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PHYTOTOXICITY AND EXTRACTABILITY OF HEAVY METALS
FROM INDUSTRIAL WASTES

The content, mobility and phytotoxicity of heavy metals in industrial wastes (sewage sludge, car-
bide residue, flotation tailings) have been determined by chemical characterization and biological test.
Assessment of phytotoxicity and content of heavy metals in industrial wastes is important for screening
the suitability for their land application or storage. The obtained information may provide a better un-
derstanding of environmental risks of heavy metals in wastes. Waste phytotoxicity was arranged in the
following order: municipal sewage sludge > industrial sewage sludge > carbide residue > flotation
tailings from Zelazny Most > flotation tailings from Giléw. High toxicity of sewage sludge can be
caused by a high total content of metals and their forms soluble in 1 M HCI. As a result of waste
acidification, zinc, chromium, nickel, and cadmium will be released into the environment from sewage
sludge, whereas copper and lead will be released from flotation tailings. The study showed a strongly
positive correlation between the content of Zn, Ni, Cr, Cd in waste and root growth and seed germina-
tion inhibition.

1. INTRODUCTION

Industrial wastes constitute over 90% of the total waste generated in Poland [1].
Storage of wastes, including industrial ones, is the main way of their disposal in Poland.
Numerous studies have proved that industrial waste landfills are harmful to the environ-
ment due to water pollution or blowing of heavy metal containing dusts [2—4]. Moreo-
ver, the need for waste storage is connected with exclusion from use of large areas which
pose a threat connected with penetration of supernatant sludge, but also with the emis-
sion of heavy metal containing dusts, which may cause soil pollution and have a nega-
tive effect on plant growth in the vicinity of landfills. Therefore, it seems very important
to learn the effect of such landfills on living organisms by ecotoxicological assessment
using bioindicators representing all trophic levels. Numerous papers indicate that higher
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plants may be a key element of a battery of tests which have been hitherto used for this
purpose [5-7]. It may be due to the fact that properties of soil, sludge and waste may
definitely change bioavailability and toxicity of various pollutants to higher plants.

Currently, wastes which meet appropriate standards are also utilized for reclamation
of chemically degraded soils [8]. Once waste material is introduced to soil, even in op-
timum doses, chemical components pass into the soil solution and to the soil sorption
complex [9]. Qualitative and quantitative transformations of soil properties depend on
solubility of chemical components after waste application to soil [9].

Industrial wastes are different not only in respect of their total heavy metal content,
pH, or total salt content, but also in terms of solubility of individual components de-
pending on the properties of solutions passing through the soil material in contact with
the waste [10]. At this point, it should be mentioned that forms of heavy metals (total
and soluble) occurring in wastes are very important from the ecological point of view
because some are toxic (Pb, Cd), whereas in excessive amounts, they all are harmful to
living organisms. Total metal contents are very often taken into consideration because
they are used as indicators of the degree of environmental pollution. However, total
contents are not the best indicator of heavy metal bioavailability and mobility.

The aim of this study was to assess the content, mobility and phytotoxicity of heavy
metals in industrial wastes (sewage sludge, carbide residue, flotation tailings) by chem-
ical characterization and biological test. Moreover, a possible relationship between the
observed toxicity and mobility of heavy metals was studied. Assessment of phytotoxi-
city and content of heavy metals in industrial wastes is important for screening the suit-
ability for their land application or storage. The obtained information may provide a bet-
ter understanding of environmental risks of heavy metals in wastes.

2. MATERIALS AND METHODS

Characterization of wastes. The analyzed materials were industrial wastes: munic-
ipal and industrial sewage sludge (waste code 19 08 05; 19 08 14), carbide residue
(waste code 07 01 80) and flotation tailings (waste code 01 03 80) [11]. Sewage sludge
originated from “Empos” municipal-industrial sewage treatment plant in O$wiecim.
Carbide residue was collected from “Osadnik III” landfill owned by Chemical Com-
pany Dwory S.A. located in the O$wigcim district in Matopolska region. Carbide resi-
due is a waste formed during carbide production. It is composed mainly of calcium
hydroxide but may also contain considerable amounts of pollutants. The basic physico-
chemical properties of sewage sludge and carbide residue are presented in Table 1. Re-
action of the municipal sewage sludge was neutral, while in the case of the industrial
sewage sludge it was alkaline. Carbide residue had strongly alkaline reaction. Organic
carbon content of the sewage sludge was more than 3-fold higher compared to that of
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carbide residue. Sewage sludge was a significant source of total nitrogen compared to
carbide residue [10].

Table 1
Main physicochemical characteristics of the sewage sludge and lime
pH BEC? Corg Nitotal
Weste KCl | [mmol()kg '] | [ke 1] | [orke ]
Municipal sewage sludge | 7.2 785 226.4 25.31
Industrial sewage sludge | 7.7 851 195.7 15.26
Carbide residue 11.3 1254 62.4 0.52

2BEC — base exchange capacity.

Samples of flotation tailings were collected from two landfills, Gilow and Zelazny
Most, belonging to KGHM Polska Miedz S.A. Flotation tailings are obtained as a result
of flotation — copper ore enrichment, and constitute the main mass of waste deposited
at the Zelazny Most landfill located between the towns of Lubin and Glogéw. Formerly,
the waste used to be deposited also at the Gilow landfill. Currently, the landfill is closed
down and under reclamation [12]. Flotation tailings had alkaline reaction. The sand
fractions (80-89%) were dominant in tailing samples [13].

Chemical and phytotoxicological analysis. 10 averaged samples of each analyzed
waste were collected. Carbide residue and flotation tailings were collected at the land-
fills from the depth of 20 cm using a soil core sampler. In the laboratory, 10 samples of
each waste were mixed on a rotary machine to create a laboratory sample.

Content and solubility of heavy metals. Analysis of waste chemical materials con-
sisted in determination of the total content of heavy metals (Zn, Cu, Ni, Cr, Pb and Cu)
and their soluble forms. Total heavy metal content in the wastes was determined after
digestion in a mixture of HNOsand HCIOs (3:2 v/v). Soluble forms were extracted with
1 M HCI and distilled water. Extraction of soluble metal forms from the wastes was
conducted using static method by single shaking of the wastes to solution ratio of 1:10
for 1 h. The content of metals was determined using an inductively coupled plasma
atomic emission spectrophotometer (ICP-AES), model JY 238 ULTRACE, from Jobin
Yvon. Each sample of the waste material was analyzed in five replications (n = 25).
When the results of analyses of those replications differed from one another by more
than +£5%, another two analyses of that sample were conducted. A Microsoft Excel 2007
spreadsheet and the Statistica 9.0 package were used for the analysis and presentation
of the obtained results.

Assessment of phytotoxicity. Phytotoxkit test. Phytotoxicity of the wastes was as-
sessed using the Phytotoxkit test. As standard in this test three species of plants are used:
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Sorghum saccharatum, Lepidium sativum and Sinapis alba, and two parameters: inhi-
bition of seed germination (IG) and root growth inhibition (IR) are determined [14]. The
studied wastes were placed on test plates, moistened with distilled water (to maximum
water capacity). The test plates with properly moistened wastes were covered by a paper
filter and test seeds were sown at the rate of 10 pieces per plate. The plates prepared in
this way were incubated in a horizontal position at 25 °C in darkness for 72 h. After-
wards, the image was recorded by a digital camera and the root length was measured
using Image Tools program for image analyses. The whole experiment was conducted
in three replications for each analyzed combination wastes — plant (n = 45:5 wastes
x3 plantsx3 replications). The percent inhibition of seed germination (IG) and root
growth inhibition (IR) for plant were calculated according to the formula:

A-B

IG(IR) = x100%

here A is the mean seed germination or root length in the control and B is the mean seed
germination or root length in the tested wastes. A special artificial reference soil was
used as the control in the Phytotoxkit test. The control soil is analogous to the artificial
soil recommended by Organisation for Economic Co-operation and Development
(OECD) for soil toxicity tests and by 1SO for toxicity tests with plants. The control soil
consisted of sand, kaolin, peat, and was adjusted for pH with calcium carbonate [14].

3. RESULTS AND DISCUSSION
3.1. PHYTOTOXICITY TESTS

The assessment of waste phytotoxicity comprised a measurement of inhibition of
germination and growth of test plant roots: Sorghum saccharatum, Lepidum sativum
and Sinapis alba (Table 2, Figs. 1, 2). The strongest inhibition of germination of the test
seeds (from 20 to 100%) was observed on the substratum containing municipal sewage
sludge, whereas the weakest (from 4 to 6%) — on the substratum with flotation tailings
collected from the Gilow landfill (Table 2, Fig. 1). On the substratum with carbide res-
idue and both flotation tailings, Sinapis alba was the plant most sensitive to the effect
of chemical substances in these wastes. Sorghum saccharatum was less sensitive and
Lepidium sativum — the least. On the substratum containing municipal sewage sludge
and industrial sewage sludge, the highest inhibition of seed germination was observed
for Lepidium sativum, Sinapis alba. Sorghum saccharatum was a less sensitive plant
(Fig. 1). The degree of germination inhibition for Sinapis alba seeds was between 6 and
100%, for Lepidium sativum — from 4 to 100%, and for Sorghum saccharatum — only
from 5 to 20% (Fig. 1).
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B Sorghum saccharotum O Lepidium sativum B Sinapis alba

% 1G

municipal sewage industrial sewage  carbide residue tailings Zelazny tailings Gilow
sludge sludge lime Most

Fig. 1. Waste effect on inhibition of germination

B Sorghum saccharotum B Lepidium sativum Sinapis alba

% IR

municipal sewage industrial sewage  carbide residue tailings Zelazny tailings Gilow
sludge sludge lime Most

Fig. 2. Waste effect on inhibition of growth of test plant roots

The strongest phytotoxic effect of the wastes (from 83 to 100%) on the growth of
test plant roots was apparent, similarly to seed germination, in sewage sludge (Table 2,
Fig. 2). The weakest inhibitory reaction towards the growth of young test plant roots
(from 13 to 61%) was observed on the substratum containing flotation tailings collected
from the Gilow landfill. Generally, Lepidium sativum proved the most resistant to the
phytotoxic effect of the wastes, then Sorghum saccharatum, whereas Sinapis alba was
the most sensitive (carbide residue and flotation tailings). On the substratum containing
sewage sludge, Sorghum saccharatum was the less sensitive plant (Fig. 2). The degree
of the young Lepidium sativum root growth inhibition ranged from 7 to 100%, Sorghum
saccharatum — from 32 to 100%, and Sinapis alba — from 61 to 100%. Summing up the
ecotoxicological assessment, we may arrange the analyzed wastes in the following or-
der: municipal sewage sludge > industrial sewage sludge > carbide residue > Zelazny
Most flotation tailings > Gilow flotation tailings (Fig. 2).
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Table 2

Plants growth depending on waste

Sorghum Lepidium Sinapis
Waste saccharatum sativum alba
Number of germinated seeds
Control soil 10+0 10+0 10+0
Municipal sewage sludge 8+0.5 0 0
Industrial sewage sludge 8.5+1.2 0 1+2.3
Carbide residue 8+0.5 9+0 6+1.1
Tailings ZM 9+1.7 9+0.5 8.7+0.5
Tailings G 9.5+0.5 9.5+0.6 9.5+0.7
Waste Root length [mm]
Control soil 49.454+2.1 | 60.28+3.4 | 50.71+3.8
Municipal sewage sludge 0 0 0
Industrial sewage sludge 8.00+2.1 0 0
Carbide residue 12.23+3.91 | 25.4546.7 | 10.61+2.8
Tailings ZM 26.78+7.86 | 55.84+13.3 | 17.06+5.1
Tailings G 33.43+10.1 | 52.54+11.8 | 19.62+5.6

3.2. CONTENT AND EXTRACTABILITY OF HEAVY METALS

In terms of chemical properties, the analyzed wastes differed in their total heavy metal
content, and solubility of individual components depending on the kind of solution trans-
locating through the waste material. The content of heavy metals in the wastes was con-
nected, in the first instance, with their origin (Table 3). The highest total content of zinc,
chromium, cadmium and nickel was found in sewage sludge, while copper and lead con-
tent — in flotation tailings. On the other hand, lower total content of zinc, nickel, chromium
and cadmium was assessed in flotation tailings collected from the Gilow landfill, whereas
the content of copper and lead — in carbide residue. The national waste management plan
assumes that in 2018 around 60% of sewage sludge will be disposed of by thermal pro-
cessing, and the remaining 40% by composting, utilisation in agriculture, environment
and reclamation. Therefore, there is a necessity for monitoring the heavy metal content in
sewage sludge and other wastes intended for soil reclamation [10, 15]. The mean content
of metals in sewage sludge and carbide residue did not exceed the permissible values [16].

The amount of readily water soluble chemical components assessed in the analyzed
wastes informs about the effect of the deposited wastes on the surrounding environment.
Metals soluble in 1 M HCl allow one to estimate their mobilization in consequence of
acidification of the environment in which they are deposited. On the other hand, water
soluble components will be mobilized and will move from the wastes under the influ-
ence of precipitation water immediately after their supply into the environment. Solu-
bility of chemical components depends, in the first instance, on their total content in the
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studied material and on pH [15]. In this study, the highest total and water-soluble con-
tent of zinc and nickel was determined in the same municipal sewage sludge and indus-
trial sewage sludge, respectively (Table 3). For copper, lead, chromium and cadmium,
this dependence was not confirmed. In consequence of acidification of wastes supplied
to soil, the mobilized components will translocate

Table 3
Content of heavy metals in wastes [mg-kg d.m.]
Industrial waste | Zn | Cu | Ni | Cr | Pb | Cd
Soluble forms in water
Municipal 3.5540.30 | 3.9240.02 | 3.16+0.01 | 0.2140.02 | 030+02 |  0.05+0.0
sewage sludge
Industrial

2.86+£0.12 | 4.83+0.7 | 4.18+0.02 | 0.38+0.03 | 0.21+0.01 0.04+0.0
sewage sludge

Carbide residue | 0.03+0.0 | 0.24+0.11 | 0.06+0.0 0.02+0.30 | 0.10+0.02 0.04+0.0
Tailings ZMP 0.04+0.0 nd? 0.009+0.0 | 0.006+0.00 | 0.30+0.01 | 0.02+0.0 +0.00
Tailings GP 0.38+0.02 | 12.45+2.2 | 0.04+0.0 0.07+0.00 | 1.88+0.23 0.04+0.0
Soluble forms in 1 M HCI

Municipal
sewage sludge
Industrial
sewage sludge

241411 210+£8.6 | 12.40+0.16 | 286+10.4 | 91.4+6.10 1.23+£0.01

187+£7.8 | 279+£5.9 | 13.60+0.45 | 192+15.7 111£9.67 0.54+0.0

Carbide residue | 3.75+0.09 | 1.76+0.2 | 1.74+0.12 | 0.39+0.01 0.81+0.06 0.37+0.0

Tailings ZMP 33.9+1.56 | 949+10 1.63+£0.04 | 1.09+0.04 | 291+16.1 0.17+0.0
Tailings GP 5.64+1.10 | 442417 1.35+£0.01 0.88+0.03 151+3.8 0.09+0.0
Total content

Municipal
sewage sludge
Industrial
sewage sludge
Carbide residue | 198+8.5 | 79.21+6.9 | 30.84+2.02 | 38.33+£7.9 | 52.06+1.70 0.76+0.0
Tailings ZMP 262+10.7 | 2610+£192 | 21.194+0.53 | 5.28+0.66 1132 £74 1.00+0.09

991434 | 338+11.8 | 28.99+£1.10 | 305+3.21 | 119.4+14.1 4.94+0.24

914£29 | 641£14.3 | 43.72+£3.11 | 276+11.2 | 123.4+0.67 4.714+0.05

Tailings GP 42.3+3 989+100 | 3.48+0.26 | 2.55+0.4 169421 0.124+0.0
Permitted content of heavy metals
Sewagesludge® | 2500 | 1000 | 300 | s00 | 750 20

and — not detectable.
bAccording to [13].
¢According to [16].

The study has shown that the greatest amounts of zinc, chromium, nickel and cad-
mium would be mobilized from sewage sludge, whereas copper — from both flotation
tailings, and lead — from flotation tailings from the Gilow landfill. The lowest amounts
of zinc, copper, chromium and lead will be mobilized in consequence of acidification
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of carbide residue, while nickel and cadmium — from flotation tailings from the Gilow
landfill (Table 3).

Table 4

The solubility of metals [%] relative to their total content in wastes

Sewage sludge . . Tailings?
Metal Municipal Industrial Carbide residue Zelazny Most Gilow
Water | 1 M HCI | Water | 1 M HCI | Water | 1 M HCI | Water | 1 M HCI | Water | 1 M HCI
Zn 0.4 24 0.3 20 0.02 3 0.02 13 1.0 13
Cu 1.2 62 0.8 44 0.3 2 nd? 36 1.3 45
Ni 11 43 9.6 31 0.2 6 0.04 8 1.2 39
Cr 0.1 94 0.1 69 0.05 1 0.1 2 2.8 35
Pb 0.3 77 0.2 90 0.2 2 0.03 26 0.12 89
Cd 11 26 0.8 11 5.3 49 2.0 17 33 75

and — not detectable.
bAccording to [13].

The degree and mobilization of heavy metals from the studied wastes is evidenced also
by the percentage share of soluble elements in relation to their total content (Table 4). Water
solubility of investigated metals is small in comparison to their total content, which is
connected with low concentration of hydrogen ions in the analyzed wastes. Zinc solu-
bility in distilled water fluctuated from 0.02% to 1.0%, copper —from 0.3 to 1.3%, nickel
— from 0.04 to 11%, chromium — from 0.05 to 2.8%, lead — from 0.03 to 0.3%, and
cadmium — from 0.8 to 33%. Solubility of the tested metals in 1 M HCI was better,
fluctuating as follows: zinc 3-24%, copper 2-62%, nickel 6-43%, chromium 1-94%,
lead 2-90% and cadmium 11-75% (Table 4).

The highest content of zinc and chromium soluble in distilled water was recorded
in an extract prepared from flotation tailings from the Giloéw landfill, and then exchange-
able forms in sewage sludge. The highest share of soluble forms of copper in relation to
total content was determined in the extracts from the Giléw tailings, and nickel — from
municipal sewage sludge (Table 4). The highest quantities of lead dissolved in distilled
water were found in the municipal sewage sludge, whereas the highest share of forms
of this element soluble in 1 M HCI, in relation to its total content, was observed in the
extract from industrial sewage sludge and flotation tailings from Gilow (Table 4). The
highest share of soluble cadmium forms, in relation to its total content, was determined
in the extracts from flotation tailings collected from the Gilow landfill. When consider-
ing the tested wastes, flotation tailings from Zelazny Most (Table 4) had the lowest
share of water-soluble forms of most metals, whereas carbide residue had the lowest
amount of forms soluble in 1 M HCI (except of Cd). For cadmium, the lowest share of
forms soluble in water and in 1 M HClwas found in the industrial sewage sludge.
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3.3. ANALYSIS OF THE CORRELATION COEFFICIENTS

Analysis of correlation between the content of metals and results of toxicity tests
has been presented in Table 5. Positive values of the correlation coefficients indicate
a relationship between metal content in wastes and toxicity to organisms, whereas neg-
ative values mean that an increase in metal content caused a decrease in sample toxicity.
The study showed a strongly positive correlation between the content of Zn, Ni, Cr and
Cd (1 M HCI, total content) in waste and inhibition of root growth in all the test plants
and seed germination (Lepidum sativum and Sinapis alba). The results indicate a nega-
tive correlation between the content of Cu, Pb in waste and inhibition of root growth
and seed germination (Table 5).

Table 5
Correlation analysis for heavy metals content and toxicity results
Inhibition of seed germination Inhibition of roots growth

Parameter Sorghum | Lepidium | Sinapis | Sorghum | Lepidium | Sinapis
saccharatum | sativum alba | saccharatum | sativum alba

Zn 0.51 0.972 0.872 0.772 0.892 0.792

Pb -0.43 -0.37 -0.50 -0.49 -0.50 -0.52¢

Water soluble Cu -0.19 0.01 -0.14 -0.17 -0.12 -0.17
Cd 0.01 0.30 0.18 0.13 0.17 0.07

Cr 0.35 0.892 0.76° 0.62° 0.812 0.72°

Ni 0.46 0.98% 0.872 0.74° 0.912 0.822
Zn 0.47 0.98% 0.86° 0.75° 0.88% 0.772

Pb -0.912 -0.29 -0.62¢ —0.75° -0.57° | -0.71°

1 M HCI Cu -0.932 -0.38 | —0.68° -0.80? -0.64> | —0.777
Cd 0.46 0.77° 0.76" 0.66" 0.812 0.78%
Cr 0.55 0.972 0.892 0.80% 0.89% 0.80%
Ni 0.54 0.98% 0.91° 0.812 0.932 0.842
Zn 0.48 0.98° 0.88" 0.76" 0.912 0.822

Pb -0.78? -0.43 -0.63¢ —0.71° -0.60° | —0.69°

Total content Cu -0.912 -0.44 | —0.70° —0.81° -0.66° | —0.772
Cd 0.49 0.992 0.89° 0.77° 0.922 0.83%
Cr 0.59¢ 0.992 0.94° 0.842 0.952 0.872
Ni 0.56° 0.66° 0.75¢ 0.70° 0.772 0.78%

aSignificant at p < 0.001.
bSignificant at p < 0.01.
cSignificant at p < 0.05.

The toxicity of waste was assessed using the Phytotoxkit™ test. Information was
generated on the effect of sewage sludge, carbide residue and flotation tailings on ger-
mination and growth of young test plant roots. The studies revealed that Sinapis alba
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was the plant most sensitive to chemical substances in the wastes, therefore it may find
application in bioindication of reclaimed landfills. Lepidium sativum proved to be the
most resistant to the phytotoxic effect of the carbide residue and flotation tailings. Sor-
ghum saccharatum generally showed sensitivity halfway between Lepidium sativum
and Sinapis alba. Sorghum saccharatum was the most resistant to the phytotoxic effect
of the sewage sludge. When considering the parameters of toxicity assessment, i.e. seed
germination and root growth, it was found that these plants differed considerably in their
sensitivity to the effect of chemical substances in the wastes. On the substrates contain-
ing carbide residue and flotation tailings, the parameter of the root growth of the test
plants revealed a higher sensitivity than the seed germination parameter. In the case of
the sewage sludge, the above-mentioned relationship was found only for Sorghum sac-
charatum. For Lepidium sativum and Sinapis alba, substrates containing both sewage
sludges were very toxic. The main symptom of phytotoxicity of the waste was reducing
the growth of the roots of the test plants. Roots are the first part of plant exposed to toxic
substances in waste, thus in them the primary reactions to the toxic effect of various
substances can be observed [17, 18]. Heavy metals inhibit root growth, which is asso-
ciated with a decrease in mitotic activity of cells [19]. The dependence has been con-
firmed by other authors, who reported that germination capacity is an indicator affected
to a relatively small extent by the presence of heavy metals, oil derivatives, some poly-
mers, composts, sludge, bottom sediment or municipal landfill leachates [20-24]. It was
demonstrated that many plants germinate in a polluted environment, but later stop grow-
ing, therefore the root growth parameter is more sensitive and useful for phytoxicity
tests [5, 21]. Sewage sludge proved to be the most toxic waste. It revealed the highest
content of total zinc, chromium, nickel and cadmium and their soluble forms.

The high phytotoxicity of sewage sludge can also be caused by the salinity of the
waste. Numerous studies have shown that salinity of sewage sludge or composts pro-
duced from them can cause a phytotoxic effect, or even a genotoxic one [24]. Sludge
toxicity can be influenced also by the basic properties of sludge — organic load parame-
ters (BOD, COD) and total suspended solids [24]. Compared to sewage sludge, the con-
tent of heavy metals in carbide residue was not very high, despite the fact that this sub-
stratum considerably limited the growth of test plants. It may be connected with strongly
alkaline reaction of this waste. Under these conditions, inhibition of water absorption
by plants from soil or substratum is observed and thereby inhibition of plant growth
(physiological drought). In general, plants are very sensitive to strongly alkaline reac-
tion. Most plants prefer slightly acidic or neutral reaction of soil. Flotation tailings col-
lected from the Giléw landfill were the least toxic to the studied plants. At this point, it
should be mentioned that the landfill is currently being reclaimed, so the waste showed
more favorable growth conditions for plants. The Giléw landfill is subject to reclama-
tion in the direction of water and forestry sectors. Currently, the unused landfill is cov-
ered with forest and autogenic plants [15]. The relatively low toxicity of flotation tail-
ings to plants was caused by slightly alkaline reaction of the tested waste. Numerous
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authors observed that waste reaction may affect heavy metal mobility in the environ-
ment [8, 10]. Metals may pass into less readily soluble forms at higher pH. Slightly
alkaline reaction of flotation tailings may decrease solubility of heavy metals [12].

To summarize, wastes supplied to the environment have a direct effect on soil and
surrounding areas. Therefore, after the first precipitations, readily water-soluble chem-
ical components become mobilized and easily penetrate into soils. In the presented in-
vestigations, particularly copper concentration in the water extract prepared from flota-
tion tailings from Giloéw, as well as zinc, copper and nickel content in sewage sludge
raise concern. Physical, chemical and biological processes occurring in sewage sludge
and post-flotation sludge and in carbide residue deposited or added to the soil may lead
to mobilization of higher amounts of chemical elements which penetrate into the soil
[10, 15]. Hydrogen ions become concentrated in the washed wastes and therefore pH
value decreases. Waste acidification favors mobilization of metals, as shown in the pre-
sented investigations. In consequence of waste acidification, the content of metal forms
soluble in 1 M HCl increased in relation to water-soluble forms, depending on the tested
waste, 15-845 times for Zn, from 7 to 58 times for Cu, 3-181 times for Ni, from 13 to
1362 times for Cr, from 8 to 528 times for Pb, and from 12 to 14 times for Cd.

4. CONCLUSIONS

e Sinapis alba was the plant most sensitive to chemical substances in wastes, there-
fore it may be applied for bioindication of reclaimed landfill sites.

e Sewage sludge limited germination and growth of test plant roots to the greatest
extent. Waste phytotoxicity formed the following order: municipal sewage sludge > in-
dustrial sewage sludge > carbide residue > flotation tailings from Zelazny Most > flo-
tation tailings from Gilow.

o High toxicity of sewage sludge can be caused by a high total content of metals
and their forms soluble in 1 M HCI. In consequence of waste acidification, zinc, chro-
mium, nickel and cadmium will be released into the environment from sewage sludge,
whereas copper and lead from flotation tailings.
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