EGU 2020: Session HS2.3.6 « Micropollutants and pathogens in the soil-groundwater-river continuum: modeling and monitoring”

Sulfamethoxazole (SMX) mobility and risk of
contamination of water resources at thecatchment
scale (Katari - Titicaca Lake, Bolivia)

Denisse Archundia, Céline Duwig, Lorenzo Spadini, Marie-Christine Morel, Blanca Prado,
Mayra Perez, Vladimir Orsag, Jean Martins

Univ. Grenoble Alpes, CNRS, IRD, Grenoble-INP, IGE, 38000 Grenoble, France

Consejo Nacional de Ciencia y Tecnologia (CONACYT), Mexico

CNAM, Laboratoire d’analyses chimiques et bioanalyses, Paris Cedex 3, France

Universidad Nacional Autonoma de México, Instituto de Geologia, Cuidad de Mexico 04510, Mexico
Universidad Mayor de San Andrés, Instituto de Hidrologia e Hidrdulica, La Paz, Bolivia

Universidad Mayor de San Andrés, Facultad de Agronomia, La Paz, Bolivia

IGE

Institut de Recherche i / /C)bservafo,re
pour le Développement ‘ UNIVERSITE
':'r‘.‘ G reno b I e ) [nstitut

Ministerio de Medio Ambiente yAgua F R AN cCe
4 Alpes des géosciences o PR

de I'environnement




EGU 2020: Session HS2.3.6 « Micropollutants and pathogens in the soil-groundwater-river continuum: modeling and monitoring”
Antibiotic pollution???
» Human m @ h |

= Veterinary

Environmental fate'

-Charge (media/molecule)
Sorption =2 | -Physicochemical

properties (OM, CEC, pH)

-Water fluxes
-Structure and texture
(soil/sediment)

Mobility  —

Abiotic Photolyse
Degradation :
Hydrolysis
Biotic —> | Biodegradation

Degradation




EGU 2020: Session HS2.3.6 « Micropollutants and pathogens in the soil-groundwater-river continuum: modeling and monitoring”

_ » ' Katari Basin, Northen Altiplano, Bolivia
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Objectives

Evaluate and model the
potential mobility of the
sulfonamide antibiotic
Sulfamethoxazole (SMX) in
natural soils with contrasted
properties and land uses by
identifying the more relevant
processes leading to SMX
retention or retardation

Sulfamethoxazole (SMX)

Family: Sulfonamide

Bacteriostatic antibacterial: inhibition of bacterial folic acid synthesis (analogous structure
with para-aminobenzoic acid (FABA )

Commonly used worldwide in combination with trimethoprim (TMP) in animal and human
medicine
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Sorption and photolysis greatly influence the environmental fate of SMX,
Biodegradation could also play a role
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Main results

e A chemical non-equilibrium sorption process
was involved in SMX transport.

e Organic and acid soils showed a higher SMX
sorption capacity.

e Transport of SMX was related with pH-
dependent speciation.

Conclusion

SMX can be classified as a moderately to highly
mobile compound in the studied watershed,
depending principally on soil properties such as
pH and OC.

Potential risks of surface and groundwater
pollution by SMX were thus identified in the
lower part of the studied catchment,
threatening Lake Titicaca water quality.

Temps (min)

1
A 2
. - 3
High retardation
factor 1
Low retardation |°
i factor
6
7
8
9
10
500 1000 © 1500 2000

Elevation OC pH

-+

| €«

-+

| €




EGU 2020: Session HS2.3.6 « Micropollutants and pathogens in the soil-groundwater-river continuum: modeling and monitoring”

References

Archundia D., Duwig C., Spadini L., Morel M.C., Prado B., Perez M.P, Orsag V., Martins J.M.F, 2019. Assessment of the
Sulfamethoxazole mobility in natural soils and of the risk of contamination of water resources at the catchment scale.
Environment International 130, 104905. https://doi.org/10.1016/j.envint.2019.104905

Archundia D., Boithias L., Duwig C., Morel, M.C., Flores Aviles G., Martins J., 2018. Environmental fate and ecotoxicological
risk of the Sulfamethoxazole antibiotic across the Katari catchment (Bolivian Altiplano): Application of the GREAT-ER model.
Science of the Total Environment 622—-623, 1046—1055. https://doi.org/10.1016/j.scitotenv.2017.12.026

Brienza M, Duwig C., Pérez S., Chiron S., 2017. 4-nitroso-sulfamethoxazole generation in soil under denitrifying conditions:
Field observations versus laboratory results. Journal of Hazardous Materials, 334, 185-192.
https://doi.org/10.1016/j.jhazmat.2017.04.015

Archundia D., Duwig C., Lehembre F., Chiron S., Morel M-C., Prado B., Bourdat-Deschamps M., Vince E., Flores Aviles G.,
Martins J.M.F., 2017. Antibiotic pollution in the Katari subcatchment of the Titicaca Lake: major transformation products and
occurrence of resistance genes. Science of the Total Environment, 576, 671-682.
https://doi.org/10.1016/j.scitotenv.2016.10.129

Archundia D., Duwig C., Spadini L., Uzu G., Guédron S., Morel M.C., Cortez R., Ramos Ramos 0., Chincheros J., and Martins
J.M.F.,, 2017. How uncontrolled urban expansion increases the contamination of the Titicaca lake basin (El Alto - La Paz,
Bolivia). Water, Air and Soil Pollution, 228:44. http://dx.doi.org/10.1007/s11270-016-3217-0

Chiron S., Duwig C., 2016. Biotic nitrosation of diclofenac in a soil aquifer system (Katari watershed, Bolivia). Science of The
Total Environment, 565:473-480. https://doi.org/10.1016/]j.scitotenv.2016.05.048



https://doi.org/10.1016/j.envint.2019.104905
https://doi.org/10.1016/j.scitotenv.2017.12.026
https://doi.org/10.1016/j.jhazmat.2017.04.015
https://doi.org/10.1016/j.scitotenv.2016.10.129
http://dx.doi.org/10.1007/s11270-016-3217-0
https://doi.org/10.1016/j.scitotenv.2016.05.048

Perfil 1: Milluni (4700 m) Perfil 6: Laja (4100m) Perfil 10: Cohana Bay (3800m)




