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ABSTRACT 
 

In recent years, particles of iron in high oxidation states (Fe
IV-VI

), commonly called ferrates, have been presented 

as a very effective remediation material especially due to their strong oxidation ability. However, so far the 

majority of applications have been carried out only as a laboratory tests with model samples in many cases. The 

real application of ferrates in remediation practice seems to be more complicated than expected and lot of them 

thus end in failure. Therefore there is a necessity to consider the suitability of their use or consider their possible 

combination with other agents in order to reach required removal efficiency in remediation practice. This study 

is focused on practical applications of ferrates during in-situ and ex-situ remediation of groundwater 

contaminated by a wide range of organic contaminants. The first locality (locality A) was selected for in-situ 

remediation (Fig. 1(a)). This locality was situated in the area of the factory focused on metal production and 

main contaminants of the groundwater were chlorinated ethenes (CEs) - total value of CEs (ΣCEs) was ranged 

60-70 mg/l. The second locality (locality B) was selected for ex-situ remediation which was carried out as a 

container test with groundwater pumped out from the borehole (Fig. 1(b)). This locality was situated in the area 

of chemical factory and the groundwater has been contaminated by a wide range of organic contaminants, of 

which the most important groups have been aromatic hydrocarbons (benzene, toluene, ethylbenzene, xylenes) 

and chlorinated aromatic hydrocarbons (chlorobenzene, o-dichlorobenzene, m-dichlorobenzene, p-

dichlorobenzene). All detected organic contaminants including level of their contamination before the start ex-

situ remediation are listed in Tab. 1. 
 

     
Fig. 1(a): in-situ applications on the locality A    Fig. 1(b): ex-situ applications on the locality B 
 

Tab. 2 Contaminants detected in the groundwater of the locality B incl. level of their concentration before start of the test 

Contaminant c (μg/L) Contaminant c (μg/L) Contaminant c (μg/L) 

benzene 340 p-dichlorobenzene 4 900 ∑ cresols 50 

toluene 363 000 ∑ chlorinated ethenes 520 ∑ dichlorophenols 9 

∑ xylens 480 ethylbenzene 140 ∑ chlorophenols 12 

1,2,3-trichlorobenzene 62 chlorobenzene 2 900 aniline 730 

o-dichlorobenzene 19 000 naphtalene 3 600 N-ethylaniline 4.6 

m-dichlorobenzene 3 700 phenol 3.0 2,4,6-trimethylaniline 130 

 

For all applications, a ferrate product ENVIFER from LAC, ltd. (Czech Republic) was used. ENVIFER 

parameters were as follows: total content of Fe: 18.4 wt%; content of Fe
V
 57±3 mol%; content of Fe

VI
 < 3 mol%; 

content of K2O 19±3 wt%; Fe
VI

/Fe
V
 ratio after dissolution in water: 0,81 => 1 g ENVIFER ≈ 85 mg Fe

VI
. 

 

Both applications were carried out as follows: In the first step, ferrate composite ENVIFER was applied and in 

the second step, approx. one hour later, 35% hydrogen peroxide was applied. In the case of the in-situ 

remediation (locality A), ferrates were applied directly into selected borehole (Fig. 1(a)) as a concentrated 

solution prepared by dissolving of 1.75 Kg of ENVIFER in 700 L of tap water. The applied amount of hydrogen 



peroxide was approx. 15 L. Over the following six months, other three applications of hydrogen peroxide have 

been realized. In the case of the ex-situ remediation (locality B), ferrates were applied in amount of 350 g of 

ENVIFER directly into the container with 900 L of the groundwater (Fig 1(b)). The applied amount of hydrogen 

peroxide was approx. 4.5 L (≈ 5 mL/L). The entire process of ex-situ remediation took 24 hours. 
 

Following figures show substantial results obtained from both applications. Fig. 2 shows the development of the 

contamination of ΣCEs in the application borehole (locality A) from November 2013 to October 2014 including 

application of ferrates with hydrogen peroxide (27. 2. 2014) and other three applications of hydrogen peroxide 

(27. 3., 13. 5. and 12. 8. 2014). Fig. 3 shows total removal efficiency of monitored contaminants at the end of the 

ex-situ remediation (locality B). Results are compared to a blank sample. 

 
Fig. 2 The development of the contamination in application borehole (locality A) from November 2013 to October 2014 

including application of ferrates with hydrogen peroxide (27. 2. 2014) and other applications of hydrogen peroxide (27. 3., 

13. 5. and 12. 8. 2014) 
 

 
Fig. 3 Total removal efficiency of monitored contaminants at the end of the ex-situ remediation (locality B); compared to a 

blank 
 

On the basis of obtained results, the combination of ferrates and hydrogen peroxide seems to be very fast and 

effective with a rapid decrease in the contaminants concentration. During 24 hour reaction time, the majority of 

detected contaminants was removed from 60-90 %. Moreover, from the viewpoint of the environmental 

protection, the combination of ferrates with hydrogen peroxide acts as completely green technology, because 

ferrates are reduced to Fe
3+

/Fe
2+

 as the form of various polyhydroxy complexes and hydroxides (ferric sludge), 

which are nontoxic and commonly occurring in the nature, and hydrogen peroxide is degraded to O2 and H2O. In 

addition, the ferric sludge can be used repeatedly. However the use of this combination is more effective for ex-

situ remediation than the in-situ remediation. In the case of in-situ remediation the effects are only short-term in 

consequence of the incessant supply of contamination from the surroundings.  
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