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Nitrate in groundwater :  still a threat and a challenge…
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• Risk for human health
(max 50 mg/L) and aquatic
ecosystems
(max 25 mg/L)

• Various sources of pollution

• Urban : waste water
• Agriculture:

• Synthetic fertilisers
• Organic fertilisers
• Manure

• Various N forms with complex
reaction pathways, under
changing redox conditions

Sourrce: Rivet et al., 2008

 Strong need to identify the sources in order to take appropriate measures
for N reduction in surface and subsurface waters



Various methods are available to identify N sources
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Land use

Anthropogenic pollution indicators
such as Cl, SO4, OM, Boron …

Nitrate stable isotopes, 
in particular 15N‐NO3 and 18O‐NO3

Boron stable isotopes, 
in particular 11B

Agriculture
impacted

Urban impacted
waste water



Various methods are available to identify N sources
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Xue et al., 2009

Widory et al., 2009

 There is still a need to identify
other N sources markers!

Candidates : Pharmaceutical compounds!



Use of pharmaceutical compounds as N‐markers
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Potential chemical markers of urban sources in groundwater :
– high solubility;
– low to non‐volatile; 
– persistant;
– naturally absent in groundwater

Substances for human use  domestic waste water
Veterinary substances  agricultural waste water (manure…) 



Inventory on 54 compounds in waters, at the scale
of the Walloon Region in Belgium: IMHOTEP project
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Anti‐pain & Anti‐
inflammatory

Diclofénac

Ibuprofène

Hydroxyibuprofène

Kétoprofène

Naproxène

Paracétamol

Tramadol
Hormones

17a‐EthinylEstradiol 
(EE2)

17β‐estradiol (E2)

Estriol (E3)

Estrone (E1)

Mestranol

Progestérone

Antibiotics

Clarithromycine

Florfénicol

Lincomycine

Sulfaméthazine

Sulfadiazine

Sulfaméthoxazole

Triméthoprime

Antiacids

Ranitidine

Antidepressants

Carbamazépine

10,11‐
Epoxycarbamazépine

Citalopram

Oxazépam

Venlafaxine

Cardiovasculary

Aténolol

Acide fénofibrique

Irbésartan

Losartan

Métoprolol

Nafronyl

Pravastatine

Ramipril

Ramiprilate

Rosuvastatine

Sotalol

Trimétazidine

Life‐style products

Caféine

Cotinine

Pest control

Clorsulon

Dicyclanyl

Lévamisole

Métrifonate

Parconazole

Diuretics

Furosémide

Hydrochlorothiazide

Contrasting agents

Ioméprol

Iopromide

Pesticides

BAM

Bentazone

Isoproturon

MCPA

TriclosanHuman – Veterinary – Mixed
In bold : most detected



Selection of sampling locations for specific investigations on NO3
sources: 4 IMHOTEP sites + 2 sub‐catchments of interest
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Selection of sampling locations for specific investigations on NO3
sources: 4 IMHOTEP sites + 2 sub‐catchments of interest
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11 sampling locations 
(9 springs + 2 pumping wells)
Marls, sands and sandy limestones



Selection of sampling locations for specific investigations on NO3
sources: 4 IMHOTEP sites + 2 sub‐catchments of interest
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Sinkholes
Karstic
spring

7 sampling locations 
(sinkholes, karst springs …)
Karstified limestones



• Field parameters (CE, pH, T°, DO)
• Major anions and cations (Ca, Mg, Na, K, 

HCO3, SO+, Cl)
• Some minor anions and cations (Sr, Li, …)

+ dissolved and total Fe and Mn
• Nitrogen species : NO3, NO2, NH4, Kjeldahl‐N

(NKJ)
• COD, TOC
• Nitrate isotopes (15N‐NO3, 18O‐NO3)
• Boron isotopes (11B in B) 
• Pharmaceuticals

Sampling campaign : field measurements and lab analyses

ULiège (BE)

SWDE lab (BE)

UFZ Leipzig (DE)

VITO (BE)

SWDE lab (BE)



Exploration of chemical data : various maps and graphs
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Cartographic representation of land use 
and chemical compounds

Data exploration (here: field and lab parameters)



Exploration of chemical data : various maps and graphs
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Statistics on waste water indicators

Hydrochemical facies



Exploration of chemical data : various maps and graphs
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Data on stable isotopes



Exploration of chemical data : various maps and graphs
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Results
on pharmaceuticals



Global interpretation
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Natm, Soil-N
N fertisers

Water 
sample

Waste water 
markers

Anthropic 
contamination

Isotopic 
signature

of waste water

Waste water

Land use

Manure

YES

YES

YES

Other NO3
sources

NO

NO

Pharmaceuticals

C.E, DO, K+, 
Na+, SO4

2- et Cl-

NKJ, TOC, NH4
+, 

NO2
-, NO3

- et B

δ11B, δ15N-NO3
& δ18O-NO3

Urban 
water

YES

NO

YES

NO

≠



Two examples to conclude…
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 Example : Lavoir S1

Land use Housing

Anthropogenic
pollution 

indicators

Conductivité DO Ca2+ K+ Na+ Cl- SO42
-

(µS/cm) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

844 6,78 101,1 32,72 61,70 78,9 20,19

Waste 
water 

indicators

TOC NKJ NH4
+ NO2

- NO3
- B 

(mg/l C) (mg/l) (mg/l) (mg/l) (mg/l) (µg/l)

1,59 0 0,01 0,02 45,8 120

Isotopic
signatures

δ11B δ15N-NO3 δ18O-NO3

‰ ‰ ‰

5,7 8,1 1,6

Expected NO3
origin: urban
water



Two examples to conclude…
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 Example : Soignies P3

NO3 potential
origin Urban waste water or manure?

Pharmaceutical 
compounds

CAF CBZ COT DIC HYD IRB PAR SOL SUF VEN

(ng/l) (ng/l) (ng/l) (ng/l) (ng/l) (ng/l) (ng/l) (ng/l) (ng/l) (ng/l)

31 164 1,9 28 322 101 0 51 48,3 5,1

Presence of medical
substances for human
beings; 
Absence of vetenary
substances

NO3 of urban waste
water origin



Any questions?

Groundwater Quality 2019 
The next IAHS conference on Groundwater Quality (GQ 2019) will be held in Liège (Belgium) 
on 9-12 September 2019 !
With the support of IAH, UK CL:AIRE, NICOLE and EU H2020 ITN iNSPIRATION

More information : aimontefiore.org/GQ2019
Contact: c.dizier@aim-association.org – serge.brouyere@uliege.be
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