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Abstract: Sediment samples were collected as two sample cores from 
Furtuna and, respectively, Lungu lakes in Danube Delta in order to estimate the 
influence of anthropogenic activity in the Danube Basin. The samples were analyzed 
by neutron activation analysis. The data were subjected to factor analysis by SPSS 
10 package. This paper describes the basic factors present in sediment data for each 
studied lake and surveys the elements with respect to possible sources. In order to 
generate the factors from correlation matrices, several computer runs with principal 
component analysis (PCA) were carried out separately for each lake and also for 
overall set of data. The factors obtained were subjected to orthogonal rotation by 
the varimax method. The optimum run established for each set of data and for the 
overall data set shows that about 75% of the total variance in the data could be 
explained by the 4 factors, namely industry, agriculture, sea and geology. Factor 
scores were used to eliminate the outliers in the data set subjected to principal 
component analysis.

The present study based on PCA factor analysis of sediment geochemical 
data on sample cores collected from two lakes in Danube Delta offers a valuable tool 
in identifying the pollution sources of Danube waters.

The Danube Basin is shared by 11 countries, connecting them as a large 
transcontinental highway. Five major rivers and more than 160 million people in 
17 countries pour pollution into the Danube River. The river absorbs waste from 
industrial plants, raw sewage from cities, pesticides and chemicals from farmer’s 
fields, and bilge oil from ships. 

Our research included locating and characterizing the polluted sediments 
which could threaten the ecosystem. The measurement of heavy metals could be 
used to study the sediment transport, accumulation and circulation in the last few 
decades.

Here we described the method of PCA factor analysis used in sediment 
reconnaissance and assessment. Factor analysis is employed to reducing the 
dimensionality of the data and to sorting the observed variables into meaningful 
groups.

Location of the sampling sites
The Danube Delta evolved due to the continuous interaction between Danube 

River and the Black Sea together with its four arms through which the river flows into 
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the sea, namely Chilia, Tulcea, Sulina and Sfintu Gheorghe. The secondary 
hydrographic network of delta is composed by channels, creeks, backwaters and 
periboinas. The other depression-lacustrine formations are marshes, estuaries, 
lagoons, swamps, japsas and lakes. 

The area of the Danube Delta is 4.152 sq. km, including 3.446 sq. km of the 
Romanian territory. It is a plain in formation, relatively flat, with an inclination of 
0.0006% from west to east, and is 70-80% permanently or temporarily covered by 
water. The average water temperature in summer is 210C. The composition of the 
river solid flow varies, including a mixture of natural erosional detritals as clay, sand, 
dolomite, feldspar, quartz, silt, calcite, shell debris, etc. 

The two lakes selected for sampling, Furtuna and Lung, present quite different 
conditions induced by sedimentation rate that will be described further (Fig.1.).

Chilia is the northern and most active arm, with two groups of branches and 
own micro-delta. Sulina is the shortest, straightest and best developed branch. The 
main characteristics of the two arms are presented in Table 1. 

Lung Lake is situated in the eastern side of Danube Delta, near the Lung 
channel mouth, at practically equal distances between Sulina and Chilia arms, in a 
lacustrine depression. Since the lake is relatively isolated related to the main 
branches, all the rivulets of channels connected have a meandered pattern. Then a 
considerable quantity of aquatic sediments does not accumulate in the lake. It is 
characterized by a low sedimentation rate. The microelements input in water lake 
sediments it is supposed to release both from atmospheric deposition and alluvial 
transport. The sampling point was chosen in the middle region of the lake, where the 
bottom sediments are not disturbed. 

Fig. 1. – The map of a part of Danube Delta representing the sampling locations

Furtuna Lake is located near the Sulina arm, near the Mitchina channel mouth. 
The sampling point was located in the western side of the lake. The Furtuna Lake is 
characterized by a high sedimentation rate, the sediments are more denser. The 
position of the sampling locations was established by GPS with accuracies of 2 m.
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Table 1
The main characteristics of the Chilia and Sulina lakes

Arm Length
(km)

Maximum 
width
(km)

Maximum 
depth 

(m)

%
Danube’s 

water

Sinuousness
coefficient

Chilia 105 1,000 39 60 1.56

Sulina 64 250 18 18 1.03

Sampling and analysis

From a 5 m boat we collected 5 cm diameter cores in polystyrene tubes with a 
hand corer. Prior to analysis, after sealing inside and storing at 200C, the cores are 
sectioned at 1-2 cm thickness cm slices. The samples were dried at 1050

Table 2

C for two 
hours, then were desegregated and weighed. The mineral composition of the core is 
presented in Table 2. Aliquots of 250-300 mg from each slice were prepared for 
analysis. The samples were analyzed by neutron activation analysis (NAA). Blanks, 
replicates and reference material SDM-sediment (IAEA, Vienna) were used for quality 
assurance and control of the NAA.

The mineral composition of the core

Layer Depth(cm) Mineralogical composition

I 0-10 calcite, clay, quartz

II 10-20 calcite, clay, quartz

III 20-30 quartz,, clay, feldspar, calcite

IV 3-45 clay, quartz, calcite, feldspar

Statistical analysis

The factor analysis is derived in a four-step process:
1. The preparation of covariance matrix;
2. The extraction of the factors;
3. The rotation of the factors until their full independence;
4. The calculation of scores for each factor.
The chemical elements can occur in various mixtures in sediment and they may 

be highly correlated, depending on the sources. In the present study, with data from 
different sources, the aim is to develop a method to explore the relationships among 
the variables and PCA factor analysis is the most appropriate.
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The data were normalized to assure to all elements subjected to analysis an 
equal weight. After performing PCA analysis the factors were supposed to an 
orthogonal VARIMAX rotation method and the final factors obtained contain few large 
loadings, very few intermediate ones and many small. 

RESULTS AND DISCUSSIONS

PCA analysis of the data concentrations from the Furtuna and Lung lakes 
surveyed identified four factors that account for about 71% from the total variance 
of the data set (Figs. 2-5).

The first factor is loaded mostly with the elements Na, Mg, Mn, K, Ni, Ca, 
in that order. It described 31% from the total variance. It is related mainly to 
seawater and less to agricultural activities, suggested by manganese loadings.

Fig. 2. – The first factor most significant loadings

Fig. 3. – The second factor most significant loadings
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Al, Fe, Cr, Zn (in that order) loads the second factor. It describes 17% from 
the variance and reflects the local geochemical environment. The presence of zinc 
can be related with anthropogenic inputs in lakes waters.

The third factor, describing 16% of the variance, with very high loadings 
for Cd, Co, Pb, U, Al and Fe (in that order) can be associated with general heavy 
metal pollution due to anthropogenic activities and evolution of the region.

Fig. 4. – The third factor most significant loadings

The fourth factor (Cu, Ca, Th) describing 7% of the variance is a geological 
factor. The copper loadings suggest the agriculture influence.

Fig. 5. – The fourth factor most significant loadings
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CONCLUSIONS

The concentrations of the microelements are well correlated with the 
mineralogical structure of the core.

The vertical distribution of pollutant microelements in the Danube Delta 
sediments reflected in factor loadings are generally reflecting the historic 
pollution inputs into the river:
1. The increased concentration values of these pollutants till 1987 might be due to 
industrialization in central and eastern European countries before 1987.
2. The decrease of pollutants content after 1990 could be explained by the recent 
failure of industrial production, due to political exchanges in Eastern Europe.

1. Bakas, M.; Kumru, M.N., Bassari, A. 1999 – R-mode factor analysis applied to the 
exploration of radioactivity in the Gediz River. J. Radioanal. Chem. 242(2):457-465.

2. Dinescu, L.C; Duliu, O.G., Badea M., Mihailescu, N.G., Vanghelie, I.M. 1998 –
Investigtion of the vertical distribution of major and trace elements in Matita Lake 
(Danube Delta) sediments by activation analysis. J. Radioanal. Chem. 238 (1-2):75-
81.

3. Duursma, E.K.; Bosch, C.J. 1970 – Theoretical, experimental and field studies 
concerning diffusion of radioisotopes in sediments and suspended particles of the 
sea. Part B.: Methods and Experiments. Neth. J. Sea. Res., 4, 4:396-469.

4. Felib, Y. Iskander; Mike Lyday 1995 – Elemental content in baseflow water samples as 
an indicator for surface contamination with toxic and other elements. Sci. Tot. 
Environ. 172:127-132.

5. Lavi, N.; Ne’emn, E., Brenner, S., Butenko, V. 1996 – Neutron activation analysis for 
determination of trace elements in sediments in the sea of Galilee, Israel. J. 
Radioanal. Chem. 210(1):149-160.

6. Octavian, Duliu; Lucretia, Dinescu, Marius, Dinescu, Radu, Dorcioman, Nicolae, 
Mihailescu, Ion, Vanghelie 1996 – Some considerations concerning 137Cs vertical 
profile in the Danube Delta: Matita Lake core. Sci. Tot. Environ. 188:9-14.

7. Oprea, C.D.; Mihul, Al. 2003 - R-mode factor analysis applied to the exploration of air 
pollution in the South of Romania. Romanian Reports in Physics, 55(2):91-110.

8. Petroyan, H.; Karbassi, A.R., Shokouhi, F., Oliaiy, P. Analysis of sediments from the 
central part of the Persian gulf using PIXE. IAEA-SM-344/62:567-570.

9. He, Q.; Waling, D.E., Owens, P.N. 1996 – Interpreting of 137Cs profiles observed in 
several small lakes and reservoirs in southern England. Chem. Geol., 25:919-929.


