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Abstract: Distribution of cadmium and zinc in the bottom sediments of different wa-
ters of Lithuania was investigated using flame atomic absorption spectrometry
(FAAS). Two methodologies (liquid and heating mineralization) for the mineraliza-
tion of the bottom sediments were employed and compared. The accuracy of the
FAAS method was evaluated in comparison with a photometric method. The ob-
tained results demonstrate that the suggested procedure could be successfully ap-
plied for the analysis of bottom sediments of different water comples with satisfac-
tory accuracy.
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INTRODUCTION

Heavy metals concentration in bottom sediments is an unbiased and reliable
index of the contamination of a water body and thereby the total anthropogenic
load. Accumulation of heavy metals in bottom sediments in concentrations ex-
ceeding standard and background levels endangers water quality owing to the risk
of secondary pollution (export of microelements from the bottom sediments to the
water column). High concentrations of heavy metals in bottom sediments have a
negative effect on biological components. Thus, environmental protection requires
a constant analytical control not only of waters but also of bottom sediments.

Zinc in trace levels is essential for living organism!~—# but toxic doses of zinc
can lead to serious problems. On the contrary, cadmium is a carcinogen and does
not have any known positive biological role.5-:¢ For the determination of zinc and
cadmium in bottom sediments different analytical methods are used: inductively
coupled plasma atomic emission spectrometry,’-? inductively coupled plasma-mass
spectrometry,!0 neutron activation analysis,!! X-ray fluorescence.!2:13 However,
atomic absorption spectrometry (AAS) is one of the most extensively used tech-
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niques for the determination of cadmium and zinc in bottom sediments. This ana-
lytical technique is remarkable for its selectivity, speed and fairly low operational
cost.1415 Zinc and cadmium have been determined in sediments of stream, pond,
lake, river, marine and in sewage sludge.16-20

Determination of heavy metals in bottom sediments is a more fraught proce-
dure in comparison to water analysis. For water samples, direct analysis with the
atomic absorption spectrometer can be employed, while samples of bottom sedi-
ments must be mineralized prior to their analysis. Before the analysis by AAS, the
samples of bottom sediments can be dissolved in mineral acids or their mix-
tures.”-16-18,20-22 The samples of bottom sediments can also be decomposed by
heating in an ordinary furnace at a particular temperatures.19

The aim of this work was to investigated the accumulation of two heavy met-
als (zinc and cadmium) in bottom sediments from different waters of Lithuania us-
ing the FAAS technique. For the successful FAAS determination of Zn and Cd both
the liquid and heating mineralization procedures were also compared in this work.

EXPERIMENTAL

A Hitachi 170-50 (Japan) flame atomic absorption spectrometer equipped with hollow cathode
lamps was used for the determination of Zn and Cd in bottom sediments. The optimum conditions for the
determination of the metals by the flame AAS method are summarized in Table I. For comparison, the
amounts of cadmium and zinc in the samples were also determined by photometric analysis?3 with a
KFK-3 photometer. Cd was determined in aqueous medium with dithizon and Zn with rhodamine C. The
photometric measurements were carried out at wavelengths of 1 = 508 nm (Cd) and 630 nm (Zn).

TABLE I. The optimum conditions for the determination cadmium and zinc by the flame AAS
method

Metal Radiation Gas Electric current  Gas pressure/Pa  Air pressure/Pa
nm mA
cd 228.8 Propane—butane—air 10 0.74-10* 1.47-10°
Zn 213.8 Acetylene—air 10 0.98-10* 0.98-10°

Double—distilled water and analytical-grade reagents were used in all the experiments. Standard so-
lutions of cadmium and zinc (1 mg ml!) were prepared by dissolving an appropriate amount of metalic
cadmium (99.99 % purity) in nitric acid (1:1) and ZnO in hydrochloric acid (1:1), respectively. The stan-
dard solutions of Zn and Cd were diluted daily to obtain working standard solutions (10 pg ml™!).

The samples of bottom sediments (0.5 g) were dissolved in 10 ml of a mixture of HCI and
HNOj; (3:1). The cooled remnants were digested by addition of10 ml of concentrated HCI, evapo-
rated to a minimum size, filtered an diluted to 100 ml with water. Also, identical amounts of bottom
sediments samples were placed in a sand beaker and heated at 825425 °C for 2 h in the furnace. The
cooled remnants were digested by addition of 10 ml of a mixture of HCl and HNO; (3:1) and diluted
to 100 ml with water.

RESULTS AND DISCUSSION

The amount of zinc and cadmium was determined in several bottom sediments
samples from different waters of Lithuania. The results obtained for the determina-
tion of zinc by the FAAS method using the two mineralization procedures are com-
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pared and summarized in Tables Il and III. As can be seen from the results presented
in both Tables, the mineralization procedure does not have any influence on the de-
termined amount of zinc in different samples. Consequently, it can be concluded that
both mineralized methods could be successfully used for the determination of zinc in
bottom sediments. For the determination of cadmium in bottom sediments, the
method of liquid mineralization was chosen in this work. The results obtained for the
determination of cadmium by the FAAS method were compared with those achieved
by a conventional photometic method and are summarized in Table IV.

TABLE II. Results obtained for the determination of zinc in bottom sediment samples after liquid
mineralization (n = 5, P = 0.95), with standard devations, % , in parentheses

Sample Zn found by FAAS method, Zn found by photometric
mg kg! method/mg kg!
Sea Kursiy 221 (1.4) 225 (3.4)
Lake Druksiai 67 (3.0) 64 (4.8)
Lake Zalieji 105 (2.5) 99 (5.2)
Standard sludge from Lithuania 261 (2.0) 265 (4.2)
Standard sludge from the Environment 540 (1.8) 548 (3.7)

Institute of the Europe Committee

TABLE III. Results obtained for the determination of zinc in bottome sediment samples after heat-
ing mineralization (n = 5, P = 0.95), with standard deviations, %, in parentheses

Sample Zn found by FAAS Zn found by photometric
method/mg kg! method/mg kg!
Sea Kursiy 229 (1.3) 228 (3.6)
Lake Druksiai 69 (3.0) 67 (4.8)
Lake Zalieji 106 (2.3) 103 (5.4)
Standard of sludge from Lithuania 264 (2.2) 263 (4.0)
Standard of sludge from Environment 542 (1.7) 545 (4.2)

Institute of Europe Committee

As seen from Table II and ill, the highest level of zinc was found in standard
sludge from the Environment Institute of the Europe Committee (540 mg kg~!) and
the lowest— in Lake Driik$iai (67 mg kg~!). The highest level of cadmium (Table
IV) was also found in standard sludge from the Environment Institute of the Eu-
rope Committee (14.6 mg kg~!) and the lowest — in standard sludge from Lithuania
(1.64 mg kg 1). The levels of zinc determined in the Sea Kurs$iy are approximately
2 times higher than that found in Lake Zalieji and about 3 times higher than that in
Lake Driiksiai. The levels of cadmium determined in the same Sea are also higher
than that found in the Lakes. The concentrations of heavy metals in bottom sedi-
ments depend on different factors: lithological composition of soils, content of or-
ganic carbon in sediments. However, pollution remains one of the most important.
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TABLE IV. Results obtained for the determination of cadmium in bottom sediment samples after
liquid mineralization (n = 5, P = 0.95), with standard devations, %, in parentheses

Sample Cd found by FAAS Cd found by photometric
method/mg kg™! method/mg kg™!
Sea Kursiy 4.75 (2.5) 4.92 (3.5)
Lake Druksiai 3.52(3.0) 3.28 (3.8)
Lake Zalieji 2.14 (2.0) 2.34 (4.5)
Standard sludge from Lithuania 1.64 (3.0) 1.86 (5.2)
Standard sludge from the Environment 14.6 (2.2) 14.0 (3.5)

Institute of the Europe Committee

The largest part of Kursiy Sea water (= 98 %) is from the River Nemunas, the wa-
tershed of which spreads over the whole area of Lithuania. Moreover, a large part
of the pollutions in the Kursiy Sea could be generated by the River Nemunas from
Belarus. On the contrary, the Lakes Zelieji and Driiksiai are evidently not polluted
by heavy metals. The results preented in Table II-IV clearly indicate that the
amount of zinc in bottom sediments from different waters is much higher than the
amount of cadmium. This is fair enough because zinc is essential for living organ-
ism while cadmium is very toxic.

CONCLUSIONS

The accumulation of cadmium and zinc in bottom sediments of different wa-
ters of Lithuania was investigated using flame atomic absorption spectrometry
(FAAS). Two methodologies (liquid and heating mineralization) for bottom sedi-
ments mineralization were employed and compared. It was demonstrated that the
mineralization procedure has no influence on the results of the determinations of
the metals by FAAS in different samples. The results obtained showed that the
Kursiy Sea is much more contaminated with zinc and cadmium than the Lakes
Zalieji and Driiksiai, which are located in the neighborhood of the capital of Lithu-
ania and the Ignalina nuclear power station, respectively.

N3BOJ

AKYMYJTALUMIJA KAIMNIYMA N HMHKA Y TAJIOZUMA PA3SIINYUTUX
BOJJA Y IUTBAHWINU

STASYS TAUTKUS, LAURA STEPONENIENE u ROLANDAS KAZLAUSKAS

Department of Analytical and Environmental Chemistry, Vilnius University, Naugarduko 24, LT-03225, Vilnius, Lithuania

VcnutrBaHa je pacnopieiia KaMAjyMa 1 OUHKA Y TaI03UMa pa3HUX Bojia y JIuTBaHUjH
KopumnhemeM IulaMeHe aToMcke aGcopniuoHe crnektpoMmerpuje (FAAS). IlpumemeHe n
ymopebene cy gBe MeToooruje (TeuHa MUHEpaTH3alKja ¥ MUHEPAIU3alija 3arpeBambeM)
3a MuHepaiu3anujy tanora. OnemeHa je TauyHOCT FAAS MeTose y nmopebemy ca poTome-
TPHUjcKOM MeTofioM. [IoGMjeHn pe3yaTaTu Mokasyjy fa Ou cyrepucaHd MOCTYIaK MOrao ca



Cd AND Zn IN BOTTOM SEDIMENTS OF WATER 583

3a/10BOJbaBajyhoM TauHONThy YCHENTHO fa ce MPUMEbyje 32 aHATN3y Tajora y pa3inInTIM
y30pLHMa BOJE.

(IMpumsbeno 10. anpuna, pesugupano 30. HoBemGpa 2006)
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