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Summary

From 2015 to 2018, a collaborative research project between the School of Agricultural and Natural Science, Agricultural 
University of Georgia and the Department of Organic Food Quality and Food Culture, University of Kassel, Germany, 
was carried out to investigate the multiple impacts of water quality on food security and water quality management 
issues in Mashavera River Basin. The environmental pollution in the Mashavera River Basin is a key hotspot in Georgia. 
There are competing interests in the River Basin. The mining industry in the area is a key economic player as a job-pro-
vider and in the national income. Agricultural contribution from the Mashavera Basin is also considerable important to 
the national food system. Most of locals are small holder farmers, providing food for themselves and for Georgia. Thus, 
any negative consequences to the ecosystem, including water and soil, have a domino effects in the public health. 

Food security directly connects with access to clean water for food production, processing, preparation, transportation 
and storage. The utilization of contaminated water in a food system can cause mortality as well as morbidity. Foodborne 
diseases and food poisoning are recorded in many parts of the world. The severity of the issue increases when drinking 
water is also contaminated. Transmission of heavy metals through food production is a major public health issue, re-
sulting in food toxicity, biological abnormalities and risk of cancer in the long-term. As the result of bioaccumulation of 
heavy metals in food chains, humans are in a state of vulnerability. If water or soil is contaminated, the expectation for 
having a sustainable and safe food system (e.g. organic food) is impossible.   

Absent or inconsistent monitoring, discoordination in data sharing, and gaps in regulation enforcement are seen as the 
major hindrances to establishing a functional water quality management system. But, the failure of the governance is 
main issue by critically and deeply analysing of water quality management issues. Water quality governance (WQG) is 
a new theme in environmental management that has gained increasing attention. The uncoordinated, weak legislation 
system and the lacuna of the national strategic plan for water quality led to weak water quality management. Water 
governance in Georgia is undergoing a policy discussion to adopt a new water law corresponding to the association 
agreement between Georgia and the EU in 2014. Concerning water resource management, Georgia needs to follow the 
European Water Framework Directive 2000/60/EC (EU WFD) and other relevant directives. 

Firstly, the study examines the existing water quality management system, the trends and key outcomes of the current 
water policy discussion, and the possibilities to enhance the local governance entities for an inclusive and functional 
WQG in Georgia. For that potion of the study, legal documents, including laws and regulations, agreements and trea-
ties, government policy documents and reports published by international organizations, government agencies, and re-
search institutes were studied. Moreover, expert in-depth interviews with representatives from government institutes, 
research foundations, international organizations, non-governmental organizations, local government authorities, civil 
organizations, and some local people were conducted. As the second step of the study, water and sediments samples 
were collected from 17 sites in the Mashavera River basin in one hydrological year during the high and low precipita-
tion seasons. The Mashavera River Basin is one of several hotspots of environmental pollution in Georgia. Though there 
were some solutions, such as installing two monitoring stations, the water contamination is detectable in the region. 
The Kvemo Kartli region, which includes the Mashavera River Basin, is a key provider to the national food system, 
supplying mainly vegetables, dairy products, and wine. If any contamination of food occurs, not only the regional 
public health but also the national food system is at a risk. As a site-specific study, this doctoral research focused on 
the assessment of heavy metal concentrations in important agricultural water sources in the Mashavera River Basin, 
including key irrigation canals, tributaries and a few sample sites along the Mashavera River itself. In this study, recent 
land-use changes were considered in the sample site selection. All samples were analysed according to international 
standards and examined with multiple indexes for water and sediment contamination by heavy metals. Thirdly, the 
research study conducted a farmers’ risk perception assessment to understand the key risks for them and to analyse the 
factors that may influence those risks’ perceptions. Moreover, how farmers’ perceive water quality was also investigat-
ed through a field survey and interviews with focused group discussions. 

As the key contributions, this doctoral research study developed firstly a theoretical outlook to understand the different 
governance systems in natural resource management; secondly a process-framework of WQG that synchronizes the 
key pillars of water quality management in all sectors, and thirdly a “task-oriented” framework with the key WQG 
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elements. Moreover, the heavy metal analysis presents the actual contamination condition of the basin with multiple 
indexes. Among other key findings, the analysis measured alarmingly high concentrations of Cd and Pb in irrigation 
water sources.  In addition, the study proposes an integrated risk assessment that considers local peoples’ perceptions. 
Finally, the doctoral study recommends inclusion of local governance entities (i.e., government, local people, civil or-
ganization and local commercial actors) in WQG as a means to facilitate identification of local water quality issues and 
deliver fast and appropriate solutions. 



               3

Zusammenfassung 

Die Fakultät für Agrarwissenschaft und Naturwissenschaft der Agrarwissenschaftlichen Universität von Georgien und 
das Fachgebiet Ökologische Lebensmittelqualität und Ernährungskultur der Universität Kassel führten von 2015 bis 
2018 ein gemeinsames Forschungsprojekt durch, dessen Ziel es war, die verschiedenen Auswirkungen von Wasserqual-
ität auf die Ernährungssicherheit und Fragen des Wasserqualitätsmanagement im Mashavera-Becken zu untersuchen. 
Die Umweltverschmutzung im Mashavera-Becken ist besonders schwerwiegend. Es sind verschiedene, miteinander im 
Widerstreit stehende Nutzungsinteressen in diesem Gebiet festzustellen. Die Bergbauindustrie nimmt in der Region 
eine wirtschaftliche Schlüsselrolle ein, sowohl als Arbeitgeber als auch als Quelle gesellschaftlichen Wohlstands. Auf 
der anderen Seite leistet die landwirtschaftliche Produktion im Mashavera-Becken einen bedeutsamen Beitrag zum na-
tionalen Ernährungssystem. Der Großteil der ansässigen Bevölkerung arbeitet in der kleinbäuerlichen Landwirtschaft. 
Darum haben alle negative Folgen der Bergbauindustrie für das lokale Ökosystem, inklusive der Belastung von Wasser 
und Böden, einen Dominoeffekt für die Gesundheit der Bevölkerung.

Ernährungssicherheit ist direkt verbunden mit dem Zugang zu sauberen Wasser, das in der Lebensmittelproduktion, 
-verarbeitung, und –zubereitung, sowie beim Transport und der Lagerung von Lebensmitteln verwendet wird. Die 
Verwendung von kontaminiertem Wasser im Lebensmittelsystem kann Krankheiten und sogar Todesfälle verursachen. 
Krankheiten, die durch Lebensmittel übertragen werden, und Lebensmittelvergiftungen können in vielen Regionen der 
Welt beobachtet werden. Diese Probleme werden durch kontaminiertes Trinkwasser entschieden verschärft. Belastung 
von Lebensmitteln durch Schwermetalle ist mit ernstzunehmenden Gefahren für die Gesundheit der Bevölkerung ver-
bunden; dazu gehören Toxizität von Lebensmitteln, biologische Anomalien und ein erhöhtes Krebsrisiko. Die Bioak-
kumulation von Schwermetallen in der Nahrungskette führt zu einer erhöhten Krankheitsanfälligkeit beim Menschen. 
Wenn Böden und Wasser kontaminiert sind, dann ist ein sicheres und nachhaltiges Ernährungssystem (z.B. Produktion 
ökologischer Lebensmittel) unmöglich.

Die Haupthindernisse für die Schaffung eines funktionalen Wasserqualitätsmanagementsystems sind inkonsistentes 
Monitoring, mangelnde Koordination im Austausch von Daten und lückenhafte Durchsetzung der bestehenden Regu-
larien. Fehlerhaftes Regierungshandeln ist aber bei weitem das Hauptproblem, welches durch eine kritische und tief-
greifende Analyse ermittelt werden kann. Governance von Wasserqualität (water quality governance, WQG) gewinnt 
als neues Themenfeld im Umweltmanagement an Bedeutung. Unkoordinierte und untaugliche legale Regulierung-
smechanismen und die Abwesenheit von strategischen Planungsbemühungen auf nationaler Ebene führen zu einer 
schwach ausgeprägten  Governance von Wasserqualität. Governance von Wasser in Georgien befindet sich im Prozess 
des Wandels, da die bisherigen Gesetzgebungen im Rahmen des 2014 geschlossenen Assoziationsvertrages zwischen 
Georgien und der EU angepasst werden. 

Zunächst untersucht die Studie das bestehende Wasserqualitätsmanagement System, Trends und wesentliche Resultate 
der gegenwärtigen politischen Diskussionen, und die Möglichkeiten für die Erneuerung lokaler Governance-Strukturen 
für eine inklusive und funktionale WQG in Georgien. Für diesen Teil der Studie wurden juristische Dokumente wie Ge-
setze und Erlasse, Übereinkünfte und Verträge analysiert, sowie Regierungsdokumente, Berichte von internationalen 
Organisationen und regierungsamtlichen Stellen, und Forschungsinstituten untersucht. Darüber hinaus wurden aus-
führliche Experteninterviews mit Repräsentanten von Regierungsämtern, Forschungsstiftungen, den internationalen 
Organisationen, NGOs, Lokalverwaltungen, Bürgerinitiativen und lokaler Bevölkerung geführt. 

Im zweiten Teil der Studie wurden innerhalb eines hydrologischen Jahres – in Jahreszeiten mit jeweils hohen und 
niedrigen Niederschlägen – Wasser- und Sedimentproben von 17 verschiedenen Standorten im Mashaverabecken 
genommen. Dieses Flussbecken ist einer von mehreren Hotspots von Umweltverschmutzung in Georgien. Trotz eini-
ger Lösungsansätze, wie etwa zweier Monitoring-Stationen, war eine Wasserkontaminierung in der ganzen Region zu 
verzeichnen. Die Region Kvermo Kartli, in der das Mashavera-Becken liegt, ist für das nationale Ernährungssystem von 
entscheidender Bedeutung; es versorgt Georgien mit Gemüse, Milchprodukten und Wein. Durch Kontamination von 
Lebensmitteln ist daher nicht nur die regionale Bevölkerung gesundheitlich betroffen, sondern auch die Bevölkerung 
im ganzen Land gefährdet. Aufgrund ihres lokal ausgerichteten Fokus konzentriert sich die Arbeit auf die Auswer-
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tung von Schwermetallkonzentration in wichtigen landwirtschaftlichen Wasserquellen des Mashavera-Beckens, unter 
anderem die der bedeutenden Bewässerungskanäle, Seitenarme und an einigen Stellen am Lauf des Mashavera. Eine 
kürzlich erfolgte Landnutzungsveränderung wurde bei der Selektion der Standorte für die Probenentnahme in Be-
tracht gezogen. Alle gewonnenen Proben wurden gemäß internationaler Standards analysiert und unter Berücksich-
tigung multipler Indices für Wasser- und Sedimentkontaminierung durch Schwermetalle untersucht und bewertet. 
Drittens wurde in einer weiteren Teilstudie die Wahrnehmung von Umweltrisiken erhoben und die Faktoren analysiert, 
die diese Risikowahrnehmung beeinflussen. Es wurde erforscht, wie Landwirte Wasserqualität wahrnehmen, hierzu 
wurden im Feld eine Umfrage sowie Interviews mit Fokusgruppendiskussion durchgeführt. 

Der wesentliche Beitrag der Dissertation besteht erstens aus der Entwicklung einer theoretischen Perspektive zum Ver-
ständnis unterschiedlicher Governancesysteme im Management von natürlichen Ressourcen, zweitens aus einem proz-
essorientierten Rahmen für ein Wassermanagement System, das die wichtigsten Träger von Wasserqualitätsmanagement 
übergreifend synchronisiert, und drittens die Erstellung eines aufgabenorientierten Rahmens für die Schlüsselelemente 
des Managements von Wasser Governance. Darüberhinaus stellt die Schwermetallanalyse die gegenwärtige Belastung 
des Mashavera River Beckens anhand von multiplen Indices dar. Unter anderem finden sich alarmierend hohe Konzen-
trationen von Cd und Pb in Quellen zur Bewässerung von landwirtschaftlich genutzten Flächen. Schließlich empfiehlt 
die Studie die Beteiligung lokaler Einrichtungen, wie etwa  der Lokalverwaltungen, lokale Bevölkerungsinitiativen und 
lokale Geschäftsleute, an der Governance von Wasserqualität als entscheidende Maßnahme, um Probleme der Wasser-
qualität standortnah zu identifizieren und schnelle, angepasste Lösungen zu liefern.
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Chapter 1: General Introduction

1.1 Background of the study

Access to healthy food ensures the food security of a society [FAO et al., 2017].  In the literature, the concept of healthy 
food is generally defined as food with the necessary nutritional value or foods that have low fat, salt and sugar content, 
and contain advanced fiber. This definition has been interchangeably used with a healthy diet [Darrall, 1992; Mann & 
Truswell, 2002; Kirkpatrick et al., 2014; Boratyńska & Huseynov, 2017]. 815 million deaths globally were reported due 
to chronic undernourishment in 2016 [FAO et al., 2017]. Access to healthy food limits also with consumption of unsafe 
foods [Grace, 2016]. Unsafe food is produced when biological or chemical contaminants enter the chain of the food sys-
tem [WHO 2015]. As a result of unsafe food, 420,000 deaths caused by foodborne diseases (FBD) were reported in 2010 
[Havelaar et al., 2015]. Environmental pollutants in the soil, air, and water and other distortions of ecosystems can cause 
unsafe food production to occur [Lu et al., 2015; Rather et al., 2017]. Figure 1.1 illustrates the input factors that cause for 
environmental pollution and the processes within the food systems and the total outcomes of the unsafe food as with 
the classical process model. 

Figure 1.1: The classical process model of environmental pollution, the food system and multiple impacts of 
unsafe food access (Author’s illustration with the adaptation from Grace, 2016).

Water and soil pollutants are key threats to food safety in many parts of the world [Lu et al., 2015]. Water is a medium 
that transports chemical as well as biological pollutants into the food systems [Schweitzer & Noblet, 2017]. Chemical 
contamination of foods, as a result of exposing them to different chemical hazards, contribute to severe foodborne dis-
eases [Rather et al., 2017]. Good water quality from farm to fork is thus a crucial factor for the supply of healthy foods 
to a food system, locally, nationally and globally. Ensuring water quality and enabling safe and healthy food access are 
both mentioned in the Sustainable Development Goals (SDGs): 

• SDG 2 - Zero hunger with sufficient and health food for people
-Ensure sustainable food production systems and implement resilient agricultural practices that increase  
 productivity and production, that help maintain ecosystems, that strengthen capacity for adaptation to  
 climate change, extreme weather, drought, flooding and other disasters and that progressively improve  
 land and soil quality (Target 2.4) 

SDG 3 - Good health and wellbeing 
-Substantially reduce the number of deaths and illnesses from hazardous chemicals and air, water and  
 soil pollution and contamination (Target 3.9)
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• SDG 6 - Access clean water and sanitation 
- Achieve universal and equitable access to safe and affordable drinking water for all (Target 6.1)
- Improve water quality by reducing pollution, eliminating dumping and minimizing the release of haz 
  ardous chemicals and materials, halving the proportion of untreated wastewater and substantially in 
  creasing recycling and safe reuse globally (Target 6.3)
- Protect and restore water-related ecosystems, including mountains, forests, wetlands, rivers, aquifers,  
  and lakes (Target 6.6)

• SDG 12 - Responsible consumption and production  
-Environmentally sound management of chemicals and all wastes throughout their life cycle, in accord 
 ance with agreed international frameworks, and significantly reduce their release to air, water, and soil in  
 order to minimize their adverse impacts on human health and the environment (Target 12.4) 

 
Water stress has been caused by humans not only due to excess consumption but also as a result of water pollution. The 
quality of surface and groundwater are negatively affected by the discharge of anthropogenic contaminants directly or 
indirectly into lakes, rivers, aquifers, estuaries, and oceans. Contamination of water directly affects ecosystems, human 
health, food production and biodiversity [UNEP, 2010].  According to United Nation Water Policy Document about wa-
ter quality in 2011, human-induced water pollution is the major source of water contamination. Untreated wastewater 
discharge, unhygienic disposal of, e.g., sewage and solid waste, livestock waste, untreated industrial sediments, and 
agricultural runoff, recreational activities are anthropogenic contaminants that mix with water bodies [Khatri & Tyagi, 
S. 2015]. Furthermore, the report revealed that 80% of untreated sewage is directly discharged to water bodies in the de-
veloping countries [UN Water, 2011]. This direct discharge of human sewage and livestock waste results in pathogenic  
bacteria,  viruses  and  parasites (e.g., protozoans  and  helminthes) into water bodies, which cause water-borne diseases 
such as cholera, shigellosis, typhoid, paratyphoid, diarrhea, hepatitis and poliomyelitis; water-washed diseases such as 
scabies,  yaws,  skin  ulcers,  conjunctivitis  and  trachoma; vector-borne disease such as malaria, dengue, yellow  fever,  
filariasis  from mosquitoes and  trypanosomiasis and onchocerciasis from flyers; and skin diseases such as schistosomia-
sis, clonorchiasis  and  paragonimiasis [Obasohan et al., 2010]. Annually, 300-400 million tons of heavy metals, solvents, 
toxic sludge and other industrial residues are released to water [Palaniappan et al., 2010]. Concerning unsustainable 
agriculture, chemical fertilizers and pesticides are being mixed into aquifers and surface water bodies [UN Water, 2011].  
Because of industrial residues and agricultural runoff, the salinity and toxicity of fresh water bodies has increased. 

A sustainable and safe food system connects with sustainable natural resource management. Water resources manage-
ment is an important factor to establishing an eco-friendly agricultural system and safe food system. Water, food and 
public health are interconnected. The meaning of improved water resource management in a food system is that society 
can assure a healthy food system [Pinstrup-Andersen, 2012]. By controlling water pollution and supplying high quality 
or improved water into the food system, people are enabled access healthy food [Bartram, 2013]. Organic agriculture 
has also been identified as one solution to preserving water quality [Vincent & Fleury, 2015]. However, mismanaged 
organic agriculture can also lead to water quality deterioration, such as by improper utilization of manure applications 
or incorporation of green-manure crops into the soil, as well as from unsuitable storage of manure or compost in the 
field. Heavy metals especially can also be transmitted to water and soil by manure from non-organic livestock and sew-
age sludge or treated sewage “biosolids” [Bellows, 2002]. The improvement or maintenance of water and soil quality is 
considered an essential principle in the organic certification process [IFOAM, 2006].  On the other hand, the certification 
process for organic agriculture needs to pay attention to the water and soil quality on the farm. Any contamination of 
these fundamental sources of food production harms the organic quality of the system.  

Environmental quality is a questionable phenomenon in Georgia. Since the existence of the Georgian Soviet Socialist 
Republic up until now, Georgia has experienced multiple sources of environmental pollution [World Bank, 2015].  The 
mortality rate due to the joint effects of household and ambient air pollution is one of the highest in the world which is 
204 deaths per 100 000 people [OECD/IEA, 2016].  Land degradation due to the mismanagement of agricultural lands, 
unsustainable industrial activities, urbanization, and climate change has been identified a major environmental threat.  
35 % of arable land lost as the result of this land degradation in the last years, Georgia [World Bank, 2015]. 
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Concerning water pollution as another alarming environmental issue in Georgia, only 26% of municipal wastewater 
is treated before discharge [UNECE, 2016]. According to the World Bank data, the cost of environmental degradation, 
including the health and natural resource damages, was 2 billion GEL (US$1.2 billion)—about 7.4% of the GDP in 2012 
[World Bank, 2015]. The environmental protection regulations and policy adaptation have been heavily criticized, and 
there has been a long discussion about reframing current environmental policies and re-institutionalizing the envi-
ronmental governance in Georgia [Green Alternative, 2007; Melua, 2015; World Bank, 2015; UNECE, 2016]. However, 
Georgia, as a transition country from a socialist political background to a liberal democratic system, is still experiencing 
rapid institutional changes, political reforms and economic alterations [Ölund Wingqvist, 2009]. 
       
The South Caucasian region has been identified as a vulnerable region exposed to the impacts of climate change [IPCC, 
2007; Sylvén et al., 2008; Shahgedanova et al., 2009; UNDP, 2011]. Because of the climate trends and variability in sea-
sonal temperature and precipitation conditions, there are asymmetrical impacts on water sources in the region. While 
Armenia and Azerbaijan are experiencing a water deficit, the Greater Caucasian and Western part of Georgia are con-
sidered water affluent areas [Shahgedanova et al., 2009]. However, some studies indicate that Georgia is under pressure 
for access to improved water [Sylvén et al., 2008; Lomsadze et al., 2016; Avkopashvili, 2017]. 

Water is a fundamental natural resource in the food system. Utilizing best management practices and effective govern-
ance policies could lead to sustainable water resource management in Georgia. Water resource management is a critical 
policy realm in the environmental policy discussion in Georgia. By drafting the new Water Law, Georgia is attempting 
to overcome the past loopholes in policy implementation and natural protection and to harmonize all water policies 
and adjacent laws with the EU Water Framework Directive (WFD) [Dzneladze 2009]. Water quality is a key governance 
element in this discussion, as many water pollution activities disturb ecosystems, harm human health and hurt the 
national economy [Withanachchi et al., 2018]. Thus, a comprehensive study to examine the principles of water quality 
governance and the importance of an inclusive water quality assessment with attention to people’s concerns is critically 
needed at this time. This study intends to fill the existing knowledge and policy gaps for water quality governance in 
Georgia. The study could contribute to the existing scientific work globally in the context of water quality governance. 

1.2 The research profile 

From 2015 to 2018, a collaborative research project between the School of Agricultural and Natural Science, Agricultural 
University of Georgia and the Department of Organic Food Quality and Food Culture, University of Kassel, Germany, 
was carried out to investigate the multiple impacts of water quality on food security. This research is a part of a 16-year 
academic partnership between these universities. The overall aim of the bilateral research partnership is to promote 
innovative options and improve integrated resource management that ensures “socio-eco-friendly” food systems in 
Georgia. Within the framework of this research partnership, Zöller [2017] researched biogenic waste and the use of 
compost in agriculture in Marneuli, Kvemo Kartli. In addition, research to investigate the circular-economic effect of 
waste management in Kvemo Kartli, Georgia was conducted by Andreas Fehr. 

Agricultural employment in Georgia makes up half of the labor engagement in the national economy [World Bank, 
2007]. In 2007, employment in agricultural sector represented 53 percent of total employment of the country [FAO, 
2011]. The centralized agricultural system that was once organized as a large-scale community farming system was 
transformed into an individual, privatized farming system through the land distribution process with the decline of the 
Soviet system in 1990s [Kan et al., 2006]. Kan et al., found that almost 95 percent of individualized farmlands that are 
owned by small-holder farmers are less than 2 hectares in size. After the land reformation in 1992, about 80-90 percent 
of landowners became small-holder farmers actively engaged in land use in the country [Kan et al., 2006; World Bank, 
2007]. The average land ownership was about 1.2 hectares in 2004 [FAO, 2011]. Citing the Georgia State Department 
of Statistics, a 2007 World Bank report indicated that half of the small-holder farming households are cultivating three 
or more plots, but with low efficiency due to the lack of machinery and capital [World Bank, 2007]. About 4.6 percent 
of individual landowners who have access to capital additionally cultivate leased lands from land-leasing companies 
[Kan et al., 2006; World Bank, 2007]. In total, 39.2 percent of the land in Georgia is employed for agricultural purposes 
[Betsiavili and Ubilava, 2008].  
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Figure 1.2: Map of Georgia and the research area (Author’s illustration).

In the first phase of the research, the focus was given to national level to examine the water quality governance and 
the laws and regulations related to water quality management. Thus, we conducted some interviews and collected 
data from the ministerial level, Tbilisi Municipality and other regions in Georgia. The second and third phases of the 
research mainly focused on the Mashavera River Basin in the Kvemo Kartli region (Figure 1.2). The Kvemo Kartli Re-
gion is a leading region in the national food system, producing a considerable amount of vegetables, fruits, and dairy 
products.  For example, Kvemo Kartli produced 17% of the dairy products as the second largest producer of dairy in 
Georgia after Imereti [MOA, 2016]. Orchards, vineyards and croplands are the most common forms of agriculture in 
the region [Matchavariani et al., 2014]. Most of the region is occupied by smallholder farmers with less than 2 hectares. 
70 % of livestock farmers are small-scale producers who own up to 5 milking cows [Mercy Corps, 2013]. According to 
the latest census in 2014, the ethnic composition of the Kvemo Kartli is diverse. The focal areas of the research is mainly 
on Marneuli, Bolnisi and Dmanisi Municipalities. The Azeri ethnic community represents the majority in these munic-
ipalities (Table 1.1). The main occupation of the community is agriculture. Most of peasant farmers are employed as 
day workers paid on an hourly or daily basis by the owners of large-scale farmlands [Personal communication, 2015]. 

The mining industry is the other important economic stakeholder in the region. At the national level, the GDP contri-
bution from the mining industry was 126 million EUR in 2017 [Geostat, 2018]. In the Kvemo Kartli region, mining had 
a historical presence in the upper Mashavera River basin. Sakdrisi is an ancient gold-mining site in the region [Stöllner 
et al., 2008]. Since 1975, the “Madneuli” mining plant has been operating near Kazreti Village under different manage-
ment bodies [Avkopashvili et al., 2017]. In 2014, a new mining site was opened in the Dmanisi-Bolnisi region by “RMG 
Gold” with government permission [Agenda, 2014]. The mining areas are open-pit mining sites.  Feasibility studies are 
currently proceeding in the Kvemo Bolnisi area for a new mining site by the Copper-Gold Project (‘KB’) [GMC, 2017]. 
The mining industry in the Mashaver River Basin has been identified as having created hotspots of environmental 
pollution [UNECE, 2016) and is the leading cause of soil pollution [Felix-Henningsen et al., 2007; Hanauer et al., 2011; 
Matchavariani et al., 2012] water pollution [Melikadze, 2006; Avkopashvili et al., 2017; Withanachchi et al., 2018] and air 
pollution [Gujabidze, 2014].                    
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1.3 State of the art 

1.3.1 Water quality for a sustainable food system 

Water quality is a vital factor in a food system. Any effect on the water quality directly influences the sustainability of 
the food system [Ongley, 2000]. Contaminated water is a strong medium to transmit different waterborne diseases and 
foodborne diseases [Cabral, 2010]. Thus, improved water quality has to be obtained at the stages of production, process-
ing, and preparation of food. The Food Industry Europe Environment and Health Task Force of the International Life 
Sciences Institute (ILSI) issued their commission report entitled “Considering water quality for use in the food indus-
try”. The 2008 report outlined a conceptual framework that assists with navigation through the decision tree in the food 
production, processing and the preparation to have healthy food. There are four classifications based on the possible 
water contamination sources that assist to identify the type of water quality in a given water source. The classifications 
are: 

1. Portable chemical and portable microbiological 
2. Portable chemical and non-portable microbiological 
3. Portable microbiological and non-portable chemical 
4. Non-portable microbiological and non-portable chemical [ILSI, 2008]. 

Adding to this classification, the group “microbiological” can be widened to include pathogens or micro-organisms and 
foreign bodies [Kirby et al., 2003] to include all contaminant possibilities.

A risk assessment is recommended to define the water quality classification. If the risk assessment is not enough to de-
cide the level of quality, the commission recommends applying precautionary principles. The precautionary principle is 
a key to protecting water quality.  Until the hazard of a substance (chemical or microbiological) to the environment is sci-
entifically proven, it is possible that the usage of such a substance may cause immense damage to the ecosystem. Under 
that condition, international bodies and national laws propose implementation of precautionary principles [Enderlein 
et al., 1997]. For example, precautionary principles (Vorsorgeprinzip) are one of nodal points in the German long-term 
vision to achieve water quality that is imposed by key laws (i.e., the Federal Water Act (Wasserhaushaltsgesetz, WHG), 
the Federal Wastewater Charges Act (Abwasserabgabengesetz, AbwAG), the Federal Washing and Cleansing Agents 
Act (Wasch- und Reinigungsmittelgesetz), the Chemicals Act (Chemikaliengesetz), the Plant Protection Act (Pflanzen-
schutzgesetz), the Fertilizer Act (Düngemittelgesetz), and the Civil Liability Law and  Criminal Code (Strafgesetzbuch, 

Total Georgians Azeris Armenians Russians Others

Kvemo Kartli 423,986 217,305 177,032 21,500 2,631 5,518

C. Rustavi 125,103 114,819 4,661 1,965 1,459 2,199

Bolnisi Municipality 53,590 16,565 33,964 2,690 135 229

Gardabani Municipality 81,876 44,398 35,642 602 414 816

Dmanisi Municipality 19,141 6,345 12,530 87 67 102

Tetri Tsqaro Municipality 21,127 17,424 1,548 1,544 277 327

Marneuli Municipality 104,300 8,952 87,371 7,291 230 445

Tsalka Municipality 18,849 8,802 1,316 7,321 49 1,348

Table 1.1: Population by municipality and ethnicity [According to the 2014 General Census].
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StGB, section 324)) as part of the water protection policy [Kraemer & Jäger, 1998; Von Seht & Ott BMU, 2016].  The ILSI 
[2008] Commission report presents four questions for the decision tree that can assist to determine the appropriateness 
of the water source. Figure 1.3 illustrates the key questions and their goals. The answer to the questions after the risk 
assessment will be tallied with the conceptual framework. 

 a) Production 
Water pollution is a major cause of food poisoning [Kirby et al., 2003; Manning, 2008; Lu et al., 2015]. Water-borne patho-
gens or micro-organisms, foreign bodies or toxic chemicals are the root causes of water pollution [sofht, 2014; Schmeller 
et al., 2018]. A poorly-maintained water supply system  [SOFHT, 2014], untreated wastewater run-off [Lu et al., 2015], 
and indirect channels of contaminants such as dust particles [Hindy et al., 1990] can intensify water contamination. 
Farmland located near polluted areas [Aragón & Rud, 2015], contaminated water supply to cropland [Aragón & Rud, 
2015], polluted livestock drinking water [Hooda et al., 2000] and contaminated water where fishing occurs [Järup, 2003]
are reasons for vulnerable food safety. Aquaculture and seafood harvesting are also sensitive to water quality. Thus, 
usage of wastewater for aquaculture or seafood production produces contaminated foods. Also, some aquaculture 
harvesting methods apply pesticides and antibiotics. This is also another reason for food poisoning [Kirby et al., 2003]. 
Food poisoning starts during the production stage of a food system. Cryptosporidium, Legionella and f E. coli O157:H7 
bacteria have been identified as the most common pathogenetic food poisons that are transmitted through water to the 
food [Kirby et al., 2003; ILSI, 2008; sofht, 2014]. 

Figure 1.3: Decision tree and the goals of the questions (adaption from the report “Considering 
water quality for use in the food industry” by ILSI 2008).
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On the other hand, wastewater use for agricultural purposes has become a common practice among semi-urban and 
urban farmers [Kirby et al., 2003; Woldetsadik et al., 2018]. Untreated wastewater in agriculture is a threat to public 
health [Bradford et al., 2003]. If the used wastewater is not well-treated before agricultural use, the pollutant, especially 
heavy metals and pathogens, can be transmitted to the produce. In Haroonbad, Pakistan, farmers who are economically 
marginalized and vulnerable to drought conditions have been using untreated wastewater for agriculture. The majority 
of the community members who access these products and the farmers themselves are affected by waterborne diseas-
es, mainly hookworm infections [Ensink et al., 2000]. However, purification of heavy metal from wastewater requires 
considerable financial capital, which is not feasible for smallholder farmers or the developing countries [Bradford et al., 
2003; Marshall et al., 2006]. In Accra, the capital city of Ghana, Akoto et al., [2015] found that the semi-urban farmlands 
that use untreated wastewater have high toxicity of heavy metals (i.e., Pb, Cu, and Zn). The vegetables from these farms 
contribute local people’s daily food supply as well as the regional food markets. However, some cultures are reluctant 
to use wastewater for the food production based on their cultural or religious beliefs regarding water. In some Arabic 
cultures, the use of wastewater for irrigation is considered malpractice [Dare & Mohtar, 2018]. 

 b) Processing and preparation 
At the industrial and domestic level, water is used for food processing, such as cooking, cooling, and washing, and 
as a medium cleaning cooking and serving utensils [Grace, 2015]. The amount of water used also has an effect on the 
presence of water-borne diseases and chemical poisoning at the processing stage [Kirby et al., 2003; ILSI, 2008; sofht, 
2014].  If food production does not follow quality control standards, there is a potential for contamination of foods from 
contaminated water. Hazard Analysis and Critical Control Points (HACCP) is the internationally recognized standard 
for the food processing and preparation chain [Kirby et al., 2003] that also gives important attention to water quality 
[Panisello & Quantick, 2001]. Contaminated water in cooking processes is another reason for food insecurity at the 
household level and in restaurants [Morgan, 1999].  Poor hygiene in the cooking area and utilization of polluted water 
for cooking and the preparation of hot drinks in many developing countries and communities who cannot afford access 
to the quality water or hygienic conditions in the kitchen leads to foodborne diseases at the domestic level [Al-Sakkaf, 
2013; Grace, 2015]. 

 C) Food transportation and storage
Though water and food can be seen as separate issues, food transportation and storage are other possible stages in 
which water quality can have a considerable impact on food safety. There is a high possibility that raw food can be 
contaminated by mixing with polluted water. Fish and meat are raw foods that must be particularly vigilant to such 
contamination.  Harmon [2009] and Goes et al. [2018] emphasize water quality as a decisive factor causing changes to 
occur to fish as a result of physiological stress. Vegetables and fruits also can be vulnerable when the contaminated 
water has direct contact with the food during transportation.  The U.S. Food and Drug Administration’s “Guidance for 
Industry: Guide to Minimize Microbial Food Safety Hazards for Fresh Fruits and Vegetables” states the necessity of 
proper transport of fresh produce from farms to market to avoid any microbial contamination. Maintaining an appro-
priate temperature during storage and transportation, among other factors, it is important keeping food safe. Contact 
with polluted water during food storage can lead to food poisoning. If the water is an essential part of the food storage, 
then the water quality must be ensured [Marino, 2007; Manning, 2008]. 

1.3.2 Agriculture and agricultural water demand in Georgia 

Agriculture is one of the main economic sectors in Georgia that share 8.2 % from the national GDP [Geostat,  2018]. 
Georgia has a long agricultural tradition with a rich food culture. The agricultural sector provided 43 % of the employ-
ment in 2017 compared to other employment sectors [Geostat, 2018]. More than 90% farmers are smallholder farmers 
who own around 1.25 hectare for farming (Bluashvili & Sukhanskaya, 2015). Moreover, agriculture is the largest single 
sector of employment.  Figure 1.4 illustrates the output of agriculture. Livestock production made up 50 % of the out-
puts in 2017, equivalent to about 1942 million GEL (676 million EUR), and crop production contributed 1755 million 
GEL (611 million EUR) [Geostat, 2018]. However, Torchinava [2015] stated that the national food system in Georgia is 
in a vulnerable situation as a result of the lack of infrastructure, fragmented land plots, insufficient government support 
to the general agricultural sector, and the financial insecurity of smallholder farmers. Therefore, the national demand 
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Figure 1.4: The value of agricultural output (in millions of GEL); 1 EUR = 2.83 GEL (based on the official 
exchange rate of LARI (GEL) against EUR by the National Bank of Georgia on 2016 June 16) (Source Geostat, 
2018).

*preliminary data 

for food cannot be met by the domestic supply, making food imports from other countries necessary [Meskhia, 2016].  
In 2013, 16.4% of food was imported [von Cramon-Taubadel, 2013].  However, the national agricultural production still 
provides the main share of food in Georgia [Meskhia, 2016]. 

The water demand for agriculture (i.e. irrigation and livestock) is 65 percentage of the total water demand, which is the 
largest portion [FAO, 2016]. According to the land distribution, 39.2 percentage of the land is occupied by agriculture 
[Betsiavili & Ubilava, 2008]. The water demand for irrigation (drip and conventional) is projected to reach over 900 
million cubic meters by 2025. This is about a 300% augmentation compared to the 2018 estimation [MOE, 2017]. In par-
ticular, the eastern part of Georgia uses intensive irrigational systems for agriculture compared to the western part of 
Georgia, which has a dry continental climate [OECD, 2011].

1.3.3 The impact of water quality deterioration in Georgia

Water quality deterioration is a major environmental issue that affects many parts of Georgian society. Due to hu-
man-induced water pollution, such as discharging anthropogenic contaminates into water bodies and mismanagement 
of water resources in the municipal, industrial and agricultural sectors, water resources are vulnerable [Betsiavili & 
Ubilava, 2008; Lomsadze et al., 2016]. People who cannot access clean water have a high risk of exposure to waterborne 
and foodborne diseases. Contaminated water in the food systems is one of the reasons for the outbreak of a severe and 
paralytic illness called “foodborne botulism” in Georgia, which has the highest amount of patients in the world so 
far [Varma et al., 2004]. The root cause for foodborne botulism is C. botulinum—anaerobic bacterium that can spread 
easily through contaminated water [Cfsph-iastate, 2010]. Barwick et al. [2002] examined the outbreak of amebic liver 
abscesses illness in Tbilisi, Georgia. Entamoeba histolytica, an anaerobic parasite, spread through urban areas due to 
contaminated drinking water and prepared food from the contaminated water. They also observed the food markets in 
Tbilisi. Many food markets were lacking toilets and proper sanitation facilities for food sellers as well as the customers. 
Seebach [2016] also examined the current situation in the food markets in Tbilisi and reported that there is still a lack of 
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proper toilets. According to Gabriadze et al. [2012], people who live in Dusheti and Marneuli municipalities encounter 
waterborne diseases such as Shigellosis, Viral hepatitis A and E, Diarrheas and Giardiasis due to exposure of drinking 
water to various pathogenic bacteria. The reasons for this are unprotected distribution networks and sources as well as 
improper water extraction.

The industrial pollutants lead to potential toxicities in the food system in many parts of the country [Lomsadze et al., 
2016]. The intensive application of fertilizers, pesticides and herbicide is also adding heavy metals and other chemical 
substances harmful to the soil fertility as well as the water bodies that lead to soil erosion [MEPNR, 2006].  The mining 
industry, untreated urban wastewater, and other industrial activities discharge chemical substances, mainly heavy met-
als, into the water sources in Georgia [Felix-Henningsen et al., 2010; UNECE, 2016; Bakradze et al., 2018). Urushadze et 
al., [2007] investigated heavy metal toxicity in Chiatura, Imerti region, Georgia, which is one of the major national fruits 
and vegetable producing areas. The research revealed that heavy metals concentrated in soil, including Cd, Cu, Mn, Ni, 
Pb and Zn, negatively influence agriculture in the region. High concentrations of Mn, Fe, and Ni in drinking water were 
discovered in the Kvirila River basin area [Caruso et al., 2011]. Heavy metal enrichment in the Mashavera River Basin 
in the irrigation water and soil is above the national and international standard levels [Felix-Henningsen et al., 2010; 
Bakradze et al., 2018]. 

In 2015, the Ministry of Agriculture (MOA) mentioned that they would promote organic agriculture as a sustainable ag-
ricultural system that protects biodiversity and ecosystems, improves soil quality, and diminishes other environmental 
degradation. The establishment of an organic certification system that considers all important parameters is an objective 
of this strategy [MOA, 2015]. The Green Caucasus Organic Standard from the CAUCASCERT Ltd. (the first Georgian 
organic certification company that follows EU organic regulations), the Codex Alimentarius‘s Organically Produced 
Foods, and IFOAM (International Federation of Organic Agriculture Movement) standards of organic production and 
processing check the maximum allowable levels of certain chemical particles in water and soil in order to determine if 
organic certification should be granted.  Based on these standards, the organic rich sediment from fresh water bodies 
should not exceed heavy metal contents of Cd 0.7 mg/kg, Cu 70mg/kg, Ni 25 mg/kg, Pb 45 mg/kg, Zn 200 mg/kg, Hg 0.4 
mg/kg, and Cr (Total) 70 mg/kg, while Cr (VI) should not even be detectable [CAUCASCERT, 2017].

1.3.4 Heavy metal toxicity of water sources and its implications for the food system 

The chemical analysis of this research was conducted in the Mashavera River Basin. The main reason for the water 
contamination in this basin is heavy metal pollution [Felix-Henningsen et al., 2007; Avkopashvili, 2017]. Therefore, 
although there are other factors contributing to water contamination, as discussed above, we focus on heavy metal 
pollution. Heavy metal pollution is a long-term and silent threat to food safety. Due to anthropogenic activities, such 
as industries, chemically-intensified agricultural inputs, and other untreated urban wastewater discharge, different 
heavy metals gradually gather in the food production systems. The quantity of the harvest may not decrease in such 
cases, unlike when water scarcity is an issue. However human health is at risk because of the bioaccumulation of heavy 
metals in the last stages of a food system [Guerra et al., 2012]. In China, Lu et al., [2015] researched the overall food 
safety issue related to water pollution at the production stage. One of the key phenomena of their argument is so-called 
“cancer villages” where high rates of morbidity and mortality are reported due to cancer. They investigated the spatial 
distribution of these trends, which have a positive correlation with food-related health risks. Their findings demon-
strate that the mining industry has been booming since the 1950s. None of the governmental standards were followed 
during open-pit mining and smelting processes mainly located in south and central China, leading to the pollution of 
soil and water sources with large amounts Cd, Pd and As. The farmlands in these areas have extremely toxic levels of 
heavy metals in the soil and water. Some of the farmland was abandoned, but still a large quantity of the national food 
production comes from these regions. Similar cases have also been reported by scientific research from many parts of 
the world, e.g., lead poisoning in Klity Creek Thailand [HRW, 2014], the poisoned fish and agricultural products due 
to chemical contamination in the Pardo River of São Paulo, Brazil (Machado et al., 2016), and As and Cd poisoning and 
Chronic Kidney Disease of Unknown Etiology (CKDu) in Sri Lanka (Jayasumana et al., 2014). Other research in Bangla-
desh proved that rice production using shallow groundwater wells contained high levels of As. As rice is a staple food 
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in Bangladesh, this consumption of As-contaminated rice has become as a major health risk that causes some forms of 
cancer [Duxbury et al., 2003; Pierce et al., 2012; Hasibuzzaman et al., 2017]. In this study, we focus on an area in Georgia 
that has been predominately polluted by the mining activities over last 43 years.  

1.3.5 Water quality as a governance concept 

Water quality is generally considered a technical thematic area in water resource management. Thus, most of the liter-
ature refer to water quality as a purely technical concept rather a governance concept.  In the early 1930s, Krenkel and 
Novotny [1980] defined a mode of water quality management that should span all water quality problems, not only 
water pollution. Beck [1981] also established the argument by mentioning that water quality management is more than 
wastewater treatment. Furthermore, Beck combined water quality as a systemic issue and as an operational matter 
that intimately interacts with multiple objectives in the quality realm. According to Somlyódy [1995], water quality 
management cannot be defined only in the framework of the system with the technical and non-technical dimensions 
of water quality measurement. Water quality management is positioned in the fields of water resource management 
and environmental management, in which many disciplines come together to understand the complexity of water 
quality issues. Perry and Vanderklein (1996) denoted that the water quality management should be expanded beyond 
the pure technical definitions and laboratory testing. The subject areas in water quality management directly syndicate 
with complex social, economic and political disciplines. Thus, a technical report will only present a limited analysis to 
address water quality management. Landscape changes, biological and geological variations, dynamics in the socio-de-
mography, changes in public perceptions, regulation and policies, and different cultural worldviews of water quality 
are some of the themes that expand the scope of water quality management [Perry & Vanderklein, 1996].    
 
Recently, the concept of water quality governance has been gradually developing within the water resource govern-
ance literature, acquiring distinctive characteristics. Thus, Kayser et al., [2015] are reluctant to merge water quality 
governance within the sphere of water governance, as water quality governance has unique study components. Water 
governance is seen as rather a larger concept within environmental governance and management that discusses more 
combined and integrated issues regarding the institutionalization, theoretical and thematic concepts of water manage-
ment [Kayser et al., 2015]. Bjornlund et al., [2018] identified the issues in water quality governance as wicked govern-
ance problems that are overarching the socioeconomic trends, production dynamics, and climate change impacts. The 
nature of this wicked problem lies in the complexities, uncertainties, and divergences of the issues [Head, 2008].   
 
Some studies in water quality governance focus on the sociocultural values and knowledge of the society. Berry et al. 
[2018] scrutinized water quality knowledge and values in indigenous communities by emphasizing the necessity of 
integrating this perspective with natural and human processes as well as the human institutions and systems of the 
water quality governance.  Moreover, the study notes that the perceptions of people regarding water quality should be 
considered in order to enable governance of water quality [Berry et al., 2018].  Berry [2012] researched the social process 
of the validating certain water quality governance principles among some tribes in the USA. Furthermore, Berry talked 
about the oscillating and competing interests that caused clashes between the sovereign tribes and the jurisdictional 
power of the state-agencies over water quality governance [Berry, 2012]. 
   
The politics of scale is also an important consideration in water quality governance. The cross-scale effects and dynam-
ics in water resource management are a challenging proposition in environmental policy-making process. As Termeer 
et al. (2010) illustrate, how to govern and manage multi-scale problems is an open and significant question in the poli-
cymaking process, in which interconnected contemporary society must manage the complex nexus between nature and 
human. Wardropper et al. [2015] conducted spatial policy analysis to examine the relationship between surface water 
quality regulations and the difference between each level in the multilevel governance system in the Yahara Watershed 
in Dane County, Wisconsin, USA. The importance of the coordination between different governance stakeholders in a 
multilevel governance system was emphasized, for example, by fostering data sharing, lucrative administrative coor-
dination and best-fit policy tool selections [Wardropper et al., 2015]. Also, Tundisi et al., [2015] proposed the watershed 
as the best spatial scale to achieve effective water quality governance under integrated watershed management. With 
watershed management inserted into water quality governance, this promoted a focus on ecosystem protection as well 
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as the functionality of society for better governance and the trade-offs of improved water quality status [Tundisi et al., 
2015].  
 
Traditional water quality management is mainly governed by central state authorities or their franchised agencies. By 
advancing water quality management towards to the water quality governance, the essential principles of the good 
governance have to be considered, such inclusiveness, accountability, responsiveness [Weiss, 2000]. As OCED [2015]
mention, by adopting good water governance based on the contextual feature of the country or the location can avoid 
the failure of the traditional “one-size-fits-all solution” approach in water governance. The inclusion of all stakeholders 
is a key principle of water governance to obtain the comprehensive, democratic and legitimate policy-decision to man-
age water resources [Akhmouch & Clavreul, 2016]. Not only state agencies, but also independent stakeholders have to 
be included. Furthermore, not only the central government, but also the local and regional governments have to be part 
of the inclusive governance system [Iribarnegaray & Seghezzo, 2012]. Moreover, marginalized groups in society need to 
be considered and allowed to actively engage in water resource governance [Akamani, 2016]. All stakeholders should be 
active members in the decision-making and decision implementation [Butler & Adamowski, 2015]. Thus, inclusiveness 
is to the integral component of the WQG where all stakeholders participate in the policy-making, monitoring, implan-
tation and enforcement process of WQG.     
 
Some researchers have analyzed the framework or elements of water quality governance. By examining the fluctuations 
in the property sales market and the landscape changes, Chang et al., [2014] discuss environmental governance and 
water quality as an inclusive concept. How people react with their perception of water quality and the impact on the 
property sales prices in the Portland-Vancouver metropolitan areas of the USA and Canada were examined alongside 
water quality monitoring. In this analysis, public agencies, elected officials, and civil organizations were considered 
the key elements to governance and water quality parameters were measured as well. Moreover, the authors denoted 
that the results from the water quality assessment could directly frame the public perception of water quality [Chang et 
al., 2014].  Roussary [2014] elaborated on the idea of people’s participation and local government engagement in water 
quality governance in France. The local stakeholders in France are the powerful governance agencies in the adaptation 
and application of drinking water regulations. Wuijt et al. [2018a] examined how the conditions of governance con-
tribute to achieving water quality objectives in drinking water resources in the Netherlands. The analytical framework 
to recognize the governance condition was built upon the European Water Framework Directives (WFD). To achieve 
sustainable water governance, they propose that water quality governance should correspond and connect with the 
water system characteristics, drivers of water quality issues and legitimate authorities who monitor the issue [Wuijt 
et al., 2018a]. With another research study, Wuijt et al. [2018b] discussed the effectiveness of water quality governance 
based on ecological, legal and social-economic perspectives and their synergy to achieve enhanced water quality. The 
ecological objectives of the WFD is the reference point of the analysis with the 6 SDG targets.  

1.3.6 Key pillars in the process-framework of water quality governance 

Different administrative and legal tools as well as national and international consent or agreements associate to main-
tain improved water quality. Inside the water quality management discussion, there are essential elements that synthe-
size with governance. National and international water quality guidelines or criteria [Lee & Lee, 1995; Enderlein et al., 
1997; Ongley, 2000],  objectives [Enderlein  et al.,1997], standards [Enderlein  et al.,1997; Novotny 1996], strategies or  
frameworks [Chen et al., 2006] and regulations  [Parsons & Jefferson   2009; Boyd 2015] are the areas where governance 
is the core principle. Sometimes there is only a thin line between the practical applications of these tools. However, there 
are substantial differences as well as solid connectivity between WQG tools. This study presents the “process-frame-
work”1  which synchronizes key pillars in WQG (Figure 1.5).  The arrows represent the relationships between each tool. 

The water quality strategy plan or framework is the first WQG pillar. [Chen et al. 2006] outlined that water quality 
strategy plans or frameworks are a future-oriented process that consists of planning an implementation strategy by 
controlling stages with the future achievement plans for sustainable water quality management. According to the Ag-

1. The term “process-framework” is mostly used in project management and business management studies to indicate 
the interaction of different nodes and steps in a complex but complete process system [Kindström, & Kowalkowski, 2009; 
Ahlemann et al., 2013].  
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Figure 1.5: Key pillars in water quality governance (Author’s illustration).

riculture and Resource Management Council of Australia and New Zealand of the Australian and New Zealand Envi-
ronment and Conservation Council (1998), the National Water Quality Management Strategy Plan states as the mission:

“To achieve sustainable use of the nation’s water resources by protecting and enhancing their 
quality while maintaining economic and social development.” [p 6]

This strategic plan or framework is the guiding policy document of a country at the national level.  The strategic plan 
or framework is an umbrella pillar in water quality governance. The successful discussion and application of water reg-
ulations, laws, quality standards, or objectives originates from an inclusive strategic plan [Chen et al., 2006]. The South 
African “Integrated Water Quality Management Policy and Strategy” include policy (i.e., water quality norms, values 
and social knowledge), strategic actions (i.e., broader water quality visions and goals framed in a timely manner), an im-
plementation plan (i.e., the roles, responsibilities and resources with practical approaches), a monitoring and evaluation 
framework (i.e., observation and analysis of the quality of water bodies, reporting and processing structure of the data), 
and stakeholder engagement (i.e., active participation approaches and empowerment capabilities of stakeholder, such 
as ownership, capacity development, and awareness) [DWS, 2017]. Figure 1.6 clearly demonstrates the cooperation and 
structure of the components of the strategic framework (relationship between policy, strategy, and implementation) 
that finally aim to achieve sustainable resource development under vulnerable water quality and quantity conditions 
in South Africa.

Under the National Water Quality Management Strategy of Australia, all water-users will be a part of the water quality 
management. The local water quality conditions are considered under the catchment-based management approach of 
the framework [Commonwealth of Australia, n.d.].  The EU WFD is also regarded as the supranational framework for 
water resource management that guides the member states [Voulvoulis et al., 2017]. The EU WFD is a leading global 
example that shifts the water resource management paradigm towards integrated, interdisciplinary, catchment-based 
management with a system understanding of ecosystem-human interactions [Kelly, 2013; Voulvoulis et al., 2017]. Water 
quality is a one of the key components/subjects of the directive. Steyaert & Ollivier [2007] observe that the directive pro-
poses a   different water quality model with a cognitive and normative dimension, the so-called “good status” of water 
bodies. The ecological knowledge and norms are the approach of the directive. The directive stands as the framework 
for the member countries to adjust, adapt and implement their national water quality strategies [Voulvoulis et al., 2017]. 
Specifically, the directive provides a solid legal foundation and a commonality to transboundary water quality issues 



               17

Figure 1.6: The coordination map of the components of the South African In-
tegrated Water Quality Management Policy and Strategy [Source: Department 
of Water and Sanitation (DWS). 2017. Water Quality Management Policies and 
Strategies for South Africa. Report Number 3.2 P RSA 000/00/21715/16, Pretoria, 
South Africa, page iii]

[Yu, 2011].  Concerning transboundary water pollution and inundation issues, the Floods Directive (Directive 2007/60/
EC) and the Water Framework Directive 2000/60/EC construct a coordination mechanism for the member states. Mem-
ber states are obliged to maintain their water quality targets as well as their transboundary responsibilities [Keessen 
et al., 2008] with their newly institutionalized water management system under the directives [Moss & Newig 2010]. 
Tortajada & Islam [2011] critically examined the lacuna in water resource management in developing countries. They 
argue that most developing countries do not have a solid national water management strategic plan, which limits effec-
tive water quality management. Without a long-term strategic plan, countries cannot achieve their development goals. 
This political instability can also happen after an election in which the party or government coalition changes or when 
there is other sociopolitical unrest [Mbaku 1988; Alesina 1996; Eizenga 2018]. Not only political willingness, but also 
cooperation between all water stakeholders, including active civic engagement and regional political stability, construct 
a strong and long-term national strategic framework for all national or regional development plans, including water 
quality management [Yorke, 2013]. Regional political tensions also have a negative impact on the creation of a solid 
water quality framework. For example, the political tension between Israelis and Palestinians has led to vulnerable 
water quality in the Gaza region. It is hard to find a common space for all stakeholders in the region to establish a water 
quality management framework or a policy framework [Weinthal et al., 2005; Ide & Frölich, 2014].  Another argument 
is that a water quality strategic plan may synchronize with the national level water resource management framework or 
strategic plan [Karr, 1991; Horne, 2015 ] or in the integrated water resource management framework in most countries 
[Leendertse et al., 2008; Ganoulis, 2008]. The Irish National Water Resources Plan (NWRP) is a 25-year, long-term water 
management plan for sustainable ecosystem use and safeguarding human health. Water quality is a key component of 
the national plan that mainly focuses on water quality in drinking water and managing waste [Quinn & Duffy, 2017]. 

Water quality regulations are the laws that are legislatively ratified to improve, protect and maintain the water quality 
in a country [Boyd, 2015] or by a regional supranational government organization, such the European Union [Parson & 
Jefferson, 2006]. This is the most highlighted governance pillar in WQG for the implementation part of the water quality 
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improvement. WQG as a broad subject within the governance, other parallel laws and administrative directions can also 
ratify the regulations about water resource management [Cullet & Koonan, 2017]. Caponera & Nanni [1992] outline that 
the logic or aim of a successful water regulation is to facilitate the rational utilization of water resources. This should be 
in correspondence with the water policy. Drafting a water law is an interdisciplinary task in which hydrological and wa-
ter technological knowledge, climate and weather sciences, water rights, water economy and other related subjects co-
alesce. Moreover, a water law should be a sound regulation for ecosystem protection as well as meeting socioeconomic 
demands [Caponera & Nanni, 1992]. Drinking water regulation is the most popular theme in water quality regulations 
[Cullet & Koonan, 2017; Sharma, 2017]. Moreover, the discussion to establish water quality regulations connects with 
the control of water pollution [Qadir et al., 2010]. Every country follows a constitutional history in the development of a 
law and regulations. There are amendments or revisions for the existing laws to appropriate or answer emerging issues.  
However, there can be a new policy discussion to establish a completely new law by replacing existing laws [Beth, 2003]. 
In the case of water laws, Cullet and Koonan [2017] point out that water related laws in India are complex, diverse and 
disjointed. Such a scenario also was observed in Georgia according to some research studies and reports. The existing 
water law from 1997 is not sufficiently empowered to control water pollution and manage water resources. Also, about 
15 laws interpret water-related activities in different legal and administrative views that cause a malfunction in the 
Georgien governing activities [ECBSEA, 2009; NPD, 2013: Melua, 2015]. 

It has been scientifically agreed and policymakers are also convinced that water quality guidelines or water quality 
criteria are an essential governance pillar in water quality governance [Dunn et al., 2014] that include a numerical or 
narrative explanation to direct all water users in a general perspective [Enderlein et al., 1997]. Warne [1998] mentioned 
that the water quality guideline compile with socio-political decisions that should consider beyond technical water 
quality factors. Most guidelines are non-binding documents and without the possibility for enforcement [UN Water, 
2015].  At the food production level, the water quality criteria for agriculture are established by different bodies. Gener-
ally, water quality guidelines focus only on drinking water and aquatic water quality. The World Health Organization 
(WHO) presented the drinking water quality guidelines from 1958 with subsequent updates. The latest Guidelines for 
drinking-water quality (GDWQ) were issued in 2017 [WHO, 2017].  In 1976, the Food and Agriculture Organization 
(FAO) published the first guidelines for water quality in agriculture and afterwards the FAO updated the guidelines 
with four thematic areas: salinity, rate of water infiltration into the soil, specific ion toxicity, and other miscellaneous 
effects [Ayers & Westcot, 1985]. However, there are few national water quality guidelines that focus on the agricultural 
sector.  The United States of America also followed the requirement to keep the water quality standard for agriculture 
parallel to the general and ambient water quality criteria. General thresholds for biological and chemical properties also 
validate water quality for agriculture. The only additional remark was that the salinity of water may harmful for the 
cultivation of certain crops [US EPA, 2017]. Canadian water quality standards provide another national criterion for ag-
riculture water quality. In 1987, Canada ratified the water quality standards and added the protocol in 1993. Dissolved 
salts, trace substances and pathogens are key themes that measure the appropriateness of water for irrigation purposes 
in these guidelines. All agricultural fields, including aquatic life, are included. To set the minimum toxicological level, 
staidly monitoring of the water quality and the acceptable analytical data of each agricultural condition are compres-
sively emphasized in this guideline. Moreover, the 1993 protocol consents to tailored site-specific objectives when the 
national level water quality standards are not met [CCME, 1999]. South Africa also ratified water quality guideline for 
agriculture purposes in 1996 with their main water quality guidelines. This document consists of comprehensive di-
recting principles and water quality criteria for all types of water sources.  In Georgia, there are still no specific water 
quality guidelines for agriculture. However, the report entitled “Irrigation Strategy for Georgia 2017-2025“ issued by 
the Ministry of Agriculture of Georgia mentioned water quality should be a thematic area in agriculture and proposed 
site-specific monitoring to track the water quality status.   
   
Water quality standards give clear objectives or provisions of the legal limits for pollution to meet certain anticipated 
quality standards by regulating environmental conditions with enforcement capability [Enderlein et al., 1997; EPA, 
2014; Zhao et al., 2018]. Agee [1968] notes that water quality standards should be formulated for the improvement of 
water quality. Thus, some countries or government authorities have applied water quality standards within their wa-
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ter laws [Su et al., 2017].  Hespanhol & Prost [1994] emphasize that standards are ratified, enforced, and regulated by 
governmental authorities by looking at the political, technical, social, cultural and economic conditions. National or 
regional priorities may play a role in deciding the selection standards and setting the minimum or maximum thresholds 
of the standards [Hespanhol & Prost 1994]. According to Chave [1997], these standard either can be “use-related” or 
“ecologically classified.” The “use-related” water quality standards refer to the certain purpose of water resources (i.e., 
drinking, industrial or irrigation water). Local civic engagement is a vital factor in the identification of water usages at 
the local level [Chave, 1997].  The second category, “ecologically classified,” refers on the level of water quality that is 
needed to maintain the biological integrity or the ecological balance [Karr, J. R., & Dudley 1981; Poikane et al., 2004]. 
The global drinking water quality standards drafted by the WHO are the common reference points for many national 
and regional drinking water quality standards and the research studies [Wasana et al., 2016; Fisher et al., 2017; Kordach 
et al.,2018]. The Manitoba Water Stewardship (MWS) [2011] introduces the minimum standards needed to maintain 
ecological health and water quality as one level of the water quality standards in the region.  The other level is the na-
tional level water quality standard (i.e., Canadian Water quality standards).  There are two categories of water quality 
standards, namely the direct water uses standards (i.e., drinking water standards, ambient quality standards) and the 
effluent water quality standard (i.e., wastewater discharge standards) [Herath, n.d; Hespanhol & Prost, 1994; Jeong et 
al., 2016]. One key focus of the Philippine water quality standard is the effluent standards. The effluent quality param-
eters apply to all point-source pollution in the agricultural, industrial and manufacturing sectors [DENR, 2016]. In EU 
countries, EU WFD is the framework to ratify water quality standards [Kallis & Butler, 2001]. England and Wales are 
following the EU WFD guidelines to set surface water and groundwater water quality standards based on “use-related” 
objectives [Chave, 1997] that should be adequate for the local environment. Moreover, the contaminants that may cause 
river pollutions are listed in the document released by the Welsh Government and the Department of Environment, 
Food and Rural Affairs of England [OGL, 2014]. In New Zealand, the Bay of Plenty Regional Council formulated the 
water quality standards based on an ecologically classified system. The aquatic ecosystem is one of the classified areas 
in the regional water quality standards [BOP, 2011]. For aquatic ecosystems, the EU WFD also requires member states 
to maintain the ecological status [Andersen et al., 2004; Voulvoulis et al., 2017]. There are also critics of the phenomenon 
that developing countries or a country with a different environmental context should apply the quality standards of de-
veloped countries. For example, Zhao et al., [2018] criticized the current Chinese aquatic water quality standards, which 
were drafted based on “developed country” standards. The discrepancy between different data sources and scientific 
bases could limit the appropriateness of the water quality standards in such an adaptation [Zhao et al., 2018].   
     
The next WQG pillar is the water quality objective. Enderlein et al., [1997] outlined the water quality objective as defined 
targets with numerical data or narrative statements that aim to protect water uses in a more site-specific way. Such a 
site-specific or regional-specific approach can be used, e.g., to analyze causes of toxicity or endangered species due to 
water contamination exclusive to an area [MWS, 2011]. The narrative statements in a water quality objective provide the 
descriptive validation or the argumentation to the variables [Iles 2004].  Water quality objectives are founded on rigor-
ous observation (monitoring) of the water quality [Matthews, 1995].  Authorities cooperate with certain technical bodies 
to agree upon certain thresholds for biological, physicochemical and hydromorphological components. These target 
values for each component has a time-based validity and need to be updated or revised depending upon conditions 
[Enderlein et al., 1997]. To manage water quality with global or national standards, authorities are to cooperate with 
other water users. In this stance, authorities need to move with law and enforcement by converting those water quality 
objectives as the regulatory instrument [Matthews, 1995; Enderlein et al., 1997]. The Compendium of Water Quality 
Regulatory Frameworks by the UN Water [2015] mentions that formulation of Water quality objectives is a management 
process which is combined with the political process, not only with scientific data. When the measured water quality pa-
rameters reveal alarming levels of a contaminant, then the enforcement capacity of the water quality objective through 
the water laws is vital. Moreover, water quality objectives, as one type of environmental quality objective, need to es-
tablish inclusive environmental risk assessment [Vighi et al., 2001 ] that count technical assessment results and people 
risk perceptions analysis [Williams et al., 1999; Bickerstaff  2004]. In the River Rhine Basin water quality objective can 
be identified as a site-specific water quality objective [Enderlein et al., 1997]. The International Commission for the Pro-
tection of the Rhine established the water quality target (Zielvorgabe) in 1991, with the transboundary stakeholders to 
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reach sustainable use of the aquatic ecosystem, sediments and drinking water as a quantitative assessment [ICPR, 1991; 
Wieriks et al., 1997]. The commission outlined water quality targets as scientifically defined goals that should address 
emissions reduction and improve the ecosystem and waterways [ICPR, 1991]. For 45 substances, the threshold values 
were established with attention to the strict quality targets [Enderlein et al., 1997; Wieriks et al., 1997] to be achieved by 
the end of 1994 [Wieriks et al.,1997]. Another site-specific water quality objective has been created for the San Francisco 
Bay Basin in California, USA. The detailed protocol explains the appropriate level for certain substances and requires 
that water pollution events that negatively impact aquatic ecosystem in the basin are controlled. The quality objectives 
were constituted for surface, ocean and groundwater sources. Based on monitoring the quality status, the California 
Regional Water Quality Control Board conducted intensive analysis and acted to diminish water quality deterioration 
in contaminated areas [CRWQCSFBR, 1995]. Fernández et al. [2004] outlined the maximum concentrations of water 
pollutants as the main focus of water quality objectives. By setting such thresholds, the quantitative relationship be-
tween toxicity and a water parameter or a range of parameters is used to find severely contaminated conditions using 
the method of the maximum allowable concentrations of the substance [Fernández et al., 2004]. In Georgia, maximum 
allowable concentrations (MAC) were established for drinking water, surface water, and sediments by the Georgian 
National Water Regulations in 2003 and 2004 [Caruso et al., 2012]. The MAC are the reference points in the water qual-
ity objectives and certain water usages can be curbed if the MAC is surpassed. The critique of this method is that these 
MAC values are not updated and are much higher than the EU WED standards [Vystavna et al., 2018]. Additionally, 
they do not cover groundwater and coastal water sources [NPD, 2013]. Thus, the new water law in Georgia will be the 
platform to introduce the updated and empowered water quality objective for all water bodies [NPD, 2013].   
 
The integration between all administrative and legal tools of the WQG pillars may assist to complete the SDGs on wa-
ter quality by 2030. Thus, improving and managing water quality is not purely technical in the sense of purification or 
identification, but also a governance-related issue. The water quality objectives, legal framework and ecological stand-
ards need to have a moral obligation in the governance process to reach adaptive, comprehensive and functional water 
quality management [Wuijts, 2018 ]. 

1.4 Research gaps

This doctoral research identified three key research gaps related to the context of Georgia and WQG, namely, poli-
cy-gap, data-gap and theoretical-gap (Figure 1.7). Access to unsafe water results in unsafe food. The different stages in 
a food system could be fortified by implementing a strong water quality management system. This includes everything 
from the micro level (i.e., households, small food businesses, and small-holder farms) to the macro level (i.e., country 
level and large-scale businesses and farmland). At any level or scale, the technical matters in water quality management 
can be better understood if the governance process is well analyzed [Iribarnegaray & Seghezzo, 2012; Weitz et al., 2017]. 
In Georgia, environmental quality has been a key governance matter during the last 10 years. Among other issues, water 
quality is a pronounced challenge.  The deterioration of water quality has been identified as a major threat to food secu-
rity and public health in Georgia [Lomsadze et al., 2016].  The achievement of a functional water management system is 
an integrated governance task.  The administrative and legal gaps in the existing systems are internally and externally 
debated [ECBSEA, 2009; NPD, 2013; Melua, 2015 ]. The sectoral-based planning and management and the highly cen-
tralized governance system are a couple of hindrances to the total water resource management in Georgia [Melua, 2015]. 
However, the existing literature and the policy papers in Georgia have failed to deeply look at the governance issues of 
water quality such as stakeholders’ engagement, power relationships, and spatial changes of water management. More-
over, the role of local governance entities for the creation of a possibly better governance framework is to be scrutinized 
under the transitional political context. These gaps are identified as the policy gaps.  

In general, academic interest and policy analysis is growing to investigate deeply the root causes of malfunction in 
water quality management systems and the possibilities to enhance WQG with theoretical and policy tools. However, 
previous studies in WQG have not adequately explained the integration of main governance principles and elements 
and the pragmatic issues when particular governance tools are applied in certain political and economic contexts. As 
the theoretical gap, this doctoral research study attempts to investigate the possible theoretical and policy tools that may 
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assist in the creation of an inclusive and functional WQG. 

The third research gap, more in site-specific WQG issue, this study hopes to close is to reveal the current state of en-
vironmental pollution in the Mashavera River Basin. There have already been a couple studies conducted in the basin 
about soil pollution [Felix-Henningsen et al., 2007; Hanauer et al., 2011; Matchavariani et al., 2012] and water pollution 
[Melikadze, 2006; Lomsadze et al., 2016; Avkopashvili et al., 2017a; Avkopashvili et al., 2017 b]. However, the effects 
of the latest land-use changes, including new mining sites and untreated outflows from the industrial areas, remain 
unknown. Moreover, there are shortfall were identified in the existing literature on water quality measurement of the 
Mashavera River Basin or the Bolnisi Municipality are not fully scientifically. These shortfalls are data analytical meth-
ods, the selection of sample sites, the duration of the sample selections and the combined sediment and water sample 
tests. Thus, this doctoral studies is going to conduct the field research in the Mashavera River Basin with the interna-
tional standards with the possible advanced technologies. This is the aim of the filling data-gap concerning the risk 
analysis and the comprehensive monitoring of the site-specific water quality issue based on WQG elements. By adding 
this chemical analysis of the water quality risk in the region, this study keen to study the local farmers’ perception of 
water quality and their risks.   
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2. Objectives and structure of the thesis

2.1 Objectives 

Though water quality was just a sub-theme of traditional water resource management, the new water policy discourse 
tends to confer water quality status as a key thematic area in environmental management [UNESCO, 2015]. The over-
all thematic objective of this research study is to address the existing knowledge and policy gaps in the area of water 
quality management in Georgia, with a special focus on governance. In addition, the research study will disseminate 
analyzed data about the water quality status in the Mashavera River following recent land-use changes in the basin. 
Furthermore, the study contributes to the scholarship of water quality governance by addressing some theoretical as-
pects and policy dimensions, with a special focus on the transitional political context.  

These thematic objectives are addressed with following research questions: 
1. What are the current obstacles to instituting a functional water quality management system in Georgia? 
2. How can be local governance entities be empowered in the context of the transitional policy system in Geor-

gia? 
3. What is the current water quality status in Mashavera River, its tributaries and the irrigation canals?
4. How does water quality deterioration in the Mashavera River Basin impact the food system in Georgia?    
5. What are the factors that could influence local farmers’ perception of water quality and other perceived risks 

in the economic, social, lifestyle and health domains? 
To address these research questions and the overall research objectives, there are six specific objectives. The thesis is 
composed of three research papers that elaborate on the above research questions as well as the following specific ob-
jectives: 

1. To assess the current legal circumstances and the policy implementations in water quality governance (Re-
search paper 1 – Chapter 3). 

2. To analyze the trends in new water policy formulation and the role of local governance entities in providing 
efficient water quality management (Research paper 1 – Chapter 3). 

3. To investigate the impact of heavy metal pollution in the Mashavera River Basin (Research paper 2 – Chapter 
4).  

4. To identify indications of the negative impacts of poor water quality on local agriculture and the food system 
(Research paper 2 – Chapter 4).

5. To scrutinize the local farmers’ perceptions of water quality and their perceived risk regarding their ability to 
market their products, lifestyle disturbances and health risks (Research paper 3 – Chapter 5).

6. To discover the importance of having an integrated water quality assessment system that combines and con-
siders the local people’s risk perception as well as a technical risk assessment (Research paper 3 – Chapter 5). 

2.2 Thesis structure

The structure of the thesis is as follows: 
• Chapter 1 firstly states the rationale of this research study with the research profile. Then, the literature on 

water quality management is reviewed. This chapter also formulates the theoretical framework by present-
ing the key administrative and legal tools in water quality governance (i.e., water quality guidelines or water 
quality criteria, water quality objectives, water quality standards, water quality strategic plan or framework 
and water quality regulations). Moreover, a discussion of the relationship between water quality and the food 
system as well as a brief explanation of the water quality management in Georgia are given in Chapter 1.  

• Chapter 2 particularizes the objectives, research questions and the structure of the research study. 
• Chapter 3 provide a general outlook regarding all methods and materials that were used in the research 

study.  
• Chapter 4 provides firstly a theoretical framework to study the governance systems in natural resource man-

agement (NRM) and constructs toolkit that include three key WQG elements, namely standardization, mit-
igation and protection, and enforcement, to scrutinize water quality governance. Then, an extensive discus-
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sion of the legal aspects and policy implementation in water quality management in different countries, with 
the key emphasis on the EU Water Framework Directive (WFD), is given in Chapter 4. The second part of 
Chapter 4 includes an analysis of the current policy circumstances in Georgia regarding water quality gov-
ernance, the dynamics and trends in the proposed new water law, and the importance of the active participa-
tion of local governance entities in water quality governance. 

• Chapter 5 present the results of a field study investigating the heavy metal pollution (2015-2017) in the Masha-
vera River, its tributaries and the key irrigation canals which are the main water sources for agriculture in the 
region.  The results from sediments and water samples are analyzed with multiple indexes to check the level 
of pollution and heavy metal enrichment at the sample sites. This chapter provides a technical assessment 
of the risk situation in the Mashavera River Basin, mainly focusing on the possible consequences for public 
health through food consumption.   

• By applying the public risk perception assessment methods, Chapter 6 investigates two factors in the Masha-
vera River Basin. Firstly, the local farmers’ perceptions of the water quality in the water sources are given. 
Secondly, their perceptions of health risks, lifestyle disturbances and their ability to sell their agricultural 
products (economic risk) are scrutinized. The assessment of public risk perception and the technical results 
from the heavy metal pollution study are then compared to understand the relationship between water qual-
ity and farmers’ perceptions.     

• Chapter 7 delivers the general discussion by understanding the results of the completed studies in a broader 
context. In addition, the limitations, future research possibilities and the theoretical and policy contributions 
to the water quality governance scholarship are discussed. 

• Chapter 8 provides the executive summary of the completed study in English as well German. 
• Chapter 9 presents the questionnaire, supplementary data and selected pictures from the field study.   

 

2.3 Reference 

UNSCEO. (2015). International Initiative on Water Quality: Promoting scientific research, knowledge generation and dissemi-
nation, and effective policies to respond to water quality challenges in a holistic and collaborative manner towards ensuring water 
security for sustainable development, SC/HYD/WQ/2015/5/En – cld 3501.15. Paris,  France:UNESCO.
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3. Methods and Materials 

This doctoral research study was conducting using an interdisciplinary research approach that includes social science 
and natural science research methods.  As the Research Council of Norway [2003] states, environmental issues are 
complex as a result of the interactions of different factors within socio-ecological systems. Thus, an interdisciplinary 
research study, as a comprehensive research approach, provides tools to understand the environmental issues and 
to solve the problems. Steele and Stier [2000] observe that research studies with an interdisciplinary approach have a 
greater impact on academia and contribute new methodological outlooks to future studies. Table 3.1 summarizes the 
methods and materials that were applied in this research study. Chapters 4 through 6 include detailed descriptions of 
each method and the materials based on the nature of the research question and the objective of the study.     

Table 3.1: The summarization of the methods and materials.

Reference 
Research Council of Norway. [2003].Multi- and Interdisciplinary Research on Environment and Development Action Plan 
2002 – 2004. St. Hanshaugen, Norway  ISBN 82-12-01820-2

Steele, T. W., & Stier, J. C. (2000). The impact of interdisciplinary research in the environmental sciences: a forestry 
case study. Journal of the Association for Information Science and Technology, 51(5), 476-484.
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Chapter 4 

A Paradigm Shift in Water Quality Governance in a Transitional Context: 
A Critical Study about the Empowerment of Local Governance in Georgia+

Sisira S. Withanachchi 1*, Giorgi Ghambashidze2, Ilia Kunchulia3, Teo Urushadze 2 and Angelika Ploeger 1
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4.1 Abstract

The management of water quality is an important part of natural resource governance. Assurance of water quality there-
fore requires formulation of the regulatory framework and institutional process. Water quality-related problems and 
their management are mainly recognized as local responsibilities in Integrated Water Resources Management (IWRM). 
The politics of environmental policy-making should consider the political economic dynamics and socio-ecological 
patterns. Decentralization by providing more power to the local level and moving to a new spatial management system 
that is based on water basins are the two strong entreaties in the new water governance paradigm. Transitional coun-
tries facing rapid institutional adjustment, restructuring of regulations, and political-economic changes are encounter-
ing these demands internally and externally in their policy formulations. In this context, this study critically examines 
the case of Georgia, a transitional country. In particular, the focus is on how local governance entities can be empowered 
and what obstacles water quality governance encounters in Georgia. Qualitative research design is the main research 
method implemented in this study. The key findings from the research analysis are as follows: the existing regulations 
and governance system do not facilitate the active engagement of local entities in water quality governance. The appli-
cation of new water polices may fail again if a top-down governance model is put in place that only creates a narrow 
space for local governance entities to effectively govern water quality.

Keywords: standardization; mitigation and protection; enforcement; natural resource management; water pollution; 
river basin management; Integrated Water Resources Management (IWRM)

4. 2 Introduction

Access to improved water quality is a challenging factor for drinking water, as well as water used in the food production 
process. Many communities are unable to access or have limited access to good quality water. According to the United 
Nation Water Policy Brief about water quality in 2011, human-induced water pollution is the major source of water con-
tamination. The stress of poor water quality diminishes or even abolishes the functions of ecosystems [WWAP.2012] and 
causes acute and chronic health impacts on human wellbeing [WHO,2017]. The complexity of water pollution makes 
the politics of water quality a challenging governance issue [Feldman,2017].The main issues to be dealt with in water 
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quality management are macro (large scale and sectoral level) and micro (personal and individual level) water pollu-
tion [Feldman,2017;Metz,2014] waste water management [Parween et al.,2017;Steinmetz,2012], drinking water quality 
management [UNEP,2007;WHO,2011], sanitation [Harris et al.,2017] and water quality in food production and process-
ing [Kirby et al.,2003]. Though water quality management has been developed as a technically-oriented discipline, the 
scope, objectives, strategies, standards, criteria, and monitoring are frequently related to economic, social, and political 
spheres that connect stakeholders who are within and outside of the water sector [Perry & Venderklein 1996; Tortajada 
& Islam, 2011; Pardy,2004]. The complex environmental factors cannot be analyzed without considerable scrutiny of the 
interactions within socio-ecological systems [Berkes et al.,2003; Pahl-Wostl,2007; Ostrom,2009]. The deeply-rooted soci-
etal values and political-economic dynamics play a vital role in water quality management [Perry & Venderklein 1996]. 
Thus, the politics of environmental policy-making should consider the political economic dynamics and socio-ecologi-
cal patterns [Bhat & Blomquist, 2004; Kraft,2015]. The challenge lies in bringing together the international and national 
dialogues to reach a common goal and then harmonizing the legal and policy systems with the institutionalization pro-
cess for protecting water resources as part of a process which is contested by and competing with political and economic 
interests [Saravanan et al.,2009; Chang et al., 2014].

In the last decades, policy development at the global level, including important international treaties and the involve-
ment of international governance bodies, has aimed to advance a sustainable governance framework for improved 
water quality. Also, various countries have passed laws and regulations to establish legislative frameworks for water 
quality management that are governed by national ministerial bodies in most cases [UN-Water,2015]. By studying legal 
and policy development in various countries, it becomes clear that water quality governance (WQG) oscillates between 
different types of governance systems. Protecting water sources, mitigating water pollution, maintaining and monitor-
ing the water quality standards, and implementing enforcement directives (e.g., pollution fees) are the key governance 
factors to observe in order to determine which governance system is being utilized, who has the authority, and where 
the nodes of power lay for each WQG element [Chang et al., 2014; Wardropper et al., 2015; Kayser et al., 2015].

Given the nature of water quality issues, the local governance bodies are the essential governance level [Fulazzaky,2014]. 
The local level is the most vulnerable to water quality problems, as well as the most proximate level to address these 
problems [Feldman,2017;Perry & Venderklein 1996; Moore,2013]. The water pollution control laws and the drinking 
water quality regulations in some countries mention that the local governance units are responsible for maintaining 
the water quality [Roussary,2014; Trentmann & Taylor, 2005] or that the policy implementation or application of water 
quality management is a local-scale topic [Feldman,2017;Perry &  Venderklein 1996]. In most transitional countries, lo-
cal governance entities are not well-recognized in WQG and responsibilities are bound to more centralized governance 
systems [Kayser et al., 2015; Novotny et al.,1995]. The central governance entities are the only or key stakeholder in the 
water governance process [Horlemann et al., 2011; Withanachchi et al.,2014;Dombrowsky et al.,2014]. In the new water 
governance paradigm, two key components are decentralization and basin-oriented management. These demands cre-
ate a new spatial organization for governance, give more power to the local level, and provide the opportunity for the 
active participation of citizens [Perry et al., 1996]. Transitional countries undergoing rapid institutional adjustments, 
restructuring of regulations, and political-economic changes are encountering these demands internally and externally 
in their policy formulations [Withanachchi et al., 2014, Zylicz,1999; Houdret et al.,2014]. In this context, this study crit-
ically examines the case of Georgia, a transitional country. By discussing the “notion of the local” and politics in policy 
formulation, this study scrutinizes how local governance entities can be empowered and what obstacles water quality 
governance encounter in Georgia.

Georgia is currently transforming their water laws and policies, as well as the institutional system, into an integrated 
management system with respect to Integrated Water Resource Management (IWRM) and the EU Water Framework Di-
rective (WFD). The new water policy discussion proposes the river basin as the scale of water resource management by 
replacing current administrative systems in water management [NPD,2013;EPIRB,2016]. Water quality is also a strong 
focus in the new Water Law corresponding to the EU Water Framework Directive (WFD) guidelines. By shifting to a 
new water governance system, novel institutional setups and policy implementation processes become necessary. The 
IWRM proposes river basin councils as the governance bodies that represent stakeholders from different levels and 
sectors [Houdret et al.,2014; Molle, 2009]. The role of local governance has varied case by case with the establishment of 
the river basin councils [Parker  & Sewell,  1988; Johnstone  & Horan, 1996; Laster,2000]. The structure of the paper is as 
follows: the next section builds a theoretical framework of the governance systems in natural resource management and 
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then traces the role of local governance within WQG by comparing several policy implementations and their dynamics. 
The following sections discuss the development and the dynamics in the water laws and water policy implementation 
in Georgia. After this discussion, the research paper concludes with a summary of the main arguments and potential 
areas for further research.

4.3 Theoretical Framework

4.3.1 Governance Systems in Natural Resource Management

The general discourse in this field defines natural resource management (NRM) as the application of scientific eco-
logical knowledge to resource management [Rist et al.,2007]. The main themes of this discourse focus on regulations, 
procedures, and technologies [Rist et al., 2007;Stern  & Coleman, 2015]. However, the power relationships between 
competing actors involved with natural resources across all levels and scales in the different governance and manage-
ment structures also determine the success of sustainable development [Saravanan et al.,2009;Rist et al., 2007]. Natural 
resources are governed in order to meet competing socioeconomic demands, while also giving priority to environmen-
tal sustainability. The appropriate level or scale for governance or the governance system is open policy questions in 
NRM [Pahl-Wostl,2007; Lockwood et al.,2010;Termeer et al.,2010]. Based on the literature, political-jurisdictional space 
governance, stakeholders’ approaches, and biophysical-space oriented approaches are the three governance systems 

Governance Systems Approaches Characteristics Nature of Governance

Political-jurisdictional 
space governance 
approaches

“top-down” governance 
approach

Oriented to a constant hierarchical 
procedure; the decisions from higher 
levels of government direct the
 collaborative actions [Meadowcroft, 
2002, Gualini, 2012, Koontz, & Newig, 
2014]

Centralized System

Multilevel governance 
approach

Based on the capabilities of local, na-
tional, and regional governance 
institutes and public-private partner-
ship entities [Armitage, 2008, Kern, 
2014]

Decentralized System; Down-scal-
ing or up-scaling the governance 
[Moss & Newig, 2010]; Shared 
responsibility for management 
of natural resources [Markelova 
& Mwangi, 2012, Larson & Soto, 
2008]

Stakeholders’ 
approaches

Community-based man-
agement

Local community and their active 
self-engagement as the center of the 
local natural resources management 
[Ostrom, 1990, Marshall, 2008, Tomp-
kins & Adger, 2004]

Participation; Principle of Sub-
sidiarity [Marshall, 2008]; Local 
knowledge [Cox et al., 2010]

Ecosystem-based ap-
proaches

Water-basin management Ecosystem boundaries determine 
the spatial boundaries of governance 
[Moss, 2014]

Water-basin council as the govern-
ance and management body; mul-
tiple stakeholders in decision-mak-
ing process [Withanachchi et al., 
2014, Houdret et al.,2014, Molle & 
Chu 2009]

Ecoregional management Eco-centric perspective to manage 
specific geographical ecosystems that 
can be defined at any scale based on 
the utilized eco-parameters; human 
activity is a part of nature [Perry & 
Vanderklein, 1996, Yaffee, 1999]

Collaborative decision-making, 
decentralized to the ecoregional 
level [Yaffee, 1999]

Landscape scale man-
agement/Landscape 
governance

Landscape management considers 
biological and geophysical elements 
as well as people, land use, infrastruc-
ture, social organizations, institutional 
arrangements, and cultural, spiritual, 
and utility values [Frost et al.,2006]

Aims to harmonize socially-con-
structed spaces and “natural” 
conditions of places; it is a process 
of political shaping and dealing 
with complex and locally-oriented 
problems [Görg, 2007]

Table 4.1: Governance systems in natural resource management.
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in natural resource governance. Within these approaches, there are different characteristics that reflect vivid trade-offs 
(Table 1). However, a sharp separation between these approaches is not evident in real-world applications.

The water basin can be utilized as the primary geo-spatial unit for WQG. From the river basin to stream and stream 
segments, the water basins can be divided to manage water quality issues [Schlager & Blomquist, 2008]. Before con-
crete policy discussions on IWRM, river-basin organizations, authorities, or committees can be assigned as the unit of 
governance in WQG issues [Schlager & Blomquist, 2008;Grigg,2008;Molle,2009]. The federal government of the USA 
introduced a management system based on river basins in the form of coordinated governance through the 1965 Water 
Resources Planning Act [Grigg,2008]. This act proposed to instate river-basin regional commissions to replace region-
al-interagency committees. With the 1964 Water Law, France introduced a basin committee system for each of the six 
water basins to govern the water resources. The water quality standard was one of the main outcomes of this law that 
increased the power of the central government in water quality regulation and planning [Laster,2000]. In the UK, due 
to the lack of active involvement, as well as negligence and financial difficulties faced by local authorities regarding 
sewage management and other water quality issues, the central government brought about institutional reform via the 
1963 Water Resources Act and 1973 Water Act by shifting some powers to the Regional Water Authorities (RWA) that 
were based on watershed or catchment area [Parker  & Sewell,  1988;Johnstone  & Horan, 1996]. This new law intro-
duced 10 catchment-based water authorities to integrate water resource management [OFWAT,2006]. This institutional 
restructuring can be identified as a new spatial scale integrated into local-level sewage, water quality, and water supply 
management. RWA, as a technocratic institution, could positively take part in the water quality improvement [John-
stone  & Horan, 1996].

The EU WFD proposed and implemented the river basin management to manage European surface water. The EU 
WFD points out that “decisions should be taken as close as possible to the locations where water is affected or used” 
[EU Commission,2000]. Collaborative and integrated management plans to advance WQG are supported by the river 
basin water management concept in the EU WFD [Griffiths,2002]. In Germany, river basin management is the driving 
principle of the water resource management and is working with all stakeholders to achieve a “good status” of all water 
sources in the river basins [Arle et al.,2016;Mohaupt et al.,2012]. All governance actors across national, regional, and lo-
cal levels are cooperating with the management committees to manage water resources based on the river basin system 
in Germany [Mohaupt et al.,2012; Kampa et al.,2003]. River basin authorities act as the main institutional body to govern 
water resources in each basin with cooperation of the central, regional, and local governments in Spain [Pardy,2004, 
Maestu et al.,2003; Ballester  & Mott Lacroix 2016]. Based on the 1985 Water Law in Spain, river basin authorities are 
independent governance bodies with functional autonomy. Water resource management in Spain is also based on a de-
centralized system [Bielsa & Cazcarro 2015]. Regional water agencies at the basin level hold the responsibility to control 
and monitor water quality and water resource planning and development [Maestu et al.,2003;Bielsa & Cazcarro 2015]. 
Agreement as well as competing interests can be observed among stakeholders in river basin management in Spain. 
Stakeholders of the Water Council of Ebro Basin include a diverse range of members from the ministerial level, river 
basin authority, different autonomous regions, local administrative bodies, water use associations, agricultural associa-
tions, environmental organizations, business associations, labor organizations, and a representative of the recreational 
users [Plaza & Margelí,2014]. However, there are conflicts of interest among stakeholders in some river basins. In the 
Guadalquivir River Basin, for example, the regional government and river basin authority must handle the competing 
and conflicting interests of communities using large-scale irrigation and other water users [Bhat & Blomquist, 2004]. 
Thus, a lack of cooperation regarding WQG between river basin management authorities and other governance entities 
can be observed.

4.3.2 Notion of the “Local” in Water Quality Governance (WQG)

The term “local” is defined relative to the policy discourse of the level of governance and management [Pohlman-
n,2011;Melo,2006], the scale of governance and management [Cash et al.,2006], or the fragmentation of institutions 
[Andrew & Goldsmith 1998]. In addition, the locality is identified as the geo-spatial domain in which the collective 
consciousness and socio-spatial identities are embedded [Paasi,1991]. The local government is mainly based on one 
single-agency system, whereas local governance is a broad concept based on the principle of plurality [Andrew & Gold-
smith 1998] that facilitates an inclusive local participatory framework [Kersting et al,2009] and a platform to cooperate, 
deliberate, and negotiate among stakeholders concerning policy implementation in diverse matters such as political, 
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economic, social, and environmental fields [Schmitter,2013]. The local community, government bodies, and economic 
stakeholders are included as the entities of local governance. However, this sector-oriented identity can overlap in re-
al-world applications. The community members can be economic stakeholders, as well as active members in the local 
government bodies. Thus, strict segmentation between the categories is not observed.

Water quality-related problems have been mainly recognized as locally-centered matters [Feldman,2017; Perry et al., 
1996] though water pollution is not only generated by local activities [Roussary,2014]. Since local governance is an in-
clusive governance concept [Andrew & Goldsmith 1998], the local level is the ideal governance domain because it gives 
space for active community participation in the WQG process, which leads to real integration among all stakeholders 
[Perry et al., 1996]. In traditional WQG, the local government agencies were the main or only responsible, authorized 
body to implement water quality standards and monitor the situation, though standards and monitoring principles 
were adopted by high level political authorities. Currently, local authorities provide water delivery functions as the ser-
vice delivery institutes [Rogers et al.,2003] and enforce regulations [Feldman,2017] such as by charging pollution fees.

In the UK, in a pioneer example of WQG, local authorities were given the power and responsibility to govern water pol-
lution at the ground level by coordinating the industries and local citizens. During the industrial revolution, the UK was 
one of the countries that encountered severe water pollution problems in rivers and tributaries, including the general 
drinking water supply, which caused high mortality due to waterborne diseases such as typhoid and cholera [Johnstone  
& Horan, 1996;Shadwell,1889]. The Metropolis Water Act of 1852 and 1871 (amendments), the Rivers Pollution Preven-
tion Act of 1876, the Public Health Act of 1875, and the Sewage Utilization Act of 1865 and 1867 delivered considerable 
power to local authorities to examine the sources of pollution, charge penalties, and oblige cooperation among each 
adjacent local authority to minimize the water pollution and manage sewage [Trentmann & Taylor, 2005; Johnstone  & 
Horan, 1996;Hassan,1994]. With the advancement of each act, weaknesses were identified and local authorities were 
empowered [Hassan,1994]. In the USA, monitoring water quality and enforcing water pollution control were tasks han-
dled directly at the local level, and then gradually fell under the jurisdiction of the state and governance bodies before 
the Clean Water Act of 1972 [Moreau,1994,;Hines,2013]. The local governments and companies were proximate respon-
sible authorities to address household waste issues [Moreau,1994]. When the water pollution issues spread across wa-
tersheds and beyond the local government jurisdiction, state governments gradually took responsibility [Hines,2013]. 
Drinking WQG in France is mainly based on local government authorities [Roussary,2014]. Corresponding to the fi-
nancial capacities, the local, political tension between stakeholders (e.g., farmers and companies) could influence the 
actions taken by local government bodies in WQG [Roussary,2014]. In the EU WFD, the policy implementation in water 
resource management is identified as the responsibility of the local government. In river basin management plans, local 
governments should be able to address their local demands and issues regarding water management [Philip et al.,2008]. 
In Germany, local government entities are empowered to govern the local issues that can and should be managed at the 
lowest level under the Basic Law (Grundgesetz) as part of the right to self-government [Kampa et al.,2003] and principle 
of subsidiarity [Bröhmer,2014]. The municipal codes (Gemeindeordnungen) also acknowledge the local governments’ 
rights regarding their local environment and services. Water quality is part of their local responsibilities. Local gov-
ernment institutes can cooperate with other local governments by initiating a water management association (Was-
serverbände) [Kampa et al.,2003]. Under the EU WFD, this close cooperation among local authorities is encouraged. 
Municipalities cooperate through inter-municipal associations for water services (Zweckverbände) to address common 
water resource management issues [Philip et al.,2008]. However, critics claim that water resource management in some 
parts of Germany takes a “top-down” approach. For example, Lower Saxony Watershed Partnerships demonstrates 
a “top-down” approach that limits participation of the local community, while allowing more involvement from the 
regional and local official authorities [Koontz & Newig, 2014]. With the 1985 Water Law, local government authorities 
in Spain were given the power and responsibility to distribute safe water as an essential public utility and to maintain 
wastewater treatment systems at the local level. Water quality treatments are conducted with the coordination of the 
central government [Maestu et al.,2003].

The responsibilities of local government agencies in WQG have been gradually curbed and abated for multiple reasons 
in some countries. The weakness of decentralized policies, the policy and power tension between central and local gov-
ernment authorities, fiscal and economic policies of the central government, NRM policies of the central government 
(including new spatial changes in water resource management, such as water basin-oriented management systems), un-
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clear and complex division of power and responsibilities between different political levels [Koontz & Newig, 2014], and 
inconsistencies in the water policies have been observed as some reasons for the power shift away from local authorities. 
The aim of IWRM and river-basin management system is to proximate and cooperate the local level governance entities 
into the water governance process. In the case of WQG, it has been a centralized governance duty and applied as a fran-
chised duty of local authorities or private companies.

4.3.3 Water Quality Governance (WQG) Elements

The vibrant and enforceable obligations of the governments to provide clean water, citizens’ rights to clean water, and 
ecologically-sound approaches to protect water quality were identified as important factors for an ideal WQG regime 
by Bruce Pandy [Pardy,2004]. Though WQG is only one unit of natural resource governance, few governance elements 
that compose the total concept of WQG can be analyzed. In this research study, we categorize WQG elements into three 
main groups: standardization, mitigation and protection, and enforcement (Figure 4.1). Each element represents a set 
of different qualities with connectivity to other elements. Water quality monitoring is the task of observing the status 
of the water sources according to quality standards and norms. The detailed information that is analyzed through the 
monitoring assists in rational decision-making in water quality management, pollution control, permitting as well as 
delivering penalties, and protecting water sources [Mäkelä & Meybeck, 1996]. Setting water quality standards and 
norms determines the institutional setup that will be required and divulges the vision and commitment of a country’s 
political system, as well as the international pressure for adapting such principles [Chave,1997]. Moreover, the setting 
of quality standards is in the large pool of policy-making processes governed by the administrative feasibility, technical 
capacity, and political consequences of a country [Pardy,1996]. Unidentified water pollution causes that are based upon 
the precautionary principles should be considered in setting water quality standards to avoid all possible contaminants 
in the future [Pardy,1996;Helmer & Hespanhol, 1997]. As part of the water quality standards, the quality guidelines and 

Figure 4.1: Water quality governance elements (WQG) elements 
                 (Authors’ illustration).
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thresholds for biological, hydromorphological, and physico-chemical quality must be set. In the mitigation of short and 
long-term pollution, the setting of regulations and the waste management systems are the other areas to be examined 
[Alaerts,1997]. By catalyzing these elements, researchers and policy-makers may be able to further examine which 
points need to be attained, which actors need to be involved, what kind of government model should be adapted, and 
identify problems or trade-offs for each step of management. In conducting an analytical investigation of the total 
processes at work in WQG, the institutionalization process, political dynamics, and socioeconomic demands should be 
critically scrutinized.

4.4 Research Methods

This research study is part of a collaborative research project that investigates the multiple impacts of water quality 
on food security in Georgia. Georgia is considered a transitional economy country [UN,2017] that is passing rapid 
legal and institutional changes, political reforms, and economic alterations. For example, a recent statement from the 
government presents some structural changes at the ministerial level and to governance components [Government of 
Georgia,2017]. Countries with transitional economies are undergoing these changes with complex political dynamics 
within a short time period, with ramifications for their environmental policy management [Horlemann & Dombrowsky, 
2012; Withanachchi et al 2014; Zylicz,1999]. The natural resource governance was highly centralized before separation 
from the Soviet Union and the pressure on natural resources was high due to industrial development, which brought 
negative impacts including environmental pollution [Zylicz,1999]. The regional and global political effects, as well as 
the immediate political and historical influences, can be observed in many contemporary policy and governance sectors 
of Georgia.

Qualitative research design is the main research method in this study. Legal documents, including laws and regula-
tions, agreements and treaties, government policy documents and reports published by international organizations, 
government agencies, and research institutes, have been observed according to the weight and credibility of the sources. 
In-depth expert interviews (N = 39) were conducted with representatives from government institutes, research founda-
tions, international organizations, non-governmental organizations, local government authorities, and civil organiza-
tions (Table 2). The expert interviews were independent of each other in terms of the questions and area of the subject 
field. The experts were selected based on the nature of the research questions. There were also qualitative interviews 
with local farmers, mainly in the Kvemo Kartli Region, Georgia. There were 21 group discussions (N = 21) and 50 indi-
vidual interviews (N = 50). The interview questions were slightly altered based on factors related to location and posi-
tion, but were always fixed according to the main thematic areas of the research. These qualitative, in-depth interviews 
allowed the interviewees’ detailed opinions and experiences to be captured without a strict template. The interviews 
were conducted from 2015 to 2017. The gathered data from the legal and policy documents, as well as interviews, were 
analyzed with the content analysis approach to scrutinize the related information by comparison and in-text analysis of 
each interview [Hsieh & Shannon, 2005; Kondracki et al.,2002].

4.5 Results

4.5.1 Current Status of Water Usage and Water Pollution in Georgia

The demand for water is accelerating due to socioeconomic development in the country. However, the agricultural 
water demand is still high in Georgia compared to other sectors. Water withdrawal for agriculture and irrigation in 
Georgia was 611.8 million m3 in 2016. This was about 46 percent of the total water withdrawal. In the same year, the 
industrial sector extracted 262.4 million m3 from natural water bodies (26 percent of the total water withdrawal), while 
340.8 million m3 was used by households (28 percent of the total water withdrawal) (Figure 4.2) [National Statistics 
Office of Georgia,2017].

Water quality degradation is one of the major outcomes of environmental pollution in Georgia [EPIRB,2016; Lomsadze 
et al.,2017]. Water quality of all water sources has decreased due to alarming pollution that indicates severe water pol-
lution at a level above the world average [Kondracki et al.,2002; Lomsadze et al.,2017]. Hotspots have been identified 
where the water quality has become a major NRM issue and leads to a domino effect in Georgia [CENN,2016]. Among 
them, industrial activities are one of main reason to water contamination in Georgia [Lomsadze et al.,2016;Avkopashvili 
et al.,2017]. The United Nations Economic Commission for Europe (UNECE) “Environmental Performance Reviews 
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Table 4.2: Interview partners in the field study (2015–2017).

Category Name of Institutions/Agency

National Government Ministry of Environment and Natural Resources Protection of Georgia

• Water Division—Department of Integrated Management

• Department of Environmental Supervision

• Head of the Division of Sustainable Development and EU Integration Policy 
ENI-SEIS II National Focal Point/Georgia

• National Environmental Agency

• Department of Environmental Supervision

• Department of Environmental Pollution Monitoring

• Department of Strategic Planning and Systemic Management

Ministry of Agriculture

• Marneuli Extension Service, representing the Ministry of Agriculture

• National Head Office of Georgian Amelioration

• Bolnisi Regional Office of Amelioration, Upper Kvemo Kartli Regional Office

• Regional Office of Amelioration in Marneuli

Local Government Governors (Gamgebeli) from Bolnisi, Dmanisi and Marneuli municipalities

Deputy governors, members of the council of representatives (Sakrebulo), local 
government staff officers in Bolnisi, Dmanisi, and Marneuli

IGO, NGO and Local People International Initiative on Water Quality (IIWQ) Program, UNESCO

National Association of Local Authorities of Georgia (NALAG)

CENN—Caucasus Environmental NGO Network

ELKANA—Biological Farming Association

Caucasus Institute for Peace, Democracy and Development

UNDP/GEF Kura Aras Project

Georgian Young Lawyers’ Association (GYLA)

Georgian Ecological Agricultural Association (SEMA)

EaP GREEN Activities in Georgia

University/Research Institute Agricultural University of Georgia

Tbilisi State University

Justus Liebig University Giessen, Germany
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Figure 4.2:  Water withdrawals by sectors in Georgia (2016). 
                 Source: National Statistics Office of Georgia [2017]

Figure 4.3:  Wastewater discharge into surface waters, 2012–2016. 
                 Source: National Statistics Office of Georgia [2017]

2016” pointed out the untreated wastewater discharge from the urban areas, Chiatura manganese mines, copper (JSC 
RMG Copper) and gold mines in Bolnisi area, coal mines in Tkibuli area, factories in Batumi, and the Batumi Oil Refin-
ery, as well as eutrophication in the Black Sea, as alarming contributors to water pollution [UNECE,2016]. Untreated 
wastewater discharge from the urban areas is the biggest polluter of surface water, with about 70% of wastewater flow-
ing into tributaries and rivers without treatment [UNDP/GEF,2017]. Based on data from the National Statistics Office 
of Georgia, untreated water discharge to the surface water bodies is relatively high compared to treated wastewater 
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discharge. In 2016, a drastic decrease in the amount of untreated wastewater was recorded; however, this is merely 
due to a new data calculation approach excluding water used for hydroelectricity generation (Figure 4.3) [National Sta-
tistics Office of Georgia,2017]. Due to the mismanagement of wastewater treatment plants in municipalities, drinking 
water is contaminated by leaking pipes and cross-contamination of stored water [Melua,2015; UNECE,2006]. Industrial 
water pollution in Georgia causes severe health and ecological impacts. Due to the weakness of the existing law and 
unwillingness of some industries to participate in sustainable NRM in Georgia, the polluter pays principle is dysfunc-
tional [Johnstone  & Horan, 1996]. Also, the threat to the local labor market is another reason to reverse tough political 
actions against such industries [CENN,2016]. The self-monitoring of outflow is irregular and small industries do not 
have the technical facilities required to treat wastewater [Melua,2015]. Unsustainable agricultural activities are other 
causes for water quality degradation in Georgia. The farming practices in Georgia have been identified as unsustainable 
and ecologically harmful. The intensive application of chemical fertilizers and pesticides and the mismanagement of 
natural resources, such as soil, water, and forest, induce long-term effects on climate conditions in the region [Ölund 
Wingqvist,2009; World Bank,2007]. Felix-Henningsen et al. [Felix-Henningsen et al.,2010] investigated the impacts of 
toxic sulphidic heavy metals (Copper, Zinc and Cadmium) on the food system due to soil contamination. They argued 
that water tables have been contaminated due to the run-off from agricultural lands [Felix-Henningsen et al.,2010]. 
Systemic monitoring for such nonpoint source contamination has not yet been developed in Georgia [EPIRB,2016;, UN-
ECE,2016]. Thus, water quality is a key governance theme in water resource management in Georgia.

Law Legal Emphasis Groups of WQG Governance 
Elements

Spatiality and Authority 
Level

Constitution of Georgia Article 37-4: sustainable development, 
protection and rational use of natural 
resources; Article 37-5: everybody has the 
right to get full and objective information 
about the condition of the environment 
(since 2011)

Mitigation and Protection; 
Standardization

National level

The Law of Georgia on Water 
1997, with Amendments 
(1999–2014)

Establishment of quality standards, quality 
assessment methods and criteria, and 
maximum allowable level of emission 
discharge (Article 10 and Article 84)

Standardization

National level

Actions by each stakeholder and responsi-
bilities for protection of all water sources 
from pollution (Article 15)

Mitigation and Protection

Establishment of state system to record 
the data on quantity and quality of water 
bodies (Article 76)

Standardization

The Law of Georgia on Envi-
ronmental Protection 1996

Under the environmental conditions, water 
quality standards must be set

Standardization

National level definition 
and local level implemen-
tation by central govern-
ment agencies

Under the Regulations on the Quality 
Standards, these quality standards should 
be updated every 5 years. These standards 
must determine the maximum allowable 
levels of emission of hazardous substances 
into the environment (including water 
sources) (Article 26,28,29) and apply the 
polluter pays principle (Article 16)

Table 4.3: Existing laws related to WQG and their political dynamics.
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Law Legal Emphasis Groups of WQG Governance 
Elements

Spatiality and Authority 
Level

Constitution of Georgia The 
Law of Georgia on Public 
Health (2007)

Article 37-4: sustainable development, 
protection and rational use of natural 
resources; Article 37-5: everybody has the 
right to get full and objective information 
about the condition of the environment 
(since 2011)

Mitigation and Protection; 
Standardization

National level

The Law of Georgia on Public 
Health (2007)

Norms for maximum permissible concen-
trations and exposure limits for hazardous 
substances (Environmental Quality Stand-
ards), including those in water (Article 22)

Mitigation and Protection National level

Norms for maximum permissible concen-
trations and exposure limits for hazardous 
substances (Environmental Quality Stand-
ards), including those in water (Article 22)

Standardization National level

Determine quality standards and technical 
regulations for water safe for human health 
(Article 23)

Standardization National level

Manage water resources with unified poli-
cy at the state level

Mitigation and Protection Water basin level

Protect water facilities from the negative 
impacts due to deterioration of water qual-
ity (Article 23,34)

(Not an official function)

Law of Georgia on Environ-
mental Impact Permit 2007

Specifies the importance of as well as the 
regulations and procedures for conducting 
an environmental impact assessment

Enforcement Sectoral level

Law of Georgia on Local 
Self-Government Code 2014

Management of water supply and local 
natural resources, including water and 
forest resources, by local municipalities 
(Article 16)

Mitigation and Protection; 
Enforcement

Local level

Maintain the local sewage system and 
waste management (Article 16, 163)

Mitigation and Protection; & 
Enforcement

Law of Georgia on the Mari-
time Space

Any type of contamination of maritime 
space, coastline, and estuaries is 
prohibited.

Enforcement
National level with specif-
ic spatial locationEstablishes prevention, reduction and 

control of possible contamination (Article 
55, 56, 59, 60)

Ordinance of Government of 
Georgia in technical nomencla-
ture for potable water (2014)

Technical and chemical characteristics of 
the potable water used in the centralized 
water supply systems

Standardization Local level

Order 279/N of 16 August 2001 
by the Georgian Minister of 
Labor, Healthcare and Social 
Protection

Standards for the qualitative conditions of 
the environment

Standardization

National-level determi-
nation and local-level 
implementation by central 
government agencies

Qualitative standards for the water of 
centralized, non-centralized, and surface 
water supply systems

Codex for Environmental 
Protection Assessment (Since 1 
January 2018 update)

Policy, regulations and procedures for 
conducting an environmental impact 
assessment

Enforcement National level
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4.5.2 Implementation of Water Quality Governance (WQG) in the Contemporary System

Water resource management is currently based on the Law of Georgia on Water 1997. Parallel to this law, there are other 
laws that directly and indirectly govern water resources in different ways that create inconsistency and fragmentation 
in the water policy implementation in Georgia [NPD,2013;Green Alternative,2007]. In existing laws, water quality is a 
key emphasis. Table 3 analyzes the existing regulations within each law related to water quality, their model of WQG, 
and their spatiality. 

Beyond the above-mentioned laws and orders, there are more that directly facilitate other functions in water resource 
management. They do not, however, explicitly mention water quality. For example, the Law of Georgia on Land Me-
lioration 1997 determines the water sources to be used and responsibilities of hydro-technical constructions for the 
amelioration of water bodies for agricultural irrigation [Georgian Amelioration,2016]. During Soviet occupation, the 
Ministry of Amelioration and Water Economy was one of the core ministries governing the water economy and over-
saw the development of irrigation systems to support booming agricultural production. Georgian Amelioration is a 
state-owned company which has its own regional branches. They mainly focus on the construction of irrigation canals 
and maintenance of the existing canals, and have no responsibilities regarding water quality management [Georgian 
Amelioration,2016].

The legal fortification for the water quality standardization and mitigation and protection is seemingly well-covered 
by other laws emphasizing various aspects of the issue. There are a few points in the legislation dealing with the 
enforcement of WQG. However, the critiques of these laws address two main issues: (1) the gap between legislative 
expectations and the implementation or enforcement of these regulations; (2) internal contradictions in the laws. WQG 
is primarily the responsibility of the national-level ministries in Georgia. Based on the interview data and the study of 
the current management system, most WQG elements for law-making and implementation are centralized at nation-
al-level institutes (Table 4). The different responsibilities regarding WQG vary within each ministerial level, and little 
integration exists across ministerial levels (i.e., vertical cooperation) [UNECE,2016]. The Ministry of Environment and 
Natural Resources Protection of Georgia (MENRP) acts as the key institution for WQG. The Department of Environ-
mental Pollution Monitoring under the National Environmental Agency has been the main responsible body in Georgia 
for water quality since 2006. They conduct sampling in pre-selected sample sites on a monthly basis, as well as two 
times per month in hotspots. In 2016, there was a total of 150 sites across the whole country. The monitoring process, 
laboratory analysis by their two regional offices (Batumi and Kutaisi), and assessment of the water quality status for 
the whole of Georgia (including surface, ground and marine water sources) are the main duties of the department. The 
Department on Environmental Supervision will be informed of any alarming water pollution in order to conduct the 
necessary action against the polluters or prevent the action by working with the responsible stakeholders. The Depart-
ment of Geology conducts the groundwater quantity analysis, while the Department of Hydrometeorology collects the 
surface water quantity data [National Environmental Agency,2016]. The Ministry of Labor, Health and Social Affairs is 
responsible for setting the water quality standards for all water sources [NPD,2013; Ölund Wingqvist,2009]. The mini-
mum level of water system surveillance to ensure drinking water quality is officiated by the Ministry of Labor, Health 
and Social Affairs. The drinking water quality standards were established in 2001 by following WHO guidelines and 
former Soviet Russian norms [Melua,2015; Betsiashvili & Ubilava 2008]. The Ministry of Agriculture of Georgia is also 
responsible for drinking water quality monitoring and supervision [NPD,2013] Neither the Ministry of Agriculture 
of Georgia nor their extension service offices conduct water quality measurements in the irrigation channels. At the 
practical level, it is unclear who should conduct the quality testing of irrigation channels or if anyone is responsible for 
the monitoring [Marneuli Extension Service,2017; Bolnisi Regional Office of Amelioration,2017]. Concerning the water 
supply and waste management in municipalities, this is mainly governed by the Ministry of Regional Development and 
Infrastructure with the Municipal Development Fund and the Georgian National Energy and Water Supply Regulato-
ry Commission. Their actions to maintain drinking water quality are vital [Melua,2015]. The institutional setup in the 
WQG is totally centralized [UNDP/GEF,2017]. 

The other critique is the internal contradictions of laws. For example, the 2004 Tax Code and the Law of Georgia on Li-
censes and Permits 2005 obliterate some key environmental pollution taxes and certain conditions to obtain permits in 
matters of natural resource usage that negatively influence water resources management [NPD,2013]. Industries do not 
need to obtain a license or permission for surface water extraction and discharge of wastewater, only for the groundwa-
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ter extraction. As a result, there is no legal mechanism or institutional setup to terminate such environmentally harmful 
activities [UNECE,2016]. Thus, the National Environmental Agency can only conduct monitoring of the condition and 
seek voluntary cooperation from industries for sustainable natural resource usage. Overall, there is a lack of consolidat-
ed mechanisms for water quality management in Georgia [National Environmental Agency,2016].

4.5.3 Role of Local Authorities in Water Quality Governance (WQG)

According to the new demarcation based on the 2016 ordinance, there are five self-governing cities, including Tbilisi, 
Porti, Batumi, Rustavi, and Kutaisi, with more than 50,000 inhabitants, and 59 municipalities that combine rural areas 
and a city as a local government unit in Georgia. The mayor and the council members (Sakrebulo) are directly elected. 
Apart from this election, there are limited opportunities for the active participation of the community in the local gov-
ernment in Georgia [Jamaspishvili, 2009; Parliament of Georgia, 2017]. 

Local government institutions function as service delivery institutes in water resource management in Georgia. Drink-
ing water distribution is the main responsibility of the local authorities. Local authorities either join with private water 
supply companies, as in Tbilisi, or with a government-owned company [NALAG,2016]. Centralized water is supplied 
to 95 percent of residents in urban areas and 35 percent in rural areas [Melua,2015]. The local government agencies are 
not really empowered by law to be involved in general water resource management, though limited power is granted 
to manage their local natural resources. Based on Article 16 of the Law on Local Self-Government Code 2014, local gov-
ernments are also responsible for performing small restorations of local water canals. The critics say that the definition 
of local water is not clear in the Law on Local Self-Government Code or in the existing Water Law. This gap in the law 
is a practical issue in the rural municipalities who use spring water sources for drinking water. As municipalities are 
responsible, along with the local water supply companies, for delivering drinking water to the area, they need to ob-
tain the authority from the National Environmental Agency [NALAG,2016; Governors (Gamgebeli) and Representative 
Councils (Sakrebulo) Members from Bolnisi,2016]. The interviewees from the local government offices admitted that 

WQG Elements Institutions Involved Nature of Power Distribution

Mitigation and Protection

Maintaining water quality standards Ministerial level Centralized

Protecting water sources Ministerial level; limited responsibilities 
given to local authorities

Centralized

Mitigating short- and long-term water 
pollution causation

Ministerial level Centralized

Enforcement

Implementing enforce directives Ministerial level; limited power given to 
local authorities

Centralized

Issuing licenses and permits Ministerial level Centralized

Recommendations in the environmental 
assessment

Ministerial level Centralized

Standardization

Setting water quality standards Ministerial level Centralized

Monitoring water quality (sampling 
and analysis)

Ministerial level and regional offices Centralized

Reporting and assessing the quality 
status

Ministerial level Centralized

Table 4.4: Current distribution of water quality governance (WQG) elements in Georgia.
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Year Technical Staff Amount of Finance (Euro) * Main Duty Oriented

2014 348 2.480.450 Integrated Environment 
Control

2015 434 3.794.212 Integrated Environment 
Control

2016 434 3.594.533 Integrated Environment 
Control

2017 391 2.919.614 Integrated Environment 
Control

2018 391 3.086.816 Integrated Environment 
Control

Table 4.5: Human resources and financial capacity of local government.

(Source: National Budget of Georgia in 2015, 2016, 2017 and 2018) [Parliament of Georgia, 2017]. * All 
local currency values (GEL) are converted to Euro (1 GEL = 0.311 €)—Based on the official exchange rate 
of LARI against foreign currencies by National Bank of Georgia.

most of decisions are made by the central government. The interviewees felt that, following cooperation with the na-
tional government, the local government should have the power and authority to govern their own natural resources. 
Local authorities are keen to have their own regulation capacity for decisions regarding their local resources [Governors 
(Gamgebeli) and Representative Councils (Sakrebulo) Members from Bolnisi,2016]. Due to a lack of technical staff, the 
local government is unable to maintain the public services efficiently. The reserved budgetary portion may a limited 
amount to train staff or limit building technical capacity at the local level (Table 5). This financial constraint leads to ei-
ther limited and regular training facilities or a lack of technical staff. Overall, local governments currently fully depend 
on the central government, and face financial and administrative limitations [Bolkvadze et al.,2015]. 

4.5.4 Drafted Water Law—Integration and River Basin Management

The key issues for contemporary water policies in Georgia are the complexity and malfunction of the water resource 
management in the institutionalization process and implementation; the limited power and authority of local officials; 
and missing legislation to address key water management issues, such as concrete water pollution prevention tools, a 
combination of water protection requirements, and restrictions for unsustainable land use and other spatial develop-
ment [Melua,2015;UNECE,2016].

Water resource management in Georgia is in a transformation period. Discussion regarding a new water management 
system commenced in 2005 [Green Alternative,2007]. The international discussion about IWRM and the river basin 
management approach have been gradually introduced to the Georgian water community through several projects 
aided by international organizations, such as the EU, UNDP, IBRD, GEF, and USAID, as well as other donor countries. 
In these policy dialogues, water quality is a key nodal point as water pollution from several industrial and municipal 
sources causes many negative impacts in Georgian society [UNDP/GEF,2017; Caucasus Institute for Peace,2017]. Water 
quality is a key focus of the Kura (Mtkvari) Ara(k)s River Basin Project of the UNDP and GEF, which addresses a trans-
boundary river basin between Georgia, Armenia, and Azerbaijan. For Georgia, updating the water quality standards 
[Abu et al.,2013] and harmonization of institutions and governance processes are recommended [UNDP/GEF,2017].

The new drafted Water Law of Georgia on Water Resources Management is being discussed and revised in a multi-stage 
process. In 2011, the Memorandum of Understanding on the implementation of the National Policy Dialogue (NPD) on 
IWRM was signed by the Ministry of Environment and Natural Resources Protection of Georgia and the UNECE. The 
concept of the new Water Law was approved by the NPD Steering Committee and the first draft of the “Law on Water 
Resources Management” was formulated in 2013. EU WFD guidelines and their obligations are a mandatory part within 
the cooperation between the EU and Georgia based on the EU-Georgia Association Agreement signed in 2014 by both 
parties [NPD,2013;UNECE,2016]. This agreement aims to harmonize Georgian environmental governance and policy 



               51

with EU legislation in accordance with a time schedule [USAID,2017]. Specifically, there is a roadmap for Georgian legal 
and policy implementations for environmental and climate action to approximate those of the EU. This is part of the 
EU-Georgia Association Agreement in the fields of environment and climate action. In this Road Map, water quality and 
water resource management is one of the identified sectors that also set a timeline to draft new laws and by-laws [Partic-
ip & Gogaladze, 2016]. The new draft has to be approved by the Georgian parliament before September 2018 [Ministry 
of Environment and Natural Resources Protection of Georgia,2017]. The drafted law should be enriched by an integrat-
ed water management plan, river basin management system, and a detailed plan for water resources management. Es-
tablishing a new institutional and regulatory framework has been identified as the main structural advancement of the 
prospective water law [Draft Law of Georgia on Water Resources Management, 2015]. By referring to the draft, changes 
in the water laws and policies can be grouped into three categories, including:

 a). Governance and Institutional Changes

The lack of stakeholder integration is one cause of ineffective water resource management in Georgia [Georgian Ame-
lioration,2016]. By shifting away from sectoral water resource management, the new water governance will be based on 
the integrated water governance system. Chapter I, Article 5 in the drafted law elaborates on the concept of integrated 
protection and sustainable use of water resources at the national, regional, and local level, with mutual cooperation 
among all water users [Draft Law of Georgia on Water Resources Management, 2015]. According to this definition, new 
water policy institutionalization expects to have vertical and horizontal coordination. Harmonized vertical coordination 
between ministerial levels is one priority of the new law which is missing from the present water governance. The river 
basin system will be the spatial basis for IWRM implementation and institutions under the new law. As the umbrella 
governance unit, the Intersectional Committee for Protection and Use of Water Resources will be officiated by combining 
all line-ministries, namely the Ministry of Environment and Natural Resources Protection of Georgia, Ministry of Labor, 
Health and Social Affairs, Ministry of Agriculture, Ministry of Economy and Sustainable Development, and Ministry of 
Finance, as well as other stakeholders including local government authorities. The main responsibility of this committee 
will be the coordination of policy in the field of water resources management. Other ministerial-level government units 
are still being discussed [Ministry of Environment and Natural Resources Protection of Georgia,2017].

WQG will be a main thematic area in the Intersectional Committee, and the duties of the National Environmental 
Agency regarding water quality management will be more organized and coordinated with other ministries, as well as 
the River Basin Management Unit. Under the coordination of the MENRP and the Ministry of Labor, Health and Social 
Affairs, local government authorities will gain special competencies regarding the protection and use of water resourc-
es. Along with the above-mentioned ministries, local municipalities with the River Basin Management Units under 
MENRP will be responsible for the protection and use of water resources [Draft Law of Georgia on Water Resources 
Management, 2015]. One of the main focuses in the WQG is monitoring. In the future, there will be a more constructive 
plan for water quality monitoring by advancing the monitoring points and a joint institutional arrangement between 
the National Environmental Agency and the Ministry of Agriculture to monitor the agricultural water discharge to 
surface and groundwater sources. However, there is not yet an exact and finalized institutional structure. This kind of 
inter-institutional arrangement will be settled after implementing the new law. Also, transboundary cooperation will 
be a thematic area in water resource governance, and water quality, in particular, will be a key topic in this regional 
cooperation [Ministry of Environment and Natural Resources Protection of Georgia,2017].

 b). Spatial Reconfiguration

River basin-oriented water resource management is one of the main goals of the new water law. This spatial change of 
water management can be observed as the main policy revolution in the water governance paradigm shift in Georgia. 
There will be a special application of this concept in Georgia, going beyond the classical river basin spatial scale by ap-
plying river basin districts. Based on the drafted law, a river basin district is “the area of land and sea, made up of one 
or more neighboring river basins together with their associated ground waters and coastal waters which is identified 
as the main unit for integrated management of river basins” [Draft Law of Georgia on Water Resources Management, 
2015]. There will be six river basin districts (Figure 4.4), namely the Alazani-Iori Basin District, Mtkvari Basin District, 
Khrami-Debeda Basin District, Enguri-Rioni Basin District, Chorokhi-Kintrishi Basin District, and Bzipi-Kodori Basin 
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District [Draft Law of Georgia on Water Resources Management, 2015]. Each river basin will have a River Basin Council 
after the feasibility study by the authorities. Based on the drafted law, the main goal of the council is to “ensure coop-
eration between the governmental and non-governmental entities with the view of protection and wise use of water 
resources within appropriate basin district” [Draft Law of Georgia on Water Resources Management, 2015]. Thus, the 
functions of the River Basin Councils will include providing consultations, proposals and coordination of the stake-
holders during the elaboration and implementation of River Basin Management Plans [UNDP/GEF,2017; Ministry of 
Environment and Natural Resources Protection of Georgia,2017]. Hence, the River Basin Council acts as a consultation 
mechanism to manage water resources. The council will consist of representatives from the central government, local 
government, and other stakeholders in the district. For the management of water resources, there will be River Basin 
Management Units under the MENRP body consisting of authorities who are directly involved in the water resource 
management [WMO,2013]. Based on the drafted law, the committees of each district will create a river basin district 
managing plan with consultation from the Ministry of Environment and will proceed to the central government for 
approval and implementation. According to this plan, WQG will be concerned with anthropogenic effects and risk 
assessment in the region, and will get information from local representatives (Chapter VI, Article 32) and through 
public hearings (Chapter VI, Article 34) [Draft Law of Georgia on Water Resources Management, 2015.]. Regional units 
of the Ministry of Environment and Natural Resources Protection (river basin management services) will probably be 
established, but this question is still under discussion [Ministry of Environment and Natural Resources Protection of 
Georgia,2017]. The reasons for having river basin districts rather than river basins are convenience in the administrative 
functions, less financial costs, and better integration in water management [Ministry of Environment and Natural Re-
sources Protection of Georgia,2017].

 c). Regulation Changes

The regulations of the drafted Law of Georgia on Water Resources Management have been advanced based on the com-
prehensive regulations of the EU WFD. By adapting the EU WFD into a national natural resource management system, 
considerable changes to institutions are an obvious consequence [Bolkvadze et al.,2015]. The guiding framework and le-

Figure 4.4: Borders of the River Basin Districts (based on Approval of the Boundaries of Basin 
Territorial Entities of River Basin Manage [Draft Law of Georgia on Water Resources Manage-
ment, 2015]; authors were given permission to rework the original map).
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gal norms upon which the new regulations are modelled [NPD,2013] include Directive 2000/60/EC establishing a frame-
work for community action in the field of water policy, Directive 2007/60/EC on the assessment and management of 
flood risks, Directive 91/271/EEC on urban waste water treatment, Directive 76/160/EEC on bathing water, Council Di-
rective 91/271/EEC on urban wastewater treatment, Directive 91/676/EEC on nitrates, Directive 2008/98/EC on waste, Di-
rective 98/83/EC on the quality of water intended for human consumption, Directive 2006/11/EC on pollution caused by 
certain dangerous substances discharged into the aquatic environment of the Community, Directive 2006/44/EC on the 
quality of fresh waters, Directive 2008/105/EC on environmental quality standards, Directive 2010/75/EU on integrated 
pollution prevention and control, Directive 91/676/EC on protection of waters against pollution caused by nitrates from 
agricultural sources, Directive 76/769/EEC on marketing and use of certain dangerous substances and preparations, 
Directive 91/414/EEC on plant protection products, and Directive 98/8/EC on Biocidal Products Directive concerning the 
protection of waters against pollution caused by nitrates from agricultural sources. Water quality management within 
the EU WFD plays a key role. Ecological standards are well detailed for all water bodies, including their normative 
definitions and status. By following the EU WFD, the drafted law will advance their quality norms and monitoring with 
biological, hydromorphological and physico-chemical quality categories [National Environmental Agency,2016]. Ac-
cording to the drafted law, surface water requirements will be developed and reviewed within the river basin manage-
ment plan every six years. In addition, the water quality data repository will be open to the public [Draft Law of Georgia 
on Water Resources Management, 2015]. Under the regulation framework in the drafted law, there will be programs for 
maintaining and improving water quality [Ministry of Environment and Natural Resources Protection of Georgia,2017]. 
These programs will aim to take integrated action to search for the cause of water contamination and alleviate or stop 
the emission factors, as well as advance the regulations in order to maintain the high quality status measures and reach 
the EU water quality objectives (Article 31) [Draft Law of Georgia on Water Resources Management, 2015]. 

4.6 Discussion

4.6.1 Shifting Passive Members to Active Members: Enhancement of Local Governance Entities in WQG

There is a tendency for most responsibilities in WQG to accumulate with the authorities in the central government. If 
the agencies at the legislative and implementation levels are not well identified in the total governance process, the role 
and contribution of local government authorities in WQG can be ambiguous. By sharing the responsibilities and provid-
ing opportunities to engage in the different steps of WQG, local government authorities will be active members of the 
total water resource management in Georgia. Thus, the drafted law and the following policy developments in Georgia 
need to consider good practices already implemented elsewhere. In Germany, local level authorities, including the local 
technical agencies (Wasserwirtschaftsämter), are responsible for monitoring, permitting, and licensing, as well as other 
enforcement actions, to maintain water quality locally [Kampa et al.,2013].

As far as establishing the standardization of water quality, which involves monitoring water quality, reporting, and 
assessing the quality status, a consideration of local knowledge in sampling is highly recommended by the World Mete-
orological Organization in their technical report “Planning of Water-quality Monitoring Systems” [WMO,2013]. Estab-
lishment of sampling stations, the close observation of water quality, and the frequency of reporting should all be deter-
mined at the local level [Mäkelä & Meybeck, 1996]. Insufficient parameters and locations for monitoring water quality, 
an inadequate quality control system, and lack of trained staff are some of key challenges that have been identified in 
Georgia [Javakhishvili,2017]. In the new water policies, organization of water quality monitoring is going to be based 
on the EU standards [Makarova,2017]. There is an essential importance to establish a mechanism to convert monitoring 
data into a statement about the status of water bodies as a fundamental factor in a solid water quality assessment, which 
is missing in the current WQG [Adeishvili et al.,2012]. Such standardization of the water quality needs to be independ-
ent from the negative policy-bias that may misguide the norms and objective of water quality standards. Regarding 
such a mechanism, local governance entities are an inevitable stakeholder with regards to local knowledge, proximity 
to the issue, and institutional flexibility. In addition, the local government authorities in Georgia admitted that, al-
though the setting of national standards is the responsibility of the national level, updating the quality parameters and 
monitoring the status should be the responsibility of the local authorities. The officers from the Department of Environ-
mental Pollution Monitoring could gain active support from the local authorities in this regard and could improve the 
technical capacity by training local staff to conduct water quality monitoring [Bolkvadze et al.,2015]. Such facilitation 
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and capacity building at the local level are not only meant to empower a few technical staff with the local authorities, 
but also to empower the local communities. Local participation in monitoring the conditions of natural resources could 
enhance people’s awareness of their local natural resources and participation in ensuring sustainable use [Danielsen 
et al.,2009]. Local public hearings or a body to handle complaints at the local government level is one of the demands 
of the local communities [Personal communication, 2016]. Moreover, local governments could prepare a report on the 
status of water quality in the area and be a part of the preparation of a comprehensive quality guideline and thresholds 
for biological, hydromorphological and physico-chemical quality for identified and unidentified pollution threats based 
upon the precautionary principles in coordination with the watershed management bodies [Ardizone,2003]. Certain 
analyses must still be conducted in the central laboratory due to the complexity of the tests and equipment availability. 
The central government agencies, connected to the local level by their regional offices, can obtain active support from 
the local governments under such a system of mutual cooperation in Georgia.

Local-level governance entities cannot be detached from the mitigation and protection WQG elements, including main-
taining water quality standards, protecting water sources, mitigating causes of short- and long-term water pollution, 
and risk assessment. Finding the appropriate, lowest level of governance is proposed as a guiding principle to manage 
water pollution based on the nature of the issue [Larsen et al.,1997]. In the case of water contamination or any other water 
degradation issue, addressing the problem at the governance authority in the same geographical location may achieve 
effective results. Thus, local government is the ideal spatial governance unit to oversee and take immediate action on 
the issue [Schindler,2015]. Though currently there is limited or no opportunity for the local governance authorities to ac-
tively take part in the mitigation of water contamination and protection of water sources in the region, local government 
agencies expect to have more chances under the new law [NALAG 2017;Personal communication, 2016.]. This instigates 
a proximate relationship with the local communities and industries, and creates the opportunity to cooperate on NRM 
in a sustainable manner [Larson & Soto, 2008]. In particular, the local authorities, as the main, responsible institutes for 
water delivery and wastewater treatment in Georgia, should also be responsible for maintaining water quality. In con-
trast, the centralization process abates the competencies of the local governments. Though the water supply and waste 
management are tasks of the local government authorities under the Law on Local Self-Government Code, the actual 
situation is peculiar. Water supply is centralized in most municipalities and sewage systems are malfunctioning in most 
rural municipalities. The financial capacity is limited to develop their own systems due to the curtailing of tax revenues 
for the local authorities [NALAG ,2017; Personal communication, 2016; Bolkvadze et al,2015]. If funding was available, 
updating and installing wastewater treatment facilities would be priorities [Melua,2015; UNECE,2016]. Coordination 
among adjacent local government institutes and other stakeholders, like the inter-municipal associations (Zweckver-
bände) in Germany [Philip et al 2008], is essential in regulating nonpoint source water pollution because the contamina-
tion locally may have been generated in another area [Mandelker,1989]. Thus, vertical coordination at the local level is 
missing among municipalities in Georgia and, thus, needs to be strengthened. In the drafted law, risk assessment that 
includes the identification, assessment, and forecasting of risks (Chapter II, Article 6, G) [Draft Law of Georgia on Water 
Resources Management, 2015.] will be centrally performed at the ministerial level. Local governance entities have the 
potential to be active stakeholders in risk assessments in their local region and network with the WQG system.

In terms of the enforcement elements in WQG, the active engagement of local government authorities is vital in im-
plementing enforce directives including charging penalties for water contamination, issuing licenses and permits, and 
recommendations in the environmental impact assessment. Setting a regulatory framework and an appropriate institu-
tional arrangement are essential to controlling water pollution [Helmer & Hespanhol, 1997]. Increasing the ability for 
involvement in local environmental matters, such as by implementing regulations at the local level, has a positive effect 
on local concern for natural resource management [Ostrom, 1990; Danielsen et al.,2009]. Otherwise, natural resource 
management may be incompatible with the local context [Holley,2017; Holley & Sinclair, 2012]. Water pollution taxes 
and penalties for water contamination are strong economic instruments that can be given to the local authorities [An-
dersen,2001]. Georgian local government institutions anticipate the implementation of a local tax system [Bolkvadze 
et al.,2015]. Giving the authority to govern their water sources locally with the coordination of the central government 
would be a cost-effective outcome for the environmental governance system. Even in the mega-scale projects that re-
quire permits from the national government, the active participation of the local government is crucial in the surveil-
lance of the process and the environment impact assessment. The local government, as the closer authority to the use of 
natural resources in the region, must have the necessary power to intervene in any type of misuse of local water sources 
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by industry or agricultural enterprises. Otherwise, poor conduct cannot be directly addressed based on local concerns. 
This also brings multiple benefits to the local communities, as well as the national interest [Personal communication, 
2016.]. To be part of the WQG, the competences of local communities should be considered in the governance process. 
These applications will be a part of the water governance process that is beyond the legal framework. However, the 
legal framework should be flexible enough to allow the expanded participation of local communities and this engage-
ment should be supported by capacity-building at the local level.

Logically, the demands for empowerment of the local governance in WQG require legal facilitation through the Local 
Self-government Law. In that regard, the National Association of Local Authorities of Georgia (NALAG) points out 
considerable changes and clear definitions in the Local Self-government Law that are in agreement with the prospective 
water law. Otherwise, the gap between application and expectations will perpetuate the passive role of local governance 
in the total water resource management in Georgia [NALAG,2017]. With active engagement opportunities, WQG could 
be carried out by a system of network-governance [Robins et al.,2011; Dingfelder,2017] that is entrusted with and feels 
responsibility for local governance stakeholders by being a partner in the governance process.

4.6.2  Oscillation or Harmonization: Water Quality Governance (WQG) between Political-Jurisdictional Space 
          Governance and Ecosystem-Based Governance

The drafted law can be identified as a revolutionary attempt to alter the total governance system in Georgia. This law 
will establish the River Basin District water management system as the new type of natural resource governance model, 
utilizing an ecosystem-based approach. As previously discussed, there will be a new institutionalization process and 
regulatory framework to facilitate this new governance model. By shifting governance to a new spatial scale and con-
figuration of water resource management, a modernization of the governance system in Georgia, accompanied by effec-
tive and sustainable water management, is anticipated. In addition, there has been a long-term demand for the proper 
decentralization and devolution of political power to the local governance level [Bolkvadze et al.,2015; Skorupska et 
al,2014]. This political dynamic also needs to be taken into account in the revision of the NRM in Georgia.

In the existing system, there is strong, sectoral-based water governance. In sectoral-based water governance and man-
agement, top-down governance leads to diminished social participation and formulates a hierarchical policy imple-
mentation culture and institutional setup [Agarwal et al.,2000; Berry & Mollard, 2010]. The river basin management 
system demands a concrete river basin management plan and governance system, including a governing body that 
stakeholders can engage with to join in the decision-making process and an administrative body with technical func-
tions, including monitoring water sources, cooperation and coordination among stakeholders, distribution of water, 
disaster management, and ecosystem protection [Watson,2004; Svendsen et al.,2005; Molle ,2006]. The water basin sys-
tem could encourage solidarity among locals to protect their water sources. In France, catchment-based water govern-
ance also impacted agricultural systems, resulting in more sustainable practices such as organic and low-input farming 
methods [Roussary,2014]. If the new law and by-laws do not correctly understand this mechanism and the governance 
power again moves towards the central government, then the positive expectations and outcomes of this new spatial 
governance system cannot be obtained. The river basin district council will be a body with consultation tasks with the 
MENRP. However, the realization of the IWRM within the river basin district system is an important objective. Thus, 
the establishment and enablement of the management unit is a vital task. However, attaining sufficient financial support 
may be a challenging obstacle to the establishment of river basin management units for each river basin district [UNDP/
GEF,2017].

By analyzing the governance elements of WQG in Georgia within the existing system and possible changes in the new 
water management paradigm, it becomes evident that the key is avoiding a shift back to sector-oriented management in 
the long-term or a deceptive application of IWRM. In a deceptive application of IWRM, national agencies only maneu-
ver to inter-agency representations and officiate special delegations to the national level from the local government level 
[Perry,et al.,1996]. These delegations could be a symbolic representation of the local level, rather than creating the truly 
inclusive engagement of stakeholders in local governance. In Georgia, there is strong political compulsion towards a 
centrally-oriented governance system. There are still chances to develop a “top-down” governance system and an in-
stitutionalization process under the political-jurisdictional space governance approach. How far the ecosystem-based 
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governance system will go in formulating a new type of democratic regulation, institutional system, and productive 
decentralization within such a spatial governance model will depend on the practices and authentic contribution of 
each stakeholder. Thus, the proposed Intersectional Committee for Protection and Use of Water Resources or River 
Basin District Committees should act beyond their role as inter-agency representatives and their delegation activities. 
The active integration of stakeholders is compulsory for the success of the total IWRM application. Integration is not a 
neutral process. It is a political process in the plural society [Saravanan et al.,2009; Withanachchi.2012; Allan,2006]. The 
interaction of cross-sectoral stakeholders for the achievement of a common goal is manifested in the integration pro-
cess of the IWRM [Berry & Mollard, 2010]. With the new water law and the policy changes in Georgia, the governance 
system for NRM will consolidate with vivid governance characteristics of political-jurisdictional space governance, 
Ecosystem-based approaches, and Stakeholders’ approaches. WQG is one of the good thematic areas in total water 
resource management that allows the policymakers to clearly identify the steps of how national-level stakeholders and 
local governance entities in the River Basin system can be active partners in an integrated manner. A plurality of soci-
ety in Georgia that connects with a multiplicity of stakeholders, legal pluralism, and multi-functionality [Mollinga et 
al.,2007] needs to be envisaged in a process of long-term application of the drafted law and the new water governance 
system in Georgia.

4.6.3 Obstacles and Chances for Efficient Water Quality Management

Hindrances have been identified that negatively affect efficient WQG. However, in the larger context of water resource 
governance, some specific obstacles may be concealed [Kayser et al.,2015]. Critical obstacles for obtaining effective and 
efficient water quality management include lacunae in the legal rights to have improved water; low priority on the 
government agenda or not having a solid national strategic plan for water management; lack of coordination among 
institutions or “disintegrated” water resources management; neglect and poor management; lack of funds and other 
resources; the role of the government authorities themselves as large-scale water polluters; little advancement in terms 
of knowledge; lack of public interest; and the space for corruptions [Tortajada & Islam, 2011; Pardy,2004]. As discussed, 
water quality is the main theme in water resource management in Georgia, but efficient and effective water quality 
management cannot be reached due to the gap between legislative expectations and the implementation and outcomes 
of water quality regulations, as well as the internal contradictions of the laws. This leads to continued detrimental ac-
tivities by polluters that cause water contamination [UNDP/GEF,2017]. Local authorities are mute due to the lack of 
power to prevent local-scale pollution [NALAG,2017;Personal communication, 2016]. In other cases, there is currently 
only a narrow opportunity to engage local communities in governance. Under current power and responsibilities, the 
local government rather acts as the technical and administrative body. Some local community members admit the gap 
between the local authority and people’s roles, particularly in local matters of water pollution or other water quality 
issues. The lobbying power of local communities can be an important factor to mitigate, report, and examine water 
pollution activities at the local level [Perry &  Venderklein 1996; Ostrom,1990]. Hence, public councils, local community 
meetings, a petition system, and public hearings at the local level could be tools to activate people’s participation in 
Georgia.

More international cooperation and adjacent work with EU members are vital to advance the technology and knowl-
edge. Currently, Georgia is a strong partner in the European Neighborhood Instrument, which assists by strengthening 
environmental governance in Georgia. Capacity-building at the local level is the task of national-level stakeholders 
(i.e., government and NGOs). Local authorities would like to have local staff with technical capacities in water quality 
monitoring, control, and analysis. Moreover, the cooperation between the Amelioration Institute and entities in water 
quality management need to be strengthened, as the water supply and allocation are intertwined with water quality. 
These are the future institutional arrangements that await the new water governance policy paradigm shift in Georgia.

4.7 Conclusions

This research study identified the thematic areas and demands at the local level that assist in empowering local gov-
ernance entities for efficient WQG in Georgia. During the ongoing paradigm shift in the water resource management 
system, Georgia has to prudently enact a new water law and by-laws by considering the challenges of implementing 
decentralization and a new spatiality in water governance. In this paper, WQG elements were categorized as means of 
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Standardization, Mitigation and Protection, and Enforcement, which provided a framework for an analytical review 
of the existing institutions and regulation system, as well as the prospective water policy system. As the local level is 
the proximate governance level regarding the consequences of water quality issues and the domain for active civic 
engagement, empowerment of the local governance entities could bring financial, administrative, and socioeconomic 
advantages to Georgia. Rather than creating discordance in governance, river basin district councils and stakeholders 
in local governance should cooperate by respecting each other’s responsibilities and finding opportunities to bring 
about effective water resource management. Otherwise, the inconsistencies and overlap of functions and responsibili-
ties could once again lead to the mismanagement of water resources. In this study, we identified that the political eco-
nomic dynamics and socio-ecological patterns are important factors in the politics of environmental policy-making. The 
empowerment of local governance in WQG should fit into the river basin management system as a new spatial reconfig-
uration in Georgia. Overall, the new water law should consider the deeply-rooted societal values and political-economic 
dynamics in Georgia as a country in a paradigm shift in water quality governance and a transitional political economic 
context. Further research is required to deeply examine local communities’ understanding of water quality, as well as 
the hindrances and potential to improve people’s participation in WQG in Georgia.
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5.1 Abstract

Water quality contamination by heavy metal pollution has severe effects on public health. In the Mashavera River Basin, 
an important agricultural area for the national food system in Georgia (e.g., vegetable, dairy and wine production), wa-
ter contamination has multiple influences on the regional and country-wide health. With new industrial activities in the 
region, sediment extraction, and discharge of untreated wastewater into the river, its tributaries and irrigation canals, a 
comprehensive study of water quality was greatly needed. This study examined sediment and water samples from 17 
sampling sites in the Mashavera River Basin during the high and low precipitation seasons. The results were character-
ized utilizing the Geo-accumulation Index (Igeo), Enrichment Factor (EF), Pollution Load index (PLI), Contamination 
Factor (CF) and Metal Index (MI). According to the CFs, Cu > Cd > Zn > Pb > Fe > Mn > Ni > Cr > Hg is the descending 
order for the content of all observed heavy metals in sediments collected in both seasons. Fe and As were additionally 
examined in water samples. Overall, As, Cd and Pb, all highly toxic elements, were found in high concentrations in 
downstream sample sites. According to these results, comprehensive monitoring with narrow intervals between sam-
pling dates, more sample sites along all waterways, and proximate observation of multiple trace metal elements are 
highly recommended. Moreover, as the part of the water quality governance system, an immediate and sustainable 
collective action by all stakeholders to control the pollution level is highly recommended, as this issue is linked to the 
security of the national food system and poses a local public health risk. 

Keywords: wastewater discharge; sediment extraction; mining; food system; water pollution; public health

5.2 Introduction 

The United Nations Agenda 2030 and Sustainable Development Goals (SDGs) clearly emphasize the aim to “by 2030, 
improve water quality by reducing pollution, eliminating dumping and minimizing release of hazardous chemicals and 
materials, halving the proportion of untreated wastewater and substantially increasing recycling and safe reuse glob-
ally” [United Nation,2015]. This is one of the key target of SDG 6: “Ensure availability and sustainable management of 
water and sanitation for all” (Target 6.3). One of the key objectives of Integrated Water Resource Management (IWRM) 
and the European Union Water Framework Directive (EU WFD) is to ensure good water quality in all water bodies 
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[Hassing et al.,2009; Fritsch et al.,2017]. Heavy metal pollution is considered to be one of the most pronounced issues 
threatening water quality [Mohan et al.,1996;Shanbehzadeh et al.,2014; Islam et al.,2015]. Industrial activities [Shanbe-
hzadeh et al.,2014], municipal wastewater discharge [Kihampa,2013], unsustainable agricultural practices [Lomsadze et 
al.,2016], and traffic activities [Zhang et al.,2012] all lead to heavy metal pollution of ecosystems.

There are multiple causes for the water contamination in the Mashavera River Basin, which has been identified as one 
of the polluted rivers in Georgia [Lomsadze et al.,2016]. The mining industries in the Kvemo Kartli region have been 
identified as one of major causes for environmental pollution, particularly the heavy metal contamination of water, 
airborne particles and soil [Felix-Henningsen et al.,2007; Matchavariani et al.,2012;Avkopashvili et al.,2017]. Since 1975, 
the “Madneuli” mining plant has been operating near Kazreti Village under different management bodies [Avkopash-
vili et al.,2017]. In 2014, a new mining site was opened in the Dmanisi-Bolnisi region by “RMG Gold” with government 
permission [Agenda—Mining Resumes at Controversial Sakdrisi Gold Mine, 2014]. The mining areas are open-pit min-
ing sites. Currently, feasibility studies and the pre-excavation process are underway for a new gold and copper mining 
site—Kvemo Bolnisi Copper Gold Project (‘KB’) [GEO,2017]. In addition, sediment extraction by road construction 
companies and local building construction companies are observed along the banks of the Mashavera River. Further-
more, there is direct diversion of untreated wastewater from municipal areas and households due to malfunction of the 
sewage and drainage systems [EC-LEDS,2018]. Outflows from the farmlands to the Mashavera or Poladauri Rivers or 
their tributaries can also be observed [Lomsadze et al.,2016].

The Mashavera River Basin contributes a considerable amount of agricultural production to the national food system, 
including a variety of vegetables, dairy products, meat, wine, beans, wheat and maize [Melikadze et al.,2006]. Water is 
mainly supplied to agricultural fields by irrigation canals originating at the Kazretula, Poladauri and Mashavera Rivers 
[Melikadze et al.,2006] and springs. Most of the irrigation canals are open, and farmers create small waterways from 
the canals to their land. Some farmers, especially those who are adjacent to the Mashavera River in the downstream 
areas, are directly pumping water from the river to irrigate their farmland. Some people use the Mashavera River and 
its tributaries as a source of drinking water [Tsivtsivadze et al.,2014], and a few wells located near the Mashavera River 
were observed during field observation. These wells are bored into the alluvial deposit of the Poladauri [Melikadze et 
al.,2006] and Mashavera Rivers. According to Müller [Müller,2017], the heavy metal contamination of groundwater can 
occur by infiltration of river water into the banks of the river, thus also affecting the quality of drinking water derived 
from groundwater. Furthermore, cattle, sheep and goats graze openly in the region and drink water from the Mashav-
era River and other water canals in the catchment area. Some members of the local communities are even fishing in the 
Mashavera River and its tributaries for household consumption. The heavy metal contamination of the air, water and 
soil ultimately impacts the national food system as well as the health of residents of the region [Melikadze et al.,2006]. 
Therefore, extensive study of the concentration and circulation of heavy metals in the river system is important. The 
key objective of this research paper is to assess the heavy metal concentration in sediments and surface waters of the 
Mashavera River Basin. Moreover, searching for indications of the negative impacts of poor water quality on the local 
agriculture is the secondary objective of this study.

5.3 Materials and Methods

5.3.1 Study Area

This study was conducted as part of a collaborative research project that scrutinizes the multiple impacts of water qual-
ity on food security in Georgia [Withanachchi et al.,2018]. The study area included the middle reach to downstream 
section of the Mashavera River and its tributaries, including the Poladauri and Kazretula Rivers. The length of the 
Mashavera River is 66 km and the total area of the water basin is 1300 km2 [Lomsadze et al.,2016]. The Mashavera River 
joins the Khrami River and then the Mtkvari River in Azerbaijan before flowing into the Caspian Sea. The sample loca-
tions were situated between latitudes 41◦370–41◦440 N and longitudes 44◦380–44◦510 E. The altitude range was between 
410 m and 766 m above the sea level.

In terms of political-administrative spatiality, the research area was located in Dmanisi, Bolnisi and Marneuli munic-
ipalities in the Kvemo Kartli region of southeastern Georgia (Figure 5.1). The region is characterized by a semi-arid 
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climate [DE Uni Gothenburg, 2009]. The average annual precipitation is 500 mm. Compared to other regions in Georgia, 
it is categorized as a low-lying area. The average temperature is 12 ◦C, while the coldest month (January) has an aver-
age temperature around 0 ◦C, and the hottest month (July) has an average temperature around 23.9 ◦C. However, an 
increase in the average air temperature has been observed [Meladze et al,2010]. The upstream areas of the Mashavera 
river catchment and Poladauri River, one of the Mashavera’s main tributaries, have relatively high precipitation and 
humid climatic conditions [Tsikaridze et al.,2017].

5.3.2 Sample Collection

The preliminary research study was conducted in September 2015 to identify the sampling locations. A description 
of the sampling sites is given in Table 1. The possible wastewater outflows, tributaries, irrigation canals, upstream lo-
cations and other human-ecological interactions were taken into account in choosing the targeted sampling locations 
[Simpson et al.,2005]. At each of the 17 identified sample sites, the pH and electric conductivity (EC) were measured 
during the high precipitation season (HPS) in May 2016 and the low precipitation season (LPS) in September 2016 using 
a YSI ProDSS pH meter (YSI Inc./Xylem, Rye Brook, NY, USA) and ATC, Etekcity EC meter (HM Digital TDS-EZ, Suite 
A Anaheim, CA, USA). Additionally, water samples were collected from all 17 locations in both seasons according to 
the methods of Singare et al. [Singare et al.,2012]: 3 L of unfiltered water samples were collected at three times during 
the day (i.e., morning, midday and evening) in bottles rinsed by distilled water. The dissolved concentrations of heavy 
metals have been shown to vary considerably throughout the day due to anthropogenic and ecological factors [Bourg & 
Bertin, 1996; Nimick, et al.,2003]. Thus, water sample collection three times a day is recommended to observe diurnal (24 
h) concentration patterns of heavy metals [Nimick, et al.,2003; Rudall et al;2011; Nimick ,2003]. Nitric acid (pH 2, 68%) 
was then added to the samples and they were transferred to the laboratory in Tbilisi, Georgia while kept below 4 ◦C in a 
portable cooler [Shanbehzadeh et al.,2014; Islam et al.,2015; Singare et al.,2012]. The total number of water samples was 
102 over both seasons. By following the guidelines from the Handbook for Sediment Quality Assessment by Simpson et 
al. from the Commonwealth Scientific and Industrial Research Organisation (CSIRO) in Australia [Simpson et al.,2005], 

Figure 5.1: Map of the study area (Authors’ illustration). GIS Data sources: 1. Administrative boundaries 
[GDAM,2018] and 2. Land-use data and stream data [Planet OSM,2017].
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17 samples were collected in each season of the top 5 cm of sediment on the banks of the waterways at locations cor-
responding to the water sampling sites. Suitable access points were found and sediment samples were gathered using 
a plastic garden-hand shovel and then stored in labeled glass bottles rinsed with distilled water. All glass bottles were 
kept below 4 ◦C in a portable cooler during transport to the laboratory in Tbilisi, Georgia.

5.3.3 Sample Preparation and Instrumental Analysis

Each water sample was filtered through filter paper (2 μm), poured into labeled beakers and placed in an 80 ◦C drying 
oven (Heraeus Thermo Scientific, Waltham, MA USA) for deliberate evaporation until a volume of 50 mL was achieved. 
The time required for evaporation of each sample depended on the amount of dissolved solutions. Four mL of sulfuric 

Sample Sites Explanation

S1 Mashavera River, upstream at starting point of one irrigation canal

S2 Upstream irrigation canal

S3 Tributary coming from the Sakdrisi mine sites

S4 Kazretula River

S5 Mashavera River, before confluence of Kazretula River

S6 Javshaniani-Kveshi village tributary

S7 Mashavera River at Javshaniani-Kveshi

S8 Irrigation canal at Nakaduli village

S9 Tributary from Madneuli highland

S10 Poladauri River, upstream

S11 Irrigation canal in Poladauri village

S12 Irrigation canal in Vanati village

S13 Poladauri River, downstream

S14 After confluence of Poladauri River and Mashavera River at Ra-
chisubani village

S15 Starting point of one irrigation canal off the Mashavera River

S16 Mashavera River, downstream at Khidiskuri village

S17 Irrigation canal at Tashtikulari village

Table 5.1: Description of the sampling sites.
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acid was added to each 50 mL sample [Shanbehzadeh et al.,2014]. Then, each sample was digested for 3 min and 10 mL 
of hydrogen peroxide (H2O2) was added. The samples were then heated until completion of oxidation. Each final sam-
ple was then poured into a glass tube for cooling [Shanbehzadeh et al.,2014]. All finalized samples were analyzed using 
AAS (Atomic Absorption Spectrometry—Analyst 700, Perkin Elmer, Rodgau, Germany) in the Heinz Fehr Laboratory 
of Ecological Agriculture and Nature Conservation at the Agricultural University of Georgia.

Sediment samples were dried in the sand oven (Thermo Fisher, Stadt Hennigsdorf, Germany) under controlled and con-
stant temperature (80 ◦C) [Duodu et al.,2016]. Dried samples were then sieved using a 53 μm sieve (Fritsch, Idar-Ober-
stein, Germany). Thirty g from each sieved sediment sample was packed into an airtight storage bag and then trans-
ported to Germany. EC and pH of each sample was tested in the soil analysis laboratory at the University of Kassel, 
Germany. For pH testing, a solution was prepared for each sediment sample based on 1:2.5 ratio (10 g sediment and 
25 mL Milli-Q Water (Millipore Corporation, Burlington, MA, USA)) [Islam et al.,2015] and then the pH was measured 
(SCOTT PS/ISEPro Lab 1000, Xylem, Rye Brook, NY, USA). For testing EC, a solution was prepared based on 1:6 ratio (5 
g sediment and 30 mL Milli-Q Water (Millipore Corporation, Burlington, MA, USA)) [Islam et al.,2015] and then EC was 
measured (QCOND 2200, VWR, Hannover, Germany)). At the Hess State Laboratory in Kassel, Germany, 3 g from each 
sample were treated with aqua regia (HNO3 + 3HCl) in a closed Teflon vessel (120 mL) and then samples were digested 
in the microwave digestion system. After filtration through a 0.45 μm syringe filter, 50 mL of each sample was stored in 
a tube. Each sample was analyzed by ICP-MS (Inductively Coupled Plasma Mass Spectrometry-NexION 300D, Perkin-
Elmer Inc., Waltham, MA, USA) and ICP OES (Inductively Coupled Plasma Optical Emission Spectrometry—Optima™ 
8300, PerkinElmer Inc., Waltham, MA, USA). Hg was analyzed by CV-AAS (Cold vapor atomic absorption spectrosco-
py). All analyses were carried out according to the international standards, namely DIN EN ISO 17294, 12338 and 11885.

5.3.4 Analytical Methods

Quality indices, as an amalgamated measure of several individual quality characteristics, assist by providing an over-
view of the environmental quality status [Mohan et al.,1996]. [Duodu et al.,2016] emphasize that the application of 
multiple indices to assess heavy metals in a research location overcomes the limitations of applying only a single index. 
Data from sediment samples were analyzed according to the geo-accumulation index (Igeo), enrichment factor (EF), 
pollution load index (PLI) and contamination factor (CF). In the sediment analysis, Pb, Cd, Cu, Cr, Ni, Hg, Zn, Mn and 
Fe content were tested. Global average shale values were used to determine typical background heavy metal concen-
trations to assess geochemical data [Islam et al.,2015;Nowrouz et al.,2014]. This is a vital comparison to make in any 
assessment of the anthropogenic heavy metal pollution in sediments of river ecosystems [Štrbac et al.,2017]. The global 
average shale values for Pb, Cd, Cu, Cr, Ni, Hg, Zn, Mn and Fe were taken from the research paper of Turekian and 
Wedepohl [Turekian and Wedepohl 1961]. The metal index (MI) was applied to analyze the metal content of the water 
samples in comparison to the maximum allowable concentrations from the Georgian National Water Regulation. Pb, 
Cd, Cu, Cr, Ni, Zn, Hg, Mn and As were analyzed in water samples.

 a). Geo-Accumulation Index
The Geo-accumulation Index (Igeo), which was first formulated by Müller [Müller,2017], is a widely applied index to 
calculate and assess the pollution in soil, dust or sediments [Yaqin et al.,2008;, Singh et al.,2005]. In the Igeo, the existing 
status of the heavy metals is evaluated in comparison with pre-industrial levels [Müller,2017] according to the following 
calculation:

Igeo = log2 [Cn/1.5 Bn]                                                                                    (1)

where Cn is the measured concentration of each heavy metal in the sediments and Bn is the background value for each 
corresponding heavy metal. The constant 1.5 is applied as the background matrix correction factor [Singh et al.,2005]. 
Based on Müller’s [Müller,2017] explanation, Igeo has six classes ranging from 0 (non-contaminated) to 6 (extremely 
polluted) (Table 2). 
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 b). Enrichment Factor (EF)
The Enrichment Factor (EF) is another widely applied index to determine the contamination in different environments 
[Nowrouzi &  Pourkhabbaz, 2014] and can be used to postulate the trend of geochemical characteristics athwart a geo-
graphic area [Li et al.,2014;Abrahim & Parker, 2008]. Various elements can be used in the calculation to represent normal 
background values, such as Al [Islam et al.,2015], Fe [Pandey & Singh,2017; Goher et al.,2014], Mn [Liu et al.,2005], Li 
[Garcia et al.,2009], Sc or Zr [ Blaser  et al.,2000]. Fe has a high natural concentration compared to other heavy metals 
(dominant input) and less possibility to be enriched by anthropogenic causes [Abrahim & Parker, 2008; Liu et al.,2005; 
Tvalchrelidze,2003] This research used Fe for the reference background values as it is an immobile element in the natu-
ral resources of the study area. 

The formula for EF based on Buat-Menard and Chesselet [Buat-Menard & Chesselet, 1979] is:

   (2)

where (M/Fe)sample is the ratio of the concentration of the examined heavy metal to Fe in the observed the sample, and 
(M/Fe)background is the ratio of the concentration of the examined heavy metal to Fe at normal background values. The scale 
of the enrichment factor (EF) is given in Table 2.

 c). Contamination Factor (CF) and Pollution Load Index (PLI)
The Contamination Factor (CF) is calculated as the ratio of the concentration of a heavy metal in the observed sample 
(Ci) and the background level of the same heavy metal (Cb) [Håkanson,1980]. Though CF is relatively simply to calcu-
late, one constraint is that CF does not consider lithogenic and sedimentary inputs of the observed heavy metal [Duodu 
et al.,2016; Brady et al.,2015]. The corresponding equation is [Duodu et al.,2016]:

        (3)

where Ci is the measured concentration of each heavy metal in the sediments and Cb is the background level for each 
corresponding heavy metal.

The Pollution Load Index (PLI) demonstrates the general contamination level by considering the overall toxicity of all 
observed heavy metals [Islam et al.,2015]. According to Tomlinson et al. [Tomlinson et al.,1980], the PLI is the nth root 
of the aggregation of the contamination factors in the research area (Equation (4)). PLI provides a temporal and spatial 
overall indication of pollution in the environment, which can be of assistance in environmental governance [Goher et 
al.,2014; Mohiuddin et al.,2010]. The PLI is calculated according to the following formula:

        (4)

where CF is the Contamination Factor and n is the total number of observed heavy metals. The scale of PLI is noted in 
Table 2. 

 d). Metal Index
The Metal Index (MI) was applied to analyze the quality of drinking water [Ojekunle et al.,2016], canal water [Goher et 
al.,2014] and river water [Bakan et al.,2010]. Based on Tamasi and Cini [Tamasi et al.,2004], MI is calculated as follows: 

        (5)

where Ci is the concentration of each heavy metal in each sample, and MAC is the maximum allowable concentration 
based on the standards of the country. MI is considered the cotemporary aggregate tendency of the quality status [Go-
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her et al.,2014], which provides an overall understanding of the water quality for policymakers as well as the commu-
nity. MI > 1 is the warning threshold [Bakan et al.,2010], even though the Ci may be less than (MAC)i for certain metals 
[56]. Table 3 shows the water quality classification categories of MI. 

Geo-Accumulation Index 
(Igeo)1

Enrichment Factor 
(EF)2

Contamination Factor 
(CF)3

Pollution Load Index 
(PLI)4

I Igeo-
Class

Sediment quality EF Value Nature of enrichment CF Value Pollution level PLI Indication

>0 0 Not polluted EF < 2 Deficiency to mineral 
enrichment *

CF < 1 Low 0 Perfection

>0–1 1 Not polluted 
to moderately 
polluted

EF = 2–5 Moderate enrichment 1 ≤ CF ≥ 3 Moderate <1 Baseline level

>1–2 2 Moderately 
polluted

EF = 5–20 Significant enrichment 3 ≤ CF ≥ 6 Considerable >1 Polluted

>2–3 3 Moderately pol-
luted to strongly 
polluted

EF = 20–40 Very high enrichment CF > 6 Very high

>3–4 4 Strongly polluted EF > 40 Extremely high en-
richment

>4–5 5 Strongly pollut-
ed to extremely 
polluted

>5 6 Extremely pol-
luted

* Zhang and Liu [Zhang  et al.,2002] identified 1.5 EF as the threshold value for natural and anthropogenic enrichment 1 Müller 
[Müller,2017]; 2 Liu et al. [Liu et al.,2005]; 3 Goher et al. [Goher et al,2014]; 4 Goher et al. [Goher et al,2014].

Table 5.2: Sediment quality classification for multiple indices to assess heavy metals.

MI Class Nature of Water Quality

<0.3 I Very pure

0.3–1.0 II Pure

1.0–2.0 III Slightly affected

2.0–4.0 IV Moderately affected

4.0–6.0 V Strongly affected

>6.0 VI Seriously affected

Table 5.3: Classification of water quality based on the Metal Index (MI)1.

5.3.5 Statistical and Graphical Analysis

The data were statistically analyzed using SPSS version 24.0 (IBM, Armonk, NY, USA), Excel (2013) (Microsoft, Red-
mond, WA, USA) and Origin 8.5.1 (OriginLab Corporation Northampton, MA, USA). ArcMap 10.1 (ESRI, Redlands, CA, 
USA) was used for mapping the study area.
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5.4 Results and Discussion

5.4.1. Chemical Properties

EC and pH, the chemical parameters measured in the laboratory as well as at the sample sites (in situ), are given in Table 
4. Except sample site 9, all other sites were in the pH range of 7 to 9 (neutral to alkaline conditions). Sample site 9 had 
acidic water and sediment samples in both seasons. According to Fondriest Fundamentals of environmental measure-
ments [Fondriest Fundamentals of Environmental Measurements,2016], the water samples at site 9 can be categorized 
as industrial wastewater based on their EC values (EC = 29,952 μS/cm and 11,115 μS/cm in the wet and dry season, 
respectively).

Site

Water Analysis (In Situ) * Sediment Analysis (Laboratory)

HPS LPS HPS LPS

pH EC (μS/cm) pH EC (μS/cm) pH EC (μS/cm) pH EC (μS/cm)

S1 8.46 109 8.45 194 7.62 500 7.78 267

S2 7.96 115 8.43 194 7.96 340 7.76 268

S3 7.76 320 8.48 594 8.06 280 8.32 272

S4 7.55 580 7.89 885 7.57 580 3.83 779

S5 8.12 127 8.33 275 7.54 590 7.71 269

S6 8.43 415 8.49 656 7.62 720 7.89 356

S7 8.13 164 8.34 6809 7.67 650 7.74 326

S8 7.81 142 8.41 279 7.64 470 7.59 455

S9 4.24 29,952 3.18 11,115 3.35 1440 2.98 2440

S10 8.91 1704 8.41 325 7.96 260 7.88 207

S11 8.73 166 8.44 297 7.95 160 7.86 315

S12 8.54 218 8.30 524 7.73 330 7.54 577

S13 8.70 237 8.01 542 7.52 560 7.74 330

S14 8.37 279 7.98 964 7.84 430 7.90 235

S15 8.24 301 8.28 586 7.85 570 7.63 610

S16 8.45 328 8.28 562 7.59 1070 7.63 775

S17 8.45 265 8.35 505 7.96 320 7.70 841

* Averages of morning, midday and evening water samples for each site.

5.4.2. Heavy Metal Concentrations in Sediments

In this research study, the sediments were analyzed for Pb, Cd, Cu, Ni, Hg, Zn, Mn and Fe. In the Table 5, the heavy 
metal data for the 17 sample sites for the HPS (May) and LPS (September) are listed. Observing the mean concentra-
tions of heavy metals in the sediments, Fe > Mn > Zn > Cu > Pb > Cr > Ni > Cd > Hg is the descending order of element 
concentrations. Cd had high concentrations in the downstream samples sites (S 12, 13, 14, 15 and 16) compared to the 
upstream sites, except Site 4. Pb had relatively high concentrations at the Mashavera River sites, namely Site 3 (186 mg/
kg in the HPS and 130 mg/kg in the LPS), Site 4 (94.9 mg/kg in the HPS and 73 mg/kg in the LPS) and Site 17 (63.4 mg/
kg in the HPS and 35.3 mg/kg in the LPS). Sample site 12 had high concentrations of Cd in both seasons (8.35 mg/kg and 
6.11 mg/kg, respectively) compared to other sites. Hg had low concentrations at all samples sites. Some samples sites 

Table 5.4: Variation of chemical properties (pH and EC).
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Figure 5.2: Geo-accumulation Index (Igeo) values of heavy metals in sediments 
of samples sites. (a) Geo-accumulation (Igeo) in HPS; (b) Igeo in LPS; * DPL: 
demarcation of pollution level. 

showed concentrations higher than the recommended levels for Pb, Cd, Cu, Ni and Zn according to the Sediment Tox-
icity Reference Values (STRVs). However, the index analysis is needed to observe these trends in a more analytical way.

5.4.3. Index Analysis of Heavy Metal Pollution in Sediments

Geo-accumulation (Igeo) values are given in the Figure 5.2 for the HPS and LPS separately. Although the majority of 
Igeo values for Pb were below Class 1 in both seasons, sample site 3 was an extreme outlier (Igeo = 2.63 in the HPS and 
Igeo = 2.12 in the LPS) in both seasons. Sample site 4 (Igeo = 1.66 in the HPS and Igeo = 1.30 in the LPS) and 17 were also 
outliers for Pb (Igeo = 1.08 in the HPS). 



76

Sa
m

pl
e 

Si
te

Pb
C

d
C

u
C

r
N

i
H

g
Zn

M
n

Fe

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

H
PS

LP
S

S1
18

.1
14

.3
0.

29
2

0.
13

2
41

.3
32

.2
35

.8
30

.3
29

.2
21

.9
0.

03
0.

01
10

2
84

.4
92

3
73

8
40

,5
00

44
,7

00

S2
14

.4
18

.1
0.

19
6

0.
17

3
38

.5
36

.3
31

.8
36

.6
26

.4
23

.3
0.

02
0.

02
91

.8
92

.9
83

2
94

3
39

,3
00

46
,5

00

S3
18

6
13

0
1.

55
1.

88
10

70
94

0
9.

38
11

.1
8.

08
8.

86
0.

07
0.

06
25

1
25

7
66

3
72

9
40

,0
00

38
,2

00

S4
94

.9
73

.9
2.

4
1.

97
19

20
16

40
7.

44
4.

93
14

.4
7.

29
0.

05
0.

06
75

2
61

4
66

7
49

9
55

,1
00

58
,7

00

S5
27

.4
19

.2
0.

39
8

0.
23

8
11

8
57

29
.9

30
.5

23
.7

21
.1

0.
03

0.
01

12
9

99
.4

11
00

88
8

41
,5

00
44

,7
00

S6
21

20
.2

0.
36

3
0.

26
4

80
.8

40
.6

22
.6

12
.8

18
.7

11
.9

0.
02

0.
01

12
0

96
.4

83
8

73
3

34
,1

00
30

,8
00

S7
23

.2
25

.9
0.

89
1.

21
21

2
31

1
21

.1
22

.4
16

.9
18

.4
0.

02
0.

02
19

6
26

0
81

4
82

0
36

,9
00

39
,6

00

S8
34

.1
26

.2
1.

87
1.

3
47

9
36

8
34

.3
30

.6
28

.3
22

.8
0.

04
0.

02
35

4
27

9
11

30
10

70
41

,6
00

44
,1

00

S9
13

.4
12

.7
1.

63
3.

35
46

0
43

0
22

.4
47

.4
16

.3
34

.1
0.

02
0.

02
53

7
10

30
48

4
63

7
81

,8
00

62
,8

00

S1
0

11
.1

11
.8

0.
10

5
0.

15
5

43
.2

34
.6

29
.2

25
.8

22
.5

19
.8

0.
01

0.
01

80
.8

78
.7

66
4

70
1

46
,7

00
44

,3
00

S1
1

9.
29

14
.3

0.
15

9
0.

15
6

29
.5

37
.1

19
37

.9
13

.8
30

.2
0.

01
0.

02
70

.4
86

.6
52

4
81

6
33

,6
00

43
,6

00

S1
2

25
.2

23
.5

8.
35

6.
11

66
6

41
9

39
35

.4
33

.8
30

.5
0.

04
0.

03
24

30
18

60
14

50
12

00
41

,9
00

39
,1

00

S1
3

22
.6

17
2.

59
2.

86
31

0
13

4
33

.1
34

.7
24

.6
25

.8
0.

03
0.

02
68

7
92

9
75

2
91

1
39

,1
00

45
,5

00

S1
4

20
.8

16
.7

1.
7

0.
93

6
31

9
29

2
24

.8
16

.7
24

.1
16

.9
0.

02
0.

01
46

1
35

5
88

8
68

7
40

,3
00

34
,0

00

S1
5

19
.2

17
.8

1.
74

1.
15

33
0

25
3

24
21

.5
21

.2
19

.3
0.

02
0.

02
47

9
32

1
91

7
80

6
38

,1
00

35
,5

00

S1
6

28
.8

25
.9

2.
44

1.
43

40
6

26
1

38
.7

36
.4

31
.1

29
.8

0.
04

0.
03

47
6

25
8

97
7

11
40

42
,2

00
38

,8
00

S1
7

63
.4

35
.3

2.
01

2.
78

45
8

54
1

27
41

.8
26

.5
36

.5
0.

09
0.

04
58

4
49

4
85

3
12

80
36

,0
00

41
,1

00

M
ea

n
37

.2
29

.6
1.

7
1.

5
41

0.
7

34
2.

8
26

.4
28

.0
22

.3
22

.3
0.

0
0.

0
45

8.
9

42
3.

3
85

1.
5

85
8.

7
42

,8
64

.7
43

,0
58

.8

SD
±

43
.8

29
.6

1.
9

1.
6

47
4.

4
41

1.
3

9.
1

11
.7

6.
9

8.
4

0.
0

0.
0

55
6.

1
46

8.
7

23
4.

9
21

1.
3

11
,1

81
.8

79
96

.7

ST
RV

46
.7

1.
2

34
81

20
.9

0.
15

15
0

N
.S

N
.S

Ta
bl

e 
5.

5 
: H

ea
vy

 m
et

al
 c

on
ce

nt
ra

tio
ns

 in
 s

ed
im

en
ts

 (m
g/

kg
) a

t a
ll 

sa
m

pl
e 

si
te

s 
in

 b
ot

h 
se

as
on

s.

N
.S

: N
ot

 s
ta

te
d;

 S
D

: S
ta

nd
ar

d 
D

ev
ia

tio
n;

 S
TR

V
: S

ed
im

en
t T

ox
ic

ity
 R

ef
er

en
ce

 V
al

ue
s 

(S
TR

Vs
) [

U
SE

PA
 n

.d
]. 



               77

The median for Cd was above the demarcation of pollution level for both seasons. The range of Igeo for Cd was −2.10 to 
4.21 in the HPS and −1.77 to 3.76 in the LPS. In particular, sample site 12 (irrigation canal) was categorized as Igeo Class 
5 (Igeo = 4.21) in the HPS and Igeo Class 4 (Igeo = 3.76) in the LPS. Cu had an Igeo range from −1.19 to 4.38 and −1.07 to 
4.60 during HPS and LPS, respectively, indicating conditions ranging from non-polluted to strongly/extremely pollut-
ed. The median for Cu was above the demarcation of pollution level for both seasons. Ni, Hg, Mn and Fe all had pre-
dominantly negative Igeo values, with median values below the demarcation of pollution level for both seasons. Zn was 
above threshold values in the HPS. The median for Cu was above the demarcation of pollution level only in the HPS, 
with Igeo ranging from −1.02 to 4.09. In the LPS, conditions fluctuated between non-polluted (−0.86) to highly polluted 
(3.71). Igeo analysis enables identification of the degree of contamination from the heavy metals [Islam et al.,2015] and 
the variation in the pollution level across different sample locations [Nowrouzi &  Pourkhabbaz, 2014] in the study area.

The Enrichment Factor (EF) is given in Figure 5.3. Based on the study of Zhang and Liu [2002], an EF of 1.5 is designated 
as the threshold value to separate natural levels of crustal enrichment in heavy metals (1.5 < EF) from levels caused by 
anthropogenic intervention (1.5 > EF). Pb, Cd, Cu and Zn were above the 1.5 threshold value at many of the sample sites. 
Specifically, EFs for Pb were in the range of moderate to significant enrichment at sample sites 3, 4 and 17. Except sam-
ple sites 1, 2, 10 and 11 for both seasons and 5 and 6 for the LPS, the EFs for Cd oscillated between moderate to very high 
enrichment at all other sites. In particular, sample site 12 (the irrigation canal in Vanati village) had very high enrich-
ment for both seasons (EF = 31 and 24 in the HPS and LPS, respectively). Also, the EFs for Zn ranged from normal levels 
of mineral enrichment to very high enrichment. The downstream areas of Mashavera River and Poladauri River showed 
considerable anthropogenic enrichment for Cd, Cu and Zn and some Pb enrichment in downstream irrigation canals.

Based on the study of Islam et al. [Islam et al.,2015], the mean values of the Contamination Factors (CF) for all observed 
heavy metals in the sediment samples were calculated in this study (Figure 5.4). The mean values for the HPS were 1.9 
(Pb), 5.6 (Cd), 9.1 (Cu), 0.3 (Cr), 0.3 (Ni), 0.1 (Hg), 4.8 (Zn), 1.0 (Mn) and 1.0 (Fe). In the LPS, mean values were 1.5 (Pb), 
5.1 (Cd), 7.6 (Cu), 0.3 (Cr), 0.3 (Ni), 0.1 (Hg), 4.5 (Zn), 1.0 (Mn) and 1.0 (Fe). Cu > Cd > Zn > Pb > Fe > Mn > Ni > Cr > Hg 
is the descending order of contamination factors (CF) for all observed heavy metals in both season. The Pollution Load 
Index (PLI), given for both seasons in Figure 5.5, delivers the overall outlook of the contamination spatially and tempo-
rally [Goher et al.,2014]. Sample sites 3, 4, 9, 12, 13, 16 and 17 were contaminated for both seasons, and sample sites 14 
and 15 were polluted in the HPS.

5.4.4. Correlation among Individual Heavy Metals and PLI in the Sediment Samples

The calculation of the correlation matrix between individual heavy metals demonstrates the relationships between each 
of the elements that could be detected. The basis for these correlations could be geochemical relationships or the com-
mon sources [Çevik et al.,2009; Baran et al.,2016; Suresh et al.,2012; Klake et al.,2012] as well as mutual dependences or 
identical behavior in the transportation process [Suresh et al.,2012]. Spearman correlation analysis [Klake et al.,2012] 
was applied to analyze the data. Table 6 illustrates the correlation matrix for the HPS, whereas Table 7 gives the LPS 
matrix. In HPS, Pb had strong and significant (p < 0.01) correlations with Cd (rs = 0.620), Cu (rs = 0.733), Hg (rs = 0.903), 
and Zn (rs = 0.529). Cd was additionally significantly correlated with Cu (rs = 0.765, p < 0.01), Zn (rs = 0.939, p < 0.01) and 
Hg (rs = 0.569, p < 0.05). Cu also showed a significant correlation (p < 0.01) with Hg (rs = 0.652) and Zn (rs = 0.806), and 
Cr had a positive significant correlation (p < 0.01) with Ni (rs = 0.951) and Mn (rs = 0.735). Ni was additionally strongly 
positively correlated (p < 0.01) with Mn (rs = 0.792). Hg was significantly correlated (p < 0.05) with Zn (rs = 0.495) as well. 
In the LPS, Pb significantly correlated (p < 0.01) with Cu (rs = 0.679) and Hg (rs = 0.645). Cd strongly and significantly 
positively correlated (p < 0.01) with Cu (rs = 0.826), Hg (rs = 0.732) and Zn (rs = 0.909). Cu additionally had a significant 
correlation (p < 0.01) with Hg (rs = 0.792) and Zn (rs = 0.750). There was a significant correlation of Cr also with Ni (rs = 
0.9689, p < 0.01) and Mn (rs = 0.561, p < 0.05). Ni had a positive significant correlation (p < 0.01) only with Mn (rs = 0.613), 
and Hg significantly correlated (p < 0.05) with Zn (rs = 0.537). Fe did not show a correlation with any other heavy metals. 
There were seasonal differences between the correlation of Pb and Cd as well as between Pb and Zn. Some studies have 
identified a natural geochemical relationship between Pb and Zn [Klake et al.,2012; Muohi et al.,2003]. The correlation 
matrices show that there are strong positive correlations between Pb and Cu, Pb and Hg, Cd and Cu, Cd and Hg, Cu 
and Hg, Cr and Ni, Cr and Mn, Ni and Mn, and Hg and Zn in both seasons. These correlations among individual heavy 
metals indicate common sources, mutual dependences and similar behavior in the transportation processes in the re-
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Figure 5.3: Enrichment Factors (EF) of heavy metals in sediments of samples sites. A value of 1.5 
(line) was set as the threshold determining if enrichment levels signified anthropogenic 
influence. 
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Figure 5.4: Contamination Factors (CF) of heavy metals in sediments of the samples sites.

Figure 5.5: Spatial assessment of Pollution Load Index (PLI) for both seasons (Authors’ illustra-
tion). * GMC projected mine sites [Georgian Mining Corporation,2017]; GIS Data source: 1. Land-
use data and stream data [Georgia Environmental and Climate Change Policy Brief,2009] and 2. 
Base map from ESRI satellite image layer (ArcMap).
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search area. These common geochemical behaviors could derive from weathering processes, source-rock surfaces and 
adsorption phenomena [Çevik et al.,2009]. 

The strong positive correlations between PLI and several heavy metals (Tables 6 and 7) indicate which metals contribute 
most strongly to overall pollution [Suresh et al.,2012]. Apart from Cr, Ni and Mn, there are a strong positive correlations 
between PLI and Pb (rs = 0.789, p < 0.01 in HPS and rs = 0.514, p < 0.05 in LPS), Cd (rs = 0.926, p < 0.01 in HPS and rs = 

Variable Pb Cd Cu Cr Ni Hg Zn Mn Fe PLI

Pb 1.000

Cd 0.620 ** 1.000

Cu 0.733 ** 0.765 ** 1.000

Cr −0.012 0.277 −0.113 1.000

Ni 0.108 0.380 −0.012 0.951 ** 1.000

Hg 0.903 ** 0.569 * 0.652 ** 0.179 0.298 1.000

Zn 0.529 * 0.939 ** 0.806 ** 0.096 0.211 0.495 * 1.000

Mn 0.324 0.375 0.113 0.735 ** 0.792 ** 0.370 0.199 1.000

Fe 0.118 0.248 0.453 0.248 0.189 0.145 0.306 0.091 1.000

PLI 0.789 ** 0.926 ** 0.895 ** 0.174 0.321 0.754 ** 0.885 ** 0.363 0.328 1.000

Variable Pb Cd Cu Cr Ni Hg Zn Mn Fe PLI

Pb 1.000

Cd 0.461 1.000

Cu 0.679 ** 0.826 ** 1.000

Cr −0.275 0.186 −0.100 1.000

Ni −0.242 0.294 −0.037 0.968 ** 1.000

Hg 0.645 ** 0.732 ** 0.792 ** 0.216 0.265 1.000

Zn 0.280 0.909 ** 0.750 ** 0.132 0.245 0.537 * 1.000

Mn 0.328 0.203 −0.029 0.561 * 0.613 ** 0.222 0.108 1.000

Fe −0.244 0.052 −0.063 0.386 0.300 0.163 0.064 −0.101 1.000

PLI 0.514 * 0.939 ** 0.868 ** 0.248 0.348 0.843 ** 0.838 ** 0.260 0.104 1.000

Table 5.6: Correlation matrix of heavy metals in the sediment samples for the HPS (Spearman correla-
tion-rs).

Table 5.7: Correlation matrix of heavy metals in the sediment samples for the LPS (Spearman correlation-rs).

** The correlation is significant at the 0.01 level (two-sided); * The correlation is significant at the 0.05 level (two-sided); PLI: Pollution 
Load Index

** The correlation is significant at the 0.01 level (two-sided); * The correlation is significant at the 0.05 level (two-sided); PLI: Pollution 
Load Index

0.939, p < 0.01 in LPS), Cu (rs = 0.895, p < 0.01 in HPS and rs = 0.868, p < 0.01 in LPS), Hg (rs = 0.754, p < 0.01 in HPS and 
rs = 0.843, p < 0.01 in LPS) and Zn (rs = 0.885, p < 0.01 in HPS and rs = 0.838, p < 0.01 in LPS). As discussed above, the PLI 
indicates the anthropogenic pollution in the research area.
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5.5.5 Heavy Metal Concentrations in the Water
As described above, three separate water samples were collected for monitoring from each site in the morning, midday 
and evening. In Table 8, the mean value of each heavy metal for each sample site is listed. Analyzing the average con-
centrations at the sample sites, Zn > Cu > As > Ni > Pb > Cr > Cd is the descending order of the concentrations for both 
seasons. However, there were considerable differences in HPS and LPS for some heavy metals at certain sites. At site 9, 
the mean concentration of Ni in the LPS (180.3 μg/L), Cu in the HPS (2603.7 μg/L) and LPS (13,157.6 μg/L), Zn in the LPS 
and HPS (21,912 μg/L and 12,505 μg/L, respectively), and Cd in the HPS (62.5 μg/L) were above all thresholds adopted 
by Georgian regulation 2001 [Ministry of Labour, Health, and Social Affairs of Georgia,2001], EU standards [European 
Council,1998] and WHO standards [WHO,2008] The EU standards are based on the European Council Directive 98/83/
EC on the quality of water intended for human consumption [WHO,2008]. These standards are relevant given the multi-
ple uses of Mashavera River for crop and livestock production. The average concentration of As was above all standards 
at sites 1, 2, 3, 4, 5, 7 and 8 in the LPS. Cd was above the standards in the HPS for site 9 (62.5 μg/L) and 10 (10.1 μg/L). 
Pb showed high average concentration at site 1 in the HPS (15.8 μg/L) and LPS (11.1 μg/L) as well as levels above the 
standards at sites 3 and 4 (69.6 μg/L and 62.8 μg/L, respectively, in the LPS).

By observing the raw data (before calculation of mean values), notable oscillations in the concentrations of some heavy 
metals between morning, day and evening were identified. Figure 5.6 summarizes these diurnal as well as seasonal 
changes in the selected sample sites where considerable changes were observed. Based on the field interview data con-
ducted for this study, these changes throughout the day could also be a result of the timing of anthropogenic activities, 
such as releasing wastewater to the river and canal. Otherwise, physical and chemical reactions in the water bodies 
could be possible explanations for such diurnal variations [Nimick,2003]. According to Bourg and Bertin [Bourg & 
Bertin, 1996] as well as Nimick [Nimick,2003], there is a diurnal variation in water temperature, pH, dissolved oxygen 
content, and concentrations of Zn, Cd and Mn due to photosynthesis. For a solid understanding of diurnal variations in 
the concentrations of heavy metals, more long-term research has been recommended [Bourg & Bertin, 1996; Nimick et 
al.,2003]. Our results also support the need for further research to examine the exact causes of these diurnal and seasonal 
changes.

The Aquatic Toxicity Reference Values (TRVs) indicate the toxicological benchmark for the aquatic habitat, which is 
applied as an ecological risk assessment (ERA) [USEPA,2017;Hung et al.,2004]. Concerning the Surface Water Toxicity 
Reference Values (SWTRVs), Pb values were above the recommended levels in the HPS at all sites except 10, 11, 12, 13 
and 16. The concentrations at site 3, 4 and 9 for Cu and Zn and site 3 and 4 for As were also above the TRVs for surface 
waters. As, Pb and Cd, all highly toxic elements [Tchounwou et al.,2012], ultimately bioaccumulate in aquatic organisms 
[Perera et al.,2016; Paul et al.,2014]. This can then affect humans through the consumption of fish living in these water 
bodies [Perera et al.,2016; Paul et al.,2014]. During the field observation, a couple of fishermen were encountered at the 
Mashavera River and open interviews were conducted with them about their fishing practices. They explained that 
households and local restaurants in the region serve locally-caught river fish as a traditional dish. 

5.5.6. Index Analysis of Heavy Metal Pollution in Water

Heavy metal concentrations of water samples were analyzed using the Metal Index (MI). Figure 5.7 demonstrates the 
MI for the morning, midday and evening for both seasons. MI = 1 was set as the threshold value above which there 
should be a quality warning based on the literature [Bakan, et al.,2010]. Site 9 values in HPS and LPS were classified as 
seriously affected. In the morning samples, MI values were 29 in HPS and 134 in LPS. MI values were 37 in HPS and16 
in LPS for the midday samples. In the evening, MI values were 23 for HPS and 1.03 for LPS. Site 4 had a high MI (MI = 
41) in the evening samples of LPS. Thus, sample site 4 was in the moderately affected to the seriously affected category 
for the MI. Site 12 to 17 had low MI values and site 10 and 11, the upstream sites in Poladauri River, were classified as 
very pure (MI < 0.3). There were low MI values in the downstream sites.

5.5.7. Previous Studies and the Overall Current Status

There were previously a few research studies that examined the heavy metal pollution of the soil and effect on the 
food crops in the Mashavera River Basin [Lomsadze et al.,2016 Felix-Henningsen et al.,2007 Matchavariani et al.,2012; 
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               83Figure 5.6: Diurnal trends in heavy metal concentration for selected sample sites.
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Avkopashvili, et al.,2017; Paul et al.,2014; Hanauer et al.,2011; Hanauer et al.,2012; Melikadze,2006]. Those studies al-
ready identified the heavy metal pollution in the area in different mediums. Moreover, the Department of Environmen-
tal Pollution Monitoring of the National Environmental Agency (NEA) is monitoring water quality at two sample sites 
along the Mashavera River [National Environmental Agency,2016]. This data is publicly available on the National En-
vironmental Agency website as well as in the annual report. In Table 9, the sediment and water heavy metal concentra-
tions from some of the previous studies and NEA monitoring reports are listed. As Avkopashvili et al. [12] also found, 
the Mashavera River has a high concentration of Zn and Cd. The focus of the previous studies was on the wastewater 
outflow into the Kazretula River (sample site 4) [Lomsadze et al.,2016 Felix-Henningsen et al.,2007; Matchavariani et 
al.,2012;Avkopashvili, et al.,2017, ; Hanauer et al.,2011;Melikadze,2006].
 
This research study examined sediments and water samples for the HPS and LPS at 17 sample sites to identify various 
field characteristics (Table 1). Collectively, all the analysis of this study give a comprehensive overview of the water 
quality status of the Mashavera River and its tributaries as well as the major irrigation canals in the basin. Sample site 1 
at the Mashavera River and the sample sites 10 and 11 were chosen as the upstream control points. These sites indicate 
relatively less pollution compared to other sites or even an unpolluted status. The overall results from the sediment and 
water samples for both seasons indicate that there is still considerable outflow of heavy metals through the Kazretula 
River to the Mashavera River at site 4.

Figure 5.6 illustrates the diurnal and seasonal changes in the heavy metal concentrations in the water samples. Site 9 
is another outflow of the Madneuli mine sites, ultimately joining the Poladauri River, which shows an alarming level 
of heavy metal contamination for water and sediment samples. There may be a connection between this water outflow 
from the mine site and pollution at sample site 12, which was located on the irrigation canal in Vanati village and indi-
cated very high enrichment of Cd and Zn, and significant enrichment of Cu. In interviews, locals noted that there is a 
substantial color change of the outflow in the HPS and the LPS, which was verified by the field observations. The PLI 
index clearly shows the extreme level of contamination of these sites in both seasons. Proper monitoring by the respon-
sible governance agency or the mining industry and treatment of water before it enters this tributary are recommended 
for the betterment of the current condition.

Compared to water samples at the sites, sediment samples clearly demonstrate the high concentrations of heavy metals. 
The direct enrichment from weathering sources, clay particles in the soil, long-term sedimentation processes from water 
flow, and dust particles from the air [Singh et al,2005; Luinnik & Zubenko, 2000;Temitope et al.,2016] are possible causes 
of the high concentrations of toxic elements. Site 3 showed high-level contamination of water as well as sediment. The 
sediment extraction from the Sakdrisi open-pit mining site could mix with the Mashavera River. The research done by 
Tamar Manjavidze [Manjavidze,2016] demonstrates that milk, meat and vegetables make up a high share of the daily 
diet of the population in Georgia. However, there are considerable regional and seasonal differences in food consump-
tion patterns. The field observations and interviews confirm that this water is being used by farmers for cultivation. 
The riverine areas are used for grazing livestock, and the field observations revealed that animals are drinking water 
directly from the river and tributaries. As a result of this direct exposure to the contaminated environment, there is a 
possibility that humans are consuming contaminated meat and milk products. Therefore, any type of contamination 
of the waterbodies is a major threat to the public health in Georgia through consumption of food produced using this 
water [Lomsadze et al., 2016]. Contamination of the Mashavera River Basin, as one of the main regions contributing to 
the national food markets, raises multiple health concerns for the inhabitants of Georgia [Planet OSM,. 2017].

In addition to wastewater and dust particles from mining sites in the Mashavera River Basin, agricultural fertilizers 
are another source of heavy metal pollution [Lomsadze et al., 2016]. Cd, Pb, Hg and As are toxic elements that have 
highly negative health consequences when consumed [Planet OSM. 2017; Tchounwou et al.,2012;Hanauer et al.,2011; 
Mie et al.,2017]. Some research studies have examined food contamination due to heavy metal toxicity [Matchavari-
ani et al.,2012; Avkopashvili et al.,2017; Hanauer et al.,2011]. In addition, commercial sediment extraction, wastewater 
discharge from local industries, as well as the outflow of untreated sewage in the Bolnisi and the Dmanisi regions are 
other causes for the contamination of water sources in the Mashavera River basin. Those activities should be properly 
monitored. Targeted collective action by all stakeholders should be taken to address these issues as part of a function-
ing water quality governance system. Full attention and responsiveness to maintaining environmental sustainability 
[Dubin´ski;2013] must be given not only by the existing mining industries, but also by those overseeing the prospective 
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Figure 5.7: MI values for morning, midday and evening 
water samples for both seasons.
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mining activities in the Kvemo-Bolnisi village. 
5.6 Conclusions

Water quality of the Kazretula, Poladauri and Mashavera Rivers and three irrigation canals were examined in this re-
search study during the HPS and LPS of 2016. The sediment and water analyses showed alarming levels of heavy metal 
contamination that exceed national and international thresholds in several observed sites of the Mashavera River Basin. 
High concentrations of Cd and Pb could be observed in the sediment samples as well in the water samples. The appli-
cation of multiple indices to assess heavy metals in the study area indicate that the irrigation canals at sites 8, 12 and 
17 have a contaminated status, with high levels of Pb, Cd, Cu, Zn and Ni. The Enrichment Factor results prove that the 
downstream areas of the Mashavera River, Poladauri River and the observed irrigation canals have anthropogenic en-
richment of Cd, Cu, Zn and Pb. The average concentration of As, Cd and Pb were relatively high in the water samples at 
most sites. Based on the results of this research, more frequent spatial and temporal monitoring of multiple trace metal 
elements along the waterways, including the irrigation canals, is highly recommended to the respective authorities. By 
analyzing the heavy metals in the proximate water sources for the local crop and livestock production, indications of 
the negative impacts of poor water quality on the food production in the region were observed. However, this research 
is only a preliminary assessment of heavy metal contamination of the Mashavera River Basin. Therefore, an extensive 
study of possible effects of heavy metal contamination on dairy and meat products or the local small-scale fishing in 
this region is another research outlook. Furthermore, a comprehensive examination of the health status in the region 
as a result of heavy metal contamination is another timely and greatly needed area for research. Additionally, further 
research scrutinizing the causes behind diurnal and seasonal changes in heavy metal concentrations is recommended.

Supplementary materials are in Appendix 3. 
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6.1 Abstract

Competing natural resources usage that leads to dramatic land use changes can threaten the balance of a social-eco-
logical system. When this is the case, communities are directly exposed to the negative consequences of those land use 
changes. The Mashavera River Basin is considered one of the hotspots of environmental pollution in Georgia. This is of 
importance for public health because the food production from this basin meets a substantial proportion of the coun-
try’s food demand. The farmers’ perception of the water quality and their perceived risks to the economy, health, and 
lifestyle reflect the status of the environmental and social conditions. The inclusion of farmers’ risk perceptions is an 
important stage of water quality governance that could enable active civic participation. The approach of this research 
study was the convergence model in the triangular design of the mixed method approach. As part of the social data, the 
research study was conducted with a survey of 177 households, for which agriculture was either a main or partial source 
of income. A few focus group discussions were also conducted. A binary logistic regression analysis was employed as 
the main method for the analysis. The results from the pollution load index (PLI) were used as the supportive data to 
verify some geospatial hypotheses. We found that aesthetic attributes (i.e., color changes observed in the river) and the 
source of the water contamination (i.e., mining sites) were the main predictor variables for a perceived risk to water 
quality, health, and livelihoods. The people who work in agriculture as the main income source had more concern about 
their ability to sell their agricultural products as a result of water contamination in the river, compared with people for 
whom agriculture is a secondary source of income or for self-consumption. Age, amount of land, years of agricultural 
experience, and the source of water supply for agriculture did not have a significant effect on any of the risk perception 
or water quality perception models. The results indicate that the health risk is perceived more strongly in areas with 
more heavily contaminated water compared to less polluted areas. We propose that conducting a public risk perception 
assessment is an ideal means to detect people’s concerns regarding water quality governance for future risk analysis
in Georgia. Another recommendation of this study is an integrated model of risk assessment that combines the results 
from a public risk perception assessment and a technical assessment. The benefits of such an integrated assessment 
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include finding new hazard-sensitive areas for further analysis, the possibility to cross-check data for verification, com-
munal communication of hazardous conditions by utilizing local knowledge, and the direct participation of the com-
munity in monitoring risks. 

Keywords:  environmental pollution; binary logistic regression analysis; water quality governance; sustainability; in-
tegrated model of risk assessment
  
6.2 Introduction 

Water contamination is as an alarming form of environmental degradation because of its direct and immediate effects 
on human health, social and economic circumstances, and lifestyle activities [WWAP,2017]. How people perceive water 
quality and the types of risks that people perceive in a water contaminated situation are important factors in water qual-
ity governance. People’s concerns about water quality are considered as an essential part of water resource management 
[Bohnet,2015]. Based on the European Union (EU) Water Framework Directive (WFD), people’s active participation in 
water resource management is one of the governance principles in order to identify issues by monitoring water bodies 
and applying regulatory measures [EU,2000; Artell et al.,2013]. The inclusion of people’s risk perception in the govern-
ance approach is a possible means of stakeholder involvement [Fischhoff,2013].

In general, there is limited focus on people’s perceptions in environmental management procedures. Environmental 
managers and policymakers have a greater tendency to ratify the policies and management principles based only on 
the environmental risk assessment on the grounds of ‘technical rationality’ [Hadden,1992; Williams et al.,1999]. The 
concerns of the people who are the direct recipients of the impacts caused by environmental degradation need to be 
recognized and scrutinized systematically [Beck,1986; Renn,1998; Pidgeon,1998]. Risk perception and the perception 
of environmental quality are interconnected [Anadu & Harding, 2000; Brody et al.,2004; Ochoo et al.,2017]. Public risk 
perception assessments are as important as the experts’ technical assessments, in order to obtain complementary policy 
decisions that organize responses to degradation, alleviate risks, allocate resources, and implement risk management 
policies [Renn,1998, Bickerstaff,2004; Marlon et al.,2018]. The way that society perceives risk is crucial to understanding 
the existing vulnerabilities to an event [Whyte & Burton, 1980]. A deliberate consideration of the people’s observations 
and appraisals of environmental risks and how people covenant those risks is an integral part of environmental sustain-
ability [Gattig et al.,2007]. The analysis of environmental risk is a vital governance element for a country’s prospective 
economic and social development, as well as for sustainability [Hoti et al.,2004]. Moreover, the local people are one of 
the primary parties affected by environmental issues. Regarding water pollution in particular, the local level is the most 
vulnerable to risks, where the source of the pollution is born in the region or another area [Perry & Venderklein 1996; 
Feldman,2017].

The environmental risks are complex, with scientific uncertainties and socio-political controversies contributing to this 
complexity [Karlsson et al.,2011]. Within the scientific or policy communities, the environmental risk is identified based 
on the thematic areas, indices, or parameters that are used to measure the risk [Hoti et al.,2004]. Environmental risk is 
recognized as a unique type of risk characterized by a high level of uncertainty, delayed consequences, and far-reaching 
effects [Gattig et al.,2007]. This risk is multifaceted, inconstant, and challenging to examine [Williams et al.,1999]. En-
vironmental risks emerge from anthropogenic activities as well as from natural hazards [Whyte & Burton, 1980; Böhm 
& Pfister 2001]. On the other hand, the people who encounter an environmental risk may not be the people who are 
directly responsible for causing it [Whyte & Burton, 1980]. Thus, environmental policy at a global, regional, national, 
and local level should asses, examine, communicate, and collaborate to mitigate or manage risk [McDaniels et al.,1996; 
Duan,2006; Zhen et al.,2017].

Discovering farmers’ perceptions regarding the quality of their water sources is critical in order to understand the 
perceived risk and in integrating this information into the policymaking process and, finally, the application of wa-
ter management policies [Woldetsadik et al.,2018]. The farmers’ health perceptions could arise from concern over the 
health effects of their own food or the possible negative impacts that poor water quality could have on their ability to 
sell their food and make economic profits at the market [Ndunda & Mungatana, 2013]. Moreover, swimming and direct 
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access to the rivers or lakes with other recreational activities demonstrates the level of trust people must have in their 
water sources, and this is affected by their perception of the quality of water [McDaniels et al.,1996; Jones et al.,2018]. 
People who are reluctant to access the water source perceive swimming as being linked to health risks [Jones et al.,2018]. 
Therefore, an assessment of the farmers’ perceptions of water quality and health-related risks, risks related to the social 
and economic impacts on their sale of agricultural products, and lifestyle disturbance (e.g., swimming) is important in 
order to evaluate the farmers’ awareness of the environmental risks and to integrate their opinions into policy decisions.

The research was conducted in the Mashavera River Basin, Georgia, which has been identified as a hotspot of water 
quality deterioration, which is one of the key natural resource management issues and public health issues in Georgia 
[Withanachch et al.,2018]. People in the river basin have been exposed to prolonged environmental pollution due to 
opencast mining extraction [Felix-Henningsen et al.,2007; Lomsadze et al.,2016]. Since 1975, the ‘Madneuli’ mining 
plants have been operating in Kazreti, Bolnisi Municipality [Avkopashvili et al.,2017]. In 2014,  a new open-pit mining  
site was started in Sakdrisi, Dmanisi Municipality, by the company RMG Gold [Tsiskarishvili,2017], and they are con-
tinuing preliminary studies for new mining sites in the Kvemo Bolnisi region [GMC,2017]. Farmers can be identified 
as the most vulnerable group who encounter this environmental pollution. The Kvemo Kartli region in the Mashavera 
River Basin is a leading provider of vegetables, fruits, and dairy products    to the national food system [MOA,2016]. 
Some locals are even fishing in the Mashavera River for their own consumption or supply to neighbors. Any negative 
effects on agriculture will therefore have an effect on the public health in the region, as well as on the whole country 
[Withanachch et al.,2018]. Some local organizations  and non-governmental organizations are working to ease farmers’ 
anxieties regarding these issues. However, a systematic study of the farmers’ risk perceptions and their perceptions of 
water quality has not been conducted yet. Thus, the existing channels for policymakers and other responsible authori-
ties to obtain information about farmers’ opinions regarding environmental pollution is limited. In this research study, 
we examine the following two research questions: (a) What factors influence farmers’ perception of water quality? (b) 
In an area affected by water contamination, which factors influence farmers’ perceived risks in the economic, social, 
lifestyle, and health domains? Georgia is in a phase of transforming their water resource management systems so as to 
comply with the framework of the WFD. People’s participation and a consideration of the people’s concerns regarding 
water quality is therefore an essential governance element [Withanachch et al.,2018]. Thus, this study concludes by 
briefly explaining the policy implications of analyzing risk perceptions in the context of water quality.

6.3 Factors Affecting People’s Perception of Water Quality and Risks

There are several studies that analyse people’s perception of water quality in the context of, for example, drinking water 
[Pidgeon,1998; Ochoo et al.,2017;De França Doria,2010;Francis et al.,2016; Prouty & Zhang 2016; Al-Khalidi 2008], life-
style disruption and recreational activities [Jones et al.,2018; Smith et al.,1995], surface water sources in different water 
usage situations [Artell et al.,2013; Steinwender et al.,2008; Dogaru et al.,2009;Tarannum et al.,2018], and agricultural 
water usage [Woldetsadik et al.,2018; Gachango,2015; Mayilla et al.,2017;Dare and Mohtar 2018]. Water-related risk 
perception and the perception of water quality are integrally connected [Anadu & Harding, 2000; Ochooet al.,2017]. 
People’s perceptions of risk and water quality are both subjective [Anadu & Harding, 2000]. The construction of the 
perception of a specific environmental quality depends on multiple socioeconomic factors, individual experiences, in-
terests, and sociodemographic characteristics [Steinwender et al.,2008; Aven, 2012].

6.3.1 Sociocultural Factors 

Peoples’ risk perceptions and judgments regarding environmental conditions depend on their beliefs, attitudes, and 
feelings, which are formed by sociocultural circumstances [Artell et al.,2013; Pidgeon,1998] and certain values and 
interests of societal groups [Aven, 2012; Janmaimool & Watanabe, 2014]. According to Berry et al., [2018], the aware-
ness and impression of water quality could also be a part of the values and knowledge a community links with water. 
The rooted sociocultural practices and political dynamics of a society that frame the knowledge about water and the 
characteristics of water sources that people feel or respond to determine the level of water quality in certain ontologies 
[Berry et al.,2018]. Cultural symbols and certain ecosystem-oriented values indicate the quality of water. As an example, 
traditional Mongolian society believes that fish are a symbol of the gift of nature, indicating pure water, and ‘Naga’, a 
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snake lord, protects the purity of water in the rivers [Withanachchi et al., 2014]. Communities could set the criteria for 
managing water and water quality perceptions based on their generational experiences and customs. David and Ploeger 
[2014] observed adaptable indigenous water resource management practices under micro-climate changes in Sumatra, 
Indonesia, which were rooted in their longstanding knowledge and social trust among communities. This indigenous 
farming society tries to harmonize demanding food production and limited water resources by protecting the water 
quality, biodiversity, and other ecosystems. Dare and Mohtar [2018] point out that religious beliefs could constrain 
access to wastewater for the irrigation. Not only cultural influences but also formal and informal flows of information 
strongly affect risk perception at the community level, as well as individually [Williams et al.,1999].

6.3.2 Sociodemographic and Agri-Hydrological Factors 

Sociodemographic factors such as gender, age, family composition, education, employment, income, and locality or 
living area are identified as vital factors in people’s perception studies [Bickerstaff,2004; Dogaru et al., 2009; Slovic 1999; 
Leiserowitz 2006]. Nauges and van den Berg [Nauges & Van Den Berg, 2009] emphasize that demographic factors may 
strongly affect the perception of water quality. Social control, power relations, the role in the family or society, and trust 
can alter the understanding and identification of risk situations by gender [Gustafsod,1998; Cullen et al., 2018]. Risk 
perception studies have identified that women may have more concern about risk or be more vulnerable to risk or per-
ceived risk in the environmental context [Davidson & Freudenburg 1996, Hitchcock 2001]. In the literature regarding 
food risk, some research has found that females are more concerned about food-related risks [Roosen et al., 2005;Yu et 
al., 2018]. The gendered division of labor in the public and private sphere regarding water usage or activities related to 
water access, such a fetching water,  could lead to dissimilar concerns over water quality and quantity [Graham et al., 
2016; Ahmadi et al., 2017].   Similarly, age, as a reflection of the span of the experiences an individual has acquired, is a 
critical factor influencing risk perception, which could be correlated with the duration of exposure to an issue [Dogaru 
et al., 2009;  Barnett & Breakwell 2001]. The people who have experienced a hazardous situation may have less concern 
about risk [MacGregor et al., 1994]. There is a strong relationship between past experiences, risk perception, and deci-
sion-making [Shafi et al., 2001]. However, differences between individual and group experiences could depend on the 
time-framework or the proximity to the hazard areas or with the peer-effect [Barnett & Breakwell 2001].

The family composition can affect certain aspects of perceived risk, either because of the division of labour or because 
of the shared responsibilities of the family in an agricultural society [Ramolefhe et al.,2017]. The family, either big or 
small, may have more concern over risk as their responsibilities increase. The economic activities or the nature of the 
occupation could be associated with the means of recognizing a risk [Pidgeon 1998] and the perception of water quality 
[Crampton & Ragusa 2016]. The study of certain occupation-oriented groups or communities could explain risk percep-
tion due to their specific circumstances,  which society at  large is not exposed to [Sjöberg & Drottz-Sjöberg 1991]. The 
scale of the response may depend on the nature of the occupational relationship, which can be positive or negative. The 
farmers’ water quality perceptions are embedded in their regular exposure to water conditions while carrying out their 
agricultural duties [71]. Woldetsadik et al. [2018] examined how farmers react to the contamination of irrigation water 
in a wastewater-irrigated area in Addis Ababa,  Ethiopia. The perceived health risk and perception of water quality 
showed a strong relationship with irrigation water quality perception. In research conducted in Morogoro, Tanzania, 
to investigate the farmers’ perceptions of applying low-quality irrigation water in vegetable production, Mayilla et al. 
[2017] mentioned that farmers’ experiences, size of the farmland, and concerns are decisive factors in water quality per-
ception. Furthermore, the farmers’ perceived economic benefits stemming from the use of low-quality irrigation water 
are determined by the degree of intention to the use wastewater, regardless of the level of water quality.

6.3.3 Geospatial factors  

The location,  place,  or area of living that decides the spatial proximity to the water source  or the contamination source 
may shape the perception of the risk [Bickerstaff 2004] and the environmental perception [Brody et al., 2004; McDaniels 
et al., 1996]. Thus, the analysis of the geographical distribution of risk perception could bring more depth of under-
standing regarding the spatial dimension of risk, which is advantageous for operational reasons and is necessary in 
order to construct comprehensive knowledge about the   field [Bickerstaff 2004, Glatron & Beck 2008; Wachinger et al., 
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2013]. The residential distance or the proximity to the water source as a geospatial factor has a considerable effect on the 
perception of water quality [Brody et al., 2004; McDaniels et al., 1996]. Also, the hydrological interactions and anthropo-
genic activities upstream influence the downstream conditions [Molle 2009]. The farmers are one the core stakeholders 
who encounter water pollution as a result of the industrial activities upstream [Lin et al., 2005]. The distance from the 
irrigation channel or river to the farmland may alter the water quality perception as well as the health risks [McDaniels 
et al., 1996]. Research conducted in Denmark indicates that farmers who have their farm close to water sources form a 
stronger perception about water quality [Gachango et al., 2015].

6.3.4 Issue attribute factors 

Water organoleptic factors (i.e., taste, smell, color, and clarity) are decisive in the water quality perception of humans, as 
well as the judgment of perceived health risks related to water [De França Doria 2010; Smith et al.,1995; Steinwender et 
al.,2008; Nauges & Van Den Berg, 2009; Ahmadi et al.,2017]. These factors are considered aesthetic attributes [Dogaru et 
al., 2009] that indicate the instant perception of water quality [Al-Khalidi 2008]. For drinking water, all of the aesthetic 
attributes are taken into consideration in order to examine how people identify whether water has good quality or not 
[Al-Khalidi 2008; Nauges & Van Den Berg, 2009]. Color-related risk judgments are combined with the psychological 
effects that are constructed through experiences and the cognitive reaction to hazards [Silic et al., 2017]. In particular, 
the clarity of the water is a vital decision-making factor that connects either suitability or satisfaction. When people want 
to utilize a river, lake, or sea for leisure, bathing, or swimming, clarity and color-based perceptions indicate the level of 
water quality [Smith et al., 1995]. Some technical water quality measurement thresholds also acknowledge the aesthetic 
attributes of water in order to evaluate water quality. The United States Environmental Protection Agency listed odor as 
the secondary water quality measurement attribute. The noticeable odor  can be described as a ‘rotten-egg’, musty, or 
chemical smell that measures as three threshold odor number (TON) [EPA n.a]. However, for farmers, with their routine 
passive and active observation of the adjacent environmental status, the color and smell of the irrigation water sources 
are fundamental issue attributes that influence their view of water quality [Woldetsadik et al., 2018].

Moreover, perceptions can differ from person to person in relation to the factors mentioned above. An individual per-
ception of risk should be carefully scrutinized in the analysis,  or generalization of the community perception [Marlon et 
al.,2018; Kahan et al.,2006; Fischhoff 2009]. The risk perceptions could be diverse among individuals, depending on their 
political orientations and sociocultural, sociodemographic, and socio-geographic factors [Kahan et al.,2006; Sunstein 
2005]. These individual systemic differences are challenging in a risk perception study [Kahan et al.,2006]. A concrete 
and comprehensive understanding of the risk perception is a difficult task in research studies, as multiple and dissimilar 
factors could connect with each other [Alexopoulos et al.,2009].

6.4 Hypothesis 

Based on the literature review, the following seven hypotheses have been constructed:
• Farmers who are familiar with regional environmental issues are concerned about the quality of the en-

vironment.
• Farmers who have long-term experiences in  agriculture  are  more  concerned  about  the  water quality 

deterioration, health issues, and economic impacts as a result of the environmental pollution.
• Women perceive relatively more risk and have more concern for the lifestyle disturbances due to water 

quality.
• Larger families have more concerns regarding water quality, health risks, lifestyle disturbances, and their 

ability to sell their agricultural products.
• Regarding geospatial factors, the farmers who have their farmland near agricultural water sources and 

live near the river are more concerned about water quality and the risk of health issues   and swimming.
• Compared to those from upstream and middle zones of the river, the downstream farmers and their fam-

ily members do not swim in the river because of the water contamination.
• The farmers who use irrigation and river water together have a negative perception of water quality and 

perceive that their health and ability to market their agricultural products are at risk.
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Figure 6. 1: Map of the study area (Authors’ illustration).

6.5 Methodology 

6.5.1 Study Area

The research study was conducted from 2015 to 2017 in the Kvemo Kartli region of southeastern Georgia (Figure1). 
This research is part of a collaborative project investigating the multiple impacts of water quality on food security in the 
Georgia [Withanachchi et al.,2018]. Parallel to a heavy metal analysis in the Mashavera River, its tributaries and main 
irrigation canals, a survey of farmers’ risk perceptions was conducted in 19 villages in the Bolnisi and Dmanisi munici-
palities. The total population in the Bolnisi and Dmanisi municipalities is 53,590 and 19,141, respectively [Geostat 2014].

Figure 6. 2: (a) Open-pit mining sites in Sakdrisi, Dmanisi Municipality (b) Sediment extraction in the Mashavera 
River in Bolnisi Municipality (c) Untreated wastewater (Photo Credits: Sisira Withanachchi, Nika Kostava & Giorgi 
Gabedava). 
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Environmental pollution in the Mashavera River Basin has been a key natural resource governance problem in Georgia. 
The open-pit mining sites have been identified as a major cause of environmental pollution in the region (Figure2a) 
[Felix-Henningsen et al,2007; Avkopashvili et al.,2017]. The sediment rock extraction is another cause of river pollution. 
Road construction projects and other large and small-scale building construction projects are extracting sedimentary 
rocks and sand from the river banks [Withanachchi et al.,2018]. Truck-driving through the river and bank erosion both 
affect the environment in the river basin (Figure2b). The outflows from the agricultural fields and the untreated waste-
water from the urban areas transport pollutants to the river and tributaries (Figure2c).

The main occupation of the local population in Kvemo Kartli in the Mashavera River Basin is agriculture [MRDIG 2016]. 
Most farmers are small-holders owning less than two hectares. In Georgia, in 2004, the average land ownership was 
about 1.2 hectares [FAO 2011]. About 80–90% of landowners are small-holder farmers who became actively engaged in 
subsistence land use in the country after the land reformation in 1992 [Kan et al., 2006; World Bank 2007]. The workers 
in the mining sites are also a considerable work-force in the region, mainly in Kazretula Village.
 
6.5.2 Mixed Method Approach

This study followed the convergence model in the triangular design of the mixed method approach [Creswell & Clark 
2006]. Figure 6.3 illustrates the logical framework of the research study. In a mixed method research design, question-
naires or surveys and interviews proceed together [Harris & Brown, 2010]. Figure 6.3 indicates the methodological steps 
in this study, whereby the qualitative and quantitative surveys and interviews served as the primary data, and the water 
quality assessment was utilized as the supportive data to verify geospatial hypotheses.

6.5.3 Survey and Data Collection

The questionnaire-based survey was conducted with open-ended and closed-ended questions. The participants in the 
survey,  interviews,  and focus group discussions (FGD) were people who use agriculture as a sole or secondary source 
of income. The preliminary study showed that most households are active in agriculture, either as the main income, 
secondary income, or only as subsistence agriculture. The main survey was developed based on the fulfillment of 
multiple purposes within the main project, which facilitate the calculation of diverse statistical data regarding several 
subjects that are focused in the same direction [Kish 1988; Gonzalez et al., 2010]. The order of the questions was logical 
and interconnected regarding the content. All of the questionnaires were filled out during face-to-face interviews. Some 
of the participants took part in the framework of the group discussions, depending on the social setting of the situation. 
The total sample included 177 households (N = 177). Among them, 113 were male participants and 64 were female 

Figure 6.3: Methodological design (Adaption from Creswell and Clark [2006]). 
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Domains and variables Questions

Socio-demography and geography • Village
• Gender
• Age
• Total members in the household 

Agro-socioeconomic

• Role of agriculture as a means of 
income

• How important is agricultural income to your total income? (Agriculture 
is the main occupation or agriculture is a side occupation)

• Years of farming experience (if 
farming is a means of income)

• If you are a farmer, how long have you been in agriculture?

• Area of land ownership • How much land do you use agriculturally (in hectare)?

Agro- hydrology

• Source of the water supply 
         

• How do you supply water to your farmland (main water source)?

• If you take water from a river, what is the name of the river?

• Distance to the water sources • How far is your farmland from the nearest water source? 
• How many meters is your farmland from the river?

• Satisfaction of the water quantity 
for agricultural needs

• Are you satisfied with the quantity of water in your water source for 
your agricultural needs?

Issue attributes and perception of the water 
quality 

• Observable attributes of the water 
source (e.g. color or smell)

• Have you observed a change of color or other changes to the water in the 
river / irrigation channel?

• Source of water contamination • If you think the water has been contaminated, what is the main source 
for this water contamination (e.g., mining industry, gravel industry, 
urban waste, or farmland)

People’s perception of water pollution • What is your general observation of the water quality of the river 
(Mashavera/Poladauri/ Kazretula) next to you?

Perceived risk

• Lifestyle disruption • What is the reason that you or your family member swim/do not swim in 
the river next to you?

• Severity of the consequences 
(health risks)

• What kinds of feelings do you have regarding your health (and any 
health risks) due to water pollution, if any?

• Do you think the quality of the water sources in the region has impor-
tance for your health?

• Problems selling agricultural 
products at the market

• Do you have any difficulties when you are selling you agricultural prod-
ucts at the market due to water or soil quality issues? (Are consumers 
asking?)

Table 6.1: Domains and questions of the survey and the open-ended interviews. 
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Domains and Variables Category (Coded)  %

Sociodemographic/socio-geographic

Village*

Upstream  12.4

Middle reach 45.2

Downstream 42.4

Gender
Male 63.8

Female 36.2

Age

Under 35 9.6

36-65 63.8

Above 66 16.9

Total members in the household
Less than 4 members 40.1

More than 4 members 59.9

Agro-socioeconomic

Role of agriculture as a means of income
Full-time agriculture   78

Agriculture as a side job 22

Years of farming experience (if farming is a means of income)
Below 10 years 9.6

Above 10 years 90.4

Area of land ownership
Less than 2 hectares 88.7

More than 2 hectares 11.3

Agro- hydrological information

Source of the water supply**

Irrigation canal 47.5

Only river 10.7

River and irrigation canal 40.7

Other source 1.1

Distance to the irrigation water sources
Less than 200 m 52

More than 200 m 48

Distance to the adjacent river
Less than 200 m 13

More than 200 m 87

Satisfaction of the water quantity for agricultural needs
Satisfied 37.9

Not satisfied 62.1

Issue attributes

Observable attributes of the water sources (color)
Yes, color changes are visible 37.9

No, there is no visible color change 62.1

Source of the water contamination
Mining sites 60.5

Others (e.g., gravel industry, urban waste, farmland, etc.) 39.5

People perception of water pollution

Opinions about water quality*** Polluted  55.4

Not polluted 44.6

Perceived risk

Lifestyle disruption: swimming possibility in the adjacent river
Bad water quality is limiting the swimming activities   42.4

Water quality is not a determinant of whether people swim    57.6

The severity of the consequences: the feeling of health risks 
due to the  water pollution

Our health is at risk situation 63.8

No, there is no risk on our health 36.2

Problems selling agricultural productions at the market
Yes, they have problems selling agricultural products 30.5

There are no problems selling agricultural products or they 
are not selling their products

69.5

Table 6.2: The coded data and descriptive statistical analysis (N=177).

* Middle reach and upstream were considered as one category in the dummy variable.
** Irrigation canal only, river only, and other source were considered as one category in the dummy variable.
*** “Poor” water quality in the river was considered polluted, “fair” and “very good” quality were categorized as not polluted.



102

participants. The interviews and FGDs were conducted on the farm, in common local shops, or at the community hall. 
Apart from that, local political representatives and the amelioration officers in Tbilisi were interviewed. The interviews 
were conducted in Georgian, Russian, and Armenian, and then translated into English. The interview  and the FGD data 
were finally transferred to the descriptive excel data sheet. The transcripts of the interviews and the FGDs were used as 
qualitative data in the analysis. MAXQDA 2018 was used for coding the interviews. The questionnaire data were also 
transferred to the datasheet before the quantitative statistical analysis. The questionnaire was formulated based on five 
domains, including socio-demography and geography, agro-socioeconomic, agro-hydrology, issue attributes and the 
perception of the water quality, and risk perceptions (Table1) [Woldetsadik et al., 2018, Dogaru et al., 2009; Mayilla et al., 
2017]. The questions under these domains were interconnected and rationally combined with the research hypotheses 
and the findings from the literature review. The pollution load index (PLI) results from the heavy metal analysis data 
collected in the parallel study were used as supportive data to verify some geospatial hypotheses.

6.5.4 Data Analysis 

The data in the descriptive excel sheet were transferred as coded data. Table2 illustrates the descriptive statistical results 
for each category of the predictor and criterion variables. Except for the age group variable, other all of the variables 
were assigned binary responses. The perception of water quality in the river was categorized as “polluted” if the de-
scription of the water quality was “poor”  in the survey.  The responses that the water quality was “fair” or “very good” 
were categorized as an indication that the rivers were “not polluted”. Regarding the variable “village”, the middle reach 
and upstream areas were considered as one category in the dummy variable. For the source of the water supply for 
agriculture, the target group was the farmers who used both a river and an irrigation canal. Thus, only irrigation canal, 
only river,  and other source were considered as one category in  the dummy variable. These formulations of the binary 
responses, without any influence of the actual data, were important to the binary logistic regression analysis [Dogaru 
et al., 2009]. All of the statistical analyses were conducted with SPSS version 24.0 (IBM, USA). Q-GIS was used to map 
the study area. The overall comparison between all of the perceived risks and the water quality perception was firstly 
calculated with Spearman correlations (rs).

6.5.5 Model Specification  

The tolerance and variance inflation factor (VIF) values were the measurements used to test the degree of multicollinear-
ity between the independent variables of this study [O’brien 2007]. According to statistical principles, a tolerance ≤0.10 
and VIF >3 are considered as benchmarks for multicollinearity [Hair et al., 2014; Knuth et al., 2015]. In conducting a 
multivariate logistic regression analysis, a tolerance ≥0.37 and VIF <3 are the thresholds to select the independent varia-
bles. The logistic regression analysis was applied because of the nature of the analysis and the criterion variables (either 
one or various criterion variables with predictor variables) [Reed & Wu 2013]. As the dependent variable responses 
in this study were binominal, the binary logistic regression analysis was performed to analyze the three diverse risk 
perceptions and the perceived water quality. Equation (1) demonstrates the model formulation to estimate the logistic 
coefficients for this analysis [King 2008], as follows:

(1)

where p is the probability of the observed result, c is a constant, and βi are the regression coefficients of the explanatory 
variables of xi. The overall goodness of fit of the logistic regression models was assessed in each step of analysis utilizing 
the 2 log-likelihood ( 2LL), the pseudo R-squares (Cox and Snell R2 and Nagelkerke’s R2), and the percentage accuracy 
of the classification (PAC). Furthermore, the omnibus test for the model coefficients evaluated the significance of the 
models by analyzing the chi-square. To test the external and internal validity of the results, the statistical models were 
verified by conducting the holdout sample cross-validation [Hair et al., 2014, Arlot & Celisse 2010].

6.6 Results 

Table 3 provides the results of the binary logistic regression analysis for farmers’ perception of the water quality and 
perceived risks concerning health, lifestyle disturbance (i.e., swimming), and threat to selling agricultural products and 
the key predictor variables. All the predictor variables were analyzed with the step-by-step forward selection, the likeli-
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Model  Predictor β S.E. Wald df P-Value* Odds Ratio 

Water quality percep-
tion of farmers

Family composition (less than 4 
family members)

1.314 0.636 4.271 1 0.039 3.719

Satisfaction of water quality for 
agriculture (not satisfied)

2.371 0.837 8.027 1 0.005 10.713

Aesthetic attributes (color) 
changes are observed in the river

3.212 0.699 21.103 1 0.001 24.832

Source of water contamination 
(mining site)

2.253 0.631 12.762 1 0.001 9.520

Constant -4.532 0.924 24.044 1 0.001 0.011

Perceived health risk 

Distance to irrigation sources (less 
than 200 m)

-2.793 1.246 5.024 1 0.025 0.061

Distance to river (less than 200 m) 4.066 1.778 5.231 1 0.022 58.306

Aesthetic attributes (color) chang-
es are observed in the river

6.593 1.437 21.060 1 0.001 730.029

Source of water contamination 
(mining site)

4.400 1.195 13.560 1 0.001 81.489

Constant -8.824 2.503 12.427 1 0.001 0.000

Lifestyle disturbance 
(perceived risk) - lim-
itation to swimming 
activities

Geospatial location (upstream or 
middle reach) 

1.318 0.453 8.474 1 0.004 3.735

Gender - Female 1.691 0.474 12.706 1 0.001 5.423

Distance to river (less than 200 m) 1.510 0.681 4.911 1 0.027 4.526

Aesthetic attributes (color) chang-
es are observed in the river

2.471 0.654 14.287 1 0.001 11.829

Source of water contamination 
(mining site)

2.201 0.634 12.052 1 0.001 9.037

Constant -3.986 0.886 20.244 1 0.001 0.019

Problems selling 
agricultural products 
(Perceived risk)

Role of agriculture as an income 
source - Agriculture is the only 
income source

1.088 0.498 4.780 1 0.029 2.968

Satisfaction of water quality for 
agriculture - Not satisfied

1.420 0.350 16.414 1 0.001 4.136

Constant -0.170 0.263 0.419 1 0.518 0.844

Table 6.3: Results of the binary logistic regression analysis.

S.E. – standard error;  df - degrees of freedom 

hood ratio (LR) method. In each analysis, the final step recorded the appropriate predictor variables that significantly fit 
each model based on the significance of the score statistic and the maximum partial likelihood estimates. Table4 shows 
the overall goodness of fit and model-fit test for each model.

6.6.1 Water Quality Perception of Farmers—Factors and Dynamicss

Based on Table 3, the family composition, the satisfaction of water quality for agriculture, aesthetic attributes of water 
(color and smell), and the identification of the source of water contamination are the key predictor variables that affect 
the farmers’ perception of water quality in the Mashavera River Basin. The model results indicate a positive relationship 
between the families with less than four members and the perception of water contamination in the Mashavera River 
with a 3.72 odd ratio (p < 0.05). This relationship may emphasize that family size, as a socio-demographic factor, plays 
a role in forming farmers’ perception about water quality. However, our hypothesis that individuals from a large fam-
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-2 Log Likelihood Chi-square Degrees of 
Freedom

P-Value

Water quality perception of farmers 81.132 4.667 1 0.031

Health risk perception due to water 
quality issues 

36.565 5.969 1 0.015

Limitation to swimming activities 143.211 5.406 1 0.020

Problems selling agricultural products 194.617 5.509 1 0.019

Table 6.4: Results of overall goodness of fit test and model fit.

ily (i.e., more than four members) may have more concerns about water quality, is therefore disproved. Based on this 
model, the farmers who are not satisfied with their water source for agricultural purposes expressed that the water is 
contaminated with a 10.71 odd ratio (p < 0.05). Regarding color as an aesthetic attribute of the water quality, the farmers 
perceived water as contaminated when they observed that the color of the river had changed (24.83 odd ratio and p < 
0.01). When the farmers identified the mining industry as the main water polluter, they also recognized that the water 
in the Mashavera River was polluted (9.52 odd ratio and p < 0.01). In the interviews and FGDs, there were some key 
responses that enabled us to track the farmers’ perception of water quality with other related factors. One farmer stated,

“This whole range is changing color. We cannot cultivate with this water. The color is changing, like to 
orange or yellow”. (16 September 2016, Khidishkuri).

This color or clarity-based expression outlines their cognitive responses to the water contamination of the river. Moreo-
ver, the farmer might connect his/her experiences with site-specific pollution and express his/her anxiety about agricul-
tural water usage. In this context, the color is the dominant organoleptic property that combines with the internal and 
personal familiarity to define the status of water quality of the Mashavera River [Crampton & Ragusa 2016].

6.6.2 Farmers’ Perceived Health Risk Due to Water Quality Issues—Factors and Dynamics 

The regression analysis results (Table3)  express that the distance to the irrigation sources, the distance to the river, the 
aesthetic attributes, and the source of water contamination are the influential predictor variables for perceived health 
risk,  as a result of the water contamination. The farmlands located less than 200 m from a water source had a negative 
relationship (β = −2.79) with a negative exponentiated coefficient (0.061 odd ratio, p < 0.05). However, the farmlands lo-
cated near the river (less than 200 m) showed a positive relationship with a high odd ratio and a highly significant p-val-
ue (β = 4.066, 58.31 odd ratio, p < 0.001). These results show that there is a different relationship between the farmers’ 
perceived health risks and the proximity of the farmlands to the river versus the irrigation water sources. However, we 
need to consider that 40.7% of farmers used an irrigation channel and river together as their agricultural water sources 
in the sample. The hypothesis that the farmers who have their farmland near agricultural water sources and live near 
the river are more concerned about health issues was therefore only partially verified. The health risk perceptions of 
farmers are also affected by their observation of color changes in the river. The positive relationship between the aes-
thetic attribute and their opinion that their health is at risk due to water contamination had a high coefficient and highly 
significant p-value (β = 6.593, 730.03 odd ratio, p < 0.001). In the interview data, the following expression indicates 
people’s anxiety about water quality and health conditions in the area perceived through the color changes of the river,

“Sometimes the color of the water is yellow. I think the reason is Kazreti. Water quality affects our 
health badly”. (13 May 2016, Javshaniani).

Furthermore, the identification of the mining industry as the key source of water contamination by farmers also had a 
positive relationship with the perceived health risk.
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6.6.3 Farmers’ Perceived Risk Causing a Limitation of Swimming Activities—Factors and Dynamics

Lifestyle disturbance was tested in this study by analyzing the swimming limitations due to    the perception of poor 
water quality of the River. In the logistic analysis (Table3), the geospatial location, gender, distance to the river, aesthetic 
attributes, and the source of water contamination were the influential predictor variables for the perception of the lim-
itation of swimming activities due to water quality deterioration in the river. Farmers living upstream or in the middle 
reach of the rivers (Mashavera or Poladauri River) mentioned that the water quality deterioration of the river limited 
their swimming activities (β = 1.318, 3.735 odd ratio, p < 0.05). The hypothesis, “downstream farmers or their family 
members compared to upstream and middle reach farmers or their family members do not swim in the river due to the 
water contamination of the river” was therefore rejected. The female interviewees were more concerned about swim-
ming and water quality compared with the males  (5.42 odd ratio, p < 0.001). The distance of the farmland from the river 
(less than 200 m) had a positive relationship with the limitation, due to the water quality of the river with an odd ratio 
of 4.53 (p < 0.05). The farmers who observed the color change in the river and who identified the mining industry as 
the main water polluter were more likely to report a positive relationship with the lifestyle disturbance risk perception. 
Based on the exponentiated coefficient (odd ratio) of the aesthetic attributes, there was a 11.83 times greater (p < 0.01) 
likelihood for the limitation of swimming, due to water contamination, for people who noticed color changes in rivers.

The farmers or their family members were interviewed to understand this relationship. One of the interviewees in Bol-
nisi city area noted, when asked about swimming in the river,

“Yes, sometimes [we swim in the river]. But when we see another color of water, we don’t. In the sum-
mer, the color of the water is good, but in the winter the color is very bad”. (12 May 2016, Bolnisi).

This statement synthesizes two perspectives on this issue. Firstly, the interviewee identified the color changes as the sig-
nifier of the risk to swim in the river. Secondly, the interviewee noted that this color fluctuation has a seasonal character, 
though this statement does not exactly mention the cause of the water pollution.     

6.6.4  Farmers’ Perceived Risk of Their Inability to Sell Agricultural Products—Factors and Dynamics

Two predictor variables were found to have a positive relationship with the problem of selling agricultural products 
(Table3), the role of agriculture as a source of income and the satisfaction of water quality for agriculture. The people for 
whom agriculture is the main income source are more concerned about the food selling issue (β = 1.088, 2.97 odd ratio, 
p < 0.05) than those who have other income sources apart from agriculture. The farmers who are not satisfied with the 
water quality in the agricultural water sources also tend to perceive the problem of selling their products as a risk    (β = 
1.420, 4.13 odd ratio, p < 0.001). The following two statements, one from a farmer who also works as a wholesale buyer 
and the other from a farmer in Mukhrana, demonstrate the relationship between water contamination and the sale of 
agricultural products from the region:

(a) Interviewer: Do you have any difficulties at the market when you are selling your agricultural 
products due to water or soil quality issues? Respondent: We have a big issue if we say we are from 
Bolnisi. We tell lies because people do not want a product from Bolnisi. We do not say the product is 
from Bolnisi. We are the first buyer (Wholesale). We keep it as a secret. (focus group discussion in 
Mukhrana, 19 May 2016).

(b) Interviewer: Do you have any difficulties at the market when you are selling your agricultural 
products due to water or soil quality issues? Respondent: We do not tell that our vegetables are from 
Bolnisi to Tbilisi customers. Mostly wholesale buyers in the field keep it a secret; therefore, we do not 
have any issue at the market. (focus group discussion in Mukhrana, 19 May 2016).

The main outcome from these two statements is that the farmers and buyers worry about revealing the place of origin 
of their products at the market. The first opinion was from the wholesale buyers and the second interviewees were 
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farmers. The consumers’ awareness of the environmental pollution issue in the Mashavera River Basin is also revealed 
in this comment.  The interviews conducted   with people in the Tbilisi food markets and with the Marneuli vegetables 
and fruit retailers reveal that there is a social awareness in Georgia about the connectivity between the health risk and 
the consumption of contaminated food [Seebach 2016; Sidawi 2016]. To build such a community perception in Georgia, 
the risk communication methods such as the media, leaders expressing their opinions, the efforts to raise awareness by 

Any risk to agri-product 
selling

Perceived health 
risk

Swimming is limited due 
to WQ contamination

Water quality 
perception of farmers

Any risk to agri-product 
selling

1.000    

Perceived health risk 0.167* 1.000   

Swimming is limited due to 
Watercontamination

0.351** 0.574** 1.000  

Water quality perception of 
farmers

0.274** 0.838** 0.632** 1.000

Table 6.5: Correlation matrix of perceived risks (Criterion variables) (Spearman correlations-rs).

** The correlation is significant at the 0.01 level (two-sided); 
* The correlation is significant at the 0.05 level (two-sided)

Non-governmental organization (NGOs), and individual interactions and observations regarding this issue must play 
a vital role. Food markets are a common place where people meet each other and share individual ideas in Georgia 
[Seebach 2016].

Figure 6.4: The comparison between all perceived risks and water quality percep-
tion (N=177).
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6.6.5 Overall Comparison between Perceived Risks and Water Quality Perception

The correlation matrix is employed in risk perception studies to compute the dimension of various risks in an analysis 
[Dholakia,1997; Grothmann & Reusswig, 2006; Liao et al.,2013]. The Spearman correlations (rs) were applied because of 
the asymmetric distribution within criterion variables [Grothmann & Reusswig, 2006]. Table 5 illustrates the results of 
the analysis. All of the criterion variables show a significant correlation with a positive relationship.  This indicates that   
the perceived risk to health, lifestyle disturbances, risks to the sale of agricultural products, and the perception of water 
quality are correlated with each other.

Figure 6.5: Farmers’ satisfaction with their agricultural water source (n=177).

Chi-square value = 63.45, p <0.001

Chi-square value 20.89, p <0.001

Figure 6.6: Identification of river color changes and the location of villages along the river 
(n=177).
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Secondly, the radar chart in Figure4compares all of the perceived risks and the water quality perception across the total 
sample. The farmers who perceived that there was a risk in selling their products, the farmers who perceived that there 
was a health risk, and the farmers who perceived there was a limitation of  swimming activities were  analyzed  against 
all of the  positive responses  in each category.  The number of farmers who perceived their health is at risk and that the 
water  is contaminated in the river was larger compared with the numbers of farmers who perceived risk   to their ability 
to sell their products and lifestyle disturbance (i.e., swimming) as a result of water pollution in the river.

6.7  Discussion 

6.7.1 Overall Outlook of the Binary Logistic Regression Analysis

The logistic regression analysis is the most common analysis model in the risk perception assessment because of the 
skewed distribution of the data [Denham 2010]. In the context of exposure to environmental pollution or other risk 
situations, peoples’ views on risk more often can be grouped into only selected opinion variance [Dogaru et al., 2009]. 

Sample Site Villages HPS+ LPS++

1 Dmanisi 0.8 0.7

2 Dmanisi 0.7 0.7

3 Dmanisi 1.1 1.1

4 Kazretula 1.2 1.1

5 Kazretula 0.9 0.7

6 Kianeti,Javshaniani,Kvesha 0.8 0.6

7 Kianeti,Javshaniani,Kvesha 0.9 0.9

8 Sabereti, Ratevani 1.1 1.0

9 Kevmo-Bolnisi 1.0 1.2

10 Poladauri 0.6 0.6

11 Poladauri 0.6 0.7

12 Vaneti,Khatisopheli 1.4 1.3

13 Vaneti,Khatisopheli 1.1 1.0

14 Mtskneti,Bolnisi,Rachisubani 1.0 0.8

15 Chapala,Savaneti 1.0 0.9

16 Savaneti,Khidishkuri 1.1 1.0

17 Mukhrana 1.2 1.2

Table 6.6: The Pollution Load Index (PLI) at samples sites and 
corresponding villages.

+ & ++ These value indicate the PLI values.  < 1 is considered as the baseline and 
>1 is the polluted status according to the PLI index. HPS is high precipitation 
season and LPS is low precipitation season.

In this analysis, the age, years of farming experience, area of land ownership, and source of the water supply (predictor 
variables) did not contribute significantly to the model. The reason for the non-statistically significant effect of age on 
the observed criterion variables may be due to the lack of distinct differences within the sample group. The age group of 
36–65 years old represented 63.8% of the sample group. Such a lack of variation may impact the relationships between 
the variables, and thus the age group was not included as a significant factor in the regression model of the risk percep-
tion analysis [Dogaru et al., 2009; Cullen et al., 2018]. The relationships between the long-term experience in agriculture 
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and the risk perception and water quality perception were also not statistically significant in this study. Thus, our hy-
pothesis was disproved. Rather, a lack of variation between the perceptions of the farmers based on farming experience 
is the result. In this study, the farmers with more than 10 years of experience were regarded as the most-experienced 
farmers, and this group represented 90.4% of the sample population. Our findings did not support the theoretical argu-
ment that experienced farmers have less concern over risks. For a deep understanding of the influence of individual or 
group experiences on the risk perception, indexing the risk experiences that measure the root causes and other sociocul-
tural factors would be necessary [Barnett & Breakwell 2001]. In the Mashavera River Basin, agriculture is the primary 
occupation [MRDIG 2016]. Thus, the main income source is either mixed farming with crops and livestock, or only crop 
production. Family members are the main source of labor on agricultural holdings with less than two hectares of farm-
land. In the sample, 88.7% of the farmers own less than two hectares. This skewed distribution affected the area of land 
ownership variable, which also did not show a significant relationship with the risk perceptions. Although the source of 
the water supply predictor did not indicate a skewed distribution, it was also not statistically significant within the mod-
el. In the research study, the farmers using both an irrigation canal and river water were considered as one group, with 
the hypothesis that farmers may have double exposure to contaminated water. This hypothesis is based on the water 
quality data that was collected in the second phase of this research study. However, the survey data did not show that 
the source of water had a statistically significant effect on the model. Some other studies show that the source of water 
is a key factor influencing the risk perception of the farmers or customers [Woldetsadik et al., 2018; Antwi-Agyei et al., 
2016]. However, this hypothesis was not supported by our findings. Therefore, risk perception cannot be determined 
based on the source of water for agriculture. As the Mashavera River Basin is located in a semi-arid region, the farmers 
tend to use irrigation canals more for their farmlands. In the sample, 40.7% used both irrigational canals and river water 
for agriculture. The river water is a supplementary water source during the dry months (July and August), as indicated 
by the survey responses. The farmers who use an irrigation canal or river water exclusively made up 47.5% and 10.7% 
of the study sample, respectively. The farmers who use both water sources (irrigation canal and river) have a rather 
negative perception about the water quality.

The study strongly demonstrates that the aesthetic attributes (i.e., color changes observed in the river) and the source of 
water contamination (i.e., mining sites) are the main predictor variables for the perceived risk to water quality, health, 
and livelihoods. As other studies mention, the visual aspect strongly modifies people’s perceptions [Dogaru et al., 2009; 
Silic et al., 2017]. The color-related judgments in a hazardous environment could shape the mental reactions regarding 
risk [Silic et al., 2017]. The general knowledge  or understanding of the main source of pollution in the Mashavera River 
Basin is the mining industry. Thus, the configuration of risk perceptions related to the environmental quality notice-
ably connect with this knowledge. A long-term exposure to environmental pollution in the region and, on the other 
hand, anxiety about the protection of agriculture, are the pivotal factors impacting the local peoples’ decisions. Our 
hypothesis that farmers’ who are familiar with the regional environmental issues are concerned about the quality of the 
environment was proven with a positive relationship. Particularly, the health impact on the region has an influential 
role on the local people. The way that people perceive a certain public health risk could mirror the public perception 
of the water quality [De França Doria 2010]. The socioeconomic well-being of the farmers directly connects with their 
selling capabilities of agricultural products. According to the Food and Agriculture Organization of the United Nations 
(FAO), a strong marketing capability of the products of small-holder farmers could reduce poverty [Rapsomanikis 
2015]. However, different factors could curb their selling competencies, with low returns and high production costs that 
arise because of financial and credit issues [Abdullah et al., 2017], and environmental hazards or natural phenomena 
that affect the product quality [Parmar et al., 2017]. As Figure4demonstrates, the farmers in the Mashavera River Basin 
do not have more concern about selling their agricultural products, relative to other health and lifestyle disturbance 
risks. The satisfaction level with water quality in the agricultural water sources and role of the agriculture as the main 
income are the only two predictor variables that impact risk perception regarding selling their products.

6.7.2 Comparison between Pollution Load Index Data and Survey Data

Eiser [2001] outlines risk as a property of the human activities with a spatial quality. Thus, a comparison between the 
peoples’ risk perceptions and the water quality data could assist in creating a spatial view of the issue [Dogaru 2009]. 
The results of the parallel physical research study [Withanachchi et al., 2018], which examined water quality in the 
Mashavera River and its tributaries and irrigation canals by focusing on heavy metal analysis, can be compared to the 
survey findings of  this study. Table 6 shows the pollution  load index (PLI), one of the key index analyses regarding 
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heavy metal pollution,  for each sample  site along the Mashavera River Basin for the high precipitation season (HPS) 
and low precipitation season (LPS). The PLI indicates the overall pollution condition by referring to the toxicity level of  
the examined heavy metals [Islam et al., 2015]. The threshold for classification as a polluted site is PLI ≥ 1 [Goher et al., 
2014]. The PLI results were derived from sediment analyses for heavy metals, namely, Cu, Cd, Zn, Pb, Fe, Mn, Ni, and 
Cr [Withanachchi et al., 2018]. Table 6 indicates the villages where the survey was conducted and the adjacent sample 
site or sites. Some of the farmers from Dmanisi have their farmland near sample site three, which was classified as con-
taminated. Figure1illustrates the seventeen villages located within the Bolnisi and Dmanisi Municipalities.
 
A farmers’ group expressed their perception of water quality and the new mining site in Sakdrisi, Dmanisi Municipality 
as a reason for changing their water source,

“previously (before the new mining site), we used a small water flow from Sakdrisi mountain. Now, we 
are using the irrigation channel. We observed a bad influence of the new mining site and their transport 
lorries (dust)”. (focus group discussion, Dmanisi, 14 May 2016).

According to the PLI, the middle reach and downstream villages mostly encounter water contamination issues. Figure-
6also discloses that the farmers in the middle reach and downstream areas are more alert to color changes in the river. 
However, the regression model of the limitation of the swimming activities showed that the middle reach farmers and 
their families are more concerned than the downstream villages regarding the water quality deterioration as a reason to 
avoid swimming in the river. This information and the PLI data can be compared.

6.7.3 Policy Implications of Farmers’ Risk Perception Analysis for Water Quality Governance

An analysis of the public risk perception and the consideration of their concerns over water quality have been identified 
as crucial factors for an operative water quality governance system [Withanachchi et al.,2018; De França Doria,2010; 
Tarannum et al., 2018]. Within this survey, we also asked about the existing mechanisms for farmers to participate in 
water quality governance. Because of many missing data, we did not include the responses in the logistic analysis. The 
survey questions were as follows:

1. Do you complain about this water quality issue to the local government agency? 
2. If yes, how?
3. Do you participate in any formal/informal association/meetings in the village? 
4. If yes, what?
5. Are you discussing your concern about water quality or food production-related issues there?  If yes, what are  
   they?

We received only a few responses to these questions in the survey. 23.7% of the participants mentioned that they com-
plained about the water quality issue to the local authorities and 9.6% of the participants mentioned that they partici-
pate in formal or informal meetings among communities or neighbors to discuss common issues, such as environmental 
issues or farming matters. From the received responses, the following main findings can be highlighted:

• Farmers who complained about water quality issues to the local government agency either talked to their vil-
lage representative council (Sakrebulo) members, handed over a petition to the municipality, or spoke with 
the amelioration company staff members (who only focus on the construction of irrigation canals).

• There were minimal cases reported where farmers organized an informal meeting to talk about water-related 
issues.

The field study clearly showed that the social setting in this region still lacks community consensus about how to handle 
water quality issues, which hinders collective actions. As Ostrom mentioned [1990], collective actions depend on the 
operational rules of the social setting,  which correspond to the  local conditions.  The farmers are not prepared to dis-
cuss their perceived risks with other farmers,  or to complain to governmental organizations. The local government and 
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amelioration officers pointed out that the few farmers’ associations that exist are only working towards getting grants; 
they are not participating in the governance process. Some of the farmers’ associations were banned because of finan-
cial mismanagement and corruption [Personal communication - Georgian Amelioration 2016; Personal communication 
-Governors (Gamgebeli) and Representative Councils (Sakrebulo) 2016]. The language barrier between the different 
ethnic groups could also be a factor making it hard to build strong social participation, in which people demonstrate 
active, voluntary engagement [Buetow 2012]. In Georgia, cooperation can be observed particularly among the farmers 
engaged in organic agriculture. The interview with the Biological Farmers’ Association, Elkana, Georgia, revealed that 
they serve as a platform for farmers to communicate with each other and work together with democratic principles at 
the grassroots  level [Personal communication-Elkana 2015]. Future research could examine the root causes for the lack 
of a ‘community-feeling’ in the region, with the clear exception of the community of organic farmers.

6.7.4  Integrated Model of Risk Assessment: the Combination of the Public Risk Perception and the Technical 
          Assessment

Generally, the local community views were neglected in the technical risk assessments [Williams et al., 1999; Sansom et 
al., 2016]. The main critiques against the analysis of the people’s risk perceptions are that they are biased, illogical, in-
compatible, and inconsistent. Moreover, they are instead based on prejudiced attitudes, which are known to be manip-
ulated by external agencies. Thus, these lobbies argue that people’s risk perception cannot precisely measure the risks 
as a result of an inadequate knowledge of the issues [Renn 1998; Pidgeon 1998; Sansom et al., 2016]. However, some 
scholars strongly support the acknowledgment of risk perceptions in order to create an inclusive environmental risk as-
sessment [Renn 1998]. In water quality studies, an inclusive assessment of the water quality identifies the socio-technical 
dynamics [Vighi et al., 2001; Rolston et al., 2017]. In water quality governance, risk assessment is an important element 
in the mitigation of water pollution and the protection of water sources [Withanachchi et al., 2018].

This miscommunication or mistrust of people’s concerns and their know-how could create  a barrier between the gov-
ernment and society that obstructs successful policy implementation [Williams et al., 1999]. According to Beck [1986], 
a discussion about the environmental degradation of air, water, and food should include social,  cultural,  and political 
factors in order to get a complete understanding of    the social architecture and political dynamics of risk.   The con-
cerns of the people who are the  direct recipients of the impacts of any environmental degradation need to be recog-
nized and scrutinized systematically [ Beck 1986; Renn 1998; Pidgeon 1998]. In the EU WFD, community participation 
is a mandatory governance principle [Newig et al., 2005]. In such a risk assessment, the opportunity to engage with 
the public at the local level is a positive factor. The local level is the proximate scale where the water quality and food 
production issues occur. Thus, the farmers’ concerns and participation in water quality governance are decisive factors 
for inclusive WQG. In Georgia, there is currently limited public participation in the governance process [Jamaspishvili 
2009]. Particularly, a consideration of the peoples’ concerns over environmental pollution and their active engagement 
in the protection of natural resources are still underdeveloped. As the local level is the proximate level to address water 
quality issues [Feldman 2017], the peoples’ perceptions of the water quality and their local knowledge [Berry et al., 2018] 
are vital resources that can be used in assessments. As this study revealed, the farmers’ risk perceptions and the water 
quality perceptions could be used to identify the current status of the environmental condition in the Mashavera River 
Basin. Thus, a public risk perception assessment would be a good approach to detect the people’s concerns regarding 
water quality governance, for future risk analysis in Georgia.

People’s views and observations need to be acknowledged on the grounds of including democratic principles in risk 
management and policymaking processes. Otherwise, the policies and governance may have negative effects on people 
(i.e., voters) [Pidgeon 1998]. Regarding sensitive environmental matters, such as nuclear waste [Williams et al., 1999], 
environmental pollution [Bickerstaff 2004; Prouty & Zhang 2016], and displacement of human settlements by large pro-
jects [Mteki et al., 2017], people’s perceptions of risk have to be considered, as the local people are the ones affected by 
the issues. Furthermore, the people’s perceptions are often the first indication or signifier before hazardous events. In 
this way, risk communication can avoid fatality and decrease the severity of natural hazards [Paton et al., 2008]. Like-
wise, experts can advance their technical assessments and the output  of their analysis if they work with the people’s 
risk perceptions [Pidgeon 1998] or merge the two perspectives in their studies [EU 2015]. Each approach has its advan-
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tages and limitations. Accordingly, the people’s perception of the risk also should be considered and analyzed [Pidgeon 
1998; Slovic 1999]. Withanachchi [2018] listed the following four key benefits of the integrated model of risk assessment:

• Finding new areas for further analysis that may be vulnerable to hazards;
• The possibility to cross-check data as a form of verification;
• Communal communication of hazardous condition based on local knowledge; and
• Direct participation of the public in monitoring the risk condition.

In such an assessment, the ecosystem and human vulnerabilities to environmental risk through quantified data from 
the technical field study, and people’s concerns over the same vulnerabilities, are researched in parallel and are used as 
the supporting data to examine the hypotheses under  a mixed-method research approach [Dogaru et al., 2009; Davis & 
Wagner 2003]. The local knowledge regarding the places vulnerable  to hazards can be discovered. Also, the data from 
the technical assessment, which is an objective analysis, can be cross-checked with the people’s perceptions of the risks. 
Moreover, the people’s active engagement for frequent assessments can be obtained in this integrated model.

In this study, the farmers’ risk and water quality perceptions were examined. To observe the geospatial association 
between the farmers’ views and the current water quality situation, the pollution load index (PLI) as secondary data, 
based on the analysis of sediment samples of the Mashavera River and its tributaries, namely the Poladauri River, Ka-
zretula River, and the irrigation canals, were compared with the sample sites. The comprehensive analysis of the sedi-
ment and water samples were previously published in Withanachchi et al. [2018]. The samples sites and the surveyed 
villages can be associated based on their proximity. In the sediment sample collection, the research group integrated 
the local knowledge of the farmers in order to identify some of the pollution sources of  the basin. The local people’s 
ecological knowledge should be an essential input in research studies, by adding advanced and critical aspects to the 
existing ‘top-down’ natural resource management and studies [Davis & Wagner 2003]. In this study, the local farmers’ 
knowledge and support were critical to the investigation of the outflow from the processing plant at the Madneuli mine 
site (sample site  9) in Kevmo-Bolnisi Village. Also, the results of the heavy metal analysis at certain sample sites, which 
normally required a few months to be completed, could be cross-checked with the interview or survey data of farmers. 
The farmers’ feedback on the color changes of the water sources over a time period were taken into consideration when 
the research examined the diurnal variation of the heavy metal concentrations in water samples [Withanachchi et al., 
2018]. For example, one farmer pointed out his observation of the color changes in the river as follows:
 

Respondent: “Sometimes the color of the water is yellow. I think the reason is Kazreti. In the morning 
and late evening, the color is drastically changed. Water quality affects our health badly”. (Farmer 
interview, 19 May 2016, Mukhrana).

This observation was useful guidance to further examine the water quality changes in the river. The active engagement 
of the local people would be an asset for the water quality monitoring and the continuous examination of the risk level. 
How farmers react or reflect on the water quality and their opinions for the causation of the contamination or lack of 
contamination is important information for policymakers in order to make decisions. This integrated assessment of the 
water quality and related risks could deliver a comprehensive interpretation of the status-quo. Under the newly drafted 
water law, the public participation in the preparation of river basin management plans was included (Article 6). Within 
that framework, this study proposes the application of an integrated model of risk assessment that combines the public 
risk perception and the technical assessment together.

6. 8 Conclusions

This research study examined the factors that affect the farmers’ perception of water quality and their perceived risks in 
the socioeconomic, lifestyle, and health domains. Hypotheses based on existing risk perception studies were tested and 
some of them were verified, while others were disproved. Based on the binary logistic regression analysis, age, amount 
of land, years of agricultural experience, and the source of the water supply to agriculture do not show a significant 
relationship with any of the tested risk perception domains or water quality perception in the model. In addition to 
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the perceived risk of not being able to sell their agricultural products, the aesthetic attributes (i.e., color changes in the 
river) and the source of water contamination (i.e., a mining site) were the common predictor variables for the perceived 
risk and water quality perception. In the context that the region is known to have environmental pollution because of 
the mining industry and other reasons, such as gravel extraction and untreated wastewater discharge from urban areas 
and farmland, the farmers’ perceptions of these two predictor variables have a relatively high likelihood. As far as the 
problem  of selling agricultural products, the contribution of agricultural income to the total income and the satisfaction 
level with the quality of the agricultural water sources both affect perceptions. The PLI data from the heavy metal as-
sessments also show the geospatial relationship between the pollution level and the farmers’ risk perceptions. Overall, 
the theoretical argument of this study is that multiple factors can influence the perceptions of risk, and these perceptions 
may depend on the severity of the community’s exposure to environmental pollution.

This study can be considered a preliminary assessment of public risk perception in the Mashavera River Basin, and can 
be expanded to comprehensive research by examining the people’s concerns regarding water quality across Georgia. 
Thus, one of the recommendations of this study is to conduct a public risk perception assessment that could detect 
people’s concerns regarding water quality, and to obtain a clear understanding of the possible risks. By enabling the 
people’s active engagement in risk analysis, local knowledge can play a role in water quality governance. Another 
recommendation of this study is an integrated model of the risk assessment that combines the results from the public 
risk perception assessment and the technical risk assessment. The benefits of such an integrated assessment include 
finding new hazard-sensitive areas for further analysis, the possibility of cross-checking data for verification, communal 
communication of hazardous conditions by utilizing local knowledge, and the direct participation of the community in 
monitoring risks.

The stakeholders who use natural resources (e.g., water, soil, forest, and minerals) in the Mashavera River Basin are 
currently in competition. In this competition, the interests of powerful stakeholders are more profoundly established 
in the governance process. Their economic support to the local government authorities, as well as high-level political 
power, may negatively influence the other stakeholders who use river basin, particularly farmers. The mismanagement 
of natural resource extraction and the malpractices of agriculture contribute to the land use changes that threaten the 
balance of the social-ecological system in the region. As briefly noted in the research study, the social setting in this 
region still lacks a community consensus about how to handle water quality issues, which hinders collective actions. 
However, there should be continued study in order to examine the background and specific hindrances in this particu-
lar case. Furthermore, future research could be conducted by integrating different stakeholders in the region to obtain 
other views regarding water quality and the risks perceptions in Mashavera River Basin.
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Chapter 7
General Discussion 

7.1 Diffusion of governance principles to achieve an efficient water quality management system  

Access to improved water is a fundamental requirement of a sustainable food system and a healthy food environment 
[WWAP, 2015; Grace, 2016]. Any contaminated water source in food production, food processing, transportation and 
food preparation could bring harmful effects to human health [Kirby et al., 2003; Morgan, 1999]. As this research study 
revealed, overcoming water contamination issues and then achieving access to improved water quality are more than 
just technical challenges. Appropriate and accurate governance is one of the essential need to reach better water quality 
that manages technical improvements in a sustainable manner. Grigg [2010] points out that fundamental governance 
steps such as planning, monitoring, implementation, and enforcement should be carefully followed in order to reach 
the overall goal of improved water quality. Kayser et al. [2015] developed a conceptual water quality governance frame-
work (Figure 7.1) by referring to drinking water governance in Brazil, Ecuador and Malawi. In this framework, the 
challenges and the relationship between different governance levels that could be encountered in the supply of drinking 
water are illustrated. They sorted out the key factors (i.e., laws and enforcement, and capital) and management steps 
(i.e., technical capacity, monitoring, enforcement and surveillance) that combine through coordination, data sharing 
and special services (i.e., maintenance, treatment, and water source protection) to accomplish the administrative and 
technical management of water quality as well as regulate customers’ responsibilities with water fees as nodes in water 
quality governance. All nodes connect with a corresponding government layer. 

This framework uses the classical governance approach that clearly distinguishes the roles and responsibilities within 
each domain (Ryder 1991; Banting 2008), but also shows the interconnections between each layer. In practice, each 
government institute is assigned to a task in water quality management. Local government agencies are responsible 
for maintaining all service delivery functions regarding drinking water supply. The disconnection between layers or 
nodes could collapse the WQG system.  For example, lack of capital or regulations would impact the second level 
functions such as monitoring and adequate technical capacity [Kayser et al., 2015].  However, this framework hardly 
works to analyze the transitional political-economic context where the responsibilities and roles of stakeholders are 
steadily changing. The analysis of a highly centralized WQG system could be problematic. Moreover, this framework 
is difficult to apply to a polycentric governance system where multiple actors are mutually connected at different gov-
ernance levels and crossing traditional governance boundaries [Ostrom, 2010]. In environmental governance, multiple 

Figure 7.1: The conceptual water quality governance framework (Source: Kayser et 
al. 2015, page 192).
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stakeholders consociate or individually act in the governance process at different ecological and social scales. A defined 
political stage or governance space cannot be identified in such multi-level governance of natural resources [Newig & 
Fritsch, 2008]. 

This research study further advances this framework based on layers of governance to a deep analytical scheme that 
could enable understanding of the dynamics and weaknesses of institutions, regulations, and interactions between 
stakeholders. To build this framework, firstly, key pillars that consist of different administrative and legal tools in WQG 
were examined and develop the “process-framework of WQG”  (Chapter 1), including water quality strategic plan or 
framework, Water quality regulations, water quality guidelines or criteria, Water quality standards and water quality 
objectives. Each pillar has its unique characteristics, but also solid connections with the other tools. The outlook with 
these specific features in WQG helps to build a “task-oriented” framework in this study. This framework (Figure 7.2) 
divulges the water quality governance elements that refer to the specific actions needed to maintain an improved water 
quality system. 

Those elements are categorized into three main groups, namely standardization, mitigation and protection, and en-
forcement. Every tasks is inter-connected. Who qualifies as a stakeholder, their range of responsibilities, and how their 
actions are connected can be analyzed on a case by case basis. This is not limited to a certain sector, such as drinking 
water. Furthermore, any governance level (international to local level), governance model and political-economic condi-
tion can be analyzed. By applying this analytical framework, this study examines the existing weaknesses in the current 
WQG in Georgia and the areas that need improvement for efficient WQG. 

Georgia has been experiencing rapid institutional changes, political reforms and economic alterations as a transitional 
country from a socialist political background to a liberal democratic system [ Gegeshidze et al., 2005 ]. Regarding the 
economic alteration, socialist economic systems are transforming into market-based, industrialized systems [Sylvén et 

Figure 7.2: Water quality governance (WQG) elements (Authors’ iluusration, ref-
ered to the published paper Withanachchi et al., 2018a).
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al., 2008]. The policy formulation, including environmental policies, is fragile and undertaking several changes to ad-
dress the national and global targets. Poor experience in strategic policy planning, lack of coordination between national 
and local governmental agencies, the lack of political will for sustainable environmental planning from the politicians’ 
side, and the lacuna in the environmental legal norms have been identified as the major hindrances to environmental 
governance [Gegeshidze et al., 2005]. Under this sudden structural adjustment, the subject scope of ministries is chang-
ing and new positions are emerging. The political turbulence in Georgia is a defining factor. In 2017, the Georgian gov-
ernment announced new changes in the governance structure at the ministerial level. The former Prime Minister Giorgi 
Kvirikashvili, who resigned on the 13th of June, 2018, announced the following changes:

“We plan a series of structural and functional changes actively planned by our team. …….. 
( ) changes will serve the purpose of greater progress, of shaping an even more modern state 
and flexible state apparatus which in itself maximally reduces administrative expenses” [Gov-
ernment of Georgia, 2017].

With the recent changes ministerial changes, the Ministry of Environment and Natural Resources Protection of Georgia 
(MENRP) and the Ministry of Agriculture were merged. The expectation of the government is that this will establish 
better coordination between subjects in the governance process [Government of Georgia, 2017]. The existing water re-
source management system reflects the pandemonium the government hopes to overcome.  The current system is unco-
ordinated, has an internally contradictory regulatory system and lacks the power to enforce water resource protection 
against water contamination. 

Although water quality management is part of the existing water law and ordinances [NPD, 2013], there is no clear wa-
ter quality strategic framework or general guidelines and objectives. There are currently weak regulations to enforce the 
law against industrial water pollution [UNECE, 2016]. The second national environmental action program (2012-2016) 
identified the lacuna within the policies, strategies, mechanisms and systemic tools for regulating industrial wastewater 
and other waste, such as pesticides, that heavily impact surface, ground, and seawater. However, the OCED noted that 
comprehensive water quality monitoring and water quality assessments for any of the water pollution events have not 
been conducted yet [OCED, 2018]. The maltreatment of water resources is intensifying concerns over water governance 
and management in the contemporary policy discourse.  

Overall, the research study has shown that all key WQG elements, including maintaining water quality standards, 
protecting water sources, mitigating short- and long-term water pollution causation, implementing enforce directives, 
issuing licenses and permits, recommending environmental assessment, setting water quality standards, monitoring 
water quality (i.e., sampling and analysis), and reporting and assessing the quality status, have concentrated at the cen-
tral government level. National government agencies, as the most powerful stakeholders, currently design, implement 
and enforce the water quality regulation. Moreover, national government agencies are the sole responsible authorities 
to conduct water quality monitoring, data processing, and evaluation, although some limited power and responsibility 
has been given to the local level governance entities. In general, sectoral-based water quality governance with a lack of 
stakeholder integration is observed in Georgia water resource management [Withanachchi et al., 2018].  

One specific objective of this study is to evaluate possible cooperation with the local governance entities to enhance 
WQG in Georgia. Under the new water law and the related water policy discussions, decentralization of water man-
agement power and a new spatial scale of water resource management are proposed. According to the association 
agreement between the EU and Georgia, the governance norms and principles from EU legislation, mainly the EU 
WFD (Council Directive 2004/35/CE), should be applied in the prospective water regulation [Vystavna et al., 2018]. 
Cooperative governance with all stakeholders, particularly local level entities, is encouraged by the EU WFD. However, 
critics say that local authorities in the Member States were anxious about losing their statutory power regarding water 
management by establishing different water management authorities in the framework of the River Basin Management 
system (Kaika, 2003). Considering all Member States, the water laws in some countries limit the participation of local 
authorities, contrary to the key objectives of the EU WFD. The central government authorities have once again become 
the dominant stakeholder within the basin management system [Nielsen et al., 2013]. On the other hand, the Swedish 
water resource management system encourages and empowers local stakeholders also within a catchment-based man-
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agement system. Two hundred nineties  municipalities in Sweden hold considerable responsibilities and actively par-
ticipate in their local water quality management [Franzén et al., 2015]. Thus, Georgia, as well as Moldova and Ukraine, 
as new EU Neighbors, are going to adopt the EU environmental governance principles and therefore must carefully 
scrutinize the fundamental norms of the EU legislation and also the possible obstructions to the efforts to establish an 
integrated water resource management (IWRM) system [Jager  et al., 2016; Vystavna et al., 2018]. 

The local-level stakeholders, including local communities, government agencies, and other public or private agencies, 
are the first level encountering water quality degradation issues [Feldman, 2017; Moore, 2013]. Thus, active participa-
tion of local entities is an essential factor to establishing a functional WQG system [Franzén et al., 2015]. As this research 

Figure 7.3: a) The tributary after mixing with the outflow from the processing plant at the Madneuli mine site at up-
per Kvemo Bolnisi Village (Photo credit: Ilia Kunchulia). b). The outflow from the processing plant at the Madneuli 
mine site at upper Kvemo Bolnisi Village (Photo credit: Sisira Withanachchi).

Figure 7.4: The confluence of the contaminated tributary and Poladauri River at 
upper Kvemo Bolnisi Village (Photo credit: Sisira Withanachchi).
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examines, there are different potentialities of local governance entities to contribute to better WQG in Georgia. By 
applying the framework of WQG elements, the study points out that local government authorities, local communities, 
and civil organizations can be active participants in the water quality monitoring process. The acknowledgment of local 
knowledge could contribute obvious information for the standardization of water quality [Berry et al., 2018] since the 
local community ultimately has to accept the water quality status. They may encounter the severe water quality con-
tamination issue at the ground level, though the political authorities satisfy with the water quality conditions. These 
gaps can only be filled through the direct participation of local entities in the WQG. The study discloses that local gov-
ernment authorities are ready to take the responsibility to oversee the local level water contamination issues in Georgia. 
They are willing to cooperate with other local government authorities to manage common water quality issues. The 
German inter-municipal associations (Zweckverbände) [Philip et al., 2008] are a good model for WQG. As financial 
capacity is one hindrance to the local authorities, enforcement tools such as a water pollution tax and penalty collection 
could expand the local budget. Local authorities could also be represented in the evaluation of environmental impact 
assessments. Keeping the local people accountable and engaged is important to maintaining the authority of the local 
government. Otherwise, the unnecessary influences from powerful stakeholders could control the assessment.  

Under the new spatial reconfiguration of the water governance process, river basin authorities will be established. The 
composition of these institutes is still a matter of discussion. This ecosystem-based governance system cannot replace 
the existing hierarchical governance system. For better water governance, institutions on both sides need to cooperate. 
When analyzing the gestalt of current pilot projects, a dense presence of government authorities can be observed. The 
Ministry of Environmental Protection and Agriculture and the National Environmental Agency of Georgia are the main 
facilitators from the Georgian sides in the recent transboundary river basin management program discussing the river 
basin management plan (RBMP) in the Alazani River Basin. The regional partners from Azerbaijan and the companies 
who developed the RBMP took part in a workshop [EUWIplusEAST, 2018]. The observable lacuna in this workshop and 
the establishment process of the RBMP was the exclusion of local governance entities. Based on the drafted new water 
law, Article 6 clearly denotes compulsory public involvement in the development and review of river basin manage-
ment plans. 

Not only the new water law, but also some drafted parallel laws are to include water quality as a regulation reference. 
The drafted Environmental Protection Responsibility Law, which referred to the EU Parliament and the Council Di-
rective 2004/35/CE on environmental liability with regard to the prevention and remedying of environmental damage, 
proposes a strict reference limit for water contamination. When a water source contains a contaminant at more than 10 

Figure 7.5: Alluvial groundwater well in Khidiskuri village (Photo credit: Sisira 
Withanachchi).
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times the maximum allowable concentration (MAC), that water source is considered to be significantly contaminated.

7.2 Possible impacts of water quality deterioration to the food system in the Mashavera River Basin 

The Mashavera River Basin in the Kvemo Kartli Region, with its fertile, irrigated chestnut soil, provides a considerable 
amount of food to the national food system [Bakradze et al., 2018].  The research study observed that land use in the 
basin is highly competitive due to the poly-metallic enriched ore deposits containing copper, zinc and gold [Felix-Hen-
ningsen et al., 2007] and the agricultural activities. Since 1974, mining industries have been active in the region. Recent 
feasibility studies are also being conducted in the Kvemo Bolnisi area for new mining sites [Avkopashvili et al., 2017a; 
GEO, 2017]. Multi-national companies join with national mining companies to mine the ore deposits in the valley by 
making foreign direct investment (FDI) [Saha et al., 2015].    

Environmental pollution in the region is highly concentrated. Several research studies have investigated soil, water, 
and selected agricultural products from the region [Melikadze 2006; Felix-Henningsen et al., 2007; Hanauer et al., 2011; 
Matchavariani & Kalandadze 2012; Lomsadze et al.,2016; Avkopashvili et al., 2017a]. This research study was conducted 
to achieve a few novel and special objectives. Our samples sites examined the latest open-pit mining site in Sakdrisi in 
an upstream area of the Mashavera River Basin (Dmanisi Municipality area), the direct outflow from the processing 
plant in the Madneuli mine site, the gravel industries as well as other sediment extraction industry in the Mashavera 
River, and 17 sample sites spanning the upstream, middle reach and downstream areas of the basin as well as key ir-
rigation canals. By following standard methods, sediments and water samples were collected within one hydrological 
year in the high and low precipitation periods. All analysess were conducted based on international standards in highly 
equipped laboratories.    

The results of the study revealed that As, Cd and Pb are in high concentrations in the middle reach and downstream 
areas of the Mashavera River Basin. Those areas also mainly agricultural lands. By applying multiple indices, the study 
investigated the level of contamination in the sample sites. The Contamination Factor (CF), which demonstrates the 
level of the contamination of sediment samples [Brady et al., 2015], in the high and low precipitation periods found 
Cu > Cd > Zn > Pb > Fe > Mn > Ni > Cr > Hg (descending order). The main focus of the study was water sources that 
directly or indirectly connect with food production in the region. The examined results point out that four irrigation 
canals are highly polluted. Based on the Pollution Load index, which indicates the total pollution level by considering 
the data of all observed heavy metals [Goher et al., 2014], the irrigation canal at Nakaduli village, the irrigation canal 
in Vanati village, the starting point of the irrigation canal off the Mashavera River at Chapala village and the irrigation 
canal at Tashtikulari village were classified as contaminated status. With the assistance of the Enrichment Factor (EF) 
index, certain toxic heavy metals at these sites could be investigated. Cd, Zn and Cu enrichment in the sediment sam-
ples could be observed in the high and low precipitation seasons in all of the aforementioned irrigation canals. Pb was 
above the threshold at the irrigation canal at Tashtikulari village.  The Metal Index (MI) was used to scrutinize the water 
samples. All downstream and the upstream sites along the Poladauri River had low MI values.  The outflow from the 
processing plant at the Madneuli mine site in the morning, midday and evening in high and low precipitation periods 
were above the threshold value. Upstream sites also had values above the threshold, primarily in low precipitation pe-
riod. Moreover, we analyzed the diurnal trends for the water samples. There were noticeable oscillations of heavy metal 
concentrations at a few sample sites. Most of these sites were proximate to the mining sites.  These trends open up new 
research questions to be investigated.     

As other research studies emphasize [Felix-Henningsen et al., 2007; Matchavariani & Kalandadze 2012; Matchavarianie 
et al., 2015; Avkopashvili et al., 2017b], the agricultural food products in the basin have a high risk of contamination. 
According to Matchavariani and Kalandadze [2012], a high concentration of Pb (33.75 mg/kg on average) was recorded 
in the vineyards of the Kianeti village in Bolnisi Municipality. In this study, they found high concentrations of Mn in 
vineyards (1150 mg/kg on average), orchards (781 mg/kg on average) and arable lands (979 mg/kg on average) in the 
Ratevani, Abdalo, Kazret, Khatisopeli, Balitchi, Savaneti and Kveshi villages. Avkopashvili et al. (2017a) found high 
uptake of Cd in potatoes samples in the Ratevani (1.4 mg/kg) and Naxiduri villages (1.2 mg/kg) in the basin. Moreover, 
they found considerable concentrations of Cu and Zn in tomato, walnut, garlic, bean and corn samples. Generally, the 
Mashavera River Basin contains sulfide ores [Avkopashvili et al.,2017b] in an alkaline environment. Except the outflow 
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from the processing plant at the Madneuli mine site (sample site number 9), all sample sites had alkaline water and 
sediment samples. However, the uptake of heavy metals may differ for various plants varieties [Zhou et al., 2016]. This 
proposition is a future research area. 

The research study also found that some locals use shallow alluvial groundwater wells as their main drinking water 
source in the downstream areas of the Mashavera River. Some of the wells are located less than 50 meters from the river. 
Local people mentioned that they do not have any alternatives in the dry periods (Figure 7.5).  With shallow water wells 
located near possibly contaminated media, there is the chance for heavy metals to gradually reach the wells [Müller, 
1986; Wongsasuluk et al., 2013].  Some farmers disclosed that they directly pump water from the river to their farm-
lands.  This direct exposure to contaminated water may negatively impact public health due to the bioaccumulation of 
heavy metals. 

We conducted farmer perception analysis parallel to the heavy metal assessments in the field. The specific objective 
of this risk perception study was to scrutinize the local farmers’ perceptions of water quality and their perceived risks 
regarding their ability to market their products, lifestyle disturbances and health risks. In the field interviews, farmers 
expressed their anxiety about environmental pollution in the region.  A herder in Kvemo Bolnisi village expressed: 

“When there was no mining site, water was good. Now the water is yellow. Nobody is using 
it. Poladauri is good. But now I am afraid for my cows, sheep, and goats to drink water this 
channel. It is clearly polluted. You can see this clearly.” [Kvemo Bolnisi, May 15th, 2016]

This herder mentioned the outflow from the processing plant at the Madneuli mine site. The field observations showed 
that there are some people fishing in the river and small water ponds nearby. Some farmers identified ecosystem chang-
es in the river, such as a farmer in Rachisubani village who mentioned: 

“Fish are dying in the river. They (Kazarutella) release something into the river. Some parts of 
the irrigation channel are good and some part are bad. They release something after washing 
the gold.” [Rachisubani, September 28th, 2016] 

Farmers are already alert to the water quality conditions of the river as well as the irrigation canals, but they are lacking 
alternatives to using contaminated water. However, some farmers are actually optimistic after experiences in the last 20 
years. These farmers have observed a development of the water quality in the last 4 years. One farmer said:

“In former times, yes [the water was polluted]. There was even no fish, no frogs, nothing 
living. But now it’s better. There was a doctor and he made some activities and was fighting 
against it and now it’s ok” [Dmanisi, September 18th, 2016].

Figure 7.6: Field interviews and survey near Bolnisi city with a local 
fihsermen  (Photo credit: Sisira Withanachchi) 
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The farmers’ views are important information sources to analyze the water quality in the river basin. They are the im-
mediate users of these contaminated water and soil. Regarding the related risk, farmers’ concerns about the selling their 
agricultural products were examined. There was a positive correlation between farmers being unsatisfied with the qual-
ity of their water sources for agricultural purposes and the perception that they will have issues selling their products 
(β=1.420, 4.13 odd ratio, p < 0.001). The interviews revealed that some farmers and buyers intentionally hide the origin 
of the agricultural products. Seebach [2016] examined the customers’ awareness or attentiveness to the Bolnisi mining 
pollution. Furthermore, the health risk due to water contamination was another observed risk perception. Farmers with 
farmland near the Mashavera River were more likely to perceive a health risk due to poor water quality (β=4.066, 58.31 
odd ratio, p <0.00).  The observation of color changes in the river and awareness or strong opinions about the main rea-
son for the water contamination also affected farmers’ view that their health is at risk. 

These outlooks assist in establishing a preliminary assumption about the possible connectivity of environmental pollu-
tion in the region and the negative impacts on food production. Any negative impact on the food system could cause a 
public health crisis in the region as well as across the whole national food system. Further intensive research in this field, 
as well as the public health sector, is recommended.    

7.3 An integrated model for water quality risk assessments 

In 2001, the WHO report entitled “Integrated risk assessment” stated the two objectives of this analysis should be: 
a) “To improve the quality and efficiency of assessments through the exchange of information between human  
       health and environmental risk assessors”
b) “To provide more coherent inputs to the decision-making process” (Executive Summary, page I, WHO 2001) 

Based on the health perspective, this WHO report linked humans, biota, and natural resources for the purpose of assess-
ments that convey comprehensive results by looking at the symbiotic relationship between ecology and human health. 
Moreover, active stakeholder participation in the assessment was identified as an important aspect (Suter et al., 2001).  
As Vermeire et al. (2007) note, two of the critical challenges in an integrated risk assessment are the detached assessment 
criterion and the approaches to investigating the exposure-response relationships. The academic discussion on how to 
include people in the risk assessment emphasizes the importance of the people’s views of hazardous situations, which 
broadens the evaluation, making it more open, accountable, inclusive and credible (Homan et al., 2001). Though there is 
still some doubt regarding the inclusion of people’s perceptions in scientific analysis, a exclusive, one-sided view of the 
situation may hinder understanding of the socio-cultural impacts of risk (Stern & Fineberg, 1996). 

Bickerstaff (2004) emphasizes the growing trend to include different methodological approaches and people’s risk per-
ception to scientific assessments. Dogaru et al. (2009) compared local people’s perceptions of water quality with heavy 
metal contents in drinking water in the Certej catchment in Romania. They found that there was a correlation between 
the water quality assessment data and the people’s perceptions of water quality. Moreover, policymaking and risk man-
agement strategies can obtain comparative results regarding water pollution and the socioeconomic situation from such 
a combined study (Dogaru et al., 2009).  Janmaimool and Watanabe (2014) examined people’s perceptions of hazardous 
gas contamination in Maptaphut industrial areas in the Rayong Province of Thailand. The authors also compared their 
data and existing geospatial information on gas contamination in the area by using GIS analysis. Barbi and Ferreira 
(2014) analyzed climate change risks in coastal areas of Brazil by comparing quantitative data regarding sea-level rise, 
precipitation patterns, flood and landslide data, public and government actors’ perceptions of climate change risk, and 
institutional political analysis. They stated that the complexity of the climate change can be better understood through 
a multidimensional study. Prouty and Zhang (2016) studied the effects of local people’s perceptions of drinking water 
quality on household water treatment methods and environmental impacts in Uganda. Researchers applied lifecycle 
assessments to observe the environmental impacts, performed inventory analysis, and conducted social surveys to trace 
people’s perceptions and defined parameters of water quality and household treatment methods. Their key findings 
emphasize the importance of having parallel and combined studies investigating people’ perceptions as well as water 
quality to obtain a comprehensive view of the environmental and health risks (Prouty & Zhang, 2016). These multidis-
ciplinary research perspectives implement a proper and concrete approach to risk assessment by looking at the different 
factors in a hazardous situation.
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This research study used farmers’ knowledge about water quality degradation to identify the sample locations. Their 
extensive engagement in the preliminary fieldwork was one of the main mechanisms used to  understand the character 
of the Mashavera River and its tributaries. Their feedback was helpful research material to identify some of the outflows 
from the mining sites. For example, sample site 9 was selected based on the inputs from the farmers in Kvemo Bolnisi 
village. Also, the farmers’ risk perceptions (primary data) and the Pollution Load Index (PLI) data (secondary data) 
were compared at the village level. The farmer interviews and surveys were conducted in corresponding locations to 
the heavy metal sample collection. The location of the farmland as well as their residential area were considered in the 
interviews and surveys. This integrated assessment of water quality and related risks can deliver a comprehensive in-
terpretation of the status-quo. Also, the results of the heavy metal analysis at certain sample sites, which normally took 
a few months to complete, could be cross-checked with the interview and survey data of farmers. How farmers react 
or reflect on the water quality and their opinions regarding the causation of the contamination or lack of pollution is 
essential information for policymakers to make decisions. 

Key benefits of the integrated risk assessment implemented in this study are; 

• Ability to perform verification by cross-checking data 
• Finding new hazard-sensitive areas for further analysis   
• Communal communication of hazardous conditions with local knowledge
• People’s direct participation in monitoring of the risk condition 

Local people could be active agents at the local level who can support routine analysis of the quality condition. Also, 
they can be mediators and communicators of the hazards happening in their villages. The categorization of local people 
as just “laypeople” in the risk analysis (Homan et al., 2001) may limit the utilization of this valuable source of reliable 
information in the technical analysis.  

7.4 Prospects

7.4.1 Scientific contribution   
    
This research study contributes to the theoretical discussion regarding water quality governance (WQG). As an emerg-
ing theme, WQG literature seeks to examine the current water quality management systems and propose academic 
insights to advance or change the existing governance models [Roussary, 2014; Tundisi  et al., 2015; Wardropper  et al., 
2015; Kayser et al., 2015; Berry et al., 2018; Bjornlund et al., 2018; Wuijt et al., 2018]. This doctoral research study is also a 
part of this extensive academic discussion to understand the hindrances to water quality management in a transitional 
political system and to investigate the possible theoretical and policy tools that may assist in the creation of an inclu-
sive and functional water quality governance. The key theoretical contributions are the development of 1) a theoretical 
outlook to understand the different governance systems in natural resource management, 2) the process-framework of 
WQG that synchronizes the key pillars of water quality management in all sectors, and 3) the “task-oriented” frame-
work with the key WQG elements. 

In Chapter 4, three governance approaches in the natural resource management were identified by scrutinizing the 
relevant literature. These approaches are political-jurisdictional space governance, stakeholder-centered governance, 
and ecosystem-based governance. This analysis further revealed the specific characteristics and the nature of these 
governance systems.  This outlook could be applied as a deductive, systematic method to examine any special natural 
resource management system. For example, water-basin (catchment-oriented) water quality governance systems are 
examined in this study. 

Though there are separate discussions about the pillars of WQG, a collective outlook that coordinates the water quality 
strategic plan or framework, water quality regulations, water quality guidelines or criterion, water quality standards 
and water quality objective assists in observing the interruptions, obstacles and missing points to establish a better wa-
ter quality management system. This process-framework could be applied as an analytical outline to cross-check the to-
tal management system. Key questions that can be raised by analyzing the process-framework of WQG system include 
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how to improve a long-run WQ strategic framework, who are the stakeholders currently involved, who can be involved 
to create inclusive WQG, what are the specific WQ objectives, and which legal norms and sociocultural values should 
be in the focus. Moreover, the WQ strategic framework, regulation system and the process of developing WQ standards, 
deliverables, impacts and timeframe can be developed by answering those key question in the process-framework of 
WQG.         

The “task-oriented” framework was built based on the process-framework of WQG. The WQG elements framework, 
as a task-oriented framework, could also be widely applied by following each key step in water quality management. 
Each element is crucial to having a functional WQG system. The elements connect and influence each other, however 
they should not be linearly coordinated. For example, the risk assessment of WQ contamination must be followed by 
water quality monitoring. The implementation of enforceable directives, such local or national quality norms and tar-
gets, juxtapose with reporting and assessing the WQ status. Public hearings and community meetings are instruments 
that enable public participation in WQG. Moreover, this framework can be utilized in all governance contexts, either a 
centralized system, a federal system, a power-devolved context, or a polycentric governance model.     
    
This research study extends the theoretical argument to observe the changing power relationships and governance 
responsibilities under a new spatial configuration of water resource management. Georgia is going to ratify the river 
basin management system in the context of the EU WFD. This study critically looked at the role of local governance 
entities under shifting water resource management. This discussion may help to understand the political dynamics in a 
transitional political context. Stakeholders at the top who need to regain power or to devolve power to the bottom level 
as well as stakeholders cooperating horizontally further points how this theoretical query operates in practice. This 
theoretical outlook may be helpful to visualize power relations and power collectives in the new institutionalizations of 
water quality governance in Georgia.     

Another scientific contribution of this study is the data analysis of the heavy metals in the Mashavera River basin. As 
a hot topic in academic research studies, scientists and other stakeholders (e.g., NGOs, governments and policy insti-
tutes) are keen to obtain information on the actual contamination condition of the basin. This research study covered the 
effects of recent land-use changes as well as comprehensive sample site coverage. The main aim was to investigate the 
influences on the agricultural water sources. Thus, this study also inspected irrigation canals. The raw data as well as 
the application of multiple indexes to analyze the quality of water and sediments samples will be useful research mate-
rials for future studies and analysis. The farmers’ risk perception study and the theoretical insights that were collected 
parallel to the heavy metal assessment are also a contribution to the current academic discussion. The multidisciplinary 
and mixed method research approach in the risk perception study could be applied as a useful means to analyze such 
socio-ecosystem issues. The proposed integrated risk assessment system could be used to obtain a comprehensive con-
clusion or overview as a basis to make decisions or as an input in the impact assessment.      
  
7.4.2 Policy contributions and recommendations 

This study has a strong policy-oriented approach.  As WQG is a new policy theme in Georgia, this study has several 
recommendations for the betterment of the total environmental governance system. Even though the drafted water law 
is in the last stages of its ratification process, this study highly recommends that strong cooperation with the local gov-
ernance entities be maintained. This study, along with other literature in the field of WQG, water resource governance 
and environmental management, emphasizes the crucial role of the local governments, local communities, civil organi-
zations and local business stakeholders. Local government authorities should go beyond the service-delivery functions 
in WQG and towards becoming an active governance partner. The drafted law gives more power to local authorities 
as well as the public. However, the recent pilot projects (e.g., the River Basin Management Plan Development of the 
Alazani River Basin workshop) exhibited again the strong presence of the central government in river basin manage-
ment.  The central government, of course, will be the key facilitator, but should not be the sole decision-maker. WQG 
is an inclusive process, where all stakeholders from different political and economic levels should be actively engaged.  

Concerning the WQG process-framework in Georgia and any other country, transitional or not, that would like to ap-
ply a water quality management system, the careful study of each pillar is important. By passing each pillar of WQG, 
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this would be a good starting point for the national water quality system. This study recommends application of the 
task-oriented WQG elements framework to distinguish the specific activities and identify the stakeholders. In a nut-
shell, these frameworks will be policy tools that can create a better governance system that is able to provide improved 
water and protect the ecosystem.  

This study also proposed that continuous and broad monitoring of the water quality in the Mashavera River Basin be 
conducted. As the study revealed, the Mashavera River Basin is one of major food suppliers to the national food system. 
Therefore, if there are any negative effects on the food production, it could lead to a national health outbreak. A cooper-
ative working plan with relevant local authorities and medical institutes are essential factors at this stage. The farmers’ 
health risk perception already demonstrates their anxiety over their health. These people’s perceptions should be con-
sidered in future assessments in Georgia, as well as elsewhere. This would aid in tracking the social impact of the issue.

Maintaining improved water quality standards is a fundamental principle for sustainable and safe food systems. Thus, 
this research proposes the establishment of a national policy framework to ensure access to water sources that meet 
the national standards for heavy metals and other contaminants. Cooperation with the organic farming association is 
highly recommended in such a national framework. For example, ELKANA expressed their special interest in helping 
to create an active national plan for farmers who would like to engage in organic agriculture across all parts of Georgia. 
Moreover, an empowered farmers’ association is needed in order to promote active civic engagement. As the research 
discovered, there is strong reluctance among farmers to create an association at the village level in Mashavera River 
Basin. Local authorities and other relevant NGOs could support establishment of farmers’ associations and assist to 
maintain those associations by networking with each other.          
          
Overall, this study strongly proposes an accountable and cooperative natural resource management system be institut-
ed in order for the mining industry and other natural resource users to achieve sustainable development by protecting 
ecosystems, society and economic systems. A sustainable mining system in Georgia is needed in a timely manner. Not 
only in the Mashavera River Basin, but also in other parts of the country, industries, farmers and municipalities should 
become accountable for their actions. WQG can be the core starting point for such a cooperative governance due its 
relevance for resource use efficiency as well as public health.    
 
7.4.3 Insights for future research  

There are several insights that raise potential future research possibilities.  An immediate next step following this study 
would be to conduct an extensive study of possible effects of heavy metal contamination on dairy, meat, and fish. Our 
preliminary data showed that the Mashavera River Basin supports a large livestock population. This study could also 
be followed by an investigation of the current health impacts due to this environmental pollution. Either a clinical study 
or a public health study could be conducted. An overview of the current major health problems in the region could be 
a primary observation for such a research study. 

This heavy metal analysis is site-specific and particular to a moment in time. Other research agencies or government 
research centers could launch comprehensive water pollution analysis in all irrigation canals and other critical points in 
the basin to further examine the trends in the situation. This study observed diurnal and seasonal changes in the con-
centrations of heavy metals in water samples. However, this was just a preliminary observation. Thus, a study that can 
find the causes behind these changes is a future research prospect. 

After implementing the new water law, follow-up research will be necessary to examine the processes of the new water 
law in general, the way WQG is functioning and the progress or drawbacks of the river basin management system.  
Furthermore, research can be conducted by integrating different stakeholders to examine the water quality and risks 
perceptions in the Mashavera River Basin. The transboundary-stakeholder interaction is another point to be examined 
in terms of water quality governance.    
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7.5 Limitations

This research was conducted while the new water law was in the discussion process. The new law is yet to be ratified by 
parliament. Therefore, access to the finalized legal documents is currently impossible. The study was primarily based 
on the 2015 draft of the water law. Some of the research data about the new law and regulations was additionally ob-
tained from personal interviews with experts in Georgia. Some of the requested interviews could not be conducted due 
to either rejection or no response to our requests. At the field level, some farmers were reluctant to give their opinion or 
fill in the survey for various reasons (e.g., time constraints, trust and lack of interest). Although, the research was con-
ducted in Georgian and Russian, some Azeri farmers speak neither of these languages. These language barriers caused 
some interview opportunities to be missed. Additionally, the time and resources were limited for the heavy metal as-
sessment. If water samples also could have been tested by ICP-MS (Inductively Coupled Plasma Mass Spectrometry) or 
ICP OES (Inductively Coupled Plasma Optical Emission Spectrometry), we could get more useful information out of the 
water samples. However, there was no facility available for this research work and there was no possibility to transport 
water samples to the Hessen State Laboratory in Germany with the large amount of samples and the difficulty of getting 
the official permission to transport them.  
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Appendix  - 01  Field questionnaire

Field work questionnaire

People’s perception on water quality

Under the research project Impact of water quality in food production process and daily life of smallholder and family 
farmers in Mashavera River Basin, Georgia

(RS 2016-2017)
University of Kassel, Germany and Agriculture University of Georgia, Tbilisi 

Interview number

1. Village

2.    Gender

3.    Age

4.    Total members in the household

Sociodemographic/socio-geographic 

Agri-socioeconomic 

5.     How important is agricultural income to your total income? (Role of agriculture as a means of 
        income)     
      

•       Agriculture is the main occupation 

•      Agriculture is a side-occupation     

•      If yes, what is your main occupation: ……………………..

6.      If you are a farmer, how long have you been in agriculture? .............................

7.      How much land do you use agriculturally (in hectare)? .....................................
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Agri- hydrological information

8.     How do you supply water to your farmland (main water source)?    
      

•      Irrigation canal  

•      Only river     

•      Irrigation canal and river

9.      If you take water from a river, what is the name of the river?………………..........

10.    How far is your farmland from the nearest water source?  .....................................

11.     How many meters is your farmland from the river?

12.    Are you satisfied with the quantity of water in your water source for your agricultural needs?

• Satisfied 

• Not Satisfied 

Awareness of the environmental issue

13.     What is your general observation of the water quality of the river (Mashavera/Poladauri/ Kazretula) next to  
          you?

• Very good 

• Fair

• Poor 

14.    Have you observed a change of color or other changes to the water in the river / irrigation channel?

• The color changes is visible

• No, there is no visible color changes

15.    If you think the water has been contaminated, what is the main source for this water contamination ?

• Gravel industry 

• Urban waste

• Farmland

• Mining industry

• Other (Please specify)



174

Perceived risk 

16.     Do you or your family members swim in the nearest river mentioned above?    
      

•      Yes 

•      No     

17.      What is the reason you or your family member swim/do not swim in the river next to you?

•      Water quality is not good

•      Water quantity is not enough

•     Other reason (please mention)                        ……………………….

18.   Do you think the quality of the water sources in the region has importance for your health?

• Yes 

•  No   

19.    What kinds of feeling do you have regarding your health (and any health risks) due to water pollution, if any?

• Our health is at risk situation 

•  No, our there is no risk on our health   

20.    Do you have any difficulties when you are selling you agricultural products at the market due to water or soil  
        quality issues? (Are consumers asking?)

• Yes, we do have a problem to sell our product  

• No, we do not have any problem to sell our product 
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Appendix  -02  Field questionnaire (Georgian version)

საველე სამუშაოს კითხვარი
ხალხის მიერ წყლის ხარისხის აღქმა 

კვლევითი პროექტის ფარგლებში: საქართველოში, მდინარე მაშავერას აუზში წყლის ხარისხის გავლენა მცირე და 
საოჯახო ფერმერების ცხოვრებასა და სურსათის წარმოებაში

(RS 2016-2017)
კასელის უნივერსიტეტი, გერმანია და საქართველოს აგრარული უნივერსიტეტი, თბილისი

ინტერვიუს ნომერი 

1. სოფელი

2.    სქესი

3.    ასაკი

4.    ოჯახის წევრთა რაოდენობა 

სოციოდემოგრაფიული/სოციოგეოგრაფიული

აგრო-სოციოეკონომიკური

5.     სოფლის მეურნეობის როლი, როგორც შემოსავლის წყარო    
      

•       სოფლის მეურნეობა არის უმთავრესი საქმიანობა     

•      სოფლის მეურნეობა არ არის უმთავრესი საქმიანობა     

•      თუ არა, რა არის თქვენი უმთავრესი საქმიანობა? ……………………..

6.      რამდენი ხანია დაკავებული ხართ სოფლის მეურნეობით? ……………………..

7.      მიწის რა ფართობს იყენებთ სოფლის მეურნეობისათვის?  (hec) …………………………………..           
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აგრო-ჰიდროლოგიური ინფორმაცია

8.     რა გზით რწყავთ თქვენს მიწას (წყლის მთავარი წყაროები)?    
      

•      სარწყავი არხი  

•      მხოლოდ მდინარე     

•      სარწყავი არხი და მდინარე

9.      მდინარის შემთხვევაში, რომელი მდინარიდან იყენებთ სარწყავად წყალს? ……………….

10.    რა მანძილზეა დაშორებული თქვენი ფერმა წყლის უახლოესი წყაროდან? (მეტრებში)  …………………… 

11.     რა მანძილზეა დაშორებული თქვენი ფერმა მდინარიდან? (მეტრებში) ……………………. 

12.    კმაყოფილი ხართ სარწყავი წყლის ხარისხით სოფლის მეურნეობისათვის? 

• კმაყოფილი ვარ 

• არ ვარ კმაყოფილი 

ცნობები გარემოსდაცვითი საკითხების შესახებ

13.     როგორია თქვენი ზოგადი დაკვირვება თქვენ მახლობლად არსებული მდინარის (მაშავერა/ 
        ფოლადაური/კაზრეთულა) წყლის ხარისხთან დაკავშირებით? 

• ძალიან კარგი 

• ნორმალური

• ცუდი

14.    ამჩნევთ ხოლმე მდინარის/სარწყავი არხის წყალში ფერის ცვლილებას? 

• ფერის ცვლილება შესამჩნევია  

• არა, ფერის ცვლილება არ შეიმჩნევა

15.    თუ თვლით, რომ მდინარის წყალი ბინძურდება, რა არის დაბინძურების მთავარი წყარო?

• მდინარიდან ხრეშის მოპოვება  

• საკანალიზაციო სისტემა

• ფერმები (სოფლის მეურნეობა)

• სამთო-მომპოვებითი ინდუსტრია

• სხვა (დაასახელეთ) 
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რისკის აღქმა

16.     თქვენ ან თქვენი ოჯახის წევრები ბანაობთ ხოლმე ზემოთხსენებულ მდინარეში?     
      

•      კი

•      არა    

17.      თუ არა, რა არის მიზეზი?  

•      წყლის ხარისხი არ ვარგა

•      არასაკმარისად სუფთაა 

•     სხვა მიზეზი (მიუთითეთ)        ……………………….

18.   თვლით თუ არა რომ რეგიონში წყლების ხარისხი მნიშვნელოვანი ფაქტორია თქვენი  
      ჯანმრთელობისათვის? 

• კი

• არა    

19.    თუ კი, რა სახის ზიანი (რისკი) შეიძლება მიაყენოს თქვენ ჯანმრთელობას წყლის დაბინძურებამ? 

• ჩვენი ჯანმრთელობა რისკის ქვეშაა

•  არა, ჩვენ ჯანმრთელობას საფრთხე არ ემუქრება     

20.    წყლისა და ნიადაგის დაბინძურების გამო, გექმნებათ, თუ არა რამე სახის სირთულე თქვენი მოყვანილი  
       პროდუქციის გაყიდვისას? გეკითხებიან, თუ არა კლიენტები პროდუქციის წარმომავლობას?

• კი, გვაქვს პრობლემა ჩვენი პროდუქციის გაყიდვასთან დაკავშირებით

• არა, ჩვენ არ გვაქვს პრობლემა ჩვენი პროდუქციის გაყიდვასთან დაკავშირებით
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Appendix  - 03  Supplementary Materials for Chapter 5

Abbreviation 
HPS:  High precipitation season  
LPS: Low precipitation season  

Sites Pb Cd Cu Ni Hg Zn Mn Fe 

S1 -0.73 -0.62 -0.71 -1.80 -4.22 -0.48 -0.47 -0.66

S2 -1.06 -1.20 -0.81 -1.95 -4.95 -0.63 -0.62 -0.70

S3 2.63 1.78 3.99 -3.66 -3.10 0.82 -0.94 -0.68

S4 1.66 2.42 4.83 -2.82 -3.46 2.40 -0.93 -0.22

S5 -0.13 -0.18 0.81 -2.11 -4.26 -0.14 -0.21 -0.63

S6 -0.51 -0.31 0.26 -2.45 -4.80 -0.25 -0.61 -0.91

S7 -0.37 0.98 1.65 -2.59 -4.80 0.46 -0.65 -0.80

S8 0.18 2.06 2.83 -1.85 -4.03 1.31 -0.17 -0.62

S9 -1.16 1.86 2.77 -2.65 -5.16 1.91 -1.40 0.35

S10 -1.43 -2.10 -0.64 -2.18 -5.37 -0.82 -0.94 -0.46

S11 -1.69 -1.50 -1.19 -2.89 -6.04 -1.02 -1.28 -0.93

S12 -0.25 4.21 3.30 -1.59 -4.04 4.09 0.19 -0.61

S13 -0.41 2.52 2.20 -2.05 -4.37 2.27 -0.76 -0.71

S14 -0.53 1.92 2.24 -2.08 -5.17 1.69 -0.52 -0.67

S15 -0.64 1.95 2.29 -2.27 -5.05 1.75 -0.48 -0.75

S16 -0.06 2.44 2.59 -1.71 -4.10 1.74 -0.38 -0.60

S17 1.08 2.16 2.76 -1.94 -2.75 2.04 -0.58 -0.83

Figure 2: Geo-accumulation Index (I geo) values of heavy metals in sediments of samples sites.
a). Geo-accumulation (Igeo) in HPS .

Water Quality in Surface Water: A Preliminary Assessment of Heavy Metal Con-
tamination of the Mashavera River, Georgia
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Sites Pb Cd Cu Ni Hg Zn Mn Fe 

S1 -1.07 -1.77 -1.07 -2.22 -5.35 -0.76 -0.79 -0.52

S2 -0.73 -1.38 -0.89 -2.13 -5.25 -0.62 -0.44 -0.46

S3 2.12 2.06 3.80 -3.53 -3.36 0.85 -0.81 -0.75

S4 1.30 2.13 4.60 -3.81 -3.35 2.11 -1.35 -0.13

S5 -0.64 -0.92 -0.24 -2.27 -5.35 -0.52 -0.52 -0.52

S6 -0.57 -0.77 -0.73 -3.10 -5.71 -0.56 -0.80 -1.06

S7 -0.21 1.43 2.20 -2.47 -5.09 0.87 -0.64 -0.69

S8 -0.20 1.53 2.45 -2.16 -4.77 0.97 -0.25 -0.54

S9 -1.24 2.90 2.67 -1.58 -4.64 2.85 -1.00 -0.03

S10 -1.35 -1.54 -0.96 -2.36 -5.71 -0.86 -0.86 -0.53

S11 -1.07 -1.53 -0.86 -1.76 -4.84 -0.72 -0.64 -0.55

S12 -0.35 3.76 2.63 -1.74 -4.51 3.71 -0.09 -0.71

S13 -0.82 2.67 0.99 -1.98 -4.91 2.70 -0.48 -0.49

S14 -0.85 1.06 2.11 -2.59 -5.57 1.32 -0.89 -0.91

S15 -0.75 1.35 1.91 -2.40 -5.25 1.17 -0.66 -0.85

S16 -0.21 1.67 1.95 -1.78 -4.41 0.86 -0.16 -0.72

S17 0.23 2.63 3.00 -1.48 -3.80 1.79 0.01 -0.64

b) Geo-accumulation (Igeo) in LPS 

Figure 3: Enrichment Factors (EF) of heavy metals in sediments of samples sites.

HPS - Pb

Site EF

S1 1.05471605

S2 0.86473282

S3 10.974

S4 4.0646824

S5 1.55816867

S6 1.45337243

S7 1.48379404

S8 1.93451923

S9 0.38660147

S10 0.56094218

S11 0.6525119

S12 1.41937947

S13 1.36409207

S14 1.21806452

S15 1.18929134

S16 1.61061611

S17 4.15622222

LPS-Pb 

Site EF

S1 0.75498881

S2 0.91862366

S3 8.03141361

S4 2.97110733

S5 1.01369128

S6 1.54779221

S7 1.54353535

S8 1.40208617

S9 0.47726115

S10 0.62862302

S11 0.7740367

S12 1.41841432

S13 0.88175824

S14 1.15917647

S15 1.18332394

S16 1.57536082

S17 2.02695864

HPS-Cd 

Site EF

S1 1.13435391

S2 0.78466497

S3 6.09666667

S4 6.85299456

S5 1.50888353

S6 1.67483871

S7 3.79476061

S8 7.0724359

S9 3.13512632

S10 0.35374732

S11 0.74452381

S12 31.3540175

S13 10.4218244

S14 6.63688999

S15 7.18530184

S16 9.09699842

S17 8.78444444
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LPS-Cd 

Site EF

S1 0.4646085

S2 0.58534767

S3 7.74310646

S4 5.28018171

S5 0.83770321

S6 1.34857143

S7 4.80740741

S8 4.63794407

S9 8.39278132

S10 0.55048909

S11 0.56293578

S12 24.5858483

S13 9.88952381

S14 4.33129412

S15 5.09671362

S16 5.79862543

S17 10.6420114

HPS-Cu 

Site EF

S1 1.06960768

S2 1.02753746

S3 28.0577778

S4 36.5493043

S5 2.98238286

S6 2.48534376

S7 6.02613671

S8 12.0773504

S9 5.89839717

S10 0.97027837

S11 0.92089947

S12 16.6720764

S13 8.31599886

S14 8.30261924

S15 9.08486439

S16 10.0912059

S17 13.3441975

LPS-Cu 

Site EF

S1 0.75557544

S2 0.81881004

S3 25.8103549

S4 29.3045618

S5 1.33750932

S6 1.38262626

S7 8.23748597

S8 8.75263291

S9 7.18188252

S10 0.81922247

S11 0.89251784

S12 11.2400114

S13 3.08903541

S14 9.00810458

S15 7.47517997

S16 7.0556701

S17 13.8065423

HPS-Cr 

Site EF

S1 0.46358299

S2 0.42435963

S3 0.12298222

S4 0.07081428

S5 0.37785274

S6 0.34757902

S7 0.29988558

S8 0.43241453

S9 0.14361315

S10 0.32791815

S11 0.29656085

S12 0.48814638

S13 0.44396704

S14 0.32273504

S15 0.33035871

S16 0.48094787

S17 0.39333333

LPS-Cr 

Site EF

S1 0.3554959

S2 0.41278853

S3 0.15239092

S4 0.04404619

S5 0.35784241

S6 0.21795094

S7 0.29665544

S8 0.36390023

S9 0.39583864

S10 0.30543266

S11 0.45588175

S12 0.47481671

S13 0.39996093

S14 0.25759477

S15 0.31762128

S16 0.49200458

S17 0.53337659

HPS-Ni 

Site EF

S1 0.50045025

S2 0.4662775

S3 0.14021176

S4 0.1814028

S5 0.39639972

S6 0.38064516

S7 0.31790212

S8 0.47220023

S9 0.1383144

S10 0.33442499

S11 0.28508403

S12 0.55993261

S13 0.43670829

S14 0.41509269

S15 0.38622819

S16 0.51154168

S17 0.51094771
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LPS-Ni 

Site EF

S1 0.34007106

S2 0.34780519

S3 0.16099168

S4 0.08620303

S5 0.32764837

S6 0.26818182

S7 0.32251931

S8 0.35886355

S9 0.37690146

S10 0.31023768

S11 0.48078791

S12 0.54144727

S13 0.39358759

S14 0.3450173

S15 0.37736537

S16 0.53311098

S17 0.61643051

HPS-Hg 

Site EF

S1 0.09410864

S2 0.05824936

S3 0.2065

S4 0.11714338

S5 0.08928193

S6 0.07474487

S7 0.06907317

S8 0.10410096

S9 0.02423472

S10 0.03663812

S11 0.03195833

S12 0.10307399

S13 0.08782097

S14 0.04889826

S15 0.05605774

S16 0.0978673

S17 0.29205

LPS-Hg 

Site EF

S1 0.03880537

S2 0.04009462

S3 0.18008901

S4 0.11820102

S5 0.03880537

S6 0.04405844

S7 0.05244444

S8 0.05886621

S9 0.04528344

S10 0.03063205

S11 0.05683486

S12 0.07967263

S13 0.05160879

S14 0.04372941

S15 0.05251831

S16 0.08606701

S17 0.12345499

HPS-Zn 

Site EF

S1 1.25130604

S2 1.16056247

S3 3.11768421

S4 6.78085777

S5 1.54440076

S6 1.74841797

S7 2.63905292

S8 4.22793522

S9 3.26166517

S10 0.85963259

S11 1.04100251

S12 28.8144705

S13 8.72968098

S14 5.68347917

S15 6.24638762

S16 5.60419057

S17 8.05988304

LPS-Zn  

Site EF

S1 0.93810903

S2 0.99261573

S3 3.34262882

S4 5.19695149

S5 1.10483457

S6 1.55505126

S7 3.26209463

S8 3.14328679

S9 8.14884345

S10 0.88265178

S11 0.98684693

S12 23.6349441

S13 10.1443146

S14 5.1876161

S15 4.49257228

S16 3.3037439

S17 5.97177616

HPS -Mn 

Site EF

S1 1.26552215

S2 1.17558449

S3 0.9204

S4 0.67219814

S5 1.47186393

S6 1.36462308

S7 1.22495776

S8 1.50837104

S9 0.32856033

S10 0.78954024

S11 0.8659944

S12 1.92166222

S13 1.06798255

S14 1.22357612

S15 1.33649529

S16 1.28559799

S17 1.31573856
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LPS-Mn 

Site EF

S1 0.91679432

S2 1.12611259

S3 1.0597105

S4 0.4720473

S5 1.10313462

S6 1.32152788

S7 1.14985146

S8 1.34731226

S9 0.56325215

S10 0.8786934

S11 1.03926606

S12 1.70422747

S13 1.11180866

S14 1.12202076

S15 1.26075228

S16 1.63153426

S17 1.72938314

Figure 4: Contamination Factors (CF) of heavy metals in sediments of the samples sites.

 Pb Cd Cu Cr Ni Hg Zn Mn Fe

HPS 1.9 5.6 9.1 0.3 0.3 0.1 4.8 1.0 1.0

LPS 1.5 5.1 7.6 0.3 0.3 0.1 4.5 1.0 1.0

Figure 5: Spatial assessment of Pollution Load Index (PLI) for both seasons (Data for the geographical analysis). 

 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

HPS 0.8 0.7 1.1 1.2 0.9 0.8 0.9 1.1 1.0 0.6 0.6 1.4 1.1 1.0 1.0 1.1 1.2

LPS 0.7 0.7 1.1 1.1 0.7 0.6 0.9 1.0 1.2 0.6 0.7 1.3 1.0 0.8 0.9 1.0 1.2
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Figure 6: Diurnal trends in heavy metal concentration for selected sample sites. 

 Site Cr Ni Cu Zn As Cd Pb

4  HPS Morning 0.117 0.353 17.249 4.847 1.452 0.787 3.856

 Mid-day 0.290 1.003 145.429 138.903 1.023 1.161 4.082

 Evening 0.963 2.997 618.613 316.456 10.024 2.789 10.120

4 LPS Morning 39.391 70.957 15894.997 8838.074 600.656 0.028 125.037

 Mid-day 4.902 19.271 1867.622 3110.539 17.423 0.045 6.283

 Evening 28.409 34.963 5954.591 4191.604 304.812 0.038 57.062

         

3 HPS Morning 0.597 0.979 91.287 33.639 11.451 0.424 8.628

 Mid-day 0.122 0.298 14.179 5.084 1.225 0.555 2.248

 Evening 0.104 0.349 16.111 4.770 1.416 0.765 3.704

        

3 LPS Morning 26.165 30.281 2252.744 567.977 157.023 0.019 68.372

 Mid-day 56.263 66.799 4972.116 1575.770 355.672 0.072 136.604

 Evening 1.795 4.795 487.455 68.806 23.852 0.079 3.848

         

8 HPS Morning 0.646 0.470 4.057 3.623 0.756 0.193 3.471

 Mid-day 2.503 2.242 30.324 27.464 1.714 0.442 2.032

 Evening 1.889 1.606 30.146 23.480 1.442 0.247 1.303

         

8 LPS Morning 17.277 13.967 92.314 130.846 17.649 0.032 4.683

 Mid-day 11.994 10.754 136.393 120.006 13.482 0.180 6.891

 Evening 12.745 10.653 93.997 114.514 17.123 0.080 4.858

         

9 HPS Morning 0.641 24.753 2334.527 24439.383 0.640 57.082 0.163

 Mid-day 0.691 27.917 3097.300 26979.263 0.651 79.207 0.216

 Evening 1.125 15.675 2379.326 14317.962 0.466 51.178 0.238

         

9 LPS Morning 3.420 331.501 33256.770 335121.122 9.079 0.855 0.937

 Mid-day 0.461 29.066 5836.962 38701.317 1.795 0.244 0.847

 Evening BD 0.000 379.207 1348.929 BD 1.181 BD

         

14 HPS Morning 1.326 0.798 34.561 21.310 0.762 0.221 1.679

 Mid-day 1.247 1.078 29.141 30.214 0.733 0.202 2.204

 Evening 0.278 0.145 5.143 4.174 0.158 0.054 0.575

         

15 HPS Morning 1.061 0.734 53.004 19.585 0.919 0.224 3.493

 Mid-day 0.162 0.081 4.056 1.742 0.129 0.038 0.758

 Evening 0.344 0.216 7.274 4.084 0.207 0.055 0.538

         

16 HPS Morning 0.348 0.220 7.356 4.115 0.218 0.056 0.557

 Mid-day 2.539 1.470 34.165 18.766 1.126 0.175 1.365

 Evening 0.313 0.184 5.058 4.542 0.130 0.050 0.831

         

17 HPS Morning 1.548 1.009 41.539 17.793 0.975 0.238 3.402

 Mid-day 2.462 1.539 36.656 21.491 1.099 0.222 3.116

 Evening 2.110 1.264 25.358 15.638 0.813 0.169 1.277
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Figure 7: MI values for morning, midday and evening water samples for both seasons.

MI Morning

Sample MI HPS MI LPS

S1 1.01946306 4.51938578

S2 0.69009494 5.76315488

S3 2.22124737 24.3464906

S4 0.80880173 84.5644719

S5 0.39010371 2.51449194

S6 0.45915012 1.35614643

S7 1.12321479 1.9432463

S8 0.49818256 2.56788064

S9 28.7764355 134.36456

S10 13.2827951 0.00148145

S11 0.0258598 0

S12 0.13013568 0.00040289

S13 0.12380118 0.00085299

S14 0.35616104 0.06130088

S15 0.5616525 0.01278798

S16 0.10523378 0.00889956

S17 0.56106594 0.00115697

MI Mid-day

Sample MI HPS MI LPS

S1 1.64822769 5.29056605

S2 0.67931006 4.73723094

S3 0.54547813 53.3296533

S4 1.03144452 4.64126739

S5 0.81816514 2.09020265

S6 0.29636308 1.34082231

S7 0.21895468 1.83899855

S8 0.58339399 2.38304775

S9 37.4307263 16.5806992

S10 0.2041104 0

S11 0.05229082 0

S12 0.16671248 0.00639164

S13 0.07530973 0.00076945

S14 0.40358944 0.00169505

S15 0.10538817 0.00658803

S16 0.35690006 0.00890301

S17 0.54777418 0.01714014
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Sample MI HPS MI LPS

S1 3.47040858 5.35426633

S2 0.51837433 3.34279003

S3 0.78187978 3.13502105

S4 3.40373999 41.1306913

S5 0.16435992 2.36773497

S6 0.32056173 1.18704567

S7 0.48896864 2.26086045

S8 0.40635542 2.48743262

S9 23.3181259 1.03286903

S10 0.04565111 0

S11 0.02958847 0

S12 0.07800048 0.00662983

S13 0.07945935 0.00961826

S14 0.09774172 0.04512971

S15 0.10161181 0.00756052

S16 0.12004396 0.01141178

S17 0.30556659 0.02280242

MI Evening 
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Appendix  - 04  Selected pictures from the field research 

1. Interview with local farmers in Marneuli (Photo credit: Nika 

Asanidze)

2. Identification of the water quality effected areas in Kvemo Kartli, at 

the Regional Agricultural Office (Photo credit: Sisira Withanachchi)

3. Interview with local farmers in Marneuli Village (Photo credit: 

Sisira Withanachchi)

4. Checking the status of the water purification station at  Kazreti 

tributary  and mining outflow  (Photo credit: Nika Kostava)

5. Checking the pre-water quality status of water  in Vaneti 

Village (Photo credit: Giorgi Gabedava)

6. Interview with local farmers in Kianeti Village (Photo credit: 

Sisira Withanachchi)

7. Collecting the sediments  at the upstream of Mashavera River 

(Photo credit: Nika Kostava)

8. Collected sediments at the upstream of Mashavera River 

(labelling and storing)(Photo credit: Nika Kostava)
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9. Collected sediments in the irrigation canal near to new mining 

site, Sakdrisi, Dmanisi Municipality (Photo credit: Nika Kostava)

10. Outflow and Kazreti tributary at the Kazreti Mining plant  

(Photo credit: Sisira Withanachchi)

11. Irrigation canalat the Sabereti Village (Photo credit: Sisira 

Withanachchi)

12. Upstream of the Poladauri River (Photo credit: Nika Kosta-

va)

13. Outflow from the Madneuli mine site at upper Kvemo Bolni-

si Village (Photo credit: Nika Kostava)

14. Fishing in the downstream of the Poladauri River (Photo 

credit: Sisira Withanachchi)

15. Interview with local farmers in Kvemo Bolnisi Village (Photo 

credit: Sisira Withanachchi)

16. Interview with local farmers in Khatisopheli Village (Photo 

credit: Sisira Withanachchi)
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17. Interview with local farmers in Khidishkuri Village (Photo 

credit: Sisira Withanachchi)

18. Interview with local farmers in the Dmanisi Municipality, 

upstream of Mashavera River (Photo credit: Sisira Withanach-

chi)

19. Interview with local farmers in Mukhrana Village (Photo 

credit: Sisira Withanachchi)

20. Interview with the officers in the local Amelioration Office, 

Bolnisi (Photo credit: Staff member at the Amelioration)

21. Interview with the political members in Marneuli Municipal-

ity (Photo credit: Sisira Withanachchi)

22. Local food selling shops, near Khidishkuri Village (Photo 

credit: Rami Al Sidawi)

23. Collecting the water sample from the outflow from the Mad-
neuli mine site at upper Kvemo Bolnisi Village (Photo credit: 
Sisira Withanachchi)

24. The confluence of the contaminated  outflow from the Mad-
neuli mine site and the tributary at upper Kvemo Bolnisi Village 
(Photo credit: Sisira Withanachchi)
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25. Interview with local farmers in Kvemo Bolnisi Village (Photo 

credit: Sisira Withanachchi)

26. Untreated wastes near to the Poladauri River in Kvemo 

Bolnisi Village (Photo credit: Sisira Withanachchi)

27. Food selling market, near Mukhrana Village (Photo credit: 

Ilia Kunchulia)
28. Testing the physical parameters in downstream of Mashave-

ra River (Photo credit: Sisira Withanachchi)

29. Dring sediment samples in the sand oven (Photo credit: Ilia 

Kunchulia)

30. Adding Nitric acid (pH ~ 2, 68%) to the water samples  (Pho-

to credit: Ilia Kunchulia)

32. Deliberate evaporation of the water samples  (Photo credit: 

Sisira Withanachchi)
31. Collecting the water sample rrigation canalat the Sabereti 

Village (Photo credit: Nika Kostava)


