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Assessment of Heavy Metals Levels in Water, Sediments
and Fish from Plumbuita Lake, Romania
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The contamination of aquatic ecosystems with a wide range of pollutants, especially with heavy metals
cause direct toxic effects and has become a matter of general concern throughout the last decades. The
aim of this study was to determine the concentrations of heavy metals (Pb, Cd, Cr, Cu, and Ni) in the water,
sediments, and fish (Alburnus alburnus) of Plumbuita Lake (Bucharest, Romania), this species of fish being
frequently part of the local people’s diet. The results from this study provides useful information regarding
concentration levels of heavy metals in the water, sediments and fish in the Plumbuita Lake, essential for
the assessment of environmental quality and health of living organisms from this lake ecosystem.
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The most important global environmental issue is the
quality of water as it represents an important part of the
composition of all living organisms [1, 2]. As a result of
various activities of human society’s evolution, one of the
highest environmental risk with adverse consequences for
water quality and hence for entire lifetime, is the ubiquitous
presence of heavy metals due to their toxicity, persistence
and lack of biodegradation [3-7]. In the recent decades,
the assessment of aquatic health of ecosystems in terms
of heavy metals content is a priority in many developed
and emerging countries [8]. The main sources of their
penetration into the aquatic environment are the waste
water, industrial effluents and agricultural activities [9].
After entering the aquatic environment, heavy metals tend
to accumulate in sediments and suspended matter and
can be taken up by living aquatic organisms leading to a
reduction in biodiversity and therefore to contamination of
the food chain with direct implications for human health
[10-12].

 Because in the aquatic environment the upper class of
the food chain is represented by the fish, they can
bioaccumulate metals in concentrations higher than in their
environment (water, sediment and food), and sometimes
the toxic effect of accumulated metals counteracts the
beneficial effect of fish meat consumption on the human
body [13-14].

The presence of certain elements in the living organisms
is vital to conduct physiological processes, but for so called
heavy metals, such as lead, cadmium and mercury, their
beneficial role on the body has not been established yet,
although recent research in the field has indicated that
their presence is not beneficiary, but on contrary, it can
lead to development of various serious affections [15]. To
assess the health of an ecosystem and the toxic effects of
heavy metals on the human body, their determination in
the environment and biota (fish) is a necessary activity
[16, 17]. Quantifying the concentrations of metals in fish
muscle tissue, important information can be obtained
regarding their bioavailability, involving the potential risk to
the health of the entire food chain, including humans [18].

In Romania, at level of Bucharest city, an essential part
of the urban ecosystem is represented by the 10 lakes
located along the Colentina River, including Plumbuita Lake.
The development and constructions in recent times just in
the vicinity of the lake, the lack of connection to the
sewerage network and the industrial unit’s activities in the
area pose a potential hazard to the water quality of the
lake.

The aim of this study was to assess the health of the
Plumbuita Lake in terms of concentrations of heavy metals:
copper (Cu), chromium (Cr), cadmium (Cd), lead (Pb) and
nickel (Ni) in water, sediment and fish muscle tissue
(Alburnus alburnus).

Experimental part
Plumbuita Lake is part of the lakes of the Colentina River

and has a total area of 44 ha, currently being used for fishing,
irrigation and recreation activities [19]. To assess the heavy
metals content of the aquatic ecosystem, a sampling
campaign was organized in May 2015 for collecting
samples of water, sediment and fish. Water and sediment
samples were taken from three locations (L1, L2, and L3)
represented in figure 1.

Fig. 1. Map of study area with sampling locations on Plumbuita
Lake
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Sampling
Samples for analysis were taken as follows:
- water samples were collected from approximately 50

cm below the water surface in clean polyethylene
containers decontaminated by washing in advance with
nitric acid solution and then rinsed twice with distilled water
[20];

-sediment samples were collected in polyethylene
bottles, washed with detergent and rinsed distilled water
using core sampler;

- the samples of fish (Alburnus alburnus), purchased
from local fishermen on the Plumbuita Lake, generally had
a length of about 15 cm and an average weight of 0.030
Kg. They were transported to the laboratory, washed with
double distilled water and stored at 4 0C until analysed.

Samples treatment
To determine the total concentration of metal, a volume

of 250 mL taken from the test water was acidified to
prevent hydrolysis of the metals, by adding 0.5 mL of nitric
acid (65 %) in it [21]. Approximately 0.5 g of dried sample
of sediment (fraction < 63 µm) was digested with 9 mL of
hydrochloric acid (37 %) and 3 mL of nitric acid (65 %).
Microwave digestion system (Ethos 1 Milestone) equipped
with a temperature and pressure control was used to digest
the sediment and fish samples. Fish muscle tissue was
dried to about 800C in the laboratory oven, milled to
homogeneity in a non-metallic mortar. Approximately 0.5
g of sample were weighed and digested using a mixture of
7 mL of 65% nitric acid (Suprapur) and 1 mL of 30 %
hydrogen peroxide (Suprapur) using the mentioned
microwave digestion system. All reagents were purchased
from Merck, Germany.

Analysis procedure
After bringing all the samples in solution, for determining

the heavy metals (Pb, Cd, Cr, Cu and Ni), a High-Resolution
Continuum Source atomic absorption spectrometer -
ContrAA 700 was used. All solutions for calibration,
samples, and rinsing were prepared using ultrapure water
and Suprapur nitric acid (65 %). The stock solutions were
prepared using ultrapure water, obtained through a
Micropure Ultrapure water system (TKA, Germany).

Partition coefficient
To characterize the process of distribution of heavy

metals in the abiotic compartment, the sediment/water
partition coefficient (Kp) was calculated according to
equation (1.1).

                                        (1)

Bioaccumulation factor (BAF)
For the characterization of the heavy metals transfer

process from the abiotic to the biotic compartment, it was
calculated the bioaccumulation factor (BAFw) in relation
to heavy metals concentration in water and the
bioaccumulation factor (BAFs) versus the heavy metals
concentration in sediments [4, 10].

                                      (2)

    (3)

Mtissue - the concentration of heavy metals in fish (mg/
Kg, dry weight);

Cs - the concentration of heavy metals in sediment (mg/
Kg, dry weight);

Cw - the concentration of heavy metals in water (mg/L).

Results and discussions
Figures 2 show the distribution of concentrations of

metals analyzed in water samples (fig. 2.a) and in
sediments (fig. 2.b) for the three selected sampling
locations, and figure 3 presents the content of heavy metals
in the muscle tissue of the analyzed fish species

Analysing the obtained values for heavy metal
concentrations referred to the law of Romania M.O. 161/
2006 [22], all recorded values for water samples fell in
class I of water quality, while samples of sediment recorded
exceed the chemical quality standards for copper of
approximately three times.

Through a comparative analysis of the obtained values
for heavy metals in fish fillets with permissible limits laid
down in the EC Regulation No 1881/2006, amended by the
EC Regulation No 629/2008 [23] it was observed that the
values obtained for Cd do not exceed the maximum level
allowed, while for Pb there were exceedances of
approximately 10 times the maximum allowed level.

Fig. 2. The level of heavy metals in water samples (a) and in sediment samples (b) for the three sampling locations from Plumbuita Lake

Fig. 3. Heavy metal content in analyzed fish species (Alburnus
alburnus) from Plumbuita Lake
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Figure 4 shows the distribution of heavy metals in the
abiotic compartment where it can be observed that the
value of the sediment/water partition coefficient in
locations L1 and L3 presents a variation as follows: Ni <Cd
<Cu <Cr <Pb and for location L2 the following variation
was observed: Ni <Cd <Cr <Cu <Pb.

The average concentrations for lead in fish muscle tissue
recorded much higher values than the maximum level
specified by the EC Regulation No 1881/2006, amended by
the EC Regulation No 629/2008. Therefore, consumption
of fish species (Alburnus alburnus) caught in this lake may
represent a hazard for human health. The research on the
trend of bioaccumulation of heavy metals in biota provided
important information for assessing the effects of pollution
on aquatic ecosystems.

Acknowledgements: The authors are grateful to general management
and colleagues from INCDPM Bucharest for their valuable assistance
and suggestions.

References
1. LI, C., SONG, C., YIN, Y., SUN, M., TAO, P., SHAO, M., Mar. Pollut.
Bull., 98, 2015, p. 358.
2. RADU, V.-M., IONESCU, P., DEAK, GY., IVANOV, A. A, DIACU E.,
Journal of Environmental Protection and Ecology, 15, no. 2, 2014, p.
412.
3. RESETAR-DEAC, A.-M., DIACU, E., Rev. Chim. (Bucharest), 66, no.
9, 2015, p. 135.
4. XU, G., PEI, S., LIU, J., GAO, M., HU, G., KONG, X., Mar. Pollut. Bull.,
95, 2015, p. 395.
5. DHANAKUMAR, S., SOLARAJ, G., MOHANRA, R., Ecotox. Environ.
Safe., 113, 2015, p. 145.
6. ROTARIU, T., PETRE, R., ZECHERU, T., SUCESKA, M., PETREA, N.,
ESANU, S., Propellants, Explosives and Pyrotechnics, 40, no. 6, 2015,
p. 931
7. PETREA, N., ROTARIU, T., ZECHERU, T., PETREA, N., BAJENARU,
S., Control European Journal of Energetic Materials, 13, no. 1, 2016
8. AKOTO, O., BISMARK, E. F., DARKO, G., ADEI, E., Int. J. Environ.
Res., 8, no. 2, 2014, p.403.
9. RADU, V.-M., IONESCU, P., DEAK, GY., Journal of Environmental
Protection and Ecology, 16, no. 2, 2015, p. 610.
10. ISLAM, M. S., AHMED, M. K., RAKNUZZAMAN M., HABIBULLAH-AL-
MAMUN, M., MASUNAGA, S., Arch. Environ. Contam. Toxicol., 68, no.
1, 2015, p. 92.
11. IONESCU, P., RADU, V.-M., DEAK, GY., DIACU, E., Rev. Chim.
(Bucharest), 65, no. 9, 2014, p. 1092.
12. GHANI S. A. A, Egypt. J. Aquat. Res., 41, 2015, p. 145.
13. CASTRO-GONZALES, M. I., MENDEZ-ARMENTA, M., Environ.
Toxicol. Phar., 26, 2008, p. 263.
14. EL-MOSELHY, K. H. M, OTHMAN, A. I., ABD EL-AZEM, H., EL-
METWALLY, M. E. A., Egyptian Journal of Basic and Applied Sciences,
1, no. 2, 2014, p. 97.
15. SINGH, R., GAUTAM, N., MISHRA, A., GUPTA, R., Indian J.
Pharmacol., 43, no. 3, 2011, p. 246.
16. BURGER, J., GOCHFELD, M., JEITNER, C., PITTFIELD, T., DONIO,
M., Environ. Res., 131, 2014, p. 119.
17. AL SAYEDGH PETKOVSEK, S., MAZEI GRUDNIK, Z., POKORNY, B.,
Environ. Monit. Assess., 184, no. 5, 2012, p. 2647.
18. DE JONGE, M., BELPAIRE, C., VAN THUYNE, G., BREINE, J.,
BERVOETS, L. Environ. Pollut., 197, 2015, p. 43.
19. CARSTEA, E. M., IOJA, C. I, SAVASTRU, R., GAVRILIDIS, A., Rom.
Rep. Phys., 65, no. 3, 2013, p. 1092.
20. ***ISO 5667: 2000, Water quality. Sampling. Part 4-Guidance on
sampling from lakes, natural and man-made.
21. ***ISO 8288:2001, Water quality. Determination of cobalt, nickel,
copper, zinc, cadmium and lead. Flame atomic adsorption
spectrometric methods.
22. *** Ministerial Order No 161/2006 for the Approval of the Norm
Concerning the Reference Objectives for the Surface Water Quality
Classification (Including Quality Standards for Sediments).
23. ***Commission Regulation (EC) No 629/2008 amending Regulation
(EC) No 1881/2006 setting maximum levels for certain contaminants
in food stuffs.

Manuscript received: 21.01.2016

Fig. 5. Variation of bioaccumulation of heavy metals in fish
muscle tissue in relation to their concentration in water (a) and

sediments (b)

Fig. 4. Distribution of heavy metals in the abiotic compartment

The higher value of the partition coefficient for lead
indicates its greater tendency to accumulate in the solid
phase, while the lower value of the partition coefficient for
nickel indicates the tendency to remain in the aqueous
phase.

Figure 5 shows that the analyzed fish species (Alburnus
alburnus) has a tendency to accumulate metals in muscle
tissue in relation to its surrounding environment (water) in
the following order: Pb> Cu> Cd> Cr> Ni, and in the
following order: Cd> Ni > Cu> Pb> Cr in relation to
sediments.

Conclusions
This study analyzed the level of heavy metals in water,

sediment and fish muscle tissue of species Alburnus
alburnus from Plumbuita Lake (Colentina River) located in
Bucharest. According to the results, water samples were
classified in class I of quality according to relevant national
regulation (M.O. 161/2006), while for sediments, copper
had higher values compared to chemical quality standard.


