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Deltares In brief

 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.

@ © ® ©
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39 nationalities Abu Dhabi, Singapore
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and Indonesia
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Understanding disease transmission
and health risks through water systems



COVID-1
UPDATE:

Tap Water is SAFE

CLEAN
HANDS KEEP
YOU HEALTHY.

Wash your hands with soap
and water for at least

% @ R \" ‘ ‘ ‘é LIFE IS BETTER WITH
| HANDS 2

www.cdc.gov/handwashing



RESTROOMS
CLOSED

DUE TO THE RISK OF VIRU)
TRANSMINSION

Sorty for the inconvenience but we care about your health and
well-being!

-
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BRIEFING

WAYS COVID-19 '
CHANGES THE WATER
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the UN Environ
plans to combat future pandemics by addressing root causes
] ch as poverty, environmental degradation and
campaigns can lea
tant health gams Eur can

4 New role
for water utilities

in the water sector is a chronic
problem in many countries and the ecomomic cri-

sis could make matters worse. At the same time, the
water industry is now courted by other sectors in-

5 / of disease at an early stage. The increased use
asppnmt _d out after the Covid th X 1d mh“
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Sanitation for All
dlnmg the first cor: -rel.ste-:i sl::u"k market downiurm.

COVID-19: an opportunity to
recover better

L

The water sector has found itself caught up in the
current pandemic in many ways. Our responses can

help shape a more resilient future...
f f

'WATERFRONT £2 | AUGUST 2020






Table of contents

Water, disease and health (risks)
» Fate and transport of pollutants
* Microbiology and early warning

* Vector-related diseases

* Predicting the health burden

- Key messages
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Impact 1 or |
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DPSIR
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Environmental Responses
Water management

~

Drivers
)[ Poverty, inequity } €«

J

-
[ Industry, agriculture, cities
/ N
f[ v

/. Chemical & microbial

-

Exposure, water use }

J

emissions, plastics

Q

State \ R
\ Polluted water, vector \1 Intoxication, water-
breeding, cumulative effects J related diseases
J

|

Unsafe water supply,
aquaticecosystems

DALYs, lifespan

http://dx.doi.org/10.1016/j.actatropica.2019.03.011
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By type

« Chemicals and waste

* Microbiology (pathogens) — and plastics
* Vectors and intermediate hosts

 Related to
- Presence of surface water
— Domestic wastewater
— Industry: chemicals, temperature
— Ecosystem health

Deltares




Deltares research & innovation
agenda on water and health

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

Deltares
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Chemical and organic pollutants

Pressure

Industry: heavy metals, hydrocarbons
Agriculture: nutrients, pesticides

Cities: emerging substances

Plastic waste
- Litter
- Micro and nano plastics
— Chemicals leaching from plastics

Deltares

State

Emissions
Fate and transport

In groundwater, freshwater, oceans

Impact

Ecological effects

Burden of disease?

19
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Example i
Monitoring: passive samplers 3

Silicon rubber

Speedisk




Integrated water quality modelling

Open source tools
Support management of aquatic ecosystems
Visualisation of changes in water flow and quality

Global model and platform

Deltares
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Global model and data monitoring platform

—
(External) data sources Eclimati @drol@

“\ AL\

Watel.' quality monitoring data '
Core data and model platform Supporting data and maps '

Global water quality model

Online water quality services

Deltares
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Example

EU project SOLUTIONS

» Train of models
- Hydrology
- Emissions
- Fate and transport
— Exposure
— Ecotoxicity
- Effects?

« Can be used for new substances

Use volume Emission

K‘dd‘

saluti=ns

b N
4

s Yeariy 95% msPAF
~ | (all species)
msPAF-NOEC

| mm 000-00s
Q ey ) 1l 0.05-0.25
y 4

} - < 025-0.50

X PR TN

N\ L e

0.50 - 0.75
.| . 075-1.00

Fate

Ecotoxicity Effects & Footprint

S ) e e e e

Deltares

https://Aww.solutions-project.eu/
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Plastic

(

Where is it TRANSPORT &
coming from? FATE
Who are the
polluters?

N

Identification of sources

* Plastics leakages
(Emission Model)

* Integrated assessment
(sources-to-sea)

* Transport modeling -
rivers and sea

* Hydrology and
hydrodynamics

Biodegradation processes

SOURCES

Where does it go
and accumulate? i

SOLUTIONS IMPACTS

- What can be How it impacts
done? society, \

ecosystems,
» Stakeholders y :
N economic
part'la'patl_on/engagement sectors? * Research (ecosystems,
* Optimization and human health,
effectiveness of clean-up

> sediment interaction)
* Good practices for ML * Risk & environmental
prevention

impact assessments
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Microbiology and early warning

Pressure

Agriculture & Cities: pathogens
Plastic waste as substrate
Link to WASH

Climate change: extreme weather

Deltares

State Impact
Pathogens Water-borne diseases
E. coli, cholera, Leptospira, viruses, Anti Microbial Resistance (AMR)

harmful algal blooms
Fast and accurate monitoring
Modelling: transport and forecast

Also via emergencies (flood events, camps)
Hotspot evaluation

Health risk assessment

27
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Conceptual infographic Deltares

Sources Transport Transmission

Measuring Predicting Calculating water and
concentrations infection risk subsurface quality

Recommendations for chain approach to emissions, limiting transport and reducing exposure




Example
Monitoring

On-site detection of DNA (mobile gPCR)

E. coli, Leptospira, cyanotoxines

Tested and compared to laboratory analysis
Highly suitable for near real-time monitoring

AN
N
i

.53 W #SamenTegenALS
’ -CARE
i &

x

Deltares 30



Example
eDNA Citarum River, Indonesia

Bandung
City

Gn Wayang

Delk

® Alphaproteobacteria

® Cyanobacteria
Firmicutes

® Verrucomicrobia
OP11
TM7

® Thaumarchaeota

® Deltaproteobacteria

" Actinobacteria

® Nitrospirae
Spirochaetae
Fusobacteria

» Bacterial taxa <1%
SAR

® Betaproteobacteria

® Choroflexi

" Bacteriodetes
OD1

» Gemmatimonadetes
OoP8

“ Opisthokonta

® Gammaproteobacteria
Acidobacteria

® Plantomycetes

" WS3
Synergistetes

= Euryarchaeota
Archaeplastida

31



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

Deltares

water, A\ pollution risk warning, (© abnormal situation

Glasgow EDINBURGH ’B

@ ick-upon-Tweed
o Ayr Jedburgh _
o Bnwick
L o ((‘:OI roie Dumfries _ f
o my JLame  Stranraer = wcastle upon Tyne
. Antim, “ Carlisle B “‘in
Omagh
BELFAST e Ng

* Armagh n Darl:r:glon
* & rborough
% Lancaster
« York

Preston .
3 “Leeds - Kguston upon Hull

cl
(5 Manchesl
Verpowy » Sheffield
. Lincoln

c o ° *Chester c$
aemarfon Wrexhamn ® Derby, ‘on ngham g ‘

Douglas
-

Holyhead ~

Swimming not Bloskiu® . shr Lvicoster | Norwih s
1 Wi “ Peterborough
advised today AOEVSMINL gy, Birmingham ® . Coventry =%
Cardigan Wei " Northampton & nawich
Fishguard « ° -
Llandov ry Glou ester M Iton Keyne: ﬁ
’ Ox 1 rd
Pembroke w| ndon _

LO.DON M
FF’t N whury » g
veg Bristol
’ Ashfore d

Salisbury
iI

.5

Due to heavy rainfall » 1
Reduced water quality is predicted Newg Q}Wn i r

Penzan” /'

t and database rights 2016 Ordnance Survey.

Dove
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Example
Innovative monitoring: citizen science

E.coli

6000

5000

4000

3000

cfu/ 100 ml

2000

1000

0
29/07/19 3/08/19 8/08/19 13/08/19 18/08/19 23/08/19 28/08/19 2/09/19

—&— E.coli Petriflm =——1800 cfu/100ml




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

Deltares




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

=)
3

One Health

Uniform surveillance strategy:

human and environment

Deltares 35




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

Deltares

Photo: Manan Vastsyayana



(Micro)plastics E:RV=¢

 Monitoring and modeling spread of particles

« Monitoring pathogens on clean introduced plastic
particles in diches, lakes and river environments

« Environmental partnerin health research:
environmental sampling of plastics used in medical

research (blood/brain and intestinal barriers)

JaAD)3] Deltares
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Vector-related diseases

Pressure State

Presence of surface water Transmitted by mosquitoes, flies,

dams, reservoirs, wetlands, irrigation systems,  Via snails, rats

ditches, coasts, urban blue/greenspaces _ _ _
Protozoa, viruses, bacteria, helminths

Ecosystem health & water quality

Linked to WASH

Plastic waste

Climate change

Deltares

Impact

Burden of disease

Environmental management

39
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Example project
One Health PACT — Predicting Arboviruses Climate Tipping Points

Moaobility and
Understanding the drivers e ‘/—-\

Scenarios 2100: understanding and
predicting outbreaks and tipping points

for changesin
Climate
Farming practices

Water management N

Importation risks

Deltares

Deltares/PACT website

41


https://www.deltares.nl/en/projects/climate-change-relation-vector-borne-diseases-one-health-pact/?return_id=31222

Partnership
To End Malaria

Multi-sectoral action

Multi-sectoral collaboration is key in light of the challenges faced in
malaria control and elimination including insecticide and drug resistance,
mobility of populations, climate change and funding shortfalls. To end
malaria for good, we need concerted action of stakeholders across
different sectors beyond the health sector.

Deltares

Link to RBM/multi-sectoral action

42


https://endmalaria.org/our-work-working-groups/multi-sectoral-action

Example
eservoir management — extend to Asia

parnis
Health

T

SwissTPy g‘ % B,

of an African dam — some examples

; WATER STORAGE HEALTH WATER LOSS HEALTH
o2~ + 1,300 million square + Belter hygiene ‘ - 200-250 million cubic - Increased malaria
’ meters® + meters evaporation®

+

Increased well-being
Improved nutrition

m (4|

Increased schistosomiasis

. '. Avian flu, other zoonoses,

HYDROPOWER + Opportunity for sports, CAPITAL hookworm
u + 14-2,000 Megawatt recreation USD 220-14,000 million Sexually transmitted
hours' construction cost* diseases
+ USD 128 million® SOCIAL IMPACTS
e@» * Newjobs SLIMATE SOCIAL IMPACTS
FOOD PRODUCTION r-‘ + Time savings for water b 0.1-1,032 million tons of - 100-100,000 pecple
+ 20,000-300,000 access - 0- carbon dioxide displaced
hectares irrigated? v emissionst - Conflicts
+ USD 9.3 million ECOLOGY Changed local weather - Crowding around
irfigation® &d + Increased biodiversity reservoirs
+ USD 2.0 million FOOD PRODUCTION
fisheries® - USD 6.4 million lost FLOOD PROTECTION
+ USD 80,000 livestock grazing

aquaculture®

+

Water for livestock

FLOOD

ﬁ PROTECTION
—r + USD 16.1 million

losses averted®

USD 3.2 million fost

floodplain agriculture®
- USD 70,000 reduced
floodplain fisheries®
Increased animal
diseases

P - 30-90 million cubic meters
ﬁ sediment trapped®
g

1-250,000 ha inundated*

ECOLOGY
- Eutrophication
*Harmful algal blooms

Information presented is based on annual data from the following sources:

* Heynert, K; Mohamed, Y.A. 2015. Sedimentation and operation study for Atbara Dams Complex — final
report. Unpublished report. Deift: Deltares and IHE

® McCartney MP; Foud), S; Muthuwatia, L; Sood, A.; Simons, G;; Hunink, J.; Vercruysse, K; Omucmbo, A
Forthcoming Water, natural and built infrastructure, and ecosystem senvices in the Tana River Basin
Colombo, Sri Lanka: international Water Management institute {IWMI). [IM/MI Research Report).

£ (CSF [Conservation Strateqy Fund). 2018. Hydrocalculator. Available at
https//www.consenvation strategy.org/en/hydrocalculator-analyses (accessed on August 9, 2018,
{anonymous contributors}

- Many Dams, One Health cooperation
B R

s We are looking for dam managers and policy makers; join us to help make dams
more cost-effective and to improve livelihoods for those living in their vicinity.
By taking a ‘One Health’ approach, negative health impacts of dams can be
prevented and hidden costs transformed into net benefits. Detailed
transdisciplinary studies are needed to develop interventions, and guide
planning and design.

Conracs.
Eline Boelee: e boseed s e i
MATthew McCarney: mmeemtney@gn oo

a\D)3] Deltares
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Predicting the health burden

Pressure

All of the above
Industry, Agriculture, Cities

Climate change

Deltares

State

Fate and transport of pollutants
Microbiology and early warning

Vector-related diseases

Impact

Direct health impacts
Pollutants, water-borne diseases
Including floods and droughts
Ecosystem-mediated health impacts
Altered infection risk (AMR)
Vector-related diseases
Mental health

Affectedcrop yields, contaminated food

45
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Use volume Emission Fate Ecotoxicity Effects & Footprint

ST R ) A R ) S

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

Health impact module

WATER
e
QS\“ Swimmin
king : Defecating

Working

Chemicals
Pathogens

Cooking
Fate and

transport Concentrations

e

Hydrology

Eating Washing

Existing modules Bathing

Inhaling (vapor)

/i

Deltares
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FIAT-like approach (same input data)

9

_|_ = Susceptible
population

Population maps

Deltares

Infection Recovery

Susceptible Infected Recovered

%/ Contamination
Exposure -

Rac Ti:’_-iv..] rla

ncer j’:‘if;v:.; 1

Bacterialhdecay

f population

Proportion o

https://dx.doi.org/10.1186/1742-7622-11-1
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DPSIR

Deltares

Environmental Responses
Water management

~

Drivers
)[ Poverty, inequity } €«

J

-
[ Industry, agriculture, cities
/ N
f[ v

/. Chemical & microbial

-

Exposure, water use }

J

emissions, plastics

Q

State \ R
\ Polluted water, vector \1 Intoxication, water-
breeding, cumulative effects J related diseases
J

|

Unsafe water supply,
aquaticecosystems

DALYs, lifespan

http://dx.doi.org/10.1016/j.actatropica.2019.03.011
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Conceptual infographic

Bathing Recreation

Transport Transmission

Measuring Predicting Calculating water and
concentrations infection risk subsurface quality

- Recommendations for chain approach to emissions, limiting transport and reducing exposure
Ja\B)8] Deltares



—

—

-~

LR 1] 1

Healthy agriculture: vector E —Mua&‘-“a:::: | <
control, integrated pest i;ii;; . RO A A =f (HH
management, smart ... Algal bloom: innovative monitoring; Mljl j |
engineering s ‘ early warning; quantify health risk M
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LML

Understanding and mitigating

health effects of plastics healthy cities

N Smart urban design: green and
i ” water for resilient, livable and

UL "'f ’

)

) WASH plus prevent

\e/
pollution and catchment
management
- =

k. % Water & flood related disease: WQ quick analysis;
- b WQ management; healthy soils and water; health

5 : effects of ecosystem and flood management i




Deltares’ support to co-managed water and health
Innovative tools and approaches

Fate and transport of pollutants

Passive sampling
Integrated modelling database and tools
Plastic waste

Microbiology (incl. AMR) and early
warning

Mobile gPCR

Citizen science

Operational forecasting water quality
Pathogens on plastic

Deltares

Vector-related diseases

One Health approach, incl. environmental
management

Predicting the health burden
D-Health
Floods (FIAT)
Micro and nano plastics
Dams and reservoirs

58



Questions?

A www.deltares.nl Eline Boelee

= info@deltares.nl Eline.Boelee@deltares.nl
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