
1. Introduction 
Soil is a crucial component of urban and rural 
environments, and, in both places, land management 
is the key to soil quality [1]. One of the aims of the 
project related to a case study from Utrata was to find 
geochemical records of human activity in the sediments 

accumulated in the Utrata River Valley. Trace elements 
identified in vertical profiles could provide information 
about retrospective human activity [2]. Many effects, 
e.g. the sedimentological and chemical properties of the 
alluvia, are the consequences of industrial development, 
deforestation, river regulations, soil erosion, as well as 
natural processes (climate change, rainfall, floods) that 
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took place in the past [3,4]. The most common problem 
causing cationic metals are mercury, cadmium, lead, 
nickel, copper, zinc, chromium, and manganese [5]. In 
our study, 6 heavy metals were determined (cadmium, 
chromium, copper, lead, zinc, and manganese) in 
sediments taken from the Utrata Region in central 
Poland. There were two reason to select the elements of 
interest: (i) Cd, Cr, Cu, Pb and Zn are the best indicators 
of human impact - their concentrations in the sediments 
relates to the human activity in the area covered by 
the study; (ii) manganese is known to migrate easily in 
the environment; its concentrations in the sediments 
indicate the record of changes in groundwater 
levels in the past. Manganese, (beside iron) is partly 
responsible for the complexation and accumulation/
retention of heavy metals (such as Cd, Cr, Cu, Zn, Pb) 
in the sediments. The validation was performed for the 
purpose of assuring the accuracy of the measurements. 
In order to determine heavy metals in environmental 
samples, the most common techniques used nowadays 
involve highly sensitive spectroscopic techniques, such 
as atomic absorption spectrometry [6-10], inductively 
coupled plasma mass spectrometry (ICP-MS) 
[11-14], and inductively coupled plasma optical emission 
spectrometry (ICP-OES) [15-18]. In our case, the ICP-
OES was recognized to be a robust, rapid and sensitive 
technique of choice for a wide-range of applications. 
One of its advantages is its ability to perform multi-
elemental determination simultaneously over a wide 
range of concentrations and therefore it proved to be 
a suitable technique for our study, namely for validation 
of the method. The main aim of this work was to 
validate the proposed analytical procedure as well as 
to implement a specific quality-assurance scenario for 

assessing validation-relevant control actions for the 
determination of selected metals by ICP-OES for the 
Utrata case study.
 

2. Area of the study
The River Utrata is relatively small, flowing through 
the central Poland region, tens of kilometers west from 
Warsaw, the capital city (Fig. 1). This tributary of the 
Bzura, a tributary of the River Vistula, has a length of 
76.5 km and a catchment area of 792 km2. The average 
decrease in the incline throughout is 0.118%, but along 
its course there are also much steeper sections that are 
associated with the geological diversity of the basin. The 
river originates within the mid-moraine plateau, then 
directs its course to the uniformly sloping alluvial surface 
and then flows through the accumulation level, almost 
flat Łowicko-Błońska plains, consisting of very fine sandy 
sediments underlayed by fine sand, silt and clay cold-
lake formations. In the western section of the river valley, 
the channel is deeply incised at the lower level of the 
morainic plateau (15 m). Regulatory work carried out in 
the Bzura River Valley (where the Utrata River ends) from 
the eighteenth to the twentieth century, led to the incision 
of the lower part (the effect of backward erosion), and the 
activation of erosion processes in the gullies reaching 
with their alluvia fans the valley floor of the River Utrata.

The Utrata River Valley is poorly marked when it 
comes to morphological distinction; there is a general 
lack of well-expressed terrace levels. In many parts 
there are peat bogs due to the problems with drainage. 
The river flows through several cities (such as Nadarzyn, 
Pruszków, Sochaczew) and drains, together with smaller 

Figure 1. Locations of the sampling sites 1 – forests, 2 – towns, 3 – rivers, 4 – sites (1 Utrata - former river channel, 2 Utrata - Błonie,  3 - Żelazowa 
        Wola, 4 - Adamow, 5 - Krzyżówka).
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streams, a significant part of the urban-industrial area 
near Warsaw (from the western districts of Warsaw to 
Grodzisk Mazowiecki).

Test sites for geochemical studies (Utrata – former 
river channel, Utrata Błonie and Żelazowa wola) were 
chosen to represent the diversity of the catchment land’s 
usage. The first site (Utrata - former river channel) is 
located just below the industrial zone extending along 
the rail route from Warsaw towards Grodzisk Mazowiecki 
and Żyrardów. The samples taken from this location, 
therefore, represent the direct impact of urban-industrial 
band on the geochemical characteristics of sediments. 
The other two sites (Utrata - Błonie and Żelazowa Wola) 
are located respectively in the middle and lower parts of 
the river channel and their geochemical characteristics 
reflect the geomorphological processes and economic 
activity occurring in the southern part (Utrata - Błonie site) 
or almost all the catchment areas (Żelazowa Wola site). 
The geochemical characteristics of the samples taken 
from the second and third sites were influenced by (1) 
the increasing distance from the main pollution sources, 
i.e. industrial area located in the vicinity of Pruszków and 
Warsaw; (2) the additional supply from local sources of 
pollution through the Utrata tributaries and (3) the erosion 
of older fluvial sediments resulting in increasing trace 
elements’ concentrations (in case the sediments were 
deposited during the time of the industrial revolution in the 
nineteenth century or the phase of forced industrialization 
in the twentieth century – a process of remobilization 
of trace elements) or a decreasing of trace elements’ 
concentrations (in case of dilution of pollutants, if they were 
accumulated in eroded sediments in Pleistocene or early 
Holocene, representing the geochemical background). 

Additionally, two samples were collected representing 
the geochemical background. The samples were taken 
from the sediments accumulated during the Pleistocene 
(about 210 - 130 thousand years ago) and were not 
contaminated by human economic activities - Adamów 
and Krzyżówka (Fig. 1).

3. Experimental procedure

3.1. Materials and equipment 
All the reagents used were of analytical grade and only 
high purity water of 18.2 MΩ cm resistivity was used 

(PureLab Option water purification system, Elga). Also 
the used SupraPUR® concentrated acids (Merck) were 
of analytical grade and the standard stock solutions 
(1000 mg L-1) were supplied by Merck. The calibration 
standard solutions of the elements (Cd, Cr, Cu, Pb, 
Zn, Mn) were prepared by the successive dilution of 
CertiPUR® ICP multi-element standard solution IV with 
1000 mg L-1 (Merck) in 0.5% (v/v) nitric acid (Merck). 
Single element quality control standard solutions were 
prepared as described for the calibration standard 
solutions by using single-elements 1000 mg L-1 standard 
solution from Merck. The ICP-OES was calibrated with a 
five-point calibration curve.

All glassware and polyethylene containers were 
soaked in 10% HNO3 for at least 16 h before use. The 
rinsing was completed by using double-distilled water. 
Certified Reference Material BCR No 143R, sewage 
sludge-amended soil, standardized by BCR (Community 
Bureau of Reference) was used to establish the 
accuracy of the method. A calibrated balance (Mettler 
Toledo, AX205 Delta Range) was used for weighing all 
samples. In order to determine moisture, a drying oven 
(Binder ED 115) was used calibrated at 105(±5)ºC. A 
muffle furnace (Zlatarna Celje, type 1206) was used for 
establishing the loss of ignition (at 550°C). 

All measurements were carried out using a Perkin-
Elmer model Optima 5300 DV Inductively Coupled 
Plasma Optical Emission Spectrometer (ICP-OES, 
Perkin Elmer, USA) equipped with a GemTipTM Cross-
flow Nebuliser (Perkin Elmer, USA), and an Auto-sampler 
Model AS 93 Plus/S10 (Perkin Elmer, USA). Argon with 
purity higher than 99.995% was used as a carrier gas 
and also to sustain the plasma. The operating conditions 
[19] employed for ICP-OES are presented in Table 1, 
with a 1.5 mL min-1 sample uptake rate. Axial view was 
used for metal determination, whilst 2-point background 
correction and 3 replicates were used for measuring the 
analytical signal. The emission intensities were obtained 
for more sensitive lines free of spectral interference. 
The recommended lines by Software are presented in 
Table 2. 

3.2. Sampling and sediments’ decomposition
A total of 41 sediment samples were collected from 
3 different sites along the River Utrata. The samples 
were taken from the excavations, pits or cores, from a 

Table 1. Instrumental conditions for ICP-OES (Perkin Elmer, Optima 5300 DV).

Plasma (view) RF power 
(W)

Plasma gas flow 
(Ar L min-1)

Aux. gas flow 
(Ar L min-1)

Nebulizer gas flow 
(Ar L min-1)

Axial 1400 15 0.3 0.7
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depth of 0 – 155 cm. The boreholes were done using the 
Eijkelkamp hand drilling auger. Afterwards, the samples 
were dried at 105°C, then ground, sieved through a 1 
mm stainless-steel sieve (Analysensieb DIN ISO 3310, 
Fritsch GMBH) and stored at room temperature in 
plastic bags prior to further analysis. Twelve sediment 
samples were further used for aqua regia extraction 
(Table 3). Samples U42 and U43 came from the geological 
background and represent non-polluted material, 
i.e., the sediments that had not been contaminated 
by heavy metals from human activity (geochemical 
background).

Aqua regia was used to extract the sediment 
samples according to the international standard ISO 
11466 [5,6,20,21]. For this purpose, the sample was 
weighted in a 250 mL Pyrex digestion tube. Firstly, the 
pre-digestion step was performed at room temperature 
for 16 h with the addition of 28 mL of 37% HCl:65% 
HNO3 (3:1) mixture (Merck). Secondly, the suspension 
was digested at 130°C for 2 h, in a reflux condenser. 

The obtained suspension was then filtered through a 
0.45 µm Minisart Single-use syringe filter (Sartorius 
stedim biotech), diluted to 100 mL with 0.5 mol L-1 HNO3. 
A supernatant was then stored in PE bottles at 4°C for 
further analyses by ICP-OES. 

A blank reagent (aqua regia) and the certified 
reference material were prepared following the same 
procedure. All sample solutions, blank reagent, and 
CRM were analyzed in duplicate. The certified reference 
material was analyzed under the same experimental 
conditions used for sample analyses. Furthermore, 
each solution was measured three times.

4. Results and discussion 

4.1 Validation of the analytical procedure
The validation of an analytical procedure is an 
important requirement when the quality of the results is 
considered. According to the ISO/IEC 17025, validation 
is the confirmation by examination and the provision of 
objective evidence that the particular requirements for a 
specific intended use have been fulfilled [22-26]. Based 
on validation data, the quality assurance program 
(Table 4) was implemented in order to demonstrate the 
methods’ performance characteristics and to provide 
reliable data [8]. 

Aqua regia digestion, followed by inductively coupled 
plasma optical emission spectrometry (ICP-OES) were 
applied for element specific measurements to determine 
the concentrations of cadmium, chrome, copper, lead, 
zinc, and manganese, in sediments and CRM samples. 

All the results are reported as mass fractions of the 
analyte in dried matter at 105ºC, in parallel with the 
sample decomposition procedure. The mass fractions 
wM (mg kg-1) of element of interest in the samples were 
calculated according to Eq. 1:

                                                     (1)

where γM is the mass concentration of the metals in the 
digestion solution (mg L-1), V the volume of the digestion 
solution (L), m the mass of the sediment sample taken 
for analysis (mg), Fdil the dilution factor, and w105 is the 
moisture of the sediment sample.

Table 2. Recommended lines (according to Perkin Elmer, USA).

Element Wavelength [nm]

Cd 228.802

Cr 267.716

Cu 327.393

Pb 220.353

Zn 206.200

Mn 257.610

Table 3. Sediment samples from 3 different locations along the River 
                       Utrata and from the geological background.

Site No. Sample 
No.

Location

1 U1 Utrata 1 – former river channel 
(0–10 cm)

2

U5 Utrata Błonie (20–30 cm)

U11 Utrata Błonie (80–90 cm)

U15 Utrata Błonie (120–130 cm)

U20 Utrata Błonie Starorzecze (40–50 cm)

3

U22 Żelazowa Wola 1 (10–20 cm)

U29 Żelazowa Wola 1 (110–130 cm)

U31 Żelazowa Wola 2: 1 (0–5 cm)

U40 Żelazowa Wola 2: 5 (145–155 cm)

U41 Żelazowa Wola 2: 
Koryto Osad (Sludge)

Geological 
background

U42 Krzyzowka background (150–170 cm)

U43 Adamow 32 background 
(120–140 cm)

A detailed validation of the evaluated analytical 
procedure for determining total metal content in 
sediment samples was conducted. The validation 
actions, listed in Table 4, include the following 
performance parameters: calibration equation, stability 
of calibration equation, matrix effect, precision through 
duplicate analysis and accuracy studies using certified 
reference material [9].
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4.1.1 Calibration equations 
In order to perform the quantitative measurements 
by ICP-OES, the correlation between the intensity of 
emission and the concentration in a given standard 
solution must always be established [25,26]. The signal 
of the instrument is linked to the concentration of the 
analyte through a calibration function [27]. The linearity 
of the calibration curve was investigated by the quality 
control coefficient (CQC) and correlation coefficient 
[28]. The calibration equation for each element was 
established using linear regression analysis [29], 
by considering the homogeneity of the variance of 
the measured values over the mass concentration 
ranges previously assessed and verified by the F-test 
[30,31]. The testing value (TV) was calculated as the 
quotient of the variance (s2) of ten measurements of the 
standards with the maximum (s2

max) and minimum (s2
min) 

concentrations of the working range used (Eq. 2):

                                                                 (2)

The critical value of Ftab is 5.35 for f1 = 9, f2 = 9 and 
99% degree of confidence (P).

If TV < Ftab, then the variances are homogeneous. 
Since for our results all the calculated TV values are 
lower than 5.35, no significant differences between 
the variances were obtained and the unweighted least 
squares method can be used [26,32].

The linearity of the calibration curves was verified 
using Mandel’s fitting test [26,30]. For this purpose, first 
and second order calibration functions were calculated 
from the calibration data including the residual standard 
deviations sy1 and sy2.

Standard deviation sy1 was calculated by Eq. 3 and 
sy2 by Eq. 4 [8]:

                                               

(3)

                                               
(4)

where yi is the observed intensity value at each point 
i, y;^i the corresponding intensities obtained from 
regression analysis, and N the number of calibration 
points. 

                                                                
(5)

                                    (6)

From the residual standard deviations, the TV’ values 
were estimated by Eq. 5 and Eq. 6 [8], and compared 
with the tabled Ftab = 98.50 value for f1 = 1, f2 = N – 3 
= 2 and 99% degree of confidence (P). Since the TV’ 
value was lower than Ftab, the linear function regression 
provided the best adjustment [26]. The calculated TV’ 
values were lower for all elements.

The quality of the calibration data fit was judged by 
the calibration quality coefficient, CQC, defined as (Eq. 7):

                                       

(7)

When the CQC values are lower than 5%, it is considered 
to be acceptable for ICP-OES [25]. All the CQC values in 
this study were lower than 5%. Additionally, the square 
of the correlation coefficient r2 was higher than 0.99 for 
all calibration curves.

After the calibration equation was established, the 
limit of detection (LOD) and limit of quantification (LOQ) 
[33] were calculated for each element. The instrumental 
detection and quantification limits were estimated by 
analyzing the blank solutions, using Eq. 8:

                                                (8)

where blank  is the mean of the blank measurements, sblank 
is the standard deviation of the blank measurements, 
and K is a numerical constant. In this work, the intercept 
of the regression line as an estimation of yblank and the 
residual standard deviation of the calibration function 
(Eq. 2) was used instead of sblank [26]. The value chosen 
for K was 3 for LOD and 10 for LOQ [34]. 

Table 4. Validation control actions.

Quality control Action

Calibration equation

Test of the variances’ homogeneity (F-test)
Test of linearity (Mandel’s fitting test)

Calibration quality coefficient
Square of the correlation coefficient, r2

Limit of detection
Limit of quantification

Stability of calibration 
equation Quality control standard solution

Matrix effect Relative error
Precision Replicates analysis
Accuracy Analyte recovery of CRM
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The results for the calculated TV, TV’, CQC, r2, sy1, 
LOD and LOQ values are shown in Table 5.

4.1.2 Stability of calibration 
In order to evaluate the stability of the calibration, the 
quality control standard (QCS) was used after ten 
samples for the evaluation of the instrument drift. A 
standard solution of the concentration selected within 
the range of the calibration solutions, prepared from 
different stock solution, was used for this purpose [25]. 
The following QCSs were used: Cd, Cr, Cu, Pb, Zn 
(50 µg L-1); Zn (100 µg L-1); Cr, Cu, Pb, Zn (500 µg L-1) 

and Mn (1000 µg L-1). When the biases expressed in 
percentages were within ± 10% of the expected value, 
the results for QCSs were found to be acceptable. 
Whenever the QCS values are outside the defined 
limits, the measurements should be re-evaluated. If the 
re-evaluated QCS measurements are again outside the 
limits, a new calibration has to be done [8].

Fig. 2 presents all the relative errors of the quality 
control standard measurements during the analysis of 
sediments. They were always within the defined limits 
of ± 10%, indicating the maintenance of the stability of 
calibration throughout all measurements. 

Table 5. Characteristics performance of the calibration equation.

Element Concentration  
range (µg L-1)

r2 sy1 CQC
(%)

LOD
(µg L-1)

LOQ
(µg L-1)

TV TV’

Cd 10-100 0.9995 22.26 2.57 3.13 10.44 1.79 36.99

Cr 50-100 0.9992 45.31 1.79 3.51 11.69 1.02 0.69

Cr 100-1000 0.9998 244.66 1.63 20.32 67.73 0.65 3.40

Cu 10-100 0.9997 38.73 2.10 2.57 8.57 0.43 70.59

Cu 100-1000 0.9997 380.71 1.87 23.23 77.43 4.93 3.54

Pb 10-100 0.9996 3.25 2.09 2.67 8.90 0.85 0.61

Pb 100-1000 1.0000 6.45 0.42 5.32 17.74 2.58 3.57

Zn 10-100 0.9984 46.49 4.46 5.65 18.83 2.54 0.10

Zn 100-500 0.9998 77.37 1.23 9.42 31.39 3.36 1.26

Zn 500-1000 0.9998 154.57 0.98 18.92 63.08 1.59 1.08

Mn 500-1000 0.9997 1462.16 1.22 23.61 78.71 3.46 1.12

Legend:
r2 – Correlation coefficient
sy1– Residual standard deviation calculated from Eq. 3
CQC – Quality control coefficient based on Eq. 7
LOD – Limit of detection
LOQ – Limit of quantification
TV – Test value for variance homogeneity based on Eq. 2
TV’ – Testing value for linearity evaluation

Figure 2. Relative bias calculated for the quality control standards (QCS) used to check the stability of calibration for selected elements determined 
        by ICP-OES.
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4.1.3 Matrix effect
The matrix effects were evaluated from the recovery 
tests. Sample digestion solutions were spiked with 
known amounts of the analyte “spike”, in order to be 
determined. This was done by adding the known volume 
of single-element standard solution (mass concentration 
of 10 mg L-1) for the individual metal to the digestion 
sample solution. The final volume of the spiked solution 
was 25 mL. Most of the sample solutions were firstly 
diluted for determining the mass concentration of all the 
metals within the concentration range. After spiking, the 
percentage of recovery was calculated using Eq. 9:

                     (9)

where xspiked is the average mass concentration of 
the spiked solution, xunspiked  is the average mass 
concentration of the unspiked solution, and xexpected is the 
expected mass concentration of the matrix solution.

All the recoveries in our study were within the 
range 90 – 110 %, therefore the matrix effects could 
be considered negligible, and the determinations done 
were valid using the simple calibration curve method. In 
contrast, calibration using the standard addition method 
should be used to correct the matrix effects.

As an example, the recoveries for the digested 
solution (total volume 25 mL) of sediment sample U1 
are presented in Table 6.

4.1.4 Precision
Precision, defined as the reproducibility of a procedure, 
was estimated from duplicate analysis and controlled 
by the range Shewhart charts, R-charts [30]. In the 
present study, RSD values were estimated under 
within-laboratory reproducibility conditions. Since the 
obtained RSD values in all cases were below 5%, this 
indicated good precision of the analytical procedure for 
the spectroscopic method used [35].

The samples were analyzed in duplicate sets. All the 
results are reported in Table 7. 

The average range ( ) was calculated from the 
difference between pairs of sediment samples measured 
in duplicates (R = x2 - x1), and the control limit (CL) was 
obtained for 3σ [8] by multiplying the average range by 
3.267. 

As an example, a range R-chart for Cu is presented 
in Fig. 3, where the average range is 0.77 (mg kg-1) 
and the control limit is 2.53 (mg kg-1). If the duplicate 
ranges exceed the control limits (CL) of the charts, the 
analytical method for the decomposition of samples has 
to be repeated. As shown in Fig. 3, the measured values 
for Cu in all samples did not exceed the control limit, 
indicating the good precision obtained by our method. 
Also, for other elements, the measured values did not 
exceed the control limits. 

Table 6. Spike concentrations, added volumes and spiked recoveries - R (%) for the 6 metals determined in the digested solution of the U1 sample.

Spike (µg L-1) Added volume (µL) RCd (%) RCr (%) RCu (%) RPb (%) RZn (%) RMn (%)

10 25 108.3 106.7

20 50 99.7 101.1

30 75 100.7 101.7

40 100 104.6

50 125 100.7

70 175 101.1

100 250 102.2 102.4 102.4 106.8

200 500 103.0 100.7 104.0

300 750 100.4 100.7 101.2 102.1

400 1000 100.6 98.6 102.4

500 1250 99.6 100.7 101.8

700 1750     100.7      

Dilution factor 1 100 10 10 10 5
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4.1.5. Accuracy
The accuracy of a measurement indicates how close 
a result comes to the reference value. The accuracy 
test can be carried out in different ways, either by 
comparison of the results obtained by different methods 
(when one of them is considered to be a reference), 
by other laboratories or by using certified reference 
material (CRM), whenever a suitable one is available. 
In this work, the accuracy was estimated by using CRM 
because the result obtained from CRM analysis was the 
ideal assessment of the accuracy of the method, since it 
was directly traceable to international standards, in this 
study to BCR (Community Bureau of Reference). In any 
case, the regression line can be used to compare the 
results, using IBM SPSS Statistics 21. Certified values 
were plotted on the x-axis and the measured values 
on the y-axis. Fig. 4 shows the correlation plot of the 
selected elements. We can see from this plot that all 

the experimental values are grouped around the ideal 
correlation line, thus showing that the measured values 
were in good agreement with the certified values. 

Furthermore the accuracy was also evaluated from 
the Z-score value [30] given by Eq. 10:

                                                        (10)

where Xlab is the measured (laboratory) value, Xv is 
the certified value or the value accepted as the true 
one, and u the uncertainty of the certified value. The 
laboratory performance is classified as satisfactory if 
|z| < 2, acceptable but questionable if 2 < |z| < 3, and 
unsatisfactory if |z| > 3 [30]. Table 8 summarizes the 
results, the z-score values, and the percentage of 
difference relative to the true values. For Cd, Cr, Cu, 
Pb and Mn the z-score values are satisfactory, since 
|z| < 1, whilst for Zn is acceptable, since 2 < |z| < 3. 

Table 7. Precision estimated from duplicate analysis within specific concentration ranges.

Element  
(mg kg-1)

a Concentration range 
of sample (mg kg-1)

b Average 
concentration 

(mg kg-1)

n R CL 
(mg kg-1)

RSD (%)

Cd 0.07 – 2.71 0.71 11 0.04 0.13 4.96

Cr     1.68 – 446.01 91.87 12 3.39 11.08 3.27

Cu     1.38 – 195.67 37.92 11 0.77 2.53 1.81

Pb     2.03 – 296.80 42.34 11 1.30 4.24 3.89

Zn     3.68 – 479.42 108.31 11 4.76 15.55 3.89

Mn     36.15 – 1219.49 532.45 12 28.22 92.18 4.70

n - Number of duplicates
 - Average range (mg kg-1) 

CL - Control limit (mg kg-1) 
RSD - Calculated relative standard deviation (RSD (%) = 100 (s/ ))
a Concentration range of analyzed sediments, from min. to max. values (mg kg-1)
b Average concentration calculated from the average for all the duplicates’ sediment samples (mg kg-1)

Figure 3. Duplicate R-chart for Cu in sediment samples (n=11).

_
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If the certified reference material results had not been 
acceptable, then all the procedures would have had to 
be repeated starting with the sample decomposition.

4.2. Overview of the elements contents in 
         sediments samples
Table 9 summarizes the results of contents of selected 
metals in 12 sediment samples. The analytical results 
are expressed on an oven-dry mass basis at 105°C. 

Since losses might occur for some elements during 
the drying step at 105°C, air-dried samples were used 
for the analysis. Finally, the results were corrected 
according to the degree of moisture.

Table 9 and Fig. 5 present the variations in 
concentrations of the selected trace elements in the 
investigated sediment samples taken from the Utrata 
River Valley. A few key trends can be noted: firstly, the 
highest concentrations were found in those samples 

Figure 4. Correlation plots of certified values from the certified reference material BCR 143R vs. determined values for the metal content in CRM.

Table 8. Analytical results for CRM 143R, sewage sludge amended soil, standardised by BCR (Community Bureau of Reference).

Element Certified value (mg kg-1) a Determined value (mg kg-1) |z score| b Diff. (%) 

Cd 72.0±1.8 73.67±0.20 0.93 2.27

Cr 426±12 431.36* 0.45 1.24

Cu 128±7 128.04±3.82 0.01 0.03

Pb 174±5 178.87±3.06 0.97 2.72

Zn 1063±16 1096.90* 2.12 3.09

Mn 858±11 857.67* 0.03 0.04

a Mean values of duplicate analysis
b Diff. ˗ Percentage of difference to true values |z scores| calculated based using Eq. 8
* values without measurement uncertainty due to insufficient CRM sample measurement repetitions

Table 9. Contents of heavy metals in the sediment samples from the Utrata River Valley. The results are expressed in mg kg-1 of dry mass at 105°C. 

  U1 U5 U11 U15 U20 U22 U29 U31 U40 U41 U42 U43

Cd 1.49 0.52 0.61 0.52 0.23 0.07 0.08 0.08 / 2.67 0.03 0.02

Cr 428.10 7.24 9.22 12.71 8.90 7.41 7.25 61.40 426.50 116.26 2.35 8.09

Cu 195.01 19.99 28.92 18.70 18.11 4.06 2.95 33.95 / 90.65 1.49 3.35

Pb 298.73 20.29 6.94 6.37 28.54 7.40 3.46 34.36 / 56.55 2.03 3.93

Zn 474.17 42.72 50.63 39.34 51.49 17.44 9.60 140.37 / 350.44 4.39 10.83

Mn 166.94 765.46 604.32 196.87 657.57 268.68 985.33 364.49 946.64 1189.54 36.61 206.98
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accumulated immediately downstream of the urban-
industrial region and at the lower part of the river. 
Secondly, the samples taken in the middle section of 
the valley are characterized by lower contents of heavy 
metals which is a result of the decrease in concentration 
with the distance from the source of pollution and, on 
the other hand, the result of “dilution” by non-polluted 
sediments taken from the riverbanks due to lateral 
erosion of the channel. This is at the middle part of the 
Utrata River Valley, where there are numerous undercut 
banks composed of Pleistocene uncontaminated 
sediments. Thirdly, a general decrease in the content of 
trace elements is noticeable according to their depth and 
distance from the river bed. The contemporary alluvial 
deposits accumulated on the riverbed and on the banks 
are characterized by a decrease in trace elements, 
unless locally the river erodes and accumulates 
its old (from the XIX-XX centuries) contaminated 
alluvium.

In addition, mineralogical examination is of great 
importance when determining the content of heavy 
metals and investigating the source of pollution by 

heavy metals in soil samples. The geological structure 
of the western Mazovia, where the Utrata River flows, 
is dominated by quaternary sediments – glacial tills, 
fluvioglacial sands and gravels, sands, silts and 
clays of alluvial origin and a variety of organic and 
organo-mineral sediments such as peat, peaty muds. 
Typological differentiation of sediments occurring in the 
Utrata River Valley results from the geological structure 
and local land use (mostly agricultural because of good, 
fertile soils). From the mineralogical point of view in 
alluvial sediments the dominated are the quartz grains 
of different fractions, constituting at least 60-90% of total 
weight. About 10% represents other mineral grains such 
as feldspar and clay minerals (montmorillonite and illite 
mainly). The share of organic matter (humus, peat and 
scattered charcoals) in the analyzed samples was mostly 
2-10%, in the more humid site the share can reach 12 to 
40%, respectively. On Fig. 6, the mineral composition of 
geochemically examined samples, done by a scanning 
electron microscope, is presented. The SEM images 
apply to the Utrata River alluvial samples, as well as to 
samples representing the geochemical background of 

Figure 5. Diversity of analysed trace element contents in the sediments from the Utrata River Valley. The rectangles present the ranges of contents 
       (i.e., minimal and maximal values).
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Figure 6. Scanning electron microscope images of selected samples from Utrata River Valley (A, B – samples from Utrata former river channel; 
         C, D – samples from Utrata - Błonie; E, F – samples from Żelazowa Wola); A, C, E – surface samples, B, D, F – bottom samples. 

Figure 7. Scanning electron microscope images of selected samples from Krzyzowka (A, B) and Adamow (C, D) sites.
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the catchment, in which the trace elements’ content has 
been determined. 

Fig. 7 shows the SEM images of samples from 
geological background (Adamow and Krzyżówka ) in 
which the contents of trace elements were analyzed. 

A big share of quartz grains of differentiated 
roundness and size is present in analyzed samples, 
as shown in Fig. 6 and  Fig. 7. On the sandy grains of 
quartz single and in sets or aggregates clay minerals 
can be found. 

The investigated sediments were characterized not 
just by various degrees of roundness, but also a share 
of organic matter and its type, presence of carbonates 
and pH. In collected samples, no carbonates were 
found; and the pH range of samples was from 6.2 to 
7.8. As can be seen in  Fig. 6 and  Fig. 7, in all samples, 
quartz grains of different size were found as dominant 
components. The main components responsible for the 
sorbing and bonding the trace elements in the sludge 
in our study were the clay minerals and mainly organic 
matter, since quartz grains retain very little amount 
of heavy metals. In Figs. 6 and 7, it can be also seen 
that the amount of quartz grains is similar in all the 
samples analyzed in SEM. As mentioned, the highest 
concentrations of trace elements are correlated with 
the aggregates consisting of clay minerals and organic 
matter which are responsible for sorbing and bonding. 
Therefore, these types of samples have the highest 
concentrations of heavy metals.

Sorbing and bonding of trace elements in the 
alluvial sediments is also in relation with human activity 
in the past. A larger supply of pollutants related to 
stronger industrial human activity in the region gave 
the bigger response in concentrations of the sediments 
accumulated in the valley. Consequently, trace elements 
as Cd, Cu, Pb and Zn can be treated as markers of 
antropopression, since this region was dominated by 
activity of electrical, machinery and rubber industries. 

5. Conclusions
The ICP-OES measurements of the selected elements, 
as present in the sediment samples from the Utrata River 
Valley, were validated by following the quality control 
steps and by using the action programs listed in Table 4. 
The analytical results are expressed on a dry-mass basis 
at 105°C and reported in Table 9. The validation proved 
that the proposed highly-precise and accurate analytical 
method was simple and was suitable for determination 
of the 6 metals under study: Cd, Cr, Cu, Pb, Zn and Mn 
in the sediment samples. The unweighted least squares 
method was established as suitable for the calibration 

equation. The stability of calibration was examined 
by the relative error of the quality control standard 
measurements during the analysis of sediments and, 
in all cases, the values were within the defined limits, 
indicating the stability of the calibration throughout all 
the measurements. The matrix effect is considered 
as negligible as the recoveries were within the range 
90 – 110%. The precision of the analytical procedure 
for the spectroscopic method used was verified by 
estimation of the RSD values under within-laboratory 
reproducibility conditions. The RSD values were in all 
cases below 5%. The accuracy test showed that for Cd, 
Cr, Cu, Pb, and Mn, the z-score values were satisfactory 
|z| < 1, whilst for Zn 2 < |z| < 3 acceptable. By examination 
of the mentioned parameters, the QC program can 
easily be followed for evaluating the validation steps, 
consequently ICP-OES turned out to be a selective, 
linear, accurate, and precise analytical procedure for 
determination of selected elements in sediment samples 
with different ranges of heavy metal contents. 

The results of the presented study also show 
that the metals in the vertical profiles from the Utrata 
River Valley could provide information about human 
activity. The highest concentrations of elements under 
investigation were in those sediments closer to an 
urban-industrial area, as expected. Furthermore, the 
general decrease in the content of trace elements 
according to the depth and distance from the riverbed 
is noticeable as a consequence of contemporary 
alluvial deposits accumulated on the riverbed and on 
the banks.
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