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Chronic ingestion of >1.5 mg F-/L results in teeth 
discoloration (a cosmetic effect, not a disease).

Concentrations above 4 mg F-/L  may produce 
skeletal fluorosis, which includes bone 
deformation, neurological (lowering of IQ), 
dermatological, endocrine, and/or reproductive 
complications.

Why fluoride?
Health Concerns

Guidelines for F in drinking water:
U.S. = WHO = Mexico = 1.5 mg/L F
But this limit also depends on the 
amount of water ingested



A 2020 study reported that the highest content of 

groundwater F in Mexico occurs in its northern part, 

concurrently with arsenic. Concentrations of fluoride 

(F-) are as high as 25 mg/L F- (2012-2019 data) and 

have an average of 1.16 mg/L F-.

Researchers agree that F and As have a common 

source and it is geogenic in nature.

Since then, there have been additional 

investigations to validate the origin of F, its range of 

concentrations, spatial distribution, how much is 

aridity an enrichment factor, and its relation to 

hydrological processes (closed vs. open basins, 

residence time).



Endorheic basin (Closed basin)

Basin and Range 

Sierra Madre Occidental (felsic volcanic        
rocks). Elev. 10,863 ft, length 932 mi. Has a 
canyon system deeper than the Grand Canyon.

High Plateau in the center part,
Flanked by the two mountain ranges

Some info about the physiography and geology 
of north-central Mexico

Sierra Madre Oriental
(sedimentary and 
metamorphic rocks)



Investigating the Source of Groundwater 
Fluoride and Arsenic

Fluoride concentrations were expected to concentrate around fluorite (CaF2) deposits; 

however, the concentrations do not follow this pattern. Instead, the disperse distribution of As, 

F concentrations points to dissolution and adsorption/desorption of F from the alluvial fill.

From Huspeni et al. 1984

Comparing between the western and 

eastern parts of the high plateau, the 

concentrations increase near felsic 

volcanic rocks (tuff, ignimbrite, rhyolite) 

of the Sierra Madre Occidental, pointing 

to it as the likely source.



Results: F concentrations mapping and their uneven distribution

The uneven distribution (large and small 
concentrations next to each other following no 
pattern) points to the alluvium as the likely source 
of F (and As). These are unconfined alluvial aquifers 
filled with fragments that 
eroded rom surrounding rocks and its secondary 
minerals.



Surface area covered by endorheic basins





Aridity as an enrichment factor
Evaporative concentration has been reported as an important F- enrichment factor at 
global (Podgorski and Berg, 2022); U.S.A. (Mc Mahon et al., 2020) and Mexico (Alarcón-Herrera et 

al. 2020) scales.

The effect of evaporative concentration in northern Mexico has also been reported as 
being an important factor for Durango (Gutiérrez et al. 2023), Zacatecas (Morales deAvila et 

al, 2023) and Chihuahua (Gutiérrez et al. 2022). Various methods have been utilized to 
arrive to this conclusion, including machine learning, statistical comparisons between 
precipitation and F- concentration, relation F- and TDS, and Gibbs Diagram.
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Relation to well depth

Some authors have hypothesized that the highest concentrations of As and F 
occur in the deeper parts of the aquifers of northern Mexico. However, rather 
than depth of the aquifer, the residence time seems to be the controlling factor 
(Espino-Valdes et al., 2023), in agreement with other studies elsewhere (e.g., McMahon 

et al., 2020).

A 2023 study in an intensively used (agricultural) alluvial aquifer in central 
Chihuahua presented the highest concentrations at the discharge points of the 
aquifer (Espino-Valdes et al., 2023), concluding that concentrations increase with 
residence time and not depth.

Citation:
Espino-Valdes et al., 2022. Relation of F concentration with well depth. Environments.



Other recent reports on the subject: Health risks

”Of the 70 wells and 2 tanks that were sampled, 

90% of them were found to exceed the levels 

allowed by the regulations. In more than 70% of the 

wells, the adult population had a non-cancer hazard 

quotient (HQ) > 1.

Overall, the HQ for ingestion exceeded 1.8 at the 

95th percentile, indicating a significant risk of 

fluoride-related health problems for the population”.



Potential Treatments. 
In practice: 
reverse osmosis

Other methods have 
been suggested but 
only reverse osmosis 
has been utilized



In conclusion, the presence of F- in groundwater in 
northern Mexico has:

➢ Geogenic origin and shares a common origin with arsenic,

➢ Disperse pattern, high spatial variability of concentrations,

➢  Different geochemical paths for As and F,

➢ Evaporation and residence time are relevant factors,

➢ F- not necessarily concentrated in endorheic basins,

➢ Upward trends are not yet a concern,

➢ Concentrations present a serious risk to human health in places,



Thank you,

     any questions?
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