, the Mykolaiv alumina refinery was found to have elevated arsenic content in its waste (so-
called "red sludge") long before the war. In addition, in the spring and early summer of last year 
active military operations were taking place in the vicinity. The danger of migration of this arsenic 
into the soil and groundwater is obvious. This issue requires special study. Finally, the results 
obtained once again demonstrate the need to maintain a very fine balance of benefit and harm. This 
applies not only to arsenic, but also to other trace elements such as stable Sr, Ni, P, F and others. 
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