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Isotope Applications

Stable isotopes are non-radioactive and non-disruptive TRACERS &
INTEGRATORS
Isotopes = Nuclides of single element having differentatomic weights (Soddy 1914)
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1. Nitrogen source identification el
2. ldentification of flow paths and interactions between water bodies
3. ldentification of biogeochemical processes that alter nitrogen compounds and other

chemical substances in water
4. Assess capacity for self remediation by denitrification



Compounds of emerging concern

* CECs (pharmaceuticals, sweeteners, flame retardants, etc) have been detected in
water bodies, they may cause ecological or human health impacts, and typically are
not regulated under current environmental laws
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CECs + isotopes in Danube traced reduce biological activity and
snowmelt controls on nitrate derived with groundwater
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« Mixing of pollution sources
\ « Slower integrated responses in large rivers

CECs:

« Improved hydrological processes interpretation

(water transit time)

 supported tracing of nitrate sources and
biogeochemical processes
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CECs + isotopes in Ukraine traced shallow groundwater
contaminationand recharge by sewage and water supply systems

&y A combination of tracers:

i Stable water and nitrate isotopes
Contaminants of emerging concerns :
 describe groundwater recharge
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CECs + isotopes in Mediterranean aquifer identified saline water
Intrusion and groundwater pollution

Stable and radioactive water isotopes (180, 2H, 3H) together with emerging organic compounds
(EOCs) improved the understanding of strongly urbanized coastal aquifers in Corsica
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Summary

Linking isotopes and CECs data can be used to:

Trace exact pollution sources in groundwater and surface
water

Improve understanding of pollutants pathways, e.g.
anthropogenic/natural recharge, sewage leakages
Understanding connection between hydrological components

Identify biological processes that impact pollutants in waters
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Isotopes analysis is becoming easier and cheaper but provides

Important information that cannot be obtained by hydrochemical data

! Pipette 1ml Pipette ‘\

i

Step 1: Pipette 18 mL Step 2: Pipette 42 mL  Step 3: Pipette 0.6 mL Step 4: Tightly inser t Step 5: Degas to 3.5E™
sample @ 1 mgl* NO;—N. degassed DI water. 10 % HCl to< pH 2. butyl blue stopper. torr by rotary vacuum

Swirl. (~2 min).
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The New Titanium Method to
analyse stable nitrate isotopes
by Altabet et al. 2019

5 or 20ml gastight syringe g
with 21 G needle

Withdraw and inject 3 mL of

headspace into pre-

aaaaaa ted 12/20 mL
- Exetainer for automated CF-

IRMS N,O isotopic analysis

for 5'°N and 5'%0.

Withdraw and inject 17 mL of
headspace into Los Gatos

- N,O isctopic analyzer for

Step 6: Inject 4 Step 7: Inject Step 8: Allowtostand  Step 9: Withdraw N0 :‘5”59: &°N, 520 and 5170
mL ‘conditioned” (overpressure) with for 24 hours. Swirl. headspace with
X - - - X )
Ti(IM)Cl. Swirl. 140* mL N,O-free air. gastight syringe for Note: 140 ML orerpressurels anthe
Swirl. isotopicanalysis. ~~ laseranalyzerand can be reducedfor
IRMS.

IAEA CRP 32010 “Improving understanding of nitrate sources in connected
river and groundwater systems through linking nitrate isotopes and contaminants
of emerging concern” (2021-2024): enhance the capability and expertise among
Member States to better assess surface water and groundwater pollution,
availability and sustainability and develop a guideline on how the approach can
be implemented in different types of water resource evaluations.



