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Abstract

Bottom sediments originating from the Migja water reservoir were studied. It was
assayed, in what chemical forms heavy metals (zopper, nickel, cadmium and lead)
occur in sediments, using the method of sequeaktihction BCR. According to the
geochemical criteria with respect to the contenZiof Cu and Ni, the sediments in all
measuring points were classified as uncontamindtedever because of the Cd content
- as moderately contaminated. The highest Cu antbhtient was found in the sediment
collected in the southern part of the reservoirahl 11 mg/kg d.m, respectively. In the
case of Zn, Pb and Cd, the sediment collectedeadtitflow of the Mitega river was the
most contaminated; metal content amounted to 136;33mg/kg d.m., respectively.
Based on the conducted fractionation of heavy metaiwas found that the potential
mobility of metals, hence the possibility of secandpollution of the reservoir open
water, are arranged in the following order: Zn> @¢> Cu ~ Pb.

Keywords: bottom sedimentseavy metals, sequential extraction, mobility.

1. INTRODUCTION

Most of heavy metals released into water are boand transported with
suspended matter, the deposition of which leadeddormation of the bottom
sediments in water reservoirs. The contaminatedrseds can be detrimental
to the biological resources of surface water awlit@ctly to human health. Due
to the monitoring requirements, the quality evahraiof bottom sediment, in

! Corresponding author: Czestochowa University of fietdgy, Department of Chemistry, Water
and Wastewater Technology, alowskiego st 69, 42-200 e€stochowa, Poland,
e-mail: dabrowska@is.pcz.czest.pl, tel. +48343256049

Brought to you by | University of Zielona Géra Library
Authenticated
Download Date | 1/12/17 10:36 AM



16 Lidia DABROWSKA

the aspect of its contamination with potentiallyrrhiul trace elements, is
performed based on geochemical criteria. Dependentthe trace metal
concentrations present in the sediment, based egabchemical background,
bottom sediment can be classified, into four ddfdr classes [1, 11]:
uncontaminated (class 1), moderately contaminatddsg 1l), contaminated
(class lll) and very contaminated (class IV). Plibaeffect level (PEL) and
threshold effect level (TEL) values are used fatexicological evaluation [9].
As a result of a variety of chemical and biochemmacesses occurring in
watercourses, heavy metals bound in sediments magleased into the water,
causing their secondary pollution. Metals boundabgorption, in particular
physical, easily pass into the wat&lso metals bound to carbonates can be
released when significant acidification of the eomiment occurs. Cells of some
microorganisms can contain heavy metals. After ogmganism’s death,
biomass sediments to the bottom and is biochenicalegraded.
Bioaccumulated heavy metals, present in cells afreorganisms, can move
into the water or can be transformed to the indelfitrms. Significant amount
of metal can be trapped in crystalline structursiliéates or can form chemical
compounds with insignificant solubility in wateru& metals are practically
not available for living organisms and are not édeised to be dangerous.

To evaluate the potential threat for an ecosystgrhdavy metals deposited in
sediments, instead of their total content it is ém@nt to identify the chemical
forms of metals and their quantitative determinatid-or this purpose,
speciation analysis of heavy metals based on theesgial extraction is used
[4, 18]. It divides metals’ fractions into the folWing groups: i) exchangeable,
i) associated with carbonates, iii) with hydratemh and manganese oxides, i)
with organic matter and sulfides, v) metals that ba found in the residual
fraction. Metals that can be found in the two fiirstctions (exchangeable and
carbonate) are believed to be potentially mobiletds found in the fraction of
iron and manganese oxides are sensitive to redanxge's.

Speciation analysis of heavy metals was appliedfae research of bottom
sediments of reservoirs Rybnicki [8], Krempna arestawice [10], Koziowa
Géra [16], in Poraj [15], lakes in Wielkopolski Natal Park [17], Taihu Lake
[21], Doirani and Kerkini Lakes [13], Dongting Lak&9].

The aim of this study was to estimate the contatiinalevel of bottom
sediments of the Migga Reservoir with heavy metals (Zn, Cu, Ni, Cd, &t
their distribution in the chemical fractions, segied using a sequential
extraction. Potential mobility of metals and thesgibility of secondary water
pollution were evaluated. The obtained resultsszme as a reference level for
monitoring research in the future, regarding thereational function of the
reservoir (municipal swimming pool, angling comgetis).
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2. METHODOLOGY

The Mitrega reservoir is located in the Mitya river valley, in the town Lazy,
Silesia voivodeship (Poland). The area of the kasecovers 7.7 ha, depth up
to 2.5 m. The reservoir is used mainly for fishilmgthe summer as a guarded
swimming pool. As a small water reservoir, it ig imcluded in a program of
monitoring studies.

Bottom sediment samples were collected from thasarayer of the sediment,
to a depth of 5 cm, in June 2013 at 4 sites (F)g.Shmpling points were
located in a way to show the distribution of contaamts in different locations
of the Mitrega reservoir. The first sampling point was locabedthe western
side of the reservoir, near the outflow of the kit river, the second on the
southern shore. The third sampling point was |latate the eastern side of the
reservoir, near the tributary of the Mig)a river, and the fourth in the northern
part, near the beach. The sediments were colledtadlistance of 1.5-3 m from
the shore. The level of water to the surface ofsédiment layer was about 0.5-
0.6 m.

Mitrega River

Fig. 1. Location of the Mitrga Reservoir with the sampling points (Poland)

Fig. 2. TUbe sampler for bottom sediments sampling
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18 Lidia DABROWSKA

A glass tubular sampler was used for sedimentgctidn (Fig. 2). The sampler
diameter was 4.5 cm. Three samples of sediment ta&en out at each site,
mixed and stored in plastic containers. Thus fam@es were obtained, each
sample was an average of three independent sangdlsegiments.

The samples of bottom sediments, immediately aftawal in the laboratory,
were first dried in air-dry conditions (temp.°23 for 48 h, and then in a dryer
at 105C for 8 h. Sediment samples were passed througgva with 0.2 mm
diameter meshes. In order to monitor bottom sedisnén Poland, the
concentration of heavy metals is determined infthetion of particle size <0.2
mm [2]. For separated fraction of sediment with gn@ins diameter lower than
0.2 mm, which was about 60-65% of total analyzeten, the total content of
heavy metals was determined.

Three different samples of the same sediment wengaped for the analyses. In
order to determine the total content of heavy rsetal5 £ 0.001) g of dry
sediment was placed into 15 mL glass test tubest, [RemL 0f65% HNG, and

6 mL of 37% HCI (aqua regia) were added [3]. Theirsent underwent
mineralization at 12« for 2 h. The samples were stored & 4or further
analyses of heavy metals: zinc, copper, nickelpganch, and lead with the use
of atomic absorption spectrometry method (specttemaovAA 400, Analytik
Jena).

For bottom sediments, speciation analysis of heangals was also done
according to BCR scheme presented in Table 1. Bdtapecification of
performed procedure was described elsewhere [ldhcéhtration of heavy
metals in extracts was determined by atomic abswrgpectrometry.

Table 1. BCR sequential extraction procedure [14]

Extraction conditions per 1 g of dry )
Step matter of sediment Fraction / Forms of metals

1 40 mL 0.11 M CHCOOH, F1- exchangeable, bound to
22C, 16 h carbonates

5 40 mL 0.5 M NHOH-HCI (pH=2), F2 (reducible) - bound to Fe and
22°C, 16 h Mn oxides
10 mL 8.8 M HO, (pH=2-3),

3 22°C,16 h; 88C, 1 h F3 (oxidizable) - bound to organic
10 mL 8.8 M HO,, 85°C, 1 h matter and sulfides
50 mL 1 M CHCOONH,;, 22C, 16 h
2 mL 65% HNQ, 6 mL 36% HCI, .

4 120°C, 2 h F4 - residual

The overall concentration of metals in the sedim@ital) determined after
mineralization with aqua regia was compared witle tbum of metal
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concentrations in the extracted fractions (F1 +H23 + F4). Recovery in the
sequential extraction procedure was calculatedlisafs [5]:

Recovery % A+rR+ R+ H 100 (2.1)
Total

3. RESULTSAND DISCUSSION

Total heavy metals content in bottom sediments $&mnm respective sites
(sampling points), and geochemical criteria of dwttsediments classification,
are presented in Table 2.

Table 2. The total content of heavy metals in botsediments (mean, n=3)

) Content, mg/kg d.m.
Sediment -
Zn Cu Ni Cd Pb
From point 1 136 +5| 11.3+0p 7.9+04 27+x0.350+14
From point 2 98+4 152+0.f 114+05 19+0285+1.1
From point 3 75+3 87+03 48104 11+0255+0.7
From point 4 63+3 78+04 56+0p 16+01.0805
Uncontaminated [1] 200 40 16 1.0 30
Moderately 500 100 40 35 100
contaminated [1]
Value TEL [9] 123 36 18 0.6 35
Value PEL [9] 315 197 36 35 91

Bottom sediments sampled from the Mia reservoir were characterized by
varied heavy metal contents. The highest contecbpper 15 mg/kg d.m. and
nickel 11 mg/kg d.m. was found in the sediment dathfrom point 2 (in the
southern part of the reservoir). In the case of,Zimad, and cadmium, the most
contaminated was sediment taken from site 1, atotitdow of the Mitega
river; the content of metals amounted to 136; 38;r2g/kg d.m., respectively.
The lowest levels of nickel and cadmium, respebtjw.8 and 1.1 mg/kg d.m.,
were found in the sediment collected in the eagbam of the reservoir, at the
tributary of the Mitega river, while zinc, copper and lead, respecti\gé3y 7.8
and 9 mg/kg d.m., in the sediment collected neatach, in the northern part
of the reservoir. A significant difference of metaintent in the sediments at the
tributary and at the outflow of the river to theseevoir indicates that in the
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western part, the reservoir retains these metalagalvith the sedimenting
suspended matter.

The classification of bottom sediments from the rbja reservoir was
performed based on contamination assessment arfariwater sediments, and
PEL and TEL values. Based on the results (Tableit2)an be stated that
according to geochemical criteria considering contef zinc, copper, and
nickel, sediments in all research sites were diassias uncontaminated,
whereas considering cadmium content - as modera@ijaminated. Because
of lead content, sediment sampled in the eastertnopdhe reservoir (outflow
of the river) was classified as moderately contatgd. Contamination of the
sediments did not differ significantly from analgzén Poland lacustrine
sediments within the subsystem of the State Enmiertal Monitoring
"Monitoring the quality of inland surface water"e@hemical research of 129
samples of bottom sediments from lakes, carriedithe framework of the
monitoring in 2012, showed that because of thearanof zinc, copper, lead,
nickel and cadmium respectively in 97; 75, 85,8220 of lakes sediments were
uncontaminated, whereas 2; 24; 13, 57, 16% modgm@aataminated [11].

In bottom sediments derived from all research [intthe Mitega reservaoir,
content of analyzed metals did not exceed the P&lev TEL value (0.6
mg/kg) was exceeded in the case of cadmium in sadsnsampled from
sampling points 1, 2, 3, 4, and it amounted to 2.9; 1.1; 1.6 mg/kg d.m.,
respectively. Also, for zinc content equal to 13@/kg d.m. in sediment
sampled in point 1 (the eastern part of the reserie outflow of the river) the
TEL value (123 mg/kg) was exceeded.

The content of the determined chemical forms ofviiemetals in bottom
sediments is presented in Table 3 and Figure 3.

The sum of zinc, copper, nickel, lead, and cadmaamtent in four analyzed
fractions was 88-111% of total concentration iniseshts determined without
fractionation, confirming the correctness of theedismethodology and
reliability of the obtained results [6, 20].

Table 3. Content of chemical forms of heavy metalsottom sediments (mean, n=3)

Chemical Content, mg/kg d.m.
fraction Zn Cu Ni Cd Pb
o I 43+3 0.6+0.1 11+0.1 0.5%0.] 2.7+0J2
G E Il 34+3 1.0+£0.2 1.2+0.2 0.8+0.2 18.0+0.6
-.% g 11 25+2 58+04 2.8+0.3 0.5+0.1 13.6+0/4
& g v 45+ 2 3.2+0.3 21+0.3 0.8+0.1 3.7+083
- Sum 147 10.6 7.2 2.6 38.0
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% recovery 108 94 91 96 109
c I 28+2 1.1+0.2 14+0.2 0.7+ 0.1 3.0£0.2
2 Il 24 +3 1.3+0.1 1.2+0.1 0.8+ 0.2 10.6+ 0|6
% g 1] 19+1 83+04| 29+0.2 0.4+ 0.1 9.8+£0.4
__% 8 v 20+2 5.3+0.3 6.5+04| 0.2+<0.1 3.9+04
s Sum 91 16.0 12.0 2.1 27.3
% recovery 93 105 105 111 96
c I 25+2 1.3+0.2 1.0+£0.2] 02+<0{1 2.0%0/)2
2 I 15+1 15+02| 2002 05+01 7505
% g 1] 14+2 3.7+£0.3 1.1+0.1] 02+<0l 3.6+03
£8 \Y% 18+1 1.9+02| 1.0+01/ 0301 1.1%0]
3 Sum 72 8.4 5.1 12 14.2
% recovery 96 97 106 109 92
c I 19+2 2.0+£0.3 15+0.2 0.3+0.1 1.9+0J2
2 < Il 11+1 19+02| 09+0.1 02+<0/l 36x04
% = 1] 9+1 23+0.2 1.0+£0.1] 02%<0. 1.7+0.2
£8 v 27+3 1.9+03 18+0.2] 0.7zx0.1 2.4+ 0.p
3 Sum 66 8.1 5.2 1.4 9.6
% recovery 105 104 93 88 107
Fraction: | - exchangeable, carbonates-boundi-8/Mn oxides-bound,

[l - organic matter/sulfides-bound, 1V - residyabn-dissolved compounds)

Zinc in sediments sampled from research samplingtp@ and 3, occurred in
the largest amount in mobile fraction - exchangeatrid carbonate (28 and 25
mg/kg d.m., respectively 31% and 35%), whereas fresearch sites 1 and 4 -
in residue fraction (45 and 27 mg/kg d.m., respetti31% and 41%), which is
in practically insoluble compounds. The lowest antoof zinc was bound to
organic sulfide fraction. Lead occurred mostly iaction associated with
hydrated iron and manganese oxides (3.6-18 mg/kg).dContent in this
fraction amounted in sediments sampled from palnt®, 3, 4 respectively to
47; 39; 53; 37% in relation to total content. Thegest amount of copper was
bound to organic-sulfide fraction, 3.7-8.3 mg/kghd(44-55%). One exception
was sediment sampled from point 4, in which copm®urred in every fraction
in comparable amounts. The share of exchangeallecarbonate fraction,
which is the most available, in bounding of coppexrs the smallest (0.6-2
mg/kg d.m.). Cadmium as well as nickel contentadisient chemical fractions
was differential depending on sampling site. Inisett sampled from point 1,
cadmium occurred mainly in hydrated iron and maegaroxides fraction, and
in practically insoluble compounds - residue frast{both 33%), in sediment
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from point 2 in hydrated iron and manganese andbarete exchangeable
fractions (38 and 33%), whereas from point 4 - iracfically insoluble
compounds (50%). In bounding nickel, in sedimemad from points 2 and
4, dominant fraction was residue (respectively 5d8d 35% with respect to
total amount), in sediment from point 3 - hydratezh and manganese oxides
(39%), whereas in sediment from point 1 - organitide (39%).

Sediment from point 1

Sediment from point 2

o mIV fraction |

Sediment from point 4

100%+

80%

60%

40%

20%

0% -

=1 Om BV fraction |

Fig. 3. Percentage distribution of heavy metalsantions of sediments:
| - exchangeable/carbonates, Il - Fe/Mn oxides; tifganic matter/sulfides,
IV - residual
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A significant role of residual fraction in bindingf nickel was obtained in
studies of sediments from Lake Dongting [19] or éakashina [7]. In case of
copper, sediment research conducted by Pakuta §t2Zlhave confirmed its
presence mainly in the organic-sulfide fractiongewdas carried out by Li et al.
[7] and Yao et al. [19] in the residual fractiorhel carbonate fraction had a
significant share in the total content of cadmiumd &ead in sediments from the
Poraj reservoir [15], lead from the Rybnicki res®#rn8], and cadmium in the
sediments studied by Li et al. [7] and Yao et &][JAlso a significant role of
iron and manganese oxides fraction in binding aflleas been demonstrated in
research of a variety of bottom sediments from dake7, 19] and from the
Kozlowa Gora reservoir [16].

Based on conducted heavy metal fractionation, & stated that their potential
mobility, and therefore the possibility of secondaontamination of reservoir
agueous phase, aligns as follow: Zn>Cd>Ni>Cu~Pls ®hder was obtained
based on percentage share of metals in exchangaathlearbonate fractions,
which are considered to be the most mobile. In cdspiantitative evaluation,
content in mg/kg, the order was as follow: Zn>Pb>Ri»Cd. Thus, in the
fraction including mobile, exchangeable and carb®ri@rms, sensitive to
changes in the environmental conditions (salinityl), the highest amount of
zinc in total content of this metal in sedimentsstated.

Based on heavy metal content in exchangeable armbrtate fractions of
sediments, it can also be estimated, which of ites $n the reservoir are the
most vulnerable to metal release from sedimen&gjteeous phase. It was stated
that the largest possibility of zinc release wagarding bottom sediments in
research point 1 (the eastern part of the resemymiroutflow of the river), lead,
cadmium, and nickel - sediments in point 2 (thetlseun part of the reservoir),
whereas copper - in point 4 (the western part efrédservoir, the tributary of
the river). Research, although conducted in a sma#rvoir, confirms that for
the evaluation of potential pollution of open watem heavy metals deposited
in bottom sediments, identification of chemical nfer of these metals is
essential.

4. CONCLUSIONS

Based on obtained results, following conclusionsavelrawn:

- according to geochemical criteria considering zlead, copper and nickel
content, sediments in all research sites were ifiledss uncontaminated,
whereas considering cadmium content as moderateigtaminated.
Potential toxic impact on living organisms can laeised by cadmium, as
content of only this metal exceeded TEL value;
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the largest copper and nickel content occurredhénsediment collected in
the southern part of the reservoir, while zinc,dlend cadmium in the
sediment collected at the outflow of the Mga river. The highest amount
in potentially mobile exchangeable-carbonate foactif the sediments was
stated for zinc, which may result in secondary aomnbation of the water
reservoir.
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CHEMICZNE FORMY METALI CIEZKICH W OSADACH DENNYCH
ZBIORNIKA WODNEGO MITREGA

Streszczenie

Obiektem bada byly osady denne pochagte ze zbiornika wodnego Miga
(wojewddztwo $laskie, powiat zawiercigski). Oznaczono, w jakich formach
chemicznych wyspuja metale aizkie (cynk, mied, nikiel, kadm i otéw) w osadach
dennych, wykorzystygp metod ekstrakcji sekwencyjnej BCR. Oceniono potencjaln
mobilnas¢ metali i maliwos¢ wtérnego zanieczyszczenia wody.

Wedtug kryteribw geochemicznych ze wadh na zawart& cynku, miedzi oraz niklu
osady we wszystkich punktach pomiarowych klasyfisoer byly jako
niezanieczyszczone, natomiast ze wdgl na zawartd kadmu jako miernie
zanieczyszczone. W przypadku oftowiu osad we wsdepdizesci zbiornika zostat
sklasyfikowany jako miernie zanieczyszczony, w miatych jako niezanieczyszczony.
Najwiekszy zawartd¢ miedzi i niklu stwierdzono w osadzie pobranym wugmiowej
czesci zbiornika, odpowiednio 15 i 11 mg/kg suchej maayprzypadku cynku, otowiu i
kadmu najbardziej zanieczyszczony byt osad pobraayodptywie rzeki Mitega;
zawart@d¢ metali wynosita odpowiednio 136; 35; 3 mg/kg s@awarté¢ kadmu we
wszystkich pobranych osadach przekroczyta wartdEL (0,6 mg/kg s.m.). Na
podstawie przeprowadzonego frakcjonowania metakzkath stwierdzono, ze
potencjalna mobilni& metali, a co za tym idzie mlwo$¢ wtdérnego zanieczyszczenia
toni wodnej zbiornika uktadagiv nastpujacym szeregu: Zn>Cd>Ni>Cu~Pb.

Stowa kluczowe:  osady denne, metakgkie, mobilnag¢, ekstrakcja sekwencyjna.
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