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The impact of Ba2+ and Cd2+ on fluoride removal by 
natural zeolite was investigated via laboratory column tests 
and geochemical modeling. The tests were carried out in 
polycarbonate columns (29.4 cm in height and 5.1 cm in 
diameter) filled with zeolite (clinoptilolite, ~710g, <1.18 mm). 
The influent solutions consist of ~200 mg/L fluoride, 0 or 
~10 mg/L metals (Ba2+ or Cd2+) and ~100 mg/L bromide (as 
conservative tracer). Fluoride concentrations & pH were 
measured via Orion ion selective electrodes located in a flow-
through cell and spot checked by ion chromatography for 
anions and ICPMS for total metals. Based on the 
concentrations of F- and Br-, the breakthrough curves were 
plotted.  

In order to replicate the 1D reactive / transport processes 
in the columns, PHREEQC and CXTFIT modeling were 
applied. As zeolite is not a phase defined in any of the 
thermodynamic databases used by PHREEQC, “Linear” 
statement is used to create this new phase. As a consequence, 
zeolite surface species and the associated hypothetical 
reactions with F- were defined as: 
F- + Linear = LinearF-; log k = -100.05                                (1)  
where LinearF- is the zeolite surface species after F- sorption. 
The log k of ~-100.05 was altered by trial and error until the 
best fit to the observed data was obtained.  
 Results show that the fluoride removal of three samples is 
~36% - 49% at equilibrium (6 PV), and the matal samples  
(Ba2+ and Cd2+) have lower defluoridation at the same pore 
volume compared with the blank. However, Ba2+ and Cd2+ 
are less likely to be the reason for the lower defluoridation, 
since the differences in the retardation coefficient (Rf) amd 
effective porosity (ne) of three samples are not significant. 
Instead, it can be attributed to the higher Darcy velocities in 
metal samples. PHREEQC modeling shows that the observed 
data are in good agreement with the prediction of PHREEQC. 
The similar reactive parameters used in the modeling once 
again verify that the addition of metals has no impact on 
defluoridation. 


