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Nitrate in groundwater : still a threat and a challenge...
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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
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Various methods are available to identify N sources

Land use

Anthropogenic pollution indicators
such as Cl, SO,, OM, Boron ...

Nitrate stable isotopes,
in particular 61°N-NO; and 5'80-NO,

Boron stable isotopes,
in particular 6B
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Various methods are available to identify N sources
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. —> There is still a need to identify
other N sources markers!
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Xue et al., 2009
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Use of pharmaceutical compounds as N-markers

Potential chemical markers of urban sources in groundwater :
— high solubility;
— low to non-volatile;
— persistant;

— naturally absent in groundwater

Substances for human use =2 domestic waste water
Veterinary substances =2 agricultural waste water (manure...)
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Inventory on 54 compounds in waters, at the scale
of the Walloon Region in Belgium: IMHOTEP project

Diclofénac
Ibuproféene
Hydroxyibuproféene
Kétoprofene
Naproxene
Paracétamol

Tramadol

17a-EthinylEstradiol
(EE2)

17B-estradiol (E2)

Estriol (E3)
Estrone (E1)
Mestranol

Progestérone

. ¢ LIEGE université
Sciences Appliquées

Clarithromycine
Florfénicol
Lincomycine
Sulfaméthazine
Sulfadiazine

Sulfaméthoxazole

Triméthoprime

Ranitidine

Carbamazépine

10,11-
Epoxycarbamazépine

Citalopram
Oxazépam

Venlafaxine

Aténolol

Acide fénofibrique

Irbésartan
Losartan
Métoprolol
Nafronyl
Pravastatine
Ramipril
Ramiprilate
Rosuvastatine
Sotalol

Trimétazidine

loméprol

lopromide

Human — Veterinary — Mixed
In bold : most detected

Clorsulon
Dicyclanyl
Lévamisole
Métrifonate

Parconazole

Furosémide

Hydrochlorothiazide

Caféine

Cotinine

BAM
Bentazone
Isoproturon
MCPA

Triclosan
UEE
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Selection of sampling locations for specific investigations on NO,
sources:[4 IMHOTEP sites]+[2 sub-catchments of interest]

@

Qubdvraln
_I:Ilu.llﬂ dea Six Chamdne B

¢ LIEGE université
Sciences Appliquées UEE

7

Urban & Environmental Engineering



Selection of sampling locations for specific investigations on NO,
sources:[4 IMHOTEP S|tes] [2 sub-catchments of mterest]
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Selection of sampling locations for specific investigations on NO,
sources:[4 IMHOTEP S|tes] [2 sub-catchments of mterest]
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Sampling campaign : field measurements and lab analyses

e Field parameters (CE, pH, T°, DO)
e Major anions and cations (Ca, Mg, Na, K,
HCO,, SO+, Cl) — Uliege (BE)

e Some minor anions and cations (Sr, Li, ...)
+ dissolved and total Fe and Mn _

* Nitrogen species : NO;, NO,, NH,, Kjeldahl-N
__ SWDE lab (BE)

(NKJ)
e COD, TOC B
 Nitrate isotopes (3'°N-NO,, 3'¥0-NO.) - UFZ Leipzig (DE)
e Boron isotopes (6''B in B) } VITO (BE)
e Pharmaceuticals } SWDE lab (BE)
gt UEE
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Exploration of chemical data : various maps and graphs

Echantillons Localité T(°C) Cond. TDS (%) DO pH Cond.25°C | T_labo | pH_labo
(us/cm) (mg/I) (uS/cm) (°C)
Les volettes Gérouville | 19,48 | 364 0,26 74 6,9 366,2 20,2 8,07
Captage de Limes | Gérouville | 20,13 | 371 027 | 7,36 | 685 3922 20,4 814
Source 4 Gérowville | 17,06 | 411 | 031 | 848 | 691 462,4 20,5 8,08
Source Moulin Gérouville | 19,87 345 0,25 7,43 71 364,5 20,7 8,16
Lavoir 1 Gérowville | 18,79 | 844 062 | 678 | 824 900,8 20,7 8,24
Lavoir 52 Gérouville = 18,56 573 . 043 7,14 8,27 699,6 20,7 8,30
Lavoir S3 Gérouville 14,6 559 | 0,45 | 9,94 8,15 613,0 20,6 7,93
Sourcebois | Gérouville | 15,51 | 510 041 | 772 | 839 579,6 20,4 7,99
Source La Soye Gérouville | 11,18 425 0,38 11,12 7,93 419,1 20,3 8,01
La soye Gérouville 154 314 | 025 | 9,18 8,8 365,0 20,3 8,21
Source Tintigny | Gérouville | 1558 | 323 0,26 98 | 823 3635 20,3 8,08
Grotte du Chalet Aywaille 15,53 463 0,37 10,43 6,79 516,7 20,7 8,13
Chalet Aywaille 19,57 498 0,36 7,94 7,13 384,9 20,8 8,17 . .
" Chantoir d'Awan | Aywaille | 1995 1042 075 | 674 | 678 | 11898 20,8 8,18 Cartographic representation of land use
C.de I'Hermittage | Aywaille | 21,46 | 130 009 | 7,73 | 1349 | 1232 20,9 7,61 .
Route Harzé Aywaille 19,91 585 . 042 6,92 8,33 635,8 20,9 8,38 and Chemlcal Compounds
Pavillonchamps | Aywaille | 21,01 | 213 | 015 | 801 | 646 | 1932 20,7 7,84 e ] y;
Loupgueule Aywaille | 20,52 | 120 009 | 784 | 644 179,9 /
Eprave 1 Eprave 16,85 380 0,29 12,44 6,47 410,6
Eprave 2 Eprave / / / / / 409,9
Soignies P3 Soignies 11,49 638 0,56 0,29 6,26 866,6
Quiévrain Quiévrain | 14,69 730 | 0,59 6,52 6,44 903,4
VWAO034 V. Waleffe 13,3 954 / 3,6 6,77 1073,7

Data exploration (here: field and lab parameters)
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Exploration of chemical data : various maps and graphs

DCO O O O
Gérouville (mg/1) (mg/I N) (mg/l 02) (mg/1) (mg/1) (mg/1 C)
Minimum 0,00 0,00 0,00 4,40 0,00 0,34
Percentile 25 0,00 0,00 0,81 11,90 0,00 0,96
. . Médiane 0,00 0,00 0,81 11,90 0,00 0,96
Diagramme de Piper _
A Grotte du Chalet - Percentile 75 0,00 0,00 1,39 2645 0,01 143
; Chalet Hyper chlorurée calcique Maximum 0,02 0,40 2,26 45,80 0,02 1,59
Chantoir d’Awan ~ Hyper sulfatée calcique -
@ Chantoir de I'Hermittage ype 4 Aywaille

© Route Harzée Minimum 0,00 0,00 0,98 1,80 0,00 0,89

@ Pavillonchamps @) = 2 2 L C £
© Loupgueule % Percentile 25 0,00 0,00 0,81 11,90 0,00 0,96
VAWa g Médiane 0,00 0,10 4,27 8,50 0,04 2,02

Chlorurée
ef sulfatée Percentile 75 0,00 0,00 1,39 26,45 0,01 1,13
\/ Salolquest, Maximum 57,00 38,00 146,21 25,30 0,61 25,27
Bi/Carbonatée ® - ._,‘ : Chloru_rée\‘ Hyper chlorurée tatistics on waste water indicators
calcique ‘Bi/Carbonatée sodique et " sodique
calcique et 0
\ _m'aghés‘i‘enny

sodigue et
potassique /

,,i;::,, 'Pasde T § ke,

" @® dominants/ .\ domir )
100 Ca ° ° CI+NO3 100
Bi/Carbonatee
sodique
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Exploration of chemical data : various maps and graphs

d11B|
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Data on stable isotopes
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Exploration of chemical data : various maps and graphs

s de S6de
swncetton |t Jomae| e | 528 iess morsa s | 530 (590 e | S s
e T
Cafeine 0,00 0,00 6 55,21 13,34 | 6,00 0,00 600 | 3316 | 000 | 000 | 1818 | 27,27
Carbamazepine 0,00 0,00 0,2 0,00 1,09 | 263 0,00 0,82 000 | 000 | o000 | 2727 | 909
Cotinine 0,3 0,00 0,00 0,00 114 | 775 0,30 0,80 1,67 0,30 0320 | 3638 | 3636
Diclofenac 0,00 0,00 0,00 6,89 19,14 | 0,00 0,00 1801 | 000 | 000 | 000 | 2727 | 000
Hydrochlorothiazide| 0,00 0,00 0,22 0,00 0,65 | 30,68 0,00 0,55 010 | 000 | o010 [ 3636 | 1818
Irbesartan 0,00 0,00 0,00 0,00 0,00 | 2634 0,00 0,00 000 | oo0 | o000 5,09 0,00
Paracetamol 0,00 0,00 0,00 0,00 106,23 | 0,64 0,00 98,80 1,41 000 | ooo | 3536 | o000
Sotalol 0,15 0,15 0,15 0,00 43,66 | 042 0,00 3692 | 000 | 000 | o000 | 27,27 | 27,27
Sulfamethoxazole | 0,00 0,00 0,00 0,00 547 | 208 0,00 3,91 000 | 000 | o000 | 2727 | o000
Venlafaxine 0,52 0,52 0,25 0,00 000 | 1,27 0,00 0,00 025 | oo0 | o000 | 2727 | 1818
% de ’“’l':;l'"m(’ 10,00 10,00 10,00 20,00 80,00 | 90,00 | 0,00 80,00 | 3000 | 000 | 1000
::::’::’;':::;3 20,00 10,00 40,00 0,00 000 | 1000 | 1000 1000 | 2000 | 1000 | 20,00
% de % de
Subst‘ances[.Nom Grotte du s Chantoir Chant?ir de Rout.e Pavillon-| - rance | 9P
de I'échantillon Chalet d'Awan I'Hermittage | Harzé | champs = s{>1Q) s(entre
LDetLQ)
Cafeine 27,31 | 1e868 | 334018 57,48 190,3 | 21,47 6 8571 | 14,29
Carbamazepine 5,91 1,9 7,89 0.2 000 | o000 0,00 42,86 | 14,29
Cotinine 334 8,83 7348,34 3,64 089 | 000 0,3 8571 | 0,00
Diclofenac 10,29 44 3944,03 0,00 000 | 000 0,00 2286 | 0,00
Hydrochlorothiazide| 30,47 56,2 2022,11 102,5 028 | 1038 0,00 8571 | o000
Irbesartan 35,94 1,27 9936,56 34,59 000 | 0,00 0,00 57,14 | 0,00
Paracetamol 2,98 67,94 | 20880321 44 077 | 0,00 1,54 8571 | 0,00
sotalol 10,15 0,86 163,00 0,00 000 | o000 0,00 42,86 | 0,00
Sulfamethoxazole | 6,14 0,00 0,00 0,00 000 | 000 0,00 1429 | 0,00
Venlafaxine 28,95 62,08 163,61 0,00 025 | 1,12 0,00 57,14 | 14,29
% de susbtances (> ReSU |tS
1) 100,00 | s0,00 50,00 50,00 4000 | 3000 | 2000 N )
on pharmaceuticals
::::r:":’;':::;; 0,00 0,00 0,00 10,00 1000 | 000 | 1000
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Global interpretation

NO

NO

atm, Soil-N
N fertisers

YES
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Two examples to conclude...

» Example : Lavoir S1 _

Housing

(mg/I) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

_678 1011 3272 6170 789 2019

(mg/l)  (mg/)  (mg/l) (mg/) (e7d)

0 0,01 0,02 45,8 120

¢ LIEGE université
Sciences Appliquées

> ]

Expected NO;
origin: urban
water

IUEE 16

Urban & Environmental Engineering



Two examples to conclude...

Example : Soignies P3

NO, potential
origin Urban waste water or manure?

Ph tical CAF  CBZ COT  DIC HYD IRB  PAR  SOL SUF VEN
elimieksEotiste (ng/l)  (ng/l) (ng/) (ng/1) (ng/l)y  (ng/l)  (ng/l) (ng/N) (ng/1) (ng/)
Compounds 31 164 1,9 28 322 101 0 51 48,3 51

Presence of medical
substances for human Il]l: NO, of urban waste
beings; water origin
Absence of vetenary
substances
. ¢ LIEGE université UEE 17
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Any questions?
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& Groundwater Quality 2019
i The next IAHS conference on Groundwater Quality (GQ 2019) will be held in Liege (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

Croundwater Qua]ity 2019
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