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o Antropogenic activities cause soil pollution.

o 2.5 millions of potentially polluted sites in EU.

o Common soil pollutants: metal(loid)s and 
organic compounds.

o Metal(loid)s and POPs can co-exist in the soil.
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Nano scale zero valent iron (nZVI): core-shell structure
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To evaluate the effectiveness of different types of commercial iron
nanoparticles for the remediation of an industrial soil co-contaminated with
Cr and PCBs:

o Nanoscale zero valent iron (nZVI)

o nZVI with Pd as catalyzer (nZVI-Pd)

o Nano-magnetite (nFe3O4) 
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Soil characteristics 

pH 6.29
EC (dS/m) 2.7

N (%) 0.06
OM (%) 0.81

Ca (mg/kg) 594
Mg (mg/kg) 90
Na (mg/kg) 31
K (mg/kg) 155

Cd (mg/kg) <LD
Cr (mg/kg) 214

Cr(VI) (mg/kg) 65
Cu (mg/kg) 9.1
Ni (mg/kg) <LD
Pb (mg/kg) 10
Zn (mg/kg) 30 

Sand (%) 64
Silt (%) 25
Clay (%) 11

PCB28 (tri-CB) (ng/g) 33.9
PCB52 (tetra-CB) (ng/g) 193

PCB101 (penta-CB) (ng/g) 512
PCB138 (hexa-CB) (ng/g) 719
PCB153 (hexa-CB) (ng/g) 531
PCB180 (hepta-CB) (ng/g) 292

∑PCBs (ng/g) 2281

o Industrial soil from Asturias, historically 
polluted

o [Cr(VI)] exceeds allowed levels (50-2 mg/kg 
depending on land use, BOPA, 2014).

o [PCBs] exceed allowed levels (RD 9/2005)
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Characterization of iron nanoparticles

Characteristic nZVI nZVI-Pd nFe3O4

Producer 
NanoIron (Czech 

Republic)

NanoIron (Czech 

Republic)

IoliTec

Nanomaterials 

(Germany)

Physical state

Aqueous 

suspension (80% 

water)

Aqueous 

suspension (80% 

water)

Solid 

Composition
14-18% Fe(0) y 2-

6% Fe3O4

14-18% Fe(0) y 2-

6% Fe3O4, Pd 0.1%

Iron(II,III) oxide 

>98%

Organic 

stabilizer

3% polyacrylic 

acid

3% polyacrylic 

acid
-

Mean diameter

(nm)
60 < 50 20-30 

Specific surface 

area (m2/g)
25 30 90

Zeta potential

(mV)
-32 -21 -10

o Zeta potential
o Scanning Electron Microscopy (SEM)
o X-ray diffraction (XRD)
o X-ray photoelectron spectrometry 

(XPS)
o ATR-FTIR
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Batch experiment

nFe3O4

nZVI

nZVI-Pd

Control
Soil aqueous extract:
o Cr (ICP-OES)
o PCBs 

Soil samples:
o Cr(VI) (IC-UV-VIS)
o Cr and Pd-TCLP 

(EPA-1311, ICP-
OES)

o PCBs (GC-MS)

Pseudo-anaerobic conditions to 
prevent nanoparticle oxidation

28 °C

darkness

Sampling: 15, 45 
and 70 days

36 g Fe/kg

20 g Fe/kg

PCB28

PCB52

PCB101
PCB153

PCB138

PCB180
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Cr

PCBs were not detected in aqueous 
fraction for any of the treatments at 
any sampling time.

o nZVI, nZVI-Pd and nFe3O4

significantly reduced Cr 
concentration in the extracts at the 
three sampling times.

o No differences among sampling 
times.
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Cr availability in soil (TCLP)

Soils from nZVI and nZVI-Pd→ similar Cr(VI)
o nZVI, nZVI-Pd and nFe3O4 significantly

reduced Cr availability in soils at the three 
sampling times and was stable for at least 
70 days.

o No differences among nanoparticles or 
sampling times.
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Interactions mechanisms: 
o Cr(VI) reduction to Cr(III)
o Adsorption of Cr(VI) on the shell 



Introduction Goals Experimental Results & Discussion Conclusions

Pd availability in soil samples  treated with 
nZVI-Pd(TCLP)

o Total Pd in nZVI-Pd treatment: 150±30 mg/kg
o Pd-availability maximum at first sampling time (15 days), and 

decreased with time.
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PCBs in soil samples 

o nZVI-Pd more effective than nZVI after 15 days. No differences at longer times (degradation 38-68%).
o Control: biodegradation after 45 days (similar results to nZVI and nZVI-Pd).
o nZVI and nZVI-Pd faster than bioremediation and effective for Cr(VI) immobilization.

control

nFe3O4

nZVI

nZVI-Pd
15d 45d 70d 15d 45d 70d 15d 45d 70d

15d 45d 70d 15d 45d 70d 15d 45d 70d

PCB28 PCB52 PCB101

PCB153 PCB138 PCB180
nFe3O4: reduction 
after 15 days. 45 and 
70 days → increase → 
reversible adsorption. 
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o The addition of nZVI, nZVI-Pd or nFe3O4 to a soil co-contaminated with
Cr and PCBs significantly reduced the leachability of Cr in soil and the
immobilization was stable for at least 70 days under the experimental
conditions.

o The nZVI and nZVI-Pd showed higher effectiveness for the reduction of
Cr(VI) to Cr(III) compared to that of nFe3O4.

o After 15 days of interaction between soil-nanoparticles, the PCBs
concentration significantly decreased in soils treated for the three types
of iron nanoparticle. However, nFe3O4 exhibited a reversible process of
PCBs adsorption. nZVI-Pd showed higher degradation rate than nZVI
after 15 days but on day 45, similar results were found for both
nanoparticles (mean 60% degradation).

o The use of nZVI-Pd implies the incorporation of Pd into the soil,
although we observed that the available content was lower than 1% of
the total and it decreased over time.
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o Due to bioremediation processes, the control soils showed a reduction in PCBs
concentration in the 45-day sampling time, reaching similar values to those
found in soils treated with nZVI and nZVI-Pd. In this regard, bioremediation
would be feasible for soil polluted exclusively with PCBs but not when soil also
includes metals such as Cr.

o The addition of nZVI or nZVI-Pd under pseudo-anaerobic conditions could be
used for the remediation of soils co-contaminated with Cr and PCBs.
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