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Who am [?

AMSc Environmental Sciences Wageningen University

APhD Geography Oxford University

b Development and evaluation of a European daily
high -resolution gridded dataset of surface
temperature and precipitation for 1950 1 2006

AAssistant Professor Wageningen University

b Teaching: Environmental Systems Analysis & Global
Change, supervision of MSc students

b Research: Apply environmental systems approach
to the field of water and health
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Who am [?

AResearch
b Global waterborne pathogen modelling

b Impacts of global environmental change on
waterborne pathogen concentrations and health risk
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Todayos I nteractive

Objective: Simulate the flow of contaminants from waste
water in the environment

AcContamination routes
AlLoads to water and land
AHydrological coupling

ABroader perspective
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Exposure through the faecal

N 5o

Drinking water Recreational water
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Contamination routes

AOften generic for pollutants
b Nutrients
b Microorganisms
b Pharmaceuticals
b Antibiotic resistant bacteria / genes
b Etc.

AConcentration in/on:
b Surface / groundwater
b Soil
b Food (most importantly fresh produce)
b Etc.

AFocus today: Microorganisms in surface water
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Diarrhoea is 4 ™ main cause of death
children <5

Neonatal causes
Other

Pneumonia*®
Diarrhea*
Malaria
Injuries
AIDS
Meningitis
Measles

204 2%
1% *Includes neonatal deaths
Source; Liu et al. Lancet 2012

AEach day 6000 children die due to diarrhoea

AB88% of these deaths is caused by unsafe drinking
water, lack of access to sanitation and inadequate
availability of water for hygiene
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Pathogen concentration influences risk

AHow to determine the pathogen concentration:
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D Model
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Why modelling of pathogens in surface water?

1. Provide quantitative information on pathogen concentrations and risks in data -

sparse regions

2. Identify pathogen concentrations and risk hotspots

3. Identify areas for improvements evidence base

4.  Enable projection of future concentrations and risks using scenario analysis

5. Supporthealth risk management

Sustainable development goals 3 AEnsure heab:t hy |
AEns wecesstowater and sanitation for allo

GOOD HEALTH 6 CLEAN WATER
AND WELL-BEING

AND SANITATION @
SUSTAINABLE
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Which faecal pathogens are important

Bacteria Protozoa
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Faecal indicator bacteria

AFor example E. coli and enterococci
AAre usually not pathogenic
Alndicate faecal contamination

ACheaper to measure and part of sampling schemes and
policy (e.g. drinking water guidelines, blue flag awards)

AEnterococci more tolerant to salt than E. coli

AFate and transport similar to pathogens
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Cryptosporidium

AAWidespread waterborne pathogen leadingto diarrhoea

AOocysts very persistent in the environment (can survive
for months)

AVery Infectious (only a few oocysts
can cause disease)

AHuman( C. hominis ) and animal
(C. parvum ) can cause disease in
humans

AReIativer straightforward to model

ALow recovery rates in detection
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Todayos I nteractive

Objective: Simulate the flow of contaminants from waste
water in the environment

AcContamination routes
AlLoads to water and land
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How to calculate human waterborne
pathogen loads to the surface water?
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Human emissions calculation

Total human emission =

#
.

(e

Population Urban Rural
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Human emissions calculation

Total human emission =

il
u‘i“mﬁ'u u}’.\lllwﬁ%%
Population X
Connected Direct  Diffuse Non -source

Sanitation fraction

gWHGENINEEN
MIVERSITY & RESE&ARLCH



Human emissions calculation

Total human emission =

il

Population

i SR

Sanitation fraction

Infection rate x Excretion per ill person

Excretion rate per person
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Human emissions calculation

Total human emission =

it 1I il

Population

m% ¢

Sanitation fraction

& g2

Excretion rate per person - &

Removal in WWTP A..
Fraction left behind ﬂm y'f\Q/

g"’fﬁF‘_F_'ﬁ{”‘j‘fFﬁ‘ on land _ '
Fraction reaching surface water




Human emissions calculation

Total human emission =

it 1I il

Population
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Human emissions calculation

Total human emission =

Q@I‘ﬁ‘m"u M‘lﬁp

Population

m% ¢

Sanitation fraction

& #R Y

Hofstra et al. STOTEN 2013 Excretion rate per person - &

Kiulia , Hofstra et al. Pathogens 2015 “é .__.
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Example of global application:
GlowPa-Crypto H1
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Hofstra & Vermeulen 2016
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Casel -2

A~10 mins
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Log unit calculations and log reductions

Aln microbiology often log unit calculations are used:

bEg.31log ,, cfu/100ml=10 31 cfu /100 mi
=1258.9 cfu /100 ml

b An introduction to log unit calculations is available
here:
https :// www.chem.tamu.edu/class/fyp/mathrev/mr

-10g.html

AMicroorganism reductions in systems, such as WWTPs,
are often provided in log reductions

b An introduction to log reductions IS available here:

http:// microchemlab.com/log_reduction_and_perce

nt reduction calculations
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https://www.chem.tamu.edu/class/fyp/mathrev/mr-log.html
http://microchemlab.com/log_reduction_and_percent_reduction_calculations

Log reductions (continued)

Al log reduction = 90% reduction

Az log reduction = 99% reduction

AB log reduction = 99.9% reduction
A4 log reduction = 99.99% reduction
AS log reduction = 99.999% reduction
A6 log reduction = 99.9999% reduction
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Todayos I nteractive

Objective: Simulate the flow of contaminants from waste
water in the environment

AcContamination routes
AlLoads to water and land
AHydrological coupling

ABroader perspective
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How to calculate emissions from the land
to the surface water
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Emissions from land to the surface water

Alntegrated In a hydrological model.
Acalculate the non -point emissions as point emission.

Acalibration of a percentage.

AUsing field studies to estimate the percentage.
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Case 3

A~10 mins
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How to calculate pathogen concentrations
at a specific point in the river from the
emissions/loads?
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Inactivation: Mancini equation for E. coli

(:j_(t: — _ ko ("D]SSaI C"Dll Int C"D]T (Temp 20) @

Y |
Salinity uv Temperature

AC = concentration

At = time

Ako = decay rate at 20  °C, salinity of 0 and in the dark

Aé = are respective coefficient
b Sal = salinity
D Int = UV intensity
b Temp = temperature
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Mancini equation applied to Amsterdam

N
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Influencing factors

ADecay
b Salinity
b uv
b Temperature
b Sedimentation

AHydrodynamic processes in the river

APrecipitation
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Case 4

A~ 7 minutes
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Todayos I nteractive

Objective: Simulate the flow of contaminants from waste
water in the environment

AcContamination routes
AlLoads to water and land
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Broader perspective

Alssues of scale (time and space)
ARisk
AScenarios
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Spatial scaling issues

Laboratory/soil core Hillslope
Microbe survival Mitigation efficiency
r.'n.odels Pathway efficiency
— e”;':g:ﬁ; Freld relevant survival

modelling

Risk screening tool Socio-economic modeiling

Source apporticnment Mitigation prioritization

Export coefficient

Catchment Farm

Figure 1 Distinct scales of microbial modelling research and associated examples of
the science and policy questions to be addressed at those scales

Oliver et al. 2009
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Spatial scaling issues

024 8 12 le‘I e

TOPOGRAPHY FARM MANAGEMENT LIVESTOCK LAND USE
Oliver et al. 2009 Hom i % W:. W
— IJ —
1 km I ke

WAGENINGEN
UNIVERSITY & RESEARCH Figure 3 The aggregation of finer-scale data sets and knowledge into defined spatial
resolution (1 km? grids) for modelling and representation at the catchment scale




Temporal scaling issues

ADaily vs hourly concentration

b Length of emissions: (more or less) constant or
Intermittent (e.g. surface overflows)

b Precipitation duration and intensity
b Etc.
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Scaling Issues

Alnfluence on uncertainty

ABalance between detail and simplicity
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Risk
ARisk of diarrhoeal disease through:

N 5 Y

Drinking water Recreational water Irrigated vegetables
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Risk

ABathing and drinking water guidelines

b Often based on E. coli . E.g. EPA bathing water
standard of 235 cfu/100 ml.

AStatistical relation between concentrations and disease
cases.

AQuantitative microbial risk assessment
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Scenario analysis

AExploratory scenarios

b What happens to the health risk If the climate
changes?

AAnticipatory/normative scenarios

b What needs to happen if we want to reach the
sustainable development goals?

AManagement scenarios

b What happens if we incorporate a management
option at a certain location?
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Important global change influences

APopuIation growth
ALand use change
AcClimate change

AManagement changes

AEtc.
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Modelling framework helps to develop solutions
at different spatial and temporal scales

Global change Model input variables Model steps Management
) Scenarios

Population Step 1
Prevalence, excretion Loads
Sanitation, treatment Human / livestock
Agricultural management

Step 2
Concentrations
in surface water

o Hydrology
A Fate and transport
processes

Step 3
Exposure Risk
Dose response Burden of disease

| Reduce
exposure
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Take home messages

AThe contamination due to waste water can be simulated
b Contamination routes
b Loads to land and water
b Hydrological and hydrodynamic processes
b Dependence on temporal and spatial scale
AConcentrations can be linked to health risk

AScenario analysis can be a powerful tool to assess the
future and management options
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