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Message 

Increased sewage connection will increase 

river pollution

2
Strokal et al (in prep)
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Multiple 
pollutants 

Plastic 

Nutrients 

Other 
Chemicals 

Pathogens 



Wageningen approach: multi-pollutant 

assessment of river quality 

Seitzinger et al (2010)
Strokal et al (2016)
Van Vliet et al (2012, 2016)

Siegfried et al (2017)
Van Wijnen et al (2017)
Hofstra et al (2013, 2016)WSG website
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Multi-pollutant assessment of river 

pollution from sewage systems

Strokal et al (in prep)
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Future 2050

 Low population growth*

 High economic development*

 High urbanization*

 More people connected to sewage systems** 

*Based on the Shared Socio-economic Pathway 1:
o Jones and O’Neill (2016)
o Leimbach et al (2017)

**Strokal et al (in prep)

S1
Treatment 

slightly improved

S2
Treatment 

largely improved

Two scenarios** 
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River pollution from sewage systems

Nitrogen inputs to rivers
(Tg/year)

2050
largely improved 
treatment 

2050
Slightly improved 
treatment 

2x 

Strokal et al (in prep)
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River pollution from sewage systems

Nitrogen

(Tg/year)

Phosphorus

(Tg/year)

Triclosan

(kton/year)

Micro-plastic 

(Tg/year)

Cryptosporidium 

(1015 oocysts/year)

Strokal et al (in prep)
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River pollution from sewage systems

Nitrogen

(Tg/year)

Phosphorus

(Tg/year)

Triclosan

(kton/year)

Micro-plastic 

(Tg/year)

Cryptosporidium 

(1015 oocysts/year)

Strokal et al (in prep)
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Treatment slightly improved

Treatment largely improved

Sub-basin analysis of river pollution 

Changes in pollution levels 
between 2010 and 2050 

Strokal et al (in prep)
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Treatment 
slightly improved

Treatment 
largely improved

Changes in pollution levels 
between 2010 and 2050 

Sub-basin analysis of river pollution 
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Treatment 
slightly improved

Treatment 
largely improved

Changes in pollution levels 
between 2010 and 2050 

Sub-basin analysis of river pollution 

Important reasons:

1.Total population

2.Sewage connection

3.Treatment efficiencies 



Messages 
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1. Increased sewage connection

2. Improved treatment

3. Future hotspots: African and Asian sub-basins

Increased sewage connection will increase 

river pollution if the waste water is not 

treated 

Strokal et al (in prep)
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