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SUMMARY 

The content of Cd and Zn is change with Fe content with a probability of 69.56%, 
respectively 58.79%. The content of Pb and Cr(VI) is practically independent of Fe content 
although the affinity of Pb to Fe is higher than affinity of Cd and Zn. Because the change in 
the Pb content is pretty well determined by the Cr(VI) content, with a probability of 
60.32%, is possible that the two chemical species to form PbCrO4. The value of probability 
of metal content varying with the iron content represent the value of determination 
coefficient of heavy metal content variability predicted by the iron content. 
Keywords: metals in sediments; heavy metal adsorption on iron oxides; distribution 
of heavy metals in sediments. 

INTRODUCTION 

Determination of heavy metals contents in sediments and soils to estimate the 
environmental toxicity is a current concern [1-4]. Many studies on adsorption and 
desorption of heavy metal cations on soil components susceptible to this process are 
reported [5-7]. 

In soils, the most frequent and stable iron oxides are goethite (α-FeOOH), hematite 
(α-Fe2O3) and lepidocrocite (γ-FeOOH), in the range of pH 2-7, interacting with metal 
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cations [8]. 
Vertical distribution of heavy metals in sediments and soils is influenced by iron 

content and other various factors such as nitrate anion, NO3
-, which in the presence of 

bacteria changes the ratio Fe (II) / Fe (III) [9]. Moving water and heavy metal acts in their 
stratification according to the content in iron oxides at different rates, is influenced by sandy 
character, sandy-clay and organic matter content [10]. 

The quantification in soils and sediments is often complicated by a considerable 
variation in crystallinity, but it is estimated that iron oxides concentrations in various soils 
vary from <0.1 to >50% and they may be evenly distributed in the matrix or concentrated in 
horizons, concretions, mottles, bands or clay mineral coatings. They may be present in soils 
as amorphous iron oxides, which is the most chemically active portion and also important 
for geochemistry studies. The ratio between amorphous iron oxides and the total free ion 
has been used as an index for soil genesis and classification. When the ratio between free 
and total ion approaches 1 (one), it is an indication of the maturity of a soil [12]. 

Distribution of heavy metals in soil is combined effect of several factors that have 
acted in a century of sediment flux, probably different at collecting points of samples. 
Laboratory experiments which demonstrating the role of various factors on the distribution 
of heavy metals at different rates, provide information on current conditions of fixation of 
heavy metals on oxides of iron. 

Dependence of the heavy metal content according to the iron content is expressed 
by the value of determination coefficient, which represents the probability of heavy metal 
concentration varying vs. iron content [13].

The procedure used to determine heavy metal content in soil and sediment is 
atomic absorption spectrometry (AAS) and extraction of metals from the sediment is made 
with aqua regia. 

 

MATERIALS AND METHODS 

In experiments was used an atomic absorption spectrometer type Varian Spectra 
AA-20 plus with double beam.  

Quantities of processed sample were approximately 3 g weighed accurately to four 
decimal places, and extraction of metals from these samples was done with aqua regia 
according to STAS ISO 11466/2000. 

Standard solutions used were prepared from reagent p.a. as well as other reagents; 
washing and dilution water used was bidistilled. 

Reading of results was made with reading delay times of 2 seconds. Each reading 
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was repeated three times, the accuracy was good, RSD values ranging between 0.3 and 5. 

RESULTS AND DISCUSSION 

Metal content was determined in eight samples taken from six points on dry land 
and two collected in two points of the pond, underwater, according with Table I. 

 

Table I. Numbering according to share samples that were 
collected 

 
Sample 1 2 3 4 5 6 7 8 

Numbering 0 16 32 45 75 95 16a 32a 

 
The index “a” notes the underwater samples. 
Heavy metal content of samples 1-8 are listed in Table II. 

 

Table II. Heavy metal content of the analyzed samples 
 
Sample %Cd % Cr(VI) %Fe %Pb %Zn 

1 0.00170 0.0197 3.95 0.011 0.23 
2 0.00130 0.0264 14.62 0.013 0.23 
3 0.00099 0.0251 10.40 0.012 0.12 
4 0.00099 0.053 10.40 0.019 0.19 
5 0.00033 0.0199 5.18 0.011 0.04 
6 0.00099 0.0243 7.23 0.024 0.10 
7 0.00131 0.035 22.50 0.017 0.20 
8 0.00099 0.062 17.45 0.034 0.14 

 
Because the rich content in Fe disturbing chromium determination, it was used 

the method of standard addition [14]. The ratio between real value, in Table II, column 3 
(% Cr IV) and the value from etalon curve, have value 2, in each collected sample. 

The equations in Figures 1-4 are expressed changes in content of heavy metals 
from Table II depending on Fe content. In equations 1 and 2 correlations are clear for 6 
degrees of freedom (df = 6) for the two tiles test (p <0.05) respectively (p <0.01). 
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Figure 1. Cd vs. Fe dependence 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. Zn vs. Fe dependence 

 
 
 
 
 
 
 
 
 
 

 
Figure 3. Cr (VI) vs. Fe dependence 
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Figure 4. Pb vs. Fe dependence 

R2 is the coefficient of determination and express the probability that changes in 
metal content due to changes in Fe content [13]. Thus, Cd and Zn content change depends 
by changing of Fe content with a probability of 69.56% and of 58.79% respectively. Due 
to the large number of factors that influence metal retention in soil or sediment, certainly 
cannot be held only Fe responsible for distribution of Cd and Zn. 

Small values of the coefficients of determination corresponding diagrams of 
Figure 3 and Figure 4 show no effect of Fe content on the change in Cr and Pb contents. 

It is expected that anion CrO4
2- not to adsorb on the active centers of Fe species 

exist in soil or sediment. Pb cation is fixed to the solid surface of Fe species more closely 
what the Cd or Zn cations. CrO4

2- anion is possible to fix as the against-ion on the site 
containing Pb cations adsorbed on Fe compounds, to immobilize, in this way, Pb cations.  

This confirms a good correlation between Pb and Cr(VI), reflected in Figure 5,   
(p< 0.05, two tiles, df = 6) or a very good correlation between Pb and Cr(VI), reflected in 
Fig. 6 (p<0.01, two tiles, df = 4). To make the chart of Figure 6 we removed pairs of 
values corresponding to samples 4 and 6 of Table II. 

 
 
 
 
 
 
 
 
 
 

Figure 5. Pb vs. Cr(VI) dependence  
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Figure 6. Pb vs. Cr (VI) dependence without points 4 and 6 

At the collecting points corresponding to samples 4 and 6, the combined effect of 
multiple factors on Pb vs. Cr (VI) dependence is different from other cases. 

The presence of Cr (VI) is due to chromium plating bath which contain Cr (VI) 
over 90% [15]. 

Obvious, Cr (VI) ion in analyzed sample comes from chroming processes. The 
affinity between CrO4

2-  and Pb2+ is determined by a low solubility product, approx. 10-18 
of PbCrO4. The low solubility product allows PbCrO4 as agent used for Pb precipitation in 
gravimetry. CrO4

2- excess is fixed on PbCrO4 precipitate, that why boiling is necessary for 
excess removal [16]. This comes in according with a linear dependence of Pb and Cr (VI) 
found in amounts significantly greater than the stoichiometric quantity see Figure 7. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Cr(VI) and Pb distribution in analyzed sample 
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Heavy metals content overcome ICPA impulses shown in Table III [17] only for 
bold values of Table II. 

 

Table III. Maximum permissible values for Cd, Cr, Pb and Zn 
 

%Cd %Cr %Pb %Zn 
0.0013 0.0500 0.0300 0.2000 

 
The metals content below the permissible IPSA limit in almost all samples and 

the effect of iron oxides known for heavy metal retention capacity thus reducing the risk 
of contamination [18] can explain the existence of vegetation and fauna in the investigated 
area. 

 

CONCLUSION 

 
With all the changes characteristic for sediments, iron oxides capacity to retain Cd 

and Zn are comparable in all sampling points. 
If in sediment Pb2+ and CrO4

2- iones are present, changes in their concentrations 
are not influenced by the Fe content because, independently, a stable combination is form. 

High concentrations in Fe impose that Cr concentration to be determined by the 
method of standard addition 

Current conformation of the sediment can retain heavy metals analyzed sufficiently 
to allow the appearance of vegetation and fish in a wilderness area. 
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