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Abstract.  
Water is essential to human life and health. Safe drinking water from 
contamination and readily available in houses and working places is a 
fundamental health factor to humans, but also connected with longevity, 
economic growth and reduction of poverty. Clean water and sanitation for all 
is the 6th of UN Sustainable Development Goals, adopted in September 2015 
as part of Agenda 2030. Public drinking water in most countries follows 
international standards and processes that protect its quality and have 
acceptable safety limits for microbial, chemical, and radiological 
characteristics. But in the last decades consumption of bottled drinking water 
has increased exponentially to become the water of choise with billions of 
litres consumed every day, despite its similar quality and taste with municipal 
tap water. Tap drinking water is more than 1000 times less expensive and 
people do not throw away millions of plastic PET bottles polluting the 
environment on a daily basis. But false perceptions distort the reality of safety 
and taste of tap drinking water. People all over the world are influenced by 
light odour of chlorine which is authorised for microbial disinfection of tap 
water (makes tap water safer than bottled water). Consumers are worried 
about problems with the municipal distribution water services and old type of 
water pipes. Although these issues are secondary to taste and safety of 
drinking water, consumers take them at face value and succumb to the 
bottlled water promotion. Companies of bottled drinking water use 
“aggressive” campaigns to promote their products as superior quality with 
rejuveneting taste. Worldwide advertisements promote the distorted idea that 
bottled water is collected in exclusive, natural and exotic mountain spring 
sources with superior qualities. Fresh water contains 0.05% of inorganic salts. 
Some spring mineral water from underground sources can have total 
dissolved salts 500 ppm and trace elements, like Mg, Ca, Na and K. The 
“Right2Water” campaign by the European Federation of Public Service 
Unions, supported by a large number of NGOs, public water companies and 
water activists in Europe, aimed to shift the focus and promote the use of tap 
drinking water instead of bottled water. 
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Introduction: Global consumption of drinking water  
 

Water on Earth was essential for the formation of delicate chemistry 

raeactions 3-4 billion years ago that gave rise to biological organisms. Liquid 

water is a universal solvent and mediator of life in the universe. Water is 

fundamental to human health. Every day an adult human needs to drink, 

approximately, 2.5 litres of water. The body of an adult weighing 80 kilograms, 

for example, contains 52 litres (or Kg) of water: The human body can resist 

only a few days without water. Not drinking clean and safe drinking water or 

liquids for just a few days can have serious consequences on human health. 

In the period 1500-1800, life expectancy throughout Europe hovered between 

30 and 40 years of age. In 1900 it was 45-48 years of age at birth in 

developed countries. Life expectancy doubled (+80) with clean drinking water 

and better sanitation, but also with increased immunization, and better 

nutrition.1 

Over the last 200 years, life expectancy to humans increased to almost 

80-82 years (Japan, 87 female, 81 male) with vast improvements in health 

services, highly specialized therapeutic drugs and healthy diet. But experts 

agree that the fundamental or primary drivers were clean and safe drinking 

water and improved sanitation. For decades, around 2 million people died 

every year from diarrhoeal diseases (including cholera) because of 

contaminated drinking water; 90% were children under 5, mostly in low-

income developing countries. Ensuring the availability and sustainable 

management of clean water and sanitation for all humanity is the 6th 

Sustainable Development Goal of United Nations. 

Safe from contamination and readily available drinking (potable) water 

is important for public health. Water is used for drinking, domestic use 

(bathing, washing clothes, cleaning utensils, cleaning house floors, etc), food 

production and recreational purposes. Improved water supply and sanitation, 

and better management of water resources, can boost countries’ economic 

growth and can contribute greatly to poverty reduction. In 2010, the United 

Nations General Assembly explicitly recognized the human right to clean and 

safe water and sanitation. Everyone has the right to sufficient, continuous, 

safe, acceptable, and affordable water for personal and domestic use.2-5 
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According to statistical evidence from WHO in 2017, almost 2/3 (71%) 

of the global population (5.3 billion people) used a safely managed drinking-

water service – that is, one located on premises, available when needed, and 

free from contamination. The remaining 2.2 billion people live in villages, small 

towns or cities without safely managed drinking water services. Also, it has 

been recorded that 785 million people lack even a basic drinking-water 

service, including 144 million people who are dependent only on surface 

water (rivers, lakes, wells, etc) with questionable quality and safety. Globally, 

at least 2 billion people use a drinking water source contaminated with faeces 

and dangerous to their health (WHO, 2019). Contaminated water can transmit 

diseases such diarrhoea, cholera, dysentery, typhoid, and polio. 

Contaminated drinking water is estimated to cause globally 485,000 

diarrhoeal deaths each year. Although diarrhoea is largely preventable 

disease (especially with clean drinking water consumption), there are globally, 

around 297,000 children deaths aged under 5 years that could be avoided 

each year with safe drinking water.6 

Drinking water quality standards have acceptable safety limits for 

microbial, chemical, and radiological characteristics. Microbes and infectious 

agents or chemicals derived from human and animal wastes, make drinking 

water unsafe and cause water-related diseases. 

  

 
Figure 1. According to the United Nations, 785 million people worldwide do 
not have reliable access to clean drinking water (2018). In most countries, 
tap water is just as safe to drink as bottled water and according to blind taste 
tests, just as tasty as well. Bottled water is more convenient than tap water, 
but is also 1000 times more expensive and produce plastic bottle waste. 
Safe drinking water and sanitation is the 6 th U.N. Sustainable Development 
Goal. [No. 1, No poverty, 2 Zero hunger, 3 Health and well being, 4 Quality 
education, 5 Gender equality, and No. 6 Clean Water and Sanitation.] 

http://www.unwater.org/water-cooperation-2013/water-cooperation/facts-and-figures/en/
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Clean fresh water contains 0.05% of inorganic salts. Some spring 

mineral water from underground sources can have total dissolved salts 500 

ppm and small concentrations of trace elements, like Mg, Ca, Na and K.  

Contaminated drinking water is a serious health problem in low-income 

countries (Africa, South East Asia, South America). Polluted drinking water 

can cause premature deaths in children. Particularly in low-income countries 

where unsafe water sources account for 6% of the total deaths. Worldwide 

statistical evidence estimated that 1.2 million people died as a result of unsafe 

water sources in 2017. This was 2.2% of global deaths but in low-income 

countries, it accounts for 6% of deaths. For example, a third world country like 

Chad (15.4 popualation 2018, Africa) annual deaths attributed to unsafe water 

was as high as 14%. This can be compared to the very low death rate for 

drinking water in European countries which stand at 0.01%. Unsafe drinking 

water in a country can contribute also to a series of other associated health 

hospitalization problems and increased premature mortality.7  

 
False perceptions on quality, safety and taste for tap water 

 

The dramatic increase in the use of bottled drinking water (mostly from 

fresh water sources) prompted scientists to study the phenomenon and the 

depleting consequences in the fresh water sources. Less than 3% of the 

water found on Earth is fresh water (97% is salt water found in the oceans) 

and only about 1% of Earth’s fresh water as readily available for human use. It 

is estimated that 70% of Earth’s freshwater is locked away in the form of ice in 

glaciers and polar ice caps, and another 30% of Earth’s fresh water is under 

the surface of the Earth’s soil in the form of groundwater. 

[https://www.nationalgeographic.org/article/freshwater-resources/ ]. 

In the last decades scientists have been investigating the problem of 

quality, safety and taste perceptions among people connected with tap 

drinking water, mainly in industrialized countries. All studies testify for the 

widespread distrust among populations in most countries about the safety and 

taste of tap water that directed many people to the increased consumption of 

expensive bottled drinking water. A high percentage of bottled water is just 

filtered tap drinking water. Public opinion has been influenced in many 

https://www.nationalgeographic.org/article/freshwater-resources/
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countries by exagerated “news events” or contamination accidents concerning 

drinking water. Media attention on “trust-destroying events”, such as 

outbreaks of illness caused by contaminated tap water, has also weakened 

public trust in municipal water supplies while falsely inflating confidence in the 

safety of bottled water.8 

People are influenced by light odour of chlorine (Cl2), some form of 

cloudy appearance and the problems with the municipal distribution water 

services and old type of water pipes without bothering to check tha validity of 

these events. Some digital platforms have produced a list of countries with 

very good quality of drinking water by collecting data from organizations that 

test and measure chemical and physical characteristics of drinking waters in 

various areas. Scandinavia (and in particular Norway, Sweden, Finland) rank 

high on lists of clean tap water around the world. [Trip Savvy, The world’s 

cleanest tap water, Apr 12, 2020, https://www.tripsavvy.com/the-worlds-

cleanest-tap-water-4159592 ].  

In reallity, the purity of tap water in some countries comes down to the 

source it originates from and the level of filtration (and other standard 

methods of cleaning, oxygenate and purification steps) water goes through 

before it gets to the distribution system and finally to people’s taps. Some 

countries have the cleanest tap water because they have lots of natural 

sources such as lakes, glaciers and rivers that are regularly topped up with 

fresh rainwater which is the purest form of fresh water. Other developed 

countries simply invest in the latest technology to make the water they can 

harvest as filtered, clean and safest as possible. The list of countries with the 

cleanest tap water: Switzerland, Canada, New Zeland, Singapore, Germany, 

Austria, Denmark-Sweden-Norway-Finland, United Kingdom. [Castlewater, 

2019, https://www.castlewater.co.uk/blog/which-country-has-the-cleanest-tap-

water]. 

Despite the convenient access to overall good tap water quality in 

developed countries provided efficiently and at low cost, the consumption of 

bottled water has greatly increased over the past decades. One of the main 

reasons for this increase is the false perception among citizens that bottled 

water is healthier and tastes better than tap water. Also, modern ways of 

https://www.tripsavvy.com/the-worlds-cleanest-tap-water-4159592
https://www.tripsavvy.com/the-worlds-cleanest-tap-water-4159592
https://www.castlewater.co.uk/blog/which-country-has-the-cleanest-tap-water
https://www.castlewater.co.uk/blog/which-country-has-the-cleanest-tap-water


 

6 

 

living, travelling and intense commercial advertising promotions are 

responsible for increased consumption of bottled drinking water.9-11  

The USA is a vast country (third-largest in size on Earth) with great 

variety of tap drinking water in the 50 states. Most tap water quality provided 

by local municipalities in the United States is of high international standard 

supported by strict regulations and efficient monitoring authorities. 

Environmetal Protection Agency (EPA) sets legal limits on over 90 

contaminants in drinking water that water distribution systems can achieve 

using the best available technology. EPA rules also set water-testing 

schedules and methods that water systems must follow. The Safe Drinking 

Water Act (SDWA) gives individual U.S. states the opportunity to set and 

enforce the safest drinking water standards. Studies showed that tap drinking 

water (at 85%) in the USA is clean, healthy and safe to drink. In rural areas 

and houses with private wells, there are a lot more challenges. In addition to 

this there are many local issues including well publicized problems with lead 

in Michigan and Newark. [*In some Michigan municipalities the state action 

level for lead (Pb) have been exceeded. Some Detroit suburbs problems 

were indentified in tested 32 sites with lead service lines. Only 5 exceeded 

the action level of 15 parts per billion (ppb) for lead in drinking water. The 

tests were done using the more stringent protocols adopted by the state of 

Michigan, USA, after indentification of the Flint water crisis, 

https://www.michiganradio.org/post/birmingham-issues-lead-advisory-tap-

water...., 2019].  

According to a new report issued by the Natural Resources Defense 

Council (NRDC, 2017), 77 million people (25% of U.S. population spread 

across all 50 states) were served by drinking water systems reporting 

violations of the Safe Drinking Water Act in 2015. The offenses ranged from 

arsenic to nitrate contamination, and included often-serious failures to test or 

report contamination Trihalomethanes (THM) and haloacetic acids (HAA) are 

disinfection by-products that form when disinfectants, such as chlorine, react 

with organic matter during the drinking water disinfection process. Drinking 

water is affectd by THMs, HHAs, lead (Pb), copper (Cu), arsenic (As), 

chromium (Cr) and other contaminants. [NRDC, Threat on tap: widespread 

https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations
https://www.michiganradio.org/post/birmingham-issues-lead-advisory-tap-water
https://www.michiganradio.org/post/birmingham-issues-lead-advisory-tap-water
https://www.nrdc.org/resources/threats-tap-widespread-violations-highlight-need-investment-water-infrastructure-and
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violation highligh need for invstmenting water infrastructure and protections, 

2017, https://www.nrdc.org/resources/threats-tap-widespread-violations-

water-infrastructure ].  

In most big cities the quality and safety of tap drinking water is very 

good. USA is the country which consumes substantial number of bottled 

drinking water. It is estimated that 85 million bottles of water are consumed in 

the United States every day. Americans (328 million population, 2019) 

consumed 14.4 billion gallons (1gallon = 3.78 litres) of bottled water in 2019. 

The consumer risk perception in the USA is a major driver of eliciting bottled 

water as a primary drinking water source compared to tap water. In a study 

conducted across 21 states of the US it was noted that consumers are more 

likely to report drinking bottled water when they perceive that tap water is not 

safe.12  

  These false perceptions of bottled water safety are challenged by the 

increasing number of water quality incidents with bottled water in the USA. 

For example, a study showed that only 5% of the bottled water purchased in 

Cleveland, Ohio had the required fluoride (F) recommended by the state, 

whereas the sampled tap water 100% met this requirement. Also, bacteria 

count on both bottled water and tap water samples showed that all of the tap 

water samples had a bacterial content under 3 CFUs/mL (colony-forming unit, 

a measure of viable bacterial or fungal numbers) and the bottled water 

samples' bacterial content ranged from 0.01–4,900 CFUs/mL. Although most 

of the water bottle samples were under 1 CFU/mL, there were 15 water bottle 

samples containing 6–4,900 CFUs/mL. Another study focusing on the 

temperature and duration of storage for bottle water found that the bacterial 

growth in bottled water was markedly higher than that in tap water, especially 

at higher temperatures.13 

Negative perception of tap water on safety and taste by a study that 

followed 10,000 households in ten OECD countries (Australia, Canada, Czech 

Republic, France, Italy, Korea, Mexico, the Netherlands, Norway and 

Sweden) and found that a negative perception of tap water quality (health and 

taste concerns) affects the decision to purchase bottled water.14 

https://www.nrdc.org/resources/threats-tap-widespread-violations-water-infrastructure
https://www.nrdc.org/resources/threats-tap-widespread-violations-water-infrastructure
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Evidence among adults suggests that negative perceptions of tap 

water safety are common, particularly among minority and lower 

socioeconomic status populations.15-18  

Germany has a long history of passing laws that protect its natural 

water resources and especially fresh water. Germany is home to some of the 

world's cleanest tap water. Germany's clean tap water is mostly the result of 

clean lakes and glacial snow melt, and it doesn't rely heavily on reverse 

osmosis and other technologies favored by producers of bottled water. 

German environmental authorities release specific data on the state of tap 

water and the concentrations of contaminants, allowing Germans to stay 

informed. Also, the United Kingdom (UK) is home to some of the cleanest 

tap water in the world. British fresh tap water is very clean because the rural 

northern reaches of England, Scotland and Wales are home to dozens of 

freshwater lakes, which are an important source of drinking water for much of 

the country. Additionally, the UK is one of the rainiest regions in the world, 

which means this supply is constantly replenished. UK municipal authorities in 

their facilities preparing drinking water use state-of-the-art set of filtration 

process and  produce excellent quality,  safe, clean, tasty tap water.19 

In France, the general consensus of research seems to be that in 99% 

of cases French tap water is entirely safe to drink. Standards are high and set 

by the European Union, in the responsibility of the local commune to monitor 

water quality. The French consumer group Que Choisir has produced a report 

in 2017 that claims that 3 million households in France were affected by poor 

quality drinking water due to agricultural run-offs and high levels of nitrates 

[http://vivezvegan.com/ingredients/is-tap-water-safe-to-drink-in-france/  ]. 

 
Disinfection of drinking water by chlorination. Benefits and 
problems with residual chlorine odour 

 

Chlorination of drinking water is a proven public health measure, 

recommended by the WHO and various state health organizations all over the 

world. The method has an excellent track record of safety and effectiveness 

against harmful micro-organisms. Chlorine has been used around the world 

for more than 100 years to disinfect drinking water supplies. As a result many 

http://vivezvegan.com/ingredients/is-tap-water-safe-to-drink-in-france/
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water-borne diseases such as cholera, dysentery and typhoid have been 

effectively controlled. Disinfecting drinkign water with chlorine has many other 

benefits. Unlike some other disinfection methods, like ozonation (O3) and 

ultrtaviolet light (UV), chlorination is able to provide a residual chlorine 

concentration into the water that reduce the chance of pathogen regrowth in 

water storage tanks or whithin the water pipes distribution system.  

 

Figure 2. Chlorination of drinking water is recommended by WHO and all the 
national health services.  The method has an excellent track record of safety 
and effectiveness against harmful micro-organisms. Ozonation and UV 
disinfection are used in some countries but they are more complicated 
methods and more costly.  
 [WHO, Chlorine in drinking-water. Background document for development of WHO 
guidelines from drinking water quality. WHO publications, Geneva, 2003. 
[https://www.who.int/water_sanitation_health/publications/chlorine/en/ ]. 
McGuire MJ. The Chlorine Revolution: Water Disinfection and the Fight to Save 
Lives. AWWA: Denver, Colorado.  2013. The book provides a historical overview of 

the significant public health contribution of U.S. municipal drinking water chlorination 
and its explosive growth.  
WHO. Guidelines for Drinking-water Quality, 4th Edition, Incorporating the 1st 
Addendum. WHO Press: Geneva, Switzerland, 2017.  
WHO. Drinking-water Fact Sheet [Online]. Available: http://www.who.int/news-
room/fact-sheets/detail/drinking-water, 2018..] 

 

Chlorine is the most common cost-effective means of disinfecting 

water in developed countries and in the USA. It is highly effective against 

most bacteria, viruses, and protozoa. When Chlorine (Cl2) dissolves in water 

forms hypochlorous acid (HOCI) [Cl2 + H2O ⇌ HOCl + HCl ]. Free chlorine 

refers to all chlorine present in the water as Cl2 (g), HOC l(aq) and OCl–(aq). 

https://www.who.int/water_sanitation_health/publications/chlorine/en/
http://www.who.int/news-room/fact-sheets/detail/drinking-water
http://www.who.int/news-room/fact-sheets/detail/drinking-water
https://www.forceofnatureclean.com/what-is-hypochlorous-acid/
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Chlorine (Cl2) can be dissolved in water in one of three forms: 

elemental chlorine (chlorine gas, Cl2), hypochlorite solution (bleach, NaOCl), 

or dry calcium hypochlorite [Ca(ClO)2]. All three forms produce free chlorine in 

water which acts as astrong disinfectant.  

Ozonation uses the strongest oxidant/disinfectant ozone (O3). Ozone 

is more effective against microbes than chlorination. But, ozonation is costly 

and difficult to monitor and control under different conditions and higher 

equipment and operational costs. Ozonation provides no germicidal or 

disinfection residual to inhibit or prevent regrowth. Ozonation forms by-

products which can be carcinogenic (brominated by-products, aldehydes, 

ketones, and carboxylic acids). This is one reason that the post-filtration 

system may include an activate carbon filter. The water system may require 

pretreatment for hardness reduction. Ozone is less soluble in water, 

compared to chlorine, and, therefore, special mixing techniques are needed. 

Potential fire hazards and toxicity issues associated with ozone generation. 

Ultraviolet radiation (UV) damages the genetic material of 

microorganisms, and prevents the cell from reproducing. UV radiation has find 

applications in many places for disinfection of water and other items but is 

dangerous and needs safety precautions. 

The Environmental Protection Agency (EPA) in the USA requires 

treated tap water to have a detectable level of chlorine (residual chlorine) to 

help prevent microbial contamination. Allowable chlorine levels in drinking 

water, called maximum residual disinfectant levels (up to 4 parts per 

million), pose “no known or expected health risk [including] an adequate 

margin of safety.” Since its inception in the United States in 1908, drinking 

water chlorination has been a major reason for both the dramatic decline in 

waterborne disease rates and increased life expectancy. Largely because of 

this success, most Americans take it for granted that their tap water will be 

free of disease-causing microorganisms.20  

Although chlorination to disinfect drinking water kill the most 

pathogenic germs and provides safe tap drinking water, there is a draw back 

that chlorine has a light smell whichj evaporates easily as the tap water is 

running. Some people object to this smell of residual free chlorine and find it 
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as an excuse to turn to bottled drinking water. A number of studies 

investigated the problem of free chlorine smell and its levels were negatively 

correlated with the spatial distribution of complaints by water drinkers.21  

Alarming trend of increased use of bottled drinking water 

 

The bottled drinking water has becoma long time ago a standard way 

of life in developed and developing countries. It is now 50 years that the PET 

water vottles were introduced in the market. In the last decades there is an 

alarming trend in most countries for increased use of bottled drinking water 

that fit with the modern way of life. The plastic bottle transformed the 

beverage industry and changed modern human urban life and daily habits. 

In 1973 patented polyethylene terephthalate (PET) water bottles were 

introduced in the market replacing glass and aluminium containers. They were 

the first plastic bottles able to withstand the pressure of carbonated liquids, 

unbreakable, much cheaper alternative, very lightweight, easily recyclable. 

Manufacturers used PET bottles as more cost-effective to produce and 

requiring less energy to transport. Safe because do not shatter or cause a 

hazard if broken or damaged. PET bottles proved also convenient for on-the-

go consumption and busy life style people. Re-sealable and suitable for multi-

serve packs. All PET plastic bottles can be recycled and by 2014 nearly 60% 

of PET plastic bottles in the household waste stream were being collected for 

recycling.22 

 
 

Figure 3. Bottled water is drinking water packaged in PET plastic or glass 
water bottles. Bottled water may be carbonated or not. In 2017 a million 
plastic beverage bottles were purchased every minute on a global scale. 
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Data from Euromonitor International showed that in 2017, on a global 

scale, a million plastic beverage bottles were purchased every minute. 

Modern societies are mostly now the so called “on-the-go societies” (working, 

moving, travelling,) and 70% of what people drink or eat now comes in a 

plastic package.23 

From the 1980s, a number of scientists and environmentalists 

protested at the aggressive marketing campaigns of many companies 

promoting the “benefits” of drinking bottled water and it is little wonder that in 

a few years the bottled water industry was seeing a phenomenal worldwide 

growth. Consumers inevitably were influenced by the convenience to carry 

unbreacable water bottles or beverages. At the same time there was an 

alarming trend of the public’s increasing mistrust of local tap water and its 

distribution systems. The consumer can buy 1,000 litres of tap drinking water 

for much less than the price of one litre of some bottled waters, yet people are 

willing to pay the price because they believe bottled water is safer. 

 
 
Figure 4. Plastic bottles for drinking water and other beverages have become 
standard consumer choice in the last decades and convenient ways for 
distributing drinking water and other commercial drinks. Billions of plastic 
bottles are discarded in the environment and pollute the seas every year. 
 
 

Dr. Peter Gleick (a world-renowned environmental expert and 

communicator on water and climate issues who in 1987 he co-founded the 

Pacific Institute, Oakland, USA, most innovative, independent NGO 

addressing the connections between the environment and global 
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sustainability) said about the bottled water hype. ”….We’ve become a society 

that seems to think if we don’t have water at hand, terrible things will happen. 

It’s kind of silly. It’s not as though anybody died from thirst in the old days….” 

[Parker L, National Geographic, https://www.nationalgeographic.com/ 

environment/2019/08/plastic-bottles/]. “…The worst side of bottled water is the 

false claims made by some “specialty” bottled drinking waters that companies 

claim to have magical health benefits with the adding Oxygen, or magically 

rearanging crystals or various other water “voodoo”…” (Gleick) .24 

By 2016, the year sales of bottled water in the USA officially 

surpassed soft drinks, the world had awakened to the burgeoning crisis of 

plastic waste. The backlash against the glut of discarded bottles clogging 

water ways, polluting beaches and public parks. The picture from thrown 

away water bottles became a standard reference for the single-use plastic 

pollution afflicted modern societies.24,25 

 

 

 
Figure 5. Bottled drinking water is promoted as “natural” and as “superior” 
quality to tap water. Companies of bottled drinking water use “aggressive” or 
“misleading” campaigns to promote their products as superior quality and 
taste. Their advertisements promote the idea that bottled water is collected in 
exclusive mountain mineral spring sources. In some countries tap drinking 
water is good quality, taste and safety and is used after filtration as bottled 
fresh drinking water. 

https://www.nationalgeographic.com/%20environment/2019/08/plastic-bottles/
https://www.nationalgeographic.com/%20environment/2019/08/plastic-bottles/
https://www.nationalgeographic.com/%20environment/2019/08/plastic-bottles/
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Scientists have been studying the problem of false perceptions 

connected with safety of tap drinking water in industrialized countries, that 

forced many consumers to the bottled drinking water. The American 

consumer society is a typical example. Americans consumed 14.4 billion 

gallons (1 gallon = 3,78 litres) of bottled water in 2019 with a value of US 

$34.6 billion. Americans pay for bottled water (as much as 10,000 times more 

than tap water or about $10 per gallon).26 

 In Germany (83 million population, 2019), on average, every citizen 

drinks around 147 liters of bottled mineral water (still and sparkling) per year, 

although tap water in Germany is considered of high quality and tasty.27 

In the United Kingdom (67 million population 2019, UK) the 

consumption of bottled drinking water is about 2.5 billion litres per year. 

Studies showed that quality of bottled water is no better for health than plain 

tap water in the UK. Actually, in some instances, tap water carries more safety 

benefits.28 

 

Merits and pitfalls of tap drinkinjg water vs bottled water 

 

Despite the access to overall good tap water quality in developed 

countries provided at a relatively low cost, the consumption of bottled water 

has greatly increased over the past decades. One of the main reasons for this 

increase is the perception among citizens that bottled water is healthier and 

tastes better than tap water. Perception of tap drinking water is subject to a 

wide range of factors and interactions. These include risk perception, tap 

water quality and organoleptic perceptions, microbiological and chemical 

quality, prior experiences, information sources, trust in water companies, and 

health authorities.29   

In many countries consumer preferences are influenced strongly by the 

widespread rumours but not facts, which have been established for years 

after instances of accidents in water distribution systems or inadequate 

management of drinking water pipes, leaking water mains etc. Modern 

consumers in industrilised societies have abandoned the use of tap water for 

bottled drinking water with false perception about safety, taste and quality. 
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Also, consumers are persuadated to use filters for their tap drinking water, 

although is not needed.30-34 

According to WHO study, there is extensive evidence that inadequate 

management of drinking-water distribution systems has led to outbreaks of 

illness in both developed and developing countries. The causes of these 

outbreaks and the range of chemical and microbial hazards involved are 

diverse. For example, between 1981 and 2010 in the USA, 57 outbreaks were 

associated with water distribution system faults, leading to 1,000 cases of 

illness.The most common faults were cross-connections and back-siphonage; 

other faults included burst or leaking water mains, contamination during 

storage, poor practices during water main repair and installation of new water 

mains, pressure fluctuations and leaching from pipework In other countries 

cases of water distribution accidents connected with outbreaks of illness have 

been associated with low water pressure and intermittent supply, leaking and 

accidents with contriuction works.35 

The bottled water market is increasing year after year and some figures 

point to market sizes in the early 2020s of around 300 billion euros. The 

global annula consumption is estimated at more than 230 billion liters of 

bottled drinking water with an annual growth above 6%.36,37  

The high concentration of bottled water consumption in the countries 

around the Mediterranean areas (Spain, Italy, Greece, etc) may have other 

causes, such as the historically poor quality (in the organoleptic sense) of 

water in certain areas, and the high hardness associated with the mostly 

calcareous nature of Mediterranean basins. Average domestic bottled water 

consumption in Spanish households was estimated in 61 L/person/year in 

2018, representing half of the total consumption in the country. The rest of the 

consumption can be attributed to restaurants, hotels and bars by tourists.38-40  

Marketing and branding of bottled water have played an important role 

in the substantial increases of the consumption and replacement of tap 

drinking water. Consumption of some mountain spring bottled water is 

promoted by sympolism of the early brands water which carried prestige (at 

very high prices and with glass bottles) and supposedly quasi healing magical 
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powers, which are entirely false since 99,5% of waters have the same 

composition, differing slightly in trace amounts of minerals and metals.  

 

 

 
Figure 6. Bottled drinking water has been advertised extensively to attract 
consumers. The slogan of “natural” and “purity” are used exclusively although 
all waters are 99,5% H2O and small amounts of inorganic salts. Qualitiy and 
safety has been presented “aggressively” with exotic health “powers”, superior 
and exceptional satisfying taste. Marketing and branding of bottled drinking 
water have played an important role in the dramatic increase of consumption.  
There is no artifical water, most tap drinking water is collection of pure 
rainwater in lakes, rivers and reservoirs created by dams. 
 

The 1990s Perrier water recall due to contamination 

The famous mineral water spring PERRIER (trading from 1863) was 

sold as glass bottled drinking water: It was a carbonated French spring bottled 

water, ready to satisfy people's thirst and expanded very quickly in more than 

100 countries worldwide despite its high price. Perrier was a leading brand of 

carbonated bottled water in a growing beverages sector with a 15% share 

of the U.S. market. Perrier in the USA became a symbol of the so-called 

“yuppie” life style [short for "young urban professional" or "young upwardly-

mobile professional"]. Then, on 6th February 1992, American regulators in 

North Carolina discovered bottles had been contaminated with benzene 

(C6H6), albeit in miniscule quantities that would not affect human health. 

No one suffered as a result of drinking the benzene-contaminated water, 

but Perrier decided to support their brand of water. Perrier recalled 70 

million bottles in North America on the 9th February (3 days after being 

alerted to the contamination issue). At the time, Perrier stated that the 
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cause was an isolated incident, blaming a cleaner’s improper use of a 

cleaning solvent on machinery filling bottles bound for the USA. Very soon 

Administrators in Perrier realised their practical problems and started 

recalling 160 million bottles from 120 countries at a cost of over $250 

million. Within 18 months, its market share had declined to 9% in the U.S. 

and dropped from 49% to less than 30% in the UK. The shareprice fell by 

37% and the company instead of closing (or declaring for bankruptcy) was 

sold and taken over by Nestlé. Some 750 people in the mineral water 

division were made redundant. By 1995, Perrier sales had fallen byn 50% 

their 1989 sale peak. 

  

Figure 7. Perrier is an expensive French brand of natural bottled mineral 

water captured at the source in Vergèze, France. Perrier is best known for its 
naturally occurring CO2 carbonation, distinctive green bottle, and higher levels 
of carbonation than its peers. It belonged to Perrier Vittel Group SA, which 
became Nestlé Waters France, after the acquisition of the company by Nestlé 
in 1992. Nestlé Waters France includes Vittel, S.Pellegrino and Contrex. 

 
The problem with executives in Perrier was that their initial reaction 

to blame a technician was false. Shortly afterwards, benzene 

contaminated bottles were discovered in Holland and Denmark. And since 

this global product had only one single source – a spring in Vergezes 

southern France - Perrier had to announce a worldwide recall and change 

its explanation. It turned out that the carbon filters intended to remove 

benzene from carbon dioxide gas had become clogged and had gone 

undetected for six months. So rather than being a victim of someone’s 

mistake, the company was viewed as culpable because of its own poor 

quality control. 

https://en.wikipedia.org/wiki/Bottled_water
https://en.wikipedia.org/wiki/Mineral_water
https://en.wikipedia.org/wiki/Mineral_water
https://en.wikipedia.org/wiki/Mineral_water
https://en.wikipedia.org/wiki/Verg%C3%A8ze
https://en.wikipedia.org/wiki/Nestl%C3%A9_Waters_France
https://en.wikipedia.org/wiki/Nestl%C3%A9
https://en.wikipedia.org/wiki/Vittel_(water)
https://en.wikipedia.org/wiki/S.Pellegrino
https://en.wikipedia.org/wiki/Contrex
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Perrier’s advertising stated that Perrier was pure and its strapline 

stated "It’s Perfect. It’s Perrier". Executives decided to withdraw the 

product not because of any actual health implication but to maintain its 

brand positioning. The presence of benzene, even in tiny quantities that 

posed no threat to consumer health, was incompatible with its purity claim. 

However, Perrier needed to prove that the spring water itself was not 

contaminated (which would have been devastating for the company). So 

Perrier was forced to reveal that while the spring is naturally carbonated, 

the water and natural carbon dioxide (CO2) gas were captured 

independently. Water was pumped from the spring in one pipe and 

another pipe brought the carbon dioxide, mixing the two at the 

manufacturing plant. The spring gas CO2 naturally contains trace amounts 

of benzene and the clogged filters were supposed to remove it.  It took 

more than five years for the public to trust the brand again (when the case 

was forgotten). In that time a once totally dominant market position 

collapsed as other companies raced to fill the void left by the product 

recall. Perrier’s experience demonstrates how poorly handled crisis 

planning and communications can seriously damage a product’s brand 

and business.41,42 

The bottled water industry is a huge business that involves many of the 

biggest food brands in the world and worth billions. It has grown dramatically 

in the last decade. Many types of bottled drinking water were withdrawn from 

short periods from the marked for contamination instances or problems with 

distribution and packaging and have to be recalled. But consumers have short 

memories. Even bottled water that was found contaminated attracts new 

consumers. As of January 2013 (10 years after the recall), Perrier bottled 

water was again available in 140 countries, and almost 1 billion bottles were 

sold every year. 

 
Promotion of tap drinking water in the European Union (EU) 
 

Members of the European Parliament in 2019 backed plans to improve 

consumers’ trust in tap water, which is much cheaper and cleaner for the 

environment than bottled water. They proposed that the EU must tighten the 
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maximum limits for certain pollutants such as lead (to be reduced by half), 

harmful bacteria, and introduce new caps for most polluting substances found 

in tap water. The report also backs the principle of water access for all in the 

EU. Several European countries promote the use of tap water. Most 

prominently, the European Commission proposed revisions for the Drinking 

Water Directive, which includes strategies for promoting the consumption of 

tap water. The strategies comprise the following: improving access to tap 

water, upgrading quality standards for tap water, and enhancing transparency 

concerning the benefits of tap water. National initiatives in European countries 

pursue similar strategies that concentrate on enhancing access to tap water 

and communicating its economic, environmental, and social benefits.43,44 

From 2014, a European Union wide public consultation revealed that 

citizens feel insecure about the quality of tap water in other European 

countries. Although the main regulatory instrument, the Drinking Water 

Directive (Council Directive 98/83/EC), has proved effective for regulating 

standards for tap water quality in Europe for 20 years. In 2016, the European 

Commission decided to evaluate the parameters for monitoring tap drinking 

water quality. The Commission found that not all parameters set in the 

directive reflect the present state of scientific progress and emerging 

environmental pressures and proposed a revision of the Drinking Water 

Directive in February 2018. The proposal aimed to improve the quality of 

drinking water, but also strives to increase the use of tap water. Partly 

because of citizens' insecurities regarding the quality of tap water, 

consumption of bottled water in the EU, as the supposedly safer alternative, 

has significantly increased in recent decades  

Finally in 2019 the European Council approves provisional deal which 

updates quality standards for safer and cleaner drinking water in European 

countries with the basic aim to increase the consumption of tap drinking water 

and decrease the bottled water, basically for reducing plastic bottle pollution. 

With the new standards the EU is ensuring that tap water across the EU is 

safe to drink. The European Council’s Permanent Representatives Committee 

(Coreper) confirmed the provisional agreement that was reached with the 

European Parliament on 18 December 2019 on a proposal to revise the 
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drinking water directive. Today's endorsement by all member states clears the 

way for final adoption. 

The EU Council stated clearly that “…Our message to European 

citizens is clear: Drinking tap water is perfectly safe everywhere in the EU. 

Today's agreement will result in a further improvement in the quality of tap 

water. This is very good news for all Europeans….’  Under the new rules, the 

quality standards that drinking water must meet are brought up to date, and a 

cost-effective risk-based approach to the monitoring of water quality is 

introduced. The updated rules also set out minimum hygienic requirements for 

materials in contact with drinking water, such as pipes. The aim is to improve 

the quality of such materials to ensure that human health is protected and no 

contamination takes place. The updated directive addresses growing 

concerns about the effects of endocrine disruptors, pharmaceuticals and 

microplastics on human health by introducing a watch list mechanism. The 

watch list will allow the EU to follow up, in a dynamic and flexible way, on new 

knowledge about these substances and their relevance for human health. 

Beta-estradiol and Nonylphenol will be included in the first watch list in view of 

their endocrine disrupting properties. The first watch list will be adopted by 1 

year after the entry into force of the directive. The endocrine disruptor 

Bisphenol A is directly added to this directive, with a health-based parametric 

value of 2,5 μg/l. Member states of the EU must undertake considerable 

efforts to improve access to drinking water to their citizens. In order to 

promote the use of tap water, member states will ensure that outdoor and 

indoor equipment, such as taps or water fountains, are set up in public 

spaces, where technically feasible and taking into account specific local 

conditions, such as climate and geography. In addition, member states may 

voluntarily choose to take further measures to promote the use of tap water, 

by launching information campaigns and encouraging the provision of tap 

water for free in the streets, restaurants, and catering services. 

The overarching objective of the recast proposal for the drinking water 

is to ensure a high level of protection of the environment and of human health 

from the adverse effects of contaminated drinking water. The revision is also a 

direct result of the first-ever successful European citizens' initiative 
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'Right2Water'. The European Commission adopted its recast proposal for the 

drinking water directive on 1 February 2018. The Council adopted a general 

approach on the proposal on 5 March 2019. Negotiations between the co-

legislators followed. On 18 December 2019, a provisional agreement was 

reached between the Council and the European Parliament. Today's 

confirmation of the agreement by the EU ambassadors of the member states 

paves the way for the final adoption.45  

 

 

 

 
Figure 8. The slogan Water is a public good; not a commodity.  

Every 3 years two World Water Forums take place to discuss global water 
issues and scientific problems. In 2013 the first successful European Citizens’ 
Initiative (ECI) called “Right2Water” collected 1.9 million signatures and 
demanded the European Commission to implement the human right to water 
and sanitation in European legislation, following the UN General Assembly 
resolution of 2010 in which the human right to water and sanitation was 
recognised. The “Right2Water” campaign was organised by the European 
Federation of Public Service Unions (EPSU) and supported by a large number 
of NGOs, public water companies and water activists in Europe. It aimed to 
shift the focus of the European Commission from a market approach to rights-
based approach in European water policy. 
European Regulation (EC) No 54/2009 (European Parliament 2009) defines 
the general principles and requirements of natural mineral water safety. 

 

On 18 February 2020, the environment and public health committee in 

the European Union (EU) approved a provisional agreement reached between 

European Parliament and the European Council in December 2019 on an 

update of the rules to increase consumer confidence and the use of tap water 

for drinking. Under the new rules, EU countries must improve access to clean 
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water for everyone in the EU and campaign for increased use of tap drinking 

water. 

 

Regulations and tests for bottled drinking water  
 
 Bottled drinkinjg water is regulated worldwide by state health and food 

organizations that are resposible for the food safety. They regulate tap and 

bottled drinking water by monitoring regularly and inspecting bottled water 

products and processing plants under its food safety programs of 

manufacturers. Also, health authorities monitor and analyse bottled water for 

chemical constituents (salts, trace metals, organic contaminants), 

organoleptic properties and contamination by biological pathogens).  

In the USA, Food and Drug Administration (FDA) regulates (plastic-

glass) bottled drinking water and Environmental Protection Agency (EPA) is 

responsible for public drinking water (tap water). FDA regulates bottled 

drinking water with current Good Manufacturing Practices (CGMPs) 

specifically for processing bottled water and transport under sanitary 

conditions. At the same time FDA checks water sources to be safe from 

microorganisms and bacteria, toxic chemicals and other organic 

contaminants, FDA uses quality control to ensure the bacteriological and 

chemical safety by samplinjg and testing sources of bottled water and final 

product (washing and sanitizing procedures; inspects bottling operations; etc). 

In Gernany the Federal Ministry of Health, regulates quality and safty 

with the Drinking Water Ordinance which translates the 1998 European 

Community Drinking Water Directive into national law, which specifies these 

requirements. [https://www.bundesgesundheitsministerium.de/english-version/ 

topics/drinking-water-ordinance.html]. In the United Kingdom, The Food 

Standards Agency in the UK has special regulations for the natural mineral 

water, spring water and bottled drinkignj weater (England) 2007 (SI 2785) and 

amendment regulations 2018 (No.352). [https://www.food.gov.uk/ document/ 

guidance-on-natural-mineral-water-spring-water-and-bottled-drinking-water-

regulations-in-wales-and-northern-ireland]. In France, bottled water is subject 

to specific regulations (Articles R.1322-1 et seq of the French Public Health 

Code transposing the provisions of Directive 2009/54/EC supplemented by 

https://www.bundesgesundheitsministerium.de/english-version/%20topics/drinking-water-ordinance.html
https://www.bundesgesundheitsministerium.de/english-version/%20topics/drinking-water-ordinance.html
https://www.food.gov.uk/%20document/%20guidance-on-natural-mineral-water-spring-water-and-bottled-drinking-water-regulations-in-wales-and-northern-ireland
https://www.food.gov.uk/%20document/%20guidance-on-natural-mineral-water-spring-water-and-bottled-drinking-water-regulations-in-wales-and-northern-ireland
https://www.food.gov.uk/%20document/%20guidance-on-natural-mineral-water-spring-water-and-bottled-drinking-water-regulations-in-wales-and-northern-ireland
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the Decree of 14 March 2007 on the quality criteria for packaged water, 

treatment and specific labelling of packaged natural mineral water and spring 

water as well as natural mineral water distributed for public refreshments 

[ANSES, Agence nationale de sécurité sanitaire de l'alimentation,….. French 

Agency for Food, Environmental and Occupational Health and Safety 

 https://www.anses.fr/en/content/packaged-water]. 

 In Greece, public drinking water in Greece is safe to drink, although it 

can be slightly brackish in some islands and locales near the sea. For that 

reason, many people prefer the bottled water available at restaurants, hotels, 

cafes, food stores, and kiosks. Cafes, however, tend to provide a glass of 

natural water. The regulatory competences for the water sector in Greece 

have been assigned to the Special Secretariat for Water (SSW), which 

constitutes a single administrative body in the Hellenic Ministry of 

Environment, Energy & Climate Change.  

 
Microbiological contamination in bottled drinking water 

 

Scientific evidence showed that some microbial species belonging to 

autochthonous water microbiota or even pathogenic species may contaminate 

and could, under certain conditions, multiply beyond measure in the bottled 

drinking water products. Sometimes, although the bottled water or beverages 

meet the quality requirements, still, they could be responsible by some water- 

or food-borne diseases.46  

A study in Greece tested a number of bottled drinking water. 

Analysis wqs performed in of 1,031 samples checked for their 

microbiological quality. It was found that 31% of the bottled swamples were 

unsuitable for consumption according to the corresponding Greek 

legislation. M i crobiological quality of n a t u r a l  m i n e r a l  wa t e r  was better 

than that of bottled table water. Some water samples (14.7%) contained Ps 

aeruginos and 11% contained coliform bacteria. Unlike Escdherichia coli 

bacteria are very low in both mineral and spring table bottled water with only 

11% containing coliform bacteria. Analysis for Escherichia coli bacterial 

showed very small numbers in both minerala nd table  bottled water.4 Older 

studies also found low levels of bacteria in bottled drinking water.48,49 

https://en.wikipedia.org/wiki/Agence_nationale_de_s%C3%A9curit%C3%A9_sanitaire_de_l%27alimentation,_de_l%27environnement_et_du_travail
https://en.wikipedia.org/wiki/Agence_nationale_de_s%C3%A9curit%C3%A9_sanitaire_de_l%27alimentation,_de_l%27environnement_et_du_travail
https://en.wikipedia.org/wiki/Agence_nationale_de_s%C3%A9curit%C3%A9_sanitaire_de_l%27alimentation,_de_l%27environnement_et_du_travail
https://www.anses.fr/en/content/packaged-water
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In the last decade the industrial foood production and packaging 

follows some stringent guidelines for goood hygiene practices and prevents 

any type of infectious of microbological magents entering the line of 

packaging. The European Federation of Bottled Waters, representing the 

interests of all types of packaged waters across Europe, decided in July 2007 

to develop a Guide to Good Hygienic  Practices for Packaged Water in 

Europe (in accordance with Article 9 of Regulation EC 852/2004 and the EC 

Guidelines for the development of community guides to good practice of 

hygiene). The guidelines integrate the requirements described in the publicly 

available specification (ISO/TS 22002-1:2009) published by the British 

Standard Institution (BSI) which specifies requirements and assist in 

controlling food safety hazards. [European Federation of Bottled Waters, 

EFBW, Guide to Good Hygiene Practices for Packaged Water in Europe, 

https://ec.europa.eu/food/sites/food/files/safety/docs/biosafety_fh_guidance_e

u_guide_hygiene_packaged_water_en.pdf].  

These guidelines follow the relevant safety and hygience regulations:  

Regulation (EC) No 178/2002  general principle and requirements of food law, 

establishing the European Food Safety Authority and laying down procedures 

in matters of food safety, 

Regulation (EC) N 852/2004 on the hygiene of foodstuffs  

Council Directive 2009/54/EC exploitation and marketing of natural mineral 

waters.  

Commission Directive 2003/40 establishing the list, concentration limits and 

labelling requirements for the constituents of natural mineral waters and the 

conditions for using ozone-enriched air for the treatment of natural mineral 

waters and spring waters  

Commission Regulation (EU) No 115/2010 (9/2/2010) laying down the 

conditions for use of activated alumina for the removal of fluoride from natural 

mineral waters and spring waters  

Council Directive 98/83/EEC relating to the quality of water intended for 

human consumption  

https://ec.europa.eu/food/sites/food/files/safety/docs/biosafety_fh_guidance_eu_guide_hygiene_packaged_water_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/biosafety_fh_guidance_eu_guide_hygiene_packaged_water_en.pdf
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Directive 2000/60/EC of the European Parliament and of the Council of 23 

October 2000 establishing a framework for Community action in the field of 

water policy. 

The microbiological quality of 1,527 samples of bottled non-carbonated 

('still') mineral water, purchased from retail outlets and derived from 10 

manufacturing companies in Greece, was investigated during the period 

1995-2003. Positive samples for the microbiological parameters tested varied 

significantly among brands with an overall percentage of 14% bottled water 

samples noncompliant with the Greek water regulation. Microorganisms 

isolated from the samples tested were identified as species of Pseudomonas, 

Aeromonas, Pasteurella, Citrobacter, Flavobacterium, Providencia and 

Enterococcus.50 

A 2007 study in Ireland of the microbiological safety and quality of 

bottled water on sale in Ireland found that 7% of bottled water tested failed to 

meet European microbiological standards1 or guidelines2 (Food Standard 

Agency Ireland, FSAI, 2008). This study raised questions as to the safety 

risks posed by bottled drinking water. In January 2009, the FSAI requested its 

Scientific Committee to provide an opinion on the risks posed by bottled 

waters contaminated with one or more of the following bacteria or groups of 

bacteria: • Escherichia coli • enterococci • coliforms • Pseudomonas 

aeruginosa.51 

 A study in Italy (2018) investigated the presence of microorganisms in 

bottled spring water and bottled mineral waters. These were routine 

microbiological analyses and also tested for the most dangerous Legionella 

spp.  Mycobacteria and amoebae were assessed in 24 samples of spring 

water and 10 bottled mineral water, In 33 ourt of 34 samples no cultivable 

bacteria  (≥10 CFU/L) was found.52    

A study in 2016 in China reviewed results of bacterial water quality of 

bottled water in China. National spot-check results revealed that 17.5% of 

samples were contaminated, 79.3% of which were due to exceeding microbial 

level. The annual infectious risk in China of people drinking bottled water 

everyday exceeded 1:10,000 for all ages. Strict adherence to principles of 

good manufacturing practices is essential through process control and 
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personal hygiene should be maintained at the processing facility, to reduce 

the infection risks.53  

The microbiological parameters in bottled drinking water was contacted 

in Bulgaria for the period 2000-2013. It was a large-scale study (2,500 

samples) on the quality of Bulgarian bottled water as per the microbiological 

parameters laid down in the European and Bulgarian legislation. Standard 

microbiological methods were applied. There is strong evidence that the most 

frequently isolated contaminant in these products was Pseudomonas 

aeruginosa. This agent was found in 274 (~11%) samples out of a total of 

2,500 analysed bottled waters. The scientists propose that because of the 

absolute prohibition of the presence of this microorganism in the finished 

product, the manufacturers should not allow their products with compromised 

quality to reach the market.54 

 
Presence of microplastics in bottled drinkign water 
 

Plastic contamination, especially for microplastics (less than 5 mm in 

size) is found in bottled drinking water. That was the unsettling conclusion of a 

study published last year in Frontiers in Chemistry that analyzed samples 

taken from 259 bottled waters sold in several countries and found that 93% of 

them contained “microplastic” of synthetic polymer particles despite the 

filtration. Globally sourced brands for 11 of bottled water, purchased in 19 

locations in 9 different countries, were tested for microplastic contamination 

using Nile Red tagging. After accounting for possible background (laboratory) 

contamination, an average of 10.4 microplastic particles >100 μm in size per 

liter of bottled water processed were found (1 μm = 10-6 m). Half of these 

particles were confirmed to be polymeric in nature (using FT-IR spectroscopy 

which is the most important method). Polypropylene (PP) was the most 

common polymer type found in water (54%). PP plastic is used for the 

manufacture of bottle caps (the “body of the bottle is PET, the cup is PP).  

[*Polypropylene (PP) resists chemical reactions with diluted bases and acids, so 

these plastic caps are a good fit for closing packaging that holds food items, 

beverages, cleaning products, or pharmaceuticals. This type of plastic also has a 

low density, making it lightweight and, therefore, more affordable to transport]. 
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While spectroscopic analysis of particles smaller than 100 μm was not 

possible, the adsorption of the Nile Red dye indicates that these particles are 

most probably plastic. Including these smaller particles (6.5–100 μm), an 

average of 325 microplastic particles per liter of bottled water was found. Data 

suggests the contamination is at least partially coming from the packaging 

and/or the bottling process itself. PP was found to be the most common with 

Nylon being the second most abundant (16%) and Polyethylene (PE) 10% of 

the particles analyzed and 4% of retrieved particles were found to have 

signatures of industrial lubricants coating the polymer.55 

In 2018 another published study in Germany investigated the presence 

of microplastics in bottled mineral water. They tested 22 different returnable 

and single-use plastic bottles, 3 beverage cartons and 9 glass bottles 

obtained from grocery stores in Germany. Small (–50-500 μm) and very small 

(1–50 μm) microplastic fragments were found in every type of bottled water. 

The average microplastics content was 118 ± 88 particles/liter in returnable, 

but only 14 ± 14 particles/l in single-use plastic bottles. The microplastics 

content in the beverage cartons was only 11 ± 8 particles/iter. Contrary to 

initial assumptions investigators found high amounts of plastic particles in 

some of the glass bottled waters. Most of the particles in water from 

returnable plastic bottles were identified as consisting of polyester (primary 

polyethylene terephthalate PET, 84%) and polypropylene (PP; 7%). This is 

not surprising since the bottles are made of PET and the caps are made of 

Polypropylene.56 

 

 
Figure 9. The World Health Organization (WHO) is launching an investigation 
into the safety of bottled drinking water after a study found an average of 325 
pieces of plastic per liter of water in 11 of the world’s most popular brands. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6141690/#B19
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polyethylene
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polypropylene
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The World Health Organisation (WHO) published a study in 2018 that 

investigated the presence of microplastics in bottled drinkign water and the 

potential health risks of microplastic. The new analysis examined some of the 

world’s most popular bottled water brands and found that more than 90% 

contained tiny fibres and pieces of microplastic.57 

Microplastics are ubiquitous in the daily activities of humans. 

Numerous studies evaluated the number of micoplastic particles in common 

consumed foods and drinking water. Some studies explored the microplastic 

inhalation, ingestion and consumption withing the recommended daily intake 

of food items, drinking water and beverages. A recent review (2019 in the 

prestigious journal Environmental Science and Technology) and used 402 

data points from 26 studies with over 3,600 processed samples. Scientists 

estimated that microplastic consumption (in developed countries, like in the 

USA) ranges from 39,000 to 52,000 particles. These estimates increase to 

74,000-121,000 particles when inhalation is considered (microplastics 

circulate in the air and in the floor dusts of houses and offices. Individuals who 

meet their recommended water intake through bottled sources may be 

ingesting an additional 90,000 microplastics annually, compared to 4,000 

microplastics for those who consume only tap water. The reviewrs 

emphasized that there are large amounts of variation in these estimates.58 

 
Municipal tap drinking water in Athens. Quality and taste 
 

Athens, the capital of Greece (in 2020 had an estimated population of 

over 665,000 in the city proper and 3.75 million in the metropolitan area) has 

one of the most well monitored, safest and tastier municipal tap drinking water 

in the country. Despite these characteristics, Athenians conume substantial 

number of bottled drinking water Athens water sources are mainly Mornos 

and Evinos reservoirs, secondarily Marathon reservoir and Yliki lake and in 

case of necessity (extended periods of drought or emergency) use of ground 

water (boreholes). Mornos reservoir has a maximum capacity is 764 million 

m3 of water. Evinos reservoir, on the other hand, has a maximum capacity is 

138 million m3 of water. A tunnel of total length 30 km transfers Evinos’ water 

to Mornos reservoir.  Marathon reservoir has a maximum capacity of 41 
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million m3 of water. It operates as a backup source for  the water  supply 

system of  the greater Attica region and as a primary regulating reservoir. The 

Water Treatment Plant of Galatsi in Athens, which is in operation since the 

early 20th century has ISO certified laboratories that are constantly updated,  

  

Figure 10. The Marathon Lake actually is a water reservoir that supplies the 
town of Athens with drinking water. The dam was constructed from 1926 to 
1929. The Yliki Lake (8 km north of Thebes) has been an important source of 
drinking water for Athens since 1958. .. 
 

The natural lake of Yliki has a maximum volume capacity of 590 million 

m3 of water. Besides the four reservoirs mentioned above, there is also a 

large number of wells or boreholes located in the vicinity of the Parnitha 

mountain range, in the area of Yliki Lake and in the region surrounding the 

Viotikos Kifissos River. These boreholes can provide 800,000 m3 of water on 

a daily basis (auxiliary source of raw water in case of emergency).58   

The quality status of raw water from the reservoirs of Mornos and  

Evinos is high, as characterized by its low conductivity (~300), hardness 

(~8dH), low organic matter content (DOC ~ 1.5), and extremely low levels of 

eutrophism nutrient factors (NO3-, NH4+, PO4-3). The results of biological 

quality tests (phytoplankton & algae), classify these reservoirs as oligotrophic. 

In addition, concentration of heavy metals is extremely low, and SOCs or 

toxins are constantly bellow detection limits. The Lake Yliki, according to 

normative definitions of ecological status, is charecterised as of good quality, 

although poorer than that of the previous two reservoirs. Biological quality 

elements classify the lake as mesotrophic, whereas eutrophism nutrient 

factors lie in very low concentrations. Aggregation parameters such as 
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conductivity (~450), hardness (~11dH), and organic matter content (DOC ~4)  

are also in the medium to low range. The Marathon reservoir is also of very 

good quality and taste of water. In general, the raw water of Athens is of best 

quality, a fact which is due to the mountainous character of the watersheds. 

The quality of water in Athens is monitored by extensive laboratory 

tests of EYDAP in the laboratories of Galatysi and Acharnon. The analyses 

results certify that the quality of drinking water fully meet the legislative 

requirements and complies with the legislative requirements. The chemical 

laboratories of Galatsi and Acharnon, as well as the Microbiology Laboratory 

are accredited by ISO EN 17025 since 2005 by the National Accreditation 

System for testing to identify 19 chemical and 6 microbiological parameters in 

untreated drinking water with the most modern methods of chemical analysis 

with high sensitivity, accuracy and reproducibility. The analytical techniques 

employed include, automatic photometric analysis, ion chromatography, gas 

chromatography with mass detectors (GC-MS), ECD and FID, liquid 

chromatography High Pressure Liquid Chromatography (HPLC), emission 

spectroscopy of plasma, real time PCR (Polymerase Chain Reaction), toxicity 

control with Daphnia organisms and method ELISA. The water quality of 

Athens is monitored and control by approximately 120,000 samples and 

measurements annually. 

CHECK MONITORING of municipal water involves (every month) 

determination of about 60 parameters (microbiological, physicochemical, ions,  

metals, SOCs, DBPs) in 8 treated water samples from the 4 WTPs (Water 

Treatment Plants). Total 96 samples and 5,760 tests annually. Monthly 

determination of THMs in 15 treated water samples from the water distribution 

network (180 samples annually). The test results constantly reassure the 

compliance of EYDAP tap water with current drinking  water quality 

standards.59 

In Athens and Thessaloniki (the second city in Greece with more than 

one millio population), there are two state utilities, EYDAP and EYATH in 

charge of municipal tap water supply and sanitation. For the other parts of 

Greece outside the two largest cities, there are 230 different municipal utilities 

in charge of water supply and sanitation.60 

https://en.wikipedia.org/wiki/Thessaloniki
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Greece went trough an austerity programme in 2010-2018. Despite the 

financial problems the quality of tap water reaching Greek households 

remains one of the best in the world, officials told Xinhua Agency in recent 

interviews ahead of the World Water Day. The state-owned Athens Water 

Supply and Sewerage Company (EYDAP S.A.), which serves about 4.5 

million customers provides excellent facilities and monitoring of the safty and 

tase of drinking water in Athens.61 The company was awarded a top 10 rating 

for the high quality of urban drinking water two years ago (published 2018), 

when the European Commission issued the first Urban Water Atlas for Europe 

on water management in European cities and regions.62 

 

Conclusions 

All living organisms depend for their survival on adequate and clean 

water. Clean and safe drinking water is fundamental to healthy human lives. 

Human life expectancy worldwide in 1900 was 45-48 years of age at birth in 

developed countries. This was doubled (+80) with clean drinking water, better 

sanitation, immunization, and better nutrition. Today, the vast majority of 

people in developed and developing countries have access to clean and safe 

municipal (tap) drinking water supply. Despite the vast improvements in 

distribution and availabiliy of safe and tasty tap drinking water, consumers in 

the last decades turn to bottled drinking water. Bottled water is a drain on the 

environment: Only in the USA, are consumed every year 50 billion water 

bottles. The majority of these plastic containers (PET) become an increased 

toxic waste because only a small percentage is recycled or incinerated. It is 

estimated that 100 billion US dollars ($) is spent every year on bottled 

drinking water globally. Companies promote bottled drinking water as 

“natural” and as “superior” quality to tap water. Using “aggressive” and 

“misleading” campaigns to promote their products have transformed 

consumer perceptions of safety and taste of drinking water. The fact is that in 

some countries tap drinking water is good quality, tasty and highly safe for 

consumption. In some countries tap municipal water is used (after a 

superficial filtration) as bottled fresh drinking water. Increasing consumption of 

tap drinking water is good for the environment and human health. 



 

32 

 

References 
1. Cutler D, Miller G. The role of public health improvements in health 

advances: The Twentieth-Century United States. Demography 42(1)1-
22, 2005 ; Sobsey MD,  Managing water in the home: Accelerated health 
gains from improved water supply. Geneva: World Health Organization 
Geneva, 2004. online at www.who.int/water_sanitation_health/ 
dwq/wsh0207/en on May 2, 2005. ; UNICEF and World Health 
Organization (WHO),  Meeting the MDG Drinking Water and Sanitation 
Target , online at www.unicef.org/wes/mdgreport on May 2, 2005. ; WHO 
and UNICEF. Global Water Supply and Sanitation Assessment 2000 
Report. Geneva: WHO, 2000. 

2. UN Development Programme. Human Development Report 2003. Water 
for People, Water for Life, The United Nations Development Programme, 
2003.  

3. UNDP. Human Development Report 2006. Beyond Scarcity: Power, 
Poverty and the Global Water Crisis, The United Nations Development 
Programme, 2006. 

4. UNEP. Water Quality for Ecosystems and Human Health, United 
National Environmental Programme, GEMS Water Programme, Ontario, 
Canada. 2008. www. gemswater.org . 

5. UNESCO. Water in a Changing World, The United Nations World Water 
Development Report, No..3, World Water Assessment Program, 
UNESCO Publishing Earthscan. London, 2009 
www.unesco.org/water/wwap/wwdr/wwdr3 /pdf/ WWDR3_Water_in_a_ 
Changing_World.pdf ]. 

6. World Health Organization (WHO) , Drinking-water, 19.6.2019 [  
https://www.who.int/news-room/fact-sheets/detail/ drinking-
water#:~:text]. 

7. Our World in Data. The global distribution of deaths from unsafe water, 
Nov. 2019, https://ourworldindata.org/water-access ] 

8. Delpla I, Legay C, Proulx, Rodriquez MJ. Perception of tap water quality: 
assessment of the factors modifying the links between satisfaction and 
water consumption behavior. Science Total Environ 722:137786, 
20.6.2020. 

9. Doria MF. Bottled water versus tap water: understanding consumers’ 
preferences. J Water Health 4(2): 72-76, 2006. 

10. Ward LA, Cain OL, Mullally RA, et al. Health beliefs about bottled water: 
a qualitative study. Brit Med C Public Health 9 :(No.196): 2009. 

11. Font-Ribera L, Cotta JC, Goimez-Gutierrez A, Villanueva CM. 
Trihalomethane-conentrations in tap water as determinant of bottled 
water use in the city of Barcelona. J Environ Sci 58:77-82, 2017.  

12. Hu Z, Morton LW, Mahler R. Bottled water: United States consumers 
and their perceptions of water quality. Int. J. Environ. Res. Pu. 8(2): 565-
578, 2011. 

13. Raj SD. Bottled water: how safe is it?  Water Environ Res. 77(7):3013-
3018, 2005. 

14. Johnstone N, Serret Y. Determinants of bottled and purified water 
consumption: results based on an OECD survey. Water Policy 
14(4):668-679, 2012.  

http://www.who.int/water_sanitation_health/
http://www.unesco.org/water/wwap/wwdr/wwdr3%20/pdf/%20WWDR3_Water_in_a_%20Changing_World.pdf
http://www.unesco.org/water/wwap/wwdr/wwdr3%20/pdf/%20WWDR3_Water_in_a_%20Changing_World.pdf
https://www.who.int/news-room/fact-sheets/detail/%20drinking-water#:~:text
https://www.who.int/news-room/fact-sheets/detail/%20drinking-water#:~:text
https://ourworldindata.org/water-access


 

33 

 

15. Gorelick MH, Gould L, Nimmer M, et al. Perceptions about water and 
increased use of bottled water in minority children. Arch Pediatr Adolesc 
Med 165(10):928–932, 2011. 

16. Hu Z, Morton LW, Mahler RL. Bottled water: United States consumers 
and their perceptions of water quality. Int J Environ Res Public Health 
8(2):565–578., 2011.  

17. Huerta-Saenz L, Irigoyen M, Benavides J, Mendoza M. Tap or bottled 
water: Drinking preferences among urban minority children and 
adolescents. J Community Health 37(1):54–58, 2012.  

18. Onufrak SJ, Park S, Sharkey JR, Sherry B. The relationship of 
perceptions of tap water safety with intake of sugar-sweetened 
beverages and plain water among US adults. Public Health Nutr. 
113(1):112–119, 2013. 

19. The World's Cleanest Tap Water, Written by Schrader R. 04/12/2020. 
[https://www.tripsavvy.com/the-worlds-cleanest-tap-water-4159592 ]. 

20. EPA Controlling Disinfection Byproducts and Microbial Contaminants in 
Drinking Water. EPA 600-R-01- 110. EPA Office of Research and 
Development: Washington, DC, 2001. 

21. Montenegro P, Rodriguez MJ, Miranda L, et al. Occurrence of citizen 
complains concerning drinking water: a case stdudy in Quebec City. J 
Water Supply Res 58(4):257-266, 2009.  

22. British Plastics Federation, PET plastics bottles, facts. 
https://www.bpf.co.uk/sustainability/pet_plastic_bottles_facts_not_myths.
aspx ]. 

23. EuroMonitor International. Plastic Packaging: Global evolution of PET 
bottles in a sustainability-focused world. December 2019 
[https://www.euromonitor.com/plastic-packaging--global-evolution-of-pet-
bottles-in-a-sustainability-focused-world/report ]. Euromonitor. Global 
PET bottles 2015 [https://www.euromonitor.com/global-pet-bottles-key-
success-factors-for-beverages/report ]. 

24. Peter H. Gleick (editor)/ Water in Crisis: A Guide to the World's Fresh 
Water Resources. Oxford University Press, New York, 1993. 

25. Peter Gleick, author of Bottled and Sold: The Story Behind Our 
Obsession with Bottled Water. Island Press, Washington D.C., 2010. 
Website: Bottled and Sold. 

26. Statista, Per capita consumption of bottlked water in the US since 1999. 
https://www.statista.com/statistics/183377/per-capita-consumption-of-
bottled-water-in-the-us-since-1999/ ]. 

27. Tap Water [https://tappwater.co/en/can-i-drink-tap-water-in-germany-2/.] 
German water quality by city: http://www.xn--wasserqualitt-
trinkwasserqualitt-wyct.de/wasser-qualitaet/staedte ]. 
Best tap water in Germany: http://www.daserste.de/information/wissen-
kultur/w-wie-wissen/sendung/2012/wassertest-114.html ]. 

28. Infruition. Myths for bottled water [https://infruition.co.uk/blogs/the-
infruition-blog/5-myths-debunked-bottled-water-vs-tap-water#:..].  
Water UK, water and health benefits from tap water. 
[http://www.water.org.uk/consumers/water-and-health/benefits-tap-water. 

29. Delpla I, Legay C, Proulx F, Rodriguez MJ. Perception of tap water 
quality: Assessment of the factors modifying the links between 

https://www.tripsavvy.com/the-worlds-cleanest-tap-water-4159592
https://www.bpf.co.uk/sustainability/pet_plastic_bottles_facts_not_myths.aspx
https://www.bpf.co.uk/sustainability/pet_plastic_bottles_facts_not_myths.aspx
https://www.euromonitor.com/plastic-packaging--global-evolution-of-pet-bottles-in-a-sustainability-focused-world/report
https://www.euromonitor.com/plastic-packaging--global-evolution-of-pet-bottles-in-a-sustainability-focused-world/report
https://www.euromonitor.com/global-pet-bottles-key-success-factors-for-beverages/report
https://www.euromonitor.com/global-pet-bottles-key-success-factors-for-beverages/report
https://pacinst.org/team/dr-peter-h-gleick/
https://web.archive.org/web/20170606103210/http:/www.bottledandsold.org/
https://www.statista.com/statistics/183377/per-capita-consumption-of-bottled-water-in-the-us-since-1999/
https://www.statista.com/statistics/183377/per-capita-consumption-of-bottled-water-in-the-us-since-1999/
https://tappwater.co/en/can-i-drink-tap-water-in-germany-2/
http://www.wasserqualit?t-trinkwasserqualit?t.de/wasser-qualitaet/staedte
http://www.wasserqualit?t-trinkwasserqualit?t.de/wasser-qualitaet/staedte
https://www.daserste.de/information/wissen-kultur/w-wie-wissen/sendung/2012/wassertest-114.html
https://www.daserste.de/information/wissen-kultur/w-wie-wissen/sendung/2012/wassertest-114.html
https://infruition.co.uk/blogs/the-infruition-blog/5-myths-debunked-bottled-water-vs-tap-water#:
https://infruition.co.uk/blogs/the-infruition-blog/5-myths-debunked-bottled-water-vs-tap-water#:
http://www.water.org.uk/consumers/water-and-health/benefits-tap-water


 

34 

 

satisfaction and water consumption behavior. Science Total Environ 
722:137786, 20.6.2020. 

30. March H, Garcia X, Domene E, Sauri D. Tap water, bottled water or in 
home water treatment systems: insights on household perception and 
choices. Water 12:1310:1-13, 2020. 

31. Anadu D; Harding, A. Risk perception and bottled water use. J. Am. 
Water Work. Assoc. 92: 82–91, 2000. 

32. Teillet E, Urbano C; Cordelle S, Schlich P. Consumer perception and 
preference of bottled and tapwater. J. Sens Stud  25: 463–480, 2010.  

33. Saylor A; Prokopy LS, Amberg S. What’s wrong with the tap? Examining 
perceptions of tap water and bottled water at Purdue University. Environ. 
Manag. 48: 588–601, 2011.  

34. Triplett R; Chatterjee C; Johnson CK; Ahmed P. Perceptions of quality 
and household water usage: A representative study in Jacksonville, FL. 
Int. Adv. Econ. Res 25: 195–200, 2019.  

35. WHO. Water Safety in Distribution Systems, WHO publs, Geneva, 2014.  
https://www.who.int/water_sanitation_health/publications?Water_safety_
distribution_systems_2014v1.pdf].  

36. Jain B, Singh AK, Hasan Suan AB. The world around bottled water. In 
Bottled and Packaged Water. Volume 4: In: Grumezescu AM, Holban 
AM (Eds). The Science of Beverages. Woodhead Publ: Kidlington, UK, 
2019. 

37. Statista. Per Capita Consumption of Bottled Water Worldwide in 2019, 
by Leading Countries. Online: https://www.statista.com/statistics/per-
capita-consumption-of-bottled-water-worldwide ]. 

38. Efeagro. El Consumo De Agua Envasada En España Se Recupera Tras 
La Crisis. Available online: https://www.efeagro.com/noticia/agua-
embotellada-envasada-consumo/  

39. Wilk, R. Bottled water: The pure commodity in the age of branding. J. 
Consum. Cult 6: 303–325, 2006.  

40. Graydon, R.; Gonzalez, P.; Laureano-Rosario, A.; Pradieu, G. Bottled 
water versus tap water. Int J Sustain High Educ 20: 654–674, 2019.  

41. PRWEEK, lessons learned by product recall of Perrier, 28.10.2015, 
https://www.prweek.com/article/1357209/lessons-learn-product-recall. 

42. James G. Perrier Recalls Its Water in U.S. after benzene Is found in 
bottles. The New York Times. 2.10.1990.; Greyser SA, Klein N. Harvard 
Business School, April 1990, Perrier recall: a source of trouble. 
[https://www.hbs.edu/faculty/Pages/item.aspx?num=19224 ].  

43. News European Parliamnet, 28.3.2019, [https://www.europarl.europa.eu/ 
news/en/press-room/20190321IPR32119/parliament-supports-plans-to-
improve-quality-of-tap-water-and-cut-plastic-litter]. 

44. Tosun J, Scherer U, Sohaub S, et al. Making Europe go from bottles to 
the tap: Political and societal attempts to induce behavioral change. 
ViresWater 7(3):e1435, 2020. https://doi.org/10.1002/wat2.1435 

45. Council of Europe 2.5.2020 Safe and clean drinking water. 
https://www.consilium.europa.eu/en/press/press-releases/2020/02/05/ 
safe-and-clean-drinking-water-council-approves-provisional-deal-which-
updates-quality-stan ].  

46.   Curutiu C, Iordache F, Gurban P, et al. Main microbiological pollutants of 
bottled waters and beverages. In: Grumezescu AM, Holban AM (Eds).  

https://www.who.int/water_sanitation_health/publications?Water_safety_distribution_systems_2014v1.pdf
https://www.who.int/water_sanitation_health/publications?Water_safety_distribution_systems_2014v1.pdf
https://www.statista.com/statistics/per-capita-consumption-of-bottled-water-worldwide
https://www.statista.com/statistics/per-capita-consumption-of-bottled-water-worldwide
https://www.prweek.com/article/1357209/lessons-learn-product-recall
https://www.hbs.edu/faculty/Pages/item.aspx?num=19224
https://www.europarl.europa.eu/%20news/en/press-room/20190321IPR32119/parliament-supports-plans-to-improve-quality-of-tap-water-and-cut-plastic-litter
https://www.europarl.europa.eu/%20news/en/press-room/20190321IPR32119/parliament-supports-plans-to-improve-quality-of-tap-water-and-cut-plastic-litter
https://www.europarl.europa.eu/%20news/en/press-room/20190321IPR32119/parliament-supports-plans-to-improve-quality-of-tap-water-and-cut-plastic-litter
https://www.europarl.europa.eu/%20news/en/press-room/20190321IPR32119/parliament-supports-plans-to-improve-quality-of-tap-water-and-cut-plastic-litter
https://doi.org/10.1002/wat2.1435
https://www.consilium.europa.eu/en/press/press-releases/2020/02/05/%20safe-and-clean-drinking-water-council-approves-provisional-deal-which-updates-quality-stan
https://www.consilium.europa.eu/en/press/press-releases/2020/02/05/%20safe-and-clean-drinking-water-council-approves-provisional-deal-which-updates-quality-stan
https://www.consilium.europa.eu/en/press/press-releases/2020/02/05/%20safe-and-clean-drinking-water-council-approves-provisional-deal-which-updates-quality-stan


 

35 

 

Bottled Packaged Water, Vol. 4 Science of Beverages, Woodhead 
Publisheing-Elsevier, pp. 403-442, 2019. doi: 10.1016/B978-0-12-
815272-0.00014-3 

47.  Mavridou A, Papapetropoulou M, Boufa P, Lambiri M, Papadakis JA.  
Microbiological quality of bottled water in Greece. Letters of Applied 
Microbiology 1994.  https://doi.org/10.1111/j.1472-765X.1994.tb00946.x 

48.  Kailis  E., Papandreou S,  Papapetropoulou  M. Susceptibility  pattern of  
Pseudumonas species  isolated from bottled  drinking water. 
Microbiology Ecology i n  Hea l th  and Disease  4:243-244, 1991  

49.   Mavridou  A .   Study  of  the  bacterial flora  of  a non-  carbonated  natural  
mineral  water.  J  Applied Bacteriology 73:355-361, 1992. 

50. Venieri D, Vantarakis A, Komninou G, Papapetropoulou M. 
Microbiological evaluation of bottled non-carbonated ("still") water from 
domestic brands in Greece. Int J Food Microbiology 107(1):68-72, 2006.  

51.  Food Safety Authority Ireland, Report, The consumption of bottled weater 
containing certain bacteria of group of bacteria and the implicationsw for 
public health, Dublin 2009. [file:///C:/Users/User/Documents/ 
consumptionofbottledwatercontainginbacteria.pdf ].  

52.  Tciaro M, Casini B, Valentini P, et al. Assessing natural mineral water 
microbiology quality in the absence of cultivable pathogen bacteria.  J 
Water Health 16 (3): 425–434, 2018. 

53.  Pu J, Fukushi K. Bacterial water quality and risk evaluation of bottled 
drinking water in China. Intersciene Online 218.11.2016 
https://doi.org/10.1504/IJFSNPH.2016.080442. 

54.  Georgieva V, Dimitrova Y. Study of the microbiological quality of 
Bulgarian bottled water in terms of Its contamination with Pseudomonas 
Aeruginosa. Cental Eur J Public Health 24(4):326-330, 2016. DOI. 
10.21101/cejph.a4219.  

55.  Mason SA, Welch VG, Neratko J. Synthetic polymer contamination in 
bottled water. Front Chem 11.9.2018. doi: 10.3389/fchem.2018.00407. 

56.  Schymanski D, Goldbeck C, Humpf HU, Fürst P. Analysis of microplastics 
in water by micro-Raman spectroscopy: Release of plastic particles from 
different packaging into mineral water. Water Res. 129():154-162, 2018. 

57. WHO. Microplastics in Drinking-water. WHO publs, Geneva, 2018, 
[https://www.who.int/water_sanitation_health/publications/microplastics-
in-drinking-water/en/]. 

58.  Cox KD, Covernton GA, Davies HL, et al. Human Consumption of 

Microplastics. Environ Sci Technol 53 (12): 7068-7074, 2019.  

59. The quality of Athens drinking water and its further improvement 
https://www.researchgate.net/publication/283624843_4The_quality_of_A
thens_drinking_water_and_its_further_improvement]. 

60.  Lekkas TD, Babi KG, Miskaki PT, et al. The quality of Athens drinking 
water and its further improvement. Proceedings 12th International 
Conference on Environmental Science and Technology, Rhodes, 
Greece, 8-10.9. 2011.  

61.  Assimacopoulos D (NTUA, Athens). Water and sanitation services in 
Greece and the sustainability challenges, 2012. 
https://eau3e.hypotheses.org/files/2012/12/Assimacopoulos_Athens_20
12.pdf ].  

https://dx.doi.org/10.1016%2FB978-0-12-815272-0.00014-3
https://dx.doi.org/10.1016%2FB978-0-12-815272-0.00014-3
https://doi.org/10.1111/j.1472-765X.1994.tb00946.x
file:///C:\Users\User\Documents\%20consumptionofbottledwatercontainginbacteria.pdf
file:///C:\Users\User\Documents\%20consumptionofbottledwatercontainginbacteria.pdf
file:///C:\Users\User\Documents\%20consumptionofbottledwatercontainginbacteria.pdf
https://doi.org/10.1504/IJFSNPH.2016.080442
https://dx.doi.org/10.3389%2Ffchem.2018.00407
https://www.who.int/water_sanitation_health/publications/microplastics-in-drinking-water/en/
https://www.who.int/water_sanitation_health/publications/microplastics-in-drinking-water/en/
https://www.researchgate.net/publication/283624843_4The_quality_of_Athens_drinking_water_and_its_further_improvement
https://www.researchgate.net/publication/283624843_4The_quality_of_Athens_drinking_water_and_its_further_improvement
https://eau3e.hypotheses.org/files/2012/12/Assimacopoulos_Athens_2012.pdf
https://eau3e.hypotheses.org/files/2012/12/Assimacopoulos_Athens_2012.pdf


 

36 

 

61. Xinhua News. Europe. Feature: Greece’s tap water quality remain 
excellent after 8 yers of bailout program, 22 March, 2019, 
[http://www.xinhuanet.com/english/2019-03/22/c_137916271.htm]. 

62.  Joint Research Centre. Glowacka N, Van Leeuwen K, Koop S, et al. 
(authors) European Commission. Urban Water Atlas for Europe. , 2018-
03-14. [https://op.europa.eu/en/publication-detail/-/publication/c296a413-
24cc-11e7-b611-01aa75ed71a1 ].  

http://www.xinhuanet.com/english/2019-03/22/c_137916271.htm
https://op.europa.eu/en/publication-detail/-/publication/c296a413-24cc-11e7-b611-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/c296a413-24cc-11e7-b611-01aa75ed71a1

