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Abstract

This study was conducted in the submontane anaphitr Dobczyce Reservoir (southern
Poland). Cadmium and lead concentrations in thervaatd sediment were relatively low. The
partitioning coefficient (Kd) indicated that disgetl Cd and Pb dominated in the water column at
depths of 1 and 15 m, and that they were presetiteirparticulate phase in near-bottom water.
The relation of dissolved Cd and Pb with physicall amemical parameters of the water is
discussed. Binding forms of Cd and Pb in the sedirsbotved that Cd was potentially a more
“mobile’ element than Pb; therefore, Cd had probabtcumulated in the sediment in
considerably lower amounts than Pb (K=8400 and K83 respectively).

Copyright© by Institute of Oceanography, University of Gdarisk, Poland
www.oandhs.org



142 Ewa Szarek-Gwiazda, Grazyna Mazurkiewicz-Boron

INTRODUCTION

It has been recognized that the partitioning ofadd Pb in water plays a
fundamental role in their transport in aquatic gstmms. This has been
described in detail in rivers (Forstner 1986, Golivski et al. 1990, Samanidou
and Papadoyannis 1992, Foster and Charlesworth, B®&&deau et al. 2005)
and lakes (Sigg 1985, Sigg et al. 1991, Kleebedy3chubert 2000, Taillefert
et al. 2000, Nguyen et al. 2005), but rarely in daservoirs (Polukhina et al.
1998, Quintal et al. 2000, Skwarczek and Heliosigd2004).

Spatial and temporal changes in element concemsatin river water
depend on changes in constituent inputs and digeh@raureano and Navar
2002). During transport, environmental changes, (p®perties of the particle’s
surface, pH, Eh, salinity, concentration of orgaaid inorganic complexing
agents affect the element distribution betweenotiissl and particulate phases
(Forstner, 1986; Sigg et al. 1991, Webster et 2981 Abate and Masini 2002,
Gouvea et al. 2005). The dominant phase in whicha@d Pb occur in
unpolluted or polluted river water is not clear.cAding to Forstner (1986),
dissolved Cd dominated in polluted rivers, due thigher concentration of
complexing agents, while in less polluted systepasticulate Cd dominated.
According to Audry et al. (2004), in polluted rigefGaronne River, France) Cd
and Pb were dominant in the particulate phase. @admand lead can form
various complexes in soft water. Cadmium primanlgcurs with chloride,
hydroxide, sulfide or cyanide, while Pb primarilyconirs with hydroxide,
chloride, or phosphate. Bicarbonate and cyanidelydorm complexes with
lead (Quintal et al. 2000).

A part of the trace elements deposited in bottordingent can be
remobilized under changing environmental conditioftse binding strength of
metals with different solid phases can be deterdhinging operationally
defined sequential extraction procedures. The nastli@veloped by Tessier et
al. (1979), or variations of this procedure, haeerbused in a wide range of
hydrological and limnological studies to estimake tpotential mobility of
metals (Dawson and Macklin 1998, Loska et al. 20Q@Bewski 1991,
Sobczyiski and Siepak 2001, Fytianos and Lourantou 2004).

The aim of the present study, conducted in a sukemerand eutrophic dam
reservoir (Dobczyce Reservoir, southern Polandy, twaletermine:
= the Cd and Pb partitioning in the water,
= the operationally defined Cd and Pb phase spebifiding form in the

bottom sediment
= the influence of Cd and Pb partitioning in wated aediment on their

accumulation in the sediment.
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Cadmium and lead partitioning in a reservoir 143

STUDY AREA

The submontane and eutrophic Dobczyce Reservofr §2WN, 20° 02’E,
alt. 270 m) was built on the Raba River (Wista basouthern Poland) in 1986,
as a drinking water reservoir for the greater Craaoea. The reservoir has an
area of 9.85 ki a volume of 108 GI, and a mean depth of 11.0 ex(rabout
27 m) at the standard damming level (269.9 m p(&mirowicz 1998). Mean
water residence time is equal to 0.34 yr. The RRilvar supplies 88.6% of the
total inflow, according to Mazurkiewicz-Bafio (2002). The reservoir is
currently dimictic in its lower, deeper part — thebczyce Basin. Ranges of the
chosen physical and chemical parameters of therviratihe Dobczyce Basin
from April to September 1998 are presented in TableTheir detailed
description was given by Szarek-Gwiazda and Maewikiz-Bora (2002) and
Mazurkiewicz-Bora (2002). The summer of 1998 was very rainy and bmay

Table 1

Ranges of selected physical and chemical parameters in the water column of the
Dobczyce Reservoir in 1998

Depth
(m)
Parameter 1 15 25
Conductivity (uS cr) 269-291 251-294 245-300
pH 8.3-9.0 7.8-8.5 7.6-8.4

Dissolved @(mg Q, dm?®) 8.6-12.4 2.2-11.9 1.2-11.3

CO,(mg dnt®) 0-3.2 0-10 0.5-15
Alkalinity (°N) 5363 4966  48-7.2
Sulphate (mg drf) 13.8-27.6  20.2-27.6 21.0-31.7
N-NO; (mg dnt®) 0716  08-1.7 0517
N-NH,4 (mg dnt) 0.22-0.33 0.21-0.23 0.23-0.87
PQ; (mg dn?) 0.03-0.07 0.01-0.08 0.01-0.06
Ca (mg drr) 37.7-42.5 33.6-42.9 9.3-432
Mg (mg dn) 6.277 6574 63215
COD (mg Q dm?) 2026 1725 1757
BODs(mg O, dmi®) 1190 06-83  08-7.7

Suspended matter (mg din  3.8-58.5 1.8-60.7 7.2-116.2
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144 Ewa Szarek-Gwiazda, Grazyna Mazurkiewicz-Boron

called a “wet” season. Higher quantities of suspéenaiatter were found in the
near-bottom water of the reservoir from the summenths until November.
Mixing of water occurred in April and October, whiktratification began in
May and finished at the end of September. The wates alkaline and well
oxygenated in winter, during spring and autumn ngxiand in the epilimnion
during summer stagnation. In the near-bottom watgygen depletion was
observed from June to the end of September. Thalimeion occurs between
the depths 6-8 m. In the sediment of the DobczyeseRvoir, silty and clay
fractions predominate, and the organic matter ednselow (4.8-8.4%; Szarek-
Gwiazda and Mazurkiewicz-Bofid?002).

There is no large industrial plant in the catchmzagin of the Raba River,
and contamination occurs primarily from municipalvaege from three small
towns (less than 18,000 of inhabitants) as wellfrasn waste water from
villages (with no sewage systems) lying in the @umndings of the reservoir. An
earlier study by Szarek-Gwiazda (1998 a,b) idesttifslight contamination of
the water and sediment of the reservoir by Cd®band Zn.

MATERIAL AND METHODS
Sample collection

Water samples were taken from the water columntiidefm - epilimnion, 15
m - upper layer of the hypolimnion, and 1 m abdweliottom — (ca. 25 m) in the
near-bottom water) at Station 3, located in thed2gbe Basin (depth: ca. 26 m)
about 200 m from the dam, from April to Octobero@pt for July) in 1998 (Fig.
1). The total concentrations of Cd and Pb, andptirétioning between dissolved
and particulate phases, were determined for eatiplea Water samples were
stored in 1 | polyethylene bottles.

In order to calculate the coefficient of Cd andaébumulation in the sediment
on the same dates and at the same station, sediamaptes (0-3 cm layer) were
collected with a polyethylene corer (diameter 4 ant) plastic cups. The total
metal concentrations were analyzed. Sediment sampére also taken from
Stations 1, 2, and 4 on 19 May and 12 August 1898l samples collected on
these dates, total Cd and Pb concentrations arsetyspecific binding forms of Cd
and Pb were determined.

Analytical methods

Water samples were filtered through glass fibéeril (Whatman GF/C 0.45
pm) within a few hours after sampling. 1 | of battfiltered and filtered water was
conserved with HN@ of high quality (3 ml acid per 1 | of water). Aket
concentrations of the microelements in the watenpées were much lower than
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Poland

Fig. 1. The study sampling station in the Dobczyce Reservoir.

the ASA-technique detection limits, samples weres-quncentrated by
evaporation. The residue was placed in a 10 mimettic quartz flask and filled
to the mark with double-distilled water. All sampl&ere collected and analyzed
in duplicate.

Samples of sediment used for total Cd and Pb detation were dried at
105°C for= 24 hr, and then homogenized using the Planetally‘®ilverisettle
5” with teflon grinding balls. Approximately 0.5 @f dry sediment sample was
digested with 15 ml conc. HN@Gn tubes on a heated block of a Tecator Digestion
System 12 in conjunction with an Autostep 2000 idletr set to 120°C for 2 hr.
After digestion, the concentration in the tubes fittesed through a 0.45 pm filter
into a 50 ml volumetric quartz flask and filled ttee mark with double-distilled
water.

Sediment samples used for the determination oflpatationing were gently
hand-ground to break up aggregates. Analyses dgphiase-specific binding form
of Cd and Pb in the sediment were carried out doagito the method of Forstner
and Calmano (1982). Six fractions of operationd#jined phase-specific binding
forms (F1 — exchangeable, F2 — carbonate, F3 dy gaducible, i.e. Mn oxide,
amorphous Fe hydroxides, F4 — moderately reducibée, mainly poorly
crystalline Fe oxy-hydroxides, F5 — organic/sulglsidand F6 — residual) were
analyzed. These fractions were extracted in theviiolg steps:

F1 — The sediment sample (0.5 g dry weight) waseted by 2 h of shaking with
1 M ammonium acetate (GBEOONH,), pH 7.0, at room temperature with a
solid/solution ratio of 1:20.
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F2 — The residue from F1 was leached by 5 h ofispakith 1 M sodium acetate
(CH;COONa) adjusted to pH 5.0 with acetic acid, at reemperature and with a
solid/solution ratio of 1:20.

F3 — The residue from F2 was leached by 12 h okispawith 0.1 M
hydroxylamine hydrochloride (N¥®H-HCI) adjusted to pH 2.0 with HCI, at room
temperature and with a solid/solution ratio of D.10

F4 — The residue from F3 was extracted by 24 hakiag with 0.2 M ammonium
oxalate (NH),C,O, and 0.2 M oxalic acid ¥,0,; adjusted to pH 3.0 with HNO
at room temperature with a solid/solution ratid ¢f00.

During extractions 1-4, the samples remained ircémrifuge vessels. After each
extraction, the solutions were centrifuged with@50m and then filtered through
a 0.45 um mesh filter.

F5 — The residue from F4 was transferred into artDBeaker; 30% KD, was
added, and digested at &5 The addition of KD, was repeated until the solution
stopped bubbling. Then the solution was evaporatétnearly dry. 50 ml of 1 M
ammonium acetate was then added and the solutisnstaken for 2 h. After
shaking, the solution was centrifuged.

F6 — The residue from F5 was digested with 65%cnétcid (HNQ) for 2 h, at
12(°C and with a solid/solution ratio of 1:100.

Cadmium and lead concentrations were determined asPerkin - EImer 403
atomic absorption spectrophotometer equipped wiraphite Furnace (HGA -
74). Analysis of blank samples was conducted talchige purity of reagents. All
analyses were corrected for blanks. In order tomes¢ the accuracy of the
sequential extraction scheme employed, the sunomdentrations from the six
steps was compared with values obtained for tla& @d and Pb concentrations.
The following agreement was found: Cd 89-108%, &1 22%.

Statistics

The partitioning coefficient (Kd) was calculated #se ratio of the
concentration of the element in the particulataht® dissolved phases for the
studied water depth. The cumulation coefficient W&s calculated as the ratio of

the mean element concentration in sediment to #snnelement concentration in
water.

RESULTS

Water

Cadmium and lead concentrations in the water ofQibbczyce Reservoir
were rather low. Their vertical variability changdoughout the studied period
(Figure 2). Cadmium concentrations showed littligie®@ variability (CV - 6.9%)
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during the spring mixing (April) and in May, but weobserved to be higher
during stagnant periods(CV: 42.5-93.3%). During titne, Cd concentration was
lower at the depths of 1 and 15 m, and highereémiar-bottom water (up to 0.32
ng I in September). High vertical variability in Cdnmentrations was also found
during autumn mixing (October) with the highestaamtrations in the epilimnion.

Lead concentration showed little vertical varidapilduring both the spring
mixing (April) and in May (Figure 2). Greater vedl variability occurred from
August to October when Pb concentration was lowehe epilimnion and the
upper layer of the hypolimnion, and higher in teambottom water.

Cd
0.4 Sep
Jun Aug Oct
0.2 ]
T .=:|I|MW :EH ﬁ—q m
0 |
Pb

2.0
1.0

ool

115 25 1 15 25 1 15 25 1 15 25 1 15 25 1 15 25

Depth (m)
[ dissolved phase
[ particulate phase
Fig. 2. Partitioning of Cd and Pb between dissolved and particulate phases (in: pug I'l)

in the water column (depths: 1 m - epilimnion, 15 m - upper layer of the hypolimnion,
and 25 m - 1 m above the bottom) at Station 3, located in the Dobczyce Basin, in 1998.

Values of the partitioning coefficient for Cd an@ Bre given in figure 3.
Overall, dissolved Cd dominated in the epilimnidnng) and upper layer of the
hypolimnion (15 m), while Cd in particulate phasenihated in the near-bottom
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water. Particulate cadmium was
only dominant at a depth of 1 m
in May and September, and at a
A depth of 15 m in October.
Dissolved Pb dominated in the
O whole water column from April
L= g A 0 C 2 to June (Fig. 3). An increase in
' - ' ' the concentration of particulate
Depth of: Pb was found in the near-
¢ 1m bottom water in August, at a

Pb O tem depth of 15 m in September and

N October, and at 1 m in October.
In the annual median values of
the partitioning  coefficient
(Kd), Cd and Pb dominated in
o o the dissolved phase at the
A depths of 1 and 15 m (Kd for
Cd was 0.8 and 0.7, and for Pb,
0.5 and 0.7, respectively), and
Fig. 3. Partitioning coefficient (Kd) of Cd and Pbin in the particulate phase in the
the water column (depths: 1 m - epilimnion, 15 m - near-bottom water (Kd: 1.8 for
upper layer of the hypolimqion, and 25 m - 1m cdand 1.2 for Pb).
g%%"ciyégengit;?rirr‘])lgg&Stat'O” 3, located in the Correlation coefficients of
Cd and Pb concentrations with
some water column parameters
were calculated (Table 2). The content of dissolZeldwas positively correlated
with the concentration of B@nd Ca (depth of 1 m), GQdepth of 1 m, and in the
near-bottom water), N-NHand COD (near-bottom water), and negatively
correlated with pH (depth of 1 m and in the neatdwmo water) and the amount of
dissolved oxygen (near-bottom water). The contédtssolved Pb was negatively
correlated with the pH (depth of 15 m), the amooihdissolved oxygen (the
depths of 1 m and in the near-bottom water), ang d@@centration (the near-
bottom water). The content of particulate Cd wasitpely correlated with Mn
and Fe concentrations in the near-bottom water. {t=8nd r=0.79, respectively).
Particulate Pb content was positively correlateth whie content of Fe (r=0.77),
and the quantity of suspended matter (r=0.83).
In mean annual concentrations, ca. 53% of the damtalunt of Cd and 40% of
Pb were found in the particulate phase in the widtthre Dobczyce Reservoir. The
above results show that Cd tends to accumulatesireservoir bottom sediment to
a higher degree than Pb.

Cd

>
>
e

O =2 N W bho oo~
TR R R R R |

A

© -~ N W h OO N ®
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2 o *©

Apr May Jun Aug Sep Oct
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Table 2

Correlation coefficients between dissolved Cd and Pb and chosen physical and o-
chemical parameters in the water column of the Dobczyce Reservoir in 1998,
calculated for Station 3 (only significant values are given)

Depth  pH Dissolved Q Sulphate PO, N-NH,4 CO, Ca COD
(m) (mg Q;dm®) (mg dn®) (mgdn®) (mg dn®) (mg dn¥) (mg dn¥) (mg O, dm)
Cd dissolved 1 -0.78 ns ns 0.55 ns 0.95 0.74 ns
15 ns ns ns ns ns ns ns ns
25 -0.82 -0.73 ns ns 0.81 0.73 ns 0.81
Pb dissolved 1 ns -0.70 ns ns ns ns ns ns
15 -0.57 ns ns ns ns ns ns ns
25 ns -0.55 ns 0.59 ns ns ns ns

ns — not significant

Sediment

Sediment Cd and Pb concentrations are presentd@hbte 3. Cd and Pb
concentrations were relatively low throughout thelg. There were considerable

differences in Cd concentrations between Statiehsid well as in Station 3 in the
studied period.

Table 3
Cadmium and lead concentrations (ug g'l dry weight) in the 0-3 cm layer of bottom

sediment in the Dobczyce Reservoir at Station 3 (from April to October) and at Stations
1-4 (on 19 May and 12 August)

Cd Pb
Stadion 3  Stations 1-4 Stadion 3 Stations 1-4
Min 0.5 0.4 12.6 11.9
Max 1.6 1.6 30.8 19.6
Mean 1.2 0.9 19.8 15.3
SD 0.5 0.4 8.0 2.5

The binding forms of Cd and Pb in the sedimentpaesented in figure 4. In
May, Cd was distributed in a similar manner at esammpling station. Similar
guantities of Cd were bound in three fractions:hexgeable, carbonates and
easily reducible. In total, ca. 50% of Cd was assed with these fractions. The
largest percentage of Cd was bound in the orgafptyslic phase (31-37%).
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Fig. 4. The phase-specific binding form of Cd and Pb in the upper layer (0-3 cm) of the
bottom sediment (Station 1, 2, 3, and 4) of the Dobczyce Reservoir in May and August
1998.

Residual cadmium ranged from 4.3 to 9.2%. In Augmistater differences were
found between sampling stations. Cadmium was prepesdominantly as
carbonate. An increase in the residual Cd conter8.1%) and a decrease in the
organic/sulphidic fraction was found in August cargdl to May. An increase in
the Cd content in carbonates at Station 3 was f@antpared to the remaining
stations.

Lead behaves differently than Cd (Fig. 4), and astsibuted primarily in the
moderate reducible phase of Fe/Mn oxides and 8idua in the sediment both in
Copyright© by Institute of Oceanography, University of Gdanisk, Poland
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May and August. 77-89% of the total Pb was bounthé@se fractions. A minor
proportion of Pb was associated with the excharigdedction (up to 2%). Lead
partitioning in the sediment showed small diffeembetween sampling stations in
May, and greater differences in August. Generatigteases in the Pb carbonate
fraction (with the exception the Station 4) andamig/sulphide fraction were
found in August compared to May. At stations 2 8nhen increase of Pb in the
moderate reducible phase of Fe/Mn oxides, accomgany a decrease in the
residual (compared to May) was also recorded.

The cumulation coefficient (K) of trace elementstire sediment of the
Dobczyce Basin was found to be the following: Cd&K00) and Pb (K=33000).

DisscusiON
Water

Cadmium and lead concentrations showed considerapdetical
differentiation during the summer, which was coriedcwith the dimictic
character of the lower part of the Dobczyce Resertdevated concentrations
of Cd and Pb in the near-bottom water can be ategthto element precipitation
from the water column, elements diffusing from tkediments into the
overlying water, resuspension, and typical dam rvedée water movement.
Precipitation was high during the summer of 200% discharge of the Raba
River was elevated (Materek 2000). A sharp incréasthe concentration of
other elements (Fe, Mn, Cu), as well as in suspknubgter in the near-bottom
water of the Dobczyce Reservoir was observed dutimg period (Szarek-
Gwiazda and Mazurkiewicz 2002, Szarek-Gwiazda 200&jing the “dry”
summer season, Cd and Pb concentrations were lovilee near-bottom water
of the Dobczyce Reservoir (Szarek-Gwiazda 1998egatvertical differences
in the Cd and Pb concentrations were also foundnguautumn mixing.
However, because different processes govern théngyof Cd and Pb in
aquatic environments, their vertical profiles avdifferent.

The results demonstrated differences in Cd andaritipning between the
dissolved and particulate phases in the surfacenaad-bottom water of the
Dobczyce Reservoir. Similar results were also foopduintal et al. (2000) in
the Jose Antonio Reservoir, Mexico.

Results indicated that Cd and Pb were present priedmtly in the
dissolved phase in the epilimnion and upper layfethe hypolimnion of the
Dobczyce Reservoir, while a higher fraction wasnbin the particulate phase
in the near-bottom water. The geochemical pathwhydiesolved Cd in
Dobczyce Reservoir water was mainly related to gaoic (PQ?) ligands,
organic matter (expressed as COD), carbon cycpity,and redox conditions.
The relation between dissolved Cd and,R@y indicate anthropogenic origins,
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i.e. discharge from municipal waste compost or inpa phosphate fertilizers,
which plays a particularly critical role in soil m@mmination (Férstner 1986,
Sager 1995). Transport of dissolved Cd with organatter (COD) played an
important role in the reservoir. The binding striéngf Cd (II) with organic
ligands is much smaller than

those of Pb (1) (Cao et al. 1995, Abate and Ma2092). According to Dai
et al. (1995), Cd is a complex with low moleculaight —organic material. The
relation of Cd with Ca and GOndicated that its cycling was related to carbon
cycling (CQ—H,CO; —HCQ,) in the water column. The negative correlation of
Cd and Pb with pH and redox conditions may indidcatg their cycling was
related to redox sensitive elements (Mn/Fe) innisar-bottom water. A positive
correlation between the content of particulate @d the gquantities of Mn and
Fe in particulate phase confirmed this suggesttaa.well known that Pb binds
preferentially to oxides and other O-donors assediavith particles (Taillefert
and Gaillard 2002). An elevated amount of Cd irtipalate phase at a depth of
1 m was found in Aprilduring an algal bloom (Pociecha and Wilk-¥daak
2005) This indicates an important role for biologicalriicles in Cd removal
from the water column. A similar phenomenon was alsserved by Sigg (1985)
in lake environments.

The correlation coefficients did not show any otsignificant relationships
between dissolved Pb and chemical parameters thaldwndicate that other
parameters govern its distribution in the wateruooi. Lead has a high
tendency towards the formation of stable complexeth dissolved and
colloidal organic compounds in soft water (Mulle@98). In the eutrophic
Dobczyce Reservoir, primary productivity may beoarse of largely colloidal
and dissolved ligands. Such a phenomenon was faurtde Clyde Estuary
(England), where the colloidal fraction retains tnejority of Pb — binding
ligands (Muller 1998). Stability constants of orgaRb complexes are similar
to those of Cu with organic ligands, and much highan those of organic Cd
and Zn complexes (Muller 1998).

Mean annual concentrations of Cd (ca. 53% of tked tonount) and Pb (ca.
40%) in particulate phase in the water of the DgbezZReservoir show that Cd
tends to be accumulated in the reservoir bottomhmher degree then Pb.

Sediment

The sediment concentrations of Cd and Pb werevekatow, and typical
for slightly polluted water bodies (Gérniak et 893, Klavins et al. 1998). The
phase-specific binding form of metals in the seditmef the Dobczyce
Reservoir indicated that Cd was a highly mobilemelet, whereas Pb was
combined more strongly with solids. The metals behdifferently in the

Copyright© by Institute of Oceanography, University of Gdanisk, Poland



Cadmium and lead partitioning in a reservoir 153

sedimentary and diagenetic environment, and thue diferent potentials for
re-mobilization and uptake by biota. A consideradteount of Cd (up to 15%
of the total) was bound to exchangeable ions, pielgnthe most mobile
fraction (Kersten and Foérstner 1989) in the DobezyReservoir sediment.
Carbonate played an important role in Cd accunatain the sediment,
especially later in the stagnant period (August;taipt7% of the total). This
confirms the results of other studies, such asdddiiybicka (1986), Schintu et
al. (1991), and Kern and Westrich (1998). Up to 1#%d was associated with
the easily reducible fraction in the Dobczyce Resier An increase in the
reducing conditions at the water-sediment interi@eg result in dissolution of
Mn-Fe (hydr)oxides, promoting release of Cd to ploee water and then into
the overlying water column, or its immobilizatiors déong as the sediment
remains reducing. Considerable quantities of Coaated with exchangeable
ions, carbonate, and the easily reducible fractibfre-Mn oxides, confirmed
data from the literature that states that Cd islatively mobile element in oxic
sediments (Forstner 1986, Dawson and Macklin 1998jyanic matter played
an important role in the binding of Cd in the sesn (up to 37% in the
organic/sulphide phase) of the Dobczyce Reserpdimarily in May following
an algal bloom in April (E. Wilk-Wgniak — unpubl.observationsCadmium
fixation by organic matter in the sediment is waicumented (Schintu et al.
1991, Sobcziski et al. 1997, Van den Berg et al. 1998). Theraigation of
organic matter may result in post-depositional reitization of Cd (Sobczyski
and Siepak 2001, Van den Berg et al. 1998). Sudshidre recognized as
important scavengers for Cd and Pb in anoxic sadinehus reducing their
bioavailability (Van den Berg et al. 1998). In thioxic sediment of the Neckar
River (Germany), which is heavily polluted by intied and municipal
discharge, 64-81% of Cd and 36-67% of Pb was bdautide organic/sulphidic
fraction. An increase in the mobility of Cd and Ptund to sulphides in the
sediment of the Dobczyce Reservoir may ensue waaoxrconditions change
from anoxic to oxic (e.g., during autumn mixing).

A large fraction of Pb was present in relativatymobile phases in the
sediment of the Dobczyce Reservoir, e.g. the moelgraeducible phase of
Fe/Mn oxides and the residual. The data from Plitjpeing in different
aquatic environments (Glawski 1991, Dawson and Macklin 1998) indicates
that the hydrous oxides of Fe and Mn are importniscavengers of Pb in
freshwater sediments. The residual fraction, comgosf detrital silicate
minerals and resistant sulphides (Tessier et al919wvas also an important
carrier of Pb. Lead bound in the residual phasmiikely to be reactive during
sedimentation and diagenesis, and thus has litteenpal bioavailability.
Similarly, partitioning of Pb in the sediment wascafound in other, rather
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unpolluted water bodies, such as Géreckie Lake IRbfmlski National Park,
Poland) (Sobcaski et al. 1997), Diugie Lake (Poland) (&avski 1991), and
11 lakes in Latvia (Klavins et al. 1998). Howevierhighly polluted sediments,
Pb may also be combined in more mobile forms, ioa. exchangeable,
carbonate and oxy-hydroxy fractions, because thg@usiof metal contaminants
introduced into the aquatic system from anthropagantivities usually exists
in relatively unstable chemical forms, and shothérefore, be more accessible
to short- and mid-term geochemical processes (Galraad Forstner 1983). In
the extremely polluted Rio Sarraxinus River, whidfains the mine area of
Funtana Raminosa (Italy), 53% of the total Pb wasnld in the exchangeable-
carbonate phase (Schintu et al. 1991). In the Rineer (England), heavily
contaminated by industrial and domestic pollutiop,to 50% of the total Pb
was found in the exchangeable phase (Dawson ankliMd®98).

Obtained results showed that Cd was a ‘mobile’ eldmand therefore, a
large portion may be released from the sedimetit@bDobczyce Reservoir into
the overlying water. In contrast, Pb was rathemiobile’ and thus had little
potential for remobilization. Lead, which was anmuobile element, had
accumulated in a considerably higher amount tharfkG®33000 and K=8400,
respectively) in the sediment of the Dobczyce BaSierefore, it seems that
the most important factor influencing the level mktal deposition in the
sediment was the strength of their binding formad,ewhich has little potential
for remobilization, was deposited in the sedimemtat considerably higher
degree than “mobile” Cd.

CONCLUSION

This study documented cadmium and lead partitioimghe water and
sediment of the submontane and eutrophic DobczgserRoir (southern Poland).
Cadmium and lead were present predominantly iigsolved phase at depths of
1 and 15 m, and in the particulate phase in thelm@tom water. Parameters such
as inorganic (P§)) ligands, organic matter (expressed as COD), cadyoling,
pH, redox conditions, and particulate Fe and Mnceatrations influenced Cd
transport in the water column. Transport of Pb wadbably primarily related to
Fe concentrations. The binding form of Cd and Pthésediment indicated that
Cd was a potentially more ‘mobile’ element then thbs, a greater part of Cd may
be released from the sediment. Cadmium was accteduia the sediment in
considerably lower amounts than Pb (K=8400 and K883 respectively). The
element that showed higher ‘mobility’ had lowerdisvof accumulation in the
sediment. This conclusion may explain differencas the level of metal
accumulation in the sediment.
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