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Abstract: Sewage sludge is the product of the process of wastewater treatment. Sludge may be considered
hazardous waste requiring costly disposal procedures, or may be perceived as a source of nutrients for use on
agricultural land. Experiments were carried out in simulated natural conditions in pots set in the land to
a depth of 50 cm with variations of graded mixture of natural sediments and soils. Sewage sludge
sedimentation was added into the weighed quantity of soil in the proportions: sludge — soil = 1:2 (var. K1), 1:3
(var. K2), 1:4 (var. K3), 1:5 (var. K4), 1:6 (var. K5). Control variant (K0) without the presence of sewage
sludge has also been sown with all varieties. Studied crop were the varieties of flax and linseed. Flax and
linseed varieties variously accumulated particular metallic elements, the highest concentrations were recorded
for Zn, followed by the Pb and Cd. The lowest concentrations of Cd and Pb were analyzed in the seed (0.121
mg - kg™') and the highest concentrations of Cd and Pb were detected in the stem (Cd = 0.396 mg - kg™') and
capsules (Pb = 1.881 mg - kg"). The highest concentration of Zn was found in the capsule (115.015 mg - kg ")
and lowest in the root (33.782 mg - kg '). Trend of accumulation of Cd was: stem > capsule > root > seed, Pb:
capsule > stem > root > seed, Zn: capsule > seed > root > stem. The results of studied experiments show that
the particular varieties of fiber and linseed have different variability in the ability to draw heavy metals from
the soil and consequently different phytoremediation potential.
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Sewage sludge is the product of the process of wastewater treatment. Sludge may be
considered hazardous waste requiring costly disposal procedures, or may be perceived
as a source of nutrients for use on agricultural land. For application of sewage sludge on
agricultural land at the Czech Republic the concentration limits of chosen risk elements
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have to be respected and the only these sewage sludges which are in the agreement with
the respective regulationare allowed to be used. Limit (maximum) concentrations in
sludge are for Cd 5 mg - kg™, Cu 500 mg - kg™, Pb 200 mg - kg, Zn 2500 mg - kg ',
As 30 mg - kg!, Cr 200 mg - kg and Ni 100 mg - kg "' d.m. Bioavailability of heavy
metals is not directly correlated with their total concentrations in soil or sludge. Avail-
ability of heavy metals from sewage sludge to the plants is mainly determined by soil
properties. Mobility of metals in the soil after application of sewage sludge depends mainly
on chemical and physical properties of sludge — soil. Metals originated from sewage
sludge are mainly accumulated in the surface layers of soil and Zn is the most accessible
for the organisms. Sewage sludges contains high levels of organic and inorganic nutrients,
but the availability of toxic metals (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) in cultivated
crops [1, 2] is considered to be the main problem. Knowledge of the crops characteristics
on contaminated sites and their potential ability to transfer metal contaminants in the
harvested plant parts can be a very important finding for future phytoremediation
applications. Studies in the plants [3] for the ability to accumulate Cd, Pb and Zn in soil
enriched sewage sludge showed differences between crops and their varieties.

Materials and methods

The experiment was conducted at the agricultural research institute Agritec, Ltd. of
Sumperk, located in the middle Europe in the North Moravia part of the Czech Republic
at 49°58°21.213"N latitude, 16°58°0.341"E, longitude and 329 m above the sea level.
The experiment was conducted during the growing season April-August 2005, 2006
and 2007. This growing periods of the years were characterized by average monthly
temperatures between 8.3 °C and 20.5 °C. Average monthly maximal temperatures
fluctuated between 20.4 and 35.2 and the average monthly minimal temperatures
between —6.0 °C and 8.0 °C. The total rainfall was 297.5 mm in 2005, 365.7 mm in
2006 and 247.5 mm in 2007, respectively compared with long-term average rainfall
339.5 mm in the monitored growing periods. Experiments were carried out in simulated
natural conditions in pots set in the land to a depth of 50 cm with variations of graded
mixture of natural sediments and soils. Sewage sludge sedimentation was added into the
weighted quantity of soil in the proportions: sludge — soil = 1:2 (var. K1), 1:3 (var. K2),
1:4 (var. K3), 1:5 (var. K4), 1:6 (var. K5). Control variant (K0O) without the presence of
sewage sludge has also been sown with all varieties. Jitka, Laura, Viola, Mercury,
Venica, Hermes, Jordan, Escalina, Viking, Tabor, Bonet, Agatha, Super, Marylin, I[lona,
Elektra, Atalante, Flanders, Lola and Biltstar were the studied flax and linseed varieties.
Harvested plants were dried, separated into the stem, capsules, root and seed and
analyzed.

Table 1

Chemical characterization of natural soil used in the experiments

pH/CaCl, K P Mg Ca |N-NH; | N-NOs;| Cd Pb Zn

mg - kg d.m. 6.75 171 73 201 2047 | 3.89 6.5 0.25 32.8 56.4
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Table 2
Chemical characterization of used sewage sludge
mg - kg d.m. % | mg-kg'dm. g-kg' dm.
pH | Pb | Cd | Cu | Zn | Cr | Ni | As | Hg t(}jal N-NH,; | N-NO; tofal Ca | Mg | K
8.05|57.6| 1.7 | 198 |1250| 155 | 28.1 | 43 | 1.9 | 48 | 9410 49.9 28 |33.316.27|5.05

The digestion of plant materials was performed in a microwave oven operating
system (Milestone, ETHOS D) with an energy output 0—400 W (0-100 % potency,
respectively). Approximately 0.5 g of dry plant materials were placed into the teflon
microwave digestion vessels, then 5 cm’ of 65 % HNO; and 1 cm’ of 30 % H,0, were
added to each sample. Plant samples were digested using the optimatized microwave
programs. After cooling to room temperature the digested samples were diluted to
a final volume of 25 cm’ with deionized water. Blank samples were prepared
simultaneously. These solutions were stored in a refrigerator at 4 °C until the analysis
was carried out. The total contents of elements (Cd and Pb) in the digests were
determined by graphite furnace atomic absorption spectroscopy (SOLLAR M, Unicam
Ltd., Cambridge, U.K.) equipped with Zeeman and deuterium background correctors,
a graphite furnace GF95 and an auto-sampler. For the determination of Zn there was
used flame atomic absorption spectroscopy. For this work, the deuterium lamp was used
as background corrector for determination of Zn and Cd, the Zeeman corrector was
employed for determination of Pb. The wavelengths used for quantification were:
A = Cd 228.8 nm; Pb 217.0 nm and Zn 213.9 nm. Certified reference materials IRM
9035 kohlrabi-haulm UKZUZ Brno were applied for quality assurance of analytical
data. The results data were statistically analyzed by using the statistical package
program Statistica, using analysis of variance and multiple comparisons and correlation.

Results and conclusions

The highest concentration was found in zinc (15.51-375.2 mg - kg ' d.m.), followed
by lead (Pb) with (0.01-5.85 mg - kg™’ d.m.) and the lowest concentration was detected
in cadmium (0.007-5.22 mg - kg”' d.m.). Individual studied metals were variously
accumulated into organs of flax and linseed. The application of sewage sludge
influenced the level of Cd content in all flax organs. Lead and zinc content in flax and
linseed plants fluctuated in the respective variants and did not show signifiant
increasing tendency in all organs by the increasing content of sewage sludge into the
soil similarly as Balik et al [4] investigated by Zn accumulation in oat. By mutual
evaluation of concentration of heavy metals in different organs the highest accumulation
of cadmium was found in stem, lead (Pb) and zinc in capsules. On the contrary, the
lowest concentration of cadmium and lead (Pb) was detected in seed and the lowest
concentration of zinc was found in root. Cadmium was more accumulated by linseed
varieties, whereas lead (Pb) and zinc were more accumulated by flax varieties. Variant
with the highest sewage sludge content 1K significantly (p > 0.05) concentrated
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Table 3

Heavy metal (Cd, Pb and Zn) uptake/accumulation (mg Cd, Pb, Zn - kg ' d.m.; g Cd, Pb, Zn - ha™") by organs
of flax and linseed plants from sewage sludge-amended soil irrespective of tested cultivars (data for 20 flax
and linseed cvs.). Analysis of variance; mature plants; field-simulated experiment 2005-2007

Root ‘ Stem ‘ Capsule Seed Root ‘ Stem ‘ Capsule Seed
mg Cd - kg’1 gCd- ha'
IK=12 0.376" 0.566° 0.535° 0.164° 0.420° 3.972° 0.428° 0.147°
2K=1:3 0.323" 0.444%| 0514 |  0.154%| 0.312° 2.489° 0.414° 0.166°
3K =1:4 0.313° 0.375"|  0.409° 0.128|  0.297° 1.960° 0.321° 0.130™
4K =15 0.309" 0.335®|  0.285° 0.111%|  0.288" 1.560° 0.216" 0.123%
5K =1:6 0.302° 0.296 0.265° 0.092®| 03127 1.447° 0.220° 0.088
Control 0.298* 0362 |  0.263" 0.074* 0.279* 1.627° 0.224* 0.056"
Root Stem Capsule Seed Root Stem Capsule Seed
mg Pb - kg' gPb-ha
1K=1:2 1.135° 0.929®|  1.699° 0.573° 1247 | 6.065° 1.469° 0.606°
2K =1:3 1.045° 0.886™ |  1.716°| 0.657° 0.984™ | 4.082° 1.345° 0.785"
3K=1:4 1.037° 0.887°|  1.713%| 0.612° 0.911° 3.864° 1.399° 0.685"
4K =1:5 1.067° 0.832"|  1.982° 0.593" 0.954" | 3312° 1.526° 0.695"
5K=1:6 1.103° 0.748* 2271° 0.547° 1.009" | 3.408° 1.860° 0.655"
Control 1.574° 0.901° 1.907°|  0.328" 1.480° 3.587° 1.645® | 0.237°
Root Stem Capsule Seed Root Stem Capsule Seed
mg Zn - kg gZn-ha’!
IK=12 37.893° | 39.085° | 117.638" | 74.811° | 37.753° | 201.409° | 95.831° | 70.388"
2K =1:3 36.266° | 35.804™| 112.596" | 74.131° | 31.369a | 169.973®| 91.689" | 69.161°
3K=1:4 36.321° | 36389 | 109.012° | 74.229° | 30.925a | 159.728* | 87.910° | 67.894
4K =1:5 32.193" | 34.010®| 116.041* | 70.867° | 28.795a | 139.656* | 91.797° | 65.107°
5K =1:6 30.925° | 32.759° | 116.468" | 71.595° | 29.846a | 151.355* | 101.151° | 68.433"
Control 20.092° | 46.713° | 118.333" | 61.426" | 27.559a | 200.091° | 99.684* | 42.769"
Table 4
Correlation HMs between individual plant organs
Cd Pb Zn
Root | Stem | Capsule | Seed | Root | Stem | Capsule | Seed | Root | Stem | Capsule | Seed
Root 041 | -001 |0.13 -0.07| 006 |-0.46 032 041 |-0.04
Stem 0.41 0.15 | 0.12 |-0.07 027 | 0.09] 032 0.40 |-0.26
Capsule |-0.01 0.15 0.23 | 0.06| 027 —0.18| 0.41| 0.40 -0.23
Seed 0.13] 0.12 0.23 —0.46| 0.09] -0.18 —0.04|-0.26] 0.3
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cadmium into all organs in contrary to control variant of Table 8. The found Cd
concentration indicates trend of accumulation in the direction of stem > capsule > root >
seed, similarly to work Jiao et al [5], who found decreasing direction of accumulation at
harvest time: stem>seed. The trend of lead (Pb) transport was following: capsules >
stem > root > seed. The concentration of lead (Pb) in root was equal in all variants
enriched by sludge. However, it was significantly (p > 0.05) lower in comparison with
the control. On the other hand, the concentration of lead (Pb) in a seed had completely
opposite tendency and varied in stem and capsules. The trend of zinc concentration was:
capsule > seed > root > stem and the highest was in the capsule, but between the
individual variant was balanced and insignificantly higher in the control variant. The
zinc content in a stem was different in individual variants with significantly highest
content of the control. Zinc accumulated in root shows significant (p > 0.05) influence
on variants with higher content of sludge (Table 3). While studying concentration of
zinc in a seed there was found significantly (p > 0.05) increasing content of element
with increasimg amount of sludge in soil. Table 3 represents total accumulation of
heavy metals, so-called absorption factor, that is absorption of risk element by crop per
area unit (g - ha™). By biomass of above-ground mass, on contrary of total crop mass,
was absorbed off 89 % Cd, 85 % Pb and 91 % Zn. Stem had the highest absorption
factor of all three elements (mean 2.176 g Cd - ha ', 4.053 g Pb - ha' a 170.369 g
Zn-ha". Cd absorption was higher in linseed varieties (except of root), in contrary to
Pb and Zn absorption was higher from flax (except of capsules and seeds). These trends
of absorption by individual organs of flax and linseed plants were found out from
resultant analyses of gained data: Cd = stem > root > capsule > seed, Pb = stem >
capsule > root > seed, Zn = stem > capsule > seed > root. Absorption of Cd by all parts
of plant was significant (p > 0.05) for variants with higher content of sludge in soil.
Absorption of Pb was above all significant (p > 0.05) for variant 1 K and absorption of
Zn was after application of sewage sludge significant only for root, stem and seed also
in variant 1K. When studying extract of cadmium from soil substrate and sewage sludge
Piotrowska and Cyplik et al [S5] came to similar conclusions. They learned increased
content of Cd in root. By mutual evaluation of accumulation of monitored heavy metals
there was found correlative dependence of Cd accumulation into stem and root (r =
0.414) and correlation in accumulation Pb bettwen roots and stem (r = —0.456) and stem
and capsules (r = 0.411), see Table 4. The results show, that individual varieties of flax
and linseed have different variability in ability to accumulate heavy metals from soil.
Variety of linseed Flanders showed the highest concentration of Cd in root, capsules
and seed (Table 5). This variety had significantly (p > 0.05) higher concentration Pb in
seed. In variety of flax Jitka was found the highest concentration of Pb in stem and
capsules (Table 6). An interesting fact was, that the highest concentrations of Zn were
always found in flax varieties (root — Viola, stem — Marylin, capsule — Hermes, seed —
Jordan) (Table 7), but by mathematics analyses of calculation of absorption factor, the
highest found absorption in root and stem was by variety of flax Jordan (root: 40.191
g - ha', stem: 238.298 g - ha'), but linseed Biltstar (145.187 g - ha ') drew off more
into capsules and variety linseed Atalante (105.443 g - ha ') — seed. The variety of flax
Jordan presents the highest accumulative potential of Pb in stem (5.812 g - ha '), variety
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of linseed Atalante in root (1.435 g Pb - ha'), variety of linseed Biltstar in capsules
(2.414 g Pb - ha’l) and variety of linseed Flanders in seed (1.028 g Pb - ha’l) (Table 6).
Linseed Flanders had higher accumulative potential Cd in seed (0.234 g - ha’l). Stem
and capsules absorbed more Cd by linseed Biltstar (3.986 g - ha™', 0.573 g - hafl) (Table
5). By monitoring of studied heavy metals during years there was found out various
significant (p = 0.05) influence on their concentration an accumulation into parts of flax.
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WPLYW OSADOW SCIEKOWYCH W GLEBIE
NA AKUMULACJE Cd, Pb ORAZ Zn W Linum usitatissimum L.

Abstrakt: Osad $ciekowy jest produktem procesu oczyszczania $ciekéw. Osady Sciekowe moga by¢ uznane
za odpady niebezpieczne, wymagajace kosztownych procedur usuwania, lub moga by¢ postrzegane jako
zrédto sktadnikéw odzywcezych do stosowania na gruntach rolnych. Badania przeprowadzono w symulo-
wanych warunkach naturalnych — w doniczkach umieszczonych w ziemi na glgbokosci 50 cm, zawierajacych
mieszaning naturalnych osadow i gleb. Osady $ciekowe dodano do odwazonej ilosci gleby w proporcjach:
osady — gleba = 1:2 (var. K1), 1:3 (var. K2), 1:4 (var. K3), 1:5 (var. K4), 1:6 (var. K5). Wariant kontrolny
(K0) bez obecnosci osadow $ciekowych réwniez obsiano wszystkimi odmianami. Badano odmiany Inu
wioknistego i Inu oleistego. Odmiany Inu wioknistego i oleistego réznie kumulowatly zwlaszcza metale;
najwyzsze stgzenia zanotowano dla Zn, a nastgpnie Pb i Cd. Najnizsze st¢zenia Cd i Pb byly analizowane
w materiale siewnym (0,121 mg - kg '), a najwyzsze stezenia Cd i Pb stwierdzono w todydze (Cd = 0,396
mg - kg ') i kapsutkach nasiennych (Pb = 1,881 mg - kg ). Najwyzsze stezenie Zn stwierdzono w kapsutkach
nasiennych (115,015 mg - kg '), a najnizsze w korzeniach (33,782 mg - kg '). Trend akumulacji Cd: todyga >
kapsutka nasienna > korzen > nasiona, Pb: kapsutka nasienna > todyga > korzen > nasiona, Zn: kapsutka
nasienna > nasiona > korzen > fodyga. Wyniki badan i eksperymentéow pokazuja, ze poszczegdlne odmiany
Inu widknistego i Inu oleistego wykazuja zmiennos¢ umiejetnosci akumulacji metali cigzkich z gleby, a tym
samym rézne potencjaly fitoremediacji.

Stowa Kkluczowe: Linum usitatissimum L., len wioknisty, len oleisty, kadm, otoéw, cynk



