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Abstract 
Sustaining a reliable and contaminant-free drinking water is becoming an in-
creasing challenge worldwide due to human activity, industrial waste, and 
agricultural overuse. Surface water is the main source of drinking water 
around the world. However, groundwater is also becoming increasingly pop-
ular, due to its clarity and minimal need for processing to reduce turbidity. 
Over the years, the demand and growth in the agricultural industry has also 
been the means of groundwater contamination. Due to the health burden that 
raw water can pose, water must be processed and purified prior to consump-
tion. Raw water quality can be compromised by physical, chemical (heavy 
metals and disinfection by-products), and biological contaminants. Biological 
contaminants can significantly impact immunocompromised populations, 
while chemical contaminants can impact the growth and development of 
young children. Although obtaining a steady and high-quality water flow to 
the general population is an increasing challenge, developed countries have 
utilized state-of-the-art technologies and techniques to provide contaminant- 
free water to their citizens. This research aims to provide information about 
the regulatory parameters, characteristics, and sources of safe drinking water 
in the world as a model for future use in the developing world. In this, sec-
ondary data was used to compare and contrast drinking water quality among 
countries in the European Union, the United States, Canada, the United 
Kingdom, Singapore, New Zealand, Australia, Qatar, and the United Arab 
Emirates. The data indicates that Ireland and the United Kingdom have rela-
tively lower amounts of contaminants in their drinking water. Upon com-
pleting this research, it is recommended that countries desiring clean drink-
ing water systems should initiate and invest in programs that control and 
protect treatment plants, water distribution systems, water sources, and cat-
chments. 
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1. Introduction 

Water is the most precious commodity for humans. However, obtaining clean 
drinking water has become an increasing challenge for many around the globe, 
especially for developing and underdeveloped countries. Water pollution, due to 
human activity and poor industrial waste management, has exasperated poor 
water quality. Environmentalists and public health professionals face challenges 
in their battle against the exposure to infectious agents via drinking water in de-
veloping countries, where millions of people consume water that is contami-
nated with fecal matter. After the implementation of the water chlorination 
process in 1897 in Maidstone, England to eradicate waterborne pathogens, many 
developed countries followed suit and significantly reduced outbreaks due to the 
waterborne pathogens [1] [2]. Although the chlorination has remained un-
changed but effective over the past century, studies indicate that elevated chlo-
rine by-products can increase risk of miscarriages [3] [4], infertility [5], and even 
cancer [6] [7] [8]. In addition to biological contaminants, chemical, physical, 
and radiological contaminants are also present and can compromise drinking 
water quality. The World Health Organization (WHO) has implemented guide-
lines to mitigate the health burden associated with the consumption of water 
contaminated with various agents. It is ultimately the obligation of each nation 
to ensure the availability of infrastructure to distribute high quality water to its 
citizens. In addition, each country must set guidelines to ensure that the stan-
dards are appropriate and unique to the needs of their nation, depending on the 
drinking water source.  

The European countries adhere to the standards set by the European Union. 
In the United States, the Environmental Protection Agency (EPA) determines 
strict guidelines to ensure that drinking water quality surpass standards [9] [10]. 
The drinking water standards set by the EPA are implemented by every public 
water system (PWS) in the United States. Other developed countries have set 
regulations modeled after the standards set by the WHO, as seen in Table 1. 

It is noteworthy that the United Arab Emirates has the lowest allowable levels 
of chlorine in their drinking water (Table 1), perhaps due to the fact that their 
drinking water comes from desalination plants derived from sea water. The ma-
jority of the countries examined in this study obtain their drinking water from 
surface water, as shown in Table 2 and Figure 1. In the United Arab Emirates, 
groundwater is reserved for agricultural use and drinking water is mainly de-
rived from seawater [11]; hence, well water is not regulated. However, private 
wells are the main source of drinking water in rural communities in the United  
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Table 1. Limits of contaminants listed in the Drinking Water Regulations for the various developed countries. 

Countries/ 
Regulatory Agencies 

Regulated Chemicals Secondary-Regulated Chemicals Physical Biological 

Lead 
(mg/L) 

Copper 
(mg/L) 

Chlorine 
(mg/L) 

Total Trihalomethane 
(mg/L) 

Turbidity 
(NTU) 

pH 
Total Coliform 
(cfu/100 mL) 

World Health Organization (WHO) 0.01 2 5 1 5 No guideline <1 

United States  
(Environmental Protection Agency) 

0.015 1.3 0.2-4 0.08 5 6.5 - 8.5 <5% per month 

European Union  
(EU Drinking Water Directive) 

0.01 2 No guideline 0.1 4 no guideline 0 

United Kingdom  
(Drinking Water Inspectorate) 

0.01 2 No guideline 0.1 4 6.5 - 9.5 0 

Canada (Health Canada) 0.005 2 2 0.1 0.3 6.5 - 8.5 0 

Singapore (PUB Singapore’s National 
Water Agency) 

0.01 2 5 1/0.56 5 6.5 - 9.5 <1 

Ireland (Ireland’s  
Environmental Protection agency) 

0.01 2 No guideline 0.1 1 No guideline 0 

New Zealand (NZ Ministry of Health) 0.01 1.3 5 1/0.71 2.5 7.0 - 8.5 <1 

Germany (Federal Ministry of Health) 0.01 2 5 0.1 1 6.5 - 9.5 0 

Iceland (Environmental Protection 
Agency of Ireland) 

0.01 2 No guideline 0.1 5 6.5 - 9.5 0 

Australia (National Health and Medical 
Research Council) 

0.01 1 5 0.25 5 6.5 - 8.5 <2 

United Arab Emirates (Environment 
Agency Abu Dhabi) 

0.01 2 0.2-0.5 1/0.56 4 7 - 9.2 0 

Qatar (Qatar Electricity and Water 
Corporation) 

0.01 2 5 1/0.56 4 6.5 - 8 0 

 
Table 2. Drinking water sources for capital cities in various countries. 

Country/Capital Drinking Water Source 

Australia/Canberra Lake Burragorang 

Canada/Ottawa Ottawa River 

Germany/Berlin Mügglesee and Tegeler See groundwater 

Iceland/Reykjavík Catchments in Heiômörk, Berjadalur, Akrafjall and Fossamelar 

Ireland/Dublin Poulaphuca Lake 

New Zealand/Wellington Hutt River, Wainuiomata River and Orongorongo River 

Qatar/Doha Persian Gulf 

Singapore/Singapore MacRitchie Reservoir 

UAE/Abu Dhabi Persian Gulf 

United Kingdom/London River Thames and River Lee 

USA/Washington, DC Potomac River 

 
States. Yet private wells are not regulated by the federal government under the 
Safe Drinking Water Act [12], leaving about forty million individuals vulnerable  
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Figure 1. Water source distribution, indicating that majority of countries use surface wa-
ter as their primary source of drinking water. 
 
to the possible consequences of consuming contaminated water [13]. Inadequacy 
in the justice system could leave hundreds of rural communities vulnerable to 
the drinking water contaminants and their modest socioeconomic background 
dictate their inability to mitigate the health risks [14]. This inadequacy in social 
justice is a challenge throughout the globe. 

Regulated public water can be contaminated with heavy metals, such as lead, 
copper, as well as physical (turbidity) and microbiological agents (E. coli, cryp-
tosporidium, etc.) in the United States, European countries, Qatar, United Arab 
Emirates, and other countries around the globe. Lead and copper are a growing 
issue for countries with older and deteriorating public water infrastructure. Poor 
countries that rely on surface water, where water does not run through public 
pipes and is rather taken out directly from the source, do not have challenges 
posed by heavy metals. Rather, they suffer from turbidity (measure of water 
cloudiness and the main source of physical contaminant in raw water) and total 
coliform (group of bacteria found in the digestive system of warm-blooded ani-
mals). 

Turbidity is a result of invisible particles measured in nephelometric turbidity 
units (NTU). The United States EPA and the WHO standards require turbidity 
to remain below 5 NTU, while the European standards limit turbidity to 4 NTU. 
Other countries, such as Ireland, Qatar, New Zealand, Australia, and the United 
Arab Emirates, have regulations that are significantly lower, as shown in Table 1 
[15] [16] [17] [18] [19]. Coagulation and sedimentation processes are used to 
reduce drinking water turbidity. Following the removal of physical contami-
nants, microorganisms, including those found in fecal matter, such as Campy-
lobacter ssp., Cryptosporidium parvum, rotavirus, Legionella ssp., cryptospori-
dium, E. coli, etc., that can be present in the water source, are eliminated by us-

Water Source Distribution

Rivers Lakes Sea Groundwater
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ing hydrogen peroxide and chlorine [20]. These water-borne pathogens can 
cause gastrointestinal illnesses, ranging from mild to severe [21] [22] [23]. Be-
tween 2013-2014 in the United States, water-borne pathogens were responsible 
for 13 deaths, 124 individuals’ hospitalizations, and 1006 illnesses, collectively 
[24]. According to a study, water-borne disease outbreaks occurred in cluster 
and were more common in western Europe, among other countries [25]. It is es-
timated by the WHO that two billion people still use water contaminated with 
fecal matter [17]. To reduce water-borne pathogenic outbreaks, water treatment 
facilities use chlorine or chlorine dioxide to disinfect water in many countries 
across the globe, especially countries that have adequate water infrastructure. 
However, chlorine residues and by-products, such as trihalomethanes, have been 
associated with various types of cancers and fertility problems [26] [27] [28] 
[29]. There are many factors that dictate the level of trihalomethanes present in 
the drinking water, such as the quality of raw water, pH of water and chlorine 
residuals [30] [31] [32]. 

The advancement of infrastructure in the developed world, and the use of 
metals in buildings and for water transport, has further exasperated the chal-
lenge of providing high quality drinking water, as heavy metals, such as copper 
and lead, used in household plumbing, can leach into the drinking water. Heavy 
metals are monitored strictly by water agencies around the developed world, as 
seen in Table 1. Heavy metals can have many adverse effects especially on the 
development and cognition of children. Studies indicate that low levels of lead 
can impair normal cognition, and increase behavioral and learning disorders 
[33] [34] [35]. Hence, adequate measures are required to ensure that drinking 
water does not exceed the mandated limits as set forth by each country’s water 
management agency (Table 1). This research aims to compare and evaluate 
drinking water quality and factors impacting such quality among developed 
countries, leading to possible recommendation for improved potable water qual-
ity for other countries. 

2. Materials and Methods 

For the data collection phase, secondary water quality data was collected for each 
country’s capital city for the year 2019 [36]-[54]. Additional data, not published 
in the yearly water safety report, was obtained from each city’s water service of-
fice via electronic communication with environmental agencies corresponding 
to each country. Numerical data was prepared for descriptive statistical analysis. 
Histograms were utilized to demonstrate lead, copper, turbidity, chlorine levels, 
total trihalomethane levels, pH, and total coliform levels in different countries 
around the world. Each city’s drinking water source was obtained from the water 
department for each country’s capital city. In addition, raw data was further 
analyzed by the Statistical Analysis System (SAS) software (SAS Institute, Cary, 
NC) at type 1 error level, utilizing the Analysis of Variance (ANOVA) test. Tu-
key’s grouping test was utilized to determine the variation among chlorine resi-
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dual levels in drinking water among different countries. Statistically significant 
variations, obtained from Tukey’s test, are denoted by an asterisk (*). To com-
pare the contaminant levels among different income groups, Tukey’s test was 
utilized to examine statistical significance among different means [55]. Cities 
with similar means in their chlorine levels were labelled with the letter “A”, 
while those with significant statistical difference were labelled with other letters 
(“B” and “C”). 

3. Results and Discussion 
3.1. Chemical Contaminants 

Examination of heavy metal levels in the tap water in the capital cities of Aus-
tralia, Canada, Germany, Iceland, Ireland, New Zealand, Qatar, Singapore, the 
United Arab Emirates, the United Kingdom, and the United States, showed that 
copper and lead levels were well below the standards set forth by the World 
Health Organization (WHO). The United Arab Emirates demonstrated the 
highest levels of both copper and lead (Figure 2), which were attributed to elec-
troplating, mining, paint, gasoline batteries, as well as piping and plumbing ma-
terials [56]. Additionally, Canada demonstrated high copper levels, Qatar and 
Germany demonstrated high lead levels. 

Analysis of chlorine and chlorination by-products showed that the United 
States, Singapore, and Canada had the highest levels of chlorine in their drinking 
water (Figure 3). Although many countries require chlorine levels to be below 5 
mg/L, the United States and the United Arab Emirates specifically require chlo-
rine levels to be above 0.2 mg/L. This minimal level of chlorination is imple-
mented to mitigate the potential health risks associated with drinking raw water.  
 

 
Figure 2. Heavy metal analysis in drinking water among developed countries. The United 
Arab Emirates demonstrated the highest levels of copper and lead in drinking water. 
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Figure 3. Residual chlorine levels (mg/L) in drinking water among developed countries. 
The United States, Singapore, and Canada demonstrated the highest levels of chlorine. 
Icelandic water had zero chlorine levels, followed by Australia, the United Arab Emirates, 
and Germany. 
 
Furthermore, Iceland did not report chlorine in their drinking water, due to the 
pristine nature of their raw water and therefore the lack of the need to chlori-
nate. Although chlorination is necessary to reduce water-borne illnesses, chlo-
rine residues can react with humic and fulvic acids, naturally present in raw wa-
ter, and produce bromoform, chloroform, dibromochloromethane, and bromo-
dichloromethane, collectively known as total trihalomethanes (TTHMs). Total 
trihalomethane levels were found to be the lowest in the United Kingdom and 
Singapore, while Qatar and Iceland demonstrated the highest levels (Figure 4). 
Total trihalomethanes were not reported for Ireland and the United Arab Emi-
rates. Upon further investigation, the violation in Ireland was attributed to the 
presence of peat soil and agricultural land surrounding the catchment, which 
increased humic acid concentration, leading to the eventual reaction with disin-
fectant and the increased levels of total trihalomethanes [57]. 

To determine the significant mean difference between the chlorine levels 
(mg/L) among different countries, statistical analysis (SAS Institute, Cary, NC) 
at type 1 error level utilizing ANOVA (P < 0.05, Tukey-adjusted ANOVA) was 
utilized. This analysis revealed that the United States, Canada, and Singapore 
had significantly higher chlorine levels in their drinking water, compared to the 
other developed countries (Figure 5). 

3.2. Physical Contaminants 

The levels of turbidity, an important physical contaminant, were analyzed in 
various countries. The analysis revealed that the United Arab Emirates had the 
most turbid water, followed by Australia, New Zealand, and Qatar. On the other 
hand, Canada, Ireland, Singapore, the United Kingdom, and the United States 
demonstrated the least amount of turbidity in their drinking water (Figure 6).  
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Figure 4. Total trihalomethane levels (mg/L) for developed countries. Qatar and Iceland 
demonstrated the highest levels of total trihalomethanes (TTHMs), while the United 
Kingdom and Singapore demonstrated the lowest levels of trihalomethanes in their 
drinking water. The United Arab Emirates and Ireland failed to report TTHMs levels. 
 

 
Figure 5. Statistical analysis to determine the significant mean difference between chlo-
rine levels (mg/L) among different countries. ANOVA statistical analyses (P < 0.05, Tu-
key-adjusted ANOVA) indicated significant differences in chlorine levels in drinking wa-
ter. The statistical variation among the chlorine levels in different countries is indicated 
by A, B, and C, and the statistical significance is denoted by an asterisk (*).  
 
Further investigation revealed that Qatar and the United Arab Emirates obtain 
their water from the Persian Gulf (Table 2) and their drinking water goes through a 
desalination process, rather than the traditional coagulation, sedimentation, and 
flocculation processes employed by countries using surface water. Hence, the 
lack of coagulation processes in Qatar and the United Arab Emirates could be  
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Figure 6. Mean turbidity (NTU) for developed countries. The United Arab Emirates had 
the most turbid drinking water, while the United States, the United Kingdom, Ireland, 
Canada, and Singapore had the least turbid water. 
 
the leading factor in the elevated turbidity levels in their water. pH levels were 
also analyzed in the drinking water of various countries. Canada seemed to have 
the most alkaline water (pH greater than 7), while New Zealand had the most 
neutral water (pH ~7), as shown in Figure 7. No country demonstrated acidic 
water (pH below 7). 
 

 
Figure 7. Average drinking water pH among developed countries. Drinking water in 
Canada, Iceland, Singapore, and the United Arab Emirates was more alkaline than in 
other countries. 

3.3. Biological Contaminants 

The highest allowable levels of total coliform in the drinking water of various 
countries are regulated at less than 1 colony-forming unit (CFU) per 100 mL of 
sample. In many countries, water samples are obtained periodically throughout 
the year and are analyzed to ensure public safety and prevent waterborne diseas-
es. If violations are observed, “boil water” notices are sent to consumers to en-
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sure public health and mitigate illnesses induced by pathogens. Canada, New 
Zealand, and the United States had the highest levels of total coliform in their 
drinking water, while Germany, Ireland, the United Arab Emirates, and the 
United Kingdom had the lowest coliform levels (Figure 8). The higher observed 
levels of total coliform are attributed to the number of pathogens present in the 
water sources, as indicated in Table 2, and the amount of chlorine used during 
the disinfection process. In general, the amount of total coliform remained be-
low the levels mandated by the regulatory agencies of various countries. 
 

 
Figure 8. Total coliform levels (cfu/100 mL) in drinking water among developed coun-
tries. Canada, New Zealand, and the United States demonstrated the highest coliform levels. 

4. Conclusion 

Potable water is a necessity for the health and wellbeing of the general populace 
and should not be a source for health risks. As the civilized world has advanced, 
many techniques have been developed to reduce water-borne illness and mortal-
ity rates. However, new challenges have developed, as a result of increased pop-
ulation, industrial activities, and recreational activities. The current challenges  
are a result of architectural advancement, where paint and building plumping 
are a direct source of increased heavy metal levels in drinking water. In addition, 
although chlorination has improved water quality and eliminated water-borne 
pathogens, it has also increased total trihalomethane levels in the drinking water, 
which have been associated with cancers and reproductive anomalies. Qualita-
tive measures utilized in this study further demonstrate the levels of contami-
nants present in the developed countries and raise the urgency to implement 
measures to reduce the levels of contaminants present in drinking water that can 
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have lasting and long-term effects. Furthermore, a country’s water source plays 
little role in the quality of drinking water, as groundwater and surface water are 
both susceptible to being contaminated. While surface water is more likely to be 
contaminated by human activity, groundwater can also be compromised by 
mining, poor waste management and agricultural runoff. Hence, regardless of 
the water source, water quality can be improved during the treatment process. 
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