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Challenges	

•  Threat for groundwater resources 

•  Various (most o6en diffuse) sources

•  Complex behavior in soil and groundwater (degrada?on, 

sorp?on…)

•  At very low concentra?on/below detec?on limits

•  Much more complex to study than classical agricultural pollutants 

such as nitrate   

 

=>	Need	for	a	systema7c	methodology		to	determine	the	main	factors	
controlling	spa7al	pa:ern	and	temporal	trends	of		pes7cide	

concentra7ons	in	groundwater.	



Methods	

Combina7on	of	different	methods/tolls	:	

2° Analysis	of	leachability	

1° Data	collecCon	on	pesCcides	and	
hydrogeological	data	

GUS	Indicator	(Gustafson, 1988) 

	
3° Account	of	concentraCons	below	
detecCon	limits	

Robust	Regression	on	Order	
StaCsCc	(ROS)	(Helsel, 2011, 1988) 

4° MulCcriteria	analysis	and	
clustering		

PCA	and	HCPC	

5°	Trend	analysis	 Theil-Sen	slope	esCmator	(Theil, 
1950)	



Case	study	:	The	Hesbaye	chalk	aquifer	

30 millions m³/year of drinking water to 
supply approx. 600,000 people in the 
region of Liège


Intensive agriculture (65% of the 
basin) nitrate concentra?ons 
approach or are even above the 
drinking water threshold  
of 50mg/L NO3




The	Hesbaye	chalk:	site	and	monitoring	networks	

Both	unconfined	(South)	and	confined	(North)	contexts	

Regional	groundwater	flow	from	South	to	North	

Thick	layer	of	loess	above	the	chalk	

We	expect	the	aquifer	seEng	(and	other	factors)	to	play	a	role	on	the	
spa7al	and	temporal	pa:erns	of	pes7cide	compounds	concentra7ons	



The	Hesbaye	chalk:	site	and	monitoring	networks	
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-  2 sites with contrasting water 
level variability 

Dedicated piezometers 
 
-  22 sites for groundwater quality 

(6 confined & 16 unconfined) 
Mostly abstraction sites 
 
-  Long time series of pesticide 

concentrations collected from 
water companies and federal 
agency  

Time range: 1996-2013  
Highest sampling freq.: 4 months 
 
-  Long time series of NO3

- 

-  Snapshot (2005) of 3H 



The	Hesbaye	chalk:	PesCcides	data	

Focus	on	4	pesCcides	and	2	metabolites	:		

•  withdrawn:	atrazine,	diuron,	simazine	&	regulated:	bentazone	

•  DEA:	desethylatrazine	and	BAM:	2,6-dichlorobenzamide	
 

Advantages	:	
•  ContrasCng	leachability	properCes	(very	high	for	bentazone	and	

atrazine,	low	for	diuron	and	simazine),	
•  Different	use	(mainly	agriculture	for	atrazine	and	bentazone,	while	

dedicated	to	urban	areas	for	diuron	and	simazine),		
•  Use	of	withdrawn	pesCcides	but	with	long	available	Cme	series	to	

idenCfy	key	factors	



Results:	spaCal	paderns	–	Aquifer	sefng	
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detects	fracCons	over	the	enCre	aquifer	

GUS	does	not	clearly	explains	variability	in	
non-detects	fracCons	in	the	unconfined	
area	

Confined area shows non-detects fraction > 80% 



Results:	spaCal	paderns	–	Unconfined	area	

The	combinaCon	of	mixing,	localizaCon	and	hydrogeological	sefng	
influence	the	spaCal	distribuCon	of	pesCcide	compounds	in	the	
unconfined	area.		
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Results:	Temporal	paderns	–	individual	sites	

RemobilizaCon	of	pesCcide	compounds	
occur	due	to	mulC-annual	ground	water	
level	fluctuaCons	and	GUS	partly	explains	
variability	in	remobilizaCon.		
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Results:	Temporal	paderns	–	Unconfined	extent	

Trend	analysis	performed	on	aggregated	data:	annual	mean	
(red)	and	annual	median	(blue)	for	the	whole	unconfined	area	



Conclusions	for	the	methodology	

•  GUS	indicator	is	not	enough	to	fully	explain	non	detect	and	
spaCal	distribuCon	

•  MulC	criteria	analysis	combining	pesCcides	concentraCons	
and	hydrogeological	factors	allows	explaining	the	spaCal	
padern	

•  Even	if	site	by	site	trend	analysis	is	not	possible,	trend	
analysis	on	aggregated	data	gives	a	first	understanding	on	
temporal	behavior	



Conclusions	for	the	case	study	

Factors	influencing	spaCal	paderns:		

-  Age	of	water	

-  Land	use	(urban	and	agriculture)	

Factors	influencing	temporal	paderns:	

-  RemobilizaCon	and	leaching	properCes	

-  ApplicaCon	rates	

-  Low	transit	Cme	

A	combina7on	of	factors	explains	pes7cide	occurrence	in	the	chalk	
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