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ABSTRACT

The aim of the studies was to estimate the postetif bottom sediment addition to the substratmm o
lead uptaking by the plants under the conditionsatfexperiments. Very acid soil and bottom sedimen
dredged from Rmdéw Reservoir were used for preparation of sutsstBottom sediment share ranged
between 0 and 16% of substratumass. Tested plants were grown in orders: maiee rhays L.) and
horse bean\{icia faba L., var.minor) as well as oatAvena sativa L.) and lupine I(upinus angustifolius

L.). The plants were harvested for green mass.cBment of Pb in mineralisats obtained from plant
material was determined by ICP-AES method. Thd tptantity of Pb removed with yield of the plants
depending on species and part of the plant was amdpand changes affected by bottom sediment
share in substratum as well as previous plantvatitn were estimated. Under the conditions of
substratum contaminated by lead significantly highaounts of Pb were accumulated in roots than in
tops of the plant. In average, the highest Pb ctsiterere determined in lupine roots and horse bean
tops, while the lowest data were found in maizeés@nd tops. Considering total quantity of Pb, the
highest amounts were removed with yield of maizel the lowest with yield of horse bean. The Pb
translocation coefficients (TC) (content in the gogersus content in the roots) as well as the
bioaccumulation coefficients (BC) (content in tlepgversus content in the soil) for individual plants
were calculated. The highest average value of T€ affirmed for horse bean (0.18), and the lowest
one for oat (0.09). The mean values of BC for tidividual plants decreased as follow: 0.11 — horse
bean, 0.08 — lupine, 0.07 — oat, 0.05 — maize. W increasing share of bottom sediment in
substratum decrease of Pb accumulation in the oddte plant was observed, while an increase of TC
values was noted. Similar relation between thersedt dose and Pb content in the tops was not found.
In spite of additional Pb load with applied bottsediment, the increasing of its content in plasgue
was not stated. One possible explanation of thiedéence is the decreasing of Pb availability & th
plants as a result of sediment ability to the salisin alkalization.
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INTRODUCTION

Bottom sediment dredged from R@w Reservoir is a by-product created as a resutherhanical
reclamation of water reservoir [Kloze et al. 2004pwadays there are many attempts of agricultural
use of materials like bottom sediments, sewagegslud incineration ashes. These materials are used
as so-called indirect fertilizers and may be coamisids a source of organic matter and mineral
compounds of calcium, phosphorus and nitrogen deriads containing significant amounts of silt
and clay fractions [Kalembasa and Wysski 2002, Zhou and Kot 1995]. From ecological point
of view natural used of these materials is the ndesirable way of their utilization. However

it is necessary to pay attention at toxic subswramntent in those materials. According to Polish
legislation the bottom sediments from superficiansling or flowing water reservoirs used in earth
works are not counted among waste but they shaildstndards of soil and earth quality and should
fulfill the criteria of admissible values of toxisubstances contents, indicated in the enclosure
of Minister of Environment regulation [Dz. U. 168)02], for soils occurred in purposed place. Bottom
sediment the most often contained increased cooférace metals like: zinc, cooper, nickel, cadmju
chromium, lead and mercury. Trace elements intreduo the soils may cause an increase of their
content in cultivated plants and next enter to huritmd chain [Bojakowska and Sokotowska 1998,
Kabata-Pendias and Pendias 1999]. For this redasemecessary to pay attention on the advantages
of agricultural used but on the other hand on gdzatger related to this way of bottom sediment
utilization.

MATERIAL AND METHODS

A pot experiment was carried out in 2005 in vegetahall of University of Agriculture in Krakow.
The very acid soil and bottom sediment dredged fRmnéw Reservoir were used as components
of the substratum. The sediment share in substréiereased following: 0, 1, 2, 4, 6, 8, 10, 12, 14
and 16 % of total mass. The samples (both rootstaps)) of plants grown at those mixtures were
studied material. Test plants were grown in segegnmaize {ea mays L.) and horse bearvicia faba

L., var. minor) as well as oatAvena sativa L.) and lupine l(upinus angustifolius L.). After
the vegetation period plants were harvested onngmesss, dried and the quantity of biomass of tops
and roots was measured. Total content of heavylsnataplant material were determined after dry
mineralization and in hot nitric acid solution whiin samples of substratum after dry mineralization
of organic matter and in a hot mixture of conceettaacids: HN® and HCIQ (3:2). Heavy metals
content in obtained solutions were assayed by |ES-fethod.

RESULTSAND DISCUSSION

Soil and sediment bottom applied in experiment a@ioed relativity high amount of lead:
8.53 mg Pb kg and 12.2 mg Pbkg™ of DM, respectively. With increasing share of baitsediment
in substratum total content of lead were increaseadvell (tab. 1). In spite of additional Pb loadhwi
applied bottom sediment, lead content in all oftdst plants roots as well as maize and oats teps w
decreased. Bottom sediments from dam reservoirallyszontain significant amount of loam and silt
fractions in their granulometric composition antatieely high pH value [Zhou and Kot 1995]. Bottom



sediment additives applied in experiment caused imgrease of pH value of substratum
and in consequence decreased contents of metalferfmins and their availability to plants. Thedea
content in tops of horse bean and lupine did ngtedd on increasing share of bottom sediment
in substratum. Dicotyledonous plants are able higher extent to heavy metals absorption, including
Pb, from substratum and their accumulation in alpeend parts in comparison with
monocotyledonous ones [Jankowska et al. 2007].

Harmful substances absorption by plants from sahstr, inter alia heavy metals, depends on many
factors [Gorlach 1995]. In general, under condgioof soils contaminated with trace elements
it is substantial to reduce their availability tiamt using different methods. Limitation of heavetals
absorption and their entering into plant-animal-aarfood chain should be an effect of these actions.

Tab. 1 Mass and share of substratum components and total Pb contents in substratum of individual
experimental objects.

Share in substratum

Substratum mass Soi Sediment 3ol Sedment Total Pb content in substratum
[kg] [%] [ka] [mg-kg* DM]
4 100 0 4 0 8.53
4 99 1 3.96 0.04 8.57
4 98 2 3.92 0.08 8.60
4 96 4 3.84 0.16 8.68
4 94 6 3.76 0.24 8.75
4 92 8 3.68 0.32 8.82
4 90 10 3.6 0.4 8.90
4 88 12 3.52 0.48 8.97
4 86 14 3.44 0.56 9.04
4 84 16 3.36 0.64 9.11

Total Pb quantity removed with yield of test plawbts was significantly higher than with yield
of above-ground biomass in spite of higher topsiaiss in comparison with roots yield (fig. 1).

Fig. 1 The average total amount of Pb removed with yield of test plants
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Considerably great quantities of Pb were accumdllateoots, because lead absorption by these parts
of plant is a passive process and almost propaitiea amount of its soluble forms occurring

in substratum [Kabata-Pendias and Pendias 1999 v@rage, the most quantities of Pb were removed
with yield of maize and the lowest ones with yiefchorse bean. It also seems that succession uifspla
affected amounts of Pb uptake with yield. Signifita smaller amounts of lead were removed
with total yield of horse bean and lupine, growrtessecond plants in rotation. It is also boundvith
generally smaller quantity of biomass produced ibptgiledonous plants in this experiment.

Admissible lead content in fodder plants amountsal0 mg-kgt DM [Curylo et al. 1985, Gorlach
1991, Kabata-Pendias et al. 1993]. Considering ¢hiterion, top samples of all the plants contain
admisable amount of this metal and they may bevallibas an animal feed.

Bioaccumulation coefficient (BC) expresses relatimtween element content in plant and its content
in soil. Analysis of calculated values of Pb BCwhd that on average the highest amounts of thialmet
was accumulated in above-ground parts of horse, efzite the lowest ones in tops of maize (fig. 2).

Fig. 2 The average BC of Pb in tops of test plants
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In general, significantly higher values of BC weared in case of dicotyledonous plants in compariso
with monocotyledonous ones. In accordance withdhe of other authors [Jankowska et al. 2007]
dicotyledonous plants accumulated more Pb than opuipedonous ones, independently
on contamination level of substratum. On averduehighest values of BC were stated in case otglan
which above-ground parts accumulated the highesiuats of lead. The lowest average contents
of Pb were affirmed both for maize tops and rootsthe other hand the highest average lead contents
per 1 kg of dry mass, were stated for horse beamweaground parts and lupine roots (fig. 3).



Fig. 3 The average Pb contentsin plant tissues
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The translocation coefficient (TC) is a ratio aide element content in topersus its content in roots.

It informs about scale of substances movement froots to above-grounds parts of plant. There are
many plants defense mechanisms, generated by ptatiteated under conditions of contaminated
substratum. One of them is reduction or preventdntoxic substances transport to vegetative
and generative parts [Baranowska-Morek 2003]. Thallsvalues of Pb TC calculated for studied test
plants confirm existence of those mechanisms 4figThe highest average translocation coefficieas w
stated in case of horse bean (0.17), while thedoweee for oat (0.09).

Fig. 4 Value of Pb trand ocation coefficient (TC) in tested plants dependent on share of bottom sediment
in substratum.
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Relatively low values of TC (fig. 4) are to a lampaent caused by dependences between Pb loatsand i
content in plant. It was stated that in parallelhwincreased content of this metal in substratuter af
bottom sediment application an increase of Pb edriteplants roots was observed [Kabata-Pendias



and Pendias 1999]. Similar dependence betweeneitienent dose and Pb content in tops was not
found. With increasing share of bottom sedimerduhstratum visible increase of TC values was noted
in case of both consecutive plants (lupine andéhbesan) grown in experiment and only small changes
of TC for maize and oat. One may explain this depeane by decrease of Pb solubility after applicatio
of sediment because of its ability to substratumtnadization. Increase of substratum pH value dprin
plants growth period caused decrease of lead &w@jato plants and in consequence decrease
of Pb content in roots what resulted in increaseeaofslocation coefficient value gBski 1998]. Bottom
sediment dredged from Roow Reservoir affected the properties of substragsimmilarly as liming.
According to Sapek [1991], liming is one of thearaount factor which reduce heavy metals mobility,
therein Pb, in soil-plant system.

CONCLUSIONS

1. Under conditions of substratum contaminated by Isigificantly higher amounts of Pb were
accumulated in roots than in tops of the plant.

2. On average, the highest Pb contents were foundipmé roots and horse bean tops, while
the lowest ones in maize both roots and tops.

3. Considering total quantity of Pb uptake the higtitssamounts were removed with yield of maize,
and the lowest one with yield of horse bean.

4. Considering Pb content, the above-ground partsstfiflants suit the criterion of fodder quality.

5. Significantly higher value of Pb bioaccumulatioreffizient (BC) was stated for dicotyledonous
plants than in case of monocotyledonous ones.

6. With increasing share of bottom sediment in suhstnedecrease of Pb accumulation in roots of all
plants and in tops of maize and oat was observéde an increase of translocation coefficient
(TC) values was noted, especially in lupine andéadrean.

7. Dependence between the sediment dose and Pb conteftove-ground parts of horse bean
and lupine was not found.

8. Increasing share of bottom sediment in substratdinsuccessive objects caused a decrease
of Pb accumulation in plant tissues.

9. In a spite of additional lead load, the bottom sedit applied in experiment did not cause
an increase of Pb accumulation in plants becautie ability to substratum neutralization.
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