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Lessons from the summer drought of 2003
Droughts affect river water quality 
in two ways:
1. Less dilution of pollution load
2. Increase in water temperature 

leads to algae blooms with 
serious consequences on river 
water quality

Bloom of blue-green algae, Eijsden



Low river flow – less dilution of pollution (1)

Van Vliet & Zwolsman (2008); Journal of Hydrology 353: 1-17 



Lessons from the summer drought of 2018

Annual report RIWA-Meuse
(2018)
“2018 shows how vulnerable 
we are”

Front page article Trouw, 
September 11, 2019
“Will there be enough water 
in the future?”

https://www.riwa-maas.org/publicatie/de-
kwaliteit-van-het-maaswater-in-2018/

https://www.riwa-maas.org/fr/publicatie/la-
qualite-des-eaux-de-la-meuse-en-2018/  

https://www.riwa-maas.org/publicatie/de-kwaliteit-van-het-maaswater-in-2018/
https://www.riwa-maas.org/publicatie/de-kwaliteit-van-het-maaswater-in-2018/
https://www.riwa-maas.org/fr/publicatie/la-qualite-des-eaux-de-la-meuse-en-2018/
https://www.riwa-maas.org/fr/publicatie/la-qualite-des-eaux-de-la-meuse-en-2018/


Low river flow – less dilution of pollution (2)
Metformin (Liege) versus Q (2017-2019) AMPA (Heel) versus Q (2017-2019)

RIWA Maas, Annual report 2019



The heat wave of July 2006

According to the KNMI (Royal Dutch Met. 
Office), July 2006 was the hottest month 
ever recorded in The Netherlands. 

Maximum air temperatures exceeded 30 
°C for two weeks.

Highest air temperatures were measured 
on July 19th. Maximum air temperature 
was 37,1 °C.

Rainfall was virtually absent in July 2006.Temperature anomaly within Europe in 
July 2006 (compared to average July 
temperature in 2000-2012 (Wikipedia)



What was the impact of the July 2006 heat 
wave on water quality of the Meuse?

Monitoring station Eijsden (border BE-NL)

Continuous water quality monitoring (RWS)

One record per hour (24/7)

Parameters:
- River discharge
- Water temperature
- Dissolved oxygen
- pH
- Chloride
- Ammonium



Discharge of the Meuse River (Eijsden), 
June-August 2006

0

100

200

300

400

500

600

1-06 11-06 21-06 1-07 11-07 21-07 31-07 10-08 20-08 30-08

af
vo

er
 M

aa
s 

(m
3/

s)

July 2006
Q (min) = 23 m3/s
Q (max) = 65 m3/s
Q (avg) = 40 m3/s

Phytoplankton in the Meuse River 
(Eijsden), June-August 2006
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Basic water quality of the Meuse River 
(Eijsden) in July 2006 – Huge fluctuations!

Observations
• T-water > 25 C (max 28 C)

• Strong day-night variation in 
water temperature, DO and pH

• Supersaturation of DO in week 
1 and 3 (max. 200%)

• pH >> carbonate equilibrium of 
7.8 in week 1 and 3 (max. 9.1)

• Reason:  Algae blooms



Day-night fluctuations in water quality 
of the Meuse due to algae dynamics

Zwolsman, J.J.G. & M.T.H. van Vliet (2007). Effect van een hittegolf op de waterkwaliteit van de Rijn en de Maas. H2O 40 (22): 41-44.

Dissolved oxygen may vary from 2 mg/l 
overnight to 16 mg/l during the day.

pH may vary from 7.8 in the night to 9.1 
during the day.

 Large stress on the ecosystem!



What about ammonia toxicity in July 2006?

[NH3] = [NH4
+] x 10(pH-9,25)July 18-23, 2006

NH3 highly toxic to fish



What about ammonia toxicity in July 2006?

MAC = 8,2 µg/l

Maximum acceptable concentration for NH3 up to four 
times exceeded  toxic impacts of fish are likely



Conclusions

Droughts: Decreased river flow results in 
higher concentrations of contaminants 
from point sources.

Heat waves: Increase in water 
temperature and  decrease in river flow 
result in algae blooms with strong variation 
of DO and pH, and potential toxicity of 
ammonium  potential fish kills 



What can we do about it?

Reduction of the pollution load

Recent ammonium concentration Eijsden

Controlling cooling water discharges

year min max avg
2020 0,05 0,31 0,13
2021 0,04 0,23 0,10
2022 0,02 0,34 0,11
2023 0,03 0,20 0,09

2002-2004



Any further increase in 
water temperature of 
the Meuse due to 
(new) cooling water 
discharges should be 
prevented!



Want to know more?

Zwolsman & van Vliet (2007); 
H2O 40 (22): 41-44
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