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ABSTRACT 

In the conducted research nano zero valent iron has been used as the immobilization agent in the 
remediation treatment of dredged sediment, as well as the treatment that is performed on-site (in-situ). 
Study aims to find a better understanding of the behavior of metals in sediments and to determine their 
potential mobility, bioavailability and potential toxicity based on sequential extraction procedures. In 
order to evaluate the extraction potential of toxic metals and the effectiveness of the treatment applied, 
three single-step leaching tests were performed. When applying nanomaterial, as the immobilization 
agent in sediment treatment, using two remediation options (ex - situ and in – situ), high stability of the 
metals is achieved in treated sediment. 

Keywords: kaolinite and bentonite coated nZVI, ex-situ and in-situ remediation, sediment. 
 

1. INTRODUCTION 

The rapid industrial development has greatly 
influenced the degradation of the environment, es-
pecially water resources, and therefore sediment. 
The need for analysis of sediment resulted from the 
fact that the sediment shows a strong tendency to 
bind and thus represents a reservoir of toxic and 
persistent compounds predominantly anthropoge-
nic origin. Sediment disturbed by natural or human 
factor, may release pollutants into the water, and 
benthic organisms may be exposed through direct 
contact by entering the sediment, or by entering the 
dissolved pollutants present in the water. High con-
centrations of heavy metals in soils and sediments 
may cause long-term risks to ecosystems and hu-
mans. The total metal content in polluted environ-
mental samples is a poor indicator of bioavailability, 
mobility or toxicity; these properties basically de-
pend on the different chemical forms of binding bet-
ween trace metals and solid phases of the samples 
[1]. 

In case where the sediment is contaminated, 
depending on the degree of pollution, remediation 
is sometimes necessary and it is not recommended 
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to disposed sediment on the controlled areas or as 
it is practice in our country, uncontrolled disposal 
on land. Selection of appropriate methods of sedi-
ment remediation depends on the specific cha-
racteristics of a given sediment, metal concentra-
tions in individual fractions, the concentration and 
the type of pollutant that require elimination, as well 
as the final use of the contaminated sediments. 
However, it is necessary to take into account the 
high specificity of the sediment in the sample site 
("site-specific"), so that required modifications will 
involve all relevant characteristics of a given place 
which affect the toxicity of metals. 

Application of nanomaterials for environmental 
remediation has recently received great attention. 
Among the different nanomaterials, iron nano par-
ticles have been extensively studied to remediate 
pollutants such as organic compounds and metal 
ions. Nano zero valent iron (nZVI) is a new material 
that is used for the sediment treatment, for reme-
diation of dredged sediment, and when the treat-
ment is performed on-site (in-situ). nZVI particles 
may range in diameter from 10 to 100 nanometers. 
They consist entirely of zero valent iron (Fe

0
). 

Small particle size and high surface area make iron 
nanoparticle highly reactive and extremely volatile. 
Large surface area and surface reactions, as com-
pared to a granular form, the nano particles allow 
remediation of contaminants at a higher rate and 
with a lower generation of hazardous by-products. 
Despite zero-valent iron nanoparticles (nZVI) being 
used to remediate both organic and inorganic 
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contaminants in groundwater for over a decade, 
there are still technical challenges associated with 
its application. The application of unsupported nZVI 
and their agglomerates is complicated because of 
the extremely high pressure drops, lack of dura-
bility and mechanical strength in conventional sy-
stems [2]. To overcome this problem, various poly-
mers and other coatings have been used to stabi-
lize nZVI particles with varying degrees of success 
[3, 4].The coating of nZVI surface with polymers or 
polyelectrolyte provides increased steric and/or 
electrostatic repulsion between the nanoparticles. 
This has been shown to enhance their colloidal 
stability in water and decrease adhesion to porous 
media solids and thus increasing their potential for 
transport in porous media. The electrosteric stabi-
lization offered by polyelectrolytes can overcome 
attractive van der Waals forces and magnetic for-
ces between nZVI. More recently, clay-supported 
nZVI [5] have been used to remove metals and to 
reduce the extent of nZVI aggregation. 

Stabilization is one of the most effective met-
hods to reduce the availability of toxic metal in soil 
by transforming toxic or potentially hazardous pha-
ses into less hazardous ones [6]. 

Leaching is known to be a complex pheno-
menon because many factors may influence the 
release of specific constituents from a waste over a 
period of time. Although numerous leaching tests 
are available to evaluate the stabilization treatment, 
no single test can describe the complex leaching 
behavior of treated materials, which creates con-
fusion in how the results should be interpreted and 
which extraction test should be used in determining 
the leachability. Single extractions with water, 
diluted acetic acid, neutral salts and EDTA are 
generally performed in order to evaluate the pro-
portion of metals weakly bound to the matrix, as a 
preliminary indication on the possible release of 
pollutants into the environment or their uptake by 
plants. In addition, sequential extractions are car-
ried out with reagents of different chemical pro-
perties, in order to identify fractions of elements 
with different liabilities. Several sequential extrac-
tion schemes for metals have been developed; in 
particular, Tessier’s scheme [7] is one of the most 
widely used and it has been extensively applied to 
aquatic sediments, soils and sludges. The sequen-
tial extraction procedure can be improved using 
microwave (MW) irradiation or its combination with 
ultrasonic shaking, to accelerate different chemical 
processes, including multi-step sequential extra-
ction. 

The paper investigates the possibility of using 
nano zero valent iron supported with bentonite and 
kaolinite for the immobilization of heavy metals, as 
well as the impact of nanomaterials on the behavior 
and fate of metals in the sediment. The main objec-
tives of this study are assessing the characteristics 

of untreated and treated sediment and evaluating 
its environmental risk and evaluation of the effec-
tiveness of stabilization treatment by assessing the 
leaching potential and environmental impact based 
on the different leaching procedures (TCLP, DIN 
3841-4 S4, and SPLP). 

2. EXPERIMENTAL PART 

Kaolinite (K) and bentonite (B) samples conta-
ining nanometre-sized zero-valent iron particles 
were prepared using a conventional liquid-phase 
method by the reduction of ferric iron by boro-
hydride in the presence of bentonite or kaolinite [8]. 
The weight ratio of bentonite to nZVI was 1:1, and 
the same ratio was used in kaolinite-supported 
nZVI as well. The concentration of iron in 1 L of so-
lution was 14.000 ppm. 

Kaolinite composition was (wt %) SiO2 (45.9 
%), Al2O3 (37.2 %), Fe2O3 (3.34 %), MgO (1.40 %), 
CaO (0.25 %), K2O (0.14 %), Na2O (0.10 %), 
ignition loss (13.3); bentonite composition was 
SiO2 (58.9), Al2O3 (22.7), Fe2O3 (4.83), MgO 
(1.40), CaO (1.85), K2O(0.24), Na2O (0.12), ignition 
loss (10.6). 

Transmission electron microscope (TEM; Philis 
CM 10) and scanning electron microscope (SEM; 
Hithchi S-4700 Type II) images were recorded to 
determine the morphologies, size and particles 
distribution of the K-nZVI and B-nZVI. For scanning 
electron microscopy (SEM) images, powdered 
samples were first affixed onto adhesive tapes 
supported on metallic discs and then covered with 
a thin, electric conductive gold film. Images were 
recorded at different magnifications at an operating 
voltage of 30 kV. Structural analysis of K-nZVI and 
B-nZVI was performed using 77 K N2 adsorption–
desorption isotherms by Autosorb iQSurface Area 
Analyzer (Quantochrome Instruments, USA). Sam-
ples were outgassed at 120

0
C for 2h before run-

ning isotherms. Multi-point Brunauer–Emmett–Tel-
ler (BET) method was used to determine specific 
surface area. Mesopore volumes were calculated 
from desorption isotherms using Barrett– Joyner–
Halenda (BJH) model and micropore volumes were 
calculated using t test method. 

Mixtures for the ex-situ process were prepared 
by addition of 0.4, 0.8 and1.2% nZVI supported 
with bentonite and kaolinite as compared to the 
total weight of the sediment. The treated sediment 
samples were prepared by mixing with B-nZVI and 
K-nZVI according to standard method ASTM 
D1557-00 [9] and cured at 20°C in sealed sample 
bags for 28 days. 

Simulation of in-situ conditions was carried out 
by injection of nanomaterial in small vessels with 
750g of contaminated sediment. After injection of 
nanomaterials, with mixing of sediment it was 
performed a complete distribution of nanomaterials 
in the sediment.  
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MWSE was performed for treated and untre-
ated sediment samples as described by Jamali et 
al. [10], using identical operating conditions applied 
in each individual Community Bureau of Reference 
(BCR) fraction and validated by the CRM BCR 701. 

Samples were then pulverized and subjected to 
various tests for leaching to determine the chara-
cter of the final material. Tests used in this paper: 
Toxicity Characteristic Leaching Procedure-TCLP 
specially designed to mimic the acidic conditions of 
the sanitary landfill and to identify waste that has 
the potential to contaminate ground water [11]. 
German standard test- DIN 3841-4S4 [12] is used 
as a standard leaching test in determining the 
general characteristics of granular waste materials 
and sludge. Synthetic Precipitation Leaching Pro-
cedures –SPLP test [13] with a single extraction 
has been developed as an alternative to the TCLP 
test for situations where the waste is disposed out-
side of municipal landfill. Metal concentrations were 
determined by atomic absorption spectrometry 
AAS (Perkin ElmerAAnalyst™700) using standard 
procedures. 

3. RESULTS AND DISCUSSION 

Characterization of K-nZVI and B-nZVI  

Kaolinite and bentonite were selected in order 
to represent the two extremes of physicochemical 
clay behaviour based on their surface area and 
CEC. The CEC (meq 100 g

-1
) was 19.1 for kaolinite 

and 70.4 for bentonite, while the respective surface 
areas (m

2
 g

-1
) were 9.84 and 24.01, so it can be 

concluded that bentonite has almost triple the BET 
specific surface area of kaolin. It is the total internal 
boundary between the solid phase and the pore 
system [14]. The multi-point BET specific surface 
areas of synthesized nanomaterials are signi-
ficantly higher than those of the appropriate clays, 
for K-nZVI it is 14 m

2
 g

-1
 and for bentonite 40 m

2
g

-1
. 

This suggests that the presence of zero-valent na-
noparticles significantly increases the surface area, 
which is critical in high performance catalysts as 
the surface area of a porous material is one of the 
most useful microstructural parameters for defining 
its properties. From the aspect of mesopores (BJH 
model) there is almost no difference between 
kaolin (0.031 cm

3
 g

-1
) and bentonite (0.032 cm

3 g
-1

).  

The BJH total pore volume of synthesized 
nanomaterials increased in comparison with the 
appropriate clay, which attests to the presence of 
mesopores formed by the intercalated Fe 
nanoparticles. BJH for bentonite was 0.075 cm

3
 g

-1
 

and for kaolinite 0.070 cm
3
 g

-1
. These findings are 

in good correlation with examinations conducted on 
similar materials [14, 15]. In addition, only bentonite 
shows a micropore content (V-t method), 0.007 cm

3
 

g
-1

. The larger surface area can contribute to more 

uniform distribution of nZVI particles on the appro-
priate clays. 

The physical shape and size of the synthesized 
K-nZVI and B-nZVI are presented in Fig. 1. The 
TEM and SEM images show the appearance of the 
small and clearly spherical particles. The particle 
sizes of the K-nZVI and B-nZVI, as measured from 
the images, varied between 20 and 90 nm. These 
results proved that bentonite and kaolinite pre-
vented the nZVI particles from aggregating toge-
ther[16]. However, it can be seen that there is a 
difference between average nanoparticle sizes 
depending on the clay used. Nanoparticle size 
decreased in series of 80>30 nm when kaolin and 
bentonite were used for supporting nZVI, indicating 
that there is a clear link between the dispersion of 
synthesized nano zerovalent iron particles and the 
BET specific surface area and porosity of the 
materials used for support as obtained by 
Tomasevic et al. [5] and Kerkez et al. [17]. 

   

a)  `   b) 

  

Figure 1 - SEM and TEM images of laboratory-
synthesized iron particles with support material. a) 

Bentonite-nZVI and b) Kaolinite-nZVI 

Pseudo-total metal concentrations and sequential 
extraction of untreated sediment sample 

Pseudo-total concentrations of metals were: for 
Cr 420.2 mg kg

-1
, for Ni 471.4 mg kg

-1
, for Cu 394.1  

mg kg
-1

, for Zn 882.0 mg kg
-1

, for As 41.25  mg kg
-1 

and for Pb 394.1 mg kg
-1

 which, according to the 
Serbian regulation standards [18], is above inter-
vention values and such sediment is considered 
severely polluted with analyzed metals (class 4) 
and needs dredging, disposal in special reservoirs 
and, if possible, sediment clean-up measures. 

A sequential extraction procedure was utilized 
to divide the metals into four fractions: exchan-
geable and carbonate bound, iron and manganese 
oxides bound, organic matter bound and residual 
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metal. The distribution of analyzed metals in differ-
rent phases extracted by the MWSE procedure as 
described by Jamali et al. [10] is shown in Figure 2. 

 

Figure 2 - Distribution of analysed metals in 
sequential extraction fraction of untreated sample 

From Fig. 2, it can be seen that a high per-
centage of lead and zinc was found in the first-
exchangeable fraction (29.4% and 74.1 %, respe-
ctively). Metals in the exchangeable fraction can be 
exchanged and are in equilibrium with the ionic 
content in water. This fraction is sensitive to pH 
variations. 

A significant proportion of Ni (57.4 %) and Cu 
(42.0 %) were present in the third phase, the Fe–
Mn oxides phase. The Fe–Mn oxides fraction 
includes the soluble metal oxides/hydroxides under 
slightly acidic pH as well as the metal associated 
with reducible amorphous Fe–Mn oxyhydroxides. A 
significant proportion of Pb was also bound to 
organic matter (28.0 %). Oxidizing conditions lead 
to enhanced mineralization of organic matter, whe-
re there is a release of metals from these fractions. 

Judging from the results of sequential extrac-
tion, arsenic and chromium are at the highest per-
centage (58.1 and 56.5 %, respectively) present in 
the fourth-residual phase which is the environmen-
tally least dangerous phase, and hence cannot be 
considered as fully threatening to the environment. 

A potential method to determine if the heavy 
metals can be removed by remediation techniques 
or predict removal efficiency is to determine spe-
ciation with selective extraction techniques. 
Although Pb and Ni speciation in the sediment 
were slightly different, we applied the same reme-
diation treatment because there is not enough data 
about the behaviour of metals differently distributed 
in their mixture in sediment during their stabilization 
treatment, or about treatment efficiencies in ge-
neral. The main objective of every remediation 
procedure dealing with several contaminants is to 
carry out the treatment with the same agents, and 
thus achieve economic and environmental benefits. 

Ex situ Treatment of contaminated sediment with 
K-nZVI and B-nZVI 

Evaluation of metal toxicity in the sediment 
based on the sequential extraction procedure, after 
the treatment, indicated that the majority of metals 
after treatment are in oxide and residual phase. 
From Figure 3 the decrease immobility of Zn can 
be seen, with increasing percentage of added K-
nZVI. If we compare the results with the results 
with the addition of the kaolinite and bentonite as 
immobilization agent [19], we come to the con-
clusion that the composition with the addition of 
much less nanomaterials gave similar results as 
the mixture with the addition of up to 30% kalinite 
and bentonite. 

 

a) 0.4% K-

nZVI  

b) 0.8% K-

nZVI  

c) 1.2% K-

nZVI  

d) 0.4% B-

nZVI  

e) 0.8% B-

nZVI  

f) 1.2% B-

nZVI  

Figure 3 - Distribution of analysed metals in sequential extraction fraction of ex-situ treated sediment samples 
with addition of: a) 0.4%, b) 0.8 % K-nZVI, c) 1.2% K-nZVI, d) 0.4% B-nZVI, e) 0.8% B-nZVI, f) 1.2% B-nZVI 

The results of TCLP, SPLP and DIN tests on 
treated samples are presented in Table 1. The 
ultimate leachable concentrations were compared 
with the limits regulated by the TCLP procedure 
[11], limit concentrations of metals in surface water 
according to current national regulations for water 

in third class [20], as well as the maximum per-
missible concentrations for inert waste [21], res-
pectively. 

The TCLP was specifically designed to mimic 
acidic conditions in a sanitary landfill and identify 
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wastes that have the potential to contaminate 
ground water. All mixtures meet the TCLP test cri-
teria in terms of the metal concentrations of re-
gulated TCLP procedure for both bentonite and 
kaolinite supported nZVI treated samples. 

SPLP is frequently used to assess the risk to 
groundwater posed by contaminated soils and in 
the risk assessment process for determining bene-
ficial uses of solid wastes. SPLP test results show 

that metals concentrations in all mixtures are below 
the prescribed concentration limits for class III, 
according to the current national regulations [20]. 
The mixture with the highest content of immo-
bilization agent for As, Cu, Zn and Cr met the limit 
values for class I, that responses excellent eco-
logical status according to the classification given 
in the regulation. 

Table 1 - Leached concentrations of toxic metals after TCLP, SPLP and DIN test of ex situ treated 
sediment sample and their comparison with relevant standards 

Test/metal A 

Sample 

K-nZVI B-nZVI 

0.4% 0.8% 1.2% 0.4% 0.8% 1.2% 

TCLP 

mg/l 

Cr 5 <DL <DL <DL <DL <DL <DL 

Ni 20 1.2 0.03 0.01 0.96 0.67 1.08 

Cu 25 0.59 0.27 0.23 1.08 0.74 0.37 

Zn 250 <DL <DL <DL <DL <DL <DL 

Pb 5 2.18 2.16 2.17 2.25 2.29 2.36 

As 5 0.06 0.01 0.02 0.10 0.05 0.05 

SPLP 

Cr 0.1 0.26 0.17 0.12 0.03 0.02 0.006 

Ni - 0.30 0,11 0.10 0.04 0.01 0.03 

Cu 0.5 0.49 0.94 0.81 0.56 0.32 0,23 

Zn 2 0.05 0.05 0.05 0.004 0.02 0.004 

Pb 0.05 0.001 0.002 0.001 0.02 0.001 0.007 

As - 0.10 0.10 0.10 0.008 0.002 0.002 

DIN mg/kg 

Cr 0.5 0.28 0.36 0.21 0.10 0.50 0.16 

Ni 0.4 6.92 3.09 2.40 5.61 2.14 1.02 

Cu 2 8.42 2.94 2.58 8.42 6.55 4.47 

Zn 4 <DL <DL <DL <DL <DL <DL 

Pb 0.05 0.27 0.01 0.28 0.089 0.49 0.02 

As 0.5 0.07 0.03 0.50 0.08 0.01 0.03 

 
A: TCLP – Limit values for metals according to TCLP procedure [11]; SPLP – Emission limit values for waste water 
from surface waste disposal [20]; DIN – Maximum allowed concentration of accepting waste as inert [21] 

 

Regarding the criteria for depositing prescribed 

in the Regulations on categories, testing and clas-

sification of waste [21], in terms of the concen-

tration of Cr, Zn, As and Pb all mixtures can be 

considered as inert waste, while the concentration 

of Cu and Ni for all mixtures can be classified as 

non-hazardous waste. 

In general it can be concluded that the mixture 

with B-nZVI are effective in immobilization of metal 

on each evaluated criteria in comparison to mixture 

with K-nZVI. Improved immobilization in the pre-

sence of B-nZVI can be explained by the presence 

of the montmorillonite in the bentonite, which is 

very reactive clay. Cation exchange capacity and 

the specific surface area of this clay are up to three 

times higher than kaolinite and therefore it has a 

greater affinity for the metal binding. 

In situ Treatment of contaminated sediment with K-

nZVI and B-nZVI 

The use of zero valent iron (Fe
0
) in the in-situ 

remediation technique is currently undergoing eva-

luation. The basic mechanism for removal, origi-

nally suggested, involves the reduction of metal 

contaminants, then their subsequent precipitation 

of insoluble forms. 

The sequential extraction procedure was ap-

plied to the mixture of sediment and both K-nZVI 

and B-nZVI after "aging" of 4 weeks (Figure 4). 
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a) 0.4% K-

nZVI  

b) 0.8% K-

nZVI  

c) 1.2% K-

nZVI  

d) 0.4% B-

nZVI  

e) 0.8% B-

nZVI  

f) 1.2% B-

nZVI  

Figure 4 - Distribution of analysed metals in sequential extraction fraction of in situ treated sediment samples 
with addition of: a) 0.4%, b) 0.8 % K-nZVI, c) 1.2% K-nZVI, d) 0.4% B-nZVI, e) 0.8% B-nZVI, f) 1.2% B-nZVI 

 

The figure clearly shows that there are no 
significant changes in the distribution of metals in 
phases, but after the addition of small amounts of 
immobilization materials, metals are mostly located 
in the third (oxidized) and fourth (residual) phase. If 
we compare the results of sequential extraction 
procedure of treated sediment with K-nZVI and B-
nZVI in in-situ treatment with the same mixtures in 
ex-situ treatment, we come to the conclusion that 
the in-situ treatment are better in terms of all 
metals, even with the addition of a minimum 

amount of immobilization agents. This can be 
explained with large reactivity of iron, even when it 
is supported, because it quickly oxidizes in air 
which is probably exactly what happened in ex-situ 
treatment. 

TCLP test, SPLP test as well as German Stan-
dard DIN 38414-4 leaching test, were performed on 
mixtures after in-situ process after 4 weeks, and 
the results are shown in Table 2.  

Table 2 - Leached concentrations of toxic metals after TCLP, SPLP and DIN test of in situ treated 
sediment sample and their comparison with relevant standards 

Test/metal A 

Sample 

K-nZVI B-nZVI 

0.4% 0.8% 1,.2% 0.4% 0.8% 1.2% 

TCLP 

mg/l 

Cr 5 0.21 0.23 0.24 0.22 0.21 0.22 

Ni 20 1.62 1.67 1.40 2.38 2.11 4.61 

Cu 25 0.02 0.34 0.22 0.44 0.31 0.58 

Zn 250 0.21 0.24 0.15 0.20 0.19 0.36 

Pb 5 0.49 0.45 0.46 0.40 0.49 0.72 

As 5 0.09 0.08 0.02 0.14 0.12 0.09 

SPLP 

Cr 0.1 0.07 0.07 0.08 0.06 0.07 0.07 

Ni - 0.32 0.58 0.69 0.47 0.05 0.80 

Cu 0.5 0.06 0.08 0.04 0.06 0.05 0.04 

Zn 2 0.09 0.08 0.15 0.11 0.07 0.07 

Pb 0.05 0.11 0.02 0.08 0.16 0.07 0.08 

As - 0.04 0.05 0.02 0.04 0.04 0.01 

DIN mg/kg 

Cr 0,5 13.5 13.7 14.7 10.3 13.2 13.6 

Ni 0,4 8.52 16.1 86.4 28.1 30.1 40.3 

Cu 2 24.5 30.8 91.2 4.50 1.42 2.32 

Zn 4 21.9 21.2 23.6 15.0 24.8 17.8 

Pb 0,05 7.71 2.43 4.35 1.13 0.01 20.6 

As 0,5 0.44 0.32 0.18 0.24 0.14 0.18 

A:TCLP – Limit values for metals according to TCLP procedure [11]; SPLP – Emission limit values for waste water 
from surface waste disposal [20]; DIN – Maximum allowed concentration of accepting waste as inert [21] 
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All mixtures met the criteria regulated by the 
TCLP procedure in terms of the leached con-
centration. SPLP test results show that the concen-
trations of Cr, Zn, As and Cu, after treatment with 
K-nZVI, do not exceed the limit value for third class 
of water [20]. In the case where the in-situ treat-
ment uses B-nZVI, concentrations of As, Zn, Cr 
and Cu for all samples were below the limit con-
centration values of metal in the surface water level 
prescribed for the third class of water, while the 
concentration of Zn was below the limit values for 
the class II, with good water ecological status [20]. 

From the stand point of the Regulations on 
categories, testing and classification of waste [21], 
all metals in all mixtures can be classified as non-
hazardous waste. 

The impact of pH on metal removal by nZVI 
also depends on the oxidation state of the metal 
and the removal mechanism. Passivation of the 
nZVI surface at high pH hinders electron transfer 
from the Fe

0
 core, thus decreasing the removal of 

metal contaminants by reductive precipitation. High 
pH also decreases adsorption of metal anions due 
to electrostatic repulsion caused by the negative 
nZVI surface charge above a pH of 7.8 [22]. 
Oxidation and co-precipitation by iron oxides are 
the other possible reaction mechanisms depending 
upon the prevailing geochemical conditions such 
as pH, Eh and initial concentration and speciation 
of contaminant metals. 

Adsorption of both As
3+

 and As
5+

 on iron nano-

particles occurs by forming inner-sphere com-

plexes with the (hydro) oxide shell of nZVI [22]. 

While reacting with nZVI, Pb
2+

 precipitates as 

Pb(OH)2 and oxidizes as α-PbO2 [23]. Zn may also 

be removed by precipitation on the oxidized nZVI 

surface as Zn(OH)2 [24, 25]. 

Consequently, each of these tests gives part of 

the answer needed to obtain an evaluation of the 

material properties relevant for an assessment of 

material behavior under field conditions 

4. CONCLUSIONS 

This work extends nanotechnology into stabili-

zation of toxic metals in contaminated sediments. 

To reduce the leachability of toxic metals in sedi-

ment, nZVI supported with kaolinite and bentonite 

were synthesized as stabilization agents. Surface 

coating with kaolinite and bentonite prevented the 

nZVI particles aggregation and enhanced their mo-

bility in soil media. Characterization of sediments 

contaminated with toxic metals, based on the pseu-

do-total content of arsenic, copper, chromium, lead, 

nickel and zinc, showed that the sediment can be 

considered toxic. Based on the above findings, the 

in-situ treatment in the laboratory proved to be very 

effective, providing the choice of optimal doses of 

nanomaterials towards the concentration of toxic 

metals in the sediment. TCLP, SPLP and DIN 

3841-4 S4 tests applied to determine the potential 

leaching of metals, showed that in all stabilized 

mixtures, both in ex situ and in situ treatment, 

leaching of metals is very limited.  
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IZVOD 

POTENCIJALNA PRIMENA NANOMATERIJALA U TRETMANU 
KONTAMINIRANOG SEDIMENTA 

U sprovedenom istraţivanju je korišćeno nаno, nulа vаlentno, gvoţĊe kao imobilizacioni agens u 
tretmanu sedimenta, kаko pri remedijаciji izmuljenog sedimentа, tаko i pri tretmаnu koji se vrši nа sаmoj 
lokаciji (in-situ). Studija ima za cilj da pronaĊe bolje razumevanje ponašanja metala u sedimentu i da 
utvrdi njihovu potencijalnu mobilnost, biodostupnost i potencijalnu toksiĉnost na osnovu sekvencijalne 
ekstrakcione procedure. Da bi se procenio potencijal izluţivanja toksiĉnih metala i efikasnost postupka 
koji se primenjuje, izvedena su tri testa izluţivanja u jednom koraku. Primenom nanomaterijala, kao 
imobilizacionog  agensa u tretmanu sedimenta pomoću dve opcije remedijacije (ex-situ i in-situ), 
postignuta je visoka stabilnost metala u tretiranom sedimentu. 

Ključne reči: kaolinit i bentonit stabilizovano nZVI, ex-situ i in-situ remedijacija, sediment. 
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