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✓Safe water intended for human consumption means not only the absence of harmful

micro-organisms and substances, 
✓but also the presence of certain amounts of natural minerals and essential elements, 
✓taking into consideration that long-term consumption of demineralised water or water 

very low in essential elements such as calcium and magnesium can compromise human 
health. 

✓A certain amount of such minerals is also vital in order to ensure that water intended for 
human consumption is neither aggressive nor corrosive and to improve the taste of such
water. 

✓Minimum concentrations of such minerals in softened or demineralised water could be 
considered in accordance with local conditions. 

DIRECTIVE (EU) 2020/2184 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

on the quality of water intended for human consumption



DRINKING WATER AND MINERALS 

CALCIUM MAGNESIUM FLUORINE

• Main component of bone and teeth, 

constitutes about 4% of the body 
weight 

• Involved in muscle contraction, nerve 
conduction, cell metabolism, enzymatic 
catalysis, hormonal regulation, blood 
clotting and bone/dental health

• Component of bone and teeth, a high 
fraction (32-25%) located outside the 
bone, constitutes only 0,34% of the body 
weight

• Involved in muscle contraction, enzymatic 
catalysis, cell metabolism (e.g. ATP 
production), blood clotting and bone/dental 
health

• Component, in small amounts, of bone and 
teeth, contributes negligibly to the body 
weight

• Involved in bone and dental health 
(make easier calcium accumulation, reduces 
acid production in oral cavity), probably 
involved in additional roles related to human 
health



New Drinking Water Directive – What’s new ?

WHO
recommendations

EU's
Precautionary  

Principle

Inclusion of 
emerging 

risks

Improved health protection

Limited impact for water suppliers

Watch-list

Updated
/new 

parameters

Risk-
based 

approach
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Mora et al. Nat. Clim. Chang. 12 (2022)

Climate related risks



Mora et al. Nat. Clim. Chang. 12 (2022)WATER RELATED DISEASES EXACERBATED BY CC



Inorganic and organic Natural and from human activity

Public and political perception 
often does not reflect actual 
importance and can distort 
decision making and budget 
allocations

Drinking water standards cover 
some of these. 

The WHO Guidelines for Drinking 
Water Quality provide guidance for 
a number of others

Care is essential when taking 
decisions about the implications of 
exceeding a standard or guideline 
value. 

We need to know what is behind a 
standard from another jurisdiction 
or even the Directive

Hasty decisions can cause 
unanticipated and unwanted 
adverse outcomes

Chemical contaminants of water for human consumption



Water pollutants are often
considered severely harmful to 
pregnant women and their
foetuses

Certain pollutants such as
arsenic, uranium, lead, 
trihalomethane, hexavalent
chromium, cadmium, and nitrate
are highly hazardous to the health 
of pregnant women and the foetus

Such water pollutants were found
to be tremendously influential in 
increasing hypertensive
disorders in pregnancy

Epidemiological studies identified
Arsenic and heavy metals and 
pesticides present in the 
drinking water as risk factors for 
possible adverse pregnancy
outcomes.

Exposure to a higher concentration of fluoride through drinking 
water was reported to be responsible for the lower mean
concentration of vitamin D (<10 ng/ml) in pregnant women 
irrespective of their access to a regular, adequate diet and other
sources of vitamin D

hence, fluoride exposure through water may become hazardous and 
adversely effective for the pregnancy outcomes .

Water pollution & children's development



Only a very small number of 
chemicals have been actually 
shown to affect human 
health through exposure 
from drinking water

These are Arsenic and fluoride from 
natural sources, nitrate from 
agriculture and sanitation, lead from 
pipes and fittings. Possibly naturally 
occurring manganese

There are associations and 
suggestions for others, e.g. 
PFAS, Disinfection by-
products

For most organic chemicals the 
inference of potential health effects 
is from animal studies in 
laboratories or sometimes 
epidemiology but exposure is very 
rarely measured well and there are 
many uncertainties

Chemical contaminants of water for human consumption



The starting point

Main elements of the proposal include

updating existing safety standards in line with the latest scientific knowledge and recommendations of the WHO 
adding new and emerging substances (such as legionella and chlorate) to the list of criteria determining water safety

introducing a risk-based safety assessment to the monitoring of water, enabling authorities to concentrate resources 
on potential risks, to avoid analyses of non-occurring parameters and identify possible risks to water sources at 
distribution level

improving rules on transparency and consumers' access to up-to-date information regarding the quality of drinking 
water in their living areas, thus improving consumers' confidence and encouraging households and restaurants to 
use tap water instead of bottled water

seeking, through internal market legislation, to harmonise standards for products in contact with drinking water (by 
means of setting standards under the Construction Products Regulation)

requiring Member States to improve access for all people, especially for vulnerable and marginalised groups



✓Update existing safety standards + first “watch-list”
Updates existing safety standards in line with latest recommendations of the WHO
Revised limits: Antimony, Boron, Chromium, Lead, Selenium
New parameters: Bisphenol A, Chlorate, Chlorite, Haloacetic acids (HAA5),

✓Microcystin-LR, PFAS – total, Sum of PFAS, Uranium
COM will establish first watch list by 12 Jan 2022 (Beta-estradiol and Nonylphenol)

New Drinking Water Directive
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Art. 8 Risk assessment 
of the catchment areas 

for the abstraction 
points

Art. 9

Supply risk assessment

Art. 10 Domestic 
Distribution risk 

assessment

Assessment of potential 

contamination of drinking 

water sources; 

complements WFD Article 7; 

reduce pressures

Tailored treatment 
and tailored 
monitoring 

frequencies of 
drinking water 

parameters

-Monitoring of risks in 

pipework (priority 

premises)

-Take measures 

(information, advice, 

etc.)

New Drinking Water Directive

Introduction of ‘risk-based approach’ (RBA) covering whole supply chain
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✓Establish first watch-list (IA – 12/1/2022)
Beta-estradiol (1 ng/L) and Nonylphenol (0,3 µg/L)

✓Data-sets reporting by MS: specify format and modalities of data sets and  data 
collection (IA ‘may’ – (12/1/2023)) – Article 18.1c-e
Call for tender published on 22/12/2020
Contract signature: March 2021
Create a technical basis for the reporting requirements of the DWD based on:

Analysis of best practices
Definition of a conceptual reporting model MS – EEA – COM (‘keep it simple’ – philosophy)
Contractor will invite MS to a web-meeting to discuss MS expectations on the reporting format

New Drinking Water Directive



✓Micro-plastics, PFAS, review of parameters, …
Methodology to measure micro-plastics (DA – 12/1/2024)
Technical guidelines analytical methods PFAS (Tech. guidelines – 12/1/2024)
Amend annex III (monitoring programmes, results of RBA, …) (DA)
Amend value of Bisphenol A (DA)
Review annexes I and II every 5 years ((12/1/2026))

New Drinking Water Directive

✓Setting Water Leakage Threshold (DA - 12/1/2028)

✓Report potential threat micro-plastics, medicines, … to EP and  Council 
(Report to EP/Council – 12/1/2029)

✓Evaluation of the DWD (SWD – 12/1/2035)



n. 34

n. 7

CAS Registry
✓ most authoritative collection of disclosed

chemical substance information
✓ covers substances identified from the 

scientific literature from 1957 to the 
present, with additional substances going
back to the early 1900s

✓ updated daily with thousands of new 
substances

✓ On average CAS registered 1 substance
every 2,5 min ever the last 50 yrs

(chemicals)

versus

The global pharmaceuticals market is projected to increase by 3-6% annually between 2018-2022



✓ Changes in sanitary, household and personal care products and use have led to a greater number of 
products being developed. 

✓ Societies also tend to use more convenient products which can often contain more chemicals (urban
construction, electronics and textile chemicals)

✓ Advances in diagnostic and curative medicine and therapies have led to the development of new 
substances, particularly antibiotics and pharmaceutically-active compounds

✓ Excessive application and misuse of drugs and chemicals have led to contamination of water bodies at
unsafe levels. 

✓ A similar trend is seen in the food industry, with biocides, artificial sweeteners, plasticizers and 
antioxidants being readily seen in the aquatic environment. 

✓ Rising food demand also puts pressure on intensive farming reliant on pesticide and antibiotic use.

✓ Industry responds to guidance for use of single substances by replacing them with similar, but non-regulated
substances
e.g.  endocrine-acting substance Bisphenol-A used replaced by Bisphenol-F, with similar environmental
impact

✓ Required new holistic approaches complementing single substance monitoring with techniques such as
(untargeted) chemical screening and/or effect-based analyses detecting cumulative contamination

Rise in the use of chemicals in everyday life



Naturally occurring, manufactured or manmade chemicals or materials found in the environment whose
toxicity or persistence are likely to affect the metabolism of a living being significantly. (Sci. Tot. Env. 2019)

Synthetic or naturally occurring chemicals or any microorganisms that are not commonly monitored in the environment
but have the potential to enter the environment and cause known or suspected adverse ecological and/or human health 
effects (Risks Haz. Was. 2011)

Chemicals of emerging concern to human health that can reach human tissues via direct usage of consumer 
products or uptake via the environment and food. 
Most emerging chemicals are synthetic and are likely to significantly alter the metabolism of a living being

Emerging contaminants (ECs) 

Diifferent definitions, some common points:

…

- chemicals and microbial/virological hazards
- naturally and synthetic chemicals
- persistency and environmental health effects

- not regulated/routinely monitored

Some (representative) definitions:

Drinking water contaminants of emerging concern (CECs) (also called emerging contaminants) are newly
identified or reemerging manufactured or naturally occurring physical, chemical, biological, radiological, or 
nuclear materials that may cause adverse effects to human health or the environment and do not currently
have a national primary drinking water regulation.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/micro-organism


✓ chemical substances that exceed 1 ton per year per company 

must be registered with ECHA

✓ companies must identify the risks linked to the substances

they handle and indicate how they manage them

✓ obligation applied to both substances and mixtures.

REACH Regulation

Regulation on the registration, evaluation, authorisation and 

restriction of chemicals (ref. EC 1907/2006)

To protect human health and the environment against the harmful

effects of chemical substances.

• protection of human health and the environment
• use of animal testing
• functioning of the internal market
• competitiveness and innovation of European industry and business

Annex XIII to the REACH Regulation sets criteria for 
substances that are persistent , bioaccumulative and 
toxic (PBT) or very persistent and very bioaccumulative 
(vPvB).



Catchment appraisals and source water quality monitoring 

✓Periodic catchment appraisals to identify chemical and microbiological source 
water hazards of local concern, including catchment appraisals in response to 
known changes of human activity in the catchment area and/or in response to 
source- related drinking-water quality incidents

✓Periodic investigative source water monitoring based on the outcomes of the 
catchment appraisal, taking into consideration and capitalizing on existing
monitoring programmes in the context of the WFD, Groundwater Directive and 
Directive 2013/39/EU of the European Parliament and the Council of 12 August 
2013 amending Directives 2000/60/EC and 2008/105/EC as regards priority
substances in the field of water policy (Environmental Quality Standards 
Directive).



ENDOCRINE DISRUPTORS

Research Legislation



Agriculture

Automotive 
industry retail, 

car wash

Aviation, 
aerospace 

and defense

Use and 
disposal of 
batteries

Nautical and 
marine 
supplies 
industry

Chrome / metal 
industry

Commercial 
laundries and 
dry cleaners

Construction 
industry

Electricity, 
telecommunicatio

ns information 
technology

Sale and fire 
services

Production of 
building 
products

Production 
of chemicals, 

fertilizers 
and 

pesticides

Food 
production, 

food packaging

Production of 
health products

Production of 
household appliances

Production of 
personal care 

products

Production of 
fabrics, leather, 

upholstery, carpets, 
clothing, shoes, 

outdoor equipment

Production of 
safety 

equipment

Production 
of paints, 
polishes, 

coatings and 
adhesives

Production of 
paper or pulp

Printing, 
packaging 

and 
merchandisin

g

Recovery of 
used oils

Production of 
soaps and 
detergents

Solar power
Manufacturers 
and suppliers of 
sporting goods 

and sports 
facilities

Waste treatment 
and disposal

Waste storage - 
hazardous, solid, 

liquid, clinical 
waste

Wastewater 
Treatment

Activity associated with  contamination by perfluoroalkyl compounds (PFAS)

Fire fighting 
foams



EPA (U.S. Environmental Protection Agency). 2020. EPA CompTox chemicals dashboard. 
https://comptox.epa.gov/dashboard/chemical-lists/pfasmaster (accessed June 16, 2022)

National Academy of Science 
Guidance on PFAS Exposure, Testing, and Clinical Follow-Up (2022)

> 12.000 compounds



CLAIRE Technical Bulletin TB 19 Feb 2019







Obtaining a complete picture of the human health impacts of PFAS is complex:
- significant chemical and toxicological differences between the individual PFASs
- uncertainty about the level of exposure at which adverse effects may occur
- many of the chronic diseases associated with PFAS exposure have multifactorial 

aetiology and prolonged latency periods

Human health impact of PFAS exposure



Biomonitoring

Human health impact of PFAS exposure

Physicians should use serum or plasma concentrations of PFAS sum 
concentrations to inform the caregivers of exposed patients, using the 
following guideline:

Adverse health 
effects related to 
PFAS exposure are 
not to be expected 
at less than 2 
nanograms per 
milliliter (ng/ mL ).

there is potential 
for adverse 
effects, especially 
in sensitive 
populations, 
between 2 and 20 
ng/mL.

there is an 
increased risk 
of adverse 
effects above 
20 ng/ mL .



Health effect Reference 
bodies, C8

Strength of evidence

Immunological ATSDR, 
EFSA, EPA, 
NTP, OECD, 
C8

Epidemiological, 
toxicological studies 
(mechanisms, 
effects) on animal 
models

Ṑ  antibody response in adults and children

Ṑ/  ulcerative colitis in adults

 response to allergies and other effects associated 
with the immune response

Cardiometabolic
(cardiovascular diseases, 
dyslipidemia, metabolic 
syndromes, obesity)

ATSDR, 
EFSA, EPA, 
OECD, C8

Epidemiological 
studies

Ṑ

 dyslipidemia in adults and children

other effects

Development
(fetal and neonatal 
development, 
neurodevelopment , effects 
on reproductive systems)

ATSDR, 
EFSA, EPA, 
OECD

Epidemiological and 
toxicological studies

Ṑ  birth weight

other effects such as reproductive system 
development, neurodevelopment

Tumors
(testes, kidney, breast)

EPA, IARC, 
OECD, C8

Epidemiological 
studies

Ṑ  renal tumors in adults

 other tumors such as testicle, breast in adults, and 
affecting other organs and tissues

Human health impact of PFAS exposure



Health effect Reference 
bodies, C8

Strength of evidence

Immunological ATSDR, 
EFSA, EPA, 
NTP, OECD, 
C8

Epidemiological, 
toxicological studies 
(mechanisms, effects) 
on animal models

Ṑ  antibody response in adults and children

Effects on reproduction
(infertility, male and female 
reproduction, hormone 
levels, hypertension in 
pregnancy, gestational 
diabetes)

ATSDR, 
EPA, OECD, 
C8

In vitro 
epidemiological and 
toxicological studies

Ṑ /  hypertension induced during pregnancy (gestational 
hypertension, preclampsia )

other effects such as fertility, infertility, male and female 
reproduction, hormone levels, hypertension in pregnancy, 
gestational diabetes

Effects on the endocrine 
system

EPA, OECD, 
C8

Epidemiological 
studies

Ṑ/ Thyroid disease or dysfunction in adults

other effects, including type 1 and 2 diabetes

Effects on the hepatic system
(liver pathologies, alterations 
of liver enzymes and 
bilibirulin )

ATSDR, 
EFSA, EPA

Ṑ/ Alteration of liver enzymes in adults and children

Effects on the respiratory 
system

Human health impact of PFAS exposure



Health effect Reference 
bodies, C8

Strength of evidence

Immunological ATSDR, 
EFSA, EPA, 
NTP, OECD, 
C8

Epidemiological, 
toxicological studies 
(mechanisms, 
effects) on animal 
models

Ṑ  antibody response in adults and children

Effects on reproduction
(infertility, male and female 
reproduction, hormone 
levels, hypertension in 
pregnancy, gestational 
diabetes)

ATSDR, EPA, 
OECD, C8

In vitro 
epidemiological and 
toxicological studies

Ṑ /  hypertension induced during pregnancy (gestational 
hypertension, preclampsia )

other effects such as fertility, infertility, male and female 
reproduction, hormone levels, hypertension in pregnancy, 
gestational diabetes

Effects on the endocrine 
system

EPA, OECD, 
C8

Epidemiological 
studies

Ṑ/ Thyroid disease or dysfunction in adults

other effects, including type 1 and 2 diabetes

Effects on the hepatic system
(liver pathologies, alterations 
of liver enzymes and 
bilibirulin )

ATSDR, 
EFSA, EPA

Ṑ/ Alteration of liver enzymes in adults and children

Human health impact of PFAS exposure



https:// www.umweltbundesamt.de / sites /default/files/ medien /479/ publikationen / hgp_reducing_the_input_of_chemicals_into_waters.pdf

¶ Mobility and Persistence : Highly mobile and persistent in the 
environment

¶ Main Sources : Coolants and blowing agents, Plant protection products, 
Drugs.

¶ Dispersion Pathways : Precipitation (weathering), Leaching into 
agricultural soils, Industrial discharges, Municipal wastewater treatment 
plants

¶ Monitoring and Contamination : Not routinely measured, Detected in 
surface and ground water; variable concentrations, Found in soils, 
agricultural crops, foods, beverages.

¶ Difficulty of Removal : Water removal not feasible by conventional 
means. Conflicts between drinking water production and agriculture.

¶ Regulation : Rare and inconsistent legislative control. Need to regulate 
TFA inputs to protect natural and drinking waters.

¶ Reduction Initiatives : Ongoing restriction proposals under REACH. 
Assessment of sustainable use of fluorinated chemicals and TFA-
forming products.



https://www.umweltbundesamt.de/sites/default/files/medien/479/p
ublikationen/hgp_reducing_the_input_of_chemicals_into_waters.pdf







Impacts of nano and microplastics on biota reported at various levels of biological organisation
(a biological endpoint = marker of disease progression)

Subcellular

• Enzyme
activity

• Gene 
expression

• Oxidative
damage

Cellular

• Apoptosis

• Membrane 
Stability

• Phagocytic
response

Organs

• Histopatho
logy

• Metabolic
pathways 

• Energetic
reserves

Individual

• Mortality

• Ingestion 
retes

• Developme
nts and 
growth

Population

• Fecundity

• Offspring 
viability

• Larval 
development

Ecosystem

• Behaviour

• Ecosystem 
function

• Community 
shifts
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