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health risks through water systems
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• We are working on smart innovations in the field of water 
and subsurface

• We are the knowledge partner of the Dutch government.

• We make our knowledge applicable worldwide

• We are a strategic partner and trusted advisor 
internationally.

• We provide specialist consultancy internationally. 



Understanding disease transmission 
and health risks through water systems
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Water, disease and health (risks)



Impact ↑ or ↓
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By type
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• Chemicals and waste

• Microbiology (pathogens)

• Vectors and intermediate hosts

• Related to

− Presence of surface water

− Domestic wastewater 

− Industry: chemicals, temperature

− Ecosystem health

and plastics



Deltares research & innovation 
agenda on water and health
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Building on earlier work on fate and transport of chemical compounds

1. Water-related infectious diseases: 

Predicting unintended effects of environmental change

2. Future health risk under extreme weather: 

Early warning for waterborne pathogens

3. Predicting the health burden of (urban) river basin management: 

Setting new priorities



Fate and transport of pollutants



Chemical and organic pollutants
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Industry: heavy metals, hydrocarbons

Agriculture: nutrients, pesticides

Cities: emerging substances

Plastic waste

− Litter

− Micro and nano plastics

− Chemicals leaching from plastics

Pressure State Impact

Emissions

Fate and transport

In groundwater, freshwater, oceans

Ecological effects

Burden of disease?
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Example

Monitoring: passive samplers
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Integrated water quality modelling
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Open source tools

Support management of aquatic ecosystems

Visualisation of changes in water flow and quality

Global model and platform

Figure: L. Buckman & A. Joling (Deltares)



Global model and data monitoring platform
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Example

EU project SOLUTIONS
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• Train of models

− Hydrology

− Emissions

− Fate and transport

− Exposure

− Ecotoxicity

− Effects?

• Can be used for new substances
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Plastic



Microbiology and early warning 



Microbiology and early warning
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Agriculture & Cities: pathogens

Plastic waste as substrate

Link to WASH

Climate change: extreme weather

Pressure State Impact

Pathogens

E. coli, cholera, Leptospira, viruses, 

harmful algal blooms

Fast and accurate monitoring

Modelling: transport and forecast

Also via emergencies (flood events, camps)

Hotspot evaluation

Health risk assessment

Water-borne diseases

Anti Microbial Resistance (AMR)



toxic algae

polluted 
drinking 

water

plastics

water & flood 
related diseases

Figure: Deltares

Microbiology and early warning



Conceptual infographic



Example

Monitoring
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On-site detection of DNA (mobile qPCR)

E. coli, Leptospira, cyanotoxines

Tested and compared to laboratory analysis

Highly suitable for near real-time monitoring
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Example

eDNA Citarum River, Indonesia



Example

Operational forecasting of bathing water quality

• Pathogenic bacteria: in England, South-Africa and Singapore

Stormwater overflows

EU directives

• Harmful algal blooms (blue-green algae)

Many lakes/ reservoirs 

Some marine areas

Nutrients, temperature

• Early warning

Data assimilation

Use of satellite data

Real-time monitoring data
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Innovative monitoring: citizen science
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Antimicrobial resistance

Resistant genes spread in aquatic environment

Sewage from hospitals, cities

Agriculture: livestock, (shell) fish, crops

Wastewater treatment plants as hotspots

Mix of faeces, manure and resistant genes

Nutrient-rich environment with susceptible new host organisms

Role of Deltares

Understanding transport of AMR via water

Development of interventions, e.g. alternative treatment
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Example 

SAMPAN - Environmental routes of antimicrobial-resistant 
bacteria to and from hospitals (Rotterdam, Rome, Jakarta)

Uniform surveillance strategy:  

human and environment

Human-water 

interface



Health impacts of plastics 

Leaching of toxic chemicals

Micro- and nano-sized plastic particles
Ingestion affects immune response

Reservoirs and transport for pathogens 

Breeding sites and shelter for mosquitoes

Photo: Manan Vastsyayana
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(Micro)plastics as vector for pathogens

• Monitoring and modeling spread of particles

• Monitoring pathogens on clean introduced plastic 

particles in diches, lakes and river environments

• Environmental partner in health research: 

environmental sampling of plastics used in medical 

research (blood/brain and intestinal barriers)



Vector-related diseases



Vector-related diseases
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Presence of surface water

dams, reservoirs, wetlands, irrigation systems, 

ditches, coasts, urban blue/green spaces

Ecosystem health & water quality

Linked to WASH

Plastic waste

Climate change

Pressure State Impact

Transmitted by mosquitoes, flies, 

via snails, rats

Protozoa, viruses, bacteria, helminths

Burden of disease

Environmental management
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Example project

One Health PACT – Predicting Arboviruses Climate Tipping Points

D
e

lt
a

re
s
/P

A
C

T
 w

e
b
s
it
e

Understanding the drivers

Scenarios 2100: understanding and 

predicting outbreaks and tipping points 

for changes in

• Climate

• Farming practices 

• Water management

• Importation risks
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https://www.deltares.nl/en/projects/climate-change-relation-vector-borne-diseases-one-health-pact/?return_id=31222
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https://endmalaria.org/our-work-working-groups/multi-sectoral-action


Example

Reservoir management – extend to Asia
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Predicting the health burden



Predicting the health burden
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All of the above

Industry, Agriculture, Cities

Climate change

Pressure State Impact

Fate and transport of pollutants

Microbiology and early warning

Vector-related diseases

Direct health impacts

Pollutants, water-borne diseases

Including floods and droughts

Ecosystem-mediated health impacts

Altered infection risk (AMR)

Vector-related diseases

Mental health

Affected crop yields, contaminated food



Figure: Deltares

Predicting the health burden



Industrial & domestic emissions



Agricultural (crops, livestock, fish)
& domestic emissions
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Direct, chronic exposure in daily use



Emissions Hydrology
Fate and 
transport

Concentrations

D-Health: post-processing of Delft-3D suite

WATER

Swimming

Drinking

Cooking

Defecating

Working

Washing

Inhaling (vapor)

Eating

BathingExisting modules

Health impact module

Chemicals

Pathogens
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Application: Floods and Health

Flood

Increased 

exposure to 

pathogens

Direct casualties

Increase in 

mosquito 

vectors and 

associated 
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secondary 

effects

Graph: G. Geerling (Deltares)
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FIAT-like approach (same input data)
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Key messages
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DPSIR
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Conceptual infographic



Algal bloom: innovative monitoring; 
early warning; quantify health risk

Smart urban design: green and 
water for resilient, livable and 

healthy cities

Understanding and mitigating 
health effects of plastics

Water & flood related disease: WQ quick analysis; 
WQ management; healthy soils and water; health 

effects of ecosystem and flood management 

WASH plus prevent 
pollution and catchment 

management

Figure: Deltares

Vision: co-manage water and public health

Healthy agriculture: vector 
control, integrated pest 

management, smart 
engineering



Deltares’ support to co-managed water and health 

Innovative tools and approaches

Vector-related diseases
One Health approach, incl. environmental 
management 

Predicting the health burden
D-Health

Floods (FIAT)

Micro and nano plastics

Dams and reservoirs
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Fate and transport of pollutants
Passive sampling

Integrated modelling database and tools

Plastic waste

Microbiology  (incl. AMR) and early 
warning

Mobile qPCR

Citizen science

Operational forecasting water quality

Pathogens on plastic
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Eline Boelee 
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