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ABSTRACT 
 

In recent years, nanoparticles of zero-valent iron (nZVI ~ Fe0) have become a significant remediation material 

which is increasingly used for the elimination of large amounts of contaminants in a variety of environmental 

components particularly soil and groundwater environments. Due to the fact that nZVI is "pure" iron (only in 

zero-valent state) it can be considered as an “environmentally friendly” remediation material. NZVI is 

characterized notably by ability to induce strong reducing conditions in saturated zone of the soil environment. 
In water, this material is reactive and acts as an excellent electron donor which makes it a universal remediation 

material for reductive degradation of many organic contaminants. Among the wide range of substances, which 

are well degradable by reduction mechanisms, belongs notably group of halogenated aliphatic hydrocarbons. 

These substances are degraded successfully by mechanism of reductive dehalogenation. Moreover, nanoparticles 

of ZVI have high migration ability in the soil environment and they can thus treat larger area of contaminated 

locality. Other advantage of this material is his relatively long-term and progressive reactivity without necessity 

of further interventions or additions of other reagents. In recent time, there is an effort to focus on modification 

of nZVI or its combination with other materials (surfactants, biological substrates, carbon etc). These 

modifications can improve some properties of nZVI (stability, migration in the soil environment, sorption, 

reactivity etc.). In case of biosurfactants and other biomaterials, these can be additionally utilized by 

microorganisms as a substrate and start out subsequent biological degradation of residual contamination. This 
combination seems to be very promising because it can increase efficiency of entire remediation process and 

simultaneously induces the conditions for subsequent natural attenuation.  

Presented study is focused on practical applications of differently modified nZVI during remediation process in 

area of industrial factory in the Czech Republic. During the in-situ applications, three types of differently 

modified nZVI (with biosurfactants and in combination with nanocarbon) were used for elimination of 

chlorinated ethenes in saturated zone of the soil environment on this locality. Not only progress of reduction 

processes, but also progress of biological activity as a result of present biosurfactants was observed. In order to 

find out the biological activity in particular boreholes and its affecting by applied materials, a quantitative PCR 

(qPCR) analysis was used. The analysis was carried out 6 month after application and it was focused on 

detection of genes encoding enzymes vinychlorid reductase bvcA and vcrA which are capable to degrade 

chlorinated hydrocarbons. Moreover, identification and relative quantification of the most frequent species of 
microorganisms (Dehalococcoides (DHC-RT), Dehalobacter (Dre) a Desulfitobacterium (Dsb) capable to 

degrade chlorinated ethenes were also carried out by the qPCR method. Substantial results relating to 

remediation effectiveness of particular combinations with subsequent biological activity are compared and 

presented. 

Strongly contaminated area was localized in the locality of former warehouse of chemicals of approx. area about 

450 m2. For this reason, 7 boreholes were drilled into saturated zone of the contaminated area. 6 boreholes (V11 

– V16) were used for application of modified nZVI; borehole V10 was chosen as blank borehole. Depth of 

boreholes was approx. 10-20 m under the surface and the distance between neighboring boreholes was approx. 

5 m. Bedrock of the area is formed by low permeable clays and from previous monitoring was found out, that 

there is not influence between boreholes.  

Into each of application boreholes, 5 kg of modified nZVI were applied. For the application, nZVI type 

NANOFER STAR from LAC, ltd. (Czech Republic) was used. This amount was delivered in barrels as 25 kg of 
concentrated water suspension. Before the application, the water suspension was diluted by tap water on approx. 



concentration of about 10 g/L and then injected directly into borehole. More detailed information is listed in 

Tab. 1.  

Graphs below (V10 – V11) show substantial results of CEs contamination development before and after the 

application. Qualitative results from qPCR method and approximate degree of representation of each monitored 

species in the boreholes are shown in last Tab 2. 
 

Tab. 1 Detailed information about applied materials 

Borehole Used materials Adjuvants Designation Notes 

V-11 nZVI (5 kg) 1) MSJ (250 g) 3) nZVI+MSJ 1)   nano zero-valent iron (NANOFER STAR, LAC Ltd,  CZ) 

2)   Nanocomposite of nZVI (NANOFER STAR, LAC Ltd, 

CZ) with carbon nanotubes (RCPTM Olomouc, CZ) 

3)   biosurfactant on basis of salts of higher fatty acids  

4)   carboxymethylcellulose  

5)  served for comparison  

V-12 nZVI (5 kg) 1) - nZVI 

V-13 nanokompozit nZVI-C (5 kg) 2) CMC (2,5 kg) 4) nZVI-C+CMC 

V-14 nZVI (5 kg) 1) MSJ (250 g) 3) nZVI+MSJ 

V-15 nZVI (5 kg) 1) - nZVI 

V-16 nZVI (5 kg) 1) - nZVI 

V-10 Blank borehole (no application) 5) 

 

  

  

  

 
 
In the all monitored boreholes (except for blank borehole V-10), a significant decrease in oxidation-reduction 

potential during the first week after application was observed. These changes were observed even 11 months 

after application. Simultaneously, highly-chlorinated ethenes (PCE and TCE) were completely eliminated during 

the first week after application. The increase in concentration of DCE (cis-1,2-dichloroethene) has been observed 

in all boreholes but more significant is this trend in boreholes, where the nZVI was applied with some type of 

biosurfactant (V-11, V-13 and V-14). The increase in DCE concentration during reductive reactions is natural 

effect, because highly-chlorinated ethenes (PCE and TCE) are gradually degraded on more stable DCE. Very 

significant increase in DCE concentration in case of use of nZVI in combination with biosurfactant is caused by 

Tab. 2 Results from qPCR method 



desorption effects of the individual surfactants. This trend will probably last until all of PCE and TCE will not be 

completely degraded on DCE. Then the degradation of DCE on VC is supposed, as in case of borehole V-12, V-

14 and V-15. If the reductive capacity of the nZVI is sufficient, it can be supposed, that all DCE will be 

degraded on VC and then even VC degraded up to ethene. However, there will be probably need to support the 

reduction capacity by other application of nZVI. 

The aim of the nZVI modification or its applications in combination with other materials is endeavor to improve 

and support some of its properties or increase the intensity of remediation in saturated zone of the geological 

environment. The remediation of saturated zone contaminated by CEs using combination of nZVI with 

biosurfactants seems to be a very interesting and promising approach. During the application occurs not only the 
desorption of CEs from the rock environment, which can thus participate in the reductive reaction more easily, 

but the present biosurfactant may also acts as a substrate for the microorganisms and supports thus subsequent 

biodegradation in the near area around the application borehole. This study reveals that higher biological activity 

was indeed observed in boreholes where the nZVI was applied in combination with some type of biosurfactant 

than in boreholes where the nZVI was applied alone. The presence of carbon nanotubes combined with ZVI 

predicts the possibility of rapid sorption of contaminants in the first step and their subsequent reduction due to 

presence of nZVI, however, this assumption has not been confirmed so far.  
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