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Who am I?

ÁMSc Environmental Sciences Wageningen University

ÁPhD Geography Oxford University

ƀDevelopment and evaluation of a European daily 
high - resolution gridded dataset of surface 
temperature and precipitation for 1950 ï2006

ÁAssistant Professor Wageningen University

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

ƀResearch: Apply environmental systems approach 
to the field of water and health



Who am I?

ÁResearch

ƀGlobal waterborne pathogen modelling

ƀImpacts of global environmental change on 
waterborne pathogen concentrations and health risk



Todayôs interactive lecture

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

ÁContamination routes

ÁLoads to water and land

ÁHydrological coupling

ÁBroader perspective
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Exposure through the faecal -oral route
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Drinking water Recreational water Irrigated vegetables
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Reuse in 
agriculture



Contamination routes

ÁOften generic for pollutants

ƀNutrients

ƀMicroorganisms

ƀPharmaceuticals

ƀAntibiotic resistant bacteria / genes

ƀEtc.

ÁConcentration in/on:

ƀSurface / groundwater

ƀSoil

ƀFood (most importantly fresh produce)

ƀEtc.

ÁFocus today: Microorganisms in surface water



Diarrhoea is 4 th main cause of death in 

children <5

ÁEach day 6000 children die due to diarrhoea
Á88% of these deaths is caused by unsafe drinking 

water, lack of access to sanitation and inadequate 
availability of water for hygiene



Pathogen concentration influences risk

ÁHow to determine the pathogen concentration:

ƀMeasure

ƀModel
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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. Support health risk management 

Sustainable development goals 3: ñEnsure healthy livesò & 6: 

ñEnsure access to water and sanitation for allò



Which faecal pathogens are important
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Bacteria Viruses Protozoa



Faecal indicator bacteria

ÁFor example E. coli and enterococci

ÁAre usually not pathogenic

ÁIndicate faecal contamination

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

ÁEnterococci more tolerant to salt than E. coli

ÁFate and transport similar to pathogens
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Cryptosporidium

ÁA widespread waterborne pathogen leading to diarrhoea

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

ÁVery infectious (only a few oocysts

can cause disease)

ÁHuman ( C. hominis ) and animal 

(C. parvum ) can cause disease in 

humans

ÁRelatively straightforward to model

ÁLow recovery rates in detection

23



Todayôs interactive lecture
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How to calculate human waterborne 

pathogen loads to the surface water?
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Human emissions calculation

Population

Total human emission   =

Urban Rural



Human emissions calculation

Population x

Direct

Total human emission   =

Diffuse Non -source

Sanitation fraction

Connected



Human emissions calculation

Population x

Sanitation fraction x

Excretion rate per person

Total human emission   =

Infection rate   x   Excretion per ill person



Human emissions calculation

Population x

Sanitation fraction x

Excretion rate per person x

Total human emission   =

Fraction reaching surface water

Removal in WWTP

Fraction left behind 
on land
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Human emissions calculation

Population x

Sanitation fraction x

Excretion rate per person x

Total human emission   =

Fraction reaching surface water

Hofstra et al. STOTEN 2013

Kiulia , Hofstra et al. Pathogens 2015



Example of global application:

GloWPa-Crypto H1

Hofstra & Vermeulen 2016



Case 1 - 2

Á~10 mins
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Log unit calculations and log reductions

ÁIn microbiology often log unit calculations are used:

ƀE.g. 3.1 log 10 cfu / 100 ml = 10 3.1 cfu / 100 ml      
= 1258.9 cfu / 100 ml

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

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

ƀAn 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)

Á1 log reduction = 90% reduction

Á2 log reduction = 99% reduction

Á3 log reduction = 99.9% reduction

Á4 log reduction = 99.99% reduction

Á5 log reduction = 99.999% reduction

Á6 log reduction = 99.9999% reduction
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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

ÁIntegrated in a hydrological model.

ÁCalculate the non -point emissions as point emission.

ÁCalibration of a percentage.

ÁUsing field studies to estimate the percentage.
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Case 3

Á~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

ÁC = concentration

Át = time

Ák0 = decay rate at 20 oC, salinity of 0 and in the dark

Áȅ = are respective coefficients for

ƀSal = salinity

ƀInt = UV intensity

ƀTemp = temperature
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Mancini equation applied to Amsterdam

ÁManciniôs decay formula

Temperature /salinity mortality + radiation
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Influencing factors

ÁDecay

ƀSalinity

ƀUV

ƀTemperature

ƀSedimentation

ÁHydrodynamic processes in the river

ÁPrecipitation
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Case 4

Á~ 7 minutes
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Todayôs interactive lecture

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

ÁContamination routes

ÁLoads to water and land

ÁHydrological coupling

ÁBroader perspective
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Broader perspective

ÁIssues of scale (time and space)

ÁRisk

ÁScenarios 

50



Spatial scaling issues
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Oliver et al. 2009



Spatial scaling issues
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Oliver et al. 2009



Temporal scaling issues

ÁDaily vs hourly concentration

ƀLength of emissions: (more or less) constant or 
intermittent (e.g. surface overflows)

ƀPrecipitation duration and intensity

ƀEtc.
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Scaling issues

ÁInfluence on uncertainty

ÁBalance between detail and simplicity
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Risk

55

ÁRisk of diarrhoeal disease through:

Drinking water Recreational water Irrigated vegetables



Risk

ÁBathing and drinking water guidelines

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

ÁStatistical relation between concentrations and disease 
cases.

ÁQuantitative microbial risk assessment
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Scenario analysis

ÁExploratory scenarios

ƀWhat happens to the health risk if the climate 
changes?

ÁAnticipatory/normative scenarios

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

ÁManagement scenarios

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

ÁPopulation growth

ÁLand use change

ÁClimate change

ÁManagement changes

ÁEtc.
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Modelling framework helps to develop solutions 

at different spatial and temporal scales 
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Take home messages

ÁThe contamination due to waste water can be simulated

ƀContamination routes

ƀLoads to land and water

ƀHydrological and hydrodynamic processes

ƀDependence on temporal and spatial scale

ÁConcentrations can be linked to health risk

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