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time of preparation in relation to an overview fluoride risks in Central Europe. It is beyond the scope 
of this project to consider cases of fluoride risk on a site-by-site basis. The purpose of this study is 
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due to the limited information available in some regions (Ukraine and Moldova in particular) other 
fluoride problem areas may exist in addition to those highlighted by this report and GIS. 
 
It was not always possible to display all of the place names mentioned in the text of this report in the 
maps included as hard copy diagrams, however, the locations of all places mentioned in the text are 
available in the GIS.  
 
Copyright Warning: The data presented in this report and GIS should not be copied or used for 
commercial purposes without permission from the originating organisations outlined in this report. 
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Glossary 
 
ANOVA Analysis of Variance 

ASG  Association of State Geologists, Moldova 

ASL  Above Sea Level  

BGS  British Geological Survey 

BUA  Broadband Ultrasound Attenuation 

DMF-T Decayed Missing and Filled Teeth Index 

GIS  Geographic Information System 

ESRI  Environmental Systems Research Institute 

FW  Fresh Weight 
IDW  Inverse Distance Weighting 
IGAMS Institute of Gerontology, Ukraine 

IGMOF Institute of Geochemistry and Ore Mineral Formation, Ukraine 

IPR  Intellectual Property Rights 

MAC  Maximum Admissible Concentration 

MAG  Monitoring and Advisory Group 

MAFI  Hungarian Geological Survey 

OHI-S  Oral Cavity Hygiene Index 

OM   Organic Matter 

PBM  Peak Bone Mass 

PMA   Papillary Marginal Alveolar Index 

SHI  State Health Institute, Slovakia 

SGUDS State Geological Institute of Dionyz Stur, Slovakia 

SOS  Speed of Sound 

SPITN  Silness-Loe Index   

STF  Bone Stiffness Index 

TDS  Total Dissolved Solids 

WHO  World Health Organisation 

ZSNP  Ziar nad Hronom Company 
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Summary 
 

 
Introduction 
 

This report outlines the development of a risk assessment geographic information system 
(GIS) for Central Europe carried out as part of a project to assess and develop remediation 
technologies to mitigate high concentrations of fluoride (F) in drinking water in Ukraine, 
Moldova, Hungary and Slovakia: INCO-COPERNICUS IC15-CT98-0139 ‘Water Quality 
Improvement Through Fluoride Reduction in Groundwater of Central Europe’.  The 
primary aim of the project was to develop technologies to remove fluoride from drinking 
waters. The second aim of the project was to develop a risk assessment GIS to predict areas 
were high-fluoride waters or fluorosis (fluoride toxicosis) may occur in Central Europe so 
that remediation technologies can be deployed most effectively. Hydrogeological, 
geochemical, medical and GIS experts from Ukraine, Moldova, Hungary, Slovakia and the 
UK were involved in the development of the risk assessment GIS between December 1998 
– December 2001.  In the original project plan, the geographic focus centred on Ukraine, 
Moldova and Hungary, however, information for Slovakia was included in the project as 
excellent geochemical data were available for Slovakia and enhanced the overview of 
fluoride risks in the study region. 

 

The development of the project risk assessment GIS was based upon the collation and 
digitisation of existing information relevant to fluoride risk in Ukraine, Moldova, Hungary 
and Slovakia assembled for the first time in a readily accessible form to aid water 
management. In addition, geochemistry and health studies to examine in more detail the 
relationships between high-fluoride drinking waters and health effects in the population 
were carried out in Moldova and Ukraine. This is the first time that dental-skeletal status, 
physiological status and hydrogeochemistry have been investigated simultaneously in these 
countries and the data contribute to a state-of-the-art assessment of fluoride risks in Central 
Europe.  

 

During the course of the study it was apparent that in addition to human health problems 
associated with high fluoride, many areas of Central Europe were at risk from dental caries 
related to low fluoride concentrations in drinking water. Therefore, a dental caries risk 
assessment was included in the project. 

 

 

Fluoride and Health 

 

During the initial phases of the project, background information on the occurrence and 
controls on fluoride in the environment and influences on health were collated from Central 
European expertise and from a review of international literature. Approximately 380 
references were compiled into a project bibliography to aid the development of the GIS and 
to act as a reference source for future users of the fluoride risk assessment in Central 
Europe. The results of the review are summarised as follows: 
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Fluoride is one of the most abundant natural substances found on Earth and is a constituent 
of the rocks, soils, waters and air that make up the planet. Like several other naturally 
occurring elements, fluorides can enter the human body via inhalation of air and ingestion 
of food and water and have an effect on health. 
 
 
Studies carried out in the USA and Europe in the 1950’s demonstrated a link between 
improved dental health and the introduction of fluoridated toothpaste and fluoridated 
drinking water to local communities. Scientists are still uncertain whether fluoride is 
essential to human health but the mechanisms of dental benefaction are thought to be two-
fold. Firstly, teeth are formed from the calcium mineral hydroxylapatite. During the pre-
eruptive stage (i.e. during tooth formation in children up to 12 years old) fluoride can enter 
the mineral lattice forming fluorapatite, which is stronger than hydroxylapatite. Secondly, 
fluoride acts as an anti-bacterial agent in the mouth helping to minimise acid-attack on 
teeth.  
 
 
In contrast to the possible benefits from low intakes of fluoride, health problems (known as 
fluorosis) associated with too much fluoride have also been widely reported. Fluoride is a 
powerful calcium-seeking element and can interfere with the structure of teeth (dental 
fluorosis) and bones (skeletal fluorosis) in the human body.  
 
 
Dental fluorosis is an irregular calcification disorder of the enamel-forming cells. Fluorosed 
enamel is porous, often stained and has brown pits and in its more severe form, is brittle 
and prone to erosion and breakage.  
 
 
Endemic skeletal fluorosis is a chronic metabolic bone and joint disease caused by intake of 
large amounts of fluoride either through water or rarely from foods/air in endemic areas. 
Human bone tissue is constantly resorbed and redeposited during a lifetime and fluoride is a 
cumulative toxin, which can enter the bone mineral structure altering the accretion and 
resorption rates leading to over-calcification of the bone structure and immobilisation of the 
joints. Although skeletal fluorosis commonly affects older people following long years of 
exposure, crippling forms of the disease are also seen children in endemic areas.  
 
 
No effective cures are available for either form of fluorosis; however, the diseases are 
preventable if fluoride intake is controlled. 
 
 
Fluoride concentrations in the environment are highly variable and are often controlled by 
the presence of particular types of rocks or minerals or water. For example, endemic dental 
and/or skeletal fluorosis has been reported in the East African Rift Valley associated with 
volcanic rocks and thermal waters. In India and Sri Lanka, fluorosis is linked to alkaline 
groundwaters and in China problems are associated with particular types of coal. The 
concentration of fluoride in most waters is controlled by the solubility of the main fluoride-
bearing mineral calcite (CaF2); hence waters that are sodium (Na), potassium (K) and 
chloride (Cl) rich and calcium (Ca) -poor tend to contain high fluoride concentrations. In 
general, groundwaters contain more fluoride than surface water resources due to greater 
contact times with fluoride-bearing minerals in rock-water interactions. In addition to 
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natural sources, man disperses fluoride into the environment. Industrial sources include 
aluminium and coal industries, fertiliser use and manufacturing processes. 
 
 
The development of fluoride related diseases in the population not only depends upon the 
fluoride concentration in the water but on the overall fluoride exposure including inhalation 
and intake from foods, drinks such as tea and inadvertent sources such as dental products. 
There is also evidence to suggest that the adverse health effects of fluoride are enhanced by 
a lack of Ca, vitamins and protein in the diet. In most normal (non occupational) 
circumstances, fluoride exposure from air is very low (1 ug/m3) and although the fluoride 
contents in some food products such seafood (0.01 - 24 mg/l fresh weight) and tea (3.2 - 
400 mg/l fresh weight) can be high, in most circumstances, water is the most important 
human exposure route. Approximately 90% of fluoride ingested in water is absorbed in the 
gastro-intestinal tract compared to only 30 – 60% of fluoride in food. 
 
 
In response to the potentially harmful effects of high-fluoride waters, the World Health 
Organisation (WHO) has set an upper drinking water quality guideline of 1.5 mg/l. 
Conversely, the WHO also recommend intakes of water containing > 0.5 mg/l in the 
prevention of dental caries. 
 
 
In Central Europe, groundwater resources that exceed the upper guideline value of 1.5 mg/l 
are widespread and dental fluorosis associated with high fluoride concentrations in water 
has been reported in Ukraine, Moldova and Hungary.  
 
 
 
Development of the Risk Assessment Scheme 
 
The overall aim of the risk assessment scheme was to combine geochemical, 
environmental, and health information to produce fluoride risk avoidance maps for water 
resource management planning in Central Europe. In order to assess the risks associated 
with fluoride in the study area, the first phase of the project involved the development of a 
theoretical risk framework identifying the most likely controls on fluoride so that these 
factors could be considered for the region and the final GIS scheme devised and risk 
avoidance maps prepared.  The following main controls were included in the framework: 

 

• Geology and Tectonics 
• Hydrogeology 
• Water Supply 
• Fluoride Concentrations in Water 
• Water Type 
• Anthropogenic Sources of Fluoride 
• Disease Prevalence and Other Health Criteria 
• Population Density 
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These controls were assessed in terms of the data available for Slovakia, Ukraine, Moldova 
and Hungary and the final risk scheme derived as follows: 
 
 
Population Density -  Although an area of high population density constitutes an inherently 

greater risk than an area of low population density, the risk related to 
fluoride exposure also depends upon the source of drinking water in 
an area. For example, a high population density in a region with 
high-fluoride waters is not necessarily a high-risk area if the 
population is supplied with low-fluoride waters from elsewhere. 
Detailed water supply information was not known in all countries 
and population density information was not available in a consistent 
format for the whole study region therefore the population data were 
included in this report and the GIS for background information only.   

 
 
Geology-Tectonics -  Information was not available in a consistent format for all four 

countries and although the mineral composition of different rock 
types exerts a fundamental control on fluoride concentrations in 
water, fluoride concentrations in the same rock-unit can vary 
considerably and it is difficult to generalise across whole units. 
Investigations carried out during the project revealed a strong 
association between high-fluoride waters and tectonically active fault 
zones in Ukraine, however, not all fault zones are characterised by 
high-fluoride waters. Whereas geological and tectonic information 
could give a broad indication of risk in situations were no water 
chemistry data are available, geological data were included as 
background information only in the risk assessment scheme 
developed for the present project as water chemistry data were 
available in all countries. 

 
 
Hydrogeology - In any location, the aquifer properties and the hydrogeological 

regime, exert a major control on water fluoride contents, which can 
be fundamentally different between aquifers at various depths. 
However, concentrations also vary within the same aquifer unit and 
it is difficult to generalise across aquifers. Information about the 
hydrogeological regimes and high-fluoride aquifers was not available 
in a consistent format for all four countries and has not been included 
in the project GIS but has been incorporated into this report. 
Although major aquifer units used for drinking water supply present 
an inherently greater risk than minor or local aquifer units, the risk in 
terms of fluoride exposure also depends on the extent of the water 
supply network. Detailed water supply information was not known in 
all countries therefore maps of the main hydrogeological units 
classified by aquifer importance in Moldova, Slovakia and Hungary 
were included in the GIS scheme for background information only. 
No data were available for Ukraine. 
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Water Type -   Physio-chemical controls on fluoride in groundwater dictate that high 
Chemistry  fluoride waters are generally associated with high  

  alkalinity-Na-K-Cl, low Ca and Mg waters as a lack of Ca inhibits 
the precipitation of the main fluoride bearing mineral fluorite (CaF2) 
hence more fluoride remains in solution. During the present study, a 
strong association between high fluoride contents and mineralised 
Na-K-Cl waters was noted in Hungary, Moldova and Ukraine, 
however high fluoride concentrations (> 1.5 mg/l) occur over a range 
of water types. In areas where the fluoride contents of waters are 
unknown, the type of water could be used to give a broad indication 
of likely fluoride risks, however, during the present project, fluoride 
water chemistry data were available for the four study countries and 
information on water  types was included in this report for 
background information only.  

 
 
Water Type - Many studies have shown that the development of dental fluorosis is 
Uptake not only dependent on the total fluoride concentration in the water 

 but is enhanced by low Ca contents and depends upon the speciation 
of fluoride in the water. Thermodynamic modelling studies of 
selected Ukrainian waters carried out during the present study 
suggest that the ratio of F- to MgF+ and CaF+ ionic species may be an 
indicator of potential health risk, however, these results are 
preliminary and require further investigation to assess the 
relationships between health  outcomes and different water types. 

 
 
Water Fluoride - Water fluoride contents are a fundamental control on disease 

incidence in the study region and water chemistry data were available 
nationally for Slovakia, Hungary and Moldova and in the Lvov, Kiev, 
Odessa and Poltava Regions of Ukraine. These data were categorised 
according to WHO health risk limits for fluoride in water as follows:  

 
< 0.5 mg/l = dental caries risk 
0.5 – 1.5 mg/l = no adverse health effects 
≥ 1.5 mg/l = fluorosis risk 
 

and incorporated into the final risk assessment GIS. 
 
 
Anthropogenic - High environmental fluoride concentrations in the region are  
Sources   associated with industrial activities such as aluminium production, 

 fertilizer use and coal mining and the locations of these industries 
 were incorporated into the final risk assessment GIS as these sites 
 present potential problem areas. The risks of high fluoride associated 
 with the Ziar nad Hronom aluminium plant in Slovakia were 
examined in more detail as part of the project. 

 
 
Disease and Health – No national surveys of dental fluorosis prevalence have been carried 

out in Moldova or Ukraine, however prevalence data derived from a 
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number of studies carried out by previous investigators and during 
the present project were collated. This information and data on 
fluorosis incidences in Hungary were incorporated into the final risk 
scheme as the occurrence of dental fluorosis is a fundamental 
indicator of high-fluoride risk areas where water defluoridation 
methods may be required. In contrast to these three countries, no 
incidences of dental fluorosis have been reported in Slovakia. 
Although the project also considered the risks of dental caries related 
to low fluoride concentrations in water, this was not the principal 
topic of investigation, and these data were not purposely collated for 
the project. Dental caries prevalence data, where readily available, 
were included in the report and GIS as background information only. 
The relationships between dietary factors and dental fluorosis were 
examined in detail in the Falesti Region of Moldova as part of the 
project and this information was included in the final risk assessment 
GIS for information. Average dietary fluoride intakes across Ukraine 
were considered as part of the project and biogeochemical experts 
demonstrated that in general, intake increases from the north to the 
south of the country due to increased water consumption in warmer 
climates. Regional variances in dietary composition were 
incorporated into the final national risk assessment scheme for 
Ukraine. It was beyond the scope of this project to examine the 
relationships between dietary factors and disease in all four study 
countries, but in addition to the dietary studies in Moldova and 
Ukraine, general information on the levels of Ca, Mg, P, vitamin and 
protein intakes for the study countries was incorporated into this 
report for background information.  

 
 
Water Supply - Basic information on the water supply regime in the four study 

countries was incorporated into the risk assessment GIS. In terms of 
dental caries risk, waters in Hungary, Ukraine and Moldova are not 
fluoridated before supply to the pubic whereas waters in Slovakia are 
fluoridated. Information about whether or not high-fluoride waters 
were utilised for drinking in potential problem areas was taken into 
account in the high-fluoride risk assessment. For example in terms of 
high-fluoride risk, if historical incidences of fluorosis associated with 
high-fluoride waters are known in an area, the area is categorised as 
high risk in the scheme. However, if the population are now supplied 
with low-fluoride drinking water from elsewhere, the final risk 
categorisation is reduced to moderate indicating that although no 
immediate health problems are evident, the situation should continue 
to be monitored in the future. 

 
 
The above datasets were incorporated into the project risk assessment GIS based on the 
ArcView® software package, which was chosen as it is readily available and widely used 
in Central Europe. Due to data confidentiality issues, two GIS were developed during the 
project. Firstly, a generic GIS (called Central.apr) designed for general distribution contains 
the final risk avoidance maps of each of the study countries. The second GIS (called 
Country.apr) contains the final risk avoidance maps and all the background data sets and is 
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designed for dissemination by the project partners. Both of the GIS contain two levels of 
information. Firstly, national data are included providing an overview of fluoride risks at 
the country level. Secondly, more detailed data are presented for regions examined more 
fully during the preset project including the following: 
 

• Industrial fluoride contamination and ecological impacts in the Ziar 
nad Hronom area of Slovakia 

 
• Geochemistry and health relationships in the regions of Falesti, 

Moldova and Lvov and Odessa in Ukraine  
 

• The hydrochemistry of Lvov, Odessa, Kiev and Poltava regions in 
Ukraine  

 
 
With the exception of the national maps of Ukraine, the final risk avoidance maps of dental 
caries and high-fluoride were based upon a grid-square scheme. In each case the territory of 
interest was divided into a series of grid squares, the size of which was determined by the 
sample density of water fluoride data available for the region. Utilising the GIS ability to 
combine different data layers, for each square, water fluoride content, fluorosis incidence 
and industrial sources data were coupled with water supply information to determine the 
overall risk as follows: 
 
 
Dental Caries Risk - Water F mg/l < 0.5       = High Risk 
 

If water is fluoridated  
(as in the case of Slovakia)    = Moderate Risk   
the risk is reduced  
 
Water F mg/l  ≥ 0.5       = Low Risk 
 
 

High –fluoride Risk - Water F mg/l  ≥ 1.5     
Or Industrial Source is present  = High Risk 
Or Fluorosis Incidence is present 
 
If high-fluoride water is no longer  = Moderate Risk   
used for drinking, the risk is reduced 
 
Water F mg/l < 1.5       = Low Risk 

 
 
 
 
Final Risk Avoidance Maps 
 
Due to the limited amount of hydrochemical and fluorosis prevalence information available 
at the national scale in Ukraine, the national risk avoidance maps were prepared by 
categorising each region of the country into likely fluoride contents in water and uptake in 
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the population. Although these maps look complete, they are based on very limited 
information and provide a very generalised picture, as fluoride risks within regions can vary 
markedly. For example, detailed information for the regions of Lvov, Poltava, Odessa and 
Kiev was incorporated into the final maps and demonstrates that although the majority of 
the territory of Lvov, Odessa and Kiev is classified as low-fluoride, dental fluorosis 
hotspots occur in these regions. Dental fluorosis incidence is associated with mining 
activities and the upwelling of mineralised waters in tectonically active fault zones in the 
Chervonograd district of Lvov, with mining contaminated waters in Kiev and with 
upwelling mineralised waters in fault zones in the Arciz area of southern Odessa Region. 
The Poltava Region of Ukraine lies in the centre of the Buchak-Kaniv fluoride 
hydrogeochemical province in the Dnepro-Donetsk basin where high-fluoride waters 
(containing up to 18 mg/l) are associated with shallow deposits of fluoride-bearing 
phosphorites. Although lower-fluoride waters are available at depth in this region, drilling 
costs prevent exploitation of these alternative sources. In addition to Poltava Region, 
fluoride concentrations in waters are generally high in the Dnepro-Donetsk basin affecting 
Dnepropetrovsk, Donetsk and Kirovograd but the extent of fluorosis prevalence in the latter 
three regions is currently unknown. 
 
 
Dental fluorosis has been reported in all the above regions of Ukraine and detailed 
geochemistry and health studies carried out during the present project in Lvov and Odessa 
Regions indicate prevalence rates of 64% among adolescents and children in 
Chervonograd, Lvov (water fluoride up to 3.8 mg/l) and 90% in Arciz, Odessa (water 
fluoride 2 – 7 mg/l). In contrast, low-fluoride regions where dental caries may be a problem 
are located in the west, northwest and south of the country. 
 
 
High-fluoride risks are also identified in the Falesti, Prut and Chadyr-Lunga regions of 
Moldova associated with deeper mineralised Na-K dominated waters. Although shallow 
water resources generally contain much lower fluoride concentrations in these regions, it is 
desirable that the population use the deeper waters for drinking as the shallow waters are 
heavily bacterially contaminated. Dental fluorosis has been reported in all these regions of 
Moldova and geochemistry and health investigations carried out during the present project 
in Falesti Region indicate prevalence rates of 60% among adolescents and children in the 
towns of Falesti (water fluoride up to 5.3 mg/l) and Kalarash (water fluoride up to 3.6 
mg/l). However, in the town of Cornesti, low fluoride waters are utilised for drinking and 
dental fluorosis is not prevalent. Areas of Moldova were low-fluoride waters prevail and 
dental caries may be a problem are located in the north of the country. 
 
 
High-fluoride waters (containing up to 6.2 mg/l) are a feature of the central Great 
Hungarian Plain region of Hungary due to migration of deeper thermal waters into shallow 
Quaternary aquifers. No fluorosis incidence has been reported in this region but it is 
recommended that the situation be monitored in the future. High-fluoride waters are also 
associated with the Mosonmagyarovar, Almasfuzito, Ajka Redmud, Ajka Alufactory, 
Varpalota Alufactory red-mud and aluminium production plants but the extent of 
environmental contamination and effects on health have not been investigated. Dental 
fluorosis has been reported historically in the towns of Bar, Dunaszekcso and Herceghalom 
but alternative low fluoride waters have been supplied to these localities in recent years and 
the disease is no longer prevalent. However, it is recommended that the situation be 
monitored in the future. The majority of drinking waters in Hungary contain low fluoride 
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concentrations (< 0.5 mg/l) and dental caries risk is of concern over most of the territory as 
drinking water is not fluoridated before supply to the public. 
 
 
High fluoride concentrations in surface and groundwaters (up to 9 mg/l) occur in the 
immediate vicinity of the Ziar nad Hronom aluminium factory in the Ziarska Kotlina Basin 
of Slovakia. Previous investigators have carried out detailed environmental studies in this 
region and no incidences of fluorosis have been reported.  The population is supplied with 
water from elsewhere, therefore, the final risk assessment for this region is reduced to 
moderate indicating that the situation should continue to be monitored in the future. Apart 
from this one region, over almost the whole territory of Slovakia, water contents are less 
than 0.5 mg/l and high fluoride risks are not a problem in this country. Dental caries would 
be of concern but water is fluoridated before supply to the public and risks are therefore 
reduced to moderate in the assessment scheme indicating that the situation with regard to 
low fluoride contents should continue to be monitored in the future. 
 
 
Geochemistry and health investigations incorporating assessments of drinking water 
fluoride concentration, dental status and the structural functional state of bone tissue were 
carried out for the first time in Moldova and Ukraine as part of the present project in Falesti 
Region and Lvov Region respectively. The results of these studies indicate that intakes of 
water containing 3 – 4 mg/l fluoride cause dental fluorosis in the population, however, no 
detrimental effects on bone tissue formation were observed. These results confirm 
international studies, which indicate that skeletal fluorosis does not manifest until fluoride 
concentrations of 5 mg/l in water are consumed. Results of dietary surveys carried out in 
Falesti Region also demonstrate that diets are Ca, protein and vitamin poor, which probably 
enhances the severity of fluorosis in this region. 
 
 
 
Risk Prioritisation and Recommendations 
 
On the basis of the high-fluoride risk assessment, the following areas are prioritised for 
defluoridation technology:  
 

1. Arciz District, Odessa Region, Ukraine 
2. Falesti, Prut and Chadyr-Lunga Regions of Moldova 
3. Poltava Region, Ukraine 
4. Chervonograd Mining District, Lvov Region, Ukraine 
5. Dnepropetrovsk, Donetsk and Kirovograd Regions of Ukraine, however 
further investigations are necessary to establish the extent of high-fluoride 
risks in these regions. 

 
 
It should be noted that the information presented in this report is based on generalised data 
and any follow-up implementation of defluoridation technologies should incorporate 
detailed local assessments of environmental fluoride conditions and health effects in the 
population. In particular, information on fluorosis incidence and water chemistry are sparse 
for Ukraine and Moldova and it is recommended that these areas should be the focus of 
future investigations. 
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Although detailed geochemistry and health studies were carried out for the first time in 
Ukraine and Moldova during this project, these data are preliminary and it is recommended 
that more extensive investigations are carried out to elucidate the relationships between 
water type and fluoride content, diet, physiological status and fluoride –related diseases. 
 
 
Based on the evidence of this study, the following generic risk assessment scheme is 
proposed for identifying water fluoride risks in other areas: 
 
 
 

Nature of Fluoride Problem 
 
 

Incidence of Dental Caries     Incidence of Fluorosis 
 
 
 

Low F mg/l in Water  High F mg/l Water   Low F mg/l in Water  High F mg/l in Water 
 
 
 
Prepare Risk Maps  Water source may be Fluorosis may be occupational, Natural   Industrial 
   outside the area etc  water source may not be local,    

dietary factors could be important    
   

          Prepare Contaminant 
          Risk remediation 

Maps  may be more 
appropriate 

 
 
Management Decision Assess Risks  Assess Risks Management Decision Assess  
Water mixing/fluoridation Further   Further  Water mixing, alternative Risks 
etc        sources, defluoridation,  Further 
        etc  
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1 Introduction 
 
 
Fiona Fordyce and Kamil Vrana 
 

 

 

This report outlines the development of a risk assessment geographic information system 
(GIS) for Central Europe carried out as part of a project to assess and develop remediation 
technologies to combat high fluoride (F) concentrations in drinking water in Ukraine, 
Moldova, Hungary and Slovakia: INCO-COPERNICUS IC15-CT98-0139 ‘Water Quality 
Improvement Through Fluoride Reduction in Groundwater of Central Europe’.  Like many 
naturally occurring elements, fluoride can cause human health problems if ingested in 
excess and the primary aim of the project was to develop technologies to remove fluoride 
from drinking waters. The second aim of the project was to develop a risk assessment GIS 
to predict areas were high-fluoride waters or fluorosis (fluoride toxicosis) may occur in 
Central Europe so that remediation technologies can be deployed most effectively. Between 
December 1998 and December 2001, hydrogeological, geochemical, medical and GIS 
experts from Ukraine, Moldova, Hungary, Slovakia and the UK were involved in the 
development of the risk assessment GIS.  In the original project plan, the geographic focus 
centred on Ukraine, Moldova and Hungary, however, information for Slovakia was also 
included in the project as excellent geochemical data were available for Slovakia and 
enhanced the overview of fluoride risks in the study region. The risk assessment scheme 
and GIS have been developed on the basis of data available for each country. During the 
course of the project it was apparent that in addition to human health problems associated 
with high- fluoride waters, many areas of Central Europe were at potential risk from dental 
caries related to low fluoride concentrations in drinking water. A dental caries risk 
assessment was also devised as part of the study. 

 

The development of the project risk assessment GIS was based upon the collation and 
digitisation of existing information relevant to fluoride risk in Ukraine, Moldova, Hungary 
and Slovakia assembled for the first time in a readily accessible form to aid water 
management. In addition, geochemistry and health studies to examine in more detail the 
relationships between high-fluoride drinking waters and health effects in the population 
were carried out in Moldova and Ukraine. This is the first time that the dental-skeletal and 
physiological  status of the population and the hydrogeochemistry have been investigated 
simultaneously in these countries and the data contribute to a state-of-the-art assessment of 
fluoride risk in Central Europe.  

 

This report contains an overview of the human health problems associated with fluoride in 
drinking water and outlines the development of a theoretical risk assessment framework for 
the project. Results of an international literature review are discussed in the context of the 
study area and the information available for each country is described. The rationale behind 
the final risk assessment scheme for Central Europe is presented and fluoride risks in each 
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country are reviewed. Recommendations for future follow-up and the development of 
similar risk assessment schemes in other areas are also suggested. 
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2 Environmental Fluoride and  
Health 

 

 

Fiona Fordyce, Vladislav Povorosnuk, Edward Zhovinsky and Kamil Vrana 
 

 
 

2.1 INTRODUCTON  
 

This chapter provides background information on the occurrence and controls on fluoride in 
the environment and influences on health collated from Central European expertise and 
from a review of international literature. Data from these two data sources have been 
combined into a project bibliography (Chapter 10) designed to aid the development of the 
GIS and to act as a reference source for future users of the fluoride risk assessment in 
Central Europe. 

 

2.2 FLUORIDE INTERNATIONAL LITERATURE REVIEW 
 

The review of international literature was carried out on existing references held by the 
British Geological Survey (BGS) and on the electronic bibliographic databases BIDS ISI® 
(scientific citation index) and MEDLINE® (medical citation index). Information on these 
latter two databases was available from 1981 – 2000 and 1966 – 2000 respectively. The 
keywords used in the searches are listed in Table 2.1.  

 
Table 2.1 Keywords used in digital database searches 
 
List of Keywords 

----------------------------------------------------------------------------------------------------------------------------- 

Moldova (n)  Fluoride  Fluorosis  Water 

Ukraine (ian)  Calcium  Diet  Hydrogeochemistry 

Slovakia (n)  Vitamin D  Dental  Hydrogeology 

Hungary (ian)  Vitamin C  Pollution  Groundwater 

 
Words were used individually and in combination during the search 
 

 

Approximately 26,000 references to fluoride and 1000 references to fluorosis were returned 
from the electronic database search. The majority of these references reflect the scientific 
processes involved in the development of dental products and the on-going debate in the 
United States and other Western Countries on the use of fluoride in dental practice. A 
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significant proportion of the literature also refers to the benefits and hazards associated with 
the use of fluoride to combat osteoporosis. There is a wealth of literature on the effects of 
fluoridated dental products and drinking water on dental health and on the uptake of 
fluoride in children. The literature contains arguments both for and against the fluoridation 
of water to aid dental health reflecting increasing concern in the United States over elevated 
fluoride intakes.  

 

Pertinent to this study, 170 references from the international literature were collated in the 
review. Of these, several were references to dietary intakes and dental uses of fluoride in 
Hungary but no information on fluoride in groundwater or fluorosis in Hungary, Ukraine or 
Slovakia was returned in the international searches. Two references to fluoride in soils in 
Moldova were retrieved. Only a small proportion of the literature, largely from developing 
countries, was concerned with the uptake of fluoride from natural waters and the factors 
controlling fluoride intake in humans such as hydrochemistry and diet. This information 
and data from approximately 210 references from Central Europe are summarised in the 
following sections of this report. 

 
 

2.3 OCCURRENCE OF FLUORIDE IN THE ENVIRONMENT 
 

2.3.1 Geochemical Distribution 
Fluorine, is a naturally occurring chemical element, which exists in the rocks, soils, waters, 
air, plants and animals on Earth.  It is the lightest member of the halogen elements and is 
the 13th most abundant naturally occurring element in the Earth’s crust. It is the most 
electronegative and reactive of all the elements. As a result, elemental fluorine does not 
occur in nature but is found as fluoride mineral complexes. Fluorides account for 0.06 – 
0.08% of the Earth’s crust but their average crustal abundance is low (300 µg/g, Tebbutt, 
1983, Table 2.2). Unlike some of the other halogen elements, the majority of fluoride in the 
Earth’s surface environment is derived from rock minerals whereas other sources such as 
airborne seawater and anthropogenic activities constitute a relatively small proportion 
(Fuge, 1988; Lahermo, 1991) (Tables 2.2 and 2.3). 
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Table 2.2 Average fluoride concentrations in selected materials 
 

Material   Fluoride Content  Reference 

------------------------------------------------------------------------------------------------------------ 

Earth’s Crust  300 µg/g   (Tebbutt, 1983) 

Igneous Rocks  715 µg/g   (Hem, 1992) 

Sandstones  392 µg/g   (Hem, 1992) 

Shales   575 µg/g   (Hem, 1992) 

Limestones  842 µg/g   (Hem, 1992) 

 

Seawater   1.3 mg/l   (Hem, 1992) 

Freshwater  0.5 mg/l   (WHO, 2000a) 

Groundwater  < 10 mg/l   (WHO, 2000b) 

Sodic Lakes (East Africa) 690 – 2800 mg/l  (WHO, 2000a) 

Air (non industrial)  0.05 – 1.90 ng /m3  (WHO, 1986) 

Air (including industrial) 3 ng/ m3   (WHO, 2000b)  

Air (industrial)  70 ng/m3   (WHO, 2000b) 

 

Vegetables and Fruit 0.1 – 0.4 µg/g  (WHO, 1986) 

Kale   ≤ 40 µg/g fresh weight (FW) (WHO, 2000b) 

High F Barley and Rice 2 µg/g   (WHO, 1986) 

Meat   0.2 – 1.0 µg/g  (WHO, 1986) 

Fish   2 – 5 µg/g   (WHO, 1986) 

Milk   0.02 – 0.05 mg/l  (WHO, 1986) 

Tea   ≤ 400 µg/g dry weight (WHO, 2000a) 

 

Toothpaste  1000 – 1500 µg/g  (WHO, 1986) 

Dental Gel  2500 – 2400 µg/g  (WHO, 1986) 

Fluoride Tablets  250 – 1000 µg/ tablet (WHO, 1986) 
 

WHO = World Health Organisation 

 
Table 2.3 Range of fluoride concentrations in some natural materials (Zhovinsky, 1979a) 
 
Material   Fluoride Content   

------------------------------------------------------------------------------------------------------------ 

Earth’s Crust  25 – 10 000 µg/g     

Rocks   300 – 800 µg/g    

Soil   30 – 320 µg/g (mean 200 µg/g)    

Fresh Water  0.01 – 0.8 mg/l (more rarely 0.8 – 20 mg/l)    

Saltwater   0.7 – 1.4 mg/l 

Air   2 x 10-6 – 4 x10-4 mg/m3    

Vegetable Tissue  0.05 – 3 µg/g 

Soft Animal Tissue  0.05 – 3 µg/g 

Hard Animal Tissue  100 – 800 µg/g 
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Fluorine has a propensity to acquire a negative charge and in solutions forms F- ions. The 
geochemical behaviour of fluoride ions resembles that of hydroxyl ions (OH-) due to the 
similarities in charge and radius and fluoride often substitutes for hydroxyl ions in mineral 
structures (Hem, 1992). Approximately 150 fluoride-bearing minerals have been identified. 
Calcium fluoride known as fluorite (CaF2), the most common fluoride mineral has low 
solubility and occurs in both igneous and sedimentary rocks. Other minerals that contain 
significant concentrations of fluoride include apatite (Ca5(Cl,F,OH)PO4); cryolite 
(Na3AlF8); amphiboles such as hornblende; pyroxenes; micas and aragonite (WHO, 2000a). 
Table 2.4 lists the number of fluoride-bearing minerals in some different chemical groups 
and examples of the most important mineral types in each group. 

 
Table 2.4 Fluoride bearing minerals (Frencken, 1990) 
 

Mineral Group Number of Minerals Most Important Minerals 

-------------------------------------------------------------------------------------------------------- 

Silicates  63   Amphiboles, Micas 

Halides  34   Fluorite, Villiaumite 

Phosphates 22   Apatite 

Others  30   Aragonite 

 

 

Fluoride is commonly associated with volcanic activity, fumarolic gases, volcanic glasses 
(obsidian), geothermal thermal waters and granitic rocks.  Although the total volume of 
hydrogen fluoride (HF) in volcanic gases amounts to only 1 or 2 %, the fluoride 
concentration may reach several thousand g/cm3. High pH thermal waters such as those of 
the East African Rift, contain exceptionally high fluoride concentrations (Edmunds, 1995) 
Table 2.2.   

 

2.3.2 Hydrogeochemistry 
Fluoride in most waters is predominately in the free F- ionic form although at low pH, 
hydrogen fluoride (HF) may be produced (Hem, 1992). Fluoride also forms complexes with 
aluminium (Al), beryllium (Be), iron (Fe3+), boron (B) and silica (Si), however, the main 
control on dissolved fluoride in most waters is fluorite (CaF2) solubility such that in waters 
containing sufficient Ca concentrations, fluorite will be in equilibrium. Hem (1992) 
demonstrated that in the presence of 10-3 M/l Ca, fluorite concentrations should be limited 
to 3.1 mg/l assuming a solubility product of 10 -10.58 for fluorite. It is therefore an absence 
of Ca in solutions, which favours the stability of high-fluoride waters (Edmunds and 
Smedley, 1996). It is estimated that cryolite (Na3AlF6) solubility is not a limiting factor for 
fluoride concentrations in most waters. For example, in a solution containing 2300 mg/l 
sodium (Na) and 2.7 mg/l Al (only possible in very low pH waters) the concentration of 
fluoride would only be limited to 30 mg/l (Hem, 1992). High-fluoride waters can therefore 
be expected in the following situations (Edmunds and Smedley, 1996): 

• Fluoride minerals (or F-substituted minerals such as biotite) are present 

• Ca-poor waters 

• Waters where cation exchange of Na for Ca occurs  
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There are many examples worldwide where fluoride problems have been linked to these 
particular types of waters. In India, studies demonstrate that high-fluoride waters have high 
alkalinity (bicarbonate (HCO3) > Ca and Mg), low water hardness, low Ca and Mg contents 
and very often, greater Mg than Ca contents. In these waters, calcite and dolomite 
precipitation removes Ca and Mg whereas fluorite is the last mineral to reach equilibrium 
and precipitate (Bhagan et al., 1996a) (Bhagan et al., 1996b) (Jacks et al., 1993). Similarly, 
(Teotia et al., 1981) report that high-fluoride waters in India are Na-Cl (chloride) rather 
than Ca-Mg dominated and have low hardness and increased alkalinity. High fluoride 
contents in Chinese waters (up to 45 mg/l) occur in low-Ca, high-Na thermal waters of pH 
> 7.5 (Fuhong and Shuqin, 1988). Lui and Hua (1991) also noted a relationship between 
fluoride-rich waters in China and Na-dominance due to the high solubility of cryolite 
(Na3AlF6). High-fluoride waters in Kenya are also reported to contain high HCO3-CO3 and 
low Ca-Mg (Nanyaro et al., 1984). 
 

 

In areas where geological formations contain fluoride minerals, the groundwater through its 
direct contact with the rocks usually has higher fluoride contents than adjacent surface 
waters. Fluoride concentrations in most waters are usually below 1 mg/l, however, in 
groundwater, contents can vary between 0.1 to over 100 mg/l depending factors such as: 
 

• Seasonal recharge - in shallow groundwater, the fluoride content is usually lower 
during the wet season than the dry season due to dilution by infiltrating rainwater.  

• Depth - deep groundwaters generally contain more fluoride due to greater contact 
times with fluoride-bearing minerals and the influence of deep hydrothermal waters 

• Fluoride minerals - groundwater fluoride concentrations may be highly variable at 
the same locality depending on the presence or absence of fluoride-bearing 
minerals at different depths. 

 

 

Fluoride concentrations in surface waters and groundwaters are commonly controlled by 
the following natural and man-made processes (Mjengera, 1998):  

  

• Leaching of  rocks in areas where lithologies such as volcanic ash, exhalations and 
sublimates contain very high concentrations of soluble fluorides. 

• Rainwater may acquire low concentrations of fluoride from marine aerosols and 
continental dusts. 

• Industrial emissions such as freons, organofluoride compounds produced by 
burning fossil fuels and dust from cryolite processing 

• Industrial effluents from processes using fluoride-bearing compounds. 

• Fluoride in the run-off from agricultural processes using phosphatic fertilisers 
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In addition to these factors, fluoride concentrations in waters are controlled by the presence 
or absence of sorbant materials. The clay minerals gibbsite, kaolinte and halloysite are 
effective sorbants of fluoride in water and can limit the amount of fluoride in solution, 
especially under low pH conditions. 
 
 

2.3.3 Soil Chemistry 
The mineral, chemical and mechanical composition of soil-forming rocks greatly influences 
the distribution and concentration of fluoride in most soil horizons. Other common sources 
of fluoride in soils include fluoride-bearing minerals, volcanic gases, atmospheric 
precipitation and mineral fertilizers. Fluoride from the atmosphere is dissolved in soil pore 
waters and is distributed in the redox zone. The main factor controlling fluoride 
accumulation in soils is sorption by clay minerals, hydroxides and organic substances. In 
general terms, there is a close association between the acidity of soil and its ability to retain 
fluoride (Zhovinsky, 1994c). Bowen (1979) suggests an average fluoride concentration of 
200 µg/g for most soils. 

 

2.3.4 Fluoride in the Biomass 
Fluoride is found in fluoroacids and nucleocidine but is not essential to bacteria, algae, 
fungi and higher plants. The element accumulates in the plant species Accacia georginae, 
Dichapetalum ssp., Gastrolobium grandiflorum and Porifere Dysudea crawshayi. Fluoride 
toxicity in plants causes chlorosis or yellowing of young leaves and growth reduction and 
generally manifests at contents above 5 µg/g (Mankovska, 1996). 
 
 
Bowen (1979) suggests average fluoride concentrations of 0.02 - 24 µg/g in most plants, 
whereas the total fluoride content of the world biomass has been estimated by Markert 
(1992) as 3.682 x 106 tonnes. 

 

2.3.5 Anthropogenic Sources 
In addition to natural sources of fluoride, anthropogenic sources include coal burning, the 
production of coke, glass, ceramics and electronics; steel and aluminium processing and 
pesticide, fertiliser and electroplating operations (Bartram and Balance, 1996). Cryolite is 
used as a catalyst to facilitate aluminium electrolysis and environmental contamination with 
fluoride around aluminium plants has been well documented in many countries.  The 
industrial processing of fluoride is rising sharply around the world. During the last two 
decades, fluoride usage in the USA increased four times from 0.4 to 1.5 million tonnes. In 
the year 2000, the global use of fluoride reached 15 million tonnes. During the 1970s of 6.4 
million tonnes of fluoride processed by world economies, it is estimated only 0.4 tonnes 
became industrial products and the remainder was dispersed to the environment as waste 
and losses (Okunyev et al., 1987). 
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2.4 FLUORIDE DEFICIENCY AND EXCESSS - EFFECTS ON HUMAN HEALTH  
 

Biogeochemical processes and human industrial activity determine the distribution and 
dispersion of fluoride in the environment. Like several other naturally occurring elements, 
fluorides can enter the human body by ingestion, inhalation and skin absorption via air, 
water, food, medicines and cosmetics and have an effect on human health.  

 

2.4.1 Deficiency 
Dental caries is one of the most widespread diseases affecting mankind. It is estimated that 
in economically advanced countries, dental caries prevalence is currently 95 – 98% and 
these rates are rising in all cultures around the world. Caries is the most common cause of 
tooth loss, inhibited mastication and poor digestion. During the 1930s - 1950s, studies 
carried out in the USA and Europe demonstrated a link between improved dental health and 
the introduction of fluoridated toothpaste and fluoridated drinking water to local 
communities. Caries prevalence in residents of localities where the water fluoride content 
was 1 mg/l or more was found to be almost half that of communities where drinking water 
contained 0.1-0.3 mg/l fluoride (Dean et al., 1942a) (Dean et al., 1942b). These 
observations led to further studies into the prophylaxis of caries by endogenic use of 
fluoride compounds. Scientists are still uncertain whether fluoride is essential to human 
health but the mechanisms of dental benefaction are thought to be two-fold. Firstly, teeth 
are formed from the calcium mineral hydroxylapatite. During the pre-eruptive stage (i.e. 
during tooth formation in children up to 12 years old) fluoride is thought to accelerate the 
mineralisation process and can enter the mineral lattice forming fluorapatite, which is 
stronger (less soluble) than hydroxylapatite. Experiments on rats have demonstrated 
activation of mineralisation and increases in dental cement growth іn animals receiving 
higher fluoride concentrations. Secondly, fluoride acts as an anti-bacterial agent in the 
mouth helping to minimise acid-attack on teeth  (Brown and Konig, 1977; Jenkins, 1967; 
Lukomsky, 1955; Pashayev et al., 1990; Petrovich et al., 1995; Voynar, 1960). 

 

2.4.2 Excess 
The detrimental effects of high-fluoride intake on the structure of dental hard tissue were 
established by Smith et al., (1931) who proved a connection between mottled enamel and 
excess fluoride in drinking water. This condition, named dental fluorosis, is an irregular 
calcification disorder of the enamel-forming cells. Fluorosed enamel is porous, often 
stained and has brown pits and in its more severe form, is brittle and prone to erosion and 
breakage.  

 

Subsequent investigations revealed that fluoride also affects the human skeletal structure as 
it is a powerful calcium-seeking element. Endemic skeletal fluorosis is a chronic metabolic 
bone and joint disease caused by intake of large amounts of fluoride either through water or 
rarely from foods/air in endemic areas. Human and other animal bones are composed of 
hydroxylapatite but this mineral and fluorapatite are end-members in the apatite solid 
solution series therefore fluoride exchanges readily with the OH- ion in the apatite structure 
increasing the brittleness and decreasing the solubility of the bone structure (Dissanayake 
and Chandrajith, 1999; Skinner, 2000). The bones of the human body are constantly 
resorbed and redeposited during a life-time and high fluoride intakes increase the accretion, 
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resorption and Ca-turnover rates of bone tissue affecting the homeostasis of bone mineral 
metabolism (Krishnamachari, 1986a). Calcification of soft tissues such as ligaments can 
also occur. Although approximately 80% of fluoride entering the body is excreted mainly in 
the urine, the remainder is adsorbed into body tissues from where it is released very slowly 
(WHO, 1996a). Repeated or continuous exposure to fluoride therefore causes accumulation 
of fluoride in the body. Fluoride is a cumulative toxin and although skeletal fluorosis 
commonly affects older people following long years of exposure, crippling forms of the 
disease are also seen children in endemic areas. Hyperthyroidism is a secondary effect of 
the condition (WHO, 1996a). 

 

In terms of effects on soft tissues, problems associated with occupational exposure have 
been well documented. At very high doses fluoride interferes with carbohydrate, lipid, 
protein, vitamin, enzyme and mineral metabolisms and can lead to haemorrhagic 
gastroenteritis, acute toxic nephritis and damage to the liver and kidneys. The acute lethal 
dose is 2 g (WHO, 1996a). Long-term exposure to fluoride reduces the iodine accumulation 
activity of the thyroid resulting in a reduction in triiodothyronine production, an increase in 
thyrotropic hormone levels in blood-serum and irregularities of the androgen status 
(subclinical hypothyrosis).  

 

In contrast, data on the effects of general environmental fluoride exposure on human soft 
tissue homeostasis are equivocal. There is some evidence to suggest that continuous 
fluoride intoxication provokes hypertension and chronic ischemic heart disease 
(Krishnamachari, 1986b). Some studies have shown that clinically acute fluoride 
intoxication manifests as nausea, sickness, diarrhoea, stomach ache and heart rate disorders 
at concentrations of 6.5 –20 mg/l in water. Due to the inhibition of cholinesterase glycolysis 
and the formation of complex fluoride and Ca compounds in extracellular fluids, such 
metabolic disorders are observed as hypercalcemia, hypocalcemia and hypomagnesemia. 

 

 

2.5 ENVIRONMENTAL EXPOSURE AND FLUORIDE UPTAKE 
 

2.5.1 Fluoride in Drinking Water 
The World Health Organisation (WHO) estimate that in most situations, the major pathway 
for fluoride to enter the human body is via drinking water and in response to the potentially 
harmful effects of the element, have set a drinking water quality maximum admissible 
concentration (MAC) of 1.5 mg/l (Table 2.5). Numerous clinical and experimental studies 
show a variety of influences of fluoride on human health depending upon the content in 
drinking water (Gnatyuk, 1988) (Grigoryeva et al., 1993), (Rozier, 1999). Research has 
shown that fluoride concentrations between 0 – 0.5 mg/l favour dental caries development 
whereas concentrations between 1.5 - 5 mg/l can result in dental fluorosis. Ingestion of 5 - 
40 mg/day fluoride via drinking water can produce skeletal deformities, and knock knees 
(genu valgum) have been reported in adolescents receiving > 10 mg/day in water 
accumulated from birth (WHO, 1996b). However, fluoride contents of between 0.5 – 1.5 
mg/l have a beneficial effect, reducing caries development.  The relationships between 
water fluoride content and fluorosis prevalence determined in some previous investigations 
are outlined in Table 2.6. 
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Table 2.5. International guidelines for fluoride concentrations in drinking water and possible health 
effects 

 

Guideline Value  F mg/l Water Possible Health Effects 

-------------------------------------------------------------------------------------------------------------------------------------------------- 

Recommended Minimum 0.5  Dental cavities may occur at lower concentrations 
 
Optimum Range  0.5 – 1.5  No adverse health effects, cavities decrease 

 
Recommended Maximum 1.5 Mottling of teeth and dental fluorosis may occur at higher  
  concentrations. Association with skeletal fluorosis at > 3 mg/l 

concentrations 
 

From: Guidelines for Drinking Water Quality. 1996. World Health Organisation, Geneva. 
 
 
Table 2.6 Relationships between water fluoride content and fluorosis prevalence from previous 

studies 
 
F mg/l Water  Fluorosis Prevalence % 

------------------------------------------------------------------------------ 

0.8    10 – 12  (mild forms) 

1.0 – 1.5    20 – 30   

1.5 – 2.5   30 – 45 

> 2.5   > 50 

(Eklund et al., 1987; Gabovych and Ovrutsky, 1969; Gnatyuk et al., 1988; Grigoryeva et al., 1993; Heller et al., 1997a+b; Jackson et al., 1999; 
Kasyanenko et al., 1981; Larsen et al., 1987; Mascarenhas, 1999; Nikolishyn, 1999; Pavlyenko et al., 1987; Rozier, 1999) 

 

 

It is estimated that more than 260 million people across the world consume drinking water 
containing more than 1.5 mg/l fluoride many of which live in tropical countries (WHO, 
1984). Endemic dental and/or skeletal fluorosis have been reported in the East African Rift 
Valley associated with volcanic rock types and thermal waters (Bhagan et al., 1996a). In 
India and Sri Lanka, fluorosis is linked to alkaline groundwaters (Susheela, 1999; 
Dissanayake, 1996) and in China problems are associated with high-fluoride groundwaters 
and inhalation of fluoride from coal smoke (Zheng et al., 1999). Approximately 25 million 
people suffer from fluorosis in India alone (WHO, 2000a). Table 2.7 lists some of the 
countries where health problems associated with > 1.5 mg/l fluoride in drinking water have 
been identified. 
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Table 2.7 Some countries where human health problems associated with > 1.5 mg/l fluoride in water 
have been reported 

 
Region   Country 

--------------------------------------------------------------------------------------------------------------------------------------------- 

Africa   Ethiopia, Sudan, Kenya, Tanzania, South Africa, Nigeria, Senegal,   
   Algeria, Egypt, Zimbabwe, Malawi, Morocco, Uganda, Somalia 

 

Asia   India China, Korea, Thailand, Sri Lanka, Indonesia, Yemen, Pakistan 

 

South America  Mexico, Peru, Ecuador, Chile, Argentina 

 

Europe   Ukraine, Moldova, Finland, Sweden, Greece, UK, Germany, Poland, Hungary 
 

 

The WHO water quality guidelines are based on consumption of 2 l/day and an average 
intake of 1.2 - 3.4 mg fluoride from water. However, conditions may vary between climatic 
regions and socio-economic groups and total fluoride exposure should be considered when 
assessing the affects of fluoride in water. In tropical countries for example, water 
consumption is much higher than in temperate regions as the ambient temperatures are 
higher and the physical workload generally greater. Adults consume on average 2 to 5 litres 
per capita per day and sometimes up to 10 litres per capita per day. Therefore the MAC 
need to be lower in these conditions. A study carried out in Senegal, for example, found 
dental fluorosis occurred in populations consuming water with only 0.6 mg/l fluoride and 
skeletal fluorosis was endemic in areas where water fluoride contents were greater than 7.0 
mg/l (Frencken, 1990). In both tropical and temperate regions, a number of studies indicate 
that dental fluorosis can occur when water fluoride concentrations are below 1.5 mg/l 
(Weeks et al., 1993; Bhagan et al., 1996b; Dissanayake and Chandrajith, 1999) and dental 
mottling in children has been reported when fluoride concentrations in water are as low as 
0.8 mg/l.  Conversely some communities who intake water with more than 1.5 mg/l 
fluoride do not suffer dental fluorosis. This may be because health outcomes are not just 
dependent upon the total fluoride concentration in the water but may be influenced by other 
water chemistry and dietary parameters. In addition to the international water guidelines, 
the WHO recommend that the total intakes at 1, 2 and 3 years of age should be limited to 
0.5, 1.0 and 1.5 mg/day respectively with not more than 75% in soluble water form and that 
adult intakes of > 5 mg/day from all sources pose a health threat (WHO, 1996b). 
 

2.5.2 Fluoride in Air, Foodstuffs and Other Sources 
In addition to water consumption, total fluoride uptake also depends upon dietary sources 
and inhalation. Due to the presence of continental dusts, the industrial production of 
phosphate fertilisers, coal ash and gases from burning fuels and volcanic activity, fluoride 
is widely distributed in the atmosphere, however, in non-industrial areas, typical 
concentrations in air are low ranging from 0.05 to 1.90 mg/ m3. Average fluoride exposures 
from air are estimated at 1 ug/m3 and are insignificant in normal circumstances (WHO, 
1996a). In areas where high-fluoride coal is burned or phosphatic fertilisers are produced 
and used, exposure via inhalation can cause health problems. For example, high 
concentrations of atmospheric fluoride occur in areas of Morocco and in China where it is 
estimated that more than 10 million people suffer from fluorosis related to the burning of 
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high-fluoride coal (Zheng et al., 1999). In gaseous and particulate form, the degree of 
toxicity of different fluoride chemical species is in the order F2 > F2O > H2F2 > H2SiF6 > 
BF3 whereby gaseous fluoride species are more toxic than particulates in air.  

 

Exposure to fluoride in foodstuffs is normally less important than water as the fluoride 
content of most foods is low (< 10 mg/kg). However, seafood (0.01 - 24 mg/l FW), tea (3.2 
- 400 mg/l FW) and some wines (0 - 6.34 mg/l) can contain relatively high quantities. 
Despite the fact that fish protein may contain up to 370 mg/kg fluoride and fluoride 
accumulates in the bones of canned fish, even in mixed diets with relatively high fish 
consumption, it is estimated that average daily fluoride intakes are only about 0.2 mg 
(WHO, 1996b). Vegetables and fruits normally contain low concentrations of fluoride, but 
some fruit juices have elevated concentrations as fluoride is used as a pesticide during crop 
growth (Kiritsy et al., 1996). High levels of fluoride have also been reported in barley, rice, 
taro, yams and cassava (WHO, 1996b). A study in two endemic fluorosis regions in 
Tanzania with water supplies containing 0.2 – 0.8 mg/l fluoride demonstrated that the 
impact of dental fluorosis was lower in coastal communities despite the fact that they 
consumed fish and tea (fluorosis rate 7-46%, no severe forms) than in inland villages where 
a high-fluoride magadi salt was used in cooking (fluorosis rate 53-100%, severe forms 
highly prevalent 18-97%) emphasising the need to consider all sources in exposure 
assessments (Mabelya et al., 1997).    

 

Significant quantities of fluoride can also be absorbed inadvertently from dental 
applications. Toothpastes typically contain 1.0 – 1.5 g/kg fluoride and studies estimate 
intakes of 50 ug per brushing and 2 mg per use with mouthwash (Sabeiha and Rock, 1997). 
It is also estimated that swallowing of toothpaste may contribute between 0.5 – 0.75 
mg/day fluoride in children (WHO, 1996b) and as a result, low fluoride child-toothpaste is 
now available in many countries.  

 

There is increasing evidence to suggest that the fluoride content of infant formulas can have 
a negative impact on teeth. In a study carried out in six countries, infant formula made with 
distilled water was found to supply 30 µg/day fluoride and the average daily fluoride intake 
of 3-month-old babies was estimated at 3-74 µg (WHO, 1996b). Heilman et al. (1997) 
report evidence of dental mottling in infants receiving 0.5 mg/day fluoride from baby 
formula and after weaning, in children given 1 mg/day fluoride as dental supplements. In 
areas of low fluoride concentrations in water, fluoride levels in breast milk are 
approximately 5 µg/l, however, human milk containing 7 µg/l has been reported in an area 
where the fluoride content of water was 1 mg/l (WHO, 1996b).  

 

Some daily dietary intake estimates for different countries are listed in Table 2.8. 
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Table 2.8 Estimates of daily dietary fluoride intake (WHO, 1996b).  
 
Country  F mg/l  Adult  Children 

Water  Intake mg/day Intake mg/day 
------------------------------------------------------------------------------------------------------- 

USA  -  0.2 – 3.1  0.5 

Germany  -  0.51  0.25 

USA  < 0.3  0.86  0.21 – 0.23 

USA  0.7  1.85  0.42 - 0.62 

Japan  -  1.12 - 1.34 

India  2 – 11  6 - 30  

 

 

2.5.3 Fluoride Uptake 
More than 90% of the fluoride present in water is absorbed in the human body compared to 
only 30 – 60% of fluoride in foodstuffs (WHO, 1996b). Even fluoride in liquid products 
(milk, etc) is assimilated 10% less than in water (Zhovinsky, 1994d). Interestingly, 
experiments on rats have shown that in small quantities, solid fluoride compounds (NaF, 
Na2SiF6, K2SiF6, Na3AlF6, NH4.2SiF6, CaF2) are absorbed more readily than at higher 
concentrations, for example, 96% adsorption of fluorite and 93% adsorption of cryolite 
(Krishnamachari, 1986b).  In the stomach under acid conditions, up to 40% of the ingested 
fluoride can be absorbed following conversion to hydrogen fluoride (HF). Fluoride that is 
not absorbed in the stomach is subsequently ingested in the upper intestine independent of 
pH (Whitford, 1997). Dental fluorosis is thought to develop when more than 0.1 – 0.15 mg 
per 1 kg of body weight fluoride is adsorbed (Zhovinsky, 1994d). 

 

Total fluoride absorption in the human body not only depends upon the concentration in 
water but on the proportion of liquid to solid matter (food) consumed and the composition 
of the food. Studies have shown that Ca contents up to 200 mg/l, Mg contents  up to 160 
mg/l, Fe contents  up to 20 mg/l,  and PO4

2- contents  up to 80 mg/l have little influence on 
fluoride absorption independently but in combination, these elements can have an effect 
(Zhovinsky, 1994d). The intake of cations such as Ca, Mg and Al, which form insoluble 
complexes with fluoride has a protective effect against absorption (Jowsey and Riggs, 
1978) (Whitford, 1997) whereas the presence of PO4

2-
, Fe, SO4

2- and Mo enhances 
absorption (Zhovinsky, 1994d).  

 

Many studies demonstrate that the prevalence and severity of fluorosis are influenced by 
complex interactions between dietary factors. Protein deficiency is thought to enhance the 
effects of fluorosis as proteins aid the absorption of Ca in the body (Zheng et al., 1999; 
Jacks et al., 1993). In a nutritional study of Chinese children suffering fluorosis, protein 
intake was found to be above the national standards, however, children with Ca-poor diets 
who did not consume milk displayed the most severe forms of the disease (Chen and Lin, 
1997). In another Chinese study of two communities with similar fluoride intake but  
differing nutritional status, the community with lower Ca and protein diets suffered more 
fluorosis (Li et al., 1996). In addition to the influence of proteins, there is some evidence to 
suggest that high fat diets may exacerbate the adverse health affects of fluoride 
(Krishnamachari, 1986b). 
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Vitamins C, D and E have also been implicated in the pathogenesis of fluorosis. Vitamin C 
aids the hydroxylation of prolein, one of the most important amino acids of the basic bone 
building material collagen. Hence, healthy collagen is required if bones are to be calcified 
correctly (Susheela, 1999). Vitamin D is known to aid Ca absorption in the body and 
deficiency has been both suggested (Misra et al., 1992; Rajyalakshmi and Rao, 1985; 
Teotia and Teotia, 1994) and disputed (Mithal and Godhole, 1992) as a contributory factor 
in fluorosis in India. Evidence for the prophylactic effect of vitamin E against fluorosis has 
also been demonstrated in rats (Burgstahler, 1985). 

 

In summary, the absorption of fluoride in the gastrointestinal tract depends upon:  

 

1. The type of fluoride compound (organic, inorganic, etc), its form and solubility 

2. The concentration of fluoride ingested 

3. The nature and volume of accompanying compounds  

4. Nutritional status 

5. Physiological status (age etc) 

 

Once absorbed, the majority of fluoride (approximately 60–80%) is retained in the skeleton 
and the average fluoride content of human bones is 300 - 7000 ug/g dry tissue. In contrast, 
fluoride levels in blood are normally very low typically ranging from 0.04 mg/l in normal 
circumstances to 0.5 – 0.8 mg/l in fluorosis populations. For example, studies in Algeria 
report 0.6 mg/l in blood in an area with 3 µg/l fluoride in water (WHO, 1996b). The 
retention of fluoride in bones versus secretion via the kidneys (and partly the skin) plays the 
most important role in the homeostatic mechanism responsible for maintaining the fluoride 
concentration in blood.  A certain proportion of fluoride (data from different studies 
estimates 15 – 50%) remains in an ionic state and the remainder forms albumin bonds with 
Са acting as a bond mediator. The lowest fluoride concentrations are found in body soft 
tissues, which generally contain 0.5-1mg/kg however; concentrations of 3 – 50 mg/kg are 
not uncommon in epidermal tissues. Even in cases of chronic fluorosis, only very slight 
increases in soft tissue fluoride concentrations are observed (Zhovinsky, 1994d). 

 

 

2.6 PATHOGENESIS OF DENTAL AND SKELETAL FLUOROSIS AND 
DENTAL CARIES  

 

2.6.1 Mechanisms of Dental Fluorosis 
It is thought that dental fluorosis manifests during enamel formation in the pre-eruptive 
phase of tooth development and can affect both temporary and permanent teeth. At the end 
of tooth development and mineralisation, the enamel and dentin become less penetrable for 
fluoride ions therefore the rate of inclusion and mobilisation of fluoride slows dramatically. 
Fluoride is incorporated into dental tissues hematogenically through pulp and saliva (or 
water) contact with upper layers of enamel. The fluoride content in different sections of 
enamel from the same tooth can vary greatly (from 50 to 560 µg/g) and teeth in the same 
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jaw can have differing fluoride contents (Gnatyuk, 1988; Krylov and Pyettsold, 1982; 
Redinov, 1984; Warren et al., 1999; Zhylenko and Dyeshchyuk, 1975). 

 

The mechanism of change in dental hard tissue due to fluoride excess is still open to debate. 
Sodium fluoride (NaF) is known to inhibit protein synthesis (Avtsyn and Zhavoronkov, 
1981a+b; Holland, 1980), which has lead some workers to believe that fluoride cytotoxicity 
is related to a reduction in protein synthesis. Fluoride is thought to affect the enameloblasts 
while the dental epithelial organ is under development, disrupting the formation of normal 
enamel (Den Besten, 1999; Den Besten et al., 1992; Gerlach et al., 2000; Patrikyeyev, 
1958). 

 

According to Lukomsky (1955) dental fluorosis occurs as a result of fluoride interaction 
with Ca, Mg, manganese (Mn) and other elements in the dental hard tissues destroying the 
biological activity of the these elements leading to enamel injuries. Voynar (1960) and 
Smolyar (1974) found a reduction in alkaline phosphatase activity in unformed dental 
tissues resulting in mineralisation disorders, however, this finding is not supported by other 
researchers (Babyel et al., 1968; Ericson and Angamar-Mansson, 1983). Fedorov et al. 
(1972) suggest that dental fluorosis is related to the more aggressive chemical activity of 
fluoride compared to iodine such that fluoride reduces the amount of iodine in the thyroid 
gland resulting in functional disorders.  Studies demonstrate that ingested fluoride is 
absorbed quickly into the blood and blocks thyroid activity. It should be noted, however, 
that even if fluoride is both chemically and biologically iodine-antagonistic, it does not 
influence goitre prevalence (Avtsyn et al., 1991; Smolyar, 1989). 

 

There is some evidence to suggest that fluoride influences the collagen metabolism. 
Collagen is the most widespread protein in the human body and its synthesis is suppressed 
by fluorosis. Fluoride induces the formation of active oxygen metabolites, which disturb 
collagen biogenesis. Since collagen is one of the most important foundations of bone 
formation, interruption of the collagen metabolism could also affect dental development. 

 

Another potentially important factor in dental fluorosis is the possible reduction in Ca 
content during tooth mineralisation, which leads to the destruction of hard dental tissue 
structure. Babyel et al. (1968); Fejerskov et al. (1994); Fejerskov et al. (1990); Fejerskov et 
al. (1977); Ovrutsky (1962) and Smolyar (1970; 1974) have all demonstrated that 
mineralisation disorders of hard dental tissues were associated with changes in Ca and P 
content. However, other workers report no significant difference in Ca and P contents in 
enamel from patients suffering fluorosis. Redinov (1981) obtained contradictory data on Са 
and Р, human patients with fluorosis showed no change in element contents whereas 
experiments on rats proved that the Са content of enamel was much lower when excessive 
fluoride was introduced. 

 

In addition to affects on dental hard tissues, both extremely low and extremely high 
fluoride concentrations can result in pathological changes in periodontal tissues (gums). In 
an experimental study on rats fed water with 1, 2 and 10 mg/l fluoride, the greatest 
prevalence of periodontal disease and dental fluorosis was observed in the high-fluoride 
group and the lowest prevalence in the 2 mg/l group. Animal sensitisation with pertussoid-
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diphtherial vaccine aggravated the inflammatory-dystrophic changes in the periodontium 
(Maksimenko et al., 1988; Skripnikova et al., 1993). Zhavoronkov (1976) found 
osteoporosis of the alveolar process in rats fed water with high fluoride concentrations and 
Vyesnina (1993) noted changes in periodontal antioxidant enzymes indicating stress of the 
defence mechanisms at high fluoride concentrations. 

 

Studies of maxillodental deformations caused by fluoride are few in number and open to 
debate. At low fluoride intakes, Zhavoronkov and Avtsyn (1989) noted the late eruption of 
teeth whereas Akhmyedov and Gusyeynov (1971) revealed a reduction in the abnormal 
occlusion rate at higher intakes.  Kotsyubinksy et al. (1989) explained a high prevalence of 
maxillodental deformations and loss of occlusion height by the rapid loss of the first 
permanent molars caused by fluoride deficiency. However, Radochina et al. (1989) found 
no systematic relationship between maxillodental deformations and fluoride intake. In an 
experimental study on rats Andryeyev (1981) observed a correlation between fluoride 
concentrations in water and the size of jaws such that a larger amount of fluoride led to a 
reduction in upper maxilla size.  

 

2.6.2 Severity of Dental Fluorosis 
Depending on the severity of fluorosis, dental injuries can manifest as chalk-like lines (line 
form) and spots (spot form) in various places over the tooth-crown; spot pigmentation from 
light yellow to dark brown; small defects in the enamel on the background of spots  (chalk-
like-dot form); more pronounced defects (erosive form) and  the complete destruction of 
dental enamel and wearing down of teeth (destructive form) (Gabovych, 1950; Groshikov, 
1985; Moller, 1965; Patrikyeyev, 1968; Wong, 1991). Increased fragility of hard dental 
tissues during fluorosis leads to the brittle fracture of crowns. Various schemes to assess the 
severity of dental fluorosis have been devised. The schemes adopted in this report are 
outlined in Tables 2.9 – 2.11. 
 
 
Table 2.9 R.D. Gabovych dental fluorosis classifications (orignally presented at the 5th All-USSR 

Meeting of Hygenists (Gabovych and Ovrutsky, 1969)) 
 

Severity  Description 

I Degree Slight injury, with 1/3 of labial (glossal) incisors or first molars masticatory tuber surface 
covered with small chalk-like dots. They are practically undetectable by the naked eye. 

II Degree  Similar chalk-like or tinted yellow spots (solitary or numerous) cover half of the crown 
and spread to a large number of teeth. 

III Degree  Moderate injury of many dental crowns, spots become larger, they occupy more space 
and have a brighter colour (dark-yellow or dark-brown). Teeth become fragile, they are 
easily worn down. 

IV Degree  Heavy injury. In addition to the above-mentioned changes, many small, pitted erosions 
occur, which sometimes join together. Chalk-like changes in the enamel create a “dead 
look” and the surface of the teeth become uneven. Increased fragility of the hard tissue 
leads to wearing down of teeth and broken enamel. Some teeth may even lose their 
natural form, affecting occlusion. 
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Table 2.10 V.K. Patrikyeyev dental fluorosis classifications (Patrikyeyev, 1958) 
 

Dental Fluorosis Type Description 

Line form Characterized by the appearance of small chalk-like lines on the enamel. 
This form of fluorosis primarily affects the central and lateral incisors of 
the upper jaw and more rarely, incisors of the lower jaw. The main effect 
is to the vestibular surface. 

Mottled form Changes in the enamel of incisors, canine teeth and more rarely of 
premolars and molars are more pronounced. They are associated with 
the appearance of chalk-like spots located on different parts of the 
crown. The intensity of colour increases towards the centre of the spot 
and on the periphery; the spot gradually dissolves into normal enamel. 
The surface near the chalk-like spot is even and shiny. Sometimes a 
weak yellow pigmentation covers the crown in various places. 

Chalk-like-spotted form As a rule, it affects teeth of all groups. Clinical features are variable. 
Sometimes the entire surface of the crown lacks pigmentation or has a 
chalk-like tint, preserving a shiny aspect. More often the surface acquires 
a mat look. Both cases can also include light-brown or dark-brown 
pigmentation of the enamel. Spots are located on the vestibular surface 
of the front teeth. When enamel loses its shine and becomes mat, it can 
also be covered with small round defects – spots with a diameter of 1.5 
mm and depth of 0.1—0.3 mm. Their base has a light-yellow or dark 
colour. 

Erosive form Greater injury to the dental tissues with more pronounced dystrophy 
(chalk-like changes of the enamel layer) and enamel pigmentation. Small 
spots are replaced by larger and deeper defects called erosions. Unlike 
spots, erosions may have various forms. The enamel is usually worn 
down to the dentin. 

Destructive form Occurs in endemic fluorosis hotspots with high fluoride content in water 
(10—20 mg/l). Along with typical but more pronounced fluorosis 
manifestations, the form of the crown is changed due to erosion, dental 
wearing and breakage. This form of fluorosis is associated with enamel 
and dentin injuries. 

 
 
 
 
 
Table 2.11 I. Moller dental fluorosis classifications (Moller, 1965) 
 
Dental Fluorosis Form Description 

I form — Questionable fluorosis  Enamel is covered with small white spots 

II form — Very mild fluorosis Enamel is covered with small opaque white spots that occupy no 
more than 25% of the crown surface 

III form — Mild fluorosis  Opaque white spots become larger, still occupying no more than 
50% of the enamel 

IV form — Moderate fluorosis Characterized by the appearance of brown spots and enamel 
damage 

V form — Severe fluorosis  Entire dental surface is injured, large areas have brown 
pigmentation, and the enamel is partly destroyed. 

 

 

There are many studies  (Bardsen and Bjorvatn, 1998; Lalumandier and Rozier, 1995; 
McGill, 1995; Pendrys et al., 1994; Rwenyonyi et al., 1999; Rybakov and Baziyan, 1972), 
which demonstrate that the severity of dental fluorosis depends primarily on the following 
factors: 
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1. Fluoride uptake (particularly in water) 

2. Duration of exposure 

3. Child nutritional characteristics age 1 – 2 years 

4. Physiological status 

5. Sensitivity to fluoride intoxication 

 

Thus, at the peak of endemia children who have suffered other somatic diseases are more 
susceptible to severe forms of fluorosis compared to healthy controls (Redinov, 1984). 
Experiments on rats fed water with fluoride concentrations of 2.0-5.0 mg/l showed a more 
pronounced inhibition of ameloblast functional activity in animals whose unspecific 
resistibility was weakened by horse serum sensitisation (Ovrutsky et al., 1985). 

 

Endemic fluorosis regions are often characterized by a reduction in the prevalence and 
intensity of caries affecting temporary and permanent teeth (Jackson et al., 1995; 
Maksimenko et al., 1987; Pashayev, 1976; Selwitz et al., 1995). However, during intake of 
very high concentrations of fluoride, the anti-caries effect is lost due to the prevalence of 
severe fluorosis causing increased fragility and breaking of enamel. Under these conditions, 
the dentin becomes exposed and destructive processes, which closely resemble dental caries 
are observed (Rybakov and Baziyan, 1972). 

 

2.6.3 Dental Caries 
Many studies have shown a relationship between low concentrations of fluoride in water 
and the prevalence and severity of dental caries (Eldarushyeva, 1989; Grigoryeva et al., 
1993; Kotsyubinksy et al., 1989; Maksimenko et al., 1987; Selwitz et al., 1998; 
Todorashko, 1989; Zhavoronkov and Avtsyn, 1989). 

 

In terms of the influence of fluoride on periodontal tissue, most research has shown an 
increase in periodontal disease with low fluoride intake.  Studies of the periodontium in 
children drinking water with high fluoride contents (1.6-2.0 mg/l) and low fluoride contents 
(0.09-0.20 mg/l) demonstrated greater prevalences of periodontal diseases and higher 
periodontal index values among children in the low-fluoride area. Studies carried out on 
rats (Politun, 1996) showed the destruction of the maxillary alveolar processes and 
inflammation of the jaws and periodontium during fluoride and iodine deficiency. The main 
mechanisms that destroy the protective function of periodontal tissues provoking 
inflammatory-destructive changes are thought to be a reduction in the bactericidal activity 
of neutrophilic granulocyte cation proteins in peripheral blood and the inflamed zone; 
disruption to intracellular cooperative action and imperfect reparative regeneration causing 
repeated chronic pathological changes and gingivitis.  Maksimenko et al. (1987) found no 
significant difference between periodontal disease prevalence in persons aged 35-44 years 
drinking water with high fluoride contents (1.5-2.4 mg/l) and low fluoride contents (0.3-0.5 
mg/l) but the severity of periodontal destruction was significantly higher in the low-fluoride 
group. 
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2.6.4 Mechanisms of Skeletal Fluorosis 
The negative impacts of fluoride on the skeletal system have been extensively studied. 
Some early works include А. Bartolucci in Italy (1912) and H. Hristiani in Switzerland 
(1930) who described skeletal fluorosis and joint diseases in cattle grazing near aluminium 
plants. The surrounding localities were polluted with atmospheric emissions containing 
fluoride and cows developed a painful lameness and their joints were covered with 
diffusive painless hyperostoses. Whilst carrying out experiments on calves, dogs, rats and 
other animals receiving foods with high fluoride, K. Rоkhоlm (1934) observed pathological 
bone and cartilage changes in all cases. 

 

Within the bone structure, fluoride accumulates most effectively in growing cells due to 
better hydration of the tissues and richer blood supply. Small apatite crystals on the bone 
surface also enable rapid inter-crystal and surface fluoride metabolism. Within the same 
skeleton, fluoride contents in different types of bone vary. Most fluoride is found in bones 
containing abundant spongy tissue (for example rib – 204 µg/g, vertebra – 213 µg/g and 
tibia – 335 µg/g). Even within different segments of the same bone (sometimes several mm 
apart) large variations in fluoride content can occur.  

 

Bone becomes richer in fluoride with age. There is an almost linear correlation between age 
(on a logarithmic scale) and bone fluoride content. Although ingestion of fluoride may 
occur over a lifetime, after a number of years bones become ‘saturated’ with fluoride 
(although the human organism can never create 100%-pure fluorapatite) and a dynamic 
equilibrium is established. Some studies suggest a fluoride “plateau” appears after 50-55 
years but there are other data that show fluoride contents in bones in older people continue 
to increase very slowly.  If the fluoride intake drops, then the concentration in blood is 
reduced and the body remobilises fluoride deposited in bones. Two stages of mobilisation 
are established. The first stage lasts about a month and during this time fluoride from the 
surface of bone crystals is resorbed. During the second stage, fluoride is mobilised from 
deep within the bone crystal structure. Over this time, which lasts about 2 years, fluoride 
secretion reduces exponentially. Animal experiments have shown that fluoride secretion 
halves over the two-year period. Reduced metabolic rates in later life increase the 
resorbtion time of fluoride from bones (Zhovinsky, 1994d). 

 

The connection between water fluoridation and the state of bone tissue and femoral 
fractures has been investigated in many studies (Cauley et al., 1995; Chavassieux and 
Meunier, 1995; Hillier et al., 1996; Raheb, 1995). Fluoride has a strong attraction for Ca 
ions in the body and binds Ca in the bone structure.  Ca excretion from other tissues is 
increased resulting in an almost constant negative Ca balance. Fluoride ions enhance bone 
turn-over and increase osteoblast activity in bone formation zones (Hillier et al., 1996; 
Okano, 1996). Several studies have also shown that skeletal fluorosis patients retain far 
more Ca in bone than control groups (32 - 53 % and 17% Ca respectively) 
(Krishnamachari, 1986b).  

 

Previous investigations in Ukraine have demonstrated a correlation between adult bone 
fluoride contents and fluoride concentrations in drinking water (Table 2.12). However, the 
bone fluoride concentration also depends upon personal characteristics (age, health etc.) 
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and living conditions including total daily dietary intake of fluoride, length of exposure to 
fluoride, nutritional status and exposure to ultra-violet-light, etc.  

 
Table 2.12 Relationships between bone and water fluoride content in Ukraine (Zhovinsky, 1994d) 
 

Male Hip Bone ( Age: 30 – 40 years)  Drinking Water 

F mg/kg     F mg/l 

----------------------------------------------------------------------------------------------- 

326     0.2 

810     1.0 

980     1.5 

1530     2.2 

3160     4.1 

5700     9.0 

 

Experiments carried out on rats also showed that under conditions of low Ca consumption 
and a fixed fluoride content in water of 100 mg/l osteomalacia and osteoporosis developed 
and bone turnover was accelerated followed by increases in the activity of serum alkaline 
phosphatase, osteocalcine and parathyroid hormones. Rats receiving adequate amounts of 
Са with high-fluoride water over a period of 2 months suffered no significant augmentation 
of osteoblast activity, however, the width of the trabecular bone and the activity of serum 
alkaline phosphatase both increased in rats receiving these doses over a period of a year. 
The main effect of high-fluoride water consumption was an increase in bone turnover, 
which was exacerbated when the Ca intake was low (Li and Ren, 1997). 

 

Other studies have shown that fluoride contents in drinking water of more than 5 mg/l 
cause bone remodeling and provoke disorders of the bone tissue structural-functional state 
promoting osteoporosis. Insufficient Ca consumption in conjunction with high fluoride 
intake can result in rachitis and osteomalacia development (Grigoryeva et al., 1993). 

 

2.6.5 Skeletal Fluorosis in Children 
In children, due to the rapid rate of growth and bone tissue metabolism, changes in the 
skeletal structure can be induced by relatively small doses of fluoride. Children are 
therefore more susceptible to fluoride intoxication than adults.  Child clinical symptoms 
include rachitis, osteoporosis and disorders of the Ca homeostasis balance (Teotia et al., 
1998). Studies have shown that in children with Ca deficient diets, bone tissue disorders 
were observed in 90% of subjects whereas in children receiving more than 800 mg/day Ca 
only 25% developed symptoms of fluoride intoxication.  In areas of Ca deficiency, 
evidence of skeletal fluorosis has been found in children consuming water with less than 
2.5 mg/l fluoride.  

 

The pharmacokinetics of fluoride in children are characterised by a positive balance. Under 
normal conditions, fluoride mobilisation from blood plasma to bone tissue is greater than 
between plasma and excretion in urine. The amount of fluoride resorbed into plasma from 
the bone tissue in children is greater than and conversely the amount of  fluoride entering 
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the bone from blood plasma is less than that in adults.  Although, the fluoride balance is 
normally positive in children, factors such as age, fluoride content in dinking water, food 
and air, etc. can result in either positive or negative balances  (Whitford, 1999).  

 

Bone mass accumulation in children is very dependant on age, genetic factors and gender. 
Periods of intensive growth and active accumulation of bone mass occur simultaneously. 
The rate of growth and final body height are determined primarily by genetic coding in 
more than 100 genes (Vorontsov, 1986). Child growth is also strongly influenced by the 
intensity of muscle use; presence of static loading (if directed along the body axis, it may 
give rise to growth delays and may halt the growth process); nutritional status, sleep, 
presence of chronic diseases, climatic conditions, etc. (Vorontsov, 1986). 

 

During longitudinal bone growth, bone tissue density increases with age until reaching a 
maximum at 30 years. Beyond this age, bone density begins to reduce. Increases in bone 
tissue density over the first 30 years of life are not constant but are characterised by a series 
of stages. At ages of 4-8 years (girls) and  4-12 years (boys),  the  rate of bone mass 
accumulation is constant (Milinarsky et al., 1998).  The period between 10-14 years is 
crucial for bone tissue formation (as is the period of early pre- and postnatal ontogenesis) 
and is characterized by the rapid accumulation of bone mass at rates of 7 - 8 % a year 
corresponding to 45% bone mass accumulation over the 4 year period (Lloyd et al., 1992; 
Slemenda et al., 1994). The rapid accumulation of bone mass in the prepubertal period 
begins with the acceleration of physical development and reaches a maximum in puberty. 
According to Magaray et al. (1999), bone tissue mineralisation happens more quickly in 
girls than in boys and reaches a maximum in the period of menarche (commonly age 12 
years). By the age of 17 years, girls have 93% of  the bone tissue maxima of adult women 
whereas boys have only 86% of the bone tissue maxima in men (Magaray et al., 1999).  

 

Peak bone mass formation (PBM) requires physical activity, adequate Са consumption and 
sufficient levels of oestrogen production in girls. It has been established that Ca intake and 
physical activity can increase PBM by 3-5 % and 4-7 %, respectively (Toss, 1992). 
Similarly (Bailey et al., 1999) reports an increase in bone tissue density of 9% and 17% 
(boys and girls respectively) in children with high levels of physical activity compared to a 
group with low level activity monitored over a two year period of intensive bone mass 
accumulation amounting to 26% of the total accumulation. Milinarsky et al. (1998) noted a 
greater accumulation rate of bone mass in boys than in girls during PBM formation. 

 

There is a wealth of evidence to suggest that the level of physical activity in pubertal age is 
the main predictor of osteoporosis development in later life (Bailey et al., 1999; Bidoli et 
al., 1998; Kristinsson et al., 1994; Slemenda et al., 1994) and that there is a inverse 
relationship between bone tissue density at the age of 18 and the risk of osteoporotic 
fractures beyond the age off 70 (Slemenda et al., 1994). 

 

As a consequence of the importance of skeletal development in childhood, children 
dwelling in territories with increased fluoride contents in drinking water very often exhibit 
problems with harmonious physical maturity and bone formation due to exposure at 
sensitive developmental stages particularly the pre- and postnatal ontogenesis period, the 
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first year of life and during puberty (Vyeltishchyev, 1995). Several studies comparing 
children with identical social and domestic conditions in endemic fluorosis regions and 
control groups demonstrate the greater prevalence of children of below average height in 
fluorosis areas. 

 

2.6.6 Benefits of Fluoride in Osteoporosis 
There is much evidence to suggest the prophylactic action of fluoride consumed in 
moderate doses against osteoporosis. For example, epidemiological research carried out on 
Italian and East German populations with identical living standards, economic, social and 
employment status and different fluoride contents in drinking water revealed that the 
prevalence of femoral fractures was significantly higher in a population with low-fluoride 
waters. The higher fluoride content in drinking water of the other population group was 
found to play a protective role against fractures (Fabiani et al., 1999; Lehmann et al., 
1998). Fluoride prophylaxis is increasingly used to combat osteoporosis in many Western 
Countries. 

 

 

2.7 CURRENT STATUS OF KNOWLEDGE 
 
Whereas the effects of environmental fluoride exposure on human soft tissues are open to 
debate, many studies have proved both positive and negative influences on human hard 
tissues, including the processes of dental development and dentin formation; bone 
formation and Ca and P metabolism in both adults and children (Heller et al., 1997a+b; 
Hillier et al., 1996; Jackson et al., 1999; Mascarenhas, 1999; Okano, 1996; Rozier, 1999). 
Although the exact biological mechanisms may be multi-factorial, the links between high 
environmental fluoride and human dental and skeletal fluorosis and low environmental 
fluoride and dental caries have been established. The severity of clinical response to high 
fluoride intakes is determined by a variety of factors such as general nutritional status (Ca 
and P in particular), length and timing of exposure in relation to the body developmental 
growth stage, gender and genetic status. 

 

No effective cures are available for either form of fluorosis, however, the diseases are 
preventable if fluoride intake is controlled. In all these diseases, one of the most important 
exposure routes to be considered is drinking water.  
 

 

Despite the overwhelming evidence for effects of fluoride intake on human health, there are 
surprisingly few studies that truly combine geochemistry and health information 
investigating factors such as the peak bone mass (PBM) status, bone structural functional 
state, maxillodental status, physical development status, gender, nutritional status (Ca, P 
and Mg in particular) gastrointestinal status, socio-economic and lifestyle factors in relation 
to environmental fluoride exposure. Geochemistry and health investigations carried out in 
Ukraine and Moldova as part of the present project aim to address these knowledge gaps in 
the Central Europe region. 
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3 Development of the Fluoride Risk 
Assessment for Central Europe 

 
 
Fiona Fordyce, Kamil Vrana, Gyorgy Toth, Edward Zhovinsky and Vladislav 
Povorosnuk 
 
 

3.1 INTRODUCTION 
 
On the basis of the current state of knowledge identified from the international literature 
review and geochemistry and health expertise in the four study countries, an initial 
theoretical risk framework for Central Europe was devised to aid data collation. The 
framework was subsequently modified into a final risk assessment scheme in light of the 
research carried out and data available for the study countries.  This chapter outlines the 
basic structure of and discusses each factor in the risk assessment and charts the 
development of the final risk assessment scheme. In the original project plan, the focus of 
the risk assessment was to identify high-fluoride areas with which to target the fluoride-
removal technology. During the development of the risk assessment scheme for Central 
Europe, it became evident that much of the region is also at risk from dental caries and an 
overview of this risk is included in the final scheme.  
 
 
 

3.2 THEORETICAL RISK ASSESSMENT FRAMEWORK 
 
The overall aim of the risk assessment scheme was to combine geochemical, 
environmental, and health information to produce fluoride risk avoidance maps for water 
resource management planning in Central Europe. The first stage of this process was to 
identify the main factors controlling environmental fluoride and fluoride-related disease 
and the main indicators of fluoride-related risk on the basis of existing information on the 
occurrence of fluoride-related diseases in Ukraine and Moldova and elsewhere. The main 
factors under consideration in the initial theoretical framework were identified as follows: 
 

1. Water Quality 
• Geochemical information for surface and groundwaters from the study area 

used to define regions with naturally occurring fluoride concentrations that 
exceed known WHO water quality guidelines.  

• Assessment of other water quality parameters such as alkalinity and Ca 
content, which have a fundamental effect on the amount and chemical form 
of fluoride in water.  

• Delineation of areas of anthropogenic contamination.  
• Determination of relationships between water quality parameters, volume of 

water consumed and health effects. 
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2. Health Criteria 
• Information on fluorosis prevalence and the severity of fluorosis in the study 

countries used to indicate areas of high risk. 
• Consideration of other dietary factors that control the uptake of fluoride in 

humans,  such as fluoride intake from non-water sources and the amount of 
Ca, Vitamin D and Vitamin C in the diet. 

•  
3. Hydrogeology  

• Consideration of the importance of water resources as part of the scheme 
• Inclusion of water supply information  

 
4. Population 

• Consideration of population density, as a high-density population living in 
an area of high-fluoride drinking water represents a greater risk than a 
sparse population exposed to high-fluoride waters. 

 
5. Geological Factors 

• Rock geochemistry exerts a major control on fluoride concentrations in 
groundwater. Volcanic and granitic rock types, geothermally active areas 
and tectonically active zones tend to contain high concentrations of fluoride. 
Some rock types therefore present a higher potential risk than others.  

 
 
On the basis of these criteria, the following initial framework was devised (Figure 3.1): 
 
 
 

A Hydrogeology 
(main aquifers) 

 B Water Fluoride Content  C Fluorosis and 
Health Criteria 

 
 
 

H Water Supply      Fluoride Risk Avoidance Map  D Water Type 
(Ca content etc.) 

 
 
 

G Geology/ 
Tectonics 

 F Fluoride Contamination 
(industrial, agricultural) 

 E Population Density 

 
 
 
Figure 3.1 Initial theoretical framework for the assessment of fluoride risk 
 
 
Each of these factors, were assigned an importance category based on the significance of 
the factor as a fluoride-risk indicator. The factors were also graded according to relative 
importance in terms of controlling environmental fluoride or the incidence of fluoride-
related diseases. This framework was designed to create the final risk assessment by 
combining the importance and influence categories for each of the factors as follows:  
 

Risk assessment = Importance category x Influence category 
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The initial importance and influence categories assigned to each factor are outlined in Table 
3.1. 
 
 
 
Table 3.1 Different importance and influence categories for each of the controlling factors and risk 

indicators considered in the development of the fluoride-related risk assessment scheme.  
 
Controlling Factor/ Risk Indicator Importance Category Influence Category 
A – Hydrogeology 
 

Low  High   Major aquifer unit used  for 
drinking water supply more 
people are exposed to this 
water therefore the risk is 
higher 

  Moderate  Minor units or units not used 
directly for drinking but 
connect to drinking water  
units 

  

The importance of the 
hydrogeological resource as 
an indicator of risk is less than 
that of knowing the water 
supply regime 

Low  Impermeable units or units not 
used for drinking water 

B - Fluoride Concentration in Water High  High 
Fluorosis*  

Concentration of fluoride > 1.5 
mg/l 

  Low*  Concentration of fluoride 0.5 – 
1.5 mg/l 

  

The concentration of fluoride 
in water is one of the most 
important risk indicators 

High Dental 
Caries*   

Concentration of fluoride < 0.5 
mg/l 

C – Fluorosis and Health Criteria High  High   Evidence of fluorosis 
incidence and low Ca/ protein 
diets etc 

  

If fluorosis is already known to 
occur, this is an important 
indicator of high risk 

Low No evidence of fluorosis 
incidence 

D – Water Type Low  High    Na+ K dominated , Ca-poor 
waters, thermal waters, waters 
in fluoride mineralised zones 

  

Major element chemistry of 
waters can be an indicator of 
likely risk but is not as 
important as knowing  the 
fluoride content of  water 

Low   Waters with normal to high Ca 
content 

E – Population Density Low  High   High population density 
  Moderate   Medium population density 
  

Gives an approximate 
indication of risk but 
information on the water 
supply regime is a more 
important indicator 

Low  Low population density 

F –Fluoride Contamination High  High   Source of fluoride exists and 
impacts upon the environment 

  Moderate   Source of fluoride exists but 
does not impact upon the 
environment 

  

Industrial and agricultural 
sources enhance 
environmental fluoride 
contents and are indicators of 
potential risk 

Low   No source of fluoride exists 
G – Tectonic/ Geological Conditions Low   High   Area evaluated includes rock 

types/ tectonic regions which 
may contain high fluoride 
concentrations 

  

Tectonic and geological 
information can give an 
indication of risk but are not as 
important as knowing the 
fluoride content of water Low Area evaluated does not 

contain rock types/ tectonic 
zones with fluoride potential 

H – Water Supply High  High Water is used for drinking and 
is not fluoridated 

  Moderate  Water has high (fluorosis)/low 
(caries) fluoride content but is 
not used for drinking 

  

The nature and type of water 
supply is a key factor in the 
risk assessment 

Low  Water is not used for drinking 
* Based on WHO Drinking Water Quality Guidelines (WHO, 1996b)     
 
 
 
 

    38



 

Once the overall framework for the risk assessment was completed, the second stage of the 
project was to collate the relevant information from Central Europe. This information is 
discussed in the context of the framework and derivation of the final risk assessment GIS 
for the project in the following sections of this report. 
 
 
 

3.3 EVALUATION OF FACTORS AFFECTING  FLUORIDE RISK IN CENTRAL 
EUROPE 

 

3.3.1 Geological and Tectonic Controls 
Geology exerts a fundamental influence on water fluoride concentrations. Certain rock 
types commonly contain high concentrations of fluoride and on this basis it is possible to 
define a crude relative risk assessment scheme based on geology (Table 3.2). However, 
geological maps are a two-dimensional representation of the rock units appearing at surface 
and could give a misleading indication of likely fluoride risk as fluoride-rich horizons may 
be present at depth and deeper waters often contain more fluoride than shallow waters. 
Furthermore, high-fluoride waters are not restricted to individual rock units and even within 
the same rock unit fluoride concentrations in water can be highly variable. Therefore, it is 
not possible to predict, other than in general terms, the fluoride content of water on the 
basis of geology alone.  
 
 
Table 3.2 Examples of relative fluoride-risk from different geological rock types and settings 
 
Geological Conditions   Risk Influence Factor  
---------------------------------------------------------------------------------------------------------------------------- 
Volcanically active/thermally active area    High 
Obsidian 
Acid volcanic/igneous rock types  including 
granite 
Acid metamorphic rock types including gneiss 
 
Sedimentary rocks containing fluorite, apatite,   High 
francolite, topaz, cryolite, hornblende, mica,  
rock phosphate 
 
Basic igneous rocks      Low 
Basic metamorphic rocks 
 
Sedimentary rocks with no appreciable F-bearing   Low 
minerals 
 
 
 
 
Tectonically active fault zones are commonly the focus of hydrothermal water movement 
near the Earth’s surface and as such, waters in these regions often contain high fluoride 
concentrations. In Ukraine, high-fluoride groundwaters are associated with faults in the 
Odessa and Lvov regions (see Chapter 8). However, not all tectonic zones produce high- 
fluoride groundwaters and in Ukraine, there are many other tectonic zones where high-
fluoride waters are not a problem. Therefore, geological and tectonic information should 
only be used to predict fluoride risk in areas where no other information such as water 
chemistry data is available.  
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During the present project, digital maps of geology for Hungary (Hungarian Geological 
Survey (MAFI) data (Pecsi, 1989)) and tectonic regions for Ukraine (Institute of 
Geochemistry and Ore Mineral Formation (IGMOF) data) and Slovakia (State Geological 
Institute of Dionyz Stur, Slovak Republic (SGUDS) data (Rapant et al., 1996)) were 
collated but similar information was not available for Moldova therefore coverage for the 
study region was incomplete. For the reasons outlined above, it was the opinion of the 
geochemistry and health experts that fluoride risk could not be predicted from geological 
and tectonic information alone therefore these data were not incorporated into the final risk 
assessment scheme. Water chemistry information was available in all four countries and 
was considered a far more important indicator of risk. The geological and tectonic maps of 
Hungary, Slovakia and Ukraine are included in this report as useful background 
information only. 
 
 

3.3.2 Hydrogeological Controls 
Information on the location and importance of the main aquifers in each country was also 
considered as part of the risk assessment. On a countrywide basis, maps of the major 
hydrogeological units of Slovakia (SGUDS, (Rapant et al., 1996))and Hungary (MAFI, 
(Siposs and Toth, 1989)) and of the main younger aquifers in Moldova (Association of 
State Geologists (ASG) data) were made available to the project. No national 
hydrogeological map was available for Ukraine. From information gathered during the 
project it was possible to classify the national hydrogeological maps of Slovakia, Hungary 
and Moldova into aquifer importance according to the scheme outlined in Table 3.1. 
Although major aquifers used for public drinking water supply constitute an inherently 
greater risk than minor or non-aquifer units, it was not possible to include this information 
alone in the fluoride risk assessment because the actual risk to the population depends upon 
where the water is used and on the water quality (fluoride content). Hydrogeological maps 
of Slovakia, Hungary and Moldova classified by aquifer importance are therefore not 
included in the final risk assessment but are incorporated for background information in the 
reports prepared for each country (Chapters 5-8). 
 
 
In terms of assessing the fluoride contents of waters from each aquifer, national 
groundwater chemistry data were available in Slovakia and Moldova only. In Hungary, 
national groundwater chemistry data were defined on the basis of water temperature rather 
than aquifer source. In Ukraine, information on aquifer chemistry was collated in specific 
regions of study (Lvov, Odessa, Kiev and Poltava) but no maps of aquifer locations were 
available. Using the existing data, it was possible to categorise aquifer units by water 
fluoride content in Slovakia, Moldova and in the regions of Ukraine (Table 3.3), however, 
this information can only be used as a broad indication of risk as fluoride concentrations 
within aquifer units vary markedly. Therefore, maps of the fluoride contents of different 
aquifers were not included in the final risk assessment but the fluoride contents of different 
water-bearing horizons are discussed in the reports prepared for each country (Chapters 5 - 
8).   
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3.3.3 Water Fluoride Content 
The concentration of fluoride in water is one of the most important risk indictors. National 
hydrochemical data were available for Moldova (ASG data), Slovakia (SGUDS data, 
(Rapant et al., 1996)) and Hungary (MAFI data, (Toth, 1989)) (Table 3.3). The distribution 
of data points in Slovakia and Hungary (1 per 3 km2) were of sufficient sample density to 
provide information for the whole country whereas data in Moldova were not evenly 
distributed, therefore in some areas of the country it was not possible to make an 
assessment of fluoride risk on the basis of water chemistry. 
 
 
No national hydrogeochemical data were available in Ukraine, however, geochemical 
experts have estimated the likely fluoride content in water and potential for fluoride-related 
health problems in different regions of the country as part of this project. 
 
 
More detailed water chemistry information was available for the Ziarska Kotlina Basin, a 
region with industrial sources of fluoride in Slovakia and for four regions of Ukraine (Kiev, 
Lvov, Poltava and Odessa), which have been examined more fully as part of this project. 
 
 
The framework outlined in Table 3.1 bases the risk assessment of fluoride concentrations in 
water on the current WHO drinking water quality guidelines of > 1.5 mg/l for dental 
fluorosis and < 0.5 mg/l for dental caries (see also Table 2.5). Geochemistry and health 
investigations carried out as part of the present study in Moldova confirmed that dental 
fluorosis occurred when water concentrations exceeded 1.5 mg/l (see Chapter 7). Therefore, 
the water fluoride data collated for the project were included in the final risk assessment 
GIS categorised according to the WHO guidelines.  
 
 
However, in Ukraine, evidence from previous investigations suggests that in the south of 
the country where the climate is warmer, people drink more water and fluorosis can occur 
at concentrations of below 1.2 mg/l. The national assessment of fluoride risk for Ukraine 
carried out by Central European experts therefore takes account of fluorosis incidence at 
fluoride concentrations below the WHO recommended guideline of 1.5 mg/l (Chapter 8). 
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Table 3.3 Fluoride concentrations in different waters from the study region 
 

Country Coverage Aquifer/ Source Name Aquifer Type F mg/l Min F mg/l    Max F mg/l Av. N
Slovakia National¬ Quaternary – loess, loams, 

impermeable beds 
Rock complexes without water sources, 
generally impermeable 0.05 4.0 0.2 1829

  
 

Quaternary – sands + gravels, 
intragranular permeability 

Extensive aquifers with very significant water 
sources  0.05 2.5 0.2 3575

  Neogene -  clays, impermeable beds Rock complexes without water sources, 
generally impermeable 0.05 0.3 0.2 4

  Neogene - conglomerates, 
sandstones 

Aquifers with significant water sources 
0.05 0.9 0.3 35

  Neogene  - gravels, sands 
interlayered with clays 

Aquifers with significant water sources  
0.05 0.5 0.2 307

  Neogene – volcanics, fissure 
permeability 

Aquifers containing local and less important 
water sources 0.05 1.3 0.1 2140

  Palaeogene -  sandstones, 
conglomerates 

Aquifers with significant water sources  
0.05 3.0 0.1 912

  Palaeogene -  carbonate 
conglomerates + breccias 

Extensive aquifers with very significant water 
sources 0.05 3.0 0.1 157

  Palaeogene -  sandstones with 
claystones 

Aquifers containing local and less important 
water sources  0.05 2.4 0.1 2745

  Palaeogene-Mesozoic -  
impermeable beds 

Rock complexes without water sources, 
generally impermeable 0.05 1.0 0.1 335

  Triassic-Jurassic -  limestones, 
dolomites 

Extensive aquifers with very significant water 
sources 0.05 3.0 0.1 1946

  Triassic -  quartzites,  fissure 
permeability 

Aquifers containing local and less important 
water sources 0.05 0.2 0.1 28

  Palaeozoic undifferentiated -  fissure 
permeability 

Aquifers containing local and less important 
water sources 0.05 3.0 0.1 617

  Intrusions -  granitoids,  crystalline 
schists 

Aquifers containing local and less important 
water sources 0.05 3.0 0.1 1526

 Ziarska   Groundwater - 0.01 3.6 0.1 107
 Kotlina` Surface water - 0.03 9.0 0.4 126
  Snow¬ - 0.02 1.3 0.3 20
Hungary National^ Lowland porous aquifers  Excellent conductivity Unknown Unknown Unknown  
  Mesozoic karst rocks Excellent conductivity Unknown Unknown Unknown  
  Fissured volcanic rocks Medium conductivity Unknown Unknown Unknown  
  Hilly porous aquifers  Medium conductivity Unknown Unknown Unknown  
  Hilly porous aquifers  Low conductivity Unknown Unknown Unknown  
  Lowland porous aquifers  High conductivity Unknown Unknown Unknown  
  Lowland porous aquifers  Low conductivity Unknown Unknown Unknown  
  Lowland porous aquifers  Medium conductivity Unknown Unknown Unknown  
 National^ Thermal Wells > 25oC - 0.60 6.2 1.4 344
  Cold Wells < 25oC - 0.30 3.3 0.2 532
  Tap Water - 0.00 1.8 0.2 3266
Moldova National#  Unconfined – Quaternary , Pliocene 

Pontic + Levantin Sediments 
Low - local water supplies 

1.4 7.6 3.1 45
  Mid Sarmatian – Conherian Important  - 16.5% of drinking water 0.20 3.5 1.0 35
  Baden Sarmat (Lower Sarmatian)  Very important - 66% of drinking water 0.17 15.7 2.4 161
  Silurian-Cretaceous Chalk Important - 16.5% of drinking water 0.10 16.2 2.9 86
 Falesti* Tap and well water - 0.39 5.3 1.3 10
 Kalarash* Tap and well water - 0.19 3.6 1.6 9
 Cornesti* Tap and well water - 0.25 0.88 0.41 8
Ukraine Odessa~ Neogene - 0.05 0.8 0.4 58
 Kiev~ Quaternary - 0.00 0.3 0.2 28
  Palaeogene - 0.00 1.15 0.3 26
  Cretaceous - 0.18 0.6 0.2 15
  Jurassic - 0.06 1.1 0.4 18
  Proterozoic - 0.2 0.9 0.4 6
 Poltava~ Quaternary - 0.00 3.2 0.6 37
  Palaeogene - 0.00 8.8 2.8 53
  Cretaceous - 0.18 2 1.1 21
 Lvov~ Quaternary - 0.00 0.9 0.2 39
  Cretaceous - 0.00 3.8 0.9 20
 Khar’kov* Well Water - 0.4 1.8 1.1 2
 Dnepropetrovsk* Well Water - 0.12 2.7 1.0 34
 Donetsk* Well Water - 0.05 1.5 0.5 36
 Zaporozh’ye* Well Water - 0.04 2.2 0.7 36
 Podgorny* Tap water - 0.71 7.1 2.5 13
 Arciz* Tap water - - - 2.54 1
 Izmail~ Tap water - - - 0.24 1
 Tarutino* Tap water - - - 1.14 1

¬SGUDS National Groundwater Data (Rapant et al., 1996); ‘ Ministry of the Environment (1988); ^MAFI National Groundwater Data(Toth, 1989),; # ASG Groundwater 
Data; ~ IGMOF Groundwater Data, *Data from the present study. Min = minimum, Max = maximum, Av = average, N = number 
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3.3.4 Water Type - Hydrogeochemical Controls 
As outlined in Chapter 2, the solubility of fluoride in waters is controlled by the presence or 
absence of other elements and the major element chemistry in particular. Waters that are 
Na+K-dominated tend to contain more free fluoride in solution than Ca-dominated waters.  
Human fluoride absorption from water is also inversely related to dietary Ca intake and 
high concentrations of other cations that form insoluble complexes with fluoride such as 
Mg and Al can markedly reduce gastrointestinal fluoride absorption (Jowsey and Riggs, 
1978; Whitford, 1997).  
 
 
The relationships between these factors were examined in more detail during the present 
study but the extent of these investigations was limited by the data available to the project, 
(summarised in Table 3.4). 
 

3.3.4.1 Water Type and Fluoride Content 
On the basis of the information available it was possible to examine the relationships 
between water types and fluoride content in more detail in the following datasets: 
 

• Slovakia – Ziarska Kotlina Basin – surface water 
• Hungary – Whole Country – groundwater data for cold wells and thermal 

wells 
• Moldova – Whole Country – groundwater data 
• Ukraine – Regions -  Kiev, Lvov, Poltava, Odessa – groundwater data 

 
 
In order to determine water type, the data were plotted on trilinear Piper Diagrams (Piper, 
1944), which are commonly used by hydrochemists to express the ionic composition of 
different waters. The major cation data (Na, K, Ca, Mg) were converted from mg/l 
concentrations to milli-equivalents per litre and percentages of cation abundances were 
calculated for each sample.  
 
 
Results demonstrate that the majority of surface waters from the Ziarska Kotlina basin in 
Slovakia are Ca-dominated and high fluoride contents (> 1.5 mg/l) are associated with 
lower Ca and higher Na+K-dominated waters in 2 out of 5 cases (Figure 3.2). 
 
 
In Hungary, the majority of groundwaters from cold wells are Ca-dominated but high 
fluoride contents (> 1.5 mg/l) are associated with lower Ca, higher Na+K waters in 5 out of 
6 cases. In contrast, groundwaters from thermal wells range from Na+K- to Ca-dominance 
and many of these waters contain high fluoride concentrations (> 1.5 mg/l) (Figure 3.3). 
 
 
In Moldova, the majority of groundwaters are Na+K- or Mg-dominated with very few Ca- 
dominated waters. High fluoride contents (> 1.5 mg/l) are associated with waters from the 
shallow unconfined aquifer and with strongly Na+K-dominated waters from the Baden-
Sarmatian and Silurian-Cretaceous horizons. Waters of the Mid-Sarmatian horizons do not 
contain high fluoride contents despite Na+K-dominance of these waters (Figure 3.4) 
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Table 3.4 Summary of water chemistry information available to the current project 
 
Country Coverage Water Type Chemical Determinants 

Slovakia National¬ Groundwater TDS, pH, F, Ca 

 Ziarska Kotlina` Groundwater F, Ca 

  Surface 
water 

COD, BOD, Na, K, Ca, Mg, NH4, Fe, Mn, Cl, F, NO2, NO3, PO4, SO4, 
HCO3, CO3, OH, H2SiO3, CO2, Li, Sr, Cr, Cu, Zn, As, Cd, Se, Pb, Hg, 
Ba, Al, Sb, TDS 

  Snow¬ pH, COD(Mn), conductivity, NH4, Cl, F, NO3 NO2 , SO4,  M n, Fe, Al, 
Zn, Cu, Pb, Cr, Ni, Cd 

Hungary National^ Cold wells < 
25oC 

K, Na, NH4, Ca, Mg, Fe, Mn, Cl, HCO3, SO4, NO3, F, Temp 

  Thermal 
wells > 25oC 

K, Na, NH4,  Ca, Mg, Fe, Mn, Cl, HCO3, SO4, NO3, F, Temp 

  Tap water F, Ca 

Moldova National# Groundwater F , Na+K , Ca , Mg , Cl , HCO3 , CO3 , SO4 , Sr , Se, pH, Eh, TDS 

 Falesti* Tap and well 
water 

F, Ca, pH 

 Kalarash* Tap and well 
water 

F, Ca, pH 

 Cornesti* Tap and well 
water 

F, Ca, pH 

Ukraine Kiev~ Groundwater pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, 
CO3, CO2, HBO2, I, Br, Se, Zn, Pb, Mn , Mo, Be, B, Co, Ni  l, As, U 

 Lvov~ Groundwater pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, 
CO3, CO2, HBO2, I, Br 

 Poltava~ Groundwater pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, 
CO3, CO2, HBO2, I, Br, Se, Zn, Pb, Mn , Mo, Be, B, Co, Ni  l, As, U 

 Odessa~ Groundwater pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, 
CO3, Cu, Zn, Pb, Ni, U 

 Arciz* Tap water Na, K, Ca, Mg, Fe, CO3, HCO3, SO4, Cl, Mn, Ni, V, Cr, Mo, Zr, Cu, 
Pb, Ag, Bi, Zn, F 

 Vilkovo* Tap water Na, K, Ca, Mg, Fe, CO3, HCO3, SO4, Cl, Mn, Ni, V, Cr, Mo, Zr, Cu, 
Pb, Ag, Bi, Zn 

 Izmail~ Tap water Na, K, Ca, Mg, Fe, CO3, HCO3, SO4, Cl, Mn, Ni, V, Cr, Mo, Zr, Cu, 
Pb, Ag, Bi, Zn, F 

 Podgorny* Tap water F, pH 

 Tarutino* Tap water F 

 Khar’kov* Well water F, NO3, NO2, As, Pb, Zn, Se, U, Cd, V, Hg, Cr, Sr, Pa, Phenols, C 

 Dnepropetrovsk* Well water F, NO3, NO2, As, Pb, Zn, Se, U, Cd, V, Hg, Cr, Sr, Pa, Phenols, C 

 Donetsk* Well water F, NO3, NO2, As, Pb, Zn, Se, U, Cd, V, Hg, Cr, Sr, Pa, Phenols, C 

 Zaporozh’ye* Well water F, NO3, NO2, As, Pb, Zn, Se, U, Cd, V, Hg, Cr, Sr, Pa, Phenols, C 

¬SGUDS National Data (Rapant et al., 1996); ‘ Ministry of the Environment (1998); ^MAFI National Data(Toth, 1989); #ASG Data; 
~IGMOF Data; *Data from the present study 
 
 
In Ukraine, the majority of waters from the Odessa region derived from a Neogene aquifer 
are Mg-Ca-dominated, only 8 of these waters are Na+K-dominated and do not have high 
fluoride contents (> 1.5 mg/l). Samples of tap water from the Odessa region towns of Arciz, 
Izmail and Vilkovo demonstrate that only in Arciz is water strongly Na+K-dominated with 
high fluoride contents, waters from the other settlements are Mg-Ca-dominated with low 
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fluoride concentrations. Groundwaters from Quaternary and Cretaceous aquifers in the 
Lvov region are generally Ca-dominated and do not contain high fluoride contents with the 
exception of 5 very highly Na+K-dominated Cretaceous aquifer waters. In the Kiev region, 
groundwaters from Quaternary, Palaeogene, Cretaceous, Jurassic and Proterozoic aquifers 
are all Ca-Mg dominated and do not contain high fluoride contents. Groundwaters from 
Quaternary aquifers in the Poltava region show a range of anion dominance, Ca-Mg waters 
do not contain high fluoride contents but Na+K-dominated waters contain elevated levels of 
fluoride. Palaeogene aquifer waters in Poltava region are generally Na+K-dominated and 
contain high fluoride contents as do Na+K-dominated Cretaceous aquifer waters (Figure 
3.5). 
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Figure 3.2  Piper diagrams showing the relationships between cation dominance and fluoride 

concentration in surface waters from the Ziarska Kotlina Basin, Slovakia 
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Figure 3.4  Piper diagrams showing the relationships between cation dominance and fluoride 

concentration in groundwaters in Moldova 
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Figure 3.5  Piper diagrams showing the relationships between cation dominance and fluoride 
concentration in groundwaters in Kiev, Lvov, Odessa and Poltava, Ukraine 
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In general, the investigations carried out during the present study confirm an association 
between high fluoride concentrations in water and Na+K-dominated water types. In 
articular, groundwaters in Moldova and in the Poltava region of the Ukraine show low Ca-
ominance and high fluoride contents and present a significant high-fluoride threat in these 
gions. However, high fluoride waters (> 1.5 mg/l) occur across a broad range of Ca/Na+K 

nion dominance ratios and not all Na+K-dominated waters contain high fluoride contents.  
 

It is possi r 
ay not b water may have been 

ollected. In these circumstances, based on the evidence of the present study and many 
ther investigations carried out around the world, water type could be used as a guide to the 

ajor dissolved phases via geochemical 
peciation codes or by simple graphical formats. During the present study, fluorite 
aturation indices were calculated using the latter method for examples of groundwater data 
om Slovakia and from the Poltava Region, Ukraine. Estimates of mineral stability and 

solute saturation derived from the chemical compositions of waters assume a pure closed 
system and the hydrolysis reaction of a primary mineral phase. In simple cases such as the 
dissolution or precipitation of fluorite, this generates a single linear boundary with a slope 
of 2 and an intercept that may be calculated from the equilibrium constant of the reaction: 
 

Ksp (CaF2) = [Ca2+][F-]2  where  Ksp = solubility product constant 
       [ ] = ionic activities of the elements 
 
The ionic activities depend upon temperature and the ionic strength of the solutions, 
however, most natural waters are assumed to be pure dilute solutions therefore the ionic 
activity equals the element concentration. Due to the lack of temperature data available to 
the present project, the water temperature for fluorite saturation index calculations was 
assumed to be 25oC. The ionic activities of fluoride and Ca were calculated by converting 
the mg/l concentrations to moles per litre and taking the –log (activity). These data were 
compared to the theoretical activity of Ca calculated using the equilibrium constant 
equation above rearranged as follows: 
 

  
 

he results of these calculations are presented graphically in Figures 3.6, 3.7 and 3.8. The 
eoretical calculations of pCa plot on a straight line and points below the line meet the 

p
d
re
a

 
ble in many areas of the world that information on the fluoride content of wate
e available whereas data on the major ion chemistry of m

c
o
likely risk of high fluoride contents in water. For the purposes of the present study, 
however, fluoride water chemistry data are available therefore water type was not included 
in the final risk assessment but is incorporated into this report for background information. 
 
 

3.3.4.2 Water Type and Health 
Many studies have demonstrated that in locations with similar fluoride contents in water, 
the prevalence of fluorosis can show marked variation and one factor thought to control the 
development of the disease is the form of the fluoride in the water. Fluorite (CaF2) 
solubility is generally considered to control the mobility of fluoride in most waters and low 
Ca also enhances the uptake of fluoride during ingestion (bioavailability). Mineral 
saturation indices are a way of examining the likely speciation or form of elements in water 
nd can be represented by calculations for ma

s
s
fr

pCa = pKsp – 2pF   where Ksp = solubility product constant at 25oC = 10-10.58 

       (Brown and Robertson, 1977) 
                  p  = -log 

T
th
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condition that [Ca2+][F-]2 < Ksp, therefore CaF2 will dissolve (undersaturated with respect to 
fluorite). Points above the line meet the condition that [Ca2+][F-]2 > Ksp, therefore CaF2 will 

 

t these shallow groundwaters were not at temperatures of 25oC.  

 
 

precipitate (saturated/oversaturated with respect to fluorite).   

 
Results for Slovakian groundwaters show a broad range between undersaturation and 
saturation with respect to fluorite.  Several thousand data records lie below the detection 
limit for fluoride and plot on a vertical line in the saturated zone. Despite the large number 
of undersaturated data points, fluoride concentrations rarely exceed 1.5 mg/l in Slovakian 
groundwaters. The fluorite saturation data should be treated with caution, however, as it is 

kely thali
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igure 3.6 Fluorite saturation data for Slovakian groundwaters compared to the formation constant of 
(Brown and Robertson, 1977) for the system pCa = pKsp – 2pF. The total fluoride content 
(mg/l) of the waters is also shown.  (saturated = saturated/oversaturated) 

ava indicate that almost all of the Palaeogene and Cretaceous aquifer waters 
nd the majority of the Quaternary aquifer waters are undersaturated with respect to fluorite 
igure 3.7). All these waters, and the Palaeogene in particular, are known to contain high 

F

 
 
 
Data for Polt
a
(F
fluoride contents and cause fluorosis health problems in this region.  
 
 
Whilst these examples of fluorite saturation indices provide interesting background 
information, these data were not included in the final risk assessment scheme as it is 
assumed that fluorite saturation is the main controlling factor in the mobility of fluoride. 
The chemical data made available to the project were not sufficient to check whether this 
assumption was valid in all the regions and the relationships between mineral saturation 
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indices and medical outcomes in the population would require further investigation before a 
risk scheme using these data could be established. 
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igure 3.8 Fluorite saturation index data for Poltava groundwaters  compared to the formation 

constant of (Brown and Robertson, 1977) for the system pCa = pKsp – 2pF. The total 
fluoride content (mg/l) of the waters is also shown. (saturated = saturated/oversaturated) 
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The bioavailability of fluoride in the human organism is very dependant on the amount and 
rms of soluble fluoride and Ca in the diet. Previous investigations carried out in Moldova 

emonstrated a correlation between the ratio of these two elements in water and disease 
revalence (Table 3.5). The following ratio was calculated for several waters in different 
gions: 

F mg/l

fo
d
p
re
 

     x 100 (expressed as %)   
Ca mg/l 
 

In general, the prevalence of fluorosis was greater in areas with high F/Ca ratios. However, 
not all areas affected by fluorosis followed this pattern, in the Chadyr-Lunga region of 
southern Moldova, the population were supplied with water containing 1.2 – 7.6 mg/l 
fluoride with F/Ca ratios of 1 to 4%. However the fluorosis incidence in this area was 80%. 
It was suggested that other factors such as the high mineralisation (1.5 – 6 g/l) of these 
waters may affect fluorosis prevalence and further studies are required to elucidate these 
relationships. Simple comparisons of the total element concentrations in water do not take 

 Ca on fluoride abso orm 
soluble mineral species, converting the concentrations from mg/l to chemical equivalence 

nits such as moles/l may give more meaningful results. 

 
Table 3.5 Relationships between fluoride and calcium ratios and fluorosis prevalence rates from 

Moldova 

F/Ca Ratio %  Fluorosis Prevalence % 
--------------------------------------------------------------------------- 
< 25   0 
25 – 80   < 50 
> 100   60 – 70 
1 – 4   80    

 
 

y of e wa r chem nough 
formation to examine the ionic forms of fluoride and other elements in solution in any 

etail. However, fluoride speciation was determined in selected waters from Ukraine (see 
Chapter 8).  
 
 
Several water chemistry modelling programmes and databases such as PHREEQC 
(Parkhurst, 1995) and WATEQ4F (Ball and Nordstrom, 1991) are available to determine 
the likely speciation of elements in water. These programmes rely on the input of 
parameters such as pH, Eh, temperature, total element chemistry, organic content etc. and 
use thermodynamic calculations to estimate the likely element species present. The 
programme PHREEQC assumes that the system under investigation is in a state of 
thermodynamic equilibrium namely, that the speed of all physio-chemical processes is 

s. It lculates the equilibrium 
ompositions of multi-component systems, which can be of aqueous, gaseous, solid 

ineral), ion-exchange and/ or sorption phases simultaneously. For the purposes of this 
ta 

r

account of the different charges and weights of the ionic species present and when trying to 
stimate the likely inhibitory effect of rption due to the ability to fe

in
u
 

 

 

During the present study, man th te istry datasets did not contain e
in
d

greater than the speed of the kinetic and diffusion processe ca
c
(m
study, it was assumed that only one water solution phase was present. The following da

ed into the model to perform the calculations: were ente
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• Thermodynamic equilibrium constants for chemical reactions taken from the 
WATER4F database  

• Major and trace element and pH composition of selected Ukrainian groundwaters 
 
 
Results show that as expected, in most Ukrainian waters the free fluoride ion (F-) is the 
most dominant species accounting for 90 – 98% of the total fluoride present. Interestingly, 
in almost every case, MgF+ is more dominant (1 – 9%) than CaF+ (1%). In waters from the 
Neogene Sarmatian horizon in Odessa and the Cretaceous horizon in the Poltava region 
NaF is a stable aqueous form (Figure 3.9). Closer examination into the relationships 
between soluble forms of fluoride and total water fluoride contents indicated that although 
the percentage of fluoride present in free F- form shows little variation between waters with 
very differing total fluoride contents (0.05 – 7.65 mg/l), the proportion of MgF+ and CaF+ 
forms decrease in high-fluoride waters (Figure 3.10). On the basis of this evidence it is 
suggested that further investigations into the relationships between fluoride bioavailability 
and disease outcomes should focus on the following ratios: 
 
 

Ratio K =         F-           or more correctly             F-                             
+     

lthough water type does exert an important influence on the amount and forms of fluoride 
 the water and subsequent uptake into the population, the relationships between these 

d in enough detail to include in the risk assessment 

MgF + CaF 3 F-species 
 

+

 
A
in
factors has not yet been establishe
scheme, therefore these data are included in this report for information only. 
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Neogene Sarmat horizon, Odessa,  F mg/l = 0.05   Neogene Sarmat horizon, Odessa, F mg/l = 0.8 
 
 
 
 

Quaternary horizon, Poltava, F mg/l = 0.1   Cretaceous horizon, Poltava , F mg/l = 7.25 
 
 
 

F-
97%

CaF
1%

MgF+
2%

     Proterozoic horizon, Kiev, F mg/l = 1.15 

igure 3.9 Speciation of aqueous forms of fluoride in selected Ukrainian waters with a range of total 
fluoride contents determined using the PHREEQC chemical modelling programme 
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igure 3 e of aqueous forms of fluoride as a proportion of total fluoride content in s

 of free F- ions to Mg + and CaF+ forms 

.3.5 r
form study countries was limited. In Slovakia, no 

uman incidences of fluorosis have been recorded and dental caries is more of a concern 
5). Dent rosis h en reported his rically in three locati ns in 

ungar i -fluoride aters, the water sources in these areas have since 
een al e dis s no longer prevalent (see Chapter 6). In a study of 3 groups of 
ungar en ag  exposed to contrasting fluoride concentrations in drinking 
ater, amschula et al., 1985) de ated a link betw n high fluoride contents and 
mmu orosis in es bu dex values were too low (< 0.6) to constitute a 

ublic h problem (Table 6.7).  

o nat l surveys of osis preval ce have been carried out in Moldova or Ukraine. 
herefo rosis pre  data fo se countries were derived from previous studies 
f part  areas an rmation generated by the present project. The absence of 
form  does not indicate a low risk of fluorosis, 
ther the proble s yet to be fully investigate he prevalence infor ation 
ailab e study es dem ate that the relationships between fluorosis and 

uorid ntrations  the water are not simple (Table 3.6). Although it is often the case 
at wa ntaining  mg/l cause disease, the disease also occurs in areas where 
ater f  contents low 1.5 g/l and this may be due to other water chemistry 
ctors -wate es of fluoride and dietary or physiological factors in the areas 
ncern ever, a ilable fl  prevalence information was incorporated into 
e risk sment sch  as this is one of the most important indicators of potentia water 
uorid em areas.

n s

F .10 Percentag
inian waters showing the ratios

elected 
FUkra
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3.3.6 Dental Caries Prevalence 

 included in the report for 
formation only. 

arsely populated areas. Population statistics were available for Slovakia 
nd Hungary but not for Moldova and Ukraine therefore population density data was 
ifficult to quantify for the study region, Furthermore, relationships between populations at 

e Chapter 7). In the case of Slovakia, industrial contamination poses one of the 
ost likely risks of high fluoride in waters and more detailed investigations have been 

 
Whilst some information on dental caries prevalence was collected as part of the present 
study (Table 3.7), caries problems were not the main focus of the study. Therefore, 
prevalence information was not collated consistently for the study region and is not 
included in the final dental caries risk assessment scheme but is
in
 
 

3.3.7 Population Data 
In the theoretical framework outlined in Table 3.1, population density was highlighted as a 
risk parameter whereby densely populated areas have inherently higher risks of fluoride 
exposure than sp
a
d
risk and fluoride in water depend upon the source of the water supply. For example, an area 
may contain high fluoride contents in groundwaters and a high population density, but if 
the population is supplied with low-fluoride water from elsewhere, the risk is significantly 
reduced. As a result, population density was not included the final risk assessment scheme 
but was included in this report as useful background information. 
 
 

3.3.8 Industrial Sources 
Information on industrial sources of fluoride in the study countries was made available to 
the project for Slovakia Hungary and Ukraine. There are no major industrial sources of 
fluoride in Moldova, however, dispersion in the environment does occur from agricultural 
products (se
m
carried out in the affected region (Chapter 5). The presence of industry has been included in 
the final risk assessment as many of these sources do cause elevated concentrations of 
fluoride in surrounding surface and groundwaters. In Ukraine, an assessment of two 
industrial regions, Chervonograd in the West and Khar'kov-Dnepropetrovsk-Donetsk-
Zaporozh’ye in the Centre-East of the country revealed that industrial sources related to 
coal mining do cause increased fluoride in the environment in the Chervonograd region but 
industrial sources have little impact on water fluoride concentrations in the Khar’kov-
Dnepropetrovsk-Donetsk-Zaporozh’ye region. These findings were incorporated into the 
national risk assessment for Ukraine (Chapter 8). 
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Table 3.6 Dental caries and fluorosis prevalence information collated for the present study 
 
Country Location Water  

F mg/l  
Fluorosis   
Prevalence Rate % 

Dental Caries 
 Rate % 

Healthy Teeth % 

Hungary Bar >4` Unknown     
  Dunaszekcso 2.2-2.4` Unknown     
  Herceghalom 2.0-2.2` Unknown DMF-T = 2.0 at 1.3 -  2 mg/ F in water  

DMF-T = 2.82 - 3.52 at low F in water# 
38 - 60% at 1.3 - 2 mg/l F in water    
20 - 37% at low F in water# 

  Kaptalanfa 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water# 

38 - 60% at 1.3 - 2 mg/l F in water    
20 - 37% at low F in water# 

  Csepa 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water# 

38 - 60% at 1.3 - 2 mg/l F in water    
20 - 37% at low F in water# 

  Szeleveny 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water# 

38 - 60% at 1.3 - 2 mg/l F in water    
20 - 37% at low F in water# 

  Tiszakurt 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water# 

38 - 60% at 1.3 - 2 mg/l F in water    
20 - 37% at low F in water# 

Moldova Hyncheshty   30^     
  Gaydar   32^     
  Naslava Oknits   40^     
  Ungheny   40^     
  Komrat   40^     
  Congas, Komrat   40^     
  Beshgioz   40^     
  Bulboka, Nov. Aneny 0.6 - 1.0^ 40^     
  Kiseliea, Komrat 0.6 - 1.0^ 40^     
  Djoltay   45^     
  Falesti 0.39 - 5.3* 50^/ 61*     
  Kalarash 0.19 - 3.6* 50^/ 60*     
  Chadyr-Lunga   50^     
  Baurchi   50^     
  Ishkalevo, Falesti   50^     
  Glodeany   60^     
  Fegedeu, Falesti   60^     
  Falesti   62^     
  Beltsy   66^     
  Edintsy   72^     
  Pyrlitsa, Ungheny 1.2 – 17^ 74^     
  Skuleany, Ungheny 1.2 – 17^ 10^     
  Chadyr-Lunga   80^     
  Kazakliea   80^     
  Cornesti 0.2 - 0.88* 0*     
Ukraine Sosnovka 0.2 - 3.5* 71.4*     
  Silyets 0 - 0.5* 0 66.7*   
  Zhovkva + Kulykiv   0 - 0.5* 0 29*   
  Peremyshlyany 0 - 0.5* 0 31.3*   
  Chervonograd 3 - 3.8* 38 – 68^     
  Lv v o 3 - 3.8* 38 – 68^     
  Str ii y 3 - 3.8* 38 – 68^     
  Drogobech 3 - 3.8* 38 – 68^     
  Odessa 0.01 - 0.6*   35 – 85^   
  Arciz 2 - 7* 92.78* 37.11*   
  Tatarbunary 2 - 7* 90^     
  Tarutino 2 - 7* 90^     
  Kiev < 0.7*   90^   
 Podgorny 2.5 – 7.1* 85.71* 14.29*  
  Kiev 0.7 - 1.0* 4 0^   
  Girnik 3 - 3.8^ Unknown     
  Dimer 0 - 3* Unknown     
  Dimer 1 – 2^ Unknown     
  Dimer 0 – 1^   30^   
  Ivanovsky     90^   
  Buchak 3.4 - 3.5^ 100^     
  Polesky     90^   
  Stavishe 1 – 2^  Unknown      
  Stavishe 0 - 3* Unknown     
  Stavishe 0 - 0.12^   30^   
  Tarashansky 0 - 0.12^   30^   
  Volodarsky 0 - 0.12^   30^   
  Jagotinsky 1 – 2^ Unknown     
  Poltava 1.4^ 20^     
  Poltava > 5^ 100^     
  Poltava 1.8^ 30^     
Slovakia     0     
DMF-T = Decayed, missing and filled teeth index     `Baker (2000)  ^ IGMOF data      * Data from present study     # (Farkas et al., 1999)  
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3.3.9 Dietary Factors 
As indicated in previous sections of this report, fluorosis prevalence is not only dependent 

pter 5).  

take in food, 0.01 – 0.17 % of intake in air, 0.03 – 0.37% 
take in dust) (Schamschula et al., 1988a+b). Other studies carried out in Hungary showed 
at Ca, Al and Mg in food inhibit the uptake of fluoride but the mechanisms were not 

clear. Maize flour and leafy vegetables such as parsley and celery were found to contain the 
t concentrations in foodstuffs did not always 

to approximate the daily amount of fluoride 
sis-en mic areas, intakes of fluoride 

 nge from Total ietary intakes including water are estimated at 
in uoride-po ons, .8 mg i - d 1.2 mg in high-
reg og ical experts in Ukraine have demonstrated that fluoride intake 
ith ate ( h th of count r intakes in the 

ter clim and w  the degree of physical activ s 

 

No dietary information from previous studies for Moldova was available to the project. 
 di tary assessments in three towns h  

on fluoride intake from water by is influenced by other fluoride sources in the diet and 
dietary composition. There are very few dietary surveys available for the study countries 
but from the limited dietary information available it is likely that Ca, Mg and vitamin 
deficiencies are prevalent in communities at risk from fluorosis.  
 
 
In Slovakia, a dietary study of children indicated Ca and P intakes were lower than 
recommended values (Kajaba and Bucko, 1968) and it was estimated that water accounts 
for 60%, food 40% and air a very minor component of the daily dietary intake of fluoride. 
Detailed dietary studies carried out in the Ziarska Kotlina Region of Slovakia associated 
with industrial sources of fluoride showed no evidence of elevated concentrations in food 
(see Cha
 
 
A study carried out by (Biro et al., 1996) demonstrated that Mg intakes were just adequate, 
but Ca and Vitamin E intakes were generally deficient in Hungarian diets. There is also 
some evidence to suggest that in low-fluoride areas, food is a more important source than 
water, air or dust (58 – 90% of in
in
th

highest fluoride contents, but the highes
correspond to regions with high-fluoride waters. However, the use of high-fluoride waters 
in cooking was found to enhance levels in prepared foods (Schamschula et al., 1988c+d). 
Toth and Sugar (1978) concluded that the daily dietary intakes of fluoride in Hungary from 
foodstuffs including the effect of cooking water were 0.096 - 0.567 mg/kg/ day (see 
Chapter 6). 
 
 
Poor dietary Ca intakes have also been reported in the Chernobyl Region of Ukraine 
(Zaichick et al., 1996) whereas daily dietary intakes of fluoride are estimated at 0.5 – 1.1 
mg in Ukraine. At low concentrations of fluoride in water  (< 0.4 mg/l), food is a more 
important source in the diet, however, above this concentration, water is the dominant 
source. Several studies have demonstrated that the fluoride content of basic foodstuffs such 
as cabbage and potatoes can rise during cooking due to evaporation of cooking water. 

ased on dietary information, it is possible B
intake in different regions of Ukraine. In non-fluoro de
from food ra  0.7 – 1.2 mg. d
0.5 mg fl or regi  0 n fluoride optimal regions an
fluoride 

ies w
ions. Bi eochem

er in tvar  clim high e sou  the ry due to greater wate
hot ate) ith ity of the person. Dietary intake ha
therefore been taken into account
in Ukraine (Chapter 8).  

 in the national risk assessment of potential problem areas 

 

Detailed e , Kalaras , Falesti and Cornesti were carried out
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as part of the geochemical and health investigations of the present study. Results 

 addition to examining the potential for natural surface and ground- waters to contain 
igh fluoride concentrations, in order to assess risk it is important to determine an exposure 

lable to the project but is held by local water 
ngineers and operators who are in a position to examine the results of this study in more 
etail to initiate mitigation actions. In Slovakia and Hungary, for example, water is supplied 
y a complex mains pipeline system therefore relationships between natural groundwaters 
nd tap drinking waters are difficult to quantify at the national scale. The following broad-
cale information on water supplies has been incorporated into the final risk assessment 
cheme  (Table 3.7). 

able 3.7 Water supply information for each country included in the final risk assessment scheme 
ountry Water Sources Water Used for Drinking Water Fluoridation 

demonstrate high fluoride intakes, and low Ca, P, vitamin and protein dietary contents in 
towns (Kalarash and Falesti) affected by fluorosis (Chapter 7). 
 
 
The absence of detailed information about the relationships between diet and fluorosis on a 
national scale for Slovakia, Hungary and Moldova make the impact of these factors 
difficult to quantify in the final risk assessment. Dietary factors have, however, been 
included in the national risk assessment of Ukraine based on previous studies carried out by 
biogeochemical experts. The general relationships between dietary factors and fluorosis are 
highlighted in this report to aid decision-making and risk management. The detailed dietary 
studies carried out as part of this project in Moldova are described in Chapter 7 and 
constitute a valuable contribution to the knowledge and understanding of the links between 
fluorosis and diet of which very few studies have been carried out internationally. 
 
 

3.3.10 Water Supply Information 
In
h
route to the population, namely whether or not the waters are used for drinking and if any 
treatments are carried out on the water prior to drinking. Comprehensive water supply 
information for each country was not avai
e
d
b
a
s
s
 
 
T
C
Slovakia Water mains supply Water adjacent to industrial 

sources is not used for 
drinking 

Water is fluoridated before 
supply to the public 

Hungary Water mains supply. High 
and low fluoride waters from 
cold and thermal wells can 
be available in the same 
location and are often mixed 
in the mains system 

Water in areas of historic 
fluorosis incidence is no 
longer used for drinking 

Water is not fluoridated 
before supply to the public 

Moldova Water mains supply and 
local supplies. High and low 
fluoride waters from different 
aquifer horizons can be 
available in the same 
location 

Waters from several aquifer 
horizons are used for 
drinking 

Water is not fluoridated 
before supply to the public 

Ukraine Water mains supply and 
local supplies. High and low 
fluoride waters from different 
aquifer horizons can be 
available in the same 
location 

Waters from several aquifer 
horizons are used for 
drinking 

Water is not fluoridated 
before supply to the public 
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3.4 DE IGN OF THE FINAL RISK ASSESSMS ENT SCHEME  

id nt from the data coll n phas r types and levels of 
ion r the o ntries and some of the criteria outlined in the 

a se nt fra rk we ot ava e in g asis. 
For example, none of the study countries had com

rosis pr ence, ary inta d wat emist tified 
in the initial assessment framework such as water typ

t further studies quired e 
Therefore factors such as geology, hydrogeology, tect

utlined in the initial fr ework were includ  
ation only. , diffe ta  

more detailed study areas, requiring two levels of r nal and local 

 

ba  the information available for Central Europe, a final simplified risk 
essment scheme incorporating the water fluoride content, incidence of fluorosis, 

strial s s of f ride and er sup m
and dental caries risk as follows. 
 

Dental Caries Risk Scheme 
utlined .3.6, although som  dental caries prevalence data were available, 

roblem was not the main focus of the project and these data were not included 
risk lysis. The final risk assessm

ations in water c tegorised 
5 mg/l ined h water ly info  re  

water fluoride contents are < 0.5 mg/l the initial pha
these waters as high risk. However, if these waters

lic then  risk reduced mode indic  
problems are not immediately evident, the situation In 

w and high fluoride waters are present both of which are used for 
rinking, these locations are highlighted in the scheme to show that although the risk from 
aries may be high, alternative water sources are locally available. The scheme and 
tionale are outlined in Table 3.8. 

able 3.8 Final risk assessment scheme for dental caries      

 
It was ev e atio e of the p oject that different 
informat

i l as
 exist fo  each of 

o
 study c u

init ssme mew re n ilabl eographic format on a national b
plete coverage of the combination, 

fluo eval diet ke an er ch ry data. Many of the factors iden
e and diet have an impact on fluoride 
influence of thesrisk bu  are re  to quantify th e factors on disease. 
onically active zones, diet, water type 

and population density o am ed in the final scheme
for inform  In each country rent da sets were available nationally and for

isk assessment at natio
scales. 

 
On the sis of
ass
indu ource luo  wat ply infor ation was developed for high-fluoride 

 

3.4.1 
As o
this health p
in the 

 in Section 3 e

ana
centr

ent schem
by the W

e for dental caries is based upon the 
HO water quality guideline for caries fluoride con a

< 0. comb wit supp rmation lating to fluoridation. For example, if
se of the risk assessment categorises 

 are fluoridated before supply to the 
pub  the  is  to rate ating that although potential health

should be monitored in the future. 
some locations, both lo
d
c
ra
 
T
Caries Risk       
Phase 1   Phase 2  Final Risk Assessment Rationale 
If water F 
mg/l < 0.5 

Potential 
Risk 

If Water 
Fluoridated 

Potential 
Risk 

  

No Low Yes Low Low Fluoride content is sufficient 
No Low No Low Low Despite no fluoridation, water fluoride content is 

sufficient 
Yes High Yes Low Moderate Although water is fluoridated, if fluoridation stops for 

any reason there will be a risk of dental caries, these 
areas should be monitored in the future 

Yes High No High High Fluoride content is insufficient 
Yes and No High/low   High/low Water has low fluoride content but higher fluoride 

water is available in the vicinity 
Unknown    Unknown If the water fluoride content is unknown the risk is 

not assessed. 
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3.4.2 High-Fluoride Risk Assessment Scheme 
The final risk assessment scheme for high-fluoride is based upon the p

ride in the environment indicated by water
r quality guideline for fluorosis), the locat

resence or absence of 
fluo  fluoride contents ≥ 1.5 mg/l (the WHO 
wate ions of fluorosis incidence and industrial 
ources. The scheme adopts a precautionary principle approach to the risk assessment 

 of these conditions is met in a location, the location 
ent, this information 

 combined with water supply data to determine the overall risk. For example, an area of 
istoric fluorosis incidence is categorised as high risk during the first phase of the 
ssessment, however, if the population in this region no longer drink the high-fluoride 

water, the overall risk is reduced to moderate indicating that although no immediate 
arly if an 

dustrial source is present and is known to cause high fluoride in the surrounding 

s
whereby if any one of or a combination

 initially assigned a high risk. During the second phase of the assessmis
is
h
a

problems are evident, the situation should be monitored in the future. Simil
in
environment, the initial risk assigned is high. However, if the local population drink water 
from elsewhere, the overall risk is reduced to moderate. As in the case of caries risk, high- 
and low-fluoride waters can occur in the same vicinity. These locations are highlighted in 
the scheme to show that although the risk of fluorosis is high, alternative low-fluoride water 
sources are available locally. The scheme and rationale are outlined in Table 3.9. 
 
 
The final dental caries and fluorosis risk schemes were transformed into a GIS data 
management system as outlined in the following chapter of this report and were applied to 
each of the study countries (Chapters 5-8).  
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Table 3.9 Final risk assessment scheme for high-fluoride 
           
High-Fluoride Risk      
Phase 1   Phase 2  Final Risk Assessment Rationale 
If water F 
mg/l ≥ 1.5 

Potential 
Risk 

If Drinking 
Water 

Potential 
Risk 

  

No Low Yes Low Low Fluoride content should not normally cause 
problems, but may do under certain circumstances in 
hot climates 

No Low No Low Low Fluoride content should not normally cause 
problems, but may do under certain circumstances in 
hot climates 

Yes High No Low Moderate Although water is not currently used for drinking, if it 
were to be used in the future, health problems could 
arise 

Yes High Yes High High Fluoride content may cause health problems 
Yes and No High/low   High/low Water has high fluoride content but lower fluoride 

water is available in the vicinity 
Unknown    Unknown If the water fluoride content is unknown and there is 

no evidence of fluorosis incidence or industrial 
sources, the risk is not assessed. 

Or If 
Fluorosis 
Incidence 

Potential 
Risk 

    

No Low   Low No history of fluorosis in the area  therefore low risk 
Yes High No Low Moderate There is a history of fluorosis in the region but the 

water is no longer used for drinking therefore the risk 
is moderate indicating the situation should be 
monitored in case high fluoride waters are used for 
drinking in the future 

Yes High Yes High High There is evidence of fluorosis in the region and the 
waters are still used for drinking therefore high risk 

Unknown    Unknown If the prevalence of fluorosis is unknown and there is 
no evidence of high-fluoride waters or industrial 
sources,  the risk is not assessed. 

Or If 
Industrial 
Source 

     

No Low   Low No industrial sources of fluoride in the area therefore 
low risk 

Yes High No Low Moderate Although there is an industrial source of fluoride in 
the area, the waters are not used for drinking 
therefore the risk is moderate indicating the situation 
should be monitored in case high fluoride waters are 
used for drinking in the future 

Yes High Yes High High An industrial source of fluoride is present and the 
waters are used for drinking therefore high risk 
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4 Development of the Risk 
Assessment GIS 

Bryon
 

m statistical analysis. GIS have become a very powerful tool in recent 
ears and are used extensively by government, town planners, local authorities, public 
tility managers, environmental and resource managers, engineers, businesses, and 

of features on the Earth's surface to locations on a two-dimensional 
ur e face, be it 

distanc data sets, 
inv i  required to spatially co-register data 
from i
 
 
Inform
and d
geochem
pop
system
register ss of rectification. Therefore maps developed in the GIS and 
presented in this report are in unprojected format unless otherwise stated, however, the data 

 
y Hope and Fiona Fordyce 

 
 
 

4.1 PRINCIPLES OF GEOGRAPHIC INFORMATION SYSTEMS (GIS) 
 
A GIS is a computer system for capturing, storing, checking, integrating, manipulating, 
analysing and displaying data related to positions on the Earth's surface. Typically, a GIS is 
used for handling maps of one kind or another. These might be represented as several 
different layers where each layer holds data about a particular kind of feature. Each feature 
is linked to a position on the graphical image of a map. Layers of data are organised to be 
studied and to perfor
y
u
marketing and distribution networks. A number of GIS are commercially available and the 
ArcView® (Environmental Systems Research Institute (ESRI)), system has been selected 
for the present study, as it is readily available in Central Europe. 
 
 
GIS require input of geographic data, namely data that record the shape and location of a 
feature as well as associated characteristics, to define and describe the feature. For example, 
hydrogeological units can be located according to co-ordinate grid system references, and 
their attribute data such as aquifer type, or water quality can be recorded. GIS rely on data 
that are correctly georeferenced such that page co-ordinates on a planar map correspond to 
known real-world co-ordinates. It is essential that the type of locational co-ordinate system 
(for example latitude-longitude or national grid co-ordinates) and map projections are 
known. The projection is a method of representing the Earth's three-dimensional surface as 
a flat two-dimensional surface. This normally involves a mathematical model that 
ransforms the locations t

s fac . Such representations inevitably distort some parameter of the Earth's sur
e, area, shape, or direction. As a result, the rectification of different 

olv ng the rotation and scaling of map data may be
 d fferent sources. 

ation for the current project was derived from a number of sources including printed 
igitally held topographic, hydrogeological and geological maps, geo-coded 

ical, hydrogeological and fluorosis prevalence information and area-based 
ulation information. It has been necessary to establish a common locational co-ordinate 

 based on latitude-longitude for all these different data sets and to spatially co-
 these data via a proce
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can  
GIS fra
 
 
Geo a
vector pology differently. Topology is the relative location of 
geographic phenomena independent of their exact position. In digital data, topological 
rela n re usually expressed as 
relationships between nodes, links and polygons. Topology is useful in GIS because many 
spa  
exampl s or arcs that 
onnect to each other and the cost to traverse each line in each direction. Co-ordinates are 
nly needed for drawing the path after it is calculated. 

 
e real world where spatial data is expressed as a matrix 

f cells or pixels. Each cell must be rectangular in shape, although not necessarily square. 

. With the raster data model, spatial data 
akes raster data particularly suitable 

r certain types of spatial operation, for example overlays or area calculations. Areas 

rdinate. A point normally represents a geographic feature too small to be displayed as a 

cribe the 
eographic feature they represent. For example, the outcrop of a geological rock unit can be 
presented by a polygon whose boundaries define the extent of the unit. Attributes such as 

 be readily transformed from latitude-longitude to national grid coordinates within the 
mework should this be required by future users of the system.  

gr phic data are normally captured in the GIS in two main formats known as raster and 
information that deal with to

tio ships such as connectivity, adjacency and relative position a

tial modelling operations don't require co-ordinates, only topological information. For 
e, to find an optimal path between two points requires a list of the line

c
o
 

Raster data are an abstraction of th
o
Each cell within this matrix contains an attribute value as well as location co-ordinate. The 
spatial location of each cell is implicitly contained within the ordering of the matrix, unlike 
a vector structure, which stores topology explicitly

 not continuous but divided into discrete units. This mis
fo
containing the same attribute value are recognised as such; however, raster structures 
cannot identify the boundaries of such areas as polygons. Also raster structures may lead to 
increased storage in certain situations, since they store each cell in the matrix regardless of 
whether it is a feature or simply 'empty' space. 
 
 
Vector data are an abstraction of the real world whereby positional data are represented in 
the form of co-ordinates. In vector data, the basic units of spatial information are points, 
lines and polygons. Each of these units is composed simply of a series of one or more co-
ordinate points, for example, a line is a collection of related points, and a polygon is a 
collection of related lines.  
 
 

oint data are a zero-dimensional abstraction of an object represented by a single X, Y co-P
o
line or area; for example, the location of a water well on a small-scale map. Line data 
comprise a set of ordered co-ordinates that represent the shape of geographic features too 
narrow to be displayed as an area at the given scale (for example, contours, streets, or 
streams) or linear features with no area such as county boundaries. Finally, polygons are a 
feature used to represent areas. A polygon is defined by the lines that make up its boundary 
and a point inside its boundary for identification. Polygons have attributes that des
g
re
the rock type and geochemistry can be also attached to the polygon. 
 
 
Vector information is of most use in the current study as it allows the attachment of risk 
attributes to polygons and points etc.  
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Once data are entered into the GIS, spatial querying and spatial modelling can be 
performed. There are three categories of spatial modelling functions that can be applied to 
geographic features within a GIS as follows: 

assigning of polygon or point  
ttributes and overlay co-prevalence models. The ability to assign attributes to polygons or 
oints can be used to define likely risk in particular areas. For example, a water well 

 the GIS, the various data layers are held within an ArcView® workspace called a  
roject’. For each layer of data (called a ‘theme’ in ArcView®) a shapefile is generated. 

 summary statistics, sorting and querying data. ArcView® 
rojects can also contain legend and symbol files, which aid data presentation. These 

ace that contains all the data layers 

files that store the spatial index of the features. These two files 
may not exist unless a theme on theme selection, spatial join, or an index on a theme 
shape field is created. 

 
 

(i) geometric models, such as calculating the straight-line distance between 
features, generating buffers and calculating areas and perimeters 

(ii)  coprevalence models, such as overlays 
            (iii) adjacency models (pathfinding, redistricting, and allocation) 
 
 
For the purposes of this project, two key functions were the 
a
p
containing high fluoride concentrations can be assigned a ‘high-risk’ attribute. Overlaying 
is the process of superimposing two or more maps, through registration to a common co-
ordinate system, such that the resultant maps contain the data from both maps for selected 
features. This technique was used to develop the overall risk avoidance maps whereby 
different features such as groundwater fluoride maps and fluorosis prevalence maps were 
combined together.  
 
 
In
‘p
ArcView® shapefiles are a simple, non-topological format for storing the geometric 
location and attribute information of geographic features. The shapefile format defines the 
geometry and attributes of geographically-referenced features in as many as five files with 
specific file extensions that should always be stored in the same project workspace. 
ArcView® projects, display geographic data in interactive maps called ‘views’. Each 
feature in the view is listed in a ‘table of contents’. Within each project, the attributes of 
features displayed in a view are held in ‘tables’ and by selecting features in a view, the 
attribute records in the table are automatically highlighted.  The tables also have a full 
range of functions for obtaining
p
different file types, which should always be stored in the same project for the GIS to work, 
are outlined as follows: 
 

• .apr – ArcView®  project, the worksp

• .shp - the file that stores the feature geometry. 

• .shx - the file that stores the index of the feature geometry. 

• .dbf - the dBASE file that stores the attribute information of features. When a 
shapefile is added as a theme to a view, this file is displayed as a feature table. 

• .sbn and .sbx - the 
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• .ain and .aih - the files that store the attribute index of the active fields in a table or 
a theme's attribute table. These two files may not exist unless tables have been 
l

• .avl – an ArcView® legend, a file, which stores the classi
c s applied to a th

• . ® palette, a file, which loads extra symbols.  

• . ®
files are macros allowi misation of the ArcView®  programme 

.2 GI N 

e im of the GIS ombin ous geographic atasets from Central 
urope ce final denta and hig ride risk avoida according to 
e asses  develo  proje

ss  b loped previously for fluoride in Durango, Mexico 
here co tions determin  water sed to categorise the city into zones of 
w to h sure ass s were ants,  children on 
e basi ght an  consu nstr 95% of the 

opulati d high fluoride  exce  day  et al. 1998). 
imilarl 99 gating lence rates of 62 % dental fluorosis in 

school children in the Bolgatanga and Bongo Districts of Ghana demonstrated that 23 % of 
e grou the had co ve 1.5

limatic conditions, daily water consumption i as a ately 3 to 4 1. 
n addit n, dietary intake was higher than WHO baseline values (0.2-0.5 mg/day). 

eoche ical health-risk maps d ontouring the wa ide data using 
take in al guidelines mor closely aligned atic and dietary conditions, 
 aid he lth officials in the assessment of fluo

hese tw  fluoride risk assessment investigati relativ l survey areas 
here w ter data, exposure inf rmation and di tes ollected and 

xamine  simultaneously, allo ing exposure  be d. During the 
resent study it was not possible to collate this type of information at the national level for 
entral Europe. However, information on water supply and fluorosis prevalence were 
cluded to give some indication of exposure in the GIS risk assessment adopted.  

s outlined in the previous chapter of this report, different information was available for 
ach of the study countries at both national and regional scales. As a result, the project GIS 
as designed to incorporate two different levels of information. The first or basic level of 
e risk assessment covers the whole country in each case of Ukraine, Slovakia, Hungary 

nd Moldova. The purpose of this level is to provide an overview of the risks of high-

inked. 

fications, symbols and 
olour eme. 

avp - ArcView

ave – ArcView  script file written in the programming language Avenue,  these 
ng custo  
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The ov rall a was to c e vari d
E to produ l caries h-fluo nce maps 
th sment scheme ped for the ct.  
 
 
Risk a essment GIS have een deve
w ncentra ed in tap were u
lo igh risk. Expo essment calculated for inf adults and

t th s of body wei d water mption and demo ated tha
p on ha intakes in ss of 0.05 mg kg -1 (Ortiz
S y Apambire et al. (1 7) investi  preva
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I io
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fluoride and of dental caries and highlight areas that in the opinion of the geology and 
 e m Central E t a  suspected t n health 

rom fluoride.  

he sec more detailed level of risk as porates on from the 
urrent project where the link en envir nd health f  been more 
losely t the local scale. Informat el is av  for the Ziarska 
otlina ovakia, the gion f Moldova and the Kiev, Lvov, Poltava and 
dessa kraine. tailed st y area information was available in GIS 

reat H an Plain is descr  this repo t (Chapter 6). 

ue to  nature, q and inte ectual property rights (IPR) of the data for 
ach of ies, t s of GIS were developed for the project. In the first 
stance GIS conta  was developed for the Central European project 

artners heir co dies of water management and fluoride mitigation 
nd for  by the  cou  is called Country.apr. The 
econd is a stem called Central.apr designed for general 

sessment maps from the four study countries 
nly.  

ithin the Country.apr GIS, t eolog lovakia,  and Moldova 
ere cl ing to port gning low, moderate and high 

ategories to each of the aquif gons dep e use of t for drinking 
ater. T ese data and othe layers such as tectonic zones, geology, hydrogeology, 
opulati tres and dental  incidenc re included in th for background 
formation.  The data layers used in the final risk assessm rporated- water 

luoride dustrial f sources sis incidence. The overall GIS 
cheme  by the proj the diffe ers held in each type of GIS are 
etailed 1 and 4.2 

uch o tional information incorpo  the GIS (r vers, railways, 
ountry oundaries, cities etc  was derived from geographic resource packages available 
ia the A cView® web-site: www.esri.com

health xperts fro urope, presen  known or hreat to huma
f
 
 
T ond or sessment incor  informati
c s betwe onmental a actors have
c examined a ion at this lev ailable
K Basin in Sl  Falesti Re o
O Regions of U No de ud
format for Hungary, however, further information on high-fluoride waters in the Central 
G ungari ibed in r
 
 
D the different uantity ll
e the study countr wo type
in  a detailed ining all the  
p  for use within t ntinued stu
a dissemination m in each ntry. This GIS
s type of GIS generic sy
distribution, which contains the final risk as
o
 
 
W he hydrog ical units in S Hungary
w assified accord  aquifer im ance by assi
c er poly ending on th he aquifer 
w h r 
p on cen  caries e we e GIS 
in ent were also inco
f  content, in luoride  and fluoro
s developed ect and rent data lay
d  in Tables 4. . 
 
 
M f the loca rated into oads, ri
c b .)
v r . 

ithin the GIS, the final risk avoidance ma kia, Ziar tlina, Hungary, 
oldov  Kiev, Poltava, Lvo  and Odessa w ped using square system. 
ountrie  and local study reg ons were divided into a series of grid square polygons by 
reating a new grid theme or shapefile u View® nimetry.ave 
www.esri.com

 
 
W ps for Slova ska Ko
M a, v ere develo a grid-
C s i
c  sing the Arc script pla
( ). The size of the grid was selected on the basis of the sample density of the 

ater ch mistry information  in all cases t most com sive data set in 
ach loc tion (Table 4.3).  

 

w e as his was the prehen
e a
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Table 4.1 Summary of information layers in the Generic GIS – Central.apr 
 
Country National Layer Information R yers Information C

Category 
egional La ategory 

Slovakia Roads Locational Ziarska Kotlina  
 Railways Locational Roads Locational 
 Lakes Locational Railways Locational 
 Rivers Locational Rivers Locational 
 Islands Locational Towns Background 
 Country Boundary Locational Buildings Background 
 Cities Background Industrial Source Risk Assessment 
 Main Towns Background Dental Caries Risk Map Final Map 
 Industrial Sources Risk Assessment High-Fluoride Risk Map Final Map 
 Dental Caries Risk Map Final Map   
 High-Fluoride Risk Map Final Map   
Hungary Roads Locational - - 
 Railways Locational   
 Lakes Locational   
 Rivers Locational   
 Country Boundary Locational   
 Cities Background   
 Main Towns Background   
 Dental Caries Risk Map Final Map   
 High-Fluoride Risk Map Final Map   
Moldova Roads Locational Falesti  
 Railways Locational Roads Locational 
 Rivers Locational Cities Background 
 Country Boundary Locational Main Towns Background 
 Cities Background High-Fluoride Risk Map Final Map 
 Main Towns Background   
 Dental Caries Risk Map Final Map   
 High-Fluoride Risk Map Final Map   
Ukraine Roads Locational Lvov  
 Railways Locational Roads Locational 
 Rivers Locational Regional Boundaries Locational 
 Country Boundary Locational Main Towns Background 
 Region Boundaries Locational Dental Caries Risk Map Final Map 
 Cities Background High-Fluoride Risk Map Final Map 
 Main Towns Background Kiev  
 Fluoride Biogeochemical  

Risk Map 
Final Map Roads Locational 

 High-Fluoride Risk Map Final Map Regional Boundaries Locational 
   Main Towns Background 
   Dental Caries Risk Map Final Map 
   High-Fluoride Risk Map Final Map 
   Odessa  
   Roads Locational 
   Regional Boundaries Locational 
   Main Towns Background 
   Dental Caries Risk Map Final Map 
   High-Fluoride Risk Map Final Map 
   Poltava  
   Roads Locational 
   Regional Boundaries Locational 
   Main Towns Background 
   Dental Caries Risk Map Final Map 
   High -Fluoride Risk Map Final Map 
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Table 4.2 Summary of information layers in the Project Partner GIS – Country.apr 
tional Layer Information Category Regional Layers Information Category Country Na

Slovakia Roads Locational Ziarska Kotlina  
 Railways Locational Roads Locational 
 Lakes Locational Railways Locational 
 Rivers Locational Rivers Locational 
 Islands Locational Towns Background 
 Country Boundary Locational Buildings Background 
 Cities Background Snow Chemistry Background 
 Main Towns Background Surface Water emistry Ch Risk Assessment 
 Resident Population Background Groundwater C istry hem Risk Assessment 
 Tectonic Zones Background Industrial Source Risk Assessment 
 Hydrogeology Units Background Water Supply Risk Assessment 
 Aquifer Importance Background Dental Caries R ap isk M Final M p a
 Groundwater Chemistry Risk Assessment High-Fluoride Risk Map Final M p a
 Industrial Sources Risk Assessment   
 Water Supply Risk Assessment   
 Dental Caries Risk Map Final Map   
 High-Fluoride Risk Map Final Map   
Hungary Roads Locational - - 
 Railways Locational   
 Lakes Locational   
 Rivers Locational   
 Country Boundary Locational   
 Cities Background   
 Main Towns Background   
 Resident Population Background   
 Geology Background   
 Recharge/ Discharge Zones Background   
 Hydrogeology Units Background   
 Aquifer Importance Background   
 Industrial Sources Risk Assessment    
 Fluorosis Inci e denc Risk Assessment   
 Drinking Water Chemistry Risk Assessment   
 Thermal Well Chemistry Risk Assessment   
 Cold Well Chemistry Risk Assessment   
 Water Supply Risk Assessment   
 Dental Caries Risk Map Final Map   
 High-Fluoride Risk Map Final Map   
Moldova Roads Locational Falesti  
 Railways Locational Roads Locational 
 Rivers Locational Cities Background 
 Country Boundary Locational Main Towns Backg  round
 Cities Background Fluorosis Preval nce Girls e Backg  round
 Main Towns Background Fluorosis Preval nce Boys e Backg  round
 Hydrogeology Units Background Dietary Ca Inta  Girls ke Backg  round
 Aquifer Importance Background Dietary Ca Inta  Boys ke Backg  round
 Fluorosis Incidence Risk Assessment Dietary F Intake ls Gir Backg  round
 Groundwater Chemistry Risk Assessment Dietary F Intake s Boy Backg d roun
 Water Supply Risk Assessment Water Supply Risk Assessment 
 Dental Caries Risk Map Final Map Tap Water Che  mistry Risk Assessment 
 High-Fluoride Risk Map Final Map Fluorosis Incidence Risk Assessment 
   High-Fluoride Risk Map Final Map 
Ukraine Roads Locational Lvov  
 Railways Locational Roads Locational 
 Rivers Locational Regional Boundaries Locational 
 Country Boundary Locational Main Towns Background 
 Region Boundaries Locational Tectonic Zones Background 
 Cities Background Caries Prevalence Background 
 Main Towns Background Fluorosis Prevalence Risk Assessment 
 Tectonic Zones Background Fluorosis Hotspots Risk Assessment 
 Tectonic Regions Background Groundwater Chemistry Risk Assessment 
 Fluorosis Incidence Background Dental Caries Risk Map Final Map 
 Dental Caries Incidence Background High Fluoride Risk Map Final Map 
 Groundwater Chemistry Background Kiev  
 Fl oride Biogeochemical  Risk Map u Final Map Roads Locational 
 High-Fluoride Risk Map Final Map Regional Boundaries Locational 
   Main Towns Background 
   Tectonic Zones Background 
   Caries Prevalence Background 
   Fluorosis Prevalence Risk Assessment 
   Flu sis Horo otspots Risk Assessment 
   Gr water Che y ound mistr Risk Assessment 
   De aries Ris p ntal C k Ma Final Map 
   Hi uoride Risk Map gh Fl Final Map 
   Odessa  
   Roads Locational 
   Re al Boundargion ies Locational 
   Ma owns in T Backg  round
   Te c Zones ctoni Backgr  ound
   Car evalence ies Pr Background 
   Fluorosis Prevalence Risk Assessment 
   Fluorosis Hotspots Risk Assessment 
   Groundwater Chemistry Risk Assessment 
   Dental Caries Risk Map Final Map 
   High Fluoride Risk Map Final Map 
   Poltava  
   Roads Locational 
   Regional Boundaries Locational 
   Main Towns Background 
   Tectonic Zones Background 
   Caries Prevalence Background 
   Fluorosis Prevalence Risk Assessment 
   Fluorosis Hotspots Risk Assessment 
   Groundwater Chemistry Risk Assessment 
   Dental Caries Risk Map Final Map 
   High Fluoride Risk Map Final Map 



 

Table 4.3 Grid sizes used for the preparation of final risk assessment maps in Central Europe 
 
Location    Water Chemistry Data  Grid Square Size 
    Sample Density per km2  km2

------------------------------------------------------------------------------------------------------------------------------------- 
Slovakia    1 per 2-3    2 
Ziarska Kotlina, Slovakia  1 per 0.5    0.5 
Hungary    1 per 3  

oldova    1 per 5    5 
  3 

vov, Ukraine   1 per 6.5    6.5 
oltava, Ukraine   1 per 6.5    6.5 

or each grid, the attribute table was edited to contain columns (known as fields in 
rcView®) for dental caries risk (C_Risk), high-fluoride water (F_Risk), fluorosis 

/l for C_Risk) (≥ 1.5 mg/l for F_Risk); the 
resence or absence of fluorosis incidence (F_Incidenc) and the presence or absence of 

ach, taking the highest fluoride value in the case of high-fluoride risk and 
e lowest fluoride value in the case of dental caries risk. 

 
During the second phase of the risk assessment, two more fields were added to the grid 
attribute tables called ‘Drink’ and ‘Treat’. Water supply information indicating whether or 
not water was used for drinking (‘Drink’) and whether or not water was fluoridated before 
supply to the public (‘Treat’) was then added to these fields for each grid square (Tables 4.4 
and 4.5, Figure 4.1). 
 
 
The final phase of the assessment used the ArcView® Query Function to combine 
information about fluoride sources (Phase 1) with the water supply information (Phase 2) to 
assign the final risk code to each square. This information was entered into two new fields 
called ‘RISK_C’ for dental caries risk and ‘RISK_F’ for high-fluoride risk. The data were 
combined such that in squares were high-fluoride risks were identified but the water was 
not used for drinking, the final risk code assigned was moderate; in squares were dental 
caries risks were identified but water was fluoridated before supply to the public, the final 
risk code assigned was moderate and in squares with both high high-fluoride risk and high 
dental caries risk, the presence of alternative water sources were highlighted (Tables 4.4 
and 4.5, Figure 4.1). 
 
 

M
L
P
Odessa, Ukraine   1 per 6.5    6.5 
Kiev, Ukraine   1 per 6.5    6.5 
 
 
 
Creating the grids as polygons allowed the risk attributes of the basic data layers to be 
assigned to each grid polygon according to the final GIS risk assessment scheme, which is 
outlined in Table 4.4 and Figure 4.1. 
 
 
F
A
incidence (F_Incidenc) and industrial sources (Industry) (Table 4.4). During the first phase 
of the risk assessment, the grids were overlain on the water chemistry, industrial source and 
fluorosis incidence base data layers, which were interrogated using the ArcView® Query 
Function. Risk codes were assigned to the above attribute fields for every grid square based 
on the fluoride contents in water (< 0.5 mg
p
industrial sources (Industry) (Tables 4.4 and 4.5, Figure 4.1). In cases where both high and 
low fluoride waters were present in the same square, the scheme adopts a precautionary 
principle appro
th
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Table 4.4 GIS risk assessment based on assigning high-fluoride and dental caries risk attributes to 
grid squares for each of the study regions Slovakia, Ziarska Kotlina, Hungary, Moldova, 
Lvov, Kiev, Odessa and Poltava 

 
Grid Attribute 
Field 

Data Risk 
Category 

Initial Grid Square 
Risk Code 

Final Grid Square 
Risk Code 

Phase 1     
C_Risk Water Fluoride ≥ 0.5 mg/l Low L  
 Water Fluoride < 0.5 mg/l High H  
 Water Fluoride unknown Unknown U  
F_Risk Water Fluoride < 1.5 mg/l Low L  
 Water Fluoride ≥ 1.5 mg/l High H  
 Water Fluoride unknown Unknown U  
F_Incidenc Fluorosis Incidence = No Low L  
 Fluorosis Incidence = Yes High H  
Industry Industrial Source = No Low L  
 Industrial Source = Yes High H  
Phase 2     
Drink Water used for drinking = Yes Yes Y  
 Water used for drinking = No No N  
Treated Water fluoridated  = Yes Yes Y  
 Water fluoridated = No No N  
Final Risk     
RISK_C If C_Risk = H High  H 
 If C_Risk = H + Treated = Y Moderate  M 
 If C_Risk = L Low  L 
 If C_Risk = U Unknown  U 
 If RISK_F = H + RISK_C = H Alternative 

water source 
available 

 A 

RISK_F If F_Risk = H High  H 
 If Industry = Y High  H 
 If F_Incidenc = Y High  H 
 If F_Risk = H + Drink = N Moderate  M 
 If F_Risk = L Low  L 
 If F_Risk = U Unknown  U 
 If RISK_F = H + RISK_C = H Alternative 

water source 
available 

 A 

 
 
 
 
 

able 4.5 Examples of risk attribute data assigned to grid polygons in the GIS 
 
T

Phase 1 Phase 2 Final Risk Category Grid Shape 
F_Risk C_Risk Industry F_Incidenc Drink Treated RISK_F RISK_C 

P oolyg n U U N N N N U U 
Polygon L H N N N N L H 
Polygon H L Y Y N Y M L 
Polygon H H N N N N A A 
Polygon L H N N N Y L M 
Polygon H L N N Y N H L 

 
 
 
The grid squares were  the final 
ental caries (RISK_C
voidance maps. The ArcView® procedure for creating the final risk avoidance maps is 
utlined in Section 4.3 Appendix 1 of this report. 

 displayed in map format and colour coded according to
) and high-fluoride (RISK_F) (Table 4.4) to produce the final risk d

a
o
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In the case of the detailed study region in Falesti, Moldova, geochemistry and heath data 
wer v h. It 

as no tion of the final risk 
vo  

maps follow  the same risk assessment scheme but the data are presented as point locations 
ther than in a grid format (Chapter 7).  

 

u l 
countrywide risk assessment map is not based on the GIS risk assessment scheme or on the 

ird square system but has been compiled on the basis of the biogeochemical characteristics 
of  into 

t in drinking water, likely total dietary fluoride intake, 
ke n the 

north), luoride waters associated 
ith tectonically active zones and information on the prevalence of dental caries and 

fluo

This m both high-fluoride and dental caries risks has been incorporated 
s a layer in the country.apr and central.apr GIS. For the purposes of the final presentation 

of d 
i ject risk assessment scheme and combined with the grid-based maps of 

lovakia, Moldova and Hungary (Chapter 9). 

the project is outlined in Section 4.4 Appendix 2 
f th r

 

e a ailable for three population centres in the region, Falesti, Cornesti and Kalaras
t possible to adopt a grid square approach for the preparaw

a idance maps in this case due to the limited spatial distribution of the data. The final

ra

 
D e to the lack of national geochemistry and health data available for Ukraine, the fina

g
the different Regions of Ukraine determined by local experts. The map takes

account the likely fluoride conten
li ly dietary intake from water (which is more in the south of the country than i

likely industrial sources of fluoride; the presence of high-f
w

rosis.  
 
 

ap, which presents 
a

high-fluoride risk across the whole study region, the map of Ukraine was reclassifie
ng to the proaccord

S
 
 
A guide to the using the GIS developed by 
o is eport. 
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igure 4.1 Flow diagram of the GIS-based high-fluoride and dental caries final risk assessment 

schemes 
F
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4.3 APPENDIX 1: ARCVIEW® PROCEDURE FOR CREATION OF THE FINAL 

 
Creatin

RISK AVOIDANCE MAPS 

g the Grid 
 

1. Within the GIS containing the background data layers, create a grid (using the ArcView® script, 
planimetry.ave, downloaded from www.esri.com) approximating to the required grid cell size. 

 
2. Create a new polygon theme within ArcView® and paste in the grid to create a grid theme. 

 
3. Clip the grid theme to the country or region boundary using the ArcView® Geoprocessing Wizard 

extension. 
 

4. Open the grid theme attribute table and add in the following string fields with a width of 1: 
 

Explanation 
C_Risk   (relates to water F mg/l) 
F_Risk   (relates to water F mg/l) 
F_Incidenc  (relates to fluorosis incidence) 
Industry   (relates to industrial sources) 
Drink   (relates to use of water for drinking) 
Treated   (relates to water fluoridation) 
RISK_C   (Final dental caries risk code) 
RISK_F   (Final high-fluoride risk code) 

 
 
 
 
Phase 1:  Dental Caries Initial Risk Assessment 
 

 
 

5. With the background water data set open using the ArcView® query button select all locations 
where fluoride concentrations in the background water dataset < 0.5 mg/l. 

 
6. Use the select by theme function from the Theme menu to highlight all grid cells containing the data 

selected above. 
 

7. Open the grid theme attribute table and use the field calculator button to assign the initial risk value 
“H” (High) to the C_Risk field for all the selected cells. 

 
8. Make a new selection of water fluoride data to highlight all locations where fluoride concentrations 

are  ≥ 0.5 mg/l. 
 

9. Use the select by theme function again to highlight all grid cells containing the new set of data 
selected above. 

 
10. Use the query button on the grid theme to highlight all cells where  (C_Risk <> “H”) from the 

current selection so as not to overwrite the existing ‘High’ cell values. 
 

11. Use the field calculator button to assign the initial risk value “L” (Low) to all the selected cells in the 
C_Risk field. 

 
12. Use the query button to make a new selection (C_Risk <> “H”) and (C_Risk <> “L”) to select all 

cells without a value. 
 

13. Use the field calculator button to assign the value “U” (unknown) to these unclassified cells in the 
C_Risk field. 
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Phase 1:  High-Fluoride Initial Risk Assessment 

ns 
where fluoride concentrations ≥ 1.5 mg/l. 

16. Open the grid theme attribute table and use the field calculator button to assign the initial risk value 
“H” (High) to the F_Risk field for all the selected cells. 

n of water fluoride data to highlight all locations where fluoride concentrations 
are < 1.5 mg/l. 

out a value. 

22. Use the field calculator button to assign the value “U” (unknown) to these unclassified cells in the 
F_Risk field. 

23. With the industrial source base data set open, use the select by theme function to select all grid cells, 

elected cells in the Industry field, click the 
s. 

tor button to assign “Y” (Yes) to the selected cells in the F_Incidenc field, click 
 button and assign “N” (No) to all other cells. 

ly Information 

 
1 . With the background water data set open, using the ArcView® query button select all locatio4

 
15. Use the select by theme function from the Theme menu to highlight all grid cells containing the data 

selected above. 
 

 
17. Make a new selectio

 
18. Use the select by theme function again to highlight all grid cells containing the new set of data 

selected above. 
 

19. Use the query button on the grid theme to highlight all cells where  (F_Risk <> “H”) from the current 
selection so as not to overwrite the existing ‘High’ cell values. 

 
20. Use the field calculator button to assign the initial risk value “L” (Low) to all the selected cells in the 

F_Risk field. 
 

21. Use the query button to make a new selection ((F_Risk <> “H”) and (F_Risk <> “L”) to select all 
cells with

 

 

which contain an industrial source. 
 

24. Use the field calculator button to assign “Y” (Yes) to the s
switch selection button and assign “N” (No) to all other cell

 
25. With the fluorosis incidence base data set open, use the select by theme function to select all grid 

cells, which contain fluorosis incidence. 
 

26. Use the field calcula
the switch selection

 
 
 
 
Phase 2: Water Supp
 

27. If it is known that water is or is not used for drinking or if water is fluoridated or non-fluoridated, for 
different locations, assign “Y” (Yes) or “N” (No) in the Drink and Treated fields as necessary. 

 
 
 
 
 
 
 
 
 
 
 
 
 

    75



 

 
Final Risk Assessment: High-Fluoride 
 

8. Using the query and field c
criteria (note: assign the final
assigned by previous criter

2 alculator buttons, populate the RISK_F field according to the following 
 risk values in the order shown below  -  if a value has already been 

ia, then overwrite it): 

ii. If F_Risk = “L” then “L” (Low Risk ) 
iii. If F_Risk = “U” then “U” (Unknown Risk) 
iv. If F_Incidenc = “Y” then “H” (High Risk) 
v. If Industry = “Y” then “H” (High Risk) 

sk = “H” and Drink = “N” then “M” (Moderate Risk) 

lternative Water Sources 
 

ls that have both ‘High’ RISK_F and ‘High’ RISK_C 
classifications and assign both these fields with “A” rather than ‘High’ as an alternative water source 

 
i. If F_Risk = “H” then “H” (High Risk) 

vi. If F_Ri
 
 
 
Final Risk Assessment: Dental Caries 
 

29. Using the query and field calculator buttons, populate the RISK_C field according to the following 
criteria (note: assign the final risk values in the order shown below  -  if a value has already been 
assigned by previous criteria, then overwrite it): 

 
i. If C_Risk = “H” then “H” (High Risk) 

ii. If C_Risk = “L” then “L” (Low Risk) 
iii. If C_Risk = “U” then “U” (Unknown Risk) 
iv. If C_Risk = “H” and Treated = “Y” then “M” (Moderate Risk) 

 
 
 
A

3 . Finally, using the query button, select all cel0

is available in these locations. 
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4.4 APPENDIX 2: GUIDE TO USING THE RISK ASSESSMENT GIS 
 
 
The project GIS are distributed on CD-Rom. The ArcView® GIS software package must be loaded onto the 
host computer before the CD-Rom versions of the GIS will operate. 
 
 
 
 
Generic GIS – Central.apr 
 
 The CD-Rom has a folder called Central_Europe which contains the Central.apr GIS and associated 

 CD-Rom, format, the Central.apr GIS is read-only. The GIS can be copied to a new host computer for use 

he CD-Rom has a folder called Central_Europe which contains the Country.apr GIS and associated 
rcView®  files. Within this folder are four sub-folders for each of the study countries (Hungary, Slovakia, 

s and railways appear in the 
ble of contents list to the left of the view screen. Any of these layers can be viewed by ticking the check-box 
 the table of contents list.  

n be copied to a new host computer for 
se in future studies. 

 

ArcView®  files. Within this folder are four sub-folders for each of the study countries (Hungary, Slovakia, 
Ukraine and Moldova) containing the data layers for each country. 
 
To open the GIS, click on the file Central.apr. The GIS should open automatically. The first level of 
information displayed is a map of the whole study region. The final risk assessment maps for each country 
and each of the study regions and the background locational data sets such as roads and railways appear in the 
table of contents list to the left of the view screen. Any of these layers can be viewed by ticking the check-box 
in the table of contents list.  
 
In
in future studies. 
 
 
 
Project Partner GIS – Country.apr 
 
T
A
Ukraine and Moldova) containing the data layers for each country. 
 
To open the GIS, click on the file Country.apr. The GIS should open automatically. The first level of 
information displayed is a map of the whole study region. The final risk assessment maps for each country 
and each of the study regions and the background locational data sets such as road
ta
in
 
In the menu bar across the top of the view, is an option called ‘Central Europe’. Under this menu, the 
background data layers included in the GIS for each country can be accessed by clicking on the country 
required. Once a country is selected, the set of data layers available for that country will appear in the table of 
contents list to the left of the view screen. Any of these layers can be viewed by ticking the check-box in the 
table of contents list.  
 

 CD-Rom, format, the Country.apr GIS is read-only. The GIS caIn
u
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5 Fluoride Risk Assessment for 
Slovakia  
il Vran

5.1 INTRO

d or
included in t the ex cal 

ilab assessment scheme for Central 
Europe to broaden the scope of this study. No evidence of dental fluorosis in the population 

een rec  in m
c H

contaminatio in the Ziarska Kotlina Basin of Slovakia and 
presents an ted with an industrial source. 

ion a Kotlina Basin study area is 
presented in 

5.2 NATIO

The data inc untry.apr) for Slovakia are listed in 
Table 5.1.  A al units (SGUDS (Rapant et al., 
1996)) (Figu  aquifer importance (Figure 5.2), 
the populatio tion of tectonic features (Figure 
5.4) were inc ly. 
 

a ca e 
groundwater ountry (SG )), 

pply urces of fluoride (Tables 5.2 and 
5.3).  

16359 r ational groundwater chemistry data
v detailed (1 sample per 2.5 - 3 km2) information on the fluoride 

in S ial phase of the risk assessment 
 data w fluoride concentration accor

<  and ≥ 1.5 mg/l fluorosis risk. The WHO guidelines are 
o Sl at drinking water should contain 

 1.0 mg ess fluoride intake from different s
 1

 
Kam a, Fiona Fordyce and Bryony Hope 
 
 
 

DUCTION 
 
As outline at the start of this report, the assessment of flu

he original project concept, however, due to 
ide risks in Slovakia was not 
cellent national geochemi

data ava le, Slovakia has been included in the risk 

has b orded in Slovakia and low fluoride contents ost waters mean that the risk 
owever, industrial fluoride of dental aries is more of a problem in this region. 

n has been well documented 
excellent example of risk assessment associa

Informat for Slovakia as a whole and for the Ziarsk
this chapter. 

 
 

NAL RISK ASSESSMENT 
 

orporated into the Project Partner GIS (Co
t the national level, the map of hydrogeologic
re 5.1), hydrogeology classified according to
n of the main towns (Figure 5.3) and the loca
luded in the GIS for background information on

 
The nation l fluoride risk assessments for Slovakia were 

 chemistry database for the whole c
rried out on the basis of th
UDS (Rapant et al., 1996

water su  information and the location of industrial so

 
 
The ecords in the n base (SGUDS (Rapant et al., 
1996)) pro ide excellent 
contents lovakian waters (Figure 5.5). During the init
these ere categorised by ding to the WHO guideline 
values of 0.5 mg/l caries risk
similar t ovak Standard 757111 which recommends th
0.8 – /l fluoride (unl ources is ensured) but should 
not exceed .5 mg/l fluoride.  
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Due to th  litho logical and mineralogical characteristice s of the rocks in Slovakia, very little 
uoride is released to groundwaters from primary sources. The map of groundwater 

istribut  (Figur 5.5) indi tes tha in over half of the samples, the fluoride 
t i  e limit of detection (0.1 mg e detection limit 

occur in w th disso lid (TDS) contents of 250 – 300 mg/l. Only 
21% of samples contain fluoride contents of more than 0.18 mg/l and the maximum 

tr cepti value 4 m he entrations of 
fluoride occur in the south-
seasonally variable. Therefore, depending on the time of the 
fluoride contents may or may not exceed the 1.5 mg/l thr
 
 
In Slova  stimated that water account  
omponent of the daily dietary intake of fluoride therefore water is the most important 
ource. In addition, dietary studies have shown that in general Ca and P intakes are lower 
an recommended values (Kajaba and Bucko, 1968). Despite these facts, no incidences of 

 reported in Slovakia therefore the 
r ent was the location of 

es (Figure 5.4). 

Very few waters a igh fluoride and on the basis of the water 
chemistr ajority of the country would be at risk from dental 

. H ever wate pply lova is flu e 
population reducing the risk of dental caries.  
 
 
The dental caries and high-fluoride risk avoidance maps for Slovakia are based on a grid 
size of 2 atible with the sam le densi  w e 
risk assessment. In each grid square, water fluoride conte r 
supply in  to produ e the fina risk ma s (Annex  and 2). 
 
 
Across m ovakia, e dental aries ri k is classified as moderate indicating that 
although jority of waters have low fluoride contents the overall risk classification is 
reduced to moderate as the water supply is te  
classification indicates that the situation should be monit  
water fluoridation was interrupted, the risks of dental c e 
waters would increase (Annex 1). 

ide occur in very few isolated localities and due to the seasonal 
ariability in groundwater fluoride contents in these regions do not pose a significant threat 

 low-fluoride water sources are also 
e western extremity of Slovakia. 

lthough water fluoride in these locations does not impact adversely on health the final risk 

fl
fluoride d ion e ca t 
conten s below th /l). Concentrations below th

 ground

n is 

aters wi  total lved so

concen atio an ex onal  of g/l. T average highest conc
eastern Danube Basin and East Slovakian Basin and are 

 year the samples are collected, 
eshold.  

kia it is e s for 60%, food 40% and air a very minor
c
s
th
fluorosis related to environmental exposure have been

nly othe  information incorporated into the national risk assessmo
industrial sourc
 
 

 present risk of in terms of h
y information alone, the m

caries ow , the r su in S kia oridated before provision to th

 km2 comp p ty of the ater chemistry data set used in th
nt data were combined with wate

formation c l p  1

ost of S
 the ma

l th c s

fluorida d. The moderate rather than low
ored as if at any time in the future,
aries associated with low-fluorid

 
 
Risks from high-fluor
v
to human health. In the majority of locations, alternative
available with the exception of one high-fluoride area in th
A
avoidance map highlights these areas so that they can be monitored in the future (Annex 2).  
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In addition to natural fluoride contents, industrial contamination represents one of the main 
sources of fluoride in water in the Ziarska Kotlina Basin of Slovakia (Annex 2) and risks in 
this region were examined in more detail as part of this project. 
 
Table 5.1 Data included in the Project Partner Country.apr risk assessment GIS for Slovakia 
 GIS Risk Assessment 
Data Groundwater Chemistry Data for Slovakia 
Data Source From the database of the Geochemical Atlas of Slovakia – Part 

1. Groundwater (Geological Survey of the Slovak Republic 
(SGUDS) (Rapant et al., 1996)).   

Data Type 16 359 analyses of groundwater (first water reached) collected at 
a sample density of approximately 1 sample per 2.5 km2 over the 
whole of Slovakia. Data for:  X, Y,  Longitude, Latitude, Map 
Number, Type of Source, Locallity, Date of Sampling, Ca, F, 
TDS, pH, Geology 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Hydrogeological Units for Slovakia 
Data Source From the database of the Geochemical Atlas of Slovakia – Part 

1. Groundwater (Geological Survey of the Slovak Republic 
(SGUDS), (Rapant et al., 1996)) 

Data Type Digital map of the main hydrogeological units of the whole of 
Slovakia. 

Data categorised according to aqufer 
importance for drinking water and included as 
background information layer only 

Data Groundwater Chemistry Data for the Ziarska Kotlina Basin 
Data u So rce 82 analyses from the database of the Geochemical Atlas of 

Slovakia – Part 1. Groundwater (Geological Survey of the Slovak 
Republic (SGUDS), (Rapant et al., 1996)) 
and 25 analyses of groundwater from the project: ‘Evaluation of 
Ecological Sustainability of the  Ziarska Kotlina Basin’, 1997. 

Data Type 107 analysis of groundwater in total. Data for: Map Number, Y, 
X, Longitude, Latitude, Locality, Type of Source, Date of 
Sampling, Ca (mg/l), F (mg/l) 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Surface Water Chemistry for the Ziarska Kotlina Basin 
Data Source 95 analyses of surface water from the database of the project: 

‘Collection of Maps of Geofactors of the Environment of the 
Ziarska Kotlina Basin and Banskostiavnicka Oblast’, 1993 and 
31 analyses of surface water from the project: ‘Evaluation of 
Ecological Sustainability of the  Ziarska Kotlina Basin’, 1997. 

Data Type 126 analysis of groundwater in total. Data for: Map Number, Y, 
X, Longitude, Latitude, Locality, Type of Source, Date of 
Sampling, Depth of Source (m), Yield (l/s), Water Temperature 
ºC, Air Temperature ºC, pH, Conductivity (µS/cm), Alkalinity, 
Acidity, Alkalinity in Field,  Alkalinity in Laboratory, Dissolved 
oxygen, COD, BOD, Na, K, NH4, Ca, Mg, Fe, Mn, Cl, F, NO2, 
NO3, PO4, SO4, HCO3, CO3, OH, H2SiO3, Free CO2, 
Aggressive CO2, Heyer, Li, Sr, Cr, Cu, Zn, As, Cd, Se, Pb, Hg, 
Ba, Al, Sb, Filtrated Al, Filtrated Fe, TPH, Fluoranthene  (µg/l), 
TDS (mg/l), Water Quality Classes, Ca (mg/l), F (mg/l) 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Snow Chemistry for the Ziarska Kotlina Basin 
Data Source 20 analyses of snow from the project: ‘Evaluation of Ecological 

Sustainability of the  Ziarska Kotlina Basin’, 1997. 
Data Type Map Number, Locality, X, Y, Longitude, Latitude, Date of 

Sampling, pH, COD(Mn), Conductivity, NH4, Cl, F, NO3, NO2, 
SO4,  Mn, Fe, Al, Zn, Cu, Pb, Cr, Ni, Cd 

Data used to generate contour maps of F, Al 
and Fe content in snow, included as 
background information layers only 

Data Population of Slovakia 
Data Source Census of Slovakia 
Data Type Digital map of towns with population statistics 

Data included as background information layer 
only 

Data Industrial Sources 
Data Source Map of Slovakia 
Data Type Coordinates of the Ziar nad Hronom Aluminium Factory in the 

Ziarska Kotlina Basin 

Data included in risk assessment scheme 

Data  Water Supply Information 
Data Source Water Supply of Slovakia 
Data Type Knowledge of water fluoridation and use of water for drinking 

Data included in risk assessment scheme 

Data Tectonic Features 
Data ur So ce From the database of the Geological Survey of the Slovak 

Republic (SGUDS) 
Data Type Digital map of main tectonic features 

Data included as background information layer 
only 
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Tab .
 

le 5 2 Dental caries risk assessment scheme for Slovakia 

Caries Risk           

Phase 1   Phase 2   Final Risk Location 

Ground 
water  F 
mg/l < 0.5 

Potential 
Risk 

Water 
Fluoridated 

Potential 
Risk 

 

Assessment Rationale 

 Slovakia No  Low  Yes  Low  Low  Fluoride content is sufficient 

 
 

Yes  High  Yes  Low  Moderate Although water is fluoridated, if fluoridation 
stops for any reason there will be a risk of 
dental caries, these areas should be 
monitored 

 Yes and No  High/low   Moderate/ 
low 

Water has low fluoride content but higher 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown the 
risk is not assessed. 

 
 
 
Table 5.3 High-fluoride risk assessment scheme for Slovakia 
 

 High-Fluoride Risk 

Phase 1   Phase 2   Final Risk L
  

ocation 

Ground 
water  F 
mg/l ≥  1.5  

Potential 
Risk 

 Water used 
directly for 
drinking 

 Potential 
Risk 

  

Assessment Rationale 

Sl
 

ovakia No  Low Yes  Low Low  Fluoride content should not normally cause 
problems, but may do under certain 
circumstances in hot climates 

  Yes   High Yes  Low High Water contains high fluoride which may 
cause health problems 

 Yes and 
No 

 High/low   High/ low Water has high fluoride content but lower 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown and 
there is no evidence of fluorosis incidence or 
industrial sources, the risk is not assessed. 

  Fluorosis 
Incidence  

       

 None Low   Low No history of fluorosis in the area therefore 
low risk 

  Industrial 
Source  

       

 Yes High No  Moderate Although there is an industrial source of 
fluoride in the area, the waters are not used 
for drinking therefore the risk is moderate but 
the situation should be monitored in case 
high fluoride waters are used for drinking in 
the future 

 
 

   
 

5.3 ZIARSKA KOTLINA BASIN STUDY AREA 
 
The only area of concern in terms of high-fluoride in Slovakia is associated with the Ziar 
nad Hronom Aluminium Factory (ZSNP) in the Ziarska Kotlina Basin (Figures 5.4 and 
5.6). The factory has been in operation for many years producing Al from the raw material 
bauxite and has created a significant ecological debt to society and the surrounding natural 
environment. The state of the Ziarska Kotlina Basin was examined by a Monitoring and 
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Advisory Group (MAG) established in 1997 via an agreement between ZNSP and the 
European Bank for Reconstruction and Development that contributed to the modernisation 

f the factory. The main reason for establishing the MAG was to enable citizens to obtain 
formation about and discuss the environmental programme of the ZSNP Company. 

gress of this 
rogramme has been evaluated by a project entitled ‘The Evaluation of Ecological 
ustainability of the  Ziarska Kotlina Basin’ (Ministry of the Environment, 1998). 

 and Al processing in individual plants. 

 

.3  
cc d
o e Ziarska Kotlina Basin: 

e of the highest degrees of 

o
in
Citizens’ opinions, comments and suggestions became part of the environmental 
programme. The ZSNP company has been running an extensive remediation programme in 
Ziar nad Hronom since 1994. The main aim is to comply with strict environmental 
standards required by the Slovak Republic and the European Union. The pro
p
S
 
 
The environmental strategy of ZSNP includes several tasks as follows: 
 

• Modernization of aluminium production as well as the approval of the Green 
Program of ZSNP. 

 
• Environmental upgrading of present production lines, potentially cancelling those 

that do not comply with the strictest environmental criteria. 
 

• Removal of historical contamination resulting from over 40 years of Al  production, 
aluminium oxide, carbonaceous materials,

 
• Introduction of improved methods of Al production, which fully utilise its excellent 

qualities as a light-weight construction material achieving considerable savings in 
energy consumption. This aspect also includes solving the problem of liquidation or 
further use of ZSNP alumina products after their lifespan has elapsed. 

 
• Preparation of detailed environmental best practice manuals for the ZSNP complex 

and the implementation of individual rules.  
 

The Slovalco Company outlined new technologies for Al production and the results of 
environmental monitoring. The results prove that after completion of a pilot study, Al 
production will comply with Slovak and EU environmental standards. 

 
 
The Al plant stopped production of Al2O3 from bauxite on December 31 1997. The 
realization of the above-mentioned projects in the framework of the remediation 
programme of ZSNP has had a positive impact on the environment in the Ziar nad Hronom 
rea. The following facts are relevant to the process of project realization. a

 
 

5 .1 Air Pollution 
or ing to the index of air pollution, which describes the total impact of pollutants, A

m nitoring programmes have shown the following trends in th
 

• 1993 - 1994 Ziarska Kotlina  was an area with som
pollution 
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• 1995 - 1996 Ziarska Kotlina  was an area of medium pollution  
• 1997 onwards Ziarska Kotlina  was an are of low pollution 

 
 
The State Health Institute (SHI) in Ziarska Kotlina has a specialised laboratory for 
measuring fluoride in all components of the environment except for soil, i.e. in air, water, 
food and biological substances. The SHI annually examines approximately 460 air samples 
in the region to determine the fluoride content. Prior to 1990, some 15 - 20 % of cases 
exceeded the MAC in air.  
 
 
In 1953, the factory emitted approximately 13 000 tonnes of exhalents, in which fluoride 
was bound to around 400 compounds. Emissions of fluoride were highest at the beginning 
of the 1960s and dramatically decreased from the beginning of 1970s after the installation 
of absorbers in the technological process. The average concentration of fluoride in air 

ecreased from 8 µg/m3 in 1973 to 3 µg/m3 in 1987, but was still 3 times higher than the 

.3.2 Fluoride in Soils 
 all

close to th ide concentrations in soil 
d out across the Z tlina Region  0.2 - 33.0 

 µg/g  19
nge 3 g/g in the Re

uoride in a 2.5 km zone around the factory were 12.45 µg/g in top soil and 12.75 µg/g in 
ub-soil, which exceed recommended maximum limits for water-soluble fluoride in soil of 

il are 200 µg/g and 
00 µg/g respectively. In total, 9000 ha of soil is contaminated by fluoride emissions from 
SNP.  

5.3.3 Fluor
In the Ziarska  in stream sediments range from 300 

 500 µg/g (equivalent to the MAC for soil). The highest concentrations are typical found 
 ponded channels of the River Hron close to the ZSNP factory. 

d
Slovak MAC. In 1991 the factory emitted 10 871 tonnes of exhalents of which, 7.1% 
contained solid and gaseous fluoride compounds. New technology installed in 1995 
lowered fluoride emissions to levels below the 1 µg/m3 Slovak MAC, which are not 
considered harmful for the environment. 
 

5
The most contaminated area of land in the Region is found over uvial deposits of the 
River Hron e factory. A study of water-soluble fluor
carrie iarska Ko revealed concentrations range from
µg/g (median 1.9

uoride in the ra
). A further study in 98, detected concentrations of water-soluble 

fl  - 26.4 µ gion. The average contents of water-soluble 
fl
s
10 µg/g (Mocik, 1986). In the vicinity of the ZSNP factory, water-soluble contents of 11.49 
µg/g in soil correspond to total fluoride contents of 1256 µg/g. The German and Slovak 
recommended MAC for total fluoride concentrations in agricultural so
5
Z
 

ide in Stream Sediments 
Kotlina Basin, concentrations of fluoride

to
in
 

5.3.4 Fluoride in the Biomass  
The arithmetic mean of total fluoride contents in foliage of all forest tree species reported in 
the Geochemical Atlas of Slovakia (Mankovska, 1996) is 6.2±  4.8 µg/g (median 6.1 µg/g). 
Average contents in foliage of individual tree species are as follows (in µg/g): F. sylvatica 
5.8±  2.6 (median 5.9), Q. species 4.7±  2.1 (median 4.9), P. abies 6.3±  4.2 (median 6.2), 
P. sylvestris 7.8±  14.9 (median 6.3) and A. alba 8.3±  5.1 (median 8.0). Exogenic fluoride 

as absent from stomata of all analysed foliage of forest tree species. Mankovska (1980) w
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suggests MAC for fluoride in  larch needles of 8.7 µg/g and Markert (1993) a MAC of 2.0 

ality 
art of the remediation programme consists of projects related to the management of 

n recycling the industrial water and increasing water quality were initiated. The 
SNP industrial complex now meets the required Slovak standards regarding waste-water 
isc r dition to waste-waters, the ZSNP complex generates 

man  o as 
created. 
 
 
Although t ing to 

ment in Ziar nad Hronom District, the River Hron is still 
clas i
monitored he 
findings are published annually in the summary report "Water Quality in Streams" by the 
Slovak Hy is 
arried out acc chnical Standards STN 75 7221.  

 

Municipal f contaminants, because some 
unicipalities in the Ziarska Kotlina Basin lack sewage treatment plants. The town of Ziar 

nad Hronom uses a sewage treatment plant, which was put into operation recently.  
 
 
In 1997, 8 iar nad Hronom received 
drinking w water from 

e public supply had the following attributes (based on 155 samples):  

ical – 38.71 % exceeded the water quality MAC 

µg/g for pine-tree needles. 
 
 
The national map of all tree species shows that fluoride contents exceed 5 µg/g in two-
thirds of the Slovak territory and are clearly associated with industrial plants. Total fluoride 
contents above 10 µg/g have been determined in needles of P. abies, P. sylvestris and A. 
alba in the Ziarska Kotlina Basin and central Spis region (Mankovska, 1996). 
 
 

.3.5 Water Qu5
P
drinking, ground and waste-waters. Between 1988 and 1997 the amount of water taken 
from the River Hron was reduced by 65% by the introduction of a water recycling 
programme. Industrial water usage fell by 57 % and the consumption of groundwater and 
the volume of waste water generated fell by 50 %. In total, 15 water-economy projects 

cussing ofo
Z
d ha ges into the River Hron. In ad

y ther n ki ds of waste and in July 1998 a new stockyard for storing solid wastes w

he water quality in streams has recently considerably improved, accord
monitoring of the River Hron catch

sif ed as polluted or even considerably polluted. The number of pollution indicators 
in the District has increased from 25 in 1966 to 50 at the present time. T

drometeorological Institute in Bratislava. The monitoring of water quality 
ording to Slovak Tec

 
sewage systems are among the largest producers o

m

9.78 % of the 48,509 inhabitants of the town of Z
ater from the public water main. The SHI found that the quality of 

th
 
 

• Physical and chemical parameters – 2.58 % exceeded the water quality MAC 
 

• Microbiolog
 

• Biological – 8.39 % exceeded the water quality MAC 
 

• Total -  44.71 % exceeded the water quality MAC 
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These results show that microbiological factors are the most important cause of water 
quality degradation in the area. The hygiene of the water supply is also negatively 
influenced by irregularities in the water supply resulting from water-main breaks and by a 
lack of water during dry periods. Municipalities lacking water mains are in an unacceptable 
position, with respect to sources of drinking water, relying chiefly on private or public 

ells. Most of these wells (80 - 100%) have unsuitable water. The quality of well water is 
ffected by the location of the water sources, adjacent to street gutters polluted streams, 

then and interconnect the water-main network. 

A detailed study of water quality in the Ziarska Kotlina Basin was completed in 1988 
8). Data collected during this study have been incorporated into 

w
a
toilets, and gardens where fertilizers are used, and by factors such as inadequate treatment 
of areas surrounding wells, unsuitable casing of wells, etc. Monitoring of private and public 
wells revealed that the water is largely unsuitable for consumption by infants, in particular, 
because of the high nitrate contents (MAC 15 mg/l) and in some cases is unsuitable for 
adults also. Some wells might improve with technical treatment, removal of pollution 
sources and application of appropriate disinfections. The most important remedy, however, 
is to build public water mains. Since the Ziarska Kotlina Basin lacks quality drinking water 
it is necessary to leng
 
 

(Vrana and Kusikova, 199
the current project GIS (Table 5.1). Fluoride concentrations in various sample types in the 
region are listed in Table 5.4.  
 
 
Table 5.4 Fluoride concentrations in waters of the Ziarska Kotlina Basin 
Data Type Fluoride  Range mg/l Fluoride Average mg/l Number 
Surface waters 0.03 – 9.0  0.4 126 
Snow <0.02 – 1.3  0.3 20 
Groundwater 0.01 – 3.6 (average 0.17) 0.1 107 
Wells (private houses) 0.03 – 0.27  - - 

 
 
 
Ziar nad Hronom town is supplied by drinking water from public sources (pipeline) outside 
the Region. This is not high-fluoride water. In 1991 the following concentrations of 
fluoride in drinking water were documented by the SHI in the Region: 
 
 

Ziar nad Hronom  0.05 mg/l 
Hlinik nad Hronom  0.08 mg/l 
Lovcica-Trubin  0.05 mg/l 

 District Ziar nad Hronom 0.09 mg/l 

Acc d
values limit 1.5 mg/l). 

ccording to the Geochemical Atlas of Slovakia (Rapant et al., 1996) the average 
con
individ in higher 
oncentrations of fluoride (0.45 mg/l). Snow samples taken from the ZSNP factory area 

rev e
referen
 

 
 

or ing to the SHI monitoring of fluoride in drinking water over the past 10 years, 
vary between 0.15 – 1.45 mg/l and do not exceed the MAC (Slovak 

A
centration of fluoride in groundwater for the Ziarska Kotlina Basin is 0.10 mg/l. Small 

ual sources (e.g. in Lovca), which extract local shallow groundwater, conta
c

eal d fluoride concentrations of 11.5 mg/l (Horne Opatovcec) compared to 0.04 mg/l in 
ce samples from a mountainous ‘clean air’ locality (Bansky Studenec). 
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5.3.6 Impacts on  Agricultural Production, Wildlife and Food 
In 1 5
Brehm  and Ziar witnessed the occurrence of a disease 

fecting mainly cattle and goats resulting in a large number of dead animals, particularly 
you  
it was d move, 

duced production of milk, respiratory and digestive organ trouble and reproduction 
disr t e disease was caused by a 
erious disruption of the internal organs of animals related to fluoride poisoning or 
uorosis. Dental fluorosis has also been reported in deer in the Ziar nad Hronom area 

95  the municipalities of Lovca, Ladomierska Vieska, Horne Opatovce, Lehotka pod 
i, Dolna Zdana, Hliník nad Hronom

af
ng animals. The first species to be affected were bees. Although it was a serious disease 

neither infectious nor parasitic. Symptoms included the inability to stand an
re

up ions. A group of veterinary experts concluded that th
s
fl
(Kierdorf, 2000). 
 
 
Between the years 1990 and 1992, complex environmental monitoring was carried out by a 
team of veterinary surgeons from the University of Veterinary Medicine in co-operation 
with specialist veterinarians from Ziar nad Hronom. The 1992 results showed the 
following: 
 
 

• Analysis of fodder and water 
o The highest contents of contaminant elements (cadmium) were present in 

hay and in silage grass (arsenic) 
o Fluoride concentrations were below normal levels  
o Water did not contain high amounts of any of the monitored elements 

 
• Analysis of milk  

o Increased contents of arsenic were discovered on farms in the vicinity of 
ZSNP  

o Increased values of cadmium were noted in Kremnica, Janova Lehota and 
Banska Stiavnica  

 
• Analysis of meat and organs of cattle and swine 

o Content of fluoride was above normal values  
 

• Wild game, fish and bees 
o Increased amounts of fluoride above normal levels were found in all kinds of 

wild game 
o Values for carp were within recommended limits  
o Bees showed different element contents depending on the region 

 
Wild game and domestic cattle are the best indicators of the state of the environment since 

ey consume natural foods. Results showed that harmful substances were particularly th
concentrated in the inner organs of these animals. The highest concentrations of potentially 
harmful elements were generally found within a distance of 10 - 15 km from the centre of 
Ziar nad Hronom.  
 
 
Subsequent improvements to the Al production technology removed the source of 
pollution. Environmental monitoring demonstrates that the food sold to consumers 
(including meat and fodder products) in the Region complies with Slovak and EU standards 
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and limits. Proper processing ensures that the milk produced in the Region is not harmful to 
health. Imported products also meet the required food quality standards. The limits are 
xceeded for cadmium and mercury only in case of hunting and wild game, however, this 
ituation is typical across the globe as a result of increased environmental pollution and is 

n in t e Region.   

 
u  o oride c  in f  (1985 - 1997) demonstrated that in 57 % of 
les the MAC were not exceeded in contrast to previous years (1985 – 1993) whereby 

0 - 100 % of potato samples contained excess fluoride. The Slovak MAC for fluoride in 
otatoes is 2.5 µg/g. This value was exceeded in Stara Kremnicka (2.6 µg/g), Hlinik nad 
ronom (3.4 µg/g), Kremnica (2.8 µg/g) and Janova Lehota (3.2 µg/g) in the Region. As a 

5.3.7 tatu
Accord ta r n 1997 from the SHI for the Ziarska Kotlina Basin, 
cardiovascular diseases were the most frequent causes of death in the previous year (l996) 
(55.15 %), followed by cancer (19.85%), respiratory diseases (8.71%) and injuries and 

toxication (7.02%). The mortality rate due to cardiovascular diseases in the Ziar nad 
ronom District is not and has never been the highest in Slovakia (ranked 8th - 12th in 

ear old children in the 
istrict in co-operation with 16 other regions. The Ziar nad Hronom District ranked 15th 
ith 29.4% of boys and 14th with 29.9% of girls suffering from allergic diseases out of 17 

a generally poor state of health of inhabitants in Ziar nad Hronom. The 
emography development trends and the population health indicators reveal an undesirable 
ituation but this cannot be attributed only to polluted living and working environments. 

The causes of poor health comprise higher incidence of chronic non-infectious conditions, 
ses, such as cardiovascular diseases, cancer, chronic 

h) 

e
s
not specifically related to local industrial contaminatio h
 

Meas rements f flu ontents ood
samp
5
p
H
precautionary measure, from 1960 onwards, legislation ensured that potatoes grown in the 
Region were distributed elsewhere. No fluoride excesses in corn, flour and bakery produces 
have been reported.  
 
 

Health S s  
ing to da eleased i

in
H
Slovakia over the last 10 years) but it is higher than the national average. A high prevalence 
of allergic diseases had been reported previously in Ziar nad Hronom District. However, the 
SHI monitored the symptoms of allergic diseases among 6 to 14 y
D
w
regions in the Slovak Republic. The most frequent causes of worker disability in the region 
are respiratory diseases, followed by diseases of the muscles, bones and flesh and then by 
injuries and intoxication incurred outside of work. The majority of demographic data 
indicate 
d
s

generally known as civilization disea
respiratory diseases and others, which result mainly from the following:  
 

• Degraded living and working conditions 
 

• Improper or unhealthy life-styles, including bad habits like improper diet, smoking, 
drinking too much alcohol and improper daily routines and regimes 

 
• Low levels of health consciousness among the Region's population, who generally 

display little interest in taking care of their health and living environment 
 

• The living environment and social conditions influence the state of children’s health 
(from 3 years of age children attend nursery where they spend 7 - 9 hours in big 
groups and the disposition to illness hig
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• High numbers of services involving risk and high numbers of workers regularly 

occupied in dangerous industries 
 

• Poorly implemented preventative medical regimes and inadequate health education 
(increased preventive examinations, diagnosis and therapy are preferred)  

D  ilding o h c re infor
 
 
Medical s relating to fluoride in the Ziarska Kotlina Basin were summarised in 

 ‘Th aluation of Ecological ain rska Kotlina 
Basin’(Ministry of Environment, 1998).  For the purposes of the present study, these data 
were int eted operation with M Khu ry, 
Comenius University, Bratislava (Khun 2001a+b+c). T rom 
the archives of the SHI, Ziar nad Hronom. The following interesting relationships between 
high env de nd heath actors w
 
 

s the main indicators of long-term exposure to fluoride, hair and urine samples were taken 
 composition, and 

d nails compared to 
les were noted in children living close to ZSNP factory. 

 
However, studies carried out on children during 1970 – 1975 showed that hair fluoride 
concentrations in the Ziarska Kotlina Basin (4.1 – 5.7 µg/g) were similar to control areas 

ride ure ( – 5.9 µ . Fu  studi r 

 
 
As a mo r ur ment of uoride ,  A 
MAC fo been set in Slovakia. Between 1958 and 1965, 
urine fluoride contents in children ranged be 0.6  
carried out between 1970 and 1975, the fluoride values s) 
living adjacent to the ZSNP factory ranged from 0.33 – 0.38 mg/l and for girls 0.36 – 0.38 
mg/l, higher than reference samples ( 28 - 0.3 g/l an ut 
lower than the 1958 – 1965 levels and lower than the MAC. Data from recent studies show 
that no s the region exceed the MAC for fluoride in urine. In 10 – 14 year-old 
girls urine fluoride contents ranged from 0.25 – 0.61 m oys 
from 0.28 – 0.89 mg/l.  
 
 

inations in nails were less clear but data from 1965 showed an 

 
• elays in bu f a healt a mation system 

investigation
the project e Ev  Sust ability of the  Zia

erpr in co n from the Department of Geochemist
he medical data were derived f

ironmental fluori  a  f ere noted: 

A
from the local population. Between 1958 and 1965 differences in blood
statistically significant higher fluoride contents in urine, hair, teeth an
reference samp
 

with no f
concentrations in hair than in 1970 – 1975.  

luo expos 4.2 g/g) rther es in 1988 showed slightly highe

re accu
r fl

ate meas e fl exposure urine samples were also tested.
uoride in urine of 1 mg/l has 

tween 6 –0.78 mg/l. In further studies
 in urine for boys (age 6-9 year

0. 1 m d 0.2 - 0.27 mg/l respectively) b

amples in 
g/l and in 10 – 14 year-old b

Results of fluoride determ
average fluoride content 297 µg/g in children close the ZSNP factory compared to 198 µg/g 
in control areas. 
 
Analyses of teeth samples carried out between 1965 and 1975 revealed that the 
concentrations were higher close to the ZNSP factory than in control areas and that levels 
had increased compared to values reported in the period 1950 – 1958. The majority of 
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values in the area close to the factory exceeded the recommended maximum value of 300 
µg/g (Table 5.5). 
 
 
Table 5.5 Fluoride contents in children’s teeth 1965 - 1975  

Fluoride Teeth  µg/g 
ZSNP Factory Control Area 

 

Range  Average Range Average 
Boys 102-776 363 58-790 280 
Girls 195-738 408 112-603 -

 

 

 

In terms of stomatology, the percentage of children with minor white-chalky-patches on 
teeth has been decreasing with time but is still higher in the Region than in control areas 

environmental fluoride in the Region: and this factor is related to higher 
 
 

Year  % Children with white-chalky-patches 
  

 

 
 

5.3.8 Risk Avoidance Maps 
The information presented in the previous section of this report demonstrates that although 
there is evidence of fluoride contamination associated with the ZNSP factory, the impacts 
on human health are low in the Region. In order to carry out the current project risk 
assessment, data for snow chemistry, groundwater chemistry and surface water chemistry 
were included in the GIS (Table 5.1). Interpolated surface maps showing the distribution of 
F, Al and Fe contents in snow around the ZNSP factory demonstrate the extent of 
atmospheric contamination and are included in this report for background information 
(Figures 5.7 – 5.9). The interpolated surfaces were created from the point-source snow 
chemistry data using the ArcView® Spatial Analyst extension and the inverse-distance-
weighting (IDW) interpolation function default settings (cell size  =0.000629 degrees; 227 
rows, 250 columns, 12 nearest neighbours, IDW power 2). The interpolated surfaces were 
not included in the project partner GIS (Country.apr) as the Spatial Analyst extension is 
additional to the basic ArcView® programme. 

1965  44.8 
1970  31.17  
1975  22.25  
Control 3.63   

 
 
No fluorosis related to environmental exposure (drinking, water, air, food, soil) has been 
reported in the Region. One case of occupational fluorosis was reported in 1991 in a worker 
from the ZSNP factory but the situation prior to 1989 is not known.  

 
In relation to cancer, the prevalence rate in men is 4.88 %  and in women 12.97% higher 
than the Slovak average but the reasons are not understood. The prevalence of the types of 
cancers that could be related to contaminants in the environment is decreasing in the 
Region. 
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The fluoride risk assessments for Ziarska Kotlina were carried out on the basis of the 
groundwater and surface water chemistry databases for the Region (Table 5.1), water 
supply information and the location of industrial sources of fluoride (Tables 5.6 and 5.7). 
 
 
Table 5.6 Dental caries risk assessment scheme for the Ziarska Kotlina Basin 

Caries Risk           

Phase 1   Phase 2   Final Risk Location 

Ground  or 
surface 
water  F 
mg/l < 0.5 

Potential 
Risk 

Water 
Fluoridated 

Potential 
Risk 

 

Assessment Rationale 

 Ziarska 
Kotlina Basin 
 

No  Low  Yes  Low  Low  Fluoride content is sufficient 

 Yes  High  Yes  Low  Moderate Although water is fluoridated, if fluoridation 
stops for any reason there will be a risk of 
dental caries, these areas should be 
monitored 

 Yes and No  High/low   Moderate/ 
low 

Water has low fluoride content but higher 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown the 
risk is not assessed. 

 
 
Table 5.7 High-fluoride risk assessment scheme for the Ziarska Kotlina Basin  

 High-Fluoride Risk 

Phase 1   Phase 2   Final Risk Location 
  

Ground or 
surface 
water  F 
mg/l ≥  1.5  

Potential 
Risk 

 Water used 
directly for 
drinking 

Potential 
Risk 

  

Assessment Rationale 

Ziarska 
Kotli
 

na Basin 
No  Low No  Low Low  Fluoride content should not normally cause 

problems, but may do under certain 
circumstances in hot climates 

  Yes   High No  Low Moderate Although water is not currently used for 
drinking, if it were to be used in the future, 
health problems could arise. 

 Yes and 
No 

 High/low   High/ low Water has high fluoride content but lower 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown and 
there is no evidence of fluorosis incidence or 
industrial sources, the risk is not assessed. 

  Fluorosis 
Incidence  

       

 None Low   Low No history of fluorosis in the area therefore 
low risk 

  Industrial 
Source  

       

 Yes High No  Moderate Although there is an industrial source of 
fluoride in the area, the waters are not used 
for drinking therefore the risk is moderate but 
the situation should be monitored in case 
high fluoride waters are used for drinking in 
the future 

 
The final risk avoidance maps for the Region were based on a grid size of 0.5 km2 

patible with the sample density of the ground and surface water datasets. Groundwater 
istry data were combined in the GIS so that problem waters from 

le source in the Region would be highlighted. In each grid square, the water 
 information to produce the final risk maps 

com
and surface water chem
any possib
fluoride data were assessed with water supply
(Annex 3 and 4). 
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The majority of waters in the Region have low fluoride concentrations and dental car
would be of concern, however, since the drinking water supply in Slovakia is fluoridated, 
the final risk assessment is moderate indicating that the situation should be monitored as if 
at any time in the future, water fluoridation was interrupted, the risks of dental caries 
associated with low fluoride waters would increase (Annex 3). 
 

High fluoride concentrations exceeding the 1.5 mg/l MAC in ground and surface waters in 
the Region are restricted to the immediate vicinity of the ZNSP plant. The extent of water 
contamination from the plant is very limited (Figure 5.10 and Annex 4). Although these 
waters pose a potential problem, the local population in Ziar nad Hronom are supplied with 
drinking water from elsewhere therefore the final assessment classifies these areas as 
moderate risk indicating that the situation should continue to be monitored in the future to 
ensure these waters are not used for drinking (Annex 4).  

 
 

5.4 CONCLUSIONS 
In general, natural waters used for drinking in Slovakia contain very low concentrations of 
fluoride and dental fluorosis is not a problem in this region. At the national scale, there are 
very few locations where water fluoride contents exceed 1.5 mg/l and in all but one of these 
cases, lower fluoride waters are available in the vicinity.  High fluoride concentrations in 
Slovakia are seasonably variable and do not pose a threat to human health. Environmental 
contamination in a very limited area around the Ziar nad Hronom Aluminium Factory in the 
Ziarska Kotlina Region results in high fluoride contents in groundwater and surface water,
however these waters are not used for drinking and present little immediate risk to health. 

 

The majority of Slovakian waters contain less fluoride than the recommended minimum 
contents for dental caries prevention (< 0.5 mg/l); however, the water supply is fluoridated 
in Slovakia reducing the immediate risk of dental caries in this region. 

ies 

 



 

Nitra

Žilina

Prešov

Košice

Trnava

Trenèín

Bratislava

Banská Bystrica

17

17

18

18

19

19

20

20

21

21

22

22

48 48

49 49

Lakes

Rivers

Roads

Urban areas 0 100 200 Kilometers

Granitoids, crystalline schists - fissure permeability
Gravels, sands interlayered with clays - Neogene, intragranular permeability; conglomerates, sandstones interlayered with clays - Neogene, fissure permeability
Limestones, dolomites - Triassic, rarely Jurassic, fissure and karst-fissure permeabili ty; carbonate conglomerates and breccias - Paleogene, fissure and karst-fissure permeabil ity
Loesses, loess loams - Quaternary, impermeable beds; clays - Neogene impermeable beds; claystones, shales, marls, marly limestones - Paleogene, Mesozoic, impermeable beds
Quartzites - Triassic, fissure permeabil ity
Sands and gravels - Quaternary, intragranular permeabil ity
Sandstones alternating with claystones - Paleogene, fissure permeabili ty aquifers alternating with aquicludes
Sandstones, conglomerates - Paleogene, fissure permeability

Volcanics - Neogene, fissure permeability, rarely intragranular permeability

Aquifers

Sandstones, quartzites, shales, graywackes, arkoses, phyll ites, gneisses, volcanics, magnesites, siderites, Paleozoic, undifferentiated, fissure permeability, strongly influenced by mining

 
Figure 5.1  Main hydrogeological units of Slovakia (SGUDS (Rapant et al., 1996)) 
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High  -  aquifers with significant water sources or extensive aquifers with very significant water sources
Moderate  -  aquifers containing local and less important water sources
Low  -  rock complexes without water sources, generally impermeable

Aquifer Importance

 
Figure 5.2  Main hydrogeological units of Slovakia classified according to aquifer importance 
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Figure 5.3  Population of the main settlements in Slovakia 
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Figure 5.5 Grou ater ride concentrations in Slovakia (SGUDS (Rapant et al., 1996)) classified according to water quality guidelines (WHO, 1996b)  fluondw
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Figure 5.6 Map showing the location of the Ziar nad Hronom aluminium factory in the Ziarska Kotlina 

Basin, Slovakia 
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6 F oride is Assessment for 
Hungary  

a
contain higher fluoride contents than cold-well waters.  However, the majority of drinking 

aters in Hungary contain low concentrations of fluoride and the risk of dental caries is 
orted around 

ve industrial plants in the country, although the impacts of this contamination on 
surrounding ecosyste din  he uir r investigation.  Information 
for Hungary as a wh  the Great Hungarian Plain where 
hydrogeological conditions result in high-fluoride therma ters is presented in this chapter. 
 

6.2 NATIONAL RISK ASSESSMENT 
 

6.2.1 GIS Risk Scheme 
The data incorporated into the Project Partner GIS (Country.apr) for Hungary are listed in 
Table 6.1. At the national level, the map of hydrogeological units (MAFI (Siposs and Toth, 
1989)) (Figure 6.1), hydrogeology classified according to aquifer importance (Figure 6.2), 
recharge and discharge zones (Figure 6.3) geology (MAFI (Pecsi, 1989)) (Figure 6.4) the 
population of the main towns (Figure 6.5) and reported caries incidence data (Figure 6.6) 
were included in the GIS for background information only.  
 
 
The national fluoride risk assessments for Hungary were carried out on the basis of the 
groundwater (cold and thermal wells) and drinking water chemistry databases for the whole 
country (MAFI (Toth, 1989)), water supply information, the location of industrial sources 
and fluorosis incidence (Tables 6.2 and 6.3).  
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Gyorgy Toth, Fiona Fordyce and Bryony Hope 
 
 
 
 

6.1 INTRODUCTION 
 
Isolated cases of dental fluorosis have been reported previously in Hungary, associated with 
high-fluoride drinking waters. The mains drinking water supply in Hungary is derived from 
both cold (< 25oC) nd thermal (> 25oC) groundwaters and the thermal waters generally 

w
more of a problem in this region. Industrial fluoride contamination has been rep
fi

ms, inclu
ole and for 

g human
a detailed s

alth req
tudy area in

e furthe

l wa
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Table 6.1 Data included in the Project Partner Country.apr risk assessment GIS for Hungary 
 
 GIS Risk Assessment 
Data Cold Wells Water Chemistry Data for Hungary 
Data Source From the database of the National Atlas of Hungary. Mineral and 

Thermal Wells. Hungarian Geological Survey (MAFI) (Toth, 
1989) 

Data Type 532 analyses of groundwater from cold wells collected at 
a sample density of approximately 1 sample per 30 km2 over the 
whole of Hungary. Data for:  X, Y,  Longitude, Latitude, Location, 
Welll Number, K, Na, NH4, Ca, Mg, Fe, Mn, Cl, HCO3, SO4, NO3, 
F, Temp 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Thermal Wells Water Chemistry Data for Hungary 

Data Source From the database of the National Atlas of Hungary. Mineral and 
Thermal Wells. Hungarian Geological Survey (MAFI) (Toth, 
1989) 

Data Type 545 analyses of groundwater from thermal wells collected at 
a sample density of approximately 1 sample per 30 km2 over the 
whole of Hungary. Data for:  X, Y,  Longitude, Latitude, Location, 
Welll Number, K, Na, NH4, Ca, Mg, Fe, Mn, Cl, HCO3, SO4, NO3, 
F, Temp 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Drinking Water Chemistry Data for Hungary 
Data Source From the database of the National Atlas of Hungary. Mineral and 

Thermal Wells. Hungarian Geological Survey (MAFI) (Toth, 
1989) 

Data Type 3266 analyses of drinking water collected at each major 
settlement at a sample density of approximately 1 sample per 6 
km2 over the whole of Hungary. Data for:  X, Y,  Longitude, 
Latitude, Location, Welll Number, Ca, F 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Hydrogeological Units for Hungary 
Data Source From the National Atlas of Hungary. Hydrogeology. Hungarian 

Geological Survey (MAFI) (Siposs and Toth, 1989) 
Data Type Digital map of the main hydrogeological units of the whole of 

Hungary. 

Data categorised according to aqufer 
importance for drinking water and included as 
background information layer only 

Data Recharge and Discharge Zones for Hungary 
Data Source From the National Atlas of Hungary. Hydrogeology. Hungarian 

Geological Survey (MAFI) (Siposs and Toth, 1989) 
Data Type Digital map of recharge and discharge zones of the whole of 

Hungary 

Data included as background information layer 
only 

Data Population of Hungary 
Data Source 1991 Census of Hungary 
Data Type Digital map of towns with population statistics 

Data included as background information layer 
only 

Data Industrial Sources 
Data Source Previous Studies 
Data Type Coordinates of the Mosonmagyarovar, Alumasfuzito, Ajka 

Redmud, Ajka Alufactory and Varpalota Alufactory Industrial 
Sources  
 

Data included in risk assessment scheme 

Data  Water Supply Information 
Data Source Water Supply of Hungary 
Data Type Knowledge of water fluoridation and use of water for drinking 

Data included in risk assessment scheme 

Data  Fluorosis Incidence 
Data Source Previous Studies 
Data Type Coordinates of towns Bar, Dunaszekcso and Herceghalom 

fluorosis incidences 

Data included in  risk assessment scheme 

Data  Dental Caries Incidence 
Data Source Previous Studies 
Data Type Coordinates of towns Herceghalom, Csepa, Szeleveny, 

Tiszakurt, Kaptalanfa caries prevalences 

Data included as background information layer 
only 
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Table 6.2 Dental caries risk assessment scheme for Hungary 
 

Caries Risk           

Phase 1   Phase 2   Final Risk Location 

Well or 
drinking 
water  F 
mg/l < 0.5 

Potential 
Risk 

Water 
Fluoridated 

Potential 
Risk 

 

Assessment Rationale 

Hungary No  Low  No  Low  Low  Fluoride content is sufficient 

 
 

Yes  High  No  High  High  Fluoride content is insufficient 

 Yes and No  High/low   High/ low Water has low fluoride content but higher 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown the 
risk is not assessed. 

 
 
 
Table 6.3 High-fluoride risk assessment scheme for Hungary  
 

 High-Fluoride Risk 

Phase 1   Phase 2   Final Risk Loca
  

tion 

Well or 
drinking 
water  F 
mg/l ≥  1.5  

Potential 
Risk 

 Water used 
directly for 
drinking 

Potential 
Risk 

  

Assessment Rationale 

Hungary 
 

No  Low Yes  Low Low  Fluoride content should not normally cause 
problems, but may do under certain 
circumstances in hot climates 

  Yes   High Yes  High High Water contains high fluoride which may 
cause health problems 

 Yes and 
No 

 High/low   High/ low Water has high fluoride content but lower 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown and 
there is no evidence of fluorosis incidence or 
industrial sources, the risk is not assessed. 

  Fluorosis 
Incidence  

       

 Yes High No Low Moderate There is a history of fluorosis in the region 
but the water is no longer used for drinking 
therefore the risk is moderate as the situation 
should be monitored in case high fluoride 
waters are used for drinking in the future 

  Industrial 
Source  

       

 Yes High Yes High High An industrial source of fluoride is present and 
the waters are used for drinking therefore 
high risk 

 
 
 

6.2.2 Hydrogeology and Water Quality 
ater from cold (< 25 oC) and thermal wells (> 25 oC) and surface waters are utilised in a 

omplex mains water supply system in Hungary and water is commonly transferred between 
ettlements. Although water supply network data for over 3000 settlements were made 
vailable to the project (Table 6.4), it was not possible to incorporate this detailed 
formation into the risk assessment at the national scale. This information is available from 
e Hungarian Geological Survey (MAFI) and would be essential for any detailed follow-up 

tudies to assess risks and epidemiological links between environmental fluoride and health. 

W
c
s
a
in
th
s
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Table 6.4  Examples of water supply network information for settlements in Hungary 

ounty Settlement  Population Local 
Exploitation 

l 

Imported 
Water l 

Exported 
Water l 

Water 
Consumption 

l 

Source of Imported Water 
 
C

F ABA 17376 163.2 0 0 88.7 Aba 
B ABALIGET 12548 31.1 9.5 0 16 Abaliget 
H ABASAR 24554 130.4 0 0 102.9 Abasár 
BAZ ABAUJALPAR 15662 0 1.5 0 1.3 Boldogkováralja Regionális vízmu 
BAZ ABAUJKER 26718 0 15.2 0 10.4 Golop Regionális vízmu 
BAZ ABAUJLAK 02820 1.6 0 0 1.3 Abaújlak 
BAZ ABAUJSZANTO 03595 0 176.2 0 77.8 Golop Regionális vízmu 
BAZ ABAUJSZOLNOK 26338 2.1 0 0 2.1 Abaújszolnok 
BAZ ABAUJVAR 02273 6.4 0 0 4.4 Abaújvár 
SZ ABADSZALOK 12441 168.2 57.4 30.1 133.9 Abádszalók 
GY ABDA 11882 0 111.5 0 97.9 Gyor Városi Vízmu 
BAZ ABOD 10357 3.4 0 0 1.4 Abod 
P ABONY 27872 620.2 0 0 394.4 Abony 
P ACSA 18573 48.9 0 32.6 0 Acsa 
GY ACSALAG 3 0 18.3 vm 3385 0 19.9 Bosárkány Kt
V ACSAD 07214 22.4 13.4 Acsád 59.9 0 
H ADACS 23241 77.4 0 0 59.4 Adács 
VE ADASZTEVEL 07302 47.6  0 18.7 18.4 Adásztevel 
F ADONY 0 0 a-völgy 8925 133.2 0 88.1 Ercsi Kápolnásnyék Gárdony Bik
VE ADORJANHAZ 31307 49.3 A 0 39.9 10.5 Csögle 
B ADORJAS 06868 0 5.2 0 3.5 Adorjás 
BAZ AGGTELEK 09362 0 20.8 0 11.6 Aggtelek forrás-vízmu 
GY AGYAGOSSZ 2 0 ERGENY 9407 12.8 0 9.5 Fertomenti Reg. Vízmu 
SZSZ AJAK 08776 0 236.1 0 173.7 Kisvárda 
VE AJKA 06673 746.4 mu 3007.1 0 1232.6 Ajka + Nyírádi Regionális Víz
BK AKASZTO 21944 205 0 0 156 Akasztó 
BAZ ALACSKA 33093 0  + ÉRV Kazin18.2 0 16.4 ÉRV Lázbérc Reginális vízmu 
F ALAP 26824 18.2 0 0 13.9 Alap 
SZ ALATTYAN 25265 92 0 0 59 Alattyán 
P ALBERTIRSA 31653 347.3 0 0 206.1 Albertirsa 
F ALCSUTDOBOZ 15176 0 44.5 0 30.9 Tatabánya Bicske Csabdi Reg. rendszer 
H ALDEBRO 06345 99.8 0 69.8 21.8 Aldebro 
Z ALIBANFA 02644 0 11.5 0 11.1 Zalaszentiván 
B ALMAMELLEK 13329 12.5 0 0 7.9 Almamellék 
K ALMASFUZITO 32346 466.2 0 0 255.3 Almásfüzíto 
Z ALMASHAZA 23384 0 0.9 0 0.8 Zalaszentgrót 
BE ALMASKAMARAS 29595 0 37.2 0 23.1 Almáskamarás 
B ALMASKERESZTUR 20376 49.8 0 47 1.5 Almáskeresztúr 
BAZ ALSOBERECKI 20482 0 29.3 0.6 15.8 Ricse Regionális vízmu 
S ALSOBOGAT 34184 15.5 0 0 5.6 Alsóbogát 
BAZ ALSODOBSZA 19664 0 10.2 0 10.1 ÉRV Keleti csúcsvízmu 
BAZ ALSOGAGY 14429 1 0.2 0 0.8 Alsógagy 
B ALSOMOCSOLAD 17385 10.5 0 0 5.9 Alsómocsolád 
T A 15.1 0 0 8 Alsónána LSONANA 29665 
Z A 0 13.7 0 13.3 Nemesapáti LSONEMESAPATI 19512 
P ALSONEMEDI 23199 107 0 0 79.1 Alsónémedi 
T ALSONYEK 11563 121.8 0 80 18 Alsónyék 
VE ALSOORS 30526 50.9 120 0 93 Alsóörs 
Z ALSOPAHOK 32081 0 76.6 0 43.7 DRV Nyugat-Balatoni Regionális vízmu 
N ALSOPETENY 16425 0 14.2 0 7.2 Dunamenti Regionális Vízmu Vác 
Z ALSORAJK 18829 0 13.9 0 10.1 Felsorajk 
BAZ ALSOREGMEC 23223 0 45.2 32.5 5 Sátoraljaújhely Kistérségi Vízmu 
Z ALSOSZENTERZSEBET 08767 8.2 0 0.9 2.9 Alsószenterzsébet 
F ALSOSZENTIVAN 25283 9.1 0 0 6 Alsószentiván 
B ALSOSZENTMARTON 33279 0 20 0 18.9 Egyházasharaszti 
V ALSOSZOLNOK 22549 0 9.3 0 6.6 Szentgotthárd 
BAZ ALSOSZUHA 28839 0 1.9 0 1.9 ÉRV Borsodszirák 
BAZ ALSOTELEKES 08217 0 3.1 0 2.4 ÉRV Borsodszirák 
H ANDORNAKTALYA 17987 0 285 200 61.9 Andornaktálya D-i vm 
V ANDRASFA 12317 0 7.2 0 6.1 Gyorvár 
SZSZ APAGY 20303 0 76.3 0 61.6 Levelek 
CS APATFALVA 14252 232.9 0 0 132.5 Apátfalva 

 
 
 
The 532 cold and 545 thermal well records in the national groundwater chemistry database 
(MAFI (Toth, 1989)) collected at a sample density of 1 per 30 km2 and the 3266 records 
collected from drinking taps in the major settlements (at a sample density of 1 per 5 km2) 
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provide a comprehensive overview of fluoride contents in Hungarian waters. During the 
initial phase of the risk assessment, these data were categorised by fluoride concentration 
according to the WHO guideline values of < 0.5 mg/l caries risk and ≥ 1.5 mg/l fluorosis risk 
(Figure 6.7).  The range in temperatures in Hungarian groundwaters is

o
 relatively large (8 – 

00 C) and fluoride contents in thermal waters (1.4 – 6.2 mg/l) are generally higher than in 
old waters (0.2 – 3.3 mg/l) (Figure 6.8). Despite the use of thermal waters for drinking, the 

W

1
c
concentrations in tap waters are generally low (0.2 – 1.8 mg/l) (Table 6.5). Fluoride contents 
in cold and thermal wells show a weak correlation with bicarbonate content across the 
country (Figure 6.9). 
 
 
Table 6.5 Fluoride contents in cold and thermal waters and drinking waters in Hungary 
 
ater Source Minimum 

Fluoride mg/l  
Maximum 
Fluoride mg/l 

Average 
Fluoride mg/l 

Number 

Thermal Wells > 25oC 0.60 6.2 1.4 344 
Cold Wells < 25oC 0.30 3.3 0.2 532 
Drinking Water (Taps) 0.00 1.8 0.2 3266 

 
 
Very few drinking water samples contain fluoride contents above 0.7 mg/l with the 
exception of waters from the centre of the Great Hungarian Plain. In Hungary, there are large 
subsurface water flow systems in both karstic and sedimentary basins. Using hydraulic 

otential-field data is it possible to delineate the main hydrodynamic regimes across the 
ountry (Figure 6.3). The location of an aquifer in relation to the hydrodynamic regime 
rgely controls the geochemistry. For example, recharge zones are characterised by low 
DS, Ca-Mg-bicarbonate-type waters whereas discharge zones are characterised by Na-

bicarbonate-type waters. The high-fluoride drinking waters in the central Great Hungarian 
flow direction is from 

orthwest to southeast. The source of fluoride is assumed to be groundwaters at the north-

In addition to natural sources, high environmental fluoride levels are associated with the five 
lants in Hungary (Table 6.6, Figure 6.6).  To 

p
c
la
T

Plain lie in the discharge zone in an area where the groundwater 
n
western edge of the area around Tisakecske and Lakitelek. This area is a well-known 
geothermally active basin where a strong upward flow brings thermal waters from Miocene 
aquifers at depth into the shallow Quaternary drinking-water-bearing horizons ((Toth, 1989; 
Liebe et al., 1984).  Waters in this high-fluoride region are characterised by low Ca-
dominance and high F/Ca ratios (16 – 64%).  This territory is key to understanding the 
migration of fluoride in the permeable aquifer system and has been studied in more detail as 
part of the present project. Geothermal waters also famously occur in the Budapest region 
where they are utilised for spa bathing. These waters also contain high fluoride 
concentrations (Figure 6.7). 
 
 

.2.3 Industrial Sources 6

major aluminium and red mud production p
date, no detailed studies of the nature and extent of contamination and impacts on ecology 
and human health around these industrial sites has been carried out, however, no diseases 
caused by environmental exposure to fluoride have been reported in these localities. The 
industrial sources were included in the final risk assessment GIS as they represent areas that 
should be investigated in more detail in future studies (Table 6.1). 
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Table 6.6 Industrial sources of fluoride associated with aluminium production and red mud industries 
in Hungary. 

 
Location of Industry 

MOSONMAGYARÓVÁR 

ALMÁSFÜZITŐ 

AJKA REDMUD 

AJKA ALUFACTORY 

VÁRPALOTA ALUFACTORY 

 
 

6.2.4 Fluoride Exposure and Health 
Some dietary surveys relevant to the assessment of fluoride risks have been carried out in 
Hungary and are mentioned in this report for background information. Work by (Biro et al., 
1996) demonstrated that, Mg intakes were just adequate, but Ca and Vitamin E intakes were 
generally deficient in Hungarian diets. In another dietary survey, Hungarian food and 
beverages were found to be more important sources of fluoride than water, especially in low-
fluoride areas, accounting for 64 - 90 % of intake in 3 - 4 year-olds and 58 - 77 % in 14 year-
lds. It should be noted, however, that beverages included all drinks made from tap water 
nd only plain tap water was excluded from the study. Fluoride intakes from air as a 

ere estimated at 0.01 - 0.06% for 3-4 year-olds and 0.03 
luoride ingested from dust represented 0.03 - 0.12% and 

ery leaves were high in Ca, Mg and F whereas potatoes were low 
in these elements. Ca intake was lowest in high-fluoride water areas, however, in the general 
opulation, levels of Ca were just adequate but Mg intakes were marginal. 

ride water areas, however, high-fluoride waters used in cooking did have an effect 
specially on boiled foods such as rice, potatoes and soups. Toth and Sugar (1978) 
oncluded that the daily dietary intake of fluoride in Hungary from foodstuffs including the 

effect of cooking water was 0.096 - 0.567 µg/g/ day. 
 

o
a
percentage of total fluoride uptake w
- 0.17 % for 14 year-olds whereas f
0.09 - 0.37% respectively for the same age groups (Schamschula et al., 1988a+b).  
 
 
Schamschula et al. (1988c) suggested that the bioavailability of fluoride in Hungarian foods 
was lower than in water possibly due to the presence of Al, Ca and Mg. It was also 
demonstrated that fluoride could be lost to Al-complexes from cooking pots during food 
preparation. Parsley and cel

p
 
 
In a further study of foods from three areas of Hungary with differing water fluoride 
contents, Schamschula et al. (1988d) demonstrated that maize flour and leafy vegetables had 
the highest fluoride contents. The highest food contents were not necessarily coincident with 
high-fluo
e
c

 
Information on dental fluorosis incidence in Hungary is limited. Schamschula et al., (1985) 
measured caries and dental fluorosis prevalence in 3 groups of Hungarian children aged 14 
who were exposed to contrasting fluoride concentrations in drinking water (Table 6.7). 
Although community fluorosis index assessments showed that prevalence increased with 
water fluoride concentrations, index values below 0.6 were not considered a public health 
problem (Dean et al., 1942). However, dental fluorosis related to environmental exposure 
has been reported historically in three regions of Hungary, Herceghalom to the west of 
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Budapest and the towns of Bar and Dunaszekcso in the south near the Ukrainian border 
(Table 6.8 and Figure 6.6). As a consequence, the water supplies in these towns were 
changed and the population no longer drink high-fluoride water.  
 
 
Table 6.7 Concentrations of water fluoride and community fluorosis index results, Hungary 

(Schamschula et al., 1985) 

y. Five settlements with high-
uoride water contents of 1.3 – 2.0 mg/l were deliberately included in the study, Csepa, 

Szeleveny, Tisakurt from the Central Hungarian Plain and Kaptalanfa and Herceghalom in 
Transnubia (Figure 6.6). Results demonstrated a strong correlation between the fluoride 
content of drinking water and urinary fluoride excretions. As part of the study, the dental 
status of 6 – 12 year old children in four settlements was assessed. The proportion of healthy 
teeth in areas with 2 mg/l fluoride in water (38 – 60%) was significantly higher than in areas 
with low-fluoride waters (20 – 37%) and the amount of dental caries was higher in the low-
fluoride areas (DMF-T values 2.0 in villages with 2 mg/l fluoride in water and 2.82 – 3.52 in 
villages with low-fluoride in water) (Table 6.8). Studies into the possible benefits of 
fluoridation are ongoing and at the present time, water supplies are not fluoridated in 
Hungary. 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 
Low  Intermediate  High 

---------------------------------------------------------------------------------------------------------------------------------------------------------- 
n = 45  n = 53   n = 41 

Water Fluoride mg/l    0.06 – 0.11 0.5 – 1.1   1.6 – 3.1 
Community Index of Fluorosis   0.00  0.04   0.20 
  
 
 
Farkas et al. (1999) examined morning spot-urine samples of 27 – 59 children from 22 
settlements across the country to determine fluoride status relating to uptake from drinking 
water with a view to fluoridating water supplies in Hungar
fl
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Table 6.8 Dental fluorosis and caries incidence in some Hungarian settlements. 
  
Location Water 

F mg/l 
Fluorosis 
Prevalence Rate % 

Dental Caries 
Rate % 

Healthy Teeth % 

Bar^ >4^ Unknown - - 
Dunaszekcso^ 2.2-2.4^ Unknown - - 
Herceghalom^ 2.0-2.2^ Unknown DMF-T = 2.0 at 1.3 -  2 mg/ F in water

DMF-T = 2.82 - 3.52 at low F in water#
38 - 60% at 1.3 - 2 mg/l F in water 
20 - 37% at low F in water# 

Kaptalanfa 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water#

38 - 60% at 1.3 - 2 mg/l F in water 
20 - 37% at low F in water# 

Csepa 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water 
DMF-T = 2.82 - 3.52 at low F in water#

38 - 60% at 1.3 - 2 mg/l F in water 
20 - 37% at low F in water# 

Szeleveny 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water 
DMF-T = 2.82 - 3.52 at low F in water#

38 - 60% at 1.3 - 2 mg/l F in water 
20 - 37% at low F in water# 

Tiszakurt 1.3 - 2.0# None DMF-T = 2.0 at 1.3 - 2 mg/ F in water   
DMF-T = 2.82 - 3.52 at low F in water#

38 - 60% at 1.3 - 2 mg/l F in water 
20 - 37% at low F in water# 

^ Historical fluorosis incidence # (Farkas et al., 1999) DMF-T = Decayed, missing and filled teeth index 

 

e data were combined with water supply information 
 produce the final risk maps (Annex 5 and 6). 

locations around the country, the risk of dental caries is high but 
higher fluoride waters are available in the vicinity (Annex 5). In contrast to the high-risk 
classification over most of the country, three regions are classified as low risk on the basis of 

e water fluoride contents (≥ 0.5 mg/l). The central Great Hungarian Plain between Sozlnok 
nd Bekescsaba, examined in more detail as part of the present study where high-fluoride 

waters result in lower prevalences of dental caries, the Budapest region and the region 
around the town of Bar close to the Ukrainian border where dental fluorosis has been 
reported historically and (Annex 5). However, it should be noted that the communities of Bar 
and Dunaszekcso are not supplied with high-fluoride water in this area. 
 
 
With the exception of the central Great Hungarian Plain, high-fluoride risks occur in very 
few isolated localities and in many cases low-fluoride waters are available in the vicinity 
(Annex 6). The locations of all industrial sources have been categorised as high risk because 
the extent of environmental impact requires further study around these sites. The three 
localities of Herceghalom, Bar and Dunaszekcso where fluorosis incidence occurred in the 

 
Although, information on dental caries incidence is provided by the above study, this was 
not included in the final risk assessment scheme as dental caries prevalence across Hungary 
is likely to be more widespread and caused by a variety of factors whereas the study refers to 
individual settlements. The locations of historical fluorosis incidences were included in the 
risk assessment, however, as these are important indicators of high-fluoride risk associated 
with drinking water exposure. 
 

6.2.5 Risk Avoidance Maps 
Due to the nature of the water chemistry data available for Hungary, it was not possible to 
relate drinking water data to cold or thermal well sources. Therefore these data were 
combined in the GIS so that problem waters from any possible source (cold or thermal wells 
or drinking water taps) would be highlighted. The risk avoidance maps for Hungary are 
based on a grid size of 3 km2 commensurate with the sample density of the combined cold, 
thermal and drinking water data sets. In each grid square, the water fluoride content, 
industrial source and fluorosis incidenc
to
 
 
Across most of Hungary, the risk of dental caries is high since the water supply is not 
fluoridated and the majority of Hungarian waters contain low fluoride (< 0.5 mg/l) 
concentrations. In isolated 

th
a

    109



 

    110

past are categorised as moderate risk in the scheme as the population of these towns no 
longer drink high-fluoride water. The moderate classification indicates that the situation 
should continue to be monitored in the future to ensure high-fluoride waters are not used for 
drinking. The geothermal regions of the central Great Hungarian Plain and Budapest are 
categorised as high risk as fluoride contents in water exceed 1.5 mg/l in these areas. 
However, due to the complex mixing of different waters in the public supply network, 
drinking water received at tap generally has a lower fluoride content than source well waters 
and no evidence of dental fluorosis has been reported in these regions. The special 
geological characteristics of the central Great Hungarian Plain area are well known to 
hydrogeologists in Hungary and this area is highlighted as high risk to indicate that the 
region is the focus of on-going study. 
 
 
 
 

6.3 CENTRAL GREAT HUNGARIAN PLAIN STUDY AREA 
 
As a result of the national risk assessment carried out for Hungary, data from the 
hydrogeology, cold well, thermal well and drinking water databases for Hungary (MAFI: 
Pecsi, 1989; Toth, 1989) were examined in more detail in the central Great Hungarian Plain 
but this study has not been included in the risk assessment GIS as there was no further 
detailed locational information to add to the system. The detailed study area lies in the 
central part of the Great Hungarian Plain between the River Tisza and the River Harmas-
Koros. The meandering River Tisza is the second largest river in the Carpathian-Basin and 
the River Harmas-Koros; a tributary of the River Tisza also originates in the East 
Carpathians (in Romania). The area is relatively flat: the lowest-lying section along the River 
Harmas-Koros lies approximately 83-85 m above sea level (asl). The topography rises to 
120-130 m asl within 40 km to the west, marking the regional watershed between the River 
Danube and River Tisza.    
 

6.3.1 Geology and Hydrogeology   
The regional geology of the area comprises Upper Miocene, Pliocene and Quaternary fluvio-
lacustrine sediments, which form a multi-layered aquifer system. Two distinct hydro-
stratigraphic units can be distinguished in the area. The lower unit is the Upper Miocene and 
Pliocene multiple sand reservoir system between 500-1500 m depth representing the main 
thermal water-bearing formation. The underlying Upper Miocene Lower Pannonian clay 
formation forms an impervious barrier between the basement Mesozoic hard rocks and the 
thermal water bearing horizon. The porous formations within these sequences are sheet-like 
sand bodies, which are often multi-layered, laterally coalescent and pinching and wedging-
out forming sand lenses and sandy patches of limited lateral dimension. The upper hydro-
stratigraphic unit is the Quaternary multi-layered aquifer system ranging from the surface to 
500-m depth.  
 
 
Due to the depositional development of the entire aquifer system, the hydro-stratigraphic 
units are defined on the basis of geology only as the two units are inter-connected 
hydrogeologically. The western part of the aquifer complex is exposed to the surface via 
aeolian sands at the top of the sedimentary column. This is the main recharge zone of the 
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complex. The main discharge zone lies near the River Harmas-Koros. Despite the simple 
geological and boundary conditions, the hydrodynamics of the area based on geothermal and 
hydrogeochemical evidence is complex. Along the eastern bank of the River Tisza a positive 
geothermal anomaly was discovered in 1964.  In this region at a depth of 200 m the water 
temperature is 42 °C compared to the regional average of 20 °C. This anomaly is caused by a 
strong upward movement of groundwater from the lower thermal water-bearing horizon to 
the main Quaternary aquifer. The water then flows eastwards to the Harmas–Koros Region, 
which is characterised by the lowest hydro-potential of the central Great Hungarian Plain.  
 
 

6.3.2 Hydrogeochemistry  
The hydrodynamic regime in various parts of the aquifer largely controls the geochemistry. 
For example, the recharge zone is characterised by low TDS, Ca-Mg-bicarbonate-type 
waters, whereas the deeper aquifer units and the discharge zones are characterised by Na-
bicarbonate-type waters. These chemical differences are not only a result of simple ion 
exchange on clays along flow lines in addition, the higher TDS caused by higher bicarbonate 
and Na contents indicate a (possible bacterially) decomposed organic component of the 500 -
1000 m deep aquifer units. 
 
 
Higher (>1-2 mg/l) fluoride values are generally found in the deeper and warmer 
groundwater. The upper zone (Quaternary) of the aquifer usually contains less than 0.3-0.4 
mg/l fluoride.  However, this is not the case to the east of the geothermal anomaly region, 
where the upper aquifer complex also contains high (1 – 2 mg/l) fluoride waters forming a 
large plume in the east of the territory.  This fluoride anomaly is examined in more detail as 
follows. 
 
 

6.3.3 Anomalous Fluoride Region 
On the basis of existing hydrogeological and hydrogeochemical (cold wells, thermal wells 
and drinking water data, MAFI: Toth, 1989), the study region is defined as an area of 60 x 
60 km (3600 km2), with anomalous fluoride concentrations (> 0.5 mg/l) in an area of 20 x 20 
km (400 km2)  (Figure 6.10). The horizontal gradient of the groundwater table in the western 
part of the region is up to 2-3 m per km, whilst in the eastern part is very small or zero. 
According to piezometric head measurements in deeper boreholes, the vertical hydraulic 
gradient is 2-5 m per 100 m downward in the western region and 3-6 m per 100 m upward in 
the eastern area (Figure 6.11). Groundwater movement is controlled by the piezometric 
heads of the main rivers and groundwater evaporation. The Quaternary aquifer complex is 
the main source of drinking water in the Great Hungarian Plain. The majority of cold water 
wells are drilled into this multi-layered aquifer system. The basement of these layers dips to 
the southeast and in regional groundwater models, the anisotropic direction has to be taken 
into account (Figure 6.12). 
 
 
The 3.3 million-year-old Upper Pliocene aquifer complex plays an important role in 
determining the regional groundwater flow paths (Figure 6.13). Around the cities of 
Kecskemet, Tiszakecske, Csongrad and Szentes, this complex consists of gravely sand layers 
with excellent permeability (west from the River Tisza). In the eastern part of the territory 
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there are no gravelly layers and the sand layers have lower permeability acting as a barrier to 
the W-E regional flow system forcing water to the upper horizons.  The lower aquifer 
horizons of the Upper Pannonian (Upper Miocene) complex form the main thermal water-
bearing system in the Carpathian Basin. The sandstone strata of the Upper Pannonian are of 
lacustrine delta slope origin. This 5.5-8 million-year-old old deposit has good permeability 
and uniformity extending throughout the basin (Figure 6.14). 
 
 
In terms of hydrochemistry, the spatial distribution of Ca is determined by the main 
recharge-discharge zones of the area and clearly demonstrates the role of the ion exchange 
processes. Groundwater in the anomalous fluoride area has very low Ca contents (Figure 
6.15). The Na distribution is similar to that of Ca but the amount of Na is much greater than 
expected from the Ca content in the recharge zone and groundwater in the anomalous 
fluoride area has very high Na contents (Figure 6.16).  The chloride content also varies 
according to the regional flow system, but the amount of this constituent is relatively low 
compared to the Na content and there is little spatial correlation between Cl and fluoride 
(Figure 6.17). The bicarbonate content of the groundwaters reflects the regional flow system, 
however, concentrations in the eastern high-fluoride area are relatively high (Figure 6.18). 
The greater amounts of bicarbonate (HCO3) and Na in this area indicate the presence of 
(possible bacterially) decomposed organic material. Bicarbonate concentrations of more than 
500 mg/l usually occur in the Great Hungarian Plain at depths of 600-700 m except in areas 
where the upward movement of groundwater from depths of over 600 m is dominant. 
Ammonia (NH4) concentrations in the groundwater system are also dependant on the flow 

e and the decomposition of organic matter in the aquifer units. The high concentrations 
mmonia in the recharge zone indicate that the source of ammonia is more persistent than 

3 sources (Figure 6.19).  

ary, the area of the central Great Hungarian Plain between the River Tisza and River 
as-Koros contains anomalous fluoride concentrations in drinking water derived from 

ns carried out for the present study demonstrate that that 
aly is caused by the upward movement of the groundwater from the thermal water-

 horizon to the main Quaternary aquifer. These upward-moving waters then flow 
as –Koros Region. Hydrochemically, these waters favour high 

2 precipitation potential – low Ca, high Na and temperature 
fluoride-bearing minerals.  

 
 
 

Data 
2.4 above, studies by Farkas et al. (1999) demonstrated that children 

e high fluoride waters in this region and as a consequence have better dental status in 
s of caries than the rest of the country but are at potential risk of fluorosis especially if 

ed from other sources such as toothpaste and dental products and mineral 

regim
of a
Na and HCO
 
 
In summ
Harm
groundwater sources. Investigatio
the anom
bearing
eastwards to the  Harm
fluoride contents having low CaF
and aquifer units containing 

6.3.4 Health 
As outlined in section 6.
consum
term
fluoride is consum
water containing high fluoride concentrations. 
 
 
 



 

    113

6.4 CONCLUSIONS 
 
More then 90% of the drinking water resources in Hungary originate from groundwater but 
in general these waters contain very low (< 0.3 mg/l) concentrations of fluoride. In some 
regions the fluoride content of the drinking water ranges between 0.7 - 2.2 mg/l, however,  
although dental fluorosis has been reported historically in Hungary, it is not a major public 
health problem. With the exception of the geothermally active, central Great Hungarian 
Basin, there are very few locations where water fluoride contents exceed 1.5 mg/l and in 
several of these cases, lower fluoride waters are available in the vicinity. In the locations of 
Herceghalom, Bar and Dunaszekcso where fluorosis incidence was reported in the past, the 
population no longer drink high-fluoride waters and the risk of dental fluorosis has been 
significantly reduced. Five industrial locations associated with aluminium and red mud 
production require further investigation to assess the environmental impact of these 
industries in terms of fluoride. Geothermal waters of the central Great Hungarian Plain do 
contain high fluoride waters, but these are mixed with other waters before supply to the 
public and no incidences of dental fluorosis have been reported.  However, children could be 
at risk of fluorosis in this region if fluoride is also consumed from other sources such as 
dental products and it is recommended that monitoring and studies of these waters and health 
effects should continue in this region. 
 
 
The majority of Hungarian waters contain less fluoride than the recommended minimum 
contents for dental caries prevention (< 0.5 mg/l) and the water supply is not fluoridated, 
therefore, the risks of dental caries are classified according to the present scheme as high 
over most of the country.  
 
 
 
 



 

BUDAPEST

SZOLNOK

BEKESCSABA

17

17

18

18

19

19

20

20

21

21

22

22

46 46

47 47

48 48

Roads
Rivers

Urban areas

0 50 100 150 200 Kilometers

Aquifers
Fissured volcanic rocks
Hilly porous aquifers, low conductivity
Hilly porous aquifers, medium conductivity
Lowland porous aquifers, excellent conductivity
Lowland porous aquifers, high conductivity
Lowland porous aquifers, low conductivity
Lowland porous aquifers, medium conductivity
Mesozoic karst rocks

Lakes

 
Figure 6.1 Main hydrogeological units of Hungary (MAFI (Siposs and Toth, 1989)) 
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Figure 6.2 Main hydrogeological units of Hungary classified according to aquifer importance 
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Figure 6.3 Major recharge and discharge zones of Hungary (MAFI (Siposs and Toth, 1989)) 

 116



117

 

 

BUDAPEST

SZOLNOK

BEKESCSABA

17

17

18

18

19

19

20

20

21

21

22

22

46 46

47 47

48 48

0 50 Kilometers
Inoceramus marl, H ippurites limestone, Coal Measures Complex
Leithakalk and molluscan-foraminiferal argillaceous marl
Leithakalk, Browncoal Measures Complex
Light grey Megalodon-bearing dolomite, /Hauptdolomit/
Light grey Megalodon-bearing limestone /Dachsteinkalk/
Light grey dolomite /Megyehegy Dolomite/ grey and red cherty limestone
Light grey limestone
Light grey pressed limestone
Limestone and dolomite, hydrothermal iron ore complex
Limestone, siliceous shale
Loess, sandy loess, slope-forming loess and brown soil
Lower Andesite and its pyroclastics
Lower Rhyolite Tuf f
Meta-andesite with pyroclastics
Meta-basalt, gabbro, peridotite
Meta-basalt, meta-andesite, meta-rhyolite and their tuffs
Mica-schist, gneiss, amphibolite
Mica-schist, migmatite
Middle Rhyolite Tuff
Migmatized granite, mica-schist
Mizzia-bearing limestone, sandstone, siltstone, anhydrite, dolomite
Orbitolina and Pachyodonta-bearing limestone foraminiferal marl
Palaeo-rhyolite tuff
Peat
Phyllite, amphibolite crystalline limestone
Phyllite, quartzphyllite
Post-tectonic granite with associated dykes
Quartz phyllite
Quartzose sandstone
Red and variegated sandstone, siltstone, conglomerate

Red nodular limestone, radiolarite, pink and white limestone
Red sandstone, conglomerate
Red sandstone, conglomerate, siltstone
Red siltstone
Red, nodular ammonitic marl, grey mottled marl and calcareous marl
Rhaetavicula contorta-bearing marl, limestone and cherty dolomite /Kössen Beds/

Rhyolite /(/, andesite /( /, dacite /(/, and their pyroclastics
Sandstone, conglomerate
Sandstone, conglomerate, marl and crinoidal limestone
Silt and brickearth
Slate with Tentaculites-bearing limestone and meta-basalt intercalated
Slate, siliceous shale with sandstone and meta-basalt intercalated
Slate, siliceous shale, cherty limestone, arkosic meta-sandstone
Slope clay, red clay and loam
Slope clay, red clay, variegated clay
Subvolcanic andesite
Subvolcanic masses and dykes of phonolite and bostonite
Swampy to lacustrine clay, silt
Talus
Terrigenous variegated clay, sand, gravel with local browncoal seams
Travertine, freshwater limestone
Turrilites marl, Pachyodonta and Orbitolina-bearing limestone, variegated clay
Undifferentiated Holocene
Undifferentiated Lower Triassic
Undifferentiated Pleistocene
Variegated clay, sand, gravel, sand with larger Pectens and Amussium-bearing schlier
Variegated siltstone, anhydrite, laminated limestone and dolomitic marl
Violet-reddish, brown and green sandstone, marl and grey limestone
White crystalline limestone
White limestone, grey cherty limestone
White platy, reddish-brown and greenish-grey nodular limestone

Grey conglomerate, sandstone and siltstone
Grey laminated limestone, sericite schist and dolomite
Grey limestone and dolomite
Grey marl, limestone, dolomitic limestone, cherty and siliceous limestone, dolomite
Grey nodular limestone, laminated dolomite
Grey sandstone and slate complex
Grey slate, micaceous sandstone, grey limestone conglomerate and meta-rhyolite
Grey slate, sandstone with Fusuline-containing lenses in its upper part
Grey slate, sandstone, laminated cherty limestone
Hauptnummulitenkalk /Main Nummulites Limestone/
Hypersthene andesite /(/, rhyolite /(/ and their proclastics /((/, quartzite /(/

Solid Geology
Aeolian sand
Albite-mica-schist, gneiss
Alkali basalt lava and pyroclastics
Alkali basalt, in situ breccia and lava flows
Alkali-ultrabasic subvolcanic dykes
Alluvial and swamp silt and clay
Alluvial silt and clay
Anchimetamorphic limestone and dolomite, slate and siliceous shale
Andesite /(/, rhyolite /( /, dacite /(/ and their pyroclastics
Argillaceous marl and sand with carbonaceous clay, lignite and gravel
Argillaceous marl with sand, gravel and lignite
Argillaceous marl, glauconitic sand, gravel
Basalt, alkali basalt, trachyte, in situ breccia, lava flows and dykes
Black Coal Complex and its overlying sandstone, marl, mottled marl
Browncoal seams, fluviatile gravel and sand
Calc-phyllite
Chlamys-bearing sandstone, schiler, bryozoan sandstone, gravel
Clay, sand and diatomite
Coal Measures Complex and overlying beds
Coarse-grained limestone, molluscan argillaceous marl
Coarse-grained orthogneiss
Conglomerate, breccia, sandstone, marl and glauconitic sandstone
Conglomerate, sandstone with limestone lenses
Crinoidal and brachiopod-bearing red limestone, chert
Crinoidal limestone
Dark grey laminated limestone, slate
Dark grey marl, limestone and silty sandstone
Dark grey slate, sandstone
Diabas, gabbro

Diatomite, argillaceous marl with hydroquartzite and dacite tuff intercalated
Diplopore-bearing dolomite
Feldspathoid basalt lava and pyroclastics, geyserite
Flood plain infusion loess
Fluviatile gravel
Fluviatile gravel and pebbly sand /River terrace II/
Fluviatile gravel and sand /River terraces III and IV/
Fluviatile gravel and sand /River terraces V to VII/
Fluviatile gravel, variegated clay and sandstone
Fluviatile sand
Foraminiferal clay, silt

Freshwater limestone, marl
Freshwater limestone, travertine and lime mud
Globotruncana-bearing marl
Greenish arenaceous limestone with Belemnites

Foraminiferal limestone and marl overlying conglomerate and browncoal strings

Greenschist, serpentinite, metagabbro
Grey and reddish-brown, ammonitic nodular limestone, and grey bedded limestone

 
Figure 6.4 Main geological units of Hungary (MAFI (Pecsi, 1989)) 
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Figure 6.5 Population of the main settlements in Hungary (1991 Census) 
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Figure 6.6 Locations of historic fluorosis prevalence, industrial sources of fluoride and dental caries incidence studies in Hungary 
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Figure 6.7 Groundwater and drinking water fluor concentrations in Hungary (MAFI, Toth, 1989) classified according to water quality guidelines (WHO, 1996b) ide 

 

 



 

 
 
 
 
 
 
 

igure 6.8 Plot of temperature against fluoride content of Hungarian cold and thermal groundwater 
(MAFI (Toth, 1989)) 
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Figure 6.9 Plot of bicarbonate (HCO3
-) against fluoride content of Hungarian cold and thermal 

groundwater (MAFI (Toth, 1989)) 
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igure 6.10 Contour surface map of the central Great Hungarian Plain study area showing anomalous 
fluoride contents (mg/l) in the drinking water supply system. Public water wells extracting water from 
100 – 300 m depth are indicated as dots. Hungarian Grid Coordinates 
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Figure 6.11
area. Hungarian Grid Coordinates 
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 Contours (m) showing the groundwater table of the central Great Hungarian Plain study 
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Figure 6.12 Contours (m asl) showing the basement of the Lower Quaternary fluvial sand aquifer 
complex in the central Great Hungarian Plain study area.  Hungarian Grid Coordinates. 
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Figure 6.13 Contours (m asl) showing the basement of the Upper Pliocene fluvial sand aquifer complex 
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Figure 6.14  Contours (m asl) showing the basement of the Upper Pannonian sand aquifer com

in the central Great Hungarian Plain study area. Hungarian Grid Coordinates 
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igure 6.15 Contour map of the Ca content (mg/l) of the main drinking-water-bearing aquifer complex 

in the central Great Hungarian Plain study area.  Depth of aquifers between 100 and 300 m. Hungarian 
Grid Coordinates 
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s between 100 and 300 m. Hungarian 
Grid Coordinates 

 
 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.16 Contour map of the Na content (mg/l) of the main drinking-water-bearing aquifer complex 

in the central Great Hungarian Plain study area. Depth of aquifer
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Figure 6.1  Contour map of the l content (mg/l) of the main drinking-water-bearing aquifer complex 
e ral Great an Plain stud p nd 300 m. Hungarian 
dinates 
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of aquifers between 100 and 300 m. 
Hungarian Grid Coordinates  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
Figure 6.18 Contour map of the HCO3 content (mg/l) of the main-drinking-water bearing aquifer 

complex in the central Great Hungarian Plain study area. Depth 
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Figure 6.19 Contour map of the NH4 content (mg/l) of the main drinking-water-bearing aquifer 

complex in the central Great Hungarian Plain study area. Depth of aquifers between 100 and 300 m. 
Hungarian Grid Coordinates 
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7 Fluoride Risk 
Moldova 

 
 
Uri Iljinsky, Vladislav Povorosnuk iona y n y n  ope 
 
 
 
 

7.1 INTRODUCTION 
Several drinking-water-bearing horizons are ex
deep water-bearing horizons contain m re aring horizons 
therefore the fluoride risk at any locality is very dependant
exploited. In the centre of the country, public
electric pumps, as despite the high fluoride co  bacterial and 
agricultural pollution. However, y in Moldova 
have lim ps and as an alternative, the population have sunk over 
150 000 shallow wells.  Wa ely poor and in 
addition to bacterial and agricultural pollution, m  
also contain elevated fluoride contents. It is
deeper uncontam
treatme  tec o  tia d  
consum c in central and western Moldova.  
 
 
Despite these factors, no national fluorosis survey has been carried out in Moldova and 
prior to the y, the relatio ships between fluoride in water and fluorosis severity 
had not been exam r presents a national overview of fluoride and 
fluorosis in Moldova and the results of the first detailed geochemistry and health case study 
in the c y h s carried out in the Falesti Region. 
 

NATIONAL RISK ASSESSMENT 

R sk 
r GIS (Country.apr) for Moldova are listed in 

ap of hydrogeological units (ASG) (Figure 7.1), 
ing to aquifer importance (Figure 7.2) and main population 

the GIS for background information only.  

 
 

7.2 
 

7.2.1 GIS 
The data incorporated into the Project Partne
Table 7.1. At the national level, the m
hydrogeolog
centres (Figure 7.3) were included in 
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The national fluoride risk assessments for Moldova were carried out on the basis of the 
groundwater chemist abas e whole country (ASG) water supply information and 
fluorosis incidences (Tables 7.2 and 7.3).  
 
 
Table Data included in ojec er Country.apr ssment GIS for Moldova 
 
 GIS Risk Assessment 

ry dat e for th

7.1 the Pr t Partn  risk asse

Data Groundwate stry Data f dova r Chemi or Mol
Data Source From the databa eologi ) se of the Association of State G sts (ASG
Data Type 327 analys water f ments, Mid es of ground rom recent sedi

Sarmatian, Bade lurian aquifers n Sarmatian and Cretaceous-Si
collected at a sampl  densi ximately 1 sampl  per 5 e ty of appro e
km2 over most of dova. Data fo Y, Longitude tude, Mol r:  X, , Lati
Location, Sampl Mg, Cl, HCO3, e Number, Aquifer, F, Na+K, Ca, 
CO3, SO4, Sr, Se, pH, Eh, TDS 
 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Tap and Wel esti Region l Water Chemistry for Fal

Data Source Present Study 
Data Type 27 analyses of ta w cted in Falesti  p and ell water colle , Cornesti

and Kalarash. D e Number, F, Ca ata for: Location, Sampl

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme 

Data Hydrogeologi ts of Molcal Uni dova 
Data Source From the databa eologi )  se of the Association of State G sts (ASG
Data Type Digital map of the main y ogical uniounger hydrogeol ts of the 

whole of Moldova. 

Data categorised according to aquifer 
importance for drinking water and included as 
background information layer only 

Data Main Population Centres of Moldova 
Data Source www.esri.com 
Data Type Digital tlements   map of main set

Data included as background information layer 
only 

Data  Water Suppl on y Informati
Data Source Water Supply of Moldova 
Data Type Knowl water for dri king edge of water fluoridation and use of n

Data included in risk assessment scheme 

Data  ‘General’ Fluorosis Prevalence 
Data Source Previous Studies 
Data Type Coordinate ns with fluorosis incidence s of tow

Data included in risk assessment scheme 

Data Fluorosis Preval irls and Boys Falesti Region ence G
Data Source Prese tnt S udy 
Data Type Fluorosi stics for Falesti, Cornesti and Kalarash s prevalence stati

Data included in risk assessment scheme 

Data Dietar uori Girls and Boys Falesti on y Fl de and Ca Intake  Regi
Data Source Present Study 
Data Type Dietar stics for Falesti, Cornesti and Kay fluoride stati larash 

Data included as background information layer 
only 

 
 

 
Table 7.2 Dental caries risk assessment scheme for Moldova 
 

 

Caries Risk           

Phase 1   Phase 2   Final Risk Location 

Ground 
water F 
mg/l < 0.5 

Potential 
Risk 

Water 
Fluoridated 

Potential 
Risk 

 

Assessment Rationale 

Moldova No  Low  No  Low  Low  Fluoride content is sufficient 

 
 

Yes  High  No  High  High  Fluoride content is insufficient 

 Yes and No  High/low   High/ low Water has low fluoride content but higher 
fluoride water is available in the vicinity 

 Unknown    Unknown If the water fluoride content is unknown the 
risk is not assessed. 
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Table 7.3 High-fluoride risk assessment scheme for Moldova 
 

 High-Fluoride Risk 

Phase 1   Phase 2   Final Risk Location 
  

Ground 
water F 
mg/l ≥ 1.5  

Potential 
Risk 

 Water used 
directly for 
drinking 

Potential 
Risk 

  

Assessmen tionale t Ra

Moldova 
 

No  Low Yes  Low Low  Fluoride content should not normally cause 
problems, but m y do under certain a
circumstances i  hot climates n

  Yes   High Yes  High High Water contai gh fluoride which may ns hi
cause health problems 

 Yes and 
No 

 High/low   High/ low Water has hi uoride content but lower gh fl
fluoride water i lable in the vicinity s avai

 Unknown    Unknown If the water fl de content is unknown and uori
there is no evi uorosis incidence, dence of fl
the risk is not assessed 

  Fluorosis 
Incidence  

       

 Yes High Yes High High There is evi uorosis in the region dence of fl
and the waters are still used for drinking 
therefore high risk 

 
 
 

7.2.2 Population 
In 1999 the population of Moldova was estimated at 4.3 million (population density of 129 
per km 81 settleme ing 65 cities and ur reas, which account 
for 47% of the population. The largest cities of Moldova are the capital Kishinev 
(Chishinau), Tiraspol, Beltsy, A m ain population 
centres in Moldova was included in the Pr
inform
 

 and Tectonic
2 located in southeas ing the 

he Ukrainian shield. he ge ogy o Mold omprises two main 

structure over m st of the territory and the argin of the Dobruja Depression in 
the s ructure is outlined in Table 7.4.  
 

jor influence on the hydrogeochemistry of 

 g ecto elem e Moldovan territory are the 
Russian platform (Epi-Baikal) and the Scythian Plate. The Moldovan Plate is a continuation 
of the Volino-Pedolsk Plate in the north obruja 
Depression is contiguous to the Scythian Plate in the ost 
notice ifferences in the develop ent of s occ rt of the 
Palaeozoic era during the form

e . Th m nt of the Russian platform 
plex sequence of m

2

ation (Figure 7.3). 

), residing in 16

argin of t

nts, includ

 Struct

t of fluoride in water and has been and continues to be 
eot

m

nce
et

ban a

ap of the m

t Europe form
ova c

ations. The top of this 

 Bendery, Ribnitsa and Kahul.  

 bas

oject Partner GIS (Country.apr) for background 

ure of Moldova 

T
ssian platform
northern m

ma

nic 

and centre of the country and the D

 these plate
Depression in the Jurassic period when this 

e Pr
orphic 

 

7.2.3 Geology
The territory of Moldova occupies 33 000 km
southwest m
structures, the south-eastern part of the Ru

ol

ents of t

brian basem

f 
, which dictates the geological 

h

south of Moldova. The m

o
outh.  The main geological st

focus of research. T

 
The tectonic structure of Moldova has a 
groundwaters including the conten
the

able d

prises a com

he ic 

ation of the 
idregion underwent intensive subs

com

urred in the latter pa

eeca
and volcanic formam



 

sequence is found at great depths southwest of Soroky City and is buried to 3000 m in the 
egion and 5000 – 6000 m in the central part of the Dobruja 

ruja ountain 
structure, which is buried in the northeast dipping from zero metres in the Danube river 
alley to 500 – 600 m below surface in the lower sections of the River Prut basin.  Friction 

 the estern limits of the basin.  
 

es, Moldova experienced multi-
irectional movements of various intensity on different tectonic blocks. These have 

influenced the accumulation of sediments across the country resulting in different thickness 

Tsyganeno-Chadyr-Lunga r
Depression. 
 
   
The Scythian plate comprises metamorphic Palaeozoic rocks, which are highly folded and 
cut by igneous intrusions. These lithologies represent the denuded Dob m

v
between the two plates occurs in a zone marked by deep faulting between Kahul and 
Vulkanesti. The Moldovan Plate, like the Ukrainian plate as a whole, is characterized by a 
series of tectonic breaks and comprises a faulted block structure. During the latter parts of 
the Cretaceous period, the Black Sea basin developed resulting in folding and faulting of 
the strata, which continued into the late Cretaceous and Palaeogene periods. The older 
Moldovan plate and Dobruja Depression restrain  w
 
 
Between the River Prut in the west and the centre of the country around Beltsy-Kalarash-
Kahul, younger Neogene strata of the Carpathian basin are overlain on the Moldovan plate, 
Dobruja Depression and Scythian plate. The Neogene deposits reach a thickness of 600 m 
in the Prut region. Underlying ‘stratigraphic highs’ related to coral reefs in the Moldovan 
plate influence the form of Neogene Lower Sarmatian Torton sediments around Bolotino-
Ungheny and Middle Sarmatian deposits around Kamenka-Kishinev-Komrat-Kahul, which 
outcrop in linear ridges. These ridges have been folded and faulted by regional Carpathian 
deflections. In Upper Pliocene and Quaternary tim
d

and lithological characteristics. 
  
 
Geological information has not been included in the risk assessment scheme for Moldova 
but is presented in this report for background information. 
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able 7.4 Main geological units ol
 
 

of M dova 

Quaternary 
Co m in dep ds   Allntinental deposits of loams, sandy soils and clays up to 5 th cover most of the country. In the south sandy loams and large alluvial terraces with gravel and pebble be  associated with river floods. uvial deposits vary from metres to several tens 
of metres thick. 
Neogene Pliocene  Middle and Upper Pliocene 

Sands, clays and gravelly pebble beds are developed across the whole country 
Lower Pliocene - Pontian Beds Pontian Beds Western Facies Pontian Beds Eastern Facies 

Pliocene deposits were laid 
down transgressively on 
Miocene beds and are 
developed mainly in the south 
of the country where they are 
exposed in ravines and river 
valleys. 

Pontian Deposits are found in the south 
of the country and are split into two 
distinct facies on the basis of conditions 
of formation. 

The base of the Western Facies is characterized by 
greenish-grey clays overlain by shallow-water deposits of 
clays and fine-grained quartz sands interbedded with 
limestones. The deposits reach a thickness of 120 m in the 
Prut region. 

Sands, sandstones, siltstones, clays and limestones not more than 15 
m thick characterize the Eastern Facies.  

Miocene Upper Miocene - Meotian Beds Meotian Beds 

 These deposits are transgressively developed over the Upper Sarmatian in the centre and south of the country. The beds comprise 
continental (delta, lake-lagoon) and brackish water deposits of clay interlayered with fine-grained sands and sandstones up to 200 m 
thick in the Prut region. 

Upper Miocene - Sarmatian Beds Upper Sarmatian 

These deposits are found in the central and southern regions of the country and comprise shallow marine, continental-alluvial, lagoonal 
and lake facies of clays, siltstones, and sandstones interlayered with oolitic limestones. Thickness increases from the northeast to 200 
m in the southwest. 
Middle Sarmatian Middle Sarmatian Deep Water Facies 

(West) 
Middle Sarmatian Shallow Water 
Facies (East) 

Neogene deposits are found across 
the whole territory with the exception 
of the Dnister River valley south to 
Kamenka City and the Prut River 
valley south to Edinsti City. The 
sequence youngs from north to south 
comprising Miocene and Pliocene 
deposits. 

 

 
 

These deposits occupy the whole territory 
except areas where Neogene Strata are entirely 
absent (Dnister and Prut River valleys). They 
are exposed in central and northern regions and 
south of Bendery City are overlain by younger 
formations. Thickness increases from east to 
west to 300 m in the Prut region. Two 
lithological facies are defined in the Middle 
Sarmatian on the basis of conditions of 
formation. In the west a deep-water facies is 
developed whereas in the east shallow-water 
lithologies predominate. Separating these is an 
early Mid-Sarmatian reef facies 4 – 12 km wide 
around Kamenk-Orgheev-Kishinev-Chimishlia-
Kahul. In the Kishinev region, the reef facies 
outcrops at surface forming hilly relief. 

In the deep-water facies in the west, the 
lower part of the sequence comprises 10 -
20 m thickness of marls interbedded with 
numerous layers of volcanic tuff. These 
beds are overlain by carbonates, silty-clays 
with fine-grained sandy lenses, sands, 
marls and limestones which range from 15 – 
20 m thick in the north of the country to 35 – 
100 m thick in the south. 170 m thick grey 
siltstones and fine-grained sands 
characterize the top of the deep-water 
lithofacies with silty-clay lenses in the north 
between the Dnister and Prut rivers and in 
the south with thin layers of clays with fine-
grained sands. These give way to 80 m 
thickness of Conherian layers comprising 
clays siltstone s.s and fine-grained sand  
Shallower ma  wirine sands, sandstones th 
clay layers an  m d limestones of 15 – 30
thickness, ma y of undarrk the western bo
this facies. 

 

 

T

In the east, shallow-water deposits 
comprise 5 – 40 m thick 
limestones (mainly marly and 
foraminiferic) overlain by cherty-
limestone (limestone, alternated 
with diatom-spicule clays and 
marls). In the south of the territory, 
silty clays interlayered with sands 
and limestones predominate 
whereas over the rest of the 
country limestones form the base 
of this sequence. 30 m thick beds 
of clays and sands with thin layers 
of oolitic limestone form the upper 
beds of the shallow-water facies. 
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Lower Sarmatian  

These limestone, marl, clay and sand deposits outcrop in the Dnister and Prut Riv ys and in erosional river cuts to the south of er valle
Orgheev City. In general thickness ranges from 20 to 50 m, increasing under Middl atian reef deposits to 80 - 100 m. e Sarm

Middle Miocene – Baden Beds Upper Baden Beds 

  

These beds are found mainly in the west of the country as far east as Oknitsa-Beltsy-Kamenka-Rybnitsa-Dubossary-Orgeev-Kotovsk-
Chimishlia-Komrat and as far south as Kahul City. Upper Baden deposits comprising limestones, sands, sandstones and clays outcrop 
in north, on the east bank of the Prut River and dip to the south around Falesti City. These deposits are developed on a basement of 
Cretaceous strata to the north of Falesti and on the Podolsk Suite over the rest of the country 
Lower Baden Beds  
 

These extensive deposits cover the 
whole country with the exception of the 
north-east, south-east and extreme 
south-west 

Overlying the Upper Cretaceous formations in the extreme northwest of the country, these beds comprise pebbly limestones, greenish-
grey clays and quartz sandstone up to 15 m thick and quartz sandstones interbedded with gypsum up to 27 m thick. Over the rest of the 
territory, the Lower Baden Beds comprise the ‘Podolsk Suite’ of rocks ranging in thickness from 3 – 200 m. In the north of the country 
these overlie the eroded surface of Cretaceous flint rocks and in the centre and south of the country overlie Palaeogene deposits In the 
Dnister River region, the Podolsk Suite comprises clay-sands and clays interlayered with pebble beds. Over the rest of the country, 
clays and clay-sands interlayered with marls are developed. 

Lower Miocene 

  

Thin (< 20 m) Lower M d in the iocene continental eluviul-diluviul deposits consisting of flints in an unstructured mixed clay-silica matrix are foun north of the territory.   

Palaeogene 

Pal th to Ka e from a few 10 of metres thick in the north to hul City in the southwest and comprise quartz sandstones, siltstones, claystones, shales and marls. These rangaeogene deposits are distributed over much of the territory from Dubossary City in the nor
over 200 m thick in the south. 
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retaceous U  pper Cretaceous Shallow Water Facies (West) Deep Water Facies (East) 

The upper sections of both the shallow and deep-water facies comprise quartz-
glauconite sands with flints overlain by flint rocks in the north and white chalky lim  estone
and chalk in the south. 

The upper sections of both the shallow and deep-water facies comprise quartz-
glauconite sands with flints overlain by flint rocks in the north and white chalky limestone 
and chalk in the south. 

S es of Upper equenc
C us deposits extend retaceo
fr th in the om dep Leovo-
Chadyr-Lunga region in the 
south to outcrop at surface in 
the Dnister and Prut river 
valleys in the north around 
Floresti City. The sequence 
increases in thickness from the 
northwest to 100 m in the 
southeast. The Upper 
Cretaceous is split into two 
lithofacies based on differing 
conditions of formation. 

The shallow water facies contains terrigenous deposits. At the base of this facies, 
quartz-glauconite sands, sandstones, spongolites and cherty-chalks predominate to the 
north of Ungheny City whereas to the south, quartz-glauconite sands and sandstones 
are developed 

The lower part of the deep-water sequence comprises carbonate rocks. 

Lower Cretaceous 

Cretaceous deposits underlie most of 
Moldova except the extreme 
southwest of the county. 

Sandstones clay e erodes, siltstones and mixed sand and claystones are found in the south of the country only, where they overlie th d surface of Jurassic formations. The northern extent of these deposits is between 
Leovo and Komrat. 

Devonian, Carbo assic niferous, Permian, Triassic, Jur

These deposits ar  Moldov er 1000 e developed in the south-west of a in the Ante-Dobruja Depression where they form very thick beds of over 1000 m. Permian deposits are ov m and Jurassic deposits over 2000 m thick and comprise sequences of mudstones, 
siltstones, sandsto ays. nes, limestone dolomites and cl

Silurian 

Silurian deposits an territor per sectiunderlie nearly the whole Moldov y. The lower part of this system is dominated by carbonate limestone and dolomite rocks whereas the up on comprises argillaceous sediments and siltstones. The thickness of these deposits 
ranges from 150  200 m im in the north of the country to over n the southwest.  
 
Ordovician 

The only deposi uartz sts to survive erosion are hard q andstones in the northwest of Moldova. 
 

Cambrian 

Cambrian formati , siltstoons comprise gravelly sandstones nes and argillaceous rocks. 

Precambrian Basement 

The basement ro rise crys ion, in tcks of the Russian platform comp talline Achaean and Proterozoic gneisses, gabbros and plagiogranites which outcrop in the S.Kosoutsy reg he Dnister River valley in the north of the country only. These beds dip to the south-
west to a depth o  m in Kis oldova where the basement comprises Palaeozoic reef formations. The basement has few hinev, 2000 m in Komrat reaching a depth of over 4000 m in the Ante-Dobruja Depression in the south of Mf 600 m in Beltsy City region, 100
major fault structur uence of gently dipping Palaeozoic reef formations and Mesozoic and Cainozoic strata. es and is overlain by a thick seq
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7.2.4 Hydrogeology 
Hydrogeologically, Moldova forms the western part of the Black Sea artesian basin, which 
is hydrodynamically constrained by the Rivers Dnister and Prut. The characteristic features 

f the basin are a lack of regional-scale impermeable layers between the water-bearing 
orizons therefore the basin structure is that of an interconnected hydrodynamic system 

eable deposits.  

rmatian and Conherian sand aquifers.  

ister and Prut 
alleys, Palaeozoic Reefs in the Dnister region and Upper Sarmatian and Pontian aquifers 
 the south of the country but these water resources are small compared to the main aquifer 

 general, the water-bearing horizons dip from north to south and changes in groundwater 
hemistry with horizon depth are noted accordingly. This general pattern is interrupted in 

teris c groundwater chemistry features are most 
vident for the Moldovan plate, which forms part of the Russian plate and the eastern limb 
f the Carpathian fold. The main water-bearing horizons are discussed in detail below. 

e Prut and Dnister river valleys, shallow groundwaters are 
found in fine- and coarse-grained quartz sands, which are often clayey with layers 
of gravel and pebbles. These aquifers are rarely over a few metres thick. Often these 

 i the Rivers Prut and Dnister vary from 
0.1-0.4m/24h, in floodplains to 90m/24h in the Dnister river valley. Infiltration 
factors are generally constant in the region. Well-flow-rates are generally low, 

o
h
with water moment of varying degrees through weakly perm
 
 
The territory is divided into three hydrogeological regions, the Dnister and Prut river 
valleys and the area between them.  The region between the two rivers is further sub-
divided into the northern territory (north of Orgheev City) which is characterised by Baden-
Sarmatian and Cretaceous-Silurian aquifer complexes; the central territory characterised by 
Baden-Sarmatian aquifers and the southern territory (south of Hynchesti) characterised by 
Baden-Sa
 
 
Approximately 90% of the groundwaters used for drinking are extracted from three main 
aquifers, the Baden-Sarmatian (66% of drinking water use), the Cretaceous-Silurian (16.5% 
of drinking water use) and the Middle Sarmatian Conherian (16.5% of drinking water use). 
Other aquifers are also exploited locally such as river alluvium in the Dn
v
in
horizons. Shallow aquifers in recent Quaternary deposits are found across the whole 
country and are also used for drinking water. 
 
 
In
c
anomalous zones.  The chemical characteristics of waters in each of the hydrogeological 
regions are determined by differences in the temporal development and form of the main 
tectonic structures in Moldova. Charac ti
e
o
 
 
Recent Quaternary Deposits – These water-bearing horizons comprise the uppermost 

lithological strata in Moldova and depending on the permeability, waters are found 
in a variety of different Quaternary formations.  In the area between the Rivers Prut 
and Dnister, shallow groundwater resources are found in localized sandy lenses in 
loamy-sand deposits. In th

waters drain to the surface water network and their distribution is sporadic. The 
thickness of water-bearing alluvial deposits in the Prut and Dnister river valleys 
ranges from 1 to 20-30 m. Infiltration rates n 

normally 0.01-0.25l/sec and rarely 0.5-0.7l/sec. In the floodplains of the Prut and 
Dnister rivers, flow-rates increase to 20-30l/sec. The depth of Quaternary water-
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bearing horizons depends on topographic relief. In the north and central region of 
Moldova, depths are generally 5 – 10 m on watersheds and hilltops. In the south of 
the country, water deposits can be at 20 m depth but are found at shallower depths 
(1 – 5 m) at the base of slopes, in river valleys and floodplains. The degree of 
mineralisation of these waters ranges from 0.5 to 5 g/l. Fresh waters with 
mineralisation of 1 g/l are found in the north. Over most of the country, waters with 
1-2 g/l mineralisation are found on watersheds, valley slopes and floodplains. In the 

ic 
head of 0 – 170 m (high at Kahul 125 m and Jurjulesti 145 m) in the south. The 

tric surface is complex and varies from 90 – 100 m in the east and northeast 

resh waters with 
mineralisation levels of 0.5-1 g/l are developed in a narrow strip (2-3 km) along the 
Prut River valley and are found in the south of Moldova around Kahul City. Over 

e 
narrow strip along the Prut valley, waters are HCO3-dominated. In terms of cation 
composition, waters are generally Na-dominated. Strongly Na-dominated waters 

pper Sarmatian-Meotian Deposits – These deposits contain abundant clays and are 
heavily weathered. The aquifer depth ranges from 40–50 to over 200 m with a 
piezometric head of over 100 m.  In the Prut region, the piezometric head exceeds 
150 m. The top of this horizon is at 105 m depth in the north of the country, 8 – 10 
m in the Prut region and 5 m in the south. Water resources are relatively poor with 
flow rates of 1-3 l/sec (80-250 m3/24h) at a depth of 10 m. Infiltration rates vary 
from 0.1 to 1-2 m/24h . Water temperatures are generally 14 - 7 °C. Waters of the 
Upper Sarmatian-Meotian Deposits are both fresh and saline with mineralised 
contents of 0.4 to 3.0 g/l. Fresh waters with mineralisation levels of 0.5-1.5 g/l are 
found in a 20 km-wide strip along the Prut valley. Over the majority of the territory, 
the waters are saline with mineralisation levels of 1.5-3.0 g/l. Water anion 

bases of ravines and in the alluvium of small rivers, especial in the south of country, 
mineralisation increases to over 5 g/l. The chemical composition of these waters 
varies with increasing mineralisation in the following order:  

HCO3               HCO3+SO4                  SO4+HCO3         SO4+Cl         Cl+SO4.  
Predominant cation combinations include Mg-Na-Ca, Na-Mg-Ca and Mg-Na. The 
cation dominance of waters changes from north to south. Ca-Mg-Na waters are 
found only in the Dnister river valley in the north. The majority of waters are Mg-
dominated.  

  
 
Pontian Deposits - Groundwaters are found in layers of sand and limestone interbedded 

with clays in the south of the country. These layers vary in depth from 7m in the 
north to 190 m in the Prut region. In the southeast of the country, these waters are 
sporadically distributed at depths of 50 – 80 m.  These waters have a piezometr

piezome
to 10 m in the Prut region and 7 m in the south of Moldova. These waters are 
moderately abundant, with flow rates of 1-3 l/sec (80-260 m³/24h) at 10-15 m 
depths. Water temperatures in summer are generally 12 - 19.5 °C and waters are 
fresh and saline, saline intrusion is a problem in this horizon.  F

the rest of the territory saline waters with mineralisation levels of 2-3 g/l 
predominate. These waters are generally SO4-HCO3-Cl-dominated.  In the Prut 
region and in the south of Moldova, waters are HCO3-SO4-dominated, but in th

occur in the east but round Vulkanesti waters become Na-Ca-Mg- and Ca-Mg-Na 
dominated. Fluoride concentrations in these waters also fall to 1.6 mg/l and Fe 
contents to 3 mg/l.   

 
 
U
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composition is consistent across the country and is HCO3-dominated. SO4-
SO4-HCO3-Cl -dominance is also 

reported.  HCO3-dominance is associated with low mineralised waters (0.5 – 1.5 g/l) 
SO4-H ominated waters are gen ralised (1.5-3.0 g/l). 

These waters are generally Na-do (contents of Na range between 64 to 99 
me nd Na-Mg- dominance only occurs in the southeast of the 

y. The wa inking water quality standards (2874-82) 
onstituents except fluoride (3 mg/l). 

 
 
Middle Sarmatian-Conherian Deposits – These deposits are developed in the south of the 

country between Hynchesti and Kahul. Water resources are found in fine-grained 
 – 10 m thick interbedded with clays at depths of 50 – 100 and 200 – 50 m.. 
zometric  falls from 80 m in the north to 10 m in the southeast. 

Piez  20 – 30 m in the north and 330 m in the south at Kahul. Due to 
ensive exploitation of this horizon, the piezometric surface is complex. Flow 
ross the h n are generally onsistent, comm
). In Kom ity flows of 3.3 l/sec (285 m3/24 h) are achieved. Flow rates 
y from 0.01 to 0.6 l/sec locally. The infiltratio ate of sands ranges from 

/24 h, and is generally 1 to 2m/24 h . These waters are fresh and poorly 
alised with ved salt quantities of 0.6 to 5.7 g/l. Mineralisation levels 

than 1.5 g nly reported the Prut riv he anion composition of 
these waters varies across the country. In the north a d centre, most waters are 

4- or H minated. In the north-west SO CO3 waters predominate 
 to the s  southwest i eased burial-depth and mineralisa n result 
3-Cl, Cl nd Cl- dom ed waters. Th ajority of waters are Na-

ated and he northwes f the country are Na-Mg-dominated waters 
e Moldovan water quality standards for 

ineralisation (to 5.7g/l), iron (3
concentrations are at the Moldovan water quality standa g/l). The strong 

f these wa s due to the pr nce of organic ds.  
 
 
Bade an Depo his water-b ing horizon i resent across  whole 

territory of Moldova with the exception of the Dnister and Prut river valleys. 
Hydraulically, this unit is connected to the Upper Sarmatian in the north of the 
country and the Upper and Middle Sarmatian in the centre and south of the country. 
Water is held in limestones with interbedded marls and sand lenses of 30 – 50 m 

th of the country 
n Sarmatian deposits have 

 l/sec. Water temperatures are commonly between 10 and 24.5°C. The 
hydrochemistry of these waters is influenced by the degree of connectivity to 
surface waters. For example, mineralisation levels vary between 0.5 – 68 g/l, 

dominance is secondary to bicarbonate and rarely 

whereas CO3-Cl-d erally mine
minated 

q) and Na-Ca- a
countr te et the Moldovan drrs me
for all c

sands 5
The Pie  surface

ometric head is
the ext
rates ac orizo  c only 0.7-1.6 l/sec. (60-140 
m3/24 h rat C
can var
0.45 to 5 m

n r

miner  dissol
greater /l are o  along er. T

n
HCO3-SO CO3 –do 4-H
whereas outh and ncr tio
in HCO -HCO  a3 inat e m
domin only in t t o
found. These waters do not m
colourlessness (70

et 
o), m mg/l) and fluoride (generally 

rd of 1.2 m
colour o ters i ese aci

n-Sarmati sits - T ear s p the

and 100 – 150 m thickness. The limestone beds outcrop in the nor
but are buried to 400 – 500 m in the south.  The Bade
piezometric heads ranging from 2 – 40 m in the north to over 300 m in the south. 
The piezometric surface is complex due to connectivity with rivers and the intensive 
exploitation of this aquifer. The piezometric surface varies from 200 m in the north 
to 7 – 10 m in the southeast. Flow rates vary greatly across the horizon, highest 
flows (over 500-1000 m²/24h) are found in limestones of the Dnister valley. 
Fissure-flow in this region reaches 50 l/sec and well-flow 5-8 l/sec. Flow rates are 
lowest (0.01 to 0.5 l/sec) in the west (Prut region). In general, flow rates vary from 
0.1 to 2.0

 142



 

however, most waters contain dissolved salt contents of up to 3 g/l.  Saline waters 
are found in the Ungheny region and the southwest of Moldova. Waters with 0.5 – 
1.0 g/l mineralisation extend from the north to Orgeev City in the east, and to 
Chadyr-Lunga in the south exploiting permeable reefy limestone formations. 
Waters with mineralisation contents of 1.0 – 1.5 g/l are found in all territories and 
with 2 – 3 g/l in the Prut region. Highest mineralisation values ( > 3 g/l) are found 
between Ungheny  and Kahul. The majority of waters are HCO3-SO4-dominated but 
SO4-HCO3-dominated waters occur around Beltsy, Floresti and Ungheny. In the 
southwest, water compositions range from HCO3-Cl-dominance to Cl-SO4-waters 

do h the exception of the northern territories where Na-Mg-Ca-waters 

l 
country 
ralised 
waters 

Deposits – These strata underlie the whole country but are only used 
aters 

er and 
metric 

e 
from 240 m in the north to 60 m in the 

Beltsy-Glodeany region. In general, exploitation does not affect the piezometric 
surface except in the very north of the country where abstraction is greatest. Flow 

th as Kamenka and comprise sandstones of 20 – 
30 m thickness. Piezometric head values are seasonally variable and flow rates are 

and finally Cl-dominated waters in the very south of Moldova. Most waters are Na-
minated wit

are found. These waters fail the Moldovan drinking water quality guidelines for 
mineralisation (10 g/l), hardness (16 mg/ecv-l), fluoride (> 3 mg/l), H2S and severa
other parameters. Fluoride contents in the Prut region and southeast of the 
are generally > 1.2 mg/l. High fluoride concentrations correlate with mine
waters containing 1.5 g/l dissolved salts north of Orgheev and with 
containing 1.0 g/l dissolved salts over the rest of the country. 

  
 
Cretaceous-Silurian 

for drinking-water supply north of Beltsy. Over the rest of the territory, these w
are of poor quality. Water is contained within sands, sandstones, limestones, and 
spongolites of 50-100 m thickness, which outcrop in the north in the Dnist
Prut river valleys. In the south these strata are buried to over 500 m. Piezo
head values for these waters vary from 10 – 20 m in the north to 80 – 85 m in th
Beltsy region. The piezometric surface drops 

rates are irregular, in river valleys lying in tectonic fault zones (Reut, Kubolta, 
Kainar) rates up to 200 –300 m³/24 h can be achieved. Flow rates are reduced (0.01 
m/sec) in the south and east due to the presence of carbonate rather than terrigenous 
rock types. Water mineralisation varies from 0.5 to 2.8g/l and increases from north 
to south. In the very north of the country, waters containing 1.0 g/l dissolved salts 
are HCO3-Ca-Mg – dominated. Waters with 1 – 1.5g/l dissolved salts are generally 
HCO3-SO4-Na-dominated. In the Prut region, groundwaters with mineralisation 
levels of  > 1.5 g/l are SO4-HCO3-Na- and  HCO3-SO4-Na-dominated. Water 
fluoride contents below 1.2 mg/l occur to the north of Ryshkany-Floresti, however, 
over the rest of the country Cretaceous-Silurian waters contain high fluoride 
contents (1.5 – 17 mg/l) generally exceeding 10 mg/l in the Prut region.  

 
 
Palaeozoic Reef Deposits – These deposits are only exploited for drinking water in the 

Dnister river floodplain as far sou

generally 1.5-7.0m³/24h although greater flows are possible around faults. These 
waters are generally Cl-HCO3-Na-Ca-dominated and fail the Moldovan water 
quality standards for dry residues (2.0 g/) and fluoride (9 mg/l).  
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Although hydrogeological conditions do not form part of the final risk assessment, the 
hydrogeological map of Moldova (ASG) (Figure 7.1) and a map of hydrogeological units 
lassified according to aquifer importance (Figure 7.2) were included in the Project Partner 
IS (Country.apr) for background information. 

oundwaters of Moldova conclude 
ter and soil-water interactions (Gusleakov, 
 Petrov, 1976). The fluoride contents of 

everal lithologies exceed average crustal abundances (300 µg/g; Tebbutt (1983)) and the 
istribution of fluoride in over 5000 samples of different rock types has been most 
xtensively studied in the works of Zhovinsky (1976a+b) and Zhovinsky (1981a) as 

 
5 µg/g (average) in sandy deposits. Fluoride contents in sandy deposits range from 5 – 740 
g/g depending on the mineral composition. Terrigenous minerals such as micas, 

verage fluoride concentrations in sandstones and siltstones are 32 µg/g whereas in clay-
ich rocks concentrations are 40 µg/g. Low fluoride contents (5 – 50 µg/g) are characteristic 

andstones and sands of Neogene age contain 12 – 77 µg/g fluoride (average 45 µg/g) 
e and only in fluorapatite-bearing Jurassic 

3 µg/g.  

c
G
 
 

7.2.5 Fluoride Lithogeochemistry 
The majo f us  ns irity o  previo investigatio nto fluoride in gr
that high concentrations are a result of rock-wa
1978; Kozlov and Samarin, 1969; Krainov and
s
d
e
follows. 
 
 
Mineralogical, petrographical and chemical investigations demonstrate that the principal 
fluoride-bearing minerals are fluorite, phosphates, micas and clays. Fluoride mineralisation 
is restricted to the Proterozoic sandstones of northern Moldova whereas phosphates, micas 
and clay minerals are more importance sources over the rest of the territory.  
 
 
Fluoride contents in recent Quaternary deposits vary from 43 µg/g in clay-rich horizons to
3
µ
phosphates, glauconite, fluorite, fluorapatite and others are the main fluoride sources . 
 
 
Poorly consolidated gravel and pebble deposits of the Lower Sarmatian and Upper 
Proterozoic breccias generally contain 23 – 150 µg/g fluoride held in micas, hydrated-
micas apatite and occasionally fluorite.  
 
 
A
r
of the quartz-rich Upper Proterozoic Kosoutsy sandstones. Fluoride contents increase to 
124 –200 µg/g in polymictic sandstones of the Upper Proterozoic and high values of 560 
µg/g are associated with authigenic phosphate cements in Jurassic sandstones.  Highest 
fluoride contents are found in Cretaceous glauconitic sands (740 µg/g) and sandstones (590 
µg/g) enriched with phosphates.  
 
 
S
whereas siltstones contain 3 – 9 µg/g fluorid
horizons are contents elevated to 121 – 16
 
 
Clay-rich strata in Moldova principally comprise kaolinite, montmorillonite, dicckite, 
gallousite, chlorite, and hydrated-micas. Argillites of Jurassic age and Cretaceous clays are 
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dominated by hydrated-micas and contain 8-80 µg/g fluoride whereas clay-rich strata of 
Silurian age containing hydrated-micas and montmorillonite contain 48 µg/g fluoride. 
Clay-rich deposits of Neogene age generally comprise carbonates containing 
montmorillonite with fluoride contents of 5 – 1104 µg/g. Clays containing more than 70 –
75 % montmorillonite generally have the highest fluoride contents.   
 
 
Carbonate rocks are common in Silurian, Cretaceous and Neogene systems and are less 

 degree of calcification and is correlated with the percentage clay 
ontent. The amount of fluoride was found to increase with clay content in the following 
uccession: kaolinite > chlorite > hydrated-mica > montmorillonite. Hydrothermally altered 

fluoride (average 88 µg/g). 

 

he average fluoride compositions of Moldovan rock strata have not been included in the 
nal risk assessment as contents vary markedly within individual rock units and water 

prevalent in the Jurassic and Proterozoic sequences.  Carbonates comprise limestones, 
chalk, dolomites and marls and constitute the main water bearing horizons in Moldova. 
Average fluoride contents are 56 µg/g in limestones, 44 µg/g in chalk, 78 µg/g in dolomites 
and 103 µg/g in marl.  Investigations have revealed that the fluoride content of carbonates 
is inversely related to the
c
s
Neogene limestones with insignificant clay contents have low fluoride concentrations (6 – 
147 µg/g, average 5 – 8 µg/g) and similar limestones of Jurassic age contain 9 – 30 µg/g 
fluoride. In Neogene and Cretaceous pelitic limestones, average fluoride contents are 180 
µg/g, and in clayey–glauconite limestones 37 µg/g. In Neogene and Cretaceous 
carbonaceous limestones, fluoride is associated with organic residues ranging from 26 – 
100 µg/g. Silurian dolomites generally contain 25 – 223 µg/g 
 
 
Phosphatic rocks occur in Cretaceous and Upper Proterozoic deposits and commonly 
contain spherical concretions of apatite-calcium composition containing high quantities of 
fluoride (2400-2700 and 3000 – 3200 µg/g). Siliceous rocks include cherts and spongolites 
of the Cretaceous system, which generally contain 7 – 54 µg/g fluoride.   
 
 
Studies of the fluoride contents in Moldovan strata revealed that concentrations are 
generally elevated in the basal units of each stratigraphic sub-division namely, the lower 
layers in each deposit contain more fluoride than overlying layers (Zhovinsky, 1976a+b).  
 
 
T
fi
chemistry rather than lithogeochemistry is a more important indicator of risk. However, 
these data are included in this report for background information (Table 7.5). 
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Table 7.5 Fluoride contents in different rock types of Moldova. 
 

Fluoride  µg/g Geological Age Rock Type 
Minimum Maximum Average 

Unconsolidated Rocks  
Neogene Sand 12 77 45 
Neogene Sandstone 11 80 37 

Palaeogene Sand - 341 341 
Sand - 740 740 Cretaceous 

Sandstone 90 590 340 
Sandstone 14 60 30 Jurassic 
Siltstone 20 90 40 

Permo-Trias Siltstone - - 48 
Sandstone 7 560 75 Proterozoic 
Siltstone 17 123 60 

Argillaceous Rocks  
Neogene Clay 5 1104 80 

Palaeogene Clay - - 38 
Cretaceous Clay - - 70 

Jurassic Argillite 8 80 52 
Permo-Trias Argillite 40 120 82 

Clay - 480 480 Silurian
Argilli 0 

 
te 70 150 14

Protero Azoic rgillite 17 120 82 
Carbonate Rocks  

Neogene Limes  7 179  tone 48
Palaeogene Limestone 20 80 49 

Limestone 30 370  74Cretaceous 
Chalk 12 90 39 

Jurassic Limestone 9 30 17 
Limestone 6 230 62  Silurian 

Marl 30 135 95 
Siliceous Rocks  

Chert 20 70 54 Cretaceous 
Spongolites 40 100 70 

Granitoides  
Achaean + 
Proterozoic Granites 30 65 46 

 
 
 
 

7.2.6 Fluoride in Soils and Agricultural Impacts 
sky (1976a) reports that fluoride contents in Moldovan soils vary from 15 –198 µg/g 
ing on the clay (montmorillonite-illite) and organic matter content. Terrigenous 
ls and groundwaters enriched with fluoride are the main sources in soils. Vedina and 
an (1999) found fluoride concentrations of 64 – 307 µg/g in loamy and 260 - 500 
 clay burnozems (brown steppe soils) from central Moldova. Fluoride contents were 
 to textural composition and were highest in clay mineral and humic layers. Fluoride 
y in these soils was controlled by the clay mineral content, Ca, Al, Fe and Si content 
 soil pH.  

Zhovin
depend
minera
Kreidm
µg/g in
related
mobilit
and the
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Toma e
to soil t
794 µg
1120 µg/g). These higher values are in excess of averages for world soils (200 µg/g, 

hovinsky (1979b)). Concentrations of water-soluble fluoride in Moldovan soils were 
ported to range between 0.2 – 14.6 µg/g, less than 1% of total fluoride. Fluoride contents 

in the d
 
 
Table 7.

Soil Type
 
-------------
Forest So
Burnozem Sandy  64  247  0.6  2.3 
(steppe b n) Heavy loam 260  509  0.8  2.9 
Light Grey
 
Grey 
 
Dark Grey
 

hernoze
odzolic  Heavy loam/ light 123  761  0.7  14.6 

 medium clay  

Sodic 
River Vall
 

 
 
 
In stud
and Ku
Plate c
underly
were fo
exampl
With th
concen
of Kau
reporte
120 µg/g fluoride were found in southwest Mo
entral Godeany, Kalarash, Lipoveny and Malayesti. Lowest fluoride 
ontents were reported in the north of the country around Ryshkany and Ataky, to the south 
f Kom

 
 
Toma e
waters 
wherea
mg/l) a
of fluo

t al. (1999) also report that the fluoride content of Moldovan soils varies according 
exture. Sandy soils contain 64 – 269 µg/g fluoride whereas sodic soils contain 542 – 
/g fluoride and floodplain soils are characterized by high fluoride contents (500 – 

Z
re

ifferent soil types are listed in Table 7.6.  

6 Total and water-soluble fluoride contents in Moldovan soils (depth 0 – 50 cm) (From Toma 
et al. , 1999) 

  Soil Texture Total Fluoride µg/g   Water Soluble Fluoride µg/g 
   Minimum  Maximum Minimum  Maximum 
----------------------------------------------------------------------------------------------------------------------------------------- 

 

 

ils
 

row
 Sandy  90  220  0.8  2.3 
 Light/ medium loam 161  558  0.2  5.8 
 Sandy  68  269  0.2  3.5 
 Light/ medium loam 185  859  0.2  4.1 
 Heavy loam 87  648  0.3  4.1 

ms (Steppe Soils) C
P
 
Leached  Light/medium loam 127  750  0.8  3.8 
Calcareous Loam  250  652  1.0  3.9 

 Heavy clay 542  794  0.3  6.7 
ey Light clay  500  1120  0.6  4.3 
 Heavy loam 285  1050  0.4  4.3  
      

ies of fluoride contents in different soils of Moldova, (Zhovinsky, 1979b; Zhovinsky 
rayeva, 1987) found that top soils (from 0.1 m depth) developed over the Scythian 
ontained on average 37 µg/g fluoride and concentrations varied depending on the 
ing bedrock composition. Elevated fluoride contents (70 – 80 µg/g) in top soils 
und near fault zones and in areas where deep groundwaters rise to the surface (for 
e, Floresti Region, Skynyany, Chymyshliya, Bessarabaka, Gaydar and Kalarash). 
e exception of fault zones and regions influenced by deep groundwater, fluoride 

trations in profile soils (0.2 – 0.3 m depth) varied between 10 - 50 µg/g to the north 
shany, and 80 – 90 µg/g in the south of the country.  Highest fluoride contents were 
d in the Danube depression near Valyeny and Suvorovo. Clay and loamy soils with 

ldova around Branesti (Prut River) and in 
Moldova around 

 

c
c
o rata and in the Prut River valley. 

t al. (1999) note that groundwaters used for irrigation from Cretaceous and mixed 
from Cretaceous-Lower Sarmatian Torton aquifers have high fluoride contents 
s waters from the Baden Sarmatian deposits have lower fluoride contents (< 0.5 
nd water used for irrigation in the south of Moldova contains significant quantities 
ride. The effects of high-fluoride irrigation waters on plant uptake were examined 
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-------------
Whole pla
Stems 
Leaves 10.7  10.0 

The ef
Vedina
000 ton
that the
weight
contain
in the r
reduction in the wheat yield as a result of fluoride toxicity. Dental fluorosis has also been 
eported in animals consuming high-fluoride water and grass grown on soils after long-term 
eatment with phosphatic fertilizer (40 – 50% of fluoride ingested in fodder is absorbed).  

ation of fluoride-bearing phosphate fertilisers in 
griculture. However, agricultural fluoride contamination and uptake from soil sources 
ere difficult to quantify in the final risk assessment therefore these data are included in 

ers Dnister (border with Ukraine) in the east and 
Prut (border with Romania) in the west. The rivers are the two main water resources in the 

5-year period and were found to increase the concentration of fluoride in wheat and 
 (Tale 7.7). 

 

Table 7.7 Fluoride contents in wheat grown on irrigated and non-irrigated light calcareous 
chernozem soils (From Toma et al. ,1999) 

  Total Fluoride µg/g dry weight 
  No Irrigation After Irrigation 
------------------------------------------------------------------------------------------ 
nt  12.2  28.2 
  4.7  13.8 
  

 

 
 
 
 

fects of phosphate fertilizer application on plant uptake were also examined by 
 and Kreidman (1999) and Toma et al. (1999). Moldova consumes approximately 46 
nes/year phosphate fertilizer containing 600 – 2600 µg/g fluoride. Results showed 
 fluoride content in wheat grown without fertilizer application was 6.13 µg/g (dry 

) whereas wheat grown in areas under superphosphate fertilizer for 23 years 
ed 10.38 µg/g. The concentrations of fluoride in the wheat leaves were greater than 
oots or grain. Long-term fertilizer application leads to retarded growth, chlorosis and 

r
tr
 
 
Melian et al. (1999) found increased fluoride concentrations in shallow groundwaters of 
Moldova as a result of agricultural pollution. The average fluoride pollution load per 
hectare per year assuming a 15% infiltration rate was estimated at 0.12 in 1987 and 0.0015 
in 1995 in the Carpeineni Region and 0.16 in 1987 and 0.0015 in 1995 in the Balatina 
Region. Fluoride in shallow groundwaters ranged from 0.1 – 3.3 (average 0.6) mg/l in 
Carpeineni and 0.1 – 1.9 (average 0.9) mg/l in Balatina. High fluoride contents exceeding 
water quality standards were noted in both shallow and deeper groundwater resources in 
these regions. 
 
 
Despite the lack of industrial fluoride sources in Moldova, anthropogenic activity does 
impact on the environment via the applic
a
w
this report to highlight the fact that groundwater is not the only source of fluoride in the 
Moldovan environment only. 
 
 

7.2.7 Water Quality and Supply 
A public supply network provides water for 59 of the main cities in Moldova and remaining 
settlements are fed by local systems. Water for the public supply is derived from 
groundwater resources and from the Riv
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country and international agreements between Romania and Moldova cover the abstraction 
of water from the River Prut. Historically, the River Dnister was the drinking and irrigation 
water source in the Kishinev area. The Dnister water was mixed with groundwater for this 
purpose. Although there were records of an aquifer at Kishinev, this water was not used for 
drinking. Following economic progress and industrialisation, the River Dnister became 
polluted and the underground reserve around Kishinev was exploited.  
 
 
It is estimated that the Moldovan groundwater reserves total 12.5 m3. Before 1990, 1.5 
million m3 were abstracted but the level of abstraction differed across the country. In the 

t, the 
opulation have dug over 150 000 shallow wells abstracting water from the first water-
earing horizon in recent sediments as an alternative source. 

ors have suffered a dramatic down-turn since 1990 – 1991. As a 
sult, anthropogenic contamination of the environment has abated in recent years. Data 
om groundwater quality monitoring demonstrate insignificant changes to the quality of 

rs, being more responsive to 
nvironmental impacts, show noticeable improvements. Despite these factors, there is 

 lack of provision t f Moldova. 
aus by natural c contamination and 

lic water ply system an that waters are not treated correctly prior 
sum d approxi ly 50% of  population use water which 

he Moldovan ary standa

 
te to high mineralisation, hardness, 
ls. 70% of the water being utilised in 

 rates in the population, particularly among children and 
enagers. The water quality standard for fluoride in Moldovan drinking waters is 1.2 mg/l 

nd high-fluoride groundwaters exceeding this value are found over a significant proportion 
of the territory. With no alternative water sources available, the population have no choice 

central region, 700 000 m3 were abstracted but in the River Prut region in the west of the 
country abstraction rates were much lower as there are only small towns in this area and the 
demand for water is less.  
 
 
Prior to 1990, 6000 artesian wells to deeper fracture-flow-dominated water-bearing 
horizons were sunk in Moldova. Production from many of these wells was controlled by 
electric pumps. In recent years there have been serious crises in the electricity supply in 
Moldova and many of these pumps are currently non-operational. As a resul
p
b
 
 
The economy of Moldova is predominantly based on agricultural and manufacturing 
industries and both sect
re
fr
deeper groundwaters whereas shallow unconsolidated aquife
e
currently a  of good quali y drinking water over many areas o
In addition to problems c ed factors, both anthropogeni
the failure of the pub  sup  me
to distribution to the con er an mate  the
does not meet t sanit rds. 
 

The principle problems in deeper groundwaters rela
nitrate and sulphate contents, fluoride and heavy meta
the country is not of good quality in terms of TDS, nitrate (500-600 mg/l in some cases) 
and sulphate. Much of the poor water quality is a result of agricultural pollution, especially 
in the south of the country, however, high-sulphate waters are related to water-rock 
interactions. In addition to these parameters, shallow groundwaters across the whole 
country are of unsatisfactory bacteriological status.  
 
 
The consumption of poor quality water is a contributing factor along with other natural and 
social controls to high morbidity
te
a
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but to consume this water. As a result, fluorosis is endemic in certain regions of the 
country. Previous attempts to develop effective and economic fluoride removal 
technologies have failed and the problem of defluoridation remains a prime concern in 
Moldova.  
 
 
Water quality varies between regions, near the Dnister River, the alluvial aquifer is close to 
the quality standards, in the centre of Moldova, the groundwater is of poor quality and in 

e Prut River region, the alluvial aquifer fails the standards for nitrate, iron, hardness and 

In contrast to many o dwat de in  are 
generally low. The River Prut water contains 0.2 – 0.5 mg/l and the River Dnister water 0.2 
– 0.3 mg/l fluoride. Some fluoride contents in different Moldovan waters are presented in 
Table 7.8. 
 
 
T 8 Fluoride concentrations in Moldovan waters (Zhovinsky,  
 

ntage of Sources Within Each Fluorid Concentration Ra

th
fluoride. The fluoride problem in Moldova is most serious  in this region. 
 
 

f the groun ers, fluori concentrations river waters

able 7. 1979b)

Perce e nge Type of 
Water Fluori

Maximum 
de mg/l < 0.5 mg/l 0.5 – 1.0 mg/l 1.0 – 1.5 mg/l 5 – 2.0 mg/l > 2.0 mg/l 1.

Surface 0.9 72 - - - 28 

Well 7.0 33 15 4 6 42  

Artesian 12.0

Well 

 40 29 8 6 17 

 
 
 
Hydrogeochemical investigations of fluoride  Moldovan gro dwaters have n carried 
out by Kozlov and Samari 69), Krainov and Petrov (1976) and Zhovinsky (1979a). 
Fluoride hydrogeochemistry in the major water-bearing horizons used for centralized 
public water supply was studied more fully than waters used for local abstraction as data 
fo re spars . The studie focused on th Baden-Sarmatian and the 
C urian in the n  the Mid- armatian – Conherian and Plio e-Pontian 

orizons in the south as follows.  

mical changes in this horizon are more regular than in the Baden-Sarmat 
horizon. In the north of the Dnister region in the recharge zone, HCO3-Ca-Mg-

s-Silurian sequence are 

in un bee
n (19  

r local supplied we e s e 
retaceous-Sil orth and S cen

h
 
 
Cretaceous-Silurian Aquifer - The distribution of fluoride in waters from this aquifer 

corresponds to changing hydrodynamic conditions between the recharge zone in the 
north-northeast of the country to the deeply buried zone in the Prut region in the 
west. Che

waters correspond to the 1.0 g/l mineralisation isoline. Over the south of the country 
is a large hydrochemical zone with mineralisation values of 1.0 – 1.5 g/l and 
marked increases in SO4 (25-35% mg/ecv) and Na (27% mg/ecv) contents. In the 
very south of the country waters contain 1.5 – 2.0 g/l dissolved salts of SO4-HCO3-
Na and HCO3-SO4-Na composition and have a pH of 8.2. In the western Prut region 
around Ungheny, groundwaters of the Cretaceou
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characterised by high mineralisation values (1.8 – 2.0  g/l), HCO3-dominance and 
high alkalinity (pH 9.1). Redox conditions in the Cretaceous-Silurian aquifer vary 
from oxic (+ 100–200 mV) in the Dnister region to reducing (- 200– 270 mV) in the 
Ungheny region.   

 
 

Groundwaters in the northern hydrochemical zone in the Dnister region and part of 
the middle zone where mineralisation levels are less than 1.52 g/l contain less than 
1.2 mg/l fluoride. These waters extend southwards as far as Edinsti-Floresti and 
Rezina City. Over the rest of the country, the waters contain high fluoride contents 

 
Water c zon sed f  local water supplies is limited 
and is only available where geological investigations have been carried out. On the 
evidence of this type of data, fluoride concentrations in the Kishinev region are 

3-SO4-Cl-dominated oxic (Eh = 110 – 240 mV) waters have fluoride 
contents below 1.2 – 1.5 mg/l.  Fluoride contents vary from 0.5 to 1.0 to 1.2 mg/l 
depending upon the degree of mineralisation of the water, the Eh and the depth of 

5 – 10 mg/l in the Prut region to 
the west. Between these two regions, variations in groundwater geochemistry occur 
locally. Highly altered, high-fluoride waters are found around Kalarash-Beltsy and 

High-fluoride waters (> 1.5 mg/l) in the Kalarash-Beltsy region are thought to result 
from upward migration of deeper mineralised waters from the Cretaceous-Silurian 
aquifer via tectonically active fault zones in the area. In the Kaushany-Bendery 
region, waters contained in the Lower Sarmat Baden bed limestones are overlain by 

increasing southwards from 1.2 mg/l to 10 mg/l in the southwest Prut region. 
Around Ungheny, fluoride concentrations reach 17 mg/l. These waters are used for 
drinking north of Ungheny and Kishinev, but in the south of the country the waters 
are not suitable for drinking due to high mineralisation and fluoride contents.  
 

hemistry information for this hori  u or

estimated at 8 – 9 mg/l. 
 
 
Baden-Sarmatian Aquifer - The distribution of fluoride in groundwaters from this aquifer is 

dependant upon the hydrogeochemical zone and water type. Over the Moldovan 
platform in the north and centre of the country, low mineralised (2 g/l), HCO3-Ca-
Mg and HCO

the water bearing horizons. As these strata dip westwards in the limb of the 
Carpathian fold, the groundwater chemistry alters to Na-Ca-dominated waters with 
high Na+K/Ca ratios and reducing conditions (Eh – 200 mV). Physio-chemical 
calculations of fluorite saturation (Krainov and Petrov, 1976) indicate that these 
waters are undersaturated with respect to fluorite. As a consequence, fluoride 
concentrations in Baden-Sarmatian groundwaters range from 1.2 mg/l over the 
Moldovan Platform in the north of the country to 

Kaushany- Bendery whereas low-fluoride SO4-dominated waters are found around 
Floresti and low-fluoride, HCO3-Ca-dominated waters occur in the Kishinev-
Chimishlia region.  

 
 

thick sequences of impermeable Mid-Sarmatian clays (150 – 200 m) and due to a 
lack of mixing with near-surface oxygenated waters these waters have high H2S 
contents, are reducing (Eh < 0 mV) and undersaturated with respect to fluorite. In 
contrast, HCO3-Ca-waters in the Kishinev-Chimishlia region are retained in 
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limestone reefs extending from Kamenka to Chimishlia to Kahul with good 
infiltration of oxygenated near-surface waters. 

 
 
Mid-Sarmatian-Conherian Aquifer – The fluoride content of waters from this water-bearing 

horizon, which is the principal source of centralised public supply in the south of 

ecent Quaternary Aquifers - In general shallow groundwaters in Moldova have low 

 summary, the distribution of fluoride in groundwaters of the different aquifer horizons is 
dependant on different hydrochemical regimes and tectonic influences. The presence of 

luoride concentrations due to the 
pward migration of deeper mineralised waters. High-fluoride waters are generally Na+K-

inated with high Na+K/Ca ratios and low fluorite saturation indices allowing fluoride 
 hydrodynamic features of the aquifers also determine the 

The prolonged and intensive exploitation of groundwaters in Moldova has lead to falling  
groundwater levels in some water-bearing horizons and negative recharge balances altering 
the physio-chemical regime resulting in increased mineralisation and higher fluoride 
contents. For example in the public supply system of Kalarash, during 10 years of water 
exploitation from the Baden-Sarmatian horizon, fluoride contents increased from 1.5 – 5.25 
mg/l. Similarly, at Falesti, fluoride concentrations in Cretaceous-Silurian aquifer waters 
rose from 5-5.5 mg/l to 7-8.4 mg/l over a 6-year period. At Chadyr-Lunga, an increase in 
fluoride content from 1.5-2.0 mg/l to 4.0-4.6 mg/l occurred over 5 years exploitation of 
waters from the Mid-Sarmatian aquifer.   

Moldova, are generally lower than the Moldovan Drinking Water Standard of 1.2 
mg/l.  However, fluoride contents range up to 3.5 mg/l in the very south-east of 
Moldova close to the border with Ukraine. These waters are HCO3-Na- and Cl-Na- 
dominated with poor colourlessness indices (> 35o) due to organic acids and high Fe 
contents.   

 
 
R

concentrations of fluoride (< 1.5 mg/l) but concentrations of 8.5 – 10 mg/l have 
been reported in some localities. Over approximately two thirds of the country these 
waters contain < 0.5 mg/l fluoride but in the Dnister Hills, Codry and Baimaklia 
regions and the southern section of the Prut river valley, high-fluoride waters are 
associated with small river valleys where waters are highly mineralised (2 – 7 g/l). 
Areas with high-fluoride water in the north of the country include Orgheev, 
tributary valleys of the northern River Reut and the region between the Prut and 
Solonets rivers.   

 
 
In

fault zones in the Moldovan plate results in anomalous f
u
dom
to remain in solution.  The
fluoride concentration. Deeply buried altered waters contain higher fluoride concentrations 
than shallow waters and waters capped by impermeable layers with poor infiltration of 
near-surface oxic waters also contain high fluoride concentrations. In general terms, the 
fluoride content of Moldovan groundwaters increases with depth in the order Mid-
Sarmatian (N1S2) < Baden Sarmatian (N1S1) < Cretaceous-Silurian (K2-S1). Beltsy City 
provides an example of these relationships whereby Baden-Sarmatian derived waters 
contain 0.4-0.9 mg/l, Upper Cretaceous limestone waters 1.5 - 2.6mg/l and Silurian 
imestone waters 3.8 – 6.5 mg/l fluoride.  l
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Theoretical physio-chemical modelling of the speciation of fluoride in Moldovan waters 
out by Krai nd Petrov (1976) and Zhovinsky (1981a) indicated that the 

nt fo - ions -organi s, and MgF-. CaF- 
rs where they account for up to 10% of the 

id ontent. Other es with  Fe an ount for insignificant 
s of the total fluoride content. In groundwaters of neural pH (6.5 – 7.5) 70 – 80% 

 waters, 95 – 98% of fluoride is in free 

For th  chemistry 
atabase (ASG) collected at an average sample density of 1 per 5 km2 over most of the 
oldovan territory provide an overview of fluoride contents in the main drinking-water 

al phase of the risk assessment these data were 
ategorized by fluoride concentration according to the WHO guideline values of < 0.5 mg/l 

cari  r
contain
contain
 

Hig fl
indicate
the eas
Chadyr
 
 
Table 7.9  Fluoride contents in Moldovan groundwaters (ASG data) 
 

Water Source inimum F mg/l  Maximum F g/  Number 

carried nov a
domina rms of fluoride were free F , F c complexe
complexes were only important in Ca-rich wate
total fluor e c complex Al, d B acc
proportion
of fluoride is in free ionic form whereas in alkaline

form.  ionic 
 
 

e purposes of the present study, the 327 records in the groundwater
d
M
horizons (Recent Sediments (unconfined), Mid-Sarmatian, Baden-Sarmatian and 
Cretaceous-Silurian). During the initi
c

es isk and ≥ 1.5 mg/l fluorosis risk (Figure 7.4).  Groundwaters from all four aquifers 
 fluoride contents above the MAC of 1.5 mg/l but Mid-Sarmatian waters generally 
 lower fluoride concentrations than water from the other horizons (Table 7.9).  

 
h- uoride (> 1.5 mg/l) groundwaters are distributed throughout Moldova but as 

d above, in general, waters in the west of the country contain more fluoride than in 
t (Figure 7.4) and high-fluoride waters are widespread in the Beltsy-Falesti and 
-Lunga regions. 

M  m l  Average F mg/l 
Unconfined –  Quater y,
Pontic - Levantin Sedi 7.6 45 

nar  Pliocene 
ments 1.4 3.1 

Mid Sarmatian – Conherian 3.5 35  0.20 1.0 
Baden-Sarmat (Lower Sarm 15.7 161 atian)  0.17 2.4 
Silurian-Cretaceous  16.2 86 0.10 2.9 

 
 

7.2.8 Fluoro is posure
Endemic dental fluorosis related to intakes of high- o n reported in 
Moldova previously (for the last 60 – 70 years) parti la ion and in 
the south of the country. Several local medical investigations into the disease had been 
carried, howev , nal survey ber 1998 
the government in d dental h th n until 
2007 and as part of this programme, all cases of d t ed and 
prophylactic tr tm mplemented. No cases of skeletal fluorosis have been 
reported in the o likely that skeletal o diagnosed 
incorrectly as o e

 

s  Prevalence and Ex  
flu ride waters have bee
cu rly in the River Prut reg

er until recently, no natio
ational chil

s were completed. In Decem
troduced a n eal  programme, which will ru

steren al fluorosis will be regi
ea ents must be i
 c untry but it is flu rosis does occur and is 
th r conditions.  
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As part
fluoros stigations. These studies were carried out in 
selected settlements in Moldova and although they provide an indication of fluorosis 
prevalence, the d mprehensive overview f  in Moldova. The 
data are based on investigations carried out during the 1960’s and between 1997-1998 
(Table 7.10). The locations of these fluorosis incidences were included in the final GIS 
scheme of the s t as these are important indic oride risk (Figure 
7.5). 
 
Table 7.10 Previ sl ted fluorosis prevalence informat  Preventative 

Medi e  Data) 
 

Settlement Population u
Fluoro

Fluorosis 
Prevalence % 

 of the present study, the Preventative Medicine Service of Moldova collated dental 
is information from previous inve

y o not give a co  o the situation

pre ent projec ators of high-flu

ou y documen ion for Moldova (
cin  Service

Year of Study N mber of  
sis Patients 

Naslavcha Oknits 1965 - 30-50 - 
Edintsy 1965 - 72 - 
Glodeany 1965 - 60 - 
Beltsy 1965 - - 66 
Falesti 1965 - - 62 
Falesti 1998 13000 50 6500 
Kalarash 1965 - - 50 
Ungheny 1965 - - 10-30 
Komrat 1965 - 10-30 - 
Congas, Komrat 1965 - 10-30 - 
Chadyr-Lunga 1965 - - 80 
Ch r-ady Lunga 1998 25000 12500 50 

Chad r-y Lunga Region 

Kazakliea 1998 8000 6400 80 
Baurchi 1998 8000 4000 50 
Gaydar 1998 3100 1000 32 
Beshgioz 1998 3750 1500 40 
Djoltay 1998 2670 1200 45 
Hyncheshty - 30 1965 - 
Bulboka, Nov. Aneny 1965 - - 40 
Pyrlitsa, Ungheny 1965 - - 74 
Ishkalevo, Falesti 1965 - - 50 
Skuleany, Ungheny 1965 - - 10 
Kiseliea, Komrat - 40 1965 - 
Fegedeu, Falesti 1965 - - 60 

 
 
More compreh
14 years indic dental fluorosis 
nd prevalence rates in settlements with high-fluoride waters reach 80% (Bahnarel and 
helaru, 1999).  

 
 
Althou
establis
with on
same w
Skulean
 

ensive data collected from the Regional Preventative Medicine Centres over 
ate that approximately 160 000 children in Moldova suffer 

a
S

gh a connection between high-fluoride waters and fluorosis prevalence has been 
hed, the relationship is complex. For example, dental fluorosis occurs in regions 
ly 0.6 – 1.0 mg/l fluoride in water (Kiseliea and Bulboka) and settlements with the 
ater fluoride contents can have very different prevalence rates (for example 
y 10% prevalence and Pyrlitsa 70% prevalence).   
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Fur r
water-b
betwee
the sam
Cretace
(N2P). 
Ca-dom se leading to a 
reater proportion of the most bioavailable form of fluoride in water, the free F- ion.  

kes are low. The relationships between fluoride and Ca content in water and 
uorosis prevalence in Moldova were examined in more detail in previous studies. 

Comparison of the ratio: 

the  investigations revealed that the prevalence of fluorosis depends upon the age of the 
earing horizon exploited for drinking, fluoride speciation and the relationship 
n Ca and fluoride in the water. On this basis, the risks of fluorosis from waters with 
e fluoride content in the different aquifers of Moldova were estimated follows: 
ous-Silurian (K-S) > Baden-Sarmatian (N1S1) > Mid-Sarmatian (N1S2) > Pontian 
In general terms, the deeper, more altered waters are most toxic because Mg- and 
inance decrease whereas alkalinity, and Na+K-dominance increa

g
 
 
As outlined in previous sections of this report, the uptake of fluoride in humans is inhibited 
by the presence of Ca during ingestion and the severity of fluorosis is enhanced when 
dietary Ca inta
fl

 
F mg/l     x 100 (expressed as %)   
Ca mg/l 

 
in waters from different regions revealed that  in general, the prevalence of fluorosis was 
greater in areas with high F/Ca ratios and that the F/Ca ratio in water is was important 
control on disease development when fluoride levels were close to the MAC.  In general 
terms, when the F/Ca ratio was below 25% no dental fluorosis occurred in the local 
population, when the F/Ca ratio was between 25 and 80%, fluorosis prevalence rates were 
elow 50% and when F/Ca ratios were greater than 100%, fluorosis prevalence rates 
ached 60 – 70%.   

3 4 4 3
g/l fluoride with F/Ca 

tios of only 1 to 4%. Despite the low F/Ca ratios, fluorosis prevalence in some 

ion and Ca content in waters 
nd fluorosis prevalence have been established by the present and by previous studies, 
ese factors have not been included in the final risk assessment scheme as they require 

isk Avoidance Maps 
he groundwater chemistry data for the four main drinking water horizons of Moldova 

the sample density of the combined groundwater data sets. In each grid square, the water 

b
re

 
 

However, not all areas affected by fluorosis followed this pattern, in the Chadyr-Lunga 
region of southern Moldova, the population is supplied with HCO -SO - or SO -HCO – 

ominated and Na- Mg- dominated water containing 1.2 – 7.6 md
ra
settlements in this region was 30 – 50% and reached 80% in Kazakliea. In this case, the 
total fluoride content and other factors such as the high mineralisation (1.5 – 6 g/l) of these 
waters were thought to affect the prevalence of  fluorosis.  
 
 
Although some general relationships between fluoride speciat
a
th
further investigation to determine the true nature of the health impacts and relationships to 
disease.  
 
 

.2.9 R7
T
were combined in the GIS so that problem waters from any possible source would be 
highlighted. The risk avoidance maps are based on a grid size of 5 km2 commensurate with 
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fluoride content and fluorosis incidence data were combined with water supply information 
to produce the final risk maps (Annex 7 and 8). However, it should be noted that over large 
reas of the country, the density of water chemistry and fluoride incidence information was 
sufficient to assess fluoride risk. 

are highest in the north-east. Although the 
ater supply is not fluoridated in Moldova, most waters contain enough fluoride (> 0.5 
g/l) to prevent dental caries. Isolated high-risk areas occur in the Kishinev region and in 

 caries, 
igher-fluoride waters are available in the vicinity (Annex 7).  

igh-fluoride risks areas are widespread across Moldova, the locations of fluorosis 
nce r us re all categor  a  as it is assumed that 

n t n n t  l   T a b as 
re identi e y ng io the th of the country th esti- y 

 in th t ev ig  a are  f in e d ce of 
unt e e R er Prut an ish (A  8 e ti region was the 

cus of re de  geoche ry  h  in iga  carried out during the 
st ollows.  

 
 

man fluorosis were examined in more detail in the towns of Kalarash, Cornesti and 
Falesti in Moldova (Annex 8), which lie in a known fluorosis hotspot region. The aim of 
the study was to examine dental and skeletal status based on the structural-functional state 
of bone tissue, the maxillodental system physical development, nutritional data, 
anthropometric characteristics, and the distri atic diseases among 
the residents of regions with elevated fluoride contents in drinking water. 
 
 
In total, medical examinations of 103 adolescents aged from 10 to 15 years (48 boys and 55 
girls) were carried out (Table 7.11). 34 wome  (residents of Falesti) were also examined to 
establish time-series differences in the dental mother-daughter” pairs in 
the population (Table 7.12). 

 
 
 
 
 
 
 

 

a
in
 
 
The maps show that on the basis of water fluoride contents, the risks of dental caries are 
low over most of the south of the country and 
w
m
the north-west of the country. Although the area around Beltsy is at risk of dental
h
 
 
H
incide  noted f om previo  studies a ised s high risk

wpeople i  these se tleme ts co tinue o drink high-f uoride ater. wo m in pro lem are
a fied, th Chad r-Lu a reg n in  sou  and e Fal Belts
region

e co
the nor -wes , how er, h h risk reas  also ound  the w st an ntre 

th ry betw en th iv  d K inev nnex ). Th Fales
fo mo tailed mist  and ealth vest tions
present udy as f
 

7.3 FALESTI REGION DETAILED STUDY AREA 
 

7.3.1 Study Methods 
During the present investigation, the links between high-fluoride contents in drinking water 
and hu

, 
bution and degree of som

n
 and bone status of “
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Table 7.11 Number of adolescents examined in the three study towns 
Locality  N (total) Boys Girls 
  N Average Age N Average Age 
Kalarash 20  13.15±1.07 12.5±0.57 13  8 
Falesti 58 .26 30 12.57±1.36 33 12.0±0
Cornesti  21 13.0±1.0  5 14 12.8±0.42
N = number 
 
Table 7.12 Charac n examined in sti 
Index N Height  Mass  

teristics of wome
Age 

 Fale
Body

I Group 14 36.7±0.97 160.75±1.56 2.2 60.5±
ІІ Group  20 37.8±0.8 163.05±1.56 ±3.68 72.06

I Group  = ith diagnosed osteoporosis according to ound sitometr
ІІ Group  = ith normal indices of bone dens N = n er 

 
 
General clinica c, objective exa tion a rtho ic ex ation methods 
were used during the study as follows: 
 

• Anamne  included the ence conc ant pa logy and the 
characte l cycle formation in girls, . While interrogating adolescents' 
mothers, special attention was given to the character of pregnancy, labour and 
diseases present in the first year of life and feeding characteristics etc. 

• Anthropometric examination - (V.V. Bunak method modified by P.F. Shaparenko) 

• Hand length  
• Forearm length  

• Foot length (anthropometric) 

• Neck length  
• Morphological face height  
• Head length  
• Head width  
• Humeral diameter 
• Pelvic diameter 
• Shoulder width  

• Shin diameter  
• Head girth  
• Neck girth  

• Girth of forearm's wide part 
• Girth of forearm's narrow part 

• Stomach girth  
• Thickness of back skin-fold  
• Thickness of shoulder skin-fold  
• Thickness of shin skin-fold 
• Thickness of stomach skin-fold 
• Thickness of thigh skin-fold 

 
• Nutritional Status - was estimated by means of a questionnaire-weighing method 

and included the determination of proteins, fats, carbohydrates, amino acids, macro- 

women w ultras
ity  

 den y data 
women w mineral umb

l, anamnesti mina nd o paed amin

stic data  - pres of omit tho
r of menstrua  etc

 

included the determination of body mass, linear (longitudinal and transversal), 
enveloping and angular dimensions. In addition, the so-called "anthropometric 
spots" were used - bone segments that can be felt through the skin and in particular 
cases even typical peculiarities of the muscles. The following criteria were 
measured: 

 
• Body mass  
• Body length  

• Forearm width   

• Shoulder length  
• Shoulder blade length  
• Pelvis length  
• Thigh length  
• Shin length  

• Chest girth  
• Hand girth  
• Buttocks girth 
• Shoulder girth  

• General foot length  
• General arm length  
• Leg length  
• Head height  

• Thigh girth  
• Girth of shin's wide part 
• Girth of shin's narrow part  
• Foot girth  
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and microelements and vitamins in the food ration. The following indices of daily 
nutritional status were determined: 
 

• t 
• ins 
• Animal proteins 
• ble amino acids:  
• 
• Leucine 
• Isoleucine 
• Valine  
• 
• 
• 
• 
• Replaceable amino aci
• 
• Arginine 
• 
• 
• 
• 
• 
• 
• 
• 

• Carbohydrates 
       

ose 

 
• Mono-/disaccharides 

 fats 

d 
cid 
 
es 
ids 

• MUFA Sum  

 Sum 
ents: K, Na, Ca, Mg, P, 
n, Cu, , Se, 

Р 
 vitamin-like 
В1 , C, D, E, 

oline 

• The structural-functional state of bone - was examined by an ultrasound 
densitometry method, using the “Achilles+” densitometer (Lunar Corp., Medison, 
WI) on heel bones consisting of trabecular (spongy) bone tissue. The following 

• The speed of the ultrasound signal through the bone (SOS, m/s), which is 
co e bon flexibil

 
• The broadband ultrasound attenuation (BUA, dB/MHz), which reflects bone 

density, the number of bone trabeculae nsions and spatial 
orientation of the bone trabeculae. 

 
• Bone stiffness index (STF, %), which is c ordin e formula 

(S (nBU where UA –  0.75 and 
nSOS = (SOS - 1380) : 1.8). This index shows the state of spongy bone 
tis  to no s for 2 ts.  

The advantages of this method are the high preci on-io  radiation, 
portability a  exa nlike photon and X-ray d metry this 
method g ive es
(orientation and thickness of e). Nu rches shown the 

efits o  in fo risk of erteb d femoral 
fractures and the consider ities of its application t ate the 
effectiveness of osteoprot ds in and tment of 

sis. 

Calorie conten
Vegetable prote

Irreplacea
Tryptophan 

Threonine 
Lysine 
Меthionine 
Phenylalanine  

ds:  
Histidine 

Cystine 
Тyrosine 
Аlanine 
Serine 
Аsparagine 
Proline 
Glycine  
Glutamic acid 

• Starch  
• Cellul
• Lactose 
• Hemicellulose

• Vegetable
• Animal fats 
• Linoleic aci
• Linolenic a
• Cholesterol

id• Тriglycer
• Phospholip
• UFA Sum  

• PUFA Sum  
• МSFA/PSFA
• Mineral elem

S, Cl, Fe, I, M  F, Zn
Са/Mg, Ca/

• Vitamins and
substances:  A, , В6, В12
H, РР 

• β- carotin, ch
 
 

measurements were carried out:  
 

ntrolled by th e density and ity. 

 and the dime

alculated acc g to th
TF = 0.5 × ( A + n SOS),  nBUA = (B  50) :

sue compared rmal standard 0-year-old adlu
 
 

sion, use of n nising
nd speed of mination.  U ensito

ives qualitat timations of spongy bone tissue and its architecture 
 the trabecula merous resea have 

ben f this method recasting the osteoporotic v rae an
able possibil o estim
ective metho  prophylaxis  trea

osteoporo
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• Examination of the maxillodental system – the dental condition was determined 
according to CFM (sum of caries, filled and missing permanent teeth), cfm (the 

th re por ) indices. Clinical forms of dental fluorosis 
etermi ans of Patrikyeyev (1958) classifications (Table 2.10) 
ishing between lines, mottling, chalk-like-spots, erosive and destructive 

s of injury.  The degree of dental fluorosis w ated ac g to the four 
ovych and y (196 ries of sev ble 2.9

Student’s e way analysis of variance (ANOVA)) and non-parametric 
rden, Wilcoxon-Mann-Wh ma rrelatio tatistical tests 
d out on using the “MS Excel-97 Statistics and Statgraphics 5.0” 

es.  

ater Supp Nutri tatus 
 to data from the Republic of Moldova W Sanit Service, the 

alesti roximately equal quantities of tap water and water from shaft 
t, 98% of water usage in the town was provided by the central public water 

upply system, the source of which is underground waters (21 artesian wells). Of these, 13 
oreholes of 160-180 m depth are currently active. In recent years, power-cuts and 

 from 
ese wells and today, the town also exploits approximately 70 shallow wells, of 10 to 25 m 

depth. 

e, in the past, the population were supplied by 
 combination of deep wells (central public supply) and shallow wells.  There is 

 a lack of e  to run the central public supply system and residents are 
t on  shallow wells.  

Analysis of water samples collected inking w  Falesti and 
icate tha est flu s are f sti (5.31 mg/l) (Table 

7.13). According to international studies, this concentration of fluoride in water is high 
ntribute elopm tal fluoro ut any d changes in 

the structural-functional state of bone tissue. Conve oride entrations in 
om well waters in Falesti d ed 2.43 m

he results also demonstrate that the fluoride concentrations in well waters within each 
wn are highly variable.  In Kalarash, well-water fluoride contents range from 0.19 to 3.65 

 Cornesti the fluoride content in drinking water from shallow wells does not exceed 0.88 

same wi spect to tem ary teeth
were d ned by me
distingu
form
Gab

as estim cordin
 Ovrutsk 9) catego erity (Ta ). 

 
 
Parametric (  t-test, on
(Vanderva itney and Spear n Rank co n) s
were carrie  the data 
programm
 

7.3.2 W ly and tional S
According ater and ation 
population of F uses app
wells. In the pas
s
b
electricity shortages in Moldova have meant a reduction in the availability of water
th

 
 
A similar situation exists in Kalarash wher
water from a
currently lectricity
entirely dependan  water from
 
 

 from dr ater taps in Kalarash,
Cornesti ind t the high oride content ound in Fale

enough to co to the dev ent of den sis witho marke
rsely, flu conc

samples fr o not exce g/l.  
 
 
T
to
mg/l and in Falesti from 0.39 to 2.43 mg/l. The incidence of fluorosis in these towns is not 
broadly distributed throughout the population but forms clusters around high-fluoride water 
sources. 
 
 
In
mg/l (Table 7.13). These concentrations are within the "beneficial fluoride window" (0.5 to 
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1.5 mg/l) and do not exert a negative influence on functional state of dental and bone 
systems.  
 
 
The concentration of Ca in Cornesti well waters is generally higher than in Kalarash and 
Falesti waters. The low Ca concentrations in Kalarash and Falesti are likely to produce a 
negative influence on the calcium-phosphorus metabolism in the population of these towns 
and enhance the aggressive effects of fluoride.  
 
 
No significant difference in water hardness between the three towns was identified. 
 
 
Table 7.13 Analysis of water samples from different water supply sources 

own Element Tap Water Well Water 
 
T
  1 2 3 4 5 6 7 8 9 10 
Kalarash  Ca mg/l  1.60 4.85 34.00 3.25 1.60 105.30 24.30 187.90 192.80 131.20 
 F m 8 3.25 0 9 3.65 0.51 1.90 0.19 0.39 0.23 g/l  3.3 .19 2.3
 рН 9.17 8 8.95 8.05 7 7.93 9.10 .62 7.90 8.10 8.71 .97 
Falesti  Са - 22 45.30 53.45 34 24.30 mg/l  6.50 .70 35.65 14.6 27.50 .00 
 F m - 2 0.39 1.01 g/l  5.31 .43 1.16 1.90 1.61 0.97 1.31 
 рН  - 8 0 7.97 25 6.70 88.87 .10 8.2 8.20 8. .73 9.00 
Cornesti  Ca - 243.00 166.85 150.65 128.00 118.25 66.40 11 .25 mg/l  - 3.3 37
 F m - 0 0.37 0.32 0.49 0.33 0.25 0.88 g/l  - .26 0.41 
 рН - 7 7.45 8.47 8 8.33 - .80 7.12 8.02 7.68 .15 

 
 
 
A questionn ing method was used to determ tional status. ree days 

daily ra imated the m nd micronutrients. To 
ermine the adequacy of nutritional intake, results were compared to the “Norms of 
siologica f Ukrain lation in Main Food Nutrients”. These were 

approved by Health Protection Ministry of Ukraine, Decree No272, 18.11.1999 (Table 
.14) 

 

 
 
 

 

 
 
 

 

aire-weigh ine nutri For th
the tion was est  in terms of ain macro- a
det
Phy l Needs o ian Popu

7
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Table 7.14 Recommended daily nutritional intakes for Ukrainian adolescents (Health Protection 
Ministry, 1999). 

utri  years -15 years 
 

N ent  Age: 11-13 Age: 14
 irls Girls Boys G Boys 
Energ 2800 2550 3200 265y, kcal 0 
Protei 83  8ns, g 91 104 6 
Anim ar 42 4al in particul 46 52 3 
Fats, 75 7 g  82 94 7 
Carbohy 40drates, g  425 386 485 3 
Са, m 1200 120g  1200 1200 0 
P, mg 1200 120  1200 1200 0 
Мg, mg 270 30 280 400 0 
Fe, mg  15 112 12 5 
Se, µg 45 540 50 0 
Cu, mg 1.5 2. 2.0 2.5 0 
Zn, mg 12 1 15 15 3 
I, µg  150 150 200 200 
Vitamin A, µg  1000 800 1000 1000 
Vitamin D, µg 2.5 2.5 2.5 2.5 
Vitamin Е,  mg 13 10 15 13 
Vitamin К, µg  45 45 65 55 
Vitamin В1, mg  1.3 1.1 1.5 1.2 
Vitamin В2, mg  1.5 1.3 1.8 1.5 
Vitamin В6, mg  1.7 1.4 2.0 1.5 
Vitamin В12, mg  2.0 2.0 2.0 2.0 
Folate, µg 160 150 200 180 
РР, mg  17 15 20 17 
C, mg  70 75 80 75 

 
 

of the n ata for ad  during ent study revealed an 
e in the consumption of the m trients, e rominent in Kalarash 

he dietary calorie content w  consider er than 
ended values. The calorie intake and content of vegetable proteins in the diet of 

 differed s icantly from n other towns (р<0.05) (Table 7.15). The 
content of vegetable and animal proteins ain am  was con y lower 
than recommended values in all the three towns. 

sufficient protein consumption, especially irreplaceable amino acids, may negatively 
affect the general physical development of adolescents in the study towns and the 

ructural-functional state of bone tissue in particular, because proteins serve as the main 

wns were noted (Tables 7.17 and 
.18).  

 

Analysis utrition d olescents  the pres
imbalanc ain nu specially p
(Tables 7.15, 7.16, 7.17 and 7.18). T as ably low
recomm
Kalarash girls ignif  results i

 and the m ino acids siderabl

 
 
In

st
plastic material for organic bone components.  
 
 
This study also demonstrates that the dietary carbohydrate intake for boys and girls 
residing in all three towns is considerably lower than recommended values. Significant 
differences in carbohydrate intake between the three to
7
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Table  7.15 Estimated daily dietary protein intake of girls from the three study towns 
 
Dietary 
Component 

Cornesti  Kalarash  Falesti Р 

Calorie content 1918.46±147.98 1518.08±98.103 1 953.12±740.45 1-2 <0.05 
Vegetable 
proteins 

32.53±3.34 23.20±2.34 32.42±15.8 1-2 <0.05 

Animal proteins 25.65±2.28 23.24±2.87 18.13±6.7 >0.05 
Irreplaceable  
amino acids: 

18673.29±1524.4 15620.47±1227.98 15 130.61±5679.38 >0.05 

Tryptophan  682.73±56.22 603.17±49.6 564.15±185.85 >0.05 
Leucine 4109.41±354.64 3379.78±256.61 3 352.19±1288.66 >0.05 
Isoleucine  2456.81±205.75 1989.37±144.16 2 066.84±787.21 >0.05 
Valine  2819.4±225.496 2353.66±174.92 2 379.28±966.77 >0.05 
Threonine  2052.86±161.13 1739.6±144.10 1 611.73±582.32 >0.05 
Lysine  2910.62±241.48 2501.51±242.93 2 114.61±787.54 >0.05 
Меthionine  1085.75±85.59 956.53±82.204 881.77±278.43 >0.05 
Phenylalanine  2555.45±228.54 2093.02±157.86 2 158.64±789.59 >0.05 
Replaceable  

ino acids: 
32101.5±2664.23 26626.7±2031.55 27110.0±10358.81 >0.05 

am
Histidine 1362.86±114.94 1113.52±83.79984 1 145.57±500.405 >0.05 
Arginine  2783.17±231.31 2597.72±289.5042 2 724.16±1225.34 >0.05 
Cystine  810.67±61.94 674.74±57.541 785.77±232.325 >0.05 
Тyrosine  1905.61±183.8 1621.60±132.3125 1 487.61±563.895 >0.05 
Аlanine  2151.10±162.48 1845.74±180.8834 1 755.36±595.43 >0.05 
Serine  2560.51±209.55 2189.33±177.0559 2 096.54±663.42 >0.05 
Аsparagine  3642.80±301.9183 3176.64±261.5688 2 855.80±933.055 >0.05 
Proline  3732.33±430.7868 2829.91±208.8167 3 001.51±1218.59 >0.05 
Glycine  1982.72±164.8876 1815.29±202.1563 1 797.75±813.785 >0.05 
Glutamic acid  11015.8±1026.43 8653.03±577.63 9 339.34±3521.21 >0.05 
For units see Table 7.14 
 
 
 
 
 
Table  7.16 Estimated daily dietary protein intake of boys from the three study towns 
 
Dietary 
Component 

Cornesti  Kalarash  Falesti  Р 

Calorie content 1998.66±264.39 2206.32±196.11 2144.67±300.10 >0.05 
Vegetable 
proteins 

36.79±5.96 38.81±5.33 33.91±8.93 >0.05 

Animal protei .13±5.67 28.87±7.44 >0.05 ns 16.71±5.08 25
Irr
am

eplaceable 
ino acids: 

397.73 20048.64±2316.22 >0.05  16476.56±3166.18 21194.05±2

Tryptophan  608.41±105.69 794.28±86.73 750.57±95.29 >0.05 
Leucine 3650.0±716.90 4714.1±549.84 4483.81±535.12 >0.05 
Isoleucine  2207.11±397.37 2809.97±331.59 2651.42±344.64 >0.05 
Valine  2466.61±443.20 3174.17±356.06 3028.51±342.43 >0.05 
Threonine  1807.34±342.19 2325.46±261.614 2149.85±233.92 >0.05 
Lysine  2522.80±589.15 3210.86±395.52 2963.69±331.9928 >0.05 
Меthionine  866.60±159.95 1209.72±150.71 1192.52±151.1453 >0.05 
Phenylalanine  2336.87±433.59 2955.65±339.81 2821.70±386.0751 >0.05 
R
am

eplaceable  
ino acids: 

29521.2±5057.85 36484.7±4012.61 34666.1±4904.621 >0.05 

Histidine 1178.68±241.68 1432.41±165.52 1478.69±171.94 >0.05 
Arginine  2478.75±429.01 3371.19±427.72 2979.40±426.96 >0.05 
Cystine  752.14±99.29 925.57±117.32 942.30±183.11 >0.05 
Тyrosine  1637.68±305.59 2188.41±274.61 2155.32±248.21 >0.05 
Аlanine  1987.80±355.36 2432.68±249.85 2345.28±277.6105 >0.05 
Serine  2329.92±447.34 2952.05±322.84 2838.21±354.38 >0.05 
Аsparagine  3458.99±742.68 4222.24±439.88 3769.38±427.37 >0.05 
Proline  3499.55±645.82 4150.05±528.43 4111.08±604.15 >0.05 
Glycine  1875.04±304.89 2313.99±243.66 2046.64±292.78 >0.05 
Glutamic acid  10207.9±1589.70 12408.5±1516.43 11871.8±2164.597 >0.05 
For units see Table 7.14 
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Table 7.17 Estimated daily dietary carbohydrate and fat intake of girls in the three study towns  
 
Dietary Component Cornesti  Kalarash  Falesti  Р 
Carbohydrates 267.01±24.29 188.54±13.05 285.11±93.51 1-2 <0.05 
Starch     155.87±17.78  100.89±10.31 160.16±73.82 1-2 <0.05 
Cellulose 9.04±1.71  5.15±0.795 3.13±1.49 1-3 <0.05 
Lactose 4.49±1.34  7.35±1.71 4.41±1.74 >0.05 
Hemicellulose  9.50±1.29 5.69±0.43 8.17±3.34 >0.05 
Pectine 3.31±0.56 1.97±0.21 1.08±0.48 >0.05 
Sitosterol 0.05±0.01 0.05±0.007 0.03±0.005 >0.05 
Mono-/disaccharides  101.99±12.59 80.55±8.06 115.82±17.73 >0.05 
Organic acids 7.66±1.39 4.68±0.698 1.89±1.035 1-3 <0.05 
Vegetable fats  28.76±5.19 30.55±7.48 36.42±34.12 >0.05 
Animal fats 46.08±7.74 39.49±4.058 42.41±0.02 >0.05 
Linoleic acid 16.66±2.51 17.95±3.94 17.07±12.24 >0.05 
Linolenic acid  0.75±0.469 1.55±0.79 1.92±1.76 >0.05 
Cholesterol 0.26±0.03 0.28±0.05 0.29±0.09 1-2 <0.05 

1-3 <0.05 
Тriglycerides  63.28±5.17 63.63±6.66 53.45±15.89 >0.05 
Phospholipids  2.52±0.31 2.43±0.35 2.83±0.16 >0.05 
UFA Sum  1.18±2.16 13.95±0.03 1-3 <0.01 22.37±2.37 2
MUFA Sum  20.72±1.21 >0.05 23.46±2.29 22.46±1.83 
PUFA Sum   17.95±2.82 19.96±4.64 19.39±14.22 >0.05 
МSFA/PSFA Sum  1.50±0.22 1.63±0.36 1.56±1.14 >0.05 
For units see Table 7.14 
 
 
 
 
Table 7.18 Estimated daily dietary carbohydrate and fat intake of boys in the three study towns 
 
Dietary Component Cornesti  Kalarash  Falesti  Р 
Carbohydrates 304.60±43.35 312.08±32.77 326.83±65.19 >0.05 
Starch     172.24±21.06 191.22±28.87 175.96±48.97 >0.05 
Cellulose 7.33±1.11 6.76±1.119 6.72±1.73 >0.05 
Lactose 1.77±0.75 9.27±4.297 7.80±2.99 1-3±0.05 
Hemicellulose  10.87±1.74 10.49±2.23 10.17±2.95 >0.05 
Pectine 3.93±0.92 3.37±0.64 1.98±0.61 >0.05 
Sitosterol 0.07±0.02 0.08±0.009 0.06±0.022 >0.05 
Mono-/disaccharides  121.52±33.49 107.52±11.36 137.43±41.71 >0.05 
Organic acids 5.86±1.58 6.35±1.57 6.21±0.99 >0.05 
Vegetable fats  32.79±6.17 42.90±9.359 25.45±6.83 >0.05 
Animal fats 40.02±10.64 46.22±7.09 51.82±11.04 >0.05 
Linoleic acid 16.03±3.79 22.47±4.70 12.52±3.79 >0.05 
Linolenic acid  0.25±0.0668 1.84±0.898211 0.62±0.417152 >0.05 
Cholesterol 0.13±0.038 0.32±0.057 0.38±0.115 >0.05 
Тriglycerides  50.80±7.33 74.22±10.49 64.97±10.45 >0.05 
Phospholipids  2.39±0.36 3.18±0.43 3.33±0.63 >0.05 
UFA Sum  16.61±2.28 24.89±3.81 28.20±4.78 >0.05 
MUFA Sum  18.49±3.03 25.36±3.12 23.88±3.62 >0.05 
PUFA Sum   16.59±3.79 24.74±5.46 13.78±3.99 >0.05 
МSFA/PSFA Sum  1.90±0.69 1.59±0.38 2.69±0.74 >0.05 
For units see Table 7.14 
 
 
 
T
signif

he content of pectine, hemicellulose, cellulose and organic acids in Falesti girls diet was 
icantly lower than in the other towns. Similarly the content of pectine in Kalarash 

irls diet was significantly lower than Cornesti values. The lactose content in Cornesti boys 
iet was lower than in the other towns. 

The dietary fat content showed little variation
ounds of recommended norms (Tables 7.17 and 7.18). However, further analysis of the fat 

g
d
 
 

 between the different towns and is within the 
b
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component showed that the content of linolenic acid in Cornesti boys and girls diet is 
significantly lower than values in the other towns. The content of cholesterol in Cornesti 

no er than Kalarash and Falesti values. An imbalance in fat 
ption can be detrimental to the human ske tal structure  fats are known to play an 

tive part in Са absorption in the body and to be sources of some liposoluble vitamin
otably Vitamin D necessary for bon odelling. 

ietary estimates of mineral elements that greatly influence the metabolism of bone tissue 
owed insufficient Са and Р consumption. In an area of increased fluoride and adequate 

Mg consumption the low Ca and P intake can contribute to the formation of aggressive 
uoride compounds (Tables 7.19 and 7.20). It should also be noted that not only 

f  changes in the dietary ratios of Ca/Mg an
ke of fluoride in the human digestive syst . 

 
 

ble 7.19 Estimated daily dietary mineral element int  of girls in t ree study towns  
t Cornesti  Kalarash  Falesti  

girls diet is 
onsum

ticeably low
c le  as
ac s, 
n e rem
 
 
D
sh

fl
deficiencies o
the upta

Ca and P but d Ca/P can enhance 
em

Ta ake he th
Elemen Р 
Ca mg 520.18±48.89 490.2029±48.97 352.88±157.16 >0.05 
Р 960.41±71.36 834.96±72.16 900.45±438.53 >0.05 
Mg  319.00±28.36 276.79±30.43 259.06±110.56 >0.05 
Са / Mg 1.73±0.18 1.98±0.23 1.35±0.031 2-3 <0.05 
Са / Р 0.55±0.039 0.61±0.054 0.40±0.02 1-3 <0.05 

2-3 <0.05 
F µg 538.51±60.6 874.1±222.86 0  2528.9±176. >0.05 
Na 145 1099.44±143 9.87±794.78 1.59±160.35 .24 1 59 >0.05 
К 2845.81±32  2127.02±146.99 1 924.53±97  0.89 2.27 >0.05 
S 442.85±30. 7 398.56±112. .05 84 369.95±35.6 04 >0
Cl 1852.57±236.79 1264.62±122.78 2 170.27±9   <0.05 33.63 1-2
Fe 13323.1±1321.54 9633.50±689.46 12338.5±51 2  <0.05 80.7 1-2
I 43.80±9.24 36.53±3.81 28.47±4.42 05 >0.
Mn 3263.91±29 4 2584.86±299.906 3 165.79±1 6 >0.05 3.3 344.8
Cu 1776.51±34 7 1182.26±118.63 1 815.23±1 7 >0.05 8.4 281.0
Zn 6993.39±691.3523 6210.21±511.4786 6 672.01±3516.24 >0.05 
Se 118.06±10.71 80.18±7.55 102.71±43.04 1-2 <0.05 
For units see Table 7.14 

able 7.20 Estimated daily dietary mineral element intake of boys in the three study towns 
or Kalarash  sti  

 
 
T
Element C nesti  Fale Р 
Ca mg 419.04±77.5  620.38±127.06 547.02±152.1 49 >0.05 
Р 920.97±157  1143.13±150.11 1083.53±15  .05 .52 7.46 >0
Mg  314.70±38. 0 323.74±65 05 59 372.79±48.7 .005 >0.
Са / Mg 1.28±0.12 1.74±0.26 2.06±0.64 05 >0.
Са / Р 0.46±0.04 0.53±0.057 0.53±0.09 .05 >0
F µg 463.82±41. 1304.26±201.3 2362.45±6 .05 05 86.7 >0
Na 1446.04±180.43 1581.86±310.10 1622.70±350.22 >0.05 
К 3179.64±379.64 3247.44±454.53 2474.61±398.16 >0.05 
S 452.53±62.05 536.05±57.17 444.77±67.35 >0.05 
Cl 2067.40±271.94 2310.52±516.46 2333.68±673.05 >0.05 
Fe 13751.0±1908.34 14329.8±1428.58 14622.3±2722.02 >0.05 
I 32.13±3.91 50.99±8.23 38.25±6.24 >0.05 
Mn 3379.68±461.08 4014.71±596.61 3956.17±1568.17 >0.05 
Cu 1427.72±201.96 1601.92±173.68 2090.65±553.2789 >0.05 
Zn 6670.56±1011.77 7792.18±772.41 7236.01±1019.17 >0.05 
Se 131.23±15.16 133.34±15.40 121.96±24.05 >0.05 
For units see Table 7.14 

 
The content of vitamins and vitamin-like substances in the daily diet are given in Tables 
7.21 and 7.22. 
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Table 7.21 Estimated daily dietary vitamin and vitamin-like substance intake of girls in the three study 
towns 

 
Dietary Component Cornesti  Kalarash  Falesti  Р 
Vitamin A 0.48±0.31 0.21±0.037 1.41±1.19 >0.05 
Vitamin В1  1.11±0.08 0.82±0.06 1.07±0.55 1-2 <0.05 
Vitamin В6 1.61±0.16 1.44±0.11 1.46±0.8 >0.05 
Vitamin В12 5.20±3.78 1.40±0.20 15.58±15.02 >0.05 
Vitamin С  174.64±36.53 144.94±32.43 49.26±24.74 1-2 <0.05 

2-3 <0.05 
Vitamin D  0.58±0.13 0.74±0.21 0.73±0.72 >0.05 
Vitamin Е 18.37±1.97 16.88±2.91 18.37±7.47 >0.05 
Biotin (Vitamin Н ) 25.45±7.17 18.26±2.52 39.50±22.22 >0.05 
РР 1.08±0.56 0.87±0.21 1.28±2.13 >0.05 
β-carotin 2.43±0.35 2.44±0.23 1.72±0.62 >0.05 
Choline  295.19±47 244.03±28.7 412.14±145.4 >0.05 
Folacine 172.41±23.91 115.88±9.387 177.34±109.8 1-2 <0.05 
For units see Table 7.14 

 
 

Table 7.22 Estimated daily dietary vitamin and vitamin-like substance intake of boys in the three study 
towns 

ietary Component Cornesti  Kalarash  Falesti  Р 

 

 
D
Vitamin A 0.12±0.02 0.26±0.05 1.14±0.55 1-2 <0.05 
Vitamin В1  1.22±0.14 1.26±0.14 1.10±0.19 >0.05 
Vitamin В6 1.85±0.26 1.99±0.23 1.54±0.25 >0.05 
Vitamin В12 0.57±0.24 1.69±0.49 12.57±6.79 >0.05 
Vitamin С  141.02±18.67 142.14±29.82 107.78±34.44 >0.05 
Vitamin D  0.28±0.06 0.92±0.19 1.17±0.47 1-2 <0.01 

1-3 <0.05 
Vitamin Е 17.10±2.89 23.18±3.52 16.94±3.55 >0.05 
Biotin (Vitamin Н ) 10.96±2.38 24.00±4.20 41.27±10.92 1-2 <0.01 

1-3 <0.05 
РР 0.82±0.39 1.14±0.51 1.48±0.84 1-3 <0.05 
β-carotin 3.08±0.51 2.13±0.22 1.70±0.39 >0.05 
Choline  210.11±33.80 324.27±59.67 446.68±71.37 1-3 <0.05 
Folacine 156.71±27.21 172.58±21.14 193.87±30.23 >0.05 
For units see Table 7.14 

 

 

7.3.3 Dental Status in Kalarash, Cornesti and Falesti 
The current study is an advance on previous investigations into high-fluoride waters and 
fluorosis in Moldova as it is the first time that the structural-functional state of bone tissue 
and the maxillodental system have been studied in relation to the fluoride concentration of 
the water and the nutritional status of the population.   

revious investigations 
where into fluorosis. The higher fluoride content in Falesti water (up to 5.31 mg/l) 

ith Kalarash (up to 3.65 mg/l) resulted in a greater prevalence of dental 
m 

Falesti. 

 

 
 
The results of the maxillodental examinations indicate that water containing between 1.5 to 
5 mg/l provokes dental fluorosis development without any significant change in the 
structural-functional state of bone tissue confirming results of p
else
compared w
fluorosis and higher degree of dental injury (Figures 7.6 and 7.7) in adolescents fro
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During inations, lines, mottling, chalk-like-spots and ero rms of dental 
rosi trikyeyev 8) classification) were observed. The ructive for
osi rese scen  stud n ter sever

tal fl  and ІІ ere valent. However, a co e perce
f the adolescents examined had ІІІ degree fluorosis (Gabovych and Ovrutsky (1969) 
lassification).    

 
No dental fluorosis was observed in Cornesti adolescents. However, the extraordinarily low 
prevalence and intensity of caries in adolescents of this town is probably due to the 
prophylactic action of the fluoride content in the water, which is within the WHO 
recommended limits (0.5 – 1.5 mg/l). The population of this town no longer consume high-

uoride waters therefore the prevalence of dental fluorosis has fallen. 

igure 7.6 Percentage of Kalarash adolescents with I, II and III degree fluorosis (Gabovych and 
Ovrutsky (1969) classification) 

the exam sive fo
fluo s (Pa (195 dest m of 
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Figure 7.7 Percentage of Falesti adolescents with I, II and III degree fluorosis (Gabovych and 

Ovrutsky (1969) classification). 

he fluoride concentration in well waters from within each of these towns is highly 
ariable therefore the incidence of dental fluorosis is not distributed throughout the towns 
ut forms clusters associated with high-fluoride water sources. In adolescents using water 
om shallow wells containing less than 1.5 mg/l fluoride, only 0-I degrees of fluorosis 
ere observed whereas more severe forms of dental fluorosis were reported in 

dolescents using tap water derived from deeper artesian wells.  

ables 7.23, 7.24, 7.25 and 7.26 and Plates 7.1 and 7.2 show the severity of dental fluorosis 
 incisor teeth (which erupt and change at different stages during the first year of life) and 

re- and secondary molars which begin to form during the second year of a child’s life. 
hese results show that in adolescents residing in towns with high fluoride concentrations 
 the water (Kalarash and Falesti), there is little variation in the severity of dental injuries 
 different types of teeth.  In contrast, the different types of teeth show varying degrees of 
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Table 7.23 Degree of dental  in diff  ty g K ls 

ci  in re se  

 fluorosis erent teeth pes amon alarash gir (n=16) 
 
Dental Fluorosis 
Degree   

Lower in sors Upper cisors  P molars and cond molars

n % n % n %  
0 10 62.5 6 37.5  7 43.75
I 4 25 5 31.25 4 25 
ІІ 1 6.25 4  25 5 31.25
ІІІ 1 6.25 1 6.25 0 0 

 
 
 
Table 7.24 Degree of dental  diff  ty  K s 

i  in Pre se  

 fluorosis in erent teeth pes among alarash boy  (n=13) 
 
Dental Fluorosis Lower in
Degree   

c sors Upper cisors  molars and cond molars

n % n % n %  
0 11 84.62 9 69.2 5 38.46 
I 1 7.69 2 15.4 6 46.16 
ІІ 1 7.69 2 15.4 2 15.38 
ІІІ 0 0 0 0 0 0 

 
 
 
Table 7.25 Degree of dental  diff  ty  F

ental Fluorosis 
egree   

Lower incisors Upper incisors  Premolars and second molars 

 fluorosis in erent teeth pes among alesti girls (n=32) 
 
D
D
 n % n % n % 
0  12 40.6 13 40.6 13 40.6 
0 10 31.3 8 25 8 25 
I 8 25 9 28.1 10 31.3 
ІІ 1 3.1 2 6.3 1 3.1 
ІІІ 1 3.1 2 6.3 1 3.1 

 
 
 
Table 7.26 Degree of dental fluorosis in different teeth types among Falesti boys (n=34) 

Den
Degree   

lars 
 

tal Fluorosis Lower incisors Upper incisors  Premolars and second mo

  n % n % n %
0 12 35.3 9 26.5 9 26.5 
I 13 38.2 11 32.3 13 38.2 
ІІ 8 23.5 5 26.5 6 17.7 
ІІІ 8 4 11.8 5 14.7 3 8.
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Plat .1
  
 
 
 

e 7  Dental fluorosis (II degree (Gabovych and Ovrutsky (1969) classification) 

 
 
Plate 7.2 Dental fluorosis (III degree Gabovych and Ovrutsky (1969) classification) 
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7.3.4 Skeletal Status in Kalarash, Cornesti and Falesti 
This is the first study to investigate the structural-functional state of bone tissue using 
ultrasound in areas of high fluoride in drinking water in Moldova. Results demonstrate that 
the speed of sound (SOS) index (which indicates bone density and elasticity), the 
broadband ultrasound attenuation (BUA) index (which reflects bone density and the 
amount, dimensions and spatial orientation of the trabeculae) and the STF (bone stiffness 

dex) (which reflects the state of spongy bone tissue) showed no variation compared with 

e tissue.  
   
                  
able 7.27 Indices of bone tissue structural-functional state in adolescents from Cornesti, Kalarash 

 Kalarash  Falesti  

in
normal standards for 20 year old adults (Table 7.27). 
 
 
These results are in agreement with previous investigations into skeletal fluorosis and show 
that fluoride concentrations in drinking water up to 5 mg/l cause dental fluorosis without 
significant changes in the structural-functional state of bon
  
  
T

and Falesti 
 
Index Cornesti 
 Girls Boys ls Boys   Gir Boys  Girls 
SOS 1555.4 0 1588.8 ± 13.  14.3 1574.1±20.4 ± 22. ±38.4 1569.8 4 1563.5±14.8 1562.2±
BUA 4.2 7 106.0± 7.0 102.9± 7.5 105.0± 8.47 102.9± 10.85 11 ± 20.1 108.6± 6.  
SI 101.0 ± 7.0 88.15±7.76 85.91± 6.7 90.6± 10.5 83.9± 12.4 ± 22.9 91.9

 
 

ructural-functional state of bone tissue in 34 wo  of Falesti was also 
determined at the same tim  as the e minati olescent daughters to establish 

 
d i  two ps -  with normal in s of  

diagnosed osteoporosis. 

esults showed that women with osteoporosis had lower ultrasound densitometry and 
e group of healthy women (Table 7.28). The subjects were 

state of menstrual function and place of residence (nutritional 
nd water supply status) and results showed that low body mass is evidently a risk factor 

 
The st men residents

e xa on of their ad
hereditary and tem
divide

poral relati
grou

onships between mother and daughter pairs. The wo
one

men were
mineral density and another withnto dice

 
 
R
body mass indices than th
standardized for age, height, 
a
for osteoporosis in women. This may be because fatty tissue is known to act as a base for 
androgen oesterification into oestrogens. Girls born from osteoporotic mothers had lower 
indices of structural-functional state of bone tissue than girls born from mothers who had 
normal bone tissue, however, differences between the two groups were not statistically 
significant. These results demonstrate the importance of hereditary factors in osteoporotic 
development. 
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Table 7.28 Indices of structural-functional state of bone tissue in "mother-daughter" pairs 
 
Index n Age Height Body Mass  SOS BUA SI 
Іа Group  14 36.7±0.97 160.75±1.56 60.5±2.2 1534±3.7 107.2±1.36 80.9±1.4 
Іb Group  14 11.6±1.21 152.9±5.11 38.4±4.3 1551.4±6.7 99.6±3.32 80.6±3.8 
ІIа Group  20 37.8± 0.8 163.05±1.56 72.06±3.7 1570.6±5.2 120.45±1.2 99.9±1.9 
ІIb Group  20 12.0±0.38 151.54±4.42 38.45±3.2 1561.8±4.6 103.45±2.4 86.2±2.6 
Іа Group - women diagnosed with osteoporosis according to ultrasound densitometry data 
ІІа Group - women with normal indices of bone tissue mineral density  
Іb Group - daughters of women diagnosed with osteoporosis according to ultrasound densitometry data 
ІІb Group - daughters of women with normal indices of bone tissue mineral density 

 
 

7.3.5 Physical Development and Anthropometric Parameters in 
Cornesti, Kalarash and Falesti 

Anthropometric data is given in Table 7.29. Indices of physical development and 
anthropometric parameters (height, body mass, chest girth etc.) in Kalarash boys are 
significantly lower than boys in Cornesti. This is evidence of delayed physical development 
(linear bone growth and augmentation of transversal dimensions) in boys from Kalarash. 
No significant difference in physical development was observed between girls from 
Kalarash and Cornesti. In girls, shoulder blade length is greater in Kalarash than Cornesti 
but transversal chest diameter, thigh width, back thickness and stomach thickness were 
greater in Cornesti than Kalarash. This indicates poor nutritional status and imbalanced 
physical development in girls from Kalarash. 
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Table 7.29 Anthropometric indexes in adolescents from the three study towns 
 
Index Cornesti  Kalarash  Falesti  
 Girls Boys Girls Boys  Girls Boys  
Height 153.2±1.46 161.7±4.1 152.2±2.49 158.7±3.1 151.7±2.11 152.9±2.19 
Weight 42.7±2.28 51.2±3.74 40.4±2.6 45.9±2.7 40.3±1.85 39.9±1.62 
Anthropometric hand length  16.2±0.27 17.5±0.29 15.5±0.29 16.6±0.44 15.8±0.3 16.07±0.25 
Forearm length  23.4±0.35 24.7±0.88 22.7±0.63 24.2±0.63 23.3±0.32 23.52±0.46 
Shoulder length  27.8±0.59 30.4±2.4 27.6±0.65 30.1±0.85 29.5±0.57 29.1±0.65 
Shoulder blade length  15.07±0.46 16±0.6 12.7±0.48 14.1±0.47 14±0.28 14.2±0.32 
Pelvis length  14±0.42 14.7 ±0.4 13.3±0.58 14.01±0.32 14.5±0.32 14.3±0.32 
Thigh length  37.4±0.81 38.7±1.76 37.6±1.14 38.2±1.87 36.1±0.72 36±0.59 
Shin length  38.5±0.45 40±1.53 38.4±0.77 41.5±1.02 38.7±0.68 39.1±0.71 
Kinematic foot length  17.6±0.28 19±0.58 16.4±0.28 17.6±0.32 16.8±0.32 17.5±0.34 
General foot length  24.4±0.29 25.7±0.88 23.2±0.54 24.4±0.37 23.4±0.41 24.3±0.39 
General arm length  63.3±1.0.2 68.2±2.46 62.3±1.83 68.4±1.88 63.42±1.07 63.19±1.25 
Anthropometric leg length  73.1±0.94 78.7±3.2 72.94±1.45 76.55±2.48 70.94±1.20 72.39±1.35 
Head height  20.1±0.31 22.4±0.17 21.06±0.45 21.08±0.61 20.19±0.19 20.66±0.19 
Morphological face height  10.2±0.47 11.5±0.28 9.33±1.14 10.39±0.32 9.61±0.14 10.05±0.24 
Neck length  6.35±0.23 6.84±0.6 7.28±0.49 6.94±0.34 6.65±0.19 6.76±0.23 
Head length  17.7±0.16 18.4±0.44 17.07±0.53 16.95±0.21 16.86±0.38 17.48±0.12 
Head width  14.6±0.09 15±0 14.09±0.24 14.76±0.19 14.4±0.11 14.75±0.11 
Trunk length  41.1±1.15 44.7±1.67 42.4±0.75 43.19±1.25 40.31±0.89 41.3±0.82 
Humeral diameter 33.1±0.58 34.84±1.09 32.7±0.76 35.06±0.64 31.12±0.62 32.5±0.47 
Pelvic diameter 25±0.46 25.4±0.38 25.25±0.52 25.48±0.70 24.36±0.48 23.5±0.51 
Transversal diameter of chest 22.2±0.56 24.17±0.44 23.44±0.87 24.09±0.66 20.95±0.31 21.92±0.39 
Sagittal diameter of chest 15.6±0.37 16.84±0.44 15.12±0.47 15.62±0.44 14.39±0.3 15.03±0.33 
Shoulder width  5.03±0.2 5.64±0.53 4.86±0.26 5.73±0.85 4.42±0.13 4.42±0.12 
Forearm width  6.22±0.16 7.1±0.71 5.88±0.21 6.53±0.24 5.71±0.15 6.22±0.12 
Hand width  6.93±0.14 7.84±0.32 6.57±0.14 7.17±0.28 6.85±0.15 7.05±1.15 
Thigh width  9.55±0.28 10.7±0.49 9.34±0.39 9.16±0.26 8.38±0.18 8.44±0.17 
Shin width  8.81±0.27 9.34±0.49 8.48±0.37 8.83±0.26 7.87±0.14 7.93±0.13 
Foot width  8.93±0.22 9.5±0.15 8.52±0.21 8.98±0.22 8.72±0.15 8.95±0.13 
Head girth  54.15±0.38 55.5±0.76 54±0.45 53.8±0.54 53.5±0.33 53.34±0.22 
Neck girth  29.15±0.42 32.84±1.30 28.28±0.48 28.07±2.38 28.48±0.36 29.09±0.38 
Chest girth   72.75±1.96 77.5±3.32 72.54±2.46 73.7±1.58 70.58±1.58 69.65±1.22 
Stomach girth  59.15±1.33 68.67±3.53 62.55±2.86 63.63±1.09 58.52±1.05 59.48±0.88 
Buttocks girth  80.93±2.42 84.34±4.67 80.82±2.99 79.99±2.05 74.73±1.36 72.63±1.45 
Shoulder girth  21.81±0.72 24.04±1.73 21.37±0.93 21.97±0.59 19.73±0.44 20.12±0.37 
Girth of forearm's wide part   21.15±0.56 24.67±1.31 20.42±0.67 21.7±0.49 19.37±0.32 20.57±0.41 
Girth of forearm's narrow part   14.69±0.26 16.5±0.5 13.95±0.35 15.14±0.42 13.89±0.24 15.41±0.94 
Hand girth  17.31±0.31 19.17±0.88 16.85±0.43 18.75±0.43 16.85±0.24 18.34±0.44 
Thigh girth  51.38±0.76 53±2.31 48.25±2.45 47.99±1.35 46.09±1.03 42.96±1.38 
Girth of shin's wide part  28.93±1.28 27.5±3.04 30.12±1.02 31.07±1.22 29.23±0.48 28.56±0.65 
Girth of shin's narrow part  19.23±0.77 18.17±1.48 20.92±1.34 21.61±0.55 19.74±0.32 19.79±0.43 
Foot girth  20.88±0.61 20±1.33 20.4±0.48 21.93±0.48 21.45±0.31 21.96±0.42 
Thickness of back skin- fold  8.62±0.64 10.67±2.18 9.5±0.78 6.5±0.32 7.96±0.45 7±0.33 
Thickness of shoulder skin-
fold 

8.62±0.58 9.34±1.86 8.63±0.94 7.67±0.54 8.18±0.41 7.63±0.37 

Thickness of stomach skin-
fold 

8.46±0.67 12.67±2.91 11.37±1.18 8.75±0.69 8.71±0.45 8.41±0.51 

Thickness of shin skin-fold 13.38±1.05 15.67±1.86 12.63±0.73 12.58±1.51 11.78±0.56 11.52±0.38 
Thickness of thigh skin-fold 16.46±1.45 20.34±1.21 15.87±0.52 14±1.36 12.82±0.47 12.93±0.57 

 
 
 

.3.6 Summary of Geochemistry and Health Investigations 
 

 Falesti 
nd women from Falesti revealed considerable differences between the three study towns 
s follows: 

7

In summary, the analysis of drinking water samples related to measurements of nutritional 
tatus, dental and skeletal examinations of adolescents from Kalarash, Cornesti ands

a
a
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• The fluoride concentration in the Kalarash (3.65 mg/l) and Falesti (5.31 mg/l) water 

supply system exceeds the WHO threshold (1.5 mg/l) by 2-5 times leading to the 
development of dental fluorosis in the population of these towns. 

 
• The fluoride concentration in well waters from within each of these towns is highly 

variable therefore the incidence of dental fluorosis is not distributed throughout the 
towns but forms clusters associated with high-fluoride water sources. Deep artesian 
waters, in general contain higher fluoride concentrations than shallow wells. 

 
• In Kalarash and Falesti, the prevalence and degree of severity of dental fluorosis is 

dependant on the fluoride concentration in drinking water. 
 

• In contrast, the fluoride content of well waters in Cornesti is within the WHO 
optimum level of (0.5 – 1.5 mg/l) and dental fluorosis was not evident among 
Cornesti adolescents  

 
• The daily nutritional status of adolescents in all three towns does not accord with 

recommended normal intakes to meet adolescent physiological needs.  
 

• The dietary fluoride intakes are high for girls, in Cornesti 538.51±60.6 µg/day, in 
Kalarash 874.1± 222.86 µg/day and in Falesti 2528.9±176.0 µg/day.  

 
• The dietary fluoride intakes are high for boys in Cornesti 463.82±41 µg/day, in 

Kalarash 1304.26±201.3 µg/day and Falesti 2362.45±686.7 µg/day. 
 

• Daily dietary intakes are characterized by insufficient irreplaceable amino acids and 
proteins and by imbalances in carbohydrate, fat and vitamin consumption. 

 
• Deficiencies in the amount of dietary Ca and P necessary for peak bone mass 

formation in adolescents and for adequate mineralisation of the skeleton were also 
identified. These may exacerbate the detrimental affects of fluoride on dental and 
skeletal mineralisation. 

 
• Although dental fluorosis is prevalent in Kalarash and Falesti, comparisons between 

mother and daughter pairs demonstrated that in subjects with normal bone mineral 
status, concentrations of up to 5 mg/l fluoride in drinking water do not cause 
essential changes to the structural-functional status of bone tissue. 

 
• However, the results demonstrate that fluoride concentrations of up to 5 mg/l in 

drinking water can have a negative impact on peak bone mass formation and 
other risk factors such as a hereditary 

disposition to osteoporosis. These relationships require further investigation as the 
subject group examined during the present study is small. 

• In all three towns, adolescents suffered from a delay in physical development (boys) 
and disharmonious physical development (girls). 

structural-functional state when there are 
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• These results demonstrate the need for primary and secondary prophylaxis for 
osteoporosis and fluorosis in the study area.  

 
 

7.3.7 Risk Avoidance Maps 
The information presented in the previous section of this report demonstrates that high- 
fluoride groundwaters have a serious negative impact on human health in the Falesti region. 
In order to carry out the current project risk assessment, data for dietary fluoride and Ca 
intake, drinking water chemistry and fluorosis prevalence were included in the GIS (Table 
7.1). It was not possible to adopt a grid square approach for the preparation of the final risk 
avoidance maps in this case due to the limited spatial distribution of the data and the final 
risk assessment maps present the data as point locations representing each of the study 
towns. Dietary Ca and fluoride intakes are included in the GIS for background information 
only (Figures 7.8, 7.9, 7.10 and 7.11).  

 
Results show that the risks of dental caries in the region are low due to the high fluoride 
concentrations in the water and low prevalence of dental caries were noted in the region 
during the present study. The detailed risk assessment for Falesti therefore focuses on high- 
fluoride risk on the basis of the drinking water chemistry (Figure 7.12), water supply 
information and fluorosis prevalence (Figures 7.13 and 7.14) according to the scheme 
detailed in Table 7.30.   
 
 
The final risk avoidance map (Annex 9) shows that high-fluoride risks occur in Falesti and 
Kalarash. Although Cornesti lies within the high-fluoride region defined on the basis of 
national water chemistry data, the present study has demonstrated that water fluoride 
contents are below the MAC of 1.5 mg/l in this town and there is no incidence of dental 
fluorosis therefore high-fluoride risks are low (Annex 9).  
 
 
 
Table 7.30 High-fluoride risk assessment scheme for the Falesti region  
 

 High-Fluoride Risk 

Phase 1   Phase 2   Final Risk Location 
  

Drinking 
water  F 
mg/l ≥  1.5  

Potential 
Risk 

 Water used 
directly for 
drinking 

Potential 
Risk 

  

Assessment Rationale 

Cornesti 
 

No  Low Yes  Low Low  Fluoride content should not normally cause 
problems, but may do under certain 
circumstances in hot climates 

 Falesti, 
Kalarash 

Yes   High Yes  High High Water contains high fluoride which causes 
health problems 

  Fluorosis 
Incidence  

       

Fa
Kalarash 

lesti, Yes High Yes High High There is evidence of fluorosis in the area and 
high fluoride waters are still used for drinking 
therefore high risk 

Cornesti No Low Yes Low Low There is no evidence of fluorosis in the area 
and waters contain low fluoride contents 
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7.4 CONCLUSIONS 
 

Several of the natural groundwater resources used for drinking in Moldova are Na+K-
dominant and contain high concentrations of fluoride and dental fluorosis is a significant 
problem in this country. The main areas of concern are the Falesti-Beltsy region in the 
north and the Chadyr-Lunga region in the south. Detailed studies of the Falesti region 
demonstrate high high-fluoride risks in the towns of Falesti and Kalarash but low risk in 
Cornesti. 

Geochemistry and health studies carried out as part of the present project demonstrate that 
waters containing > 1.5 mg/l cause dental fluorosis in the population and prevalence rates 
of > 70% among adolescents are not uncommon in settlements consuming high-fluoride 
waters. Within settlements, fluorosis prevalence shows a strong spatial correlation with the 
location of high-fluoride water sources. Investigations into skeletal status carried out for the 
first time in Moldova, reveal that water contents below 5 mg/l fluoride do not adversely 
affect bone mineral formation except in individuals with a genetic predisposition to 
osteoporosis. However, these results require further investigation due to the small sample 
population of the current project. Nutritional studies indicate that diets are deficient in Ca, 
P, vitamins and proteins, which may exacerbate the negative health effects of fluoride in 
the region. Studies of ‘mother-daughter pairs’ highlighted some evidence that dental 
fluorosis severity has declined in recent years since the supply of high-fluoride water from 
deep pumped wells is now erratic in Moldova and the population abstract lower-fluoride 
water from shallow wells as an alternative. However, water quality in the shallow wells is 
extremely poor and it is desirable that the population return to drinking the deeper water as 
soon as possible. This will require the removal of fluoride from these waters.  
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igure 7.1 Main hydrogeological units of Moldova (ASG) 
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igure 7.2 Main hydrogeological units of Moldova classified according to aquifer importance 
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Figure 7.3 Main population centres of Moldova 
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Figure 7.8 Fluoride daily dietary intakes in girls in Falesti Region, Moldova 
 

 181



 

Kalarash

Cornesti

27°40' 28°00'

Falesti

Beltsy

Railways
Urban areas
Roads

Fluoride Dietary Intake Boys µg/day

464
1034

47°20' 47°20'

47°40' 47°40'

27°40' 28°00'

28°20'
28

28°20'
28

0 10 20 30 Kilometers

2362

 
Figure 7.9 Fluoride daily dietary intakes in boys in Falesti Region, Moldova 
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Figure 7.10 Calcium daily dietary intake in girls in Falesti Region, Moldova 
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Figure 7.11 Calcium daily dietary intake in boys in Falesti Region, Moldova 
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Figure 7.12 Fluoride concentrations in drinking water in Falesti Region, Moldova 
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Figure 7.13 Dent Moldova 
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Figure 7.14 Dental fluorosis prevalence in boys in Falesti Region, Moldova 
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Table 8.1 Data held in the Project Partner Country.apr risk assessment GIS for Ukraine 
 GIS Risk Assessment 
Data Groundwater Chemistry Data for Kiev Region 
Data Source Data base of the Institute of Geochemistry and Ore Mineral 

Formation (IGMOF), Ukraine 
Data Type 93 analyses of groundwater from Quaternary, Palaeogene, 

Cretaceous, Jurassic and Proterozoic aquifers collected at 
a sample density of approximately 1 sample per 5 km2 over most 
of the region. Data for:  X, Y,  Longitude, Latitude, Well Number, 
Aquifer, pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH , NO , NO4 2 3, Cl, 
SO4, HC OO3, C 3, CO2, HBO2, I, Br, Se, Zn, Pb, Mn , Mo, Be, B, 
Co, Ni  l, As, U  

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme for Kiev Region 

Data Groundwater Chemistry for Lvov Region 
Data Source Data base of the hemistry and Ore Mineral Institute of Geoc

Formation (IGMOF), Ukraine 
Data Type 59 analyses of groundwater from Quaternary and Cretaceous 

aquifers collected at a sample density of approximately 1 sample 
per 5 km over most of the region de, 2 . Data for:  X, Y,  Longitu
Latitude, Well Number, Aquifer, p +, H, F, Ca, Mg, Na+K, Fe2

Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, CO3, CO2, HBO2, I, Br 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme for Lvov Region 

Data Groundwater Chemistry for Odessa Region 
Data Source Data base of the Institute of Geochemistry and Ore Mineral 

Formation (IGMOF), Ukraine 
Data Type 58 analyses of groundwater from Neogene aquifers collected at 

a sample density of approximately 1 sample per 5 km2 over most 
of the region. Data for:  X, Y,  Longitude, Latitude, Well Number, 
Aquifer, pH, F, Ca, Mg, Na+K, Fe2+, Fe3+, NH4, NO2, NO3, Cl, 
SO4, HCO3, CO3, Cu, Zn, Pb, Ni, U 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme for Odessa Region 

Data Groundwater Chemistry for Poltava Region 
Data Source Data base of the Institute of Geochemistry and Ore Mineral 

Formation (IGMOF), Ukraine 
Data Type 111 analyses of groundwater from Quaternary and Palaeogene 

aquifers collected at a sample density of approximately 1 sample 
per 5 km2 over most of the region. Data for:  X, Y,  Longitude, 
Latitude, Well Number, Aquifer, pH, F, Ca, Mg, Na+K, Fe2+, 
Fe3+, NH4, NO2, NO3, Cl, SO4, HCO3, CO3, CO2, HBO2, I, Br, Se, 
Zn, Pb, Mn , Mo, Be, B, Co, Ni  l, As, U 

Data categorised according to WHO fluoride 
water quality guidelines: < 0.5 mg/l Caries Risk, 
≥ 1.5 mg/l Fluorosis Risk in risk assessment 
scheme for Poltava Region 

Data Tap and Well Water  Chemistry for Localities 
Data Source From the present and previous investigations  
Data Type Fluoride contents in Arciz, Vilkovo, Izmail, Podgorny, Tarutino, 

Khar’kov, Dnepropetrovsk, Donetsk, Zaporozh’ye 

Data included as background information layer 
only 

Data Main Population Centres of Ukraine 
Data Source www.esri.com 
Data Type Digital map of main settlements  

Data included as background information layer 
only 

Data  Water Supply Information 
Data Source Water Supply of Ukraine 
Data Type Knowledge of water fluoridation and use of water for drinking 

Data included in risk assessment scheme for 
regions 

Data  ‘General’ Fluorosis Prevalence 
Data Source Previous Studies 
Data Type Coordinates of towns with fluorosis incidence 

Data included in risk assessment scheme for 
regions 

Data Fluorosis Prevalence Adolescents Odessa Region 
Data Source Present Study 
Data Type Fluorosis prevalence statistics for Arciz and Podgorny 

Data included in risk assessment scheme for 
Odessa and Lvov regions 

Data Fluorosis Prevalence Adolescents  Lvov Region 
Data Source Present Study 
Data Type Fluorosis prevalence statistics for Sosnovka, Silyets, Zhovkva  

Data included in risk assessment scheme for 
regions 

Data Fluorosis Hotspots 
Data Source Previous Studies 
Data Type Location of dental fluorosis incidences 

Data included in risk assessment scheme for 
regions 

Data Tectonic Features 
Data Source From the database of the Institute of Geochemistry and Ore 

Mineral Formation (IGMOF), Ukraine 
Data Type Digital map of main tectonic features in each study region 

Data included as background information layer 
only 

Data Tectonic Regions 
Data Source From the database of IGMOF, Ukraine 
Data Type Digital map of main tectonic regions of Ukraine 

Data included as background information layer 
only 

 189



 

Table 8.2 Fluoride risk assessment scheme for Ukraine 
 

 Fluoride Risk 

L
  

ocation  Groundwater F mg/l  
 

Risk Category Assessment Rationale 

0 – 0.3 Dental Caries Risk Very low fluoride regions  

0.3 – 0.6 Possible Dental Caries Risk Low fluoride regions 

0.6 – 0.8 Optimum Concentration  Fluoride contents should not normally cause 
health problems 

0.8 - 2 Possible High Fluoride Risk Waters in Kiev Region associated with mining 
are of possible concern 

0.8 - 4 Possible High-Fluoride Risk Waters in the regions of Dnepropetrovsk, 
Donetsk, Zaporozh’ye are of possible concern 

0.6 – 1 High Fluoride Risk Waters in the coal-mining region of Lvov are of 
concern, fluorosis is reported in this area 

0.6 – 1.2 High Fluoride Risk Waters in the southern region of Odessa where 
people drink greater quantities of water are of 
concern, fluorosis is reported in this area 

1.5 - 2 High Fluoride Risk Waters in Poltava region are of concern, fluorosis 
is reported in this area 

2 - 3 High Fluoride Risk Waters in Poltava region are of concern, fluorosis 
is reported in this area 

U
 
  
  

kraine 

3 - 8 Very High Fluoride Risk Waters in Poltava region are of concern, fluorosis 
is reported in this area 

 
 

8.2.1.1 Fluoride Exposure and Health 
The health of the population is a basic indicator of the environmental status of a region. 
Over hundreds of years, the quality of potable water supplies has determined the good or 

porozh’ye Region in the south in the Dnepro-Donetsk 
basin. Poltava Region lies in the centre of the province and has the greatest incidence of 
dental fluorosis in people and animals. 

The rural population of Ukraine mainly utilise water from shallow shaft wells exploiting 
aquifers in recent sediments with high fluoride concentrations. Fluoride concentrations in 
these wells can vary between 20 – 30 % of annual mean values between summer and 
winter. The general relationships between drinking water fluoride concentrations and 
disease prevalence in Ukraine were established by (Gabovych, 1951)(Table 8.3). It should 
be noted, however, that in the warm climatic conditions of the mid-latitudes of the former 
Soviet Union, mild forms of dental fluorosis have been reported when water contains only 
0.5 – 0.7 mg/l fluoride (Groshikov, 1985) and it is well documented that high Ca contents 
in water reduce the development of dental fluorosis in otherwise high-fluoride regions. 
 
 

bad health of the population. The content of fluoride in potable water is one of the main 
components determining the suitability for use and is of increasing interest due to health 
effects on the population (Nekrasova, 1998). The main centres of endemic dental fluorosis 
occur in Poltava, Dnepropetrovsk, Khar’kov, Donetsk, Odessa and very locally in Vinnisza. 
The most studied high-fluoride area in Ukraine is the Buchak fluoride hydrogeological 
province comprising many localities with 2.5 – 8 mg/l fluoride in drinking water (Shylkina, 
1997a). The province is thought to be the largest in the former Soviet Union encompassing 
34 000 km2 and 2 million people and is situated in eastern-central Ukraine extending from 
Chernigiv Region in the north to Za
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Furthermore, within the same village, fluoride contents can vary markedly between 
different wells for example, Gabovych and Minkh (1979) report concentration ranges 
between 0.4 – 3.6 mg/l in one settlement. As a result, endemic fluorosis is not distributed 
evenly in villages but has a cluster pattern of prevalence associated with high-fluoride 
water sources resulting in widely varying dental status within the same locality.  
 
 
Table 8.3 General classification of the fluoride content of drinking waters and disease prevalence in 

ntal Ca Dental Fluorosis  Disease Prevalence 
vale verity Total % 

--------------------------------------- ----------------------------------------------
<  0.7    100      100   
0.7 - 1.0    Minimum d e 4   
1.0 - 1.4  Minimum  II 20   
1.4 - 2.0  Minimum  I - II deg 40   
> 2.0  Minimum   III - IV de 40 - 100   
 

r o regions in Ukra e with elev ed f ide conte ts in the 
vironment and a resul  inc ed ev ong residents (Korzh 
 al., 1997; Shylkina 99 D ite this fact, prior to the present study no 
mprehensive investig ns into the ctur fun a ate  b  tissue, 
axillodental status, physiological status and diet had been carried out. 

strial and A ultural Sources 
rals and deposits are utilised as raw m

e fluorescence industry and the widespread 
application of phosphate fertilisers containing readily soluble fluoride results in 

mulate fluoride (2 
 3.6 µg/g fluoride have been reported in tree trunks and plant stems).  One of the worst 
ffected coal mining regions is the Chervonograd area in the centre of the Lvov-Volynsk 
oal basin (Table 8.5 and Figures 8.2 and 8.3).  The annul extraction of 4 - 5 million tons of 
oal causes marked changes in the geological environment, formation of anthropogenic 

landscapes and pollution of soils, groundwater, surface water and air. By the end of 1995 
and beginning of 1996 this lead to the widespread distribution of dental diseases (fluorosis 
and hypoplasia) in children in the town of Sosnovka and on a smaller scale in the cities of 
Chervonograd and Gornjak. Elevated levels of fluoride in waters in certain districts of the 

Ukraine (Gabovych, 1951). 
 
Water Fluoride De
mg/l  Pre

ries 
nce % Se
------------------
  -

  I 

----------- 

egre
degre

 
e   
ree 
gree 

 
 
 
There are a numbe f in at luor  n
en tant reas  pr alence of osteoarthrosis am
et , 1 7a). esp
co atio stru al ction l st  of one
m
 
 

8.2.1.2 Indu gric
In Ukraine, fluoride-bearing m
and agriculture. Fluoride is used in th

ine aterials in industry 

environmental dispersion of the element. The processing of apatites and phosphates for 
fertilisers can result in 50% of the fluoride entering the atmosphere in gases and smoke. 
Atmospheric contamination by fluoride is detected around superphosphate, aluminium, 
beryllium, zircon, enamel, glass, brick, cement, metallurgical, chemical and nuclear 
industrial sites. Fluoride is also elevated in sewage, which can impact on the environment 
and local population if not treated correctly in disposal ponds.  
 
 
In addition, coals in the region contain 50 – 400 µg/g fluoride, which enters the atmosphere 
on combustion of this fossil fuel.  High fluoride concentrations in organic deposits such as 
oals and carbonaceous soils can be explained by the fact that plants accuc

–
a
c
c
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Kiev Region are also associated with lignite mining. In both Regions, the districts affected 
ave been classified as high risk in the assessment scheme due to the effects of industrial 
ontamination.   

uring the present study, the hydrochemistry of well waters in the proximity of industrial 

n water-rock reactions, the 
oncentrations of fluoride are largely controlled by the solubility of the main fluoride 

h
c
 
 
D
sites in  Khar’kov (2 samples), Dnepropetrovsk (34 samples), Donetsk (36 samples) and 
Zaporozh’ye (36 samples) was examined (Table 8.5 and Section 8.5 Appendix 8.1). Results 
demonstrated that fluoride contents were not enhanced in these regions as a result of 
industrial activity, however, these regions are classified as high risk on the basis of natural 
fluoride groundwater concentrations. 
 

8.2.1.3 Hydrogeology 
Fluoride concentrations in Ukrainian waters are influenced by the concentrations in rocks, 
speciation of fluoride, climate, degree of mineralisation of waters, chemical composition of 
waters, temperature and pressure regimes, etc. (Zhovinsky and Kurayeva, 1987). The two 
most important natural sources of fluoride in Ukrainian waters include water-rock-
biochemical interactions with minerals such as apatite, tourmaline and micas during the 
percolation of waters from surface through sedimentary strata and secondly, the upwelling 
of deep mineralised high-fluoride groundwaters in faulted regions.  Increased 
concentrations of fluoride are also found in organic-rich waters in Ukraine as a result of 
accumulation by living organisms (Posokhov, 1965). I
c
minerals as follows: 
 
 Mineral  Soluble Concentration at 200 oC mg/l 
 Fluorite (CaF2 ) 15 
 Sellaite (MgF2) 87 
 Villiaumite (NaF) 41700 
 
Villiaumite is more soluble than fluorite or sellaite and dissolves in most waters. Fluorite 
solubility increases with temperature but decreases in waters with high Ca contents. 
However, the presence of other cations such as Na and K and highly mineralised waters 
increase the solubility of fluorite.  
 
 
Groundwaters generally contain greater fluoride concentrations than surface waters and low 

presented in Table 8.4. 

concentrations of fluoride are observed in most surface waters in Ukraine (< 0.5 mg/l). The 
range in fluoride contents of surface waters is narrow, for example in the Dnepro River 
fluoride ranges from 0.11 – 0.20 mg/l, in the Dnister River from 0.09 – 0.31 mg/l and in the 
Yasna River from 0.07 – 0.32 mg/l. Fluoride contents in surface and groundwaters are 
seasonally variable. For example, seasonal ranges of  0.09 – 0.266 mg/l in the Dnepro 
River, 0.12 – 0.178 mg/l in the River Ros, 0.31 – 0.45 mg/l in the Sula River and 0.17 – 0.3 
mg/l in the southern Bug have been reported (Zhovinsky, 1979a). Some fluoride contents in 
different Ukrainian waters are 
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Table 8.4 Fluoride concentrations in Ukrainian waters  (Gabovych and Minkh, 1979; Zhovinsky, 
1979a) 

 
Percentage of Sources Within Each Fluoride Concentration Range Type of 

Water 
Maximum 

Fluoride mg/l < 0.5 mg/l 0.5 – 1.0 mg/l 1.0 – 1.5 mg/l 1.5 – 2.0 mg/l > 2.0 mg/l 

Surface 0.8 94 6 - - - 

Well 5.6 67 19.4 8 3 3 

Artesian 13.0 60 22 7 4 7 

Well 

 
 
 

The distribution of fluoride in potable groundwaters in Ukraine is governed by a number of 
actors, including the following three basic controf ls: 

 

eneral, with increasing depth and from north to south, Ca2 + and HCO3
- contents 

ecrease whereas Mg2 +, Na +, K +, Cl-, F- contents increase. Exceptions to this rule occur in 

 to fault 
ones around the towns of Arciz, Tarutino and Podgorny.  

g/l 
uoride) waters from the west of the country, waters at the health resorts of Morshin and 
ruskavets in Lvov Region and waters from Feodoshyn in the Crimea (Figures 8.2, 8.3 and 
.4). 

dine is present in small quantities in the Kiev area only (< 0.4 mg/l) whereas bromine is 
und in all waters and ranges from 0.001 to 0.2 mg/l compared to the average content in 
orld waters of 0.42 mg/l. 

 
• The character of the water bearing horizon and chemical composition of water 
• Relationship between the source of potable water and tectonically active fault zones 
• The influence of anthropogenic factors, including the influence of mining and, to a 

lesser degree, agro-industrial practices 
 
 
The distribution of fluoride in the main water-bearing horizons of Ukraine varies with age. 
n gI

d
the Poltava Region where localised high contents in shallower water-bearing horizons are 
caused by the presence of phosphatic rocks containing up to 3000 µg/g fluoride (Table 8.5 
and Figure 8.5). 
 
 
The water bearing horizons of Neogene deposits in the Odessa Region are characterized by 
significant variations in the contents of fluoride dependant on the distance from tectonically 
active fault zones (Table 8.5 and Figure 8.6).  Within this one Region, the fluoride contents 

f the Sarmatian (N1S2) aquifer waters can vary from 0.05 mg/l to 7 mg/l closeo
z
 
 
Mineral waters (1 – 2 g/l mineralisation) found at depths of 650 m are used therapeutically 
in Ukraine. These waters are alkaline with high Na+K+Cl-dominance and low Ca, Mg and 
HCO3 contents. The most widely used alkaline mineral waters in Ukraine are the Mirgorod 

.1 – 0.9 mg/l fluoride), Artemovsky (2.8 – 6.4 mg/l fluoride) and Lugansk (2.8 – 6.4 m(0
fl
T
8
 
 
Io
fo
w
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Table 8.5 Fluoride contents in various types of waters in Ukraine 
 

Location Aquifer Minimum F mg/l Maximum F mg/l Average F mg/l Number 
O 58dessa~ Neogene 0.05 0.8 0.4 
Kiev~ Quaternary 0.00 0.3 0.2 28
 Palaeogene 0.00 1.15 0.3 26
 Cretaceous 0.18 0.6 0.2 15
 0.4 18Jurassic 0.06 1.1
 0.4 6Proterozoic 0.2 0.9
Po 0.6 37ltava~ Quaternary 0.00 3.2
 Palaeogene 2.8 530.00 8.8
 Cretaceous 0.18 2 1.1 21
Lvov~ Quaternary 0.00 0.9 0.2 39
 Cretaceous 0.00 3.8 0.9 20
Khar’kov* Well Water 0.4 1.8 1.1 2
Dnepropetrovsk* Well Water 0.12 2.7 1.0 34
Donetsk* Well Water 0.05 1.5 0.5 36
Zaporozh’ye* Well Water 0.04 2.2 0.7 36
Podgorny* Tap water 0.71 7.1 2.5 13
Ar - 2.54 1ciz* Tap water -
Izmail~ Tap water - - 0.24 1
Tarutino* Tap water - - 1.14 1
Sosnovka^ Tap water 0.1 3.5 - -

~ IGMOF data  * Data from the present study 
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Figure 8.5 Average fluoride and major cation (Ca, Mg) and anion (Cl, Na+K, HCO3) concentrations in 
 

groundwaters from Quaternary (Q), Palaeogene (Pg), Cretaceous (Cr), Jurassic (I) and 
Proterozoic (Pr) aquifers in a) Poltava b) Lvov and c) Kiev Regions (IGMOF data). 
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Figure 8.6 Average fluoride and major cation (Ca, Mg) and anion (Cl, Na+K, HCO3) concentrations in 

groundwaters from Neogene N1S2 aquifers in Odessa Region (IGMOF data). 
 
 
 
As outlined in Chapter 3, geochemical speciation studies were applied to selected well 

inant aqueous species (mobile forms) of elements in HCO3-Na-Mg 
roundwater from Quaternary deposits of the Poltava Region were as follows (additional 

iron - Fe2+, FeCO3, FeHCO3, FeSO4
magnesium – Mg2+, MgSO4, MgHCO3

+ 

potassium - K+

fluoride - F-, MgF+

2 , Cu (CO3)2

3)2, ZnCO3
2+ CO3

lead - PbCO3, Pb (CO3)2, PbHCO
– NiCO3, Ni (CO 2

 
a  dom ant mobile forms of elements in HCO3-Na-Mg groundwater of Cretaceous 
d its of t  w

НСО3
sodium - Na+

2+

water samples from the regional data sets in Poltava, Lvov, Kiev and Odessa using the 
PHREEQC (Parkhurst, 1995) modelling computer programme and thermodynamic 
constants from theWater4F database (Ball and Nordstrom, 1991). The results demonstrated 
that the dom
g
results are presented in Table 8.6):  
 

calcium - Ca2+ , CaSO4, СаНСО3
sodium - Na+

copper - Cu (OH)
zinc – Zn (CO

, CuCO3
, Zn , ZnH

3
nickel 3)

nd the in
epos he Poltava Region ere:  

 
calcium - Ca2 +, CaSO4, Са

iron – Fe , FeHCO3, FeCO3, FeSO4
magnesium - Mg2+, MgHCO3 +, MgSO4
potassium - K+

fluoride - F-, MgF+, NaF+

copper – CuCO3, Cu (OH)2, CuHCO3
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zinc - ZnCO3, Zn2 +, Zn (CO3) 2, ZnHCO3
lead – PbCO3, Pb (CO3)2, PbHCO3

 
 
In the Kiev Region, the mobile forms of chemical elements in HCO3-Ca-Na water from 

iron - Fe , FeCO3, FeHCO3, FeSO4
magnesium - Mg2+, MgHCO3 +, MgSO4
potassium - K+

lead - PbCO3, Pb (CO3) 2, PbHCO3 

I vov Region, the m form lements in groundwater from Quaternary 
horizons were as follows:  
 

calc 2+ Са
sodium - Na+

iron  F O , F
iron Fe (3) - Fe (OH)2, Fe(OH)3, Fe (OH)4
magnesium - Mg2 +, MgSO4, MgHCO3

+

3

calcium – Ca2+, СаНСО , CaSO , СаСО

magnesium - Mg2+, MgHCO3
+, MgSO4  

fluoride - F-, MgF +, СаF+

copper - CuCO3, Cu (OH) 2, CuНCO3, Cu2 +, Cu (CO3) 2
zinc Zn2 +

3) 2, ZnHCO3
 
whereas the dominant mobile for ents in HCO3-N ater w
 

3, CaSO4, СаСО3

2 + + MgS 4

4
fluorine - F-, MgF +, NaF 
copper – CuCO , Cu (OH) , CuНCO , Cu2+

crystalline Proterozoic rocks were determined as follows:  
 

calcium - Ca2+, СаНСО3, СаСО3, CaSO4
sodium - Na+

2+

fluorine - F-, MgF+

copper - Cu (OH) 2, CuCO3, Cu (CO3)2
zinc -ZnCO3, Zn (CO3) 2, Zn2+, ZnHCO3

 
 
n the L obile s of e

ium - Ca , CaSO , 4 НСО3

 Fe (2) - e2+, FeHC 3, FeCO3 eSO4

potassium - K+

 
 
In the Odessa Region, water is abstracted from the Neogene aquifer horizon only and the 

ominant forms of mobile elements in HCO -Ca-Mg groundwater were:  d
 

3 4 3
potassium - K+

 -ZnCO3, , Zn (CO

ms of elem a groundw ere:  

calcium - Ca , СаНСО2 +

potassium – K+

magnesium - Mg , MgHCO3 , O
+, NaSO   sodium - Na 

3 2 3
 
 

 197



198

a nt sp and 
and

Pro ltava essa ions, 

ble 8.6 Dominance of  aqueous ele
Nordstrom, 1991) progra

portion of Aqueous Element Species  

me
mme 
in Po

ecies in selecte
 database 
 (1), Lvov (2), Od

d waters in Ukraine ca

 (3) and Kiev (4) Reg

lculated using the PHREEQC (Parkhurst, 19

% 

95) Water4F (Ball and 

El 4 pecieement Species 1 2 3 Element S s 1 2 3 4 
Ca  90.512+ 88.85 97.77 91.66  F– 98.21 Not found 91.67 96.40 
C  1.53aSO4 6.23 1.41 2.10  MgF+ 1.18 Not found 7.56 2.35 

C  5.09aHCO 3
+  3.80 0.67 5.11  CaF+ 0.04 Not found 0.72 1.16 

C  2.81aCO3 0.92 0.11 1.12  NaF 0.52 Not found 0.04 0.08 
Na  99.56+ 99.49 99.89 99.60  Cu2+ Not found Not found Not found Not found 

N  0.06aSO 4
−  0.27 0.05 2.50  Cu(OH)2 41.29 Not found 33.15 55.99 

N  0.30aHCO3 0.23 0.03 0.30  CuCO3 52.72 Not found 60.15 40.24 

N  0.05  aCO 3
−  0.02 0.002 0.02  Cu(CO3) 2

2−
 

1.06 Not found 1.32 2.16 

Fe  52.30   2+ 64.31 91.49 Not found  CuHCO 3
+  2.65 Not found 3.36 0.89

F 55  22.96  eCO3 9.43 1. Not found  Zn2+ 31.24 Not found 27.90 11.47 

F 87 22.73  eHCO 3
+  21.22 4. Not found  Zn(CO3) 2

2−
 

13.07 Not found 14.87 38.23 

F 16  0.78  eSO4 3.95 1. Not found  ZnCO3 38.10 Not found 40.04 41.91 
F 66  1.21   eOH+ 0.63 0. Not found  ZnHCO 3

+  12.97 Not found 15.14 6.28

M 62 91.53   g2+ 87.37 97. 91.93  ZnSO4 2.52 Not found 0.74 0.22
M 67 1.83   gSO4 7.25 1. 2.50  Zn(OH)2 0.48 Not found 0.36 0.95

M 62 4.75 d gHCO 3
+  3.46 0. 4.74  Pb Not found Not found Not foun Not found 

M 06 1.63gCO3 0.52 0. 0.64  PbCO3 92.33 Not found Not found 88.82 
K 91 99.90 9.5+ Not found 99. 99.88 Pb(CO3) 2

2−
 

3.72 Not found Not found 2 

K 07 0.09 0.9SO 4
−  Not found 0. 0.12 PbHCO 3

+  2.27 Not found Not found 6 

pH 10 8.00  8.00 7.65 7.10 7.60 7.65 7. 7.60  pH 

Typ  3 — HCO -Ca es of  waters: 1 — Cl-Na; 2 —HCO -Ca;3 3-Ca; 4 — HCO3

 

 

 

T



 

 
As indicated in Chapter 3, the biogeochemical activity of fluoride is not only dependent on 
the absolute concentrations of fluoride in solution but on the speciation and forms of 

uoride present in the water. The speciation studies carried out in Ukraine, demonstrate 
that the concentration of the most biologically active form of fluoride, the free fluoride ion, 

+ contents. Speciation calculations indicate 

fl

decreases in waters with higher MgF+ and CaF
that the degree of ecological risk depends on the ratio 
   

Ratio K =         F-           or more correctly             F-                             
MgF++ CaF+     3 F-species 
 

It should be noted, however, that these results are preliminary and further studies into the relationships 
between mobile element forms and disease outcomes are required before this information could be included 

in a risk assessment. 

8.2.1.4 D ation 
Dietary surveys carried out by previous inve  the average content 
o e i d v g across Ukraine. In Kiev the average is 0.78 
mg, in Lvov 0.66 m g and in Poltava 1.6 mg. Values in Poltava are 
higher because high-fluoride waters in the Region result in increased fluoride contents in 
bread.  
 
 
Previous studies have also shown that in general, the average daily intake of fluoride from 
food is 0.5 – 1.1 mg and at concentrations of 0.4 mg/l, the average daily intake from water 
equals that of food whereas at 1 m /l fluoride, the intake from water is 2 – 2.5 times that of 
fo ea-fo nd f grow high-fluoride regions can contribute to the overall 
fluoride loading in the diet, however, in general, fluoride intake from water in Ukraine is 
27% greater than that from food.  
 
 
The daily requirement for water in Ukraine is approximately 3 l (45 ml per kg of body 
weight). Of this, 1 – 1.2 l (30 – 35%) is contained in foods, 1 – 1.5 l (33 – 50%) is digested 
in the form of liquids such as drinking water, tea, coffee, milk etc and 0.3 – 0.4 l (12%) is 
contained in fruit juices etc. In regions were fruit, vegetables, milk and dairy products 
(yo rt etc  a com t of the diet, the amount of water and other drinks 
consumed is generally less. In regions with high consumption of milk, fruit and vegetables, 
water intak ated at 1 l ay, in regions with limited vegetable, fruit and milk 
diets, water is and in hot regions water intake is estimated at 
6 l per day. Based on these figures, at 1 mg/l water fluoride, daily dietary intake varies from 
0.5 – 1.2 mg and increases markedly in hot climates with water contents between 1.6 and 
6.6 mg/l to values above safe daily intakes. Intakes of between 0.1 and 0.15 mg per kg of 
body weight are thought to cause dental fluorosis.  
 
 
Therefore, the severity and prevalence of the dental fluorosis are not only dependent on the 

uoride concentrations in the water but on the climate and on general dietary intake. For 
xample, in regions containing 4 mg/l fluoride in water, III and IV degree dental fluorosis 

ceiving adequate dairy products and vegetables 

 

ietary Inform
stigators have shown that

f fluorid n foo aries from 0.54 to 1.6 m
g, in Odessa 0.74 m

g
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 intake estimated at 2 l per day 

fl
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rates were 25% lower in communities re
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than in other areas with poorer nutritional status. The favourable action of milk against the 
disease can be explained by the availability of proteins, Ca and vitamins and that less water 
and tea are drunk if more milk is consumed. Vegetables also have a protective effect as 
they contain , and  a so 2. Other investigators have shown 
that 2 – 46% of fluoride can precipitate out of boiling water during cooking, however, 
much of the fluoride is not lost and owing to evaporation, fluoride concentrations can rise 
during cooking. For example, raw carrots taining 0.22 mg/kg cooked in 1 mg/l and 4 
mg/l fluoride waters had final fluoride contents of 0.83 mg/kg and 3.4 mg/kg respectively. 
The staple foods cabbage and potatoes show similar increases in fluoride content during 
cooking. Differences in the dietary and cooking habits of different regions explain, in part, 
different fluoride uptakes across Ukraine. 
 
 
Based on dietary information, it is possible to approximate the daily amount of fluoride 
intake in diff t regi Assuming an av age daily food ration of 2 kg, a mean fluoride 
food content of 0.3 – 0.5 mg/kg and an average body weight of 70 kg, adult intakes of 
fluoride from food are estimated at 0.6 – 1 mg. In non-fluorosis-endemic areas, intakes of 
fluoride from food range from 0.7 – 1.2 Total dietary intakes including water are 
stimated at 0.5 mg in fluoride-poor regions, 0.8 mg in fluoride-optimal regions and 1.2 mg 
 high-fluoride regions assuming water concentrations range from 0.1 – 10 mg/l.  

r 
containing 1 mg/l fluoride obtain approximately 20 times more fluoride than breast-fed 
babies in regions with 0.1 mg/l fluoride in water assuming an average body weight of 1 kg.  
 
 

aily dietary intakes of Ca in Ukraine are low (400 – 500 mg) compared to recommended 
orms (1500 mg). This may, in part, explain the greater risk of fluorosis in areas where 

 developed countries 480 - 1210 (840) mg Ca per day and 692 - 1660 
g Ca per day respectively. 

8.2.2 Risk Avoidanc
On the evidence above, biogeochemical experts in Ukraine have demonstrated that fluoride 
intake varies with climate (more in the south of the country due to greater water intakes in 

e hotter climate) and with the degree of physical activity of the person (Vanchanen, 
1997). On the basis of the likely fluoride composition in drinking water and on daily 
intakes, four main biogeochemical fluoride provinces in Ukraine have been defined (Table 
8.7). This scheme forms the basis for the final national risk avoidance map of Ukraine 
(Annex 10), however, it should be noted that these are general categorisations and there is 
much variability within regions as demonstrated for the results of the detailed study areas 
investigated during the present project. Where more detailed information for regions is 
available, this has been incorporated into the final risk avoidance map (Annex 10). It 
should also be noted that although the final map looks complete because it is based on 

 water  are urce of vitamins B1 and B

con

eren ons. er

 mg. 
e
in
 
 

here is also evidence to suggest that children fed formula milk made with wateT

D
n
water fluoride concentrations are not excessively high. In a study of children in the 
Chernobyl region of Ukraine, (Zaichick et al., 1996) reported dietary Ca intakes of 259 - 
1073 (mean 680) mg per day in subjects less than 7 years old whereas 7 - 18 year olds diets 
contained 420 - 427 (212) mg Ca per day. These ranges are much lower than comparable 
ge groups in manya

(1000) m
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regions rather than grid squares, over much of the territory of Ukraine the fluoride risks are 
unknown and the map presents the best estimates available at the current time. In general, 
isks of dental caries are highest in the north and west and far south of the country whereas 

optimal fluoride intakes are found in the centre-north, and south-east. High-fluoride risks 
 

 fo ffs in the four fluo

 Intake of Fluoride 

r

occur in the centre-east in the regions of Poltava, Kirovograd, Dnepropetrovsk and Donetsk
and locally in the Lvov, Odessa and Kiev regions. 
 

 
Table 8.7 Daily fluoride intake from water and odstu ride biogeochemical 

provinces of Ukraine 
DailyPopulation Category 

First Province Second Province Third Province Fourth Province 

Age of Children and  

Daily Intake 
of Fluoride  
in Ukraine 

mg mg % of mg % of mg % of mg % of 

Upper 
Safe Limit 

of 
Fluoride 

Intake mg

Normal 

Teenagers  Normal 
Intake 

Normal 
Intake 

Normal 
Intake 

Normal 
Intake 

1 - 3 years  0.5 0.26 52 0.45 90 0.53 106 0.75 150 1.5 
4 - 6 years 1 0.41 41 0.72 72 0.87 87 1.26 122 2.5 
7 - 14 years 1.5 1.5 37 0.99 66 1.21 81 1.8 126 2.5 
Adults 

egree of Physical  
ctivity/ Gravity of Work            

D
A
1 1.5 0.68 45 1.19 79 1.43 95 1.87 135 4 
2 1.5 0.73 49 1.28 85 1.54 103 2.1 142 4 
3 1.5 93 1.69 113 2.35 155 4 0.8 53 1.4 
4 1.5 106 1.83 122 2.73 162 4 0.91 1.59 61 
5 1.5 1.86 124 2.29 153 3.25 225 4 1.06 71 

Province Category  Risk C   s (Oblasategory Region ts) 
First Province Very w  Lo Ivano-Frankovsk, Chernovszi , Lvov, Volyn, Rivno, Ternopol, Uzgorod 
Second Province Low Zitomir, Chmelnisky, Vinnisza,  Odessa, Nikol v, Cherson, Crimea aye
Third Province Normal Lugansk, Khar’kov, Zaporozh’ye, Kiev, Cherkass, Chernigiv, Sumsky 
Fourth Province High + Very High Poltava,  Kirovograd, Dnepropetrovsk, Donetsk 

 
 
Within these main provinces, four areas were selected for more detailed study as follows. 
The Lvov Region lies in the very-low fluoride biogeochemical province where daily 

uoride intakes are generally below normal levels. However dental fluorosis occurs in this 
gion associated with coal mining activities. The Odessa Region lies in the second 

rovince where fluoride intake is generally low, however, high-fluoride waters associated 
ith tectonically active fault zones cause dental fluorosis in the population. In the third 

region around Kiev, water fluoride contents are generally within optimal levels but slight 
levations in composition are associated with lignite mining. The fourth region of study is 
oltava where high prevalence of dental fluorosis is associated with mineralised high-
uoride waters.  Each of these regions is considered in detail as follows. 
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8.3 LVOV, ODESSA, KIEV AND POLTAVA STUDY REGIONS 

8.3.1 Lvov Region 
 
 
T e Lvo e ry we of Ukrai lies in t first flu e biogeochemical 
province ith very low environme uoride e cont n most waters in the Region 
r ge fr /l (Annex 10). The prevalence o tal car  all ages of the 
population is 90% as a res  low  
 

8.3.1.1 Hydrogeology 
T at e egion derived m Cretaceous and Quaternary aquifers. 

aters o the Cretaceous horizon are wide  are found in a 
permeable marl, with ready infiltration of surface waters. These waters are HCO3-Ca and 

O4-Ca dominated with mineralisation of 0.7 – 1.5 g/l. In the north, mineralisation is 

e south. The contents of fluoride in waters of the Cretaceous horizon usually do not 
se waters are HCO3-Ca dominated, with low contents of Na and Cl. 

In only a few wells do the contents of fluoride reach 1 mg/
 

Some wells drilled into the Cretaceo rizon e conc tions o  4 mg/l fluoride. 
These w O dom  with Ca an  concentrations in a zone of 
rising m rs ssociate with tectonically active faults in the Lvov-Volnysk 
coal bas   Quaternary d ts ca plit into four m uifer s, sandy fluvio-

cial s ta  the ma drinkin water resource, alluvial sediments in river 
sins,  a ess- , the ter con very s  water reserves. 

Quaternary horizons are y ex d in north o  Regio re fluvio-glacial 
sands and gravels contain low mi
concentration of fluoride in these H -Ca- and HCO3-Na-dominated low Mg, Na and Cl 

aters does not exceed 0.3 mg/l. Data held by IGMOF (Table 8.5) indicate that in general 
e fluoride concentrations in waters from Quaternary horizons in the Region range from 

here is a complex environmental situation in the centre of this Region. In the past, the 
mounta , however, in recent years,  
adverse raction in the Lvov-Volynsk 
basin. ber of faulted blocks. The 

cks and soils of the region are generally low in iodine and fluoride (0.12 – 0.20 µg/g) but 

ne of the most contaminated areas is the Chervonograd mining district in the centre of the 
asin. On an annual basis, 12 mines in this district produce 4 - 5 million tonnes of coal and 

 

h v Region in th  ve st ne he orid
 w ntal fl  as th ents i

an om 0 to 0.4 mg f den ies in
ult of  fluoride contents in the water. 

he w er supply in th  R  is  fro
W f ly used for drinking and

S
enhanced to 2.3 g/l due to increasing depth of the water bearing horizons. Good quality 
waters are found to a depth of 600 – 700 m in the north of the area, and to 300 – 400 m in 
th
exceed 0.5 mg/l as the

l.   

 
us ho , hav entra f 2 –

aters are Na-HC 3-Cl- inated  low d Mg
ineralised wate  a d 
in. eposi n be s ain aq group

gla trata which con in in g 
ba outwash plains nd lo loams  lat tain mall

mainl ploite the f the n we
neralised waters (0.4 g/l) at depths of 1 – 8 m. The 
CO3

w
th
0.0 – 0.9 mg/l and from Cretaceous horizons 0.0 – 3.8 mg/l. 
 
 
T

ins in this area were considered natural recreational sites
 environmental impacts are associated with coal ext

This basin is also tectonically active comprising a num
ro
are affected by the mining of sulphur and coal and contain increased contents of strontium 
(Sr), barium (Ba), Pb and Zn. 
 
 
O
b
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9.6 million tonnes of coal are dressed in the central processing plant in Chervonograd. The 
basic environmental problems associated with industrial activity in the basin are 
subsidence, formation of anthropogenic landscapes and the pollution of soils, groundwater, 
surface water and air. The settlements of Vilcina, Gorodishe, Mezhirechy, Chervonograd, 
Sosnovka and Sockal and the Rivers Western Bug, Solokia and Bolotny are the most 
polluted.   
 
 
Within the district, human impacts on the hydrogeological environment result from coal 
mining activities and from the draining of land for agricultural use. Mining and subsidence 

ns of 500 – 700 m filled with lakes of 100 – 150 m diameter and 

 150km  area of the Lvov-Volynsk 
arboniferous basin ranges between 0.6 – 3.9 m.  

 

ine tailings-ponds and dressing-works and other 
dustrial activities such as the Sockal synthetic fibres factory, the Novojavorsky sulphur 

)

have generated depressio
flooding occurs in Sosnovka, Selca, Gornjak, Gorodishe, Mezhirechy, Volovin and 
Chervonograd. On average, subsidence over a 2

c

 
Many substances pollute the environment in proximity to water abstraction sites. For 
example, in Sosnovka and Mezhirechy, heavy pollution of soils by As, Pb, Zn, Hg, Be, Co, 
Mo etc. is observed. Contamination by Co, Ni, Mo, V, Ba and Pb is worst in the vicinity of 
coal tips whereas contamination by As, Zn, Hg, P and Sb is dispersed between 1 – 3 km 
away and the maximum concentrations of mobile forms of Pb, Zn and Cr occur within 50 – 
300 m of the dumps. The transfer ratio of pollutants from the coal tips to surrounding soils 
is highest for Pb (1.8), Ni (1.5) and Mn (1.3) whereas ratios for Zn, Cu and Cr are closer to 
1.  
 
 

ontamination is also associated with mC
in
plant and the Nikolaev cement factory. As a result of anthropogenic contamination, the 
contents of fluoride in potable water have risen from 0 – 0.4 mg/l (i.e. lower than normal 
standards) to up to 4 mg/l. For example, fluoride concentrations of up to 3.5 mg/l are found 
in the public drinking water supply mains of Sosnovka, Mezhirechy and Pravda and 
fluoride concentrations in Sosnovka have been increasing in recent years due to 
hydrogeochemical changes as a result of mining activity in the region (Table 8.8).  
 
 
In addition to changes caused by mining activity, the contents of fluoride in water 
abstraction sites in the Chervonograd mining area are seasonally variable ranging from 0.1 
to 2 – 2.5 mg/l and occasionally up to 3.8 mg/l. During the summer-autumn period the 
content of fluoride decreases to within normal ranges whereas contents of the major 
elements change insignificantly: Ca (16 - 34 mg/l), Na+K (212 - 310 mg/l .       
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Table 8.8 Examples of changes in element concentrations in Sosnovka groundwaters as a result of 
mining activity in the local environment 

 
Element   Previous Concentrations Recent Concentrations World Average in Water 
  mg/l   mgl   mg/l 
---------------------------------------------------------------------------------------------------------------------------------- 
Fluoride (F) 1   3.5   0.1 
Barium (Ba) 0.129   1683   0.1 

anganese (Mn) 0.1   0.644   0.1 
obalt (Co) 0.01   0.07   0.01 
hosphorous (P) 0.015   0.55   0.001 

nalysis of groundwaters carried out during previous studies from the mountainous regions 

e waters occur below thin shallow aquifers 
ontaining good quality HCO3-Ca-dominated waters was not taken into account during the 

mber of cases in temporary teeth increased. By the end of 1995 and 
beginning of 1996 dental fluorosis and hypoplasia were widespread in children in Sosnovka 

of Chervonograd and Gornjak. The lined, mottled, chalk-

M
C
P
Cadmium (Cd) 0.003   0.007   0.001 
 
 
 
A
of Sosnovka, located close to the Lvov-Volynsk carboniferous basin, demonstrate that 
waters in the area contain low Ca (35 mg/l) and very high Na (282 mg/l) Cl, K and Sr (5.95 
mg/l). The minimum Ca contents were found in waters from the Cretaceous aquifer which 
contained 0 – 6 mg/l fluoride (Bezvushko, 1999).  
 
 

he fact that deeper mineralised Na-fluoridT
c
construction of water abstraction wells in the Region. Wells penetrating the deeper 
mineralised waters were sunk and as a consequence dental fluorosis is now endemic in the 
area.   
 

8.3.1.2 Exposure and Health 
In 1994, 640 children were reported with dental fluorosis (prevalence rate 38 %) whereas in 
December 1995, the prevalence rate reached 68 %, the affected children all had extremely 

ad teeth and the nub

and on a lesser scale in the cities 
like spots and erosive forms of dental fluorosis were reported in schoolboys living in 
Sosnovka but the destructive form of the disease was not evident. In 1996, 3203 children in 
Sosnovka, Chervonograd and Gornjak were suffering from fluorosis and of these, 271 had 
severe forms of the disease. The main areas affected are Sosnovka, Chervonograd, Lvov, 
Stryii and Drogobech (Figure 8.3). 
 
 
The main cause of dental fluorosis in the Region is consumption of low-Ca, high-Na-K-Cl-
Sr-fluoride drinking waters but is probably also influenced by the negative impact of the 
general environmental contamination in the Region on health. There is some evidence to 
suggest that dental fluorosis is exacerbated by atmospheric contamination around industrial 
plants, oil and gas wells and lead and zinc mines.  
 

8.3.1.3 Geochemistry and Health Studies 
During the present investigation, the links between high fluoride contents in drinking water 
and human fluorosis were examined in 138 children aged 11–15 years residing in the 
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settlements of  Sosnovka, Silyets, Zhovkva+Kulykiv and Peremyshlyany (Figures 8.3 and 
8.7). These localities were chosen on the following grounds: 
 
� Sosnovka town (SK) – fluorosis of varying degrees was revealed in children of this 

locality in 1994–1998. Analysis of samples taken at that time proved that the fluoride 
content in drinking water exceeded the recommended range (0.5 – 1.5 mg/l) by twice 
or three times (fluoride contents in water amounted to 4.5 – 6 mg/l). Previous 
research carried out in this town showed considerable deviations in the structural-
functional state of bone tissue, dental enamel and periodontum. (Povorosnuk, 1998). 

 drinking water from a central supply. 

a. People use drinking water from 
their own wells. 

 
town-Kulykiv village (ZK) – Zhovkva town is a regional centre and 

cation:  
SK – 14 samples 

ZK – 31 samples 

hemi
vided water samples then underwent clinical, 

ma ogic   

l studies were executed using individual questionnaires based on the 
lified evaluation schem tus O, 986). s scheme is 

designed to record the conditi n of the dental enamel, the periodontum (gums), the mucous 
m estionnaires were 

ord the simplified index of oral cavity hygiene OHI-S (Green-Vermillion 
l-alv ), e Siln oe ndex  of 

necessity of treatment (SPITN fiord periodontum index. The DMF-T index 
ined according to the scheme of  

abovych and Ovrutsky (1969). 

l-functional state of bone was examined by an ultrasound densitometry 
ethod, using the “Achilles+” densitometer (Lunar Corp., Medison, WI) on heel bones 

onsisting of trabecular (spongy) bone tissue. The following measurements were carried 
out: 

People of Sosnovka use
 
� Silyets village (SL) – a locality 5 km from Sosnovk

� Zhovkva 
Kulykiv is an adjacent village. People use drinking water from their own wells. 

 
� Peremyshlyany city (PR) – is a regional centre and people mainly use drinking water 

from their own wells. 
 
 
To perform the analysis, 100 children (67 girls and 33 boys) were asked to collect water 
samples from their homes. The following numbers of water samples were collected in each 
lo

SL – 39 samples 

PR – 16 samples 
 
 
Analysis of water samples was carried out at the In  of c stry, Ukraine  by stitute Geo
Prof E. Zhovinsky. The 100 children who pro
orthopae d sto tol al examinations.dic an
 
 
Epidemiologica
simp matological sta (WH  1  Thie for sto

o
membrane of  the oral cavity and any maxillofacial abnor alities. The qu
also used to rec
index), indices of gingivitis – PMA (papillary-margina eolar th ess-L  i

), and the Ram
was also noted. The severity of fluorosis was determ
G
 
 
The structura
m
c
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1. The speed of the ultrasound signal through the bone (SOS, m/s), which is controlled 

by the bone density and flexibility 
 

2. The broadband ultrasound attenuation (BUA, dB/MHz), which reflects bone 
density, the number of bone trabeculae and the dimensions and spatial orientation 
of the bone trabeculae. 

 
3. Bone stiffness index (STF, %), which is calculated according to the formula (STF = 

 
he advantages of this method are the high precision, use of non-ionising radiation, 

  

0.5 × ((nBUA + n SOS), where nBUA = (BUA – 50) : 0.75 and nSOS = (SOS - 
1380) : 1.8). This index shows the state of spongy bone tissue compared to normal 
standards for 20-year-old adults.  
 

T
portability and speed of examination.  Unlike photon and X-ray densitometry this method 
gives qualitative estimations of spongy bone tissue and its architecture (orientation and 
thickness of the trabeculae). Numerous researches have shown the benefits of this method 
in forecasting the risk of osteoporotic vertebrae and femoral fractures and the considerable 
possibilities of its application to estimate the effectiveness of osteoprotective methods in 
prophylaxis and treatment of osteoporosis. 

 
 

Parametric (Student’s t-test, one way analysis of variance (ANOVA)) statistical tests were 
carried out on the data using the “MS Excel-97 Statistics and Statgraphics 5.0” 
programmes.  
 
 
Only one of the water samples collected and analysed during the present study contained 
fluoride which exceeded the WHO recommended upper limit of 1.5 mg/l. Fluoride contents 
in the remaining water samples were below this threshold (Table 8.9)  
 

 
Table 8.9 Fluoride concentrations in waters related to disease prevalence in the four settlements 

under examination in the present study. 

Water F 
mg/l 

Dental Condition Sosnovka 
n (%) 

Silyets 
 n (%) 

Zhovkva + Kulykiv  
n (%) 

Peremyshlyany 
n (%) 

< 0.19 Caries – 26 (66.7) 9 (29) 5(31.3) 
0.20–0.50 Toothache  4 (28.6) 13 (33.3) 13 (33.3) 11(68.8) 
0.51–0.99 Fluorosis I – II degree  9 (64.3) – – – 
1.0–1.5 – – – – – 
> 1.5 Fluorosis I – II degree  1 (7.1) – – – 

n = number of children and water  samples % = percentage of chi
nly 22 of the Zhovkva+Kulykiv samples were included) 

ldren and water samples  

 

n recent years. Two years ago, fluoride concentrations in water were 3 – 4 mg/l 
hereas currently drinking waters contain 1 – 2 mg/l fluoride. However, it is recommended 

(o

 
The majority of water samples from Sosnovka contain low fluoride reflecting the fact that 
in response to previous fluorosis problems, an alternative water source has been installed in 
he town it

w
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that water fluoride contents should be monitored through time, during the February-March 
spring period in particular as some seasonal variations in high-fluoride contents have been 
reported during previous investigations.  
 
 
During the present study, 4 (28.6%) children from Sosnovka had complaints of toothache in 
the basal third of their teeth whereas during examinations carried out in Sosnovka in 1997, 
78% of children experienced this pain syndrome. Dental fluorosis (I–II degree) was 
revealed in 9 (64.3%) children of Sosnovka. The other localities did not show this 

athology. 
 

 
tate of bone tissue in children from the four study areas. 

p

 
Indexes of the structural-functional state of bone tissue in children from each study area are 
given in Table 8.10. There were no significant differences between areas, except that body 
mass was considerably lower in children from Peremyshlyany. 
 

Table 8.10 Structural-functional s
 

Locality Age 
years 

Height 
m 

Weight 
 kg 

SOS 
m/s 

BUA 
 dB/MHz 

Stiffness 
% 

Sosnovka 12.8±0.1 1.51±0.03 45.9±3.1 1565±6 104.8±2.1 87.9±2.7 
Silyets 12.3±0.1 1.49±0.02 43.4±1.9 1574±4 104.8±1.4 90.4±1.6 

Zhovkva 12.3±0.3 1.54±0.02 44.9±2.1 1569±6 104.1±2.0 88.7±2.8 
Peremyshlyany 12.1±0.2 1.47±0.02 37.2±1.3 1582±6 97.9±1.7 87.9±2.0 

 
 
Results of the stomatological examinations are given in Table 8.11. The DFM-T index is 
onsiderably increased in children of Zhovkva and Peremyshlyany indicating a higher 

addition, changes in periodontum tissues were 
ing in Sosnovka and Zhovkva. 

able 8.11 Dental indices for enamel and periodontum in children in each of the four study areas. 

Locali SPITN, grades PMA % OHI-S, grades IR, 
conv. unities 

c
prevalence of dental caries in these areas. In 
more pronounced in children resid
 
 
 
T

 
ty DMF-T 

absolute 
values 

Sosnovka 2.45±0.77 0.50±0.13 18.7±5.1 0.74±0.15 0.56±0.13 
Silyets 2.63±0.32 0.33±0.07 13.3±3.2 0.63±0.15 0.38±0.09 

Zhovkva 6.69±0.89 0.51±0.12 20.8±4.5 0.84±0.20 0.58±0.12 
P y 0. .4 0.43±0.21 erem shlyany 5.06±0.87 0.33± 16 10.5±5 0.24±0.14 

DMF-T = sum of decayed, filled and missing teeth  
PITN = index of necessity of periodontum tissue treatment  
MA = index of gingivitis  

OHI-S = index of oral cavity hygiene (index of Green-Vermillion)  

a, dental fluorosis (I and II degree) is still prevalent (64.3%) in this town. No 
vidence of dental fluorosis was found in Zhovkva-Kulykiv, Silyets and Peremyshlyany. 

S
P

IR =Ramfiord Index 
 
 
In summary, despite the recent provision of waters with lower fluoride contents in 

osnovkS
e
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No evidence of changes in the structural functional state of bone tissue as a result of high 
fluoride exposure was evident from the present study. 
 
 

8.3.2 Odessa Region 
The Odessa Region in the very south of Ukraine lies in the second fluoride biogeochemical 

rovince with low environmental fluoride (Annex 10).  

and limestones, which are horizontally 
nd vertically inconsistent. The depth of this horizon ranges from 20 – 30 m in the north 

and 250 – 500 m in the south. These waters are generally HCO3-Mg, HCO3-Na, HCO3-Ca, 
n of 0.3 – 1.1 g/l. In the centre of the region, the water 

he contents of fluoride in waters of the Odessa Region generally do not exceed 0.5 mg/l. 
ells abstracting Cl-Na-dominated waters on the Black Sea coast contain 0.1 mg/l 

aters containing up to 7 mg/l are associated with a tectonically active 
ault zone in the south of the region around Tatarbunary, Arciz and Tarutino. These waters 
re Na-Cl dominated with low Ca and Mg contents rising from depth in the fault zone.   

onditions such that the propensity to disease is not only a function of 
xposure but is also determined by the ability of the individual to resist disease. Thus the 
eneral strength and protection of the enamel and dentin are important controls on the 
everity of dental caries. For example the use of fluoridated toothpaste reduces the risk of 
ental caries but is less likely to be applied in poor regions (Money and Ivanov, 1996).  

p
 

8.3.2.1 Hydrogeology 
The main water-bearing horizon in this Region is the Neogene Sarmatian aquifer 
comprising inter-layered clays, sandstones, marls 
a

SO4-Na dominated with mineralisatio
quality is good whereas close to the Black Sea coast (50 – 100 km) the mineral content of 
these waters increases due to saline intrusion. SO4-Na waters with low Ca, Mg, HCO3 and 
high Cl contents are indicative of saltwater ingression in the coastal zone.  In Odessa 
district, mineralisation ranges from 0.5 – 0.9 to 1.4 g/l whereas on the coast, values of 1.4 – 
1.9 g/l are reported in Cl-dominated waters. In Saratov district high mineralisation values of 
1.7 – 2.3 g/l are found in SO4-Na-Cl-dominated waters and waters with low mineral 
contents are also scarce in the Nikolayev district.  
 
 
T
W
fluoride. These waters also contain high SO4 and HCO3 contents and are not chemically 
characteristic of most natural waters. In the coastal zone, HCO3-Mg and HCO3-Ca 
dominated waters with low Na contents contain 0.45 mg/l fluoride. 
 
 
In contrast to the generally low concentrations of fluoride in Sarmatian waters across the 
region, high fluoride w
f
a

 

8.3.2.2 Exposure and Health 
As indicated above, the fluoride concentrations in waters from Quaternary Sarmatian 
aquifers generally range from 0.05 to 0.8 mg/l (Table 8.5). These low concentrations result 
in dental caries in the local population.  Previous studies have shown that 35% of 7 year-
olds, 65% of 10 year-olds and 85% of 15 year-olds suffer dental caries and disease 
prevalence is rising. The prevalence of caries in the Region is exacerbated by poor social 
and environmental c
e
g
s
d
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Although the Region as a whole is classified as a low-fluoride area, endemic denta
ccurs in the south of the Region and prevalence rates of 90% h

l 
luorosis o ave been reported 
 Tatarbunary and Tarutino (Figures 8.3 and 8.8). 

8.3.2.3 Geoc try and Health Studies 
During the present study, tap-water chemistry and human dental status in the high-fluoride 
fault zone of Odessa Region were examined ore detail. Analysis of fluoride 
concentrations in tap-water sam vealed 2.  in Arciz, 1.14 g/l in Viklovo-
Tarutino, 0.24 mg/l in Izmail and 0.71 – 7.1 mg/l in the village of Podgorny (Figure 8.8 and 
Tables 8.12 and 8.13). High fluoride concentra  Podgorny wate  show a strong 

tion wit mity to the e.  
 
 
Table 8.12 Chemistry of a  = 1) in the  of Arciz, Vilkovo-Tarutino and Izmail, 

Odes  
 

Ar vo-
Tarutino 

Iz

f
in
 

hemis

 in m
ples re 54 mg/l  m

tions in rs
correla h proxi  fault zon

tap water s
sa Region

m (nples towns

ciz Vilko mail Element 

mg/l 

Na 526.05 20.76 44.48 

K 5.29 2.64 2.31 

Ca 8 43.2 65.6 

Mg 4.9 17.64 34.3 

Fe 0.34 0.21 0.21 

CO3
2- 36 - - 

HCO3
- 1037 158.6 271.45 

SO4
2- 216 57.6 108 

Cl- 3.55 6.75 8.17 

Mn 0.29 0.0005 0.0008 

Ni 0.0014 0.0004 - 

V 0.0073 0.0007 0.0008 

Cr 0.0145 0.0023 0.0008 

Mo 0.0145 0.0012 0.0008 

Zr 0.087 0.0092 0.0084 

Cu 0.0073 0.0023 0.0004 

Pb 0.0044 0.0014 0.0013 

Ag <0.0014 <0.0002  - 

Bi 9 7 013 0.002  0.000 0.0

Zn - 0.069 - 

F 2.54 1.14 0.24 
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Table 8.13 Fluoride contents, pH and proximity to fault zone of tap waters from Podgorny Village, 
Odessa Region 

e /l pH ee Proximity  
Fault Zon

 
Sampl
Number 

F mg Degr of  to Tectonic
e 

1 0.75  8.7   

2 3.45 8.89 ++ 

3 1.9 8.28 + 

4 1.49 7.92 + 

5 1.16 8.92   

6  ++ 2.45 8 

7 1.42 9.1 + 

8 7.13 8.25 +++ 

9 2.16 8.04 ++ 

10 0.87 8.85   

11 1.49 8.45 + 

12 0.71 7.71   

13 7.13 7.31 +++ 

 
 
97 adolescents in the town of Arciz and 28 in the adjacent village of Podgorny underwent 
dental examinations using the same methods described in previous sections of this report.  
 
 
Dental caries (in permanent teeth) prevalence in adolescents of Arciz town was 37.11% its 
severity  (based on the DFM-T index) was 0.88+0.15. Corresponding values in Podgorny 
village were significantly lower, 14.29 % and 0.25+0.13, respectively. 
 
 
Periodontal injuries, mainly gingivitis, were diagnosed in 40.21 % of the adolescents 
xamined in Arciz and in 64.29 % of Podgorny subjects. The papillary-marginal alveolar 
dex (РМА) showed a greater degree of periodontal injuries in Podgorny subjects than in 

e
in
Arciz (Table 8.14) 
 
 
Table 8.14. Prevalence and degree of catarrhal gingivitis in adolescents from the Arciz and Podgorny 

study areas. 
Arciz Podgorny Catarrhal Gingivitis 

Index % of Adolescents, n = 97 % of Adolescents, n = 28 
Minor 84.62 33.33 
Medium 10.26 27.78 
Severe 5.12 38.89 

  
 
The average number of injured dental sections per child according to the SPITN index was 
0.87+0.14 in Arciz and 2.00+0.41 in Podgorny. 62.89% of adolescents in Arciz and 35.71% 
in Podgorny showed no evidence of bleeding gingivae or tartar. However, 17.91 % of Arciz 
adolescents and 29.42 % in Podgorny presented with injuries to all 6 dental sections.  
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69.07 % of Arciz adolescents suffered from maxillodental anomalies, whereas in Podgorny 
the prevalence was somewhat lower (60.71%) (Table 8.15).  
 
 
Table 8.15 Prevalence and degree of maxillodental anomalies in adolescents from Arciz and Podgorny 

study areas 

Arciz Podgorny 
 
M
A

axillodental 
nomalies % of Adolescents n = 97 % of Adolescents n = 28 

Minor – incorrect location of teeth, extra teeth and adentia 56.72 35.29 
Medium – high density, minor gingivae and occlusion 25.37 35.29 
Severe – pronounced pathological occlusions 17.91 29.42 

 
 
 
The prevalence of dental fluorosis in Arciz adolescents was 92.78 % and in Podgorny 85.71 
%. During examinations, lines, mottling, chalk-like-spots and erosive forms of dental 
fluorosis were recorded ((Patrikyeyev (1958) classification). The destructive form of dental 
fluorosis was absent in the study area (Table 8.16).   
 
 
Table 8.16 Prevalence of various dental fluorosis forms (Patrikyeyev (1958) classification) in 

adolescents from Arciz and Podgorny, Odessa Region. 
 

Form of Dental Fluorosis Locality 
Lined Mottling Chalk-like-spots Erosive Destructive 

Number 30 41 13 6 0 Arciz 
% 33.33 45.56 14.44 6.67 0 
Number 4 13 5 2 0 Podgorny 
% 16.67 54.17 20.83 8.33 0 

 
 
 
In terms of dental fluorosis severity, I and II degree fluorosis were the most prevalent. 

owever, a significant proportion of adolescents in Podgorny suffered from ІІІ and IV 
egree dental fluorosis (Tables 8.17 and 8.18). 

H
d
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Table 8.17 Prevalence and severity of dental fluorosis (Gabovych and Ovrutsky (1969) classification) in 
Arciz adolescents 

 
Dental Category Degree of Dental Fluorosis  
General Upper 

Incisors 
Lower 
Incisors  

First Molars Premolars and 
Other Molars 

Number of subjects 7 17 29 25 14 0 
% 7.22 17.53 29.90 25.77 14.43 
Number of subjects 55 44 46 49 46 I 
% 56.70 45.36 47.42 50.52 47.43 
Number of subjects 24 26 17 17 30 II 
% 24.74 26.89 17.53 17.53 30.93 
Number of subjects 7 7 4 3 4 III 
% 7.22 7.22 4.12 3.09 4.12 
Number of subjects 4 3 1 3 3 IV 
% 4.12 3.09 1.03 3.09 3.09 
Number of subjects 97 97 97 97 97 Total 
% 100 100 100 100 100 

 
 
 
Table 8.18 Prevalence and severity of dental fluorosis (Gabovych and Ovrutsky (1969) classification) in 

Podgorny adolescents 
 

Dental Category Degree of Dental Fluorosis 

General Upper 
Incisors 

Lower 
Incisors  

First Molars Premolars and 
Other Molars 

Number of subjects 4 5 7 5 4 0 
% 14.28 17.86 25.00 17.86 14.29 
Number of subjects 8 10 13 14 8 I 
% 28.57 35.72 46.43 50.00 28.57 
Number of subjects 6 4 5 5 10 II 
% 21.43 14.28 17.86 17.86 35.71 
Number of subjects 5 5 1 2 2 III 
% 17.86 17.86 3.57 7.14 7.14 
Number of subjects 5 4 2 2 4 IV 
% 17.86 14.28 7.14 7.14 14.29 
Number of subjects 28 28 28 28 28 Total 
% 100 100 100 100 100 

 
 
Prevalence of injuries among premolars and other molars was 85.57 % in Arciz subjects 
and 85.71 % in Podgorny and the severest forms of injury also affected these teeth. The 
prevalence of fluorosis injury decreased in the following order: 
 

upper incisors (Arciz 82.47 % and Podgorny 82.14 %) > 
first molars (Arciz 74.23 % and Podgorny 82.14%) > 
lower incisors (Arciz 70.10 % and Podgorny 75.00 %) 

 
The groups of teeth most commonly affected by dental fluorosis injury were premolars and 
other molars, which are formed during the 2nd and 3rd year of  life. This suggests that 
drinking waters with elevated fluoride contents influence the maxillodental system 
immediately after birth and breastfeeding.  
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In summary, although water fluoride contents in Odessa Region in general are low and the 
Region is classed as low-fluoride risk, high-fluoride waters associated with fault zones are 
a problem in the Arciz-Podgorny-Tarutino area in the south.  This study has demonstrated 
that whereas dental caries prevalence rates are low in Arciz and Podgorny, (37.11 % and 
14.29 % respectively) very high prevalence of dental fluorosis 85.71 - 92.78 % in 
adolescents result from the consumption of high-fluoride drinking water and this area is 
highlighted as high risk in the final assessment scheme (Annex 10).  
 
 

8.3.3 Kiev Region 
The Kiev Region in the north of Ukraine lies in the third fluoride biogeochemical province 
with optimal environmental fluoride (Annex 10).  
 

8.3.3.1 Hydrogeology 
Drinking water horizons are found in Quaternary, Cretaceous, Jurassic and Proterozoic 
strata and fracture-permeability waters of the Achaean Ukrainian crystalline basement. 
Waters from the fractured Achaean basement have low productivity, flow rates reach a 
maximum of 0.5 – 1 m3/hour. These waters are HCO3-Ca dominated with mineralisation of 
0.5 – 1.0 g/l. Late Proterozoic sandstones and interbedded clays increase in thickness from 
south to north. Waters from these horizons are generally HCO3-Ca dominated and contain 
0.4 – 0.7 mg/l fluoride and  mineral contents are generally low (20 – 80 mg/l), only HCO3 
contents reach a maximum of 460 mg/l. In the western and eastern margins of the Region, 
fluoride contents are lowest (0.25 mg/l) whereas in the south, highest fluoride contents of 
0.7 mg/l are reported.  
 
 
Jurassic sandy-gravel aquifers are capped by a layer of impermeable clays resulting in 
piezometric heads of 500 – 600 m in waters in this horizon, which forms the main drinking 
water supply for the cities of Kiev and Poltava etc. The waters are HCO3–Ca dominated 
with 0.4 – 0.9 g/l mineralisation.  Increased mineralisation is found in groundwaters in 
isolation in sandy layers influenced by saline waters associated with faults. The fluoride 
concentration in Jurassic aquifer waters ranges from 0.37 to 1.3 mg/l. Fluoride contents of 
0.37 – 0.6 mg/l are found on the margins of the Region where the majority of water is 
abstracted and concentrations rise to 1 mg/l in the centre of the region. Hydrochemical 
studies have shown that the Ca content of the water controls the amount of fluoride in 
solution. At Ca concentrations of 100 mg/l, waters contain 0.48 mg/l fluoride, at 48 mg/l 
Ca, waters contain 1 mg/l fluoride. The Na composition also exerts a control on the fluoride 
content in solution. Higher fluoride contents are associated with increased mineralisation, 
alkalinity, Cl-Na contents and lower Ca and Mg contents in these waters.  
 
 
The water bearing horizons of Cretaceous age lie unconformably over Jurassic clays and 
com nes and fissured marls. Waters in Cretaceous horizons are HCO3-
dom ixed cation compositions and mineralisation levels of 0.3 – 0.8 g/l. 
Water-bearing horizons are constrained by impermeable Jurassic clays below and poorly 
pe red Cretaceous marls above. The poor permeability of the Cretaceous 
m  and most water resources are located close 

ost abundant in valleys and rivers were the unit is exposed 

prise clays, sandsto
inated with m

rmeable fractu
arls inhibits the penetration of surface waters

to the top of this unit and are m
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In areas of higher topography, where the unit is overlain by other deposits, water resources 
are limited. In general these waters contain low (0.18 – 0.4 mg/l) fluoride.  Only in wells 
located in the centre of the Dnepropetrovsk-Donetsk basin, is there a marked rise in 
fluoride concentrations (2.0 – 2.5 mg/l) associated with Cretaceous phosphatic deposits. In 
general, Cretaceous waters contain less than 1 mg/l fluoride and are widely used for 
drinking.  
 
 
Palaeogene sandstone, clay and kaolinite deposits overlie the Khar’kov clays and form two 
aquifer layers in the Kiev Region. HCO3-Ca waters with low mineral contents and 0.2 – 1.0 
mg/l fluoride predominate.  
 
 
Quaternary alluvial deposits do not contain significant groundwater resources in this 
Region. However, fluvio-glacial deposits are exploited for drinking water. These waters are 
generally HCO3-Ca or HCO3-Mg dominated with low mineral contents (0.2 – 0.4 g/l) and 
high infiltration of meteoric waters.  The concentrations of fluoride generally do not exceed 
0.5 mg/l. However, increased concentrations can result from the agricultural use of 
fertilisers and land improvements (drainage).  
 
 
In general terms, the contents of fluoride in groundwaters is consistent in the region and 
varies from 0 to 1.5 mg/l. Data held by IGMOF (Table 8.5) indicate that fluoride contents 
in the various aquifers range from 0.0 – 0.3 mg/l in Quaternary deposits, 0.0 – 1.15 mg/l in 
Palaeogene sediments, 0.18 – 0.6 mg/l in Cretaceous strata, 0.06 – 1.1 mg/l in Jurassic 
rocks and 0.2 – 0.9 mg/l in Proterozoic sediments. The lowest concentrations of fluoride in 
drinking water occur in Tarashansky and Volodarsky districts (average < 0.12 mg/l) 
whereas the highest concentrations (average 1 mg/l) are found in Stavishe, Dim r and 
Jagotinsky districts.  
 

8.3.3.2 Exposure and Health 
Approximately 35% of children and 25% of adults consume water with less than the 
recommended 0.5 mg/l fluoride for caries prevention.  In areas where water concentrations 
are less than 0.7 mg/l fluoride, 90% of the population suffer dental caries whereas between 
0.7 and 1 mg/l fluoride, dental caries is not present but I degree fluorosis (chalky-white 
patches) is found in 4% of the population. 
 
 
As a result of the Chernobyl nuclear accident, 30 1000 hectares of northern Ukraine are 
polluted with radiogenic Caesium (Cs)-137 (average 1 curie per km2). The prevalence of 
diseases (including dental caries and fluorosis) in children is enhanced in the Kiev Region 
as a result of the contamination. In Polesky district (Cs-137 0.2-91.3 curie per km2) the 
prevalence of dental caries has increased 2.4 times, in Ivanovsky district (Cs-137 0.3-4.2 
curie per km2), 90 % of the population suffer dental caries. In Kiev district, (Cs-137 0.5-1.0 
curie per km2), the levels of dental caries are not a problem.  In districts polluted with 
radioelements there is an augmentation of Cl and reduction of Si and Mg in dental enamel. 
Chlorine and K concentrate in the enamel surface, Ferri lactas and Al in the tooth ot and 
Na and Mg in the dentin.  
 

e
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Although the majority of water fluoride concentrations in Kiev Region are low, localised 
high concentrations (1 – 2 mg/l) associated with the lignite mining industry occur in Dimer 
and Stavishe districts. Fluoride ingested from potable water and inhaled in air in these 
regions causes mild forms of dental fluorosis. These districts have been highlighted as high 
risk in the final assessment scheme whereas the rest of Kiev Region is categorised as 
optimal or low fluoride intake (Annex 10). 
 
 

8.3.4 Poltava Region 
The Poltava Region in the east of Ukraine lies in the fourth fluoride biogeochemical 
province with high environmental fluoride (Annex 10).  
 

8.3.4.1 Soils 
The main soil types found in the region are forest-steppe, podzols (brown soils) and Azov 
back soils and arid-steppe (chestnut soils) comprising loams, sand, boulder clay, peat, 
sandy-clays, heavy-loams and clays. Previous studies have demonstrated that soil fluoride 
contents in south-west Ukraine range from 15 – 79 µg/g (average 36 µg/g) and that the 
content decreases with depth as organic-rich surface horizons contain highest fluoride 
contents (Zhovinsky, 1981b). The distribution of fluoride in organic-rich soils of the 
Poltava Region is outlined in Table 8.19.  In general, fluoride is concentrated in the fine 
soil f actions but relationships with organic matter content are less clear.  
 
 
Ta 19 Distribution of fluoride in organic soils in Poltava Region 

 
Soil Parent  F µg/g  OM %   Mineral Composition   F µg/g  in Size F actions 
Material  (Total Soil) 

0.01 - 0.001 m  < 0.001 mm 
------ -----------------------------------------------------------------------------------------------------------------------------------------------  

    
Limestone 50 95 Quartz, zeolite, montmorillonite 235    400  
    hydromica 
  
Limestone  100 83 Quartz,  hydromica    140    400 
   
Dolomite  40 84  Hydromica, chlorite. quartz, feldspar,   120    280  
    dioctaedron 
  
Marl  90 66 Dioctaedron, hydromica, quartz,  180   317  

feldspar  
 

Limestone  40 98 Quartz, feldspar, hydromica, chlorite,  60   140 
    kaolinite, montmorillonite  
  
Cla rl  150 34  Quartz, zeolite, montmorillonite,  100   262   

hydromica 
  

Ch  50 97 Quartz, adularia hydromica, quartz  70  275 
kaolinite 

 
Marl  90 68 Dioctaedron, hydromica, chlorite, 200    380  

feldspar  

OM = or tter 

r

ble 8.

-----

y-Ma
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m  

    montmorillonite, 

    quartz, 
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8.3.4.2 Hydrogeology 
Poltava lies within the Dneprovsk-Donetsk artesian basin. In superficial sedimentary 
deposits (< 400 m depth) the water-bearing horizons occur in Cretaceous, Jurassic and 
Cainozoic (Palaeogene - Quaternary) strata. Good quality water is also derived from 
fractures in the underlying crystalline Ukrainian Achaean basement from granites and 
overlying sandy sediments. Exploitation of waters of this type is mainly co ed to 
granites and gneisses of < 100 m depth.   
 
 
The Cretaceous aquifer comprising interbedded clays and sandstones overlies Jurassic 
clays. Fluoride concentrations in waters from this horizon reach 2 mg/l reflecting mixing 
(caused by seepage via fractures in chalk deposits) with overlying high-fluoride waters in 
Palaeogene aquifers. These waters are generally HCO3-Na and Cl-Na dominated.  
 
 
The most important drinking water horizon in the region is the Palaeogene Buchak-Kaniv 
aquifer, which forms the Buchak hydrogeological fluoride province with groundwater 
concentrations ranging from 2.5 – 8 mg/l. The strata comprise glauconitic sands and clays 
overlying impermeable clays and marls. The thickness of the deposits ranges from
m to 80 – 100 m. The high concentrations of fluoride in relatively shallow groundwaters 
relate to the presence of fluoride-bearing phosphates in recent sediments and long residency 
times of water in this horizon. Fluoride concentrations vary from < 0.7 mg/l in the north 
increasing in the centre of the Dneprovsk-Donetsk basin to 5.6 – 9 mg/l. Fluoride 
concentrations decrease towards the southern margin of the basin and are directly  
the depth of burial of the aquifer horizon, which is greatest in the centre of the basin.  
Maximum fluoride concentrations in the centre of the basin correspond to highest fluoride 
contents in underlying Cretaceous (2.5 mg/l) and Jurassic (1.3 mg/l) strata as a result of 
water mixing between these horizons. In contrast to the Buchak, groundwater in horizons 
above and below this aquifer contain on average 0.8 mg/l fluoride The chemical 
composition of waters in this horizon varies but is characterised by low Ca and Mg and 
high Cl, Na and alkalinity, especially in the centre of the basin. Mineralisation levels 
increase from north to south, in the northwest of the Region, mineralisation levels of 0.5 – 
0.9 g/l are reported in HCO3-Na dominated waters and in the east and northwest of the 
territory, mineralisation levels rise to 2 g/l in Na-Cl dominated waters. 
 
 
Due to the ready accessibility of these shallow deposits (120 – 180 m depth), and high 
production rates from this aquifer, the Buchak horizon is extensively exploited in the 
Region over an area of 34 000 km2 containing 2 million people. Drilling of wells to deeper 
Cretaceous and Jurassic horizons is expensive in comparison. Although the m m 
concentration of fluoride in well waters from this horizon is 8.8 mg/l, these waters are 
mixed with waters from other sources in the mains system before supply to the public 
resulting in maximum concentrations at tap of 4 mg/l 
 
  
The Quaternary deposits comprise loess, loams, alluvial and fluvio-glacial sedim
reworked aeolian sands. Waters from these horizons generally contain low (< 1 mg/l) 
fluoride.  
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Water quality is generally good in upper water-bearing horizons but saline and mineral 
aters occur at depth and are used for industrial processing. The Volno-Podolsk artesian 

oic and 
Cainozoic  of the 
basin and up to 300 – 400 m depth in the south. In the Prichernomorskij artesian sub-basin 
good quality waters are distributed in Cainozoic deposits, however, some salination of thin 
water-bearing horizons occurs in the south of the basin where the ground has been 
disturbed.  In general, good quality drinking waters occur up to depths of 200 – 250 m in 
the north and 100 m in the south of the basin.  
 
 
Data held by IGMOF (Table 8.5) indicate that fluoride concentrations in waters in 
Quaternary aquifers range from 0.0 – 3.2 mg/l, in Palaeogene sediments from 0.0 – 8.8 
mg/l and in Cretaceous aquifers from 0.18 – 2 mg/l whereas in the Region as a whole, 
fluoride concentrations ranging from 0.5 – 18 mg/l have been reported in previous studies.  
 

8.3.4.3 Industrial Sources 
In addition to naturally elevated levels of fluoride in the Region, fluoride concentrations are 
enhanced by industrial pollution. The Region contains many mineral deposits including oil 
and gas, peat, coal, bulk minerals (basalt, diorite, andesite and amphibolite) and raw 
materials (salt, brick-clay fireclay, silica sand, limestone, chalk and bentonite clays) all of 
which are exploited. In Mirgorod and Karlovka the fluoride concentrations in the Buchak-
Kaniv water-bearing horizon are 3.6 mg/l and 7 mg/l respectively associated with textile, 
manufacturing and engineering industries. In other localised areas the contents of fluoride 
increase up to 2 mg/l, for example in Ivanovsky district, associated with mining, chemical, 
textile, fur, shoe and wood industries. 
 

8.3.4.4 Exposure and Health 
Previous research in the Poltava Region has demonstrated the links between fluoride 
concentrations in the water and the prevalence of dental fluorosis (Table 8.20). 
 
 
Table 8.20 Relationships between fluoride content in water and fluorosis prevalence in Poltava Region 

from previous studies 

Water F mg/l Dental Fluorosis Prevalence %  Severity (Gabovych, 1950) 
--------------------------------------------------------------------------------------------------------------------------------- 
1.4  20     I degree 
1.8  30     I + II degree 

> 5   

 

The onset  of 9 – 
2 months to water containing 4 mg/l fluoride or after 12 – 18 months to water containing 
.5 – 2.0 mg/l fluoride at estimated intakes of 0.075 mg per kg body weight (Nikolishyn, 

1995). 
 

w
sub-basin is characterized by water-bearing horizons in Palaeozoic, Mesoz

 strata. Good quality waters occur up to depths of 600 – 700 m in the north

 

3.4 – 3.5  100     III degree 
2 – 5  100     III degree 

100     III +IV degree in all teeth 
 

 
 of dental fluorosis is thought to occur following exposure over a minimum

1
1
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Studies have also shown that 95% of fluoride retained in the body resides in the bones and 
teeth resulting in structural bone changes in the population of the Region. In populations 
consuming water with 2.2mg/l fluoride over 10 years, arthritis and osteoarthritus are 
widespread in several locations. Fluoride also interferes with the iodine metabolism causing 
inhibited thyroid function and gastro-intestinal, liver, endocrine and nervous system 
disorders have also been reported in the Region (Shylkina, 1997a+b). 
 
 
High fluoride waters and endemic dental fluorosis occur throughout the region, which is 
categorised as high risk in the final assessment scheme (Annex 10). However, highest water 
fluoride concentrations and dental fluorosis hotspots are associated with fault zones 
between Mirgorod and Poltava and this area has been highlighted as very high risk in the 
final national risk assessment scheme (Annex 10).  
 

8.3.5 Risk Avoidance Maps 
The datasets incorporated into the final risk avoidance maps of the four detailed study 
regions are listed in Table 8.1. The locations of tectonically active fault zones were 
included in the Project Partner GIS (Country.apr) for background information only (Figures 
8.7 – 8.10). The locations of known fluorosis hotspots in each region were included in the 
risk assessment (Figures 8.7-8.10). Dental fluorosis and dental caries prevalence 
information collected from previous studies and during the present geochemistry and health 
investigations (Table 8.21) were also incorporated into the GIS (Figures 8.7 – 8.10), 
however, only dental fluorosis prevalence information was included in the final risk 
assessment. Dental caries prevalence was included for information only.  
 
 
Although localised water chemistry data were collected during previous and current health 
investigations (Table 8.21) this information is included in the GIS for information only. 
The final risk assessment is based on the systematic regional groundwater chemistry data 
sets for Lvov, Odessa, Kiev and Poltava held by IGMOF as outlined in Table 8.1. 
Groundwater chemistry data for the main drinking water horizons in each Region were 
combined in the GIS so that problem waters from any possible source would be highlighted 
(Figures 8.6 – 8.10).  

 
At the Regional level the datasets were of sufficient sample density to adopt a grid-square 
approach to the presentation of the final risk avoidance maps according to the schemes 
outlined in Tables 8.22 and 8.23.  A grid size of 5 km2 commensurate with the sample 
density of the groundwater data sets was selected and in each grid square, the water 
fluoride content and fluorosis incidence/fluorosis hotspot data were combined with water 
supply information (water is not fluoridated in Ukraine) to produce the final risk maps 
(Annex 11 - 18). It should be noted, however, that over significant areas of the Regions, the 
distribution of water chemistry and fluoride incidence information was insufficient to 
assess fluoride risk. 
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Table 8.21 Water fluoride, dental fluorosis and dental caries information for Lvov, Odessa, Kiev and 
Poltava Regions collated from previous studies and the present project 

 
Region Location Water F mg/l Dental Fluorosis 

Prevalence % 
Dental Caries 
Prevalence % 

Sosnovka 0.2 - 3.5* 71.4* 0 
Silyets 0 - 0.5* 0 66.7* 
Zhovkv Ka + ulykiv   0 5*  - 0. 0 29* 
Peremy anshly y 0 - 0.5* 0 31.3* 
Chervonograd 3 - 3.8* 38 – 68^ - 
Lvov 3 - 3.8* 38 – 68^ - 
    
Stryii 3 - 3.8* 38 – 68^ - 

Lvov 

Drogobech 3 - 3.8* 38 – 68^ - 
Odessa 0.0 .6* 1 - 0 - 35 – 85^ 
Arciz 2.54* 92.78* 37.11* 
Tatarbunary 2 - 7* 90^ - 
Tarutino 1.14* 90^ - 
Podgorny 2.5 – 7.1* 85.71* 14.29* 

Odessa 

Izmail 0.24 - - 
Kiev 0.7 - 1.0* 4 0^ 
Kiev < 0.7* - 90^ 
Dimer 0 - 3* Unknown - 
Dimer 1 – 2^ Unknown - 
Dimer 0 – 1^ - 30^ 
Ivanovsky - - 90^ 
Polesky - - 90^ 
Stavishe 1 – 2^ Unknown - 
Stavishe 0 - 3* Unknown - 
Stavishe 0 - 0.12^ - 30^ 
Tarashansky 0 - 0.12^ - 30^ 
Volodarsky 0 - 0.12^ - 30^ 
Jagotinsky 1 – 2^ Unknown - 
Girnik 3 - 3.8^ 38 – 68^ - 

Kiev 

Buchak 3.4 - 3.5^ 100^ - 
Poltava 1.4^ 20^ - 
Poltava > 5^ 100^ - 

Poltava 

Poltava 1.8^ 30^ - 
^ Data f revious studies resent stu
 
 
 
Table 8.22 Dental caries risk assessment scheme for Lvov, Odessa, Kiev and Poltava Regions, Ukraine 
 

rom p * Data from the p dy 

Caries Risk           

Phase 1   Phase 2   Final Risk Location 

Ground 
water  F 
mg/l < 0.5 

Potential 
Risk 

Water 
Fluoridated 

Poten l tia
Risk 

 

Assessmen le t Rationa

No  Low  No  Low  Low  Fluoride content is sufficient 

Yes  High  No  High  High  Fluoride content i  insufficient s

Yes and No  Hig w h/lo   High/ low Water has lo  fluoride content but higher w
fluoride  water is available in the vicinity

Lvov 
Odessa  
Kiev  
Poltava 
 
 Unknown    Un  known If the water fluoride content is unknown the 

risk is not assessed. 
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Table 8.23 High-fluoride risk assessment scheme for Lvov, Odessa, Kiev and Poltava Regions, Ukraine 
 

 High

Loca
  

-Fluoride Risk 

Phase 1   Phase 2   Final Risk tion 

Ground 
water  F 
m   g/l ≥  1.5 

Potential 
Risk 

 Water used 
directly for 
drinking 

Potential 
Risk 

  

Assessment Rationale 

No  Low Yes  Low Low  Fluoride content should not normally cause 
problems, but may do u tain nder cer
circumstances in hot climates 

Yes   H h ig Yes  High High Water contains high fluoride which may 
cause health problems 

Yes and 
No 

 High/low   High/ low Water has high fluoride content but lower 
fluoride water is available in the vicinity 

Unknown    Unknown If the water fluoride content is unknown and 
there is no evidence of fluorosis incidence, 
the risk is not assessed 

Fluorosis 
In ncide ce  

       

Lvov 
Odessa  
Kiev  
Poltava 
  
  

Yes High Yes High High There is evidence of fluorosis in the region 
and the w re still used for drinking aters a
therefore high risk 

 
 
 
Results show that on the basis of w fluoride contents, the risks of dental caries are high 
over most of Lvov Region, however in the Chervonograd mining area, alternative high-
flu id u es are avai l  the icinity (Figure 8.6 and Anne
Region, d  ks are generally high.  In the north of the Region no alternative 
high-fluorid rces occur in the south around 
Arciz (Figure 8.7 and Annex 12). Waters in Kiev Region generally contain 0.5 mg/l 
fluoride and dental caries risk is high in this Region (Figure 8.9 and Annex 13). Finally in 
Poltava Region there are very few high dental caries risk areas as most
mg/l nd in several cas tive higher-fluoride waters are available in the vicinity 
(Figure 8.10 and Annex 14). 
 
 
In the Lvov Region, high-fluoride waters (> 1. g/l) and dental fluorosis hotspots are 
concentrated around the Chervonogr ining regi a gh f rosis incidence has been 
rep ted furth o ound Drog h and Stry e 8.6 d Annex 15). Although 
alternative low-fluoride waters are available in the Chervonograd area, this mining region is 
the main focus of high-fluoride concern. Base ence of th istry and 
he rt of the r n p S ts, remyshlyany and 
Zhovkva are classifie as low risk no inci hereas 
Sosnovka is classified as high ri dessa 
Region, m g/l), however, 
clusters of dental fluorosis occur along the fault zone between Podgorny and Tatarbunary in 
the south of the region where fluoride contents are elevated in water and these areas are 
classified as high risk (Figure 8.7 and Annex 16). In Kiev Region, waters generally contain 
low concentrations of fl ccurrences of dental fluorosis are associated 

 mining activities in the Dimer-Buchak, Girnik, Stavishe and Jagotinsky districts 
ure 8.9 and Annex 17), which are classif ingly. Finally, in the 

ajority of waters cont /l fluoride and high-fluoride waters 
ne between Poltava and Mirgorod and to occur 

Annex 18). Alternative low-fluoride water 
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sources are available in some localities to the southeast of Poltava but in general, the area is 
high risk in terms of elevated fluoride in water and adverse health outcomes. 
 
 
 

8.4 CONCLUSIONS 
 
Information on the prevalence of fluorosis and fluoride contents in water for Ukraine is 
lim d, how on b o ailab evidence, biogeochemical experts have 
demonstrated that in general, fluoride concentrations in potable groundwaters increase with 
depth and from north to south across the country. A strong correlation between high-
fluoride and high- alkaline, Na+K-Cl and low-Mg-Ca waters is found in all regions. High-
fluoride waters result from the dissolution of fluoride-bearing minerals such as phosphate 
in the case of Poltava Region and are associated with tectonically active fault zones where 
deeper mineralised waters rise to surface, in Lvov, Odessa and Poltava Regions. High-
fluoride waters are also caused by m ng activities in Lvov and Kiev Regions. 
Groundwaters with generally elevated fluorid found in the Dnepro-
Donetsk artesian basin com i olt , Dnepropetrovsk, Donetsk and Kirovograd 
Regions. Biogeochemic s e e b ietary fluoride intakes increase 
from north to south in Ukraine as a result of greater water consumption in warmer climates. 
On the basis of this inf a   br ical regions have been 
estab f d a ies are highest in the west and south of 
the country, optimal fluo  inta fo d  the southwest and north –northwest of the 
country whereas high-f de  m e Dnepro-Donetsk basin in the 
regions of Poltava, Dnepropetrovsk, Donetsk and Kirovograd. However, these 
classifications provide a generalis f the situation and within each Region of 
Ukraine, water fluoride contents and fluorid arkedly. For example, 
although the regions of Lvov and Od  as low-fluoride in certain 
districts of these Regions, high- fluoride waters and endemic dental fluorosis are of great 
concern.  
 
 
Geochemistry  heal in ga ried out for the present project indicate that 
water fluoride contents up to 3.5 mg/l in Lvov and 7 mg/l in Odessa Regions cause dental 
fluorosis in the local population. The structural functional skeletal state was also 
determined in v and nc i ntal changes to bone tissues were found. 
These results confirm t e
skeletal changes are not manifest at water fluoride concentrations of less than 5 mg/l. Based 
on the evidence of these studies and previous istry information, the 
ma o  rms of high-fl
mining district of Lvov Region where dental fluorosis prevalence rates reach 64.3% 
as iated with hig uoride waters caused by natural sources related to tectonically active 
fault zones and anthropogenic mining activities; the Arciz area of southern Odessa Region 
wh ntal rosis p alence rates reach 90% associated with upwelling deep 
mineralised waters in a tectonically active fault zone and the Poltava Region which lies in 
the Buchak high-fluoride province and contains the greatest number of known dental 
flu es in Ukraine. h-fl ide waters and fluorosis also occur in the 
Dn D d vogr egions but these areas require further 
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of dental caries are greater than those of fluorosis, however, isolated incidences of minor 
forms of dental fluorosis do occur in this Region associated with mining contamination.  
High-fluoride risks in this Region are not a priority compared to other affected Regions of 
Ukraine.  
 
 
Many studies around the world have shown that detrim ntal health outcomes associated 
with high luoride waters a t s ly de ride content in the 
water but on the chemical form or speciation of fluoride. Hydrochemical modelling studies 
carried out o wa  in a a ratio - to MgF+ and CaF+ 
aqueous fluoride species may be an indicator of risk, however, these results are preliminary 
and require further investigation into the links with health. 
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Figure 8.4 Fluoride concentrations in drinking water derived from health investigations carried out by previous workers and the current project
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igure 8.7 Dental fluorosis and caries prevalence data derived from previous studies and the 
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Figure 8.9 Dental fluorosis and caries prevalence data derived from previous studies and the 

present project and water fluoride contents in hydrogeochemical data (IGMOF) for 
Kiev Region 
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APPENDIX 8.1: HYDROGEOCHEMICAL DATA FROM INDUSTRIAL SITES IN ZAPOROZH’YE, DONETSK, 
DNEPROPETROVSK AND KHAR’KOV REGIONS OF UKRAINE 

wise stated units are mg/l) 

APO
Cl – N
№ №

d
2  

ROZH’YE 
a 
 

rill 
NO3 NO As Pb Zn Se U 

nx10-3
Cd Cu V Hg Cr Sr Pa 

nx10-9
F Fenols ∑C 

1.   30   0.070 0.0072 0.0078  <3.25 0.0004 0.0023 <0.001
4 

0.0000
7 

 1.36  0.  <0.01  

2. 1   63/1K   <0.002 0.0078 0.0043 <0.010  0.0003 0.0036 0.0033 <0.001 0.0007 10.0  0.  <0.001  
3. 7-

(
5   57K 

N1s1-2) 
0.4 0.0  <0.002 0.0067 0.0040 <0.010  0.0005 0.0038 0.0068 <0.001 0.0011 10.0 5.0 0.    

4. 8-   0K   <0.002 0.0124 0.0031   0.0003 0.0051 0.0068 <0.001 0.0004 11.0 5.0 0.6  <0.001  
5. 142                  
6. 6    1595-B  0.001 <0.001

5 
0.01   0.0001

5 
0.0047 <0.001

4 
0.0003 0.0012 3.07  1.    

7. 1      <0.002 0.0093 0.0025 <0.01  0.0002 0.002 0.0090 <0.001 0.0004 1.8  0.22 <0.001  
8.                   
9. 2  89 11.2                
10. 8 6329    0.25 0.006    0.01      1.    

HCO3 O
1. 3(521

7а) 
 <0.  0.0 02 

-Cl. HCO3-Cl-S
2/1   

4-Na 
<0.002 0.0066 0.0042 01  0.0006 0.0049 049 <0.001 0.002 0.46  1. <0.001  

2.         0.014 0.0053 0.0012   0.0017 0.0000
6 

0.0003 1.9    

3.  27              0.  <0.001  
4.   10.9              <0.001  

 

 

8.5 

(Unless other
 
 
Z

5. 882-B  0.0  0.0 3    <0.0005 0.004 0.005 4  0.0017 0.0057 05  0.0064 0.14  1.  4.4 
6. 10/1   <0. 5   <0.002 <0.001 0.02   <0.000

1 
0.04 001 <0.001 0.0060 0.09  1.  3.3 

 
 
 
 
 



 

 

Anion+cation 
№
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 № 
drill 

NO3 NO2 As Pb Zn Se U 
nx10-3

Cd Cu V Hg Cr Sr Pa 
nx10-9

F Fenols ∑C 

1.               3732     
2.              1252 6.2     
3.   0.0001

6 
0.0719 <0.001

4 
<0. 0015 0.276  0.93 <0.001  14/1    0.0026 0.0407 001 0.

4.  0.0    0.015  0.0077   <0.000
14 

0.0011 0.0002 0.0000
5 

01 13.8  0.30 <0.001  

5. <0. 0.01629 
(N1s2) 

  <0.0005 <0.001 0.0029 01  <0.000
05 

0.0014 <0.005 <0.001 028 5.0  0.17   

6. 0.05 15.6  <0.002 0.0021 0.28  <3.25 0.0001
5 

0.0076 0.0001 0.0006 013 1.76  0.1  4.3 

Br. I-Br 
1. 40-P                  
2. <0. 0.01   <0.002 0.0105 0.0027 010  0.0002 0.0016 0.029 <0.001 004 17.5 3.4 0.30 <0.000

1 
 

3. <0. 0.02   <0.001 0.0089 0.0061 010  0.0006 0.314 0.0678 <0.001 009 33.0  0.04 <0.001  
4. <0. 0.0746Г   <0.002 0.007 0.0032 010  0.0004 0.0024 0.0678 <0.001 003 38.0  0.09 <0.001  
5. 0.1748Г 

(N2) 
        0.0117 0.29  17 23.44  2.0   

6.  0.1749Г 
(N2) 

       0.0117 0.23  749 17.49  2.2   

7. 
N

 0.01602Г 
1s2

  <0.002 0.0129 0.0045  0.0003 0.0031 0.0339 <0.001 004 24.0  0.09 <0.001  

8. 1
(

 0.0605Г 
N1t-s1) 

  <0.002 0.0107 <0.005
4 

 0.0005 0.0022 0.0110 <0.001 007 111.0 0.37 0.05 <0.001  

9. <0.010 0.0   <0.002 0.0105 0.0027   0.0002 0.0016 0.029 <0.001 004 17.5 3.4 0.30 <0.001  
10. 2 <0.010 0.0   <0.001 0.0089 0.0061   0.0006 0.314 0.0678 <0.001 009 33.0  0.04 <0.001  
11. 1

(
 3581 

N1t-s1) 
                

12. 1
P

<0.010 0.00-К 
g3

  <0.002 0.0065 0.0028   0.0003 0.0046 0.102 <0.001 002 56.0 15 0.04 <0.001  

13. 1
P

<0.010 0.01-К 
g3

  <0.002 0.008 0.0024  <3.25 0.0003 0.0014 0.0904 <0.001 002 68.0 7.5  <0.001  

14. 2  Р                 
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3 
№ № NO3 NO2 As Pb Zn Se U 

nx10-3
Cd Cu V Hg Cr Sr Pa 

nx10-9
F Fenols ∑C 

drill 

 

 

SO

1. 15/9 10.3      <3.25           
2. 2                  

Organic 
1.              41  0.   7.2 
2. 223-B <0.005 <0.001 0.004   44-

70 
0.5  <0.0005 0.0016 0.0052 <0.01  0.0000

8 
0.0014 6 1.

1.
<0.001 6.5 

3.   0.2              <0.001 7.2 

Natural 
1. 1   <0.002 0.0040 0.0038 <0.01  0.003 0.0011 0.0037 <0.001 0. 45  33 0003 0. 0.  4.2 
2. 5 11.0  <0.002 0.0024 0.0014 <0.010 <3.25 0.0006 0.0020 0. 001 36  14 <0033 <0.  0.0059 0.  1. 0.001  
3. 5   <0.002 0.011 0.0028 <0.01  0.0002 0.0009 0. 001 80  29 <0023 <0.  0.0004 0.  0. 0.001 4.1 
4. 4   <0.002 0.0031 0.0041 <0.010  0.0003 0.0018 0. 001 28 26 <0034 <0. 0.0002 0.   0. 0.001  
5. 4    0.25     0.025   67    1.  3.2 
6. 878-B 0. 001 20 76 <  <0.002 0.0084 0.0039 <0.01  0.0003 0.0015 0020 <0. 0.0028 0.   0. 0.001 4.2 
7. 71-84 <0.00 001 01 43   <0.002 0.0001 0.0049 <0.01 <3.25 0.0024 0.0011 5 0. 0.0017 0.   0.  3.0 
8. 4237/3 0. 04 24 <  0.0002 0.0023 0.0034 0.0000

5 
 0.0002 0.001 0014  0.0004 1.   0. 0.001 6.0 

9. 6-a 
 

  <0.0005 <0.001
0 

0.0041 <0.01  0.0004 0.0038 <0.00 0.001  38 5 < 0.0038  1.   

10. 1   <0.002 0.0026 0.041   0.0001
6 

0.072 <0.001
4 

0000 28 93 <0.
7 

0.0015 0.   0. 0.001  
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SO4 
№ № 

drill 
NO3 NO2 As Pb  V Fenols

Donetsk

Zn Se U 
nx10-3

Cd Cu  Hg Cr Sr Pa 
nx10-9

F  ∑C 

1. A-
3345/1p 
(Р1) 

     0. <0.1 <0.010 <3.25  0.0007 010   5.0.00
51 

<1 1.5   

2.    <0.002 0.007  0. <0.10.004 <0.010 65 0.003 0.003 009 <0.001 0.002 2.8 <1 0.2  2.8 
3.  25.0  <0.002 0.006  0.  0.005 <0.010 160 0.0005 0.002 007 <0.001 0.0005 2.0 <1 0.4  

Сl-SO4(SO4-Cl). HCO3-SO4
1. 1 20.0  <0.002 0.009  0.  0.003 <0.010 65 0.0002 0.002 005 <0.001 0.004 1.3 <1 0.8  
2. 447ГД   0.002 0.002 0.  <0 0.001002 <0.010 160 <0.001 0.008 .001 <0.001 0.002 2.1 <1 0.9   
3. 482ГД <10  0.002 0.002 0.00  0. <0.0012 <0.010 0.006 0.0001 0.008 001 <0.001 0.002 2.1 <1 0.7  4.3 
4. А-

10720эр 
(Т1) 

3.5  <0.002 0.006 0.00  0. <0.13 <0.010 650 0.0006 0.006 005 <0.001 0.002 2.7 <1 0.3  3.2 

5. А-3337р 
Э (Р1) 

     0. <0.1 <0.010 <3.25  0.008 01 <0.001 0.008 1.4 <1 1.5   

6. 2316 (С2)                  
7. 6044Д  0.6 <0.002 0.01 0.00  0. <0.0013 <0.010 65 0.0006 0.001 003 <0.001 0.0004 4.1 11 0.3   
8. 6044 (С1)                  
9. 1389   <0.002 0.008 0.00  0. <0.0014 <0.010 650 0.0005 0.002 008 <0.001 0.0004 4.6 4.6 0.7   
10. 670гд   <0.002 0.004 0.00  0.  4  65 0.0002 0.002 006 <0.001 0.0005 2.9 <1 0.2  

Anion+cation 
1. А-1546-р 2.5    0.00 0.04 <0.0011  65      0.7 <1 0.2  4.2 
2. 480 (C3) 40-

52 
 0.002 <0.001 0.00  <0.005 <0.0015 <0.010 65 <0.000

1 
0.001  <0.001 0.0007  <1 0.3   

HCO3-Cl-Na 
1. 80-C   <0.001 0.002 0.00  <0.005 <0.15 <0.010 <3.25 0.0001 0.001  <0.001 0.002 0.6 <1 0.5   
2. 1400 (Р1-

2) 
  <0.002 0.006 0.00  0.001 <0.0014 <0.010 3.25 0.0003 0.001  <0.001 0.0002 1.4 <1 0.5   
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№ №
d

NO3 As Pb Zn Se U 
nx10-3

Cd Cu V Hg Pa 
nx10-9

F Fenols ∑C 
l-Na 

 
rill 

NO2  Cr Sr 

1.
(T

     <0.010 35  0.006 0.01 <1 1.0 <0.001   A5529 
) 

 0.01 0.7 

2. А  
(T

   <0.  650  0.002 0.01  <1 0.7 5535
) 

 01  0.003 0.30   

3. 7   0.004 <0.001 0.02 <0.010 <3.25 <0.001 0.003 <0.001 0.0 <1  <9-С   003 0.0005 1.1 0.001  
4. 4    0.005 <0.001 0.06  <3.25 0.0002 0.004 <0.001 <0. <1 0.4  52ГД 0.5  001 0.001 7.9  
5. 1  

(
   0.  <3.25      0.3 102Г

N) 
 005   0.02   

6. А  
(T

  25  0.002 0.02 <1 0.2 5527
) 

    <3.  0.005 0.9   

I. Br. I-Br 
1. 1  

(P
  0.01 0.  <3.25  0.004  0.001   1.5 <118Г

g) 
 04   0.001 0.001  

2. 5861      <3.25  0.06 0.11  <1 0.11  0.07 8.5   
3. 3.0 <0.002 0.009 0.003 <0.010 65 0.0003 0.001 0.010 <0.001 <1 0.5 <3605    0.006 17.0 0.1  
4. 8   0.002 0.001 0.02 <0.010 <3.25 <0.001 0.003 <0.001 <0.001 <1   3-С   <0.001 21.2  
5. 1  

(К
  0.001   <3.25  0.006     0.4 <120Г

) 
  0.01 0.001  

6. 1      <0.010 <3.25  0.02 0.17   <1 0.3   123Г  0.08 10.5
7. 1  

(К
  25  0.006 0.06 <0.001 <1 0.3   104Г

) 
    <3.  0.06 4.8 

8. 1  
(Р

  25  0.006 0.16  <1 0.1   109Г
g) 

    <3. 0.2 6.2 

Fe 
1. 7

(Т
 <0.002 0.02 0. 010 <3.25 0.0002 0.007 0.014 <0.001 <1 0.05 <0.00939д 

3) 
 004 <0.  0.0007 0.20 1 2.4 

Rn 
1. 44 ) 34.   0.01   2600  0.004    50 1.5   (Рz 0 0.005 13.5
2. 48 ) 3.5 <0.002 0.007 0. 010 650 0.0005 0.003 0.005 <0.001 <1 0.3 <0.00(Рz   007 <0.  0.0005 1.6 1  

Natura
1.   <0.002 0.010 0. 010 <3.25 0.0003 0.006 0.005 <0.001 <1 0.2 <0.00

l 
3279 0.3 004 <0.  0.0007 0.04 1 3.0 

2.    0. 010 <3.25  0.001 0.002 <0.001 <1 0.08 <0.0051  014 <0.  0.004 0.3 1  
3. Т 0.07 0.0005 0.02 0.01 <0.010 6.5 0.001 0.003 <0.003 <0.001 <1 0.4 <0.003     0.04 0.04 1  
4. А 7 

(Т
 <0.002 0.006 0. 010 <3.25 0.0005 0.002 0.01 <0.001 <1 0.3 <0.00-104

3) 
 003 <0.  0.0004 0.6 1 3.4 

5. 1  <0.002 0.008 0. 010 <3.25 0.0002 0.002 0.003 <0.001 <1 0.4 <0.001 4.6  0.0004 0.3   003 <0.
6. 1 1.6 0.003 <0.001 0.004 <0.010 <3.25 <0.001 0.02 <0.001 <0.000

3 
<1 0.7 <0.01<0.001 0.8    

 

 

С

 4.4 
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3
№  

drill 
O3 Se U 

nx10-3
Cd Cu V Sr 

nx10-9
∑C 

Cl. HCO
№

-Cl-Na 
N NO2 As Pb Zn Hg Cr Pa F Fenols 

1. 1 (P bč)      <0.01 <3.25 <0.004 0.004 <0.008  <0.004 0.16 <1 1.38- <0.01  2

1.51 
2. 4456/г   <0.002 0.008 0.0066 <0.01 <3.2 .001  5 0.0002 0.0056 <0.005 <0.001 0.0005 0.18 <1 1.8 <0
3. 3

(P
11 

2bč) 
 0.068 <0.002 0.0072 0.0033 <0.01 <3.2 .001  5 0.0004 0.0013 0.0018 <0.001 0.0002 1.4 <1 2.75 <0

Anion
1. 1

+cation 
е   0.001 0.0012 0.0062 <0.01 3.25 0 .001   0.0

1 
001 0.0023 <0.005 <0.001 .0006 1.8 <100 0.64 <0

2. 2
b

0337(P2

č) 
  <0.002 0.0025 0.0086 <0.011 32.5 .001   0.0003 0.0133

3 
0.0016 <0.001 0.0002 2.20 <1 0.12 <0

3. 1   <0.002 0.001 0.0086 <0.01 <3.2 0.4 .001  5 0.0006 0.0012 0.001 <0.001 0.014 3 <1 0.29 <0
4. 15540 30 0.022  0.008   6.5 0  7.7 .001    0.005   .0006 2 <1 0.26 <0
5. 1936г/н 0.1 0.002  0.007   65 0 0.3     0.007 0.006  .003 7 <1 0.82 

Cl-Na 
1. 1 (P2bč)   0.003 <0.001 0.0053 <0.01 <3.2 00   5 0.0 5 0.0016 <0.035 <0.001 0.0021 <1 1.35  
2. 1375р    <0.002 0.06 <0.01 <3.2 00 0  1.5   5 0.0 2 0.0074 <0.

4 
001  .0008 6 <1  

3. 1
(P

00 
2bč) 

 0.05 0.0005 0.008 <0.01 <3. 00 00 3.9 .001  8 0.004 25 <0.
1 

0 0.003 <0. 5 <0.001 <0.000
1 

 <1 1.73 <0

4. МТФ   0.0025 0.001 <0.01 <3.2 00 0 00 0   5 0.0052 5 <0.
1 

0 0. 015 <0. 5 <0.001 .003 <1 1.99  

   <3. .0 .1 .001 4.2 5. 142    0.0049 25  0 048    1  <1 1.9 <0
6. 53г 5.0 0.005 0.007 0.001 <0.01 <3. 00 0 00 <   7 0.01 25 <0.

15 
0 0. 09 <0.

4 
1  0.000

5 
 <1 2.14 

7. 99111   0.014 00  <3.2 00 0 00 0 1.4 .001  <0. 1 0.0008 5 <0.
15 

0 0. 003 <0.
4 

1 <0.001 .0003 9 <1 0.83 <0

8.   0.02 0.0025 1 <0.01 <3.2 00 0 00 0   0.00 3 0.0054 5 <0.
1 

0 0. 015 <0.
5 

0 <0.001 .0021 <1 1.69  

9. 1374р   1 <0.01 <3.2 00 0 00 0    0.003 0.00 6 0.006 5 <0.
22 

0 0. 012 <0. 5 <0.001 .003 <1 0.35  

10. 2 (І)  1 <0.01 <3.2 00 0 00 1 0    0.002 0.00 5 0.0052 5 0.0
8 

1 0. 017 <0. 5 <0.00 .0015 <1 0.44  

  32. . 7  0 2.    0.36 11.      5  0 004 0.0  .028 79 74
12. 21087     . 99  0 10.     .05 47  012 0.0 0   

 

 

Dnepropetrovsk 
 

 



 

 

Si 
№
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 № 
drill 

NO3 NO2 As Pb Zn Se U 
nx10-3

Cd Cu V Hg Cr Sr Pa 
nx10-9

F Fenols ∑C 

1. 2 <0.  <0.  0.0046  25 00 0.00 <0. 001 0. <1 79 <0.  4.6   0005 001  <0
.01 

<3. <0.0
05 

17 005 <0. 0004 0.12 0. 001  

Br. I-Br 
1. 15357       <3.25  0.074 0.126  0.075 12.6 <1 1.59   
2. 21426(

bč+Т) 
P2     0.063  <3.25   0.05  0.025 2.5 <1 1.4 <0.001  

3. 15538       <3.25     0.06 24.0 <1 1.84   
4. 2   0.001 <0.001

5 
0.029  0.6 <0.0

15 
00 0.014 <0.001

4 
0.0002 <0.001

5 
35.7 13 1.2   

5. 00 <0. 1360рж   0.002 <0.001 0.0073 <0.01 <3.25 <0.0
5 

0.0042 005 <0.001 0.0023  130 1.31   

6. 0 2 2 <0
4 

 1359р    0.002 .043 <0.01 <3. 5 0.000  0.008 .001  0.0007 93.8 50    

7.  2 0 <0. 990П   0.0015 <0.004 0.0084 <0.01 <3. 5 0.000
5 

0.0076 005 <0.001 0.0057 73.0 17 0.15   

8.  5 0 <0. 3 (С)   <0.0005 <0.001 0.0053 <0.01 3.2  0.000
6 

0.0018 005 <0.001 0.0043 4.26 <1 1.07   

9. 0  0.1      .05  <3.25 0.07   0.1 2.24 <1    

R
1.  0 <0

a 
 14090

(PR) 
 0.4 0.004 0.0013 0.007 <0.01 65  0.002 0.002 .005 <0.001 0.0009  125 1.31   

2.  5  0.0 15924(P
R) 

     32.   024  0.0041 0.211 120 0.20   

3.    15881(P
R) 

     65    0.0042 0.164 100 0.28   

4. 0 2 0.0 8323960(P
R) 

  0.002 0.003 .007 <0.01 65 0.000  0.003 14 <0.001 0.0005 7.1 50 0.    

5.  0 1 0. 0 8123956   0.003 0.001 .01 <0.01 65 0.000  0.005 014 <0. 01 0.0008 3.3 40 0.    

Nat
1.  5 <0 .0 54  

ural 
1   0.001 <0.001 0.0028 <0.01 16 0.000  0.0014 .005 <0 01 0.0008 0.8 <1 0.  <0.001  

2.  2 3 0. 0 26  2   <0.002 0.008 0.0041 0.01 <3. 5 0.000  0.003 0065 <0. 01 0.0009 0.08 <1 0.  <0.001 2.8 
3. 0 2 5 <0. .0 13    0.1 0.002 0.0024 .0095 <0.01 <3. 5 0.002  0.096 03 <0 01 0.0023 0.55 <1 0.  <0.001  
4.  0 2 5 0. 0 19  23731  0.012 <0.002 0.0045 .0038 <0.01 <3. 5 0.000  0.0064 0029 <0. 01 0.0004 0.15 <1 0.  <0.001  
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3-
№ №

drill 
N NO2 Z   

nx10
Sr Pa 

nx10-9
Fenols

HCO
 

SO4
 O3 As Pb n Se U 

-3
Cd Cu V Hg Cr  F  ∑C 

1. 2 (Рg )   0.002  0.3 <0.010 <3.25 <0.001 0. <0.001 <0.001 0.002 4.1 <1 1.8 <0.001 4.8 2 0.002 03 
2. (Рg3) 9.4  <0.002 0.005 0.005 <0.010 160 0.0003 0.01 0.004 <0.001 0.0002 1.6 <1 0.4 <0.001  
3.                   
4.                   
5.                   
6.                   
7.                   
8.                   

  9.               

 

 

Khar’kov 
 

  



 

9 R
Eur
R c

 
Fiona Ford
Gyor

 

9.1 
 
The f ta k 
assessment i
study region f the 
project was ould be 
targeted. Dur al risk avoidance maps based on grid 
squar  S eochemical 
region map o e 
original dental caries – high fluoride scheme presented in Chapter 8 to the low-
mode ig e 
overall risk a y area is presented in Annex 
19. It uld  Ukraine 
appears com
risk classes  
information a
 
 
On the basis of the evidence presented in this report, high-fluoride risks in the region 
can be priori
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

isk Assessment for Central 
ope, Conclusions and 

e ommendations 
yce, Kamil Vrana, Edward Zhovinsky, Vladislav Povorosnuk, 

gy Toth and Bryony Hope  
 

OVERALL RISK ASSESSMENT FOR CENTRAL EUROPE 

inal s ge of the project risk assessment GIS was to combine the national ris
nformation into a risk avoidance map for the whole Central European 
. A high-fluoride risk map was prepared for the region as the focus o

on identifying areas where fluoride removal technology sh
ing the map preparation, the nation

es for lovakia, Hungary and Moldova were combined with the biog
f Ukraine. The regions on the map of Ukraine were reclassified from th

rate-h h risk scheme adopted for the national maps of the other countries. Th
voidance map of the Central European stud

 sho  be noted, however, that although information coverage for
plete, this area of the map is based on regional rather than grid-square 
. The regional classifications represent general estimates only as
bout high-fluoride risks in Ukraine is limited.   

tised as follows: 
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High 
Priority

cat
 

Lo ion 

1. Arciz District, Odessa Region, Ukraine. 
 High ed water in tectonically active fault zones result in 

m the 
moval 

techn

fluoride contents associated with upwelling mineralis
dental fluorosis prevalence rates of 90% in the local population. In this Region, water is abstracted fro
Neogene aquifer and fluoride concentrations of 2 – 7 mg/l fluoride are reported therefore fluoride re

ology would be beneficial. 
2. Falesti, Prut and Chadyr-Lunga Regions, Moldova 
 ide (up to 

16 mg  waters are 
availa cal and other contaminants and it is desirable that the 

Moldovan groundwaters abstracted from deep horizons generally contain high concentrations of fluor
/l) and fluorosis prevalence in these regions reaches 80 – 90%. Although shallow low-fluoride
ble, these are heavily polluted with biologi

population is able to drink deeper waters, however, this requires fluoride removal. 
3. Poltava Region, Ukraine 
 The m g/l) fluoride due to 

the pr  people 
and P  lower-
fluorid Jurassic aquifers, exploitation at depth is prohibitively 

ain water bearing horizon in this region, the Buchak-Kaniv contains high (up to 18 m
esence of phosphatic deposits at shallow depths. The Buchak-Kaniv aquifer supplies 2 million
oltava Region contains the highest number of dental fluorosis hotspots in Ukraine. Although
e waters are available in deeper Cretaceous and 

expensive therefore defluoridation of shallower waters is desirable.  
4. ervCh onograd Mining District, Lvov, Ukraine 
 High-f ental 

fluoro pplied to 
the pu  may be 
helpful in this area 

luoride waters associated with tectonically active fault zones and mining contamination result in d
sis in the local population (64% prevalence rate). Alternative lower-fluoride waters have been su
blic in recent years but the disease is still endemic in the region. Defluoridation technologies

 
 
High– sk and 
Kirov d R l 
Great Hung d 
industrial co hese 
areas are of lower risk priority than t
follow
 
 
Modera  
Priority

moderate risk areas have been identified in the Dnepropetrovsk, Donet
ogra egions and some districts of the Kiev Region of Ukraine; in the centra

arian Plain and in association with historic fluorosis incidence an
ntamination in Hungary and industrial contamination in Slovakia. T

hose listed above and can be categorised as 
s: 

te-Low
 

Location 

1. Dnepropetrovsk, Donetsk and Kirovograd Regions, Ukraine. 
 lised waters 

t the 
e 

These regions lie in the Dnepro-Donetsk artesian basin where upwelling deep minera
contain high fluoride concentrations. Dental fluorosis has been reported in these regions bu
extent of health problems requires further investigation. Fluoride removal technology may b
beneficial in these regions. 

2. Dimer, Stavishe and Jagotinsky Districts, Kiev Region, Ukraine 
 isolated 

orted. However, the majority of the waters in this 
ally but de-

High-fluoride waters (2 mg/l) are associated with mining activities in this Region and 
incidences of dental fluorosis have been rep
region contain low fluoride contents and low-fluoride waters are available loc
fluoridation technology may be useful in some instances. 

3. Central Great Hungarian Plain 
 

is in 
that 

Upwelling thermal mineralised groundwaters in the Great Hungarian Plain result in elevated 
fluoride concentrations in drinking waters (up to 4 mg/l). There is no evidence of dental fluoros
this region, which is not a priority for fluoride removal technology, however it is recommended 
the situation continue to be monitored. 

4. Bar, Dunaszekcso, Herceghalom, Hungary  
 rted in these towns in the past, however, alternative low -Dental fluorosis incidence has been repo

fluoride drinking water supplies have been provided and the disease is no longer prevalent. These 
areas are not a priority for fluoride removal technology, however it is recommended that the 
situation continues to be monitored 

5. MOSONMAGYARÓVÁR, ALMÁSFÜZITŐ, AJKA REDMUD, AJKA ALUFACTORY, 
VÁRPALOTA ALUFACTORY Industrial Sites, Hungary 

 
d in these regions. It is 

 fluoride 

The extent of environmental fluoride contamination associated with these industrial activities is 
not known but no incidences of dental fluorosis have been reporte
recommended that these areas be investigated more fully to establish the environmental
status. 

6. ronom Aluminium Plant, Ziarska Kotlina, Slovakia Ziar nad H
  immediate 

orosis has 
nology at the present 

High fluoride concentrations (up to 9 mg/l) occur in ground and surface waters in the
vicinity of this factory, however, the waters are not used for drinking and no dental flu
been reported in the area. There is no requirement for fluoride removal tech
time but it is recommended that the situation should continue to be monitored 
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Altho ea r 
were not the e 
four study countries and can be summarized as follows: 
 
 
Priority 

ugh h lth risks associated with low concentrations of fluoride in drinking wate
 main focus of this project, dental caries risks were considered for th

Location 
1. Hungary 
 ot fluoridated The majority of drinking waters in Hungary contain low (< 0.5 mg/l) fluoride and are n

therefore the population is at risk of dental caries 
2. Ukraine 
 g/l) 

herefore the population is at risk of dental caries 
Drinking waters in the west, north and very south of the country generally contain low (< 0.5 m
fluoride and are not fluoridated t

3. Moldova 
 re not Drinking waters in the north of the country generally contain low (< 0.5 mg/l) fluoride and a

fluoridated therefore the population is at risk of dental caries 
4. Slovakia  
  low (< 0.5 mg/l) fluoride but these waters are 

e risks of dental caries are reduced 
Practically all natural waters in Slovakia contain
fluoridated before supply to the public therefore th

 
 
 
 

9.2 CONCLUSIONS  
 
The m con
 

• e  
when cess). 
Fluor
and w t important exposure route 

ct.
powe g the 

xperts 
 st ride is an essential element for human health, 

commended to 
ve  

can  
calcif wn stains, erosion and 

oride 
erf tal 

fluoro
 
 

• Denta
has been reported in the countries of Ukraine, Moldova and Hungary in 
Central Europe and this project combined hydrogeological and health 
information into a GIS-based risk assessment scheme to produce risk 
avoidance maps for the Central Europe Region. The aim of these maps was to 

ectively 
deplo

 

ain clusions from the project can be summarized as follows: 

Lik many naturally occurring elements, health problems can occur in humans
 fluoride concentrations are too low (deficiency) or too high (ex
ide enters the human organism via inhalation of air and ingestion of food 
ater. In most circumstances, water is the mos

as almost all fluoride ingested in this form is absorbed in the gastro-intestinal 
tra  Once in the body, fluoride accumulates in the skeletal structure, as it is a 

rful Ca-seeking element. Fluoride enters dental enamel convertin
bone mineral hydroxylapatite to the stronger, less soluble fluorapatite. E
are ill uncertain whether fluo
however, concentrations of 0.5 mg/l in drinking water are re
pre nt dental caries. Conversely, concentrations of above 1.5 mg/l in water

cause dental fluorosis a disease characterised by the incomplete
ication of teeth resulting in marking, spotting, bro

destruction of the enamel. At higher concentrations (> 3 – 5 mg/l) flu
int eres with bone calcification leading to the crippling disorder skele

sis. 

l fluorosis associated with the intake of high-fluoride drinking waters 

highlight areas where defluoridation technology could be most eff
yed. 
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• , it 
was 
hydro  broadened the scope of 

 
 

• de areas, 
caries 

were  project. 
 
 

• as 
devis  
geoch  In the framework, the following important 

nics, 
hydrogeology, water supply, fluoride concentrations in water, water type, 

nd 
popu

 
 

• These  
Ukrai ed 
as fol

 
o ensity 

r 
-fluoride 

 with low-
gime 

 a 
re 

. 
 

o t 
f 

nvestigations 
tween 

 Ukraine, 
e waters. 

 of risk in 
ere available but were 

ent 
ere 

 
o r 

r countries and although fluoride contents in different aquifers in 

Although Slovakia was not included in the original outline of the project
incorporated into the study due to the availability of excellent 
geological and environmental data sets, which

the investigation. 

Although the main emphasis of the risk assessment was on high-fluori
risks associated with low fluoride concentrations in water and dental 

also considered as part of the

During the first phase of the project, an initial assessment framework w
ed based on the results of an international literature review and
emistry and health expertise.

controls on fluoride risks were identified: geology and tecto

anthropogenic sources of fluoride, fluorosis prevalence and health criteria a
lation density. 

 controls were assessed in terms of the data available for Slovakia,
ne, Moldova and Hungary and the final risk assessment scheme deriv
lows: 

 Population Density – Although an area of high population d
constitutes an inherently great risk than an area of low population 
density, risks also depend upon the exposure to fluoride in water. Fo
example, a high population density in a region with high
waters is not a high-risk area if the population are supplied
fluoride waters from elsewhere. Details of the water supply re
were not known and population information was not available in
consistent format for all four countries. Therefore population data we
included in the scheme as background information only

 Geology-Tectonics – information was not available in a consisten
format for all four countries and although the mineral composition o
different rock types exerts a fundamental control on fluoride 
concentrations in water, fluoride concentrations in the same rock unit 
can vary considerably and it is difficult to generalise. I
carried out during the project revealed a strong association be
high-fluoride waters and tectonically active fault zones in
however, not all fault zones are characterised by high-fluorid
These controlling factors could give a broad indication
situations were no water chemistry data w
included as background information only in the risk assessm
scheme developed for the present project as water chemistry data w
available in all countries. 

 Hydrogeology – information was not available in consistent format fo
all fou
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 with industrial activities in the region such as aluminium 

e 

 

than minor aquifers, the risk also depends upon the extent of the wa
supply network. Detailed water supply information was not kno
all countries therefore maps of the main hydrogeological u
classified by aquifer importance in Mo
were included in the scheme for background information only. No
were available for Ukraine. 

o Water Type Chemistry – Physio-chemical controls on fluoride in 
groundwater dictate that high-fluoride waters are generally asso
with high alkalinity-Na-K-Cl, low Ca and Mg waters as a lack o
inhibits the precipitation of the main fluoride bearing mineral fluorite
(CaF2) hence more fluoride remains in
study, a strong association between high fluoride contents
mineralised Na-K-Cl waters was established 
Ukraine, however fluoride concentrations (> 1.5 mg/l) occur over a 
range of water types.  Whereas the water chemistry coul
give a broad indication of likely water fluoride contents in areas we
they are unknown, water type wa
background information only as fluoride water chemistry data 
available for the 4 study countries.  

 Water Type Uptake – Many studies have sh
of dental fluorosis is not only dependant on the total f
concentration in the water but is enhanced by low Ca contents
depends upon the speciation of fluoride in the water. Th
modelling studies of selected Ukrainian waters carried out during
present study suggest that the ratio of F- to MgF+ and CaF+ m
indicator of potential health risk, however, these results are preliminar
and require further investigation to determine heal
associated with different water types. 

o Fluoride Concentrations in Water – Fluoride concentrations in wate
exert a fundamental control on disease incidence in the study reg
and water chemistry data were available nationally for Slovakia
Hungary and Moldova and in the Lvov, Kiev, Odessa and P
Regions of Ukraine. These data were categorised a
health risk limits for fluoride in water (< 0.5 mg/l dental caries risk; 
– 1.5 mg/l no adverse affects; ≥ 1.5 mg/l fluorosis risk) and 
incorporated into the final risk assessment scheme. 

 Industrial Sources – High environmental fluoride concentrations are 
associated
production, fertilizer use and coal mining and the locations of these 
industries were incorporated into the final risk assessment GIS as thes
sites present potential problem areas.  
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the Falesti Region of Moldova as part of the project and this 
information was included in the final risk assessment GIS for 
information. Average dietary fluoride intakes across Ukraine were 
considered as part of the project and biogeochemical experts 
demonstrated that in general, intake increases from the north to the 
south of the country due to increased water consumption in warmer 
climates. Regional variances in dietary composition were incorporated 
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• Data relating to controls on fluoride risk were incorporated into the project 

risk assessment GIS, which is based on the ArcView® software package as 
this is readily available in Central Europe. Due to data confidentiality and IPR 
issues, two GIS were developed during the project. A generic GIS designed 

 the 
study  
maps and all the background information layers and is for dissemination by 

able 
to the
provi re detailed 
data f ent 
study, industrial fluoride contamination and ecological impacts in the Ziar nad 

 
of Fa y 
of Lv re 
detail to elucidate fluoride-related risks. 

 

 Fluorosis Prevalence and Health Information – No national surveys o
fluorosis prevalence have been carried out in Moldova or Ukrain
however prevalence
and the present project were collated. This information and fluorosis
incidences in Hungary were incorporated into the final risk sch
the occurrence of dental fluo
fluoride risk were water defluoridation methods might be needed.  N
dental fluorosis has been reported in Slovakia. The relationsh
between dietary factors and dental fluorosis were examined in detail in

into the final national risk assessment scheme for Ukraine.  

 Water Supply - Basic information on the water supply regim
four study countries was incorporated into the risk assessment GIS. In 
terms of dental caries risk, waters in Hungary, Ukraine and Moldo
are not fluoridated before supply to the pubic whereas waters i
Slovakia are fluoridated. Information ab
fluoride waters were utilised for drinking in potential problem are
was taken into account in the high-fluoride risk assessme
example, if historical incidences of fluorosis associated with
fluoride waters are known in an area, the area is categorised as high 
risk in the scheme. However, if the population are now supplied w
low-fluoride drinking water from elsewhere, the final risk 
categor
immediate health problems are evident, the situation should continue t
be monitored in the future. 

for general distribution contains the final risk avoidance maps of each of
 countries (Central.apr). The second GIS contains the risk avoidance

the project partners (Country.apr). Due to the different detail of data avail
 project, both the GIS contain two levels of information. National data 
de an overview of risks in each of the study countries and mo
or regions of further investigation are also included. During the pres

Hronom area of Slovakia, geochemistry and health relationships in the regions
lesti, Moldova and Lvov and Odessa in Ukraine and the hydrochemistr
ov, Odessa, Kiev and Poltava regions in Ukraine were examined in mo
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water ontain much lower 

the exception of the national maps of Ukraine, the final risk av
 of dental caries and high-fluoride 

scheme. In each case the territory of interest was divided into a serie
es, the size of which was determined by the sample density of
de data available for the region. Utilizing the GIS, within each square, 
 fluoride content, fluorosis incidence and industrial s

combined with water supply information to determine the overall 
s: 

 Dental Caries Risk  - Water F mg/l < 0.5   - High Risk 
� If water is fluoridated (as in the case of Slovak

risk is reduced to moderate 
� Water F mg/l ≥ 0.5   - Low Risk 

 
o High –fluoride Risk – Water F mg/l ≥ 1.5  – High Risk 

� Or Industrial Source is present 
� Or Fluorosis Incidence is present 
� If

risk is reduced to moderate 
� Water F mg/l < 1.5  - Low Risk 

 
 

each region of the country into likely fluoride contents in water and uptake in
opulation. Although these maps look complete, they are based on v
d information and provide a very generalised picture, as fluoridelimi  ris

within regions can vary markedly. For example, detailed information for th
ns of Lvov, Poltava, Odessa and Kiev was incorporated into the final ma
emonstrates that although the majority of the territory in the cases o
, Odessa and Kiev is classified as low-fluorLvo ide, dental fluorosis hotspo

are associated with mining and/ or water movement in tectonically activ
 zones in the Chervonograd, Lvov, parts of Kiev Region and in the A
of southern Odessa Region. Poltava Region lies in the centre of the
ak-Kaniv fluoride hydrogeochemical province of Ukraine in the Dnepr

Donetsk basin and high-fluoride waters (up to 18 mg/l) are associated with 
shallow deposits of fluoride-bearing phosphorites in this region. Althoug

-fluoride waters are available at depth, drilling costs prevent exploitat
ese waters. Fluoride concentrations in waters are generally high i

ograd in addition to Poltava. Dental fluorosis has been reported 
these regions of Ukraine and geochemistry and health studies carried out
during the present project indicate prevalence rates of 64% in Chervo

r fluoride up to 3.8 mg/l) and 90% in Arciz (water fluoride 2 – 7 mg/l
fluoride regions where dental caries may be a problem are located in th
 northwest and south of the country. 

 fluoride risks are also identified in tHigh he Falesti, Prut and Chadyr-Lunga
regions of Moldova associated with deeper mineralised Na-K dominated

s. Although shallower water resources generally c
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fluoride concentrations in these regions, it is desirable that the population use 
the deeper waters as the shallow waters are heavily bacterially contaminated. 

geoch t during the present project 
ide areas 

where  
 
 

• ion 
of Hu ernary 
aquif t it is 
recom uture. High-fluoride 

a 
Redm ium 
production plants but the extent of environmental contamination and effects on 

en reported 
histor o and Herceghalom but alternative 
low-fluoride waters have been supplied to these localities in recent years and 
the disease is no longer prevalent. However, it is recommended that the 
situation be monitored in the future. The majority of drinking waters in 

ries 
risk i

 
 

• 
in the  
Ziarska Kotlina Basin of Slovakia. Previous investigators have carried out 

sis 
have he population is supplied with water 

 
to mo  the 
future Slovakia, water contents are less 
than 0.5 mg/l dental caries would be of concern but water is fluoridated before 
supply to the public and risks are therefore reduced to moderate in the 

 
 

• Geoc orporating assessments of drinking 
issue 

were nd Ukraine as part of the 
f 

these dicate that intakes of water containing 3 – 4 mg/l fluoride cause 

tissue
 

conce f dietary surveys 
carrie
vitam region. 

 

Dental fluorosis has been reported in all these regions of Moldova and 
emistry and health investigations carried ou

indicate prevalence rates of 60% in the Falesti Region. Low fluor
 dental caries may be a problem are located in the north of the country.

High fluoride waters are a feature of the central Great Hungarian Plain reg
ngary due to migration of deeper thermal waters into shallow Quat

ers. No fluorosis incidence has been reported in this region bu
mended that the situation be monitored in the f

water are also associated with the Mosonmagyarovar, Almasfuzito, Ajk
ud, Ajka Alufactory, Varpalota Alufactory red-mud and alumin

health have not been investigated. Dental fluorosis has be
ically in the towns of Bar, Dunaszekcs

Hungary contain low fluoride concentrations (< 0.5 mg/l) and dental ca
s of concern over most of the territory. 

High fluoride concentrations in surface and groundwaters (up to 9 mg/l) occur 
 immediate vicinity of the Ziar nad Hronom aluminium factory in the

detailed environmental investigations in this region. No incidence of fluoro
been reported in the region and t

from elsewhere. Therefore, the final risk assessment for this region is reduced 
derate indicating that the situation should continue to be monitored in
. Over almost the whole territory of 

assessment scheme. 

hemistry and health investigations inc
water fluoride, dental status and the structural functional state of bone t

carried out for the first time in Moldova a
present project in Falesti Region and Lvov Region respectively. The results o

 studies in
dental fluorosis in the population, however, no detrimental effects on bone 

 formation were observed. These results confirm international studies, 
which indicate that skeletal fluorosis does not manifest until fluoride

ntrations of 5 mg/l in water are consumed. Results o
d out in Falesti Region also demonstrate that diets are Ca, protein and 
in poor, which probably enhances the severity of fluorosis in the 
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• On the basis of the high –fluoride risk assessment, the following areas are 
prioritised for defluoridation technology: 1. Arciz District, Odessa Region, 
Ukraine, 2. Falesti, Prut and Chadyr-Lunga Regions of Moldova, 3. Poltava 
Region, Ukraine, 4. Chervonograd Mining District, Lvov Region, Ukraine, 5. 
Dnepropetrovsk, Donetsk and Kirovograd Regions of Ukraine, however, 
further investigations are necessary to establish the extent of high-fluoride 

 
 
 

9.3 RECOMMENDATIONS 
 
The inform
up im entation of defluoridation techno rporate detailed 
localized assessments of environmental fluoride conditions and health effects in the 
local population. In particular, information on fluorosis incidence and water chemistry 
are sparse for Ukraine and Moldova and it is recommended that these areas should be 
the focus of future study. 
 
Although detailed geochemistry and health studies were carried out for the first time 
in Ukraine and Moldova during this project, these data are prelim
recom  
between wat e –
related a
 
Based on the
propo r
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risks in these latter three regions. 

a
plem logies should inco

tion presented in this report is based on generalized data and any follow-

inary and it is 
mended that further investigations are carried out to elucidate the relationships

er type and fluoride content, diet, physiological status and fluorid
 dise ses. 

 evidence of this study, the following generic risk assessment scheme is 
 identifying water fluosed fo ride risks in other areas: 

Nature of Fluoride Problem
 
 

Incidence of Dental Caries     Incidence of Fluorosis 
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        Maps may 

ision Assess Risks  Assess Risks Management Decision 
idation Further   Further  Water mixing, alternative

       sources, defluoridation,  Furthe
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ANNEX 10. FLUORIDE RISK AVOIDANCE MAP OF UKRAINE 
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ANNEX 11. DENTAL CARIES RISK AVOIDANCE MAP OF LVOV 
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ANNEX 13. DENTAL CARIES RISK AVOIDANCE MAP OF ODESSA 
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ANNEX 14. HIGH-FLUORIDE RISK AVOIDANCE MAP OF ODESSA 
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ANNEX 15. DENTAL CARIES RISK AVOIDANCE MAP OF KIEV REGION, 
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ANNEX 16. HIGH-FLUORIDE RISK AVOIDANCE MAP OF KIEV REGION, 
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ANNEX 17. DENTAL CARIES RISK AVOIDANCE MAP OF POLTAVA 
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ANNEX 18. HIGH-FLUORIDE RISK AVOIDANCE MAP OF POLTAVA 
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ANNEX 19. HIGH-FLUORIDE RISK AVOIDANCE MAP OF CENTRAL EUROPE 
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