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Abstract: The research was conducted to determine the influence of fertilization with waste organic materials

on the content and uptake of lead by maize as well as on the total content of lead in soil. The three-year field

experiment comprised 7 treatments: a non-fertilized soil (control treatment) as well as a soil fertilized with

mineral fertilizers, cattle manure, green waste compost, sewage sludge, compost from sewage sludge and

straw as well as with a mixture of sewage sludge and hard coal ash. Maize cultivated for silage was the test

plant. The lead content in the above-ground parts of plants and in the soil was determined using ICP-AES

method. During the research, no lead pollution of the soil or the above-ground parts of the maize was found.

No statistically significant effect of fertilization on the lead content in the maize was found or the fertilized

plants contained considerably less of the element than the control plants. The lowest weighted mean content

of lead was found in the maize fertilized with the green waste compost, sewage sludge as well as with the

compost from sludge and straw. Soil with the lowest lead content was the soil of the treatment fertilized with

organic materials. The soil fertilized with the green waste compost (all the years), sewage sludge (2nd year) as

well as with the mixture of sludge and ash (1st and 2nd year) contained significantly more lead than the soil

fertilized with mineral fertilizers.
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Introduction

One of the ways of lead penetrating into animal and human organisms is through

food. Lead, like other heavy metals, accumulates in successive links of the “soil-plant-
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-animal-human” food chain. Introducing high doses of lead to soil translates into an

increased risk of accumulating this element in plant, animal and human organisms.

According to the current state of knowledge, lead is not an element which has

physiological functions in living organisms, whereas its harmful effect is well known.

Lead shows genotoxic effect (by inhibiting the processes of DNA repair and generating

free radicals) as well as neurotoxic and teratogenic effects [1–3, based on different

sources]. It also impairs the effect of the vascular and immunological systems [2, based

on different sources]. Having an impact on the human organism, lead is particularly

dangerous for small children. In plants, excessive exposition to this element inhibits

total chlorophyll level and disturbs the photosynthesis, nitrogen transformation (ham-

pering the activity of nitrate reductase), and cell division processes as well as disturbs

water management [4, 5 based on different sources]. Kurtyka et al [6] found that

exposition to lead leads to diminishing growth of maize coleoptile segments.

The aim of the research was to determine the influence of fertilization with waste

organic materials on the content and uptake of lead by maize as well as on the total lead

content in soil.

Material and methods

The three-year field experiment was set up in 2008 at an experimental station of the

University of Agriculture in Krakow, located in Krakow-Mydlniki. The experiment was

conducted on brown soil typical proper, with graining of light soil. It was an acid soil

(pHKCl = 5.40), with a very high content of available phosphorus and potassium

(94.9 mgP and 219.2 mgK � kg–1 d.m.). The soil contained 9.88 gCorg � kg–1 d.m.,

1.07 gNtotal � kg–1 d.m. and 26.5 mgPb � kg–1 d.m. The content of trace elements in the soil

did not exceed the limit values established for agricultural use of sewage sludge, neither

did the pHH2O value of the soil make fertilization with sewage sludge impossible [7].

The experiment comprised of 7 objects: a non-fertilized soil (control) as well as a soil

fertilized with mineral fertilizers, cattle manure, green waste compost (the waste came

mainly from the maintenance of urban green areas), municipal sewage sludge, compost

from sewage sludge and straw as well as with a mixture of sewage sludge and ash. Each

treatment was carried out in 4 replications. Pioneer ‘PR 39F58’ maize, cultivated for

silage and harvested at the wax maturity stage of the grain, was the test plant in all years

of the research. In the first year, 160 kgN, 168 kgP2O5 (that is 73 kgP) and 140 kgK2O

(that is 116 kgK) per ha were introduced to the soil of fertilized treatments (except the

control). To the soil fertilized with the manure and organic materials the whole nitrogen

dose was introduced in that fertilizer and those materials. Mineral fertilizers: am-

monium nitrate (34 % N), enriched superphosphate (40 % P2O5) and potassium chloride

(60 % K2O) were used in order to introduce nutrients to the soil fertilized with mineral

fertilizers as well as to even up the doses of phosphorus and potassium in the soil of the

remaining fertilized treatments. These fertilizers were also used to conduct fertilization

in the second and third year of the experiment, introducing 100 kgN, 30 kgP2O5

(13 kgP) and 110 kgK2O (91 kgK) per ha to the soil each year. Accurate data regarding

conditions of conducting the experiment are included in the papers of Tabak and

Filipek-Mazur [8, 9].
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The content of trace elements in the organic materials used for fertilization did not

exceded the limit values established for agricultural use of sewage sludge [7]. Table 1

shows the lead content in the manure and in the organic materials used in fertilization as

well as doses of lead introduced to the soil.

Table 1

Lead content in manure and in waste-derived organic materials as well as doses

of lead introduced to soil with manure and materials

Material
Content

[mgPb � kg–1 d.m.]

Dose

[gPb � ha–1]

Manure 5.59 31

Green waste compost 61.33 680

Sewage sludge 73.50 582

Compost from sewage sludge and straw 59.50 389

Mixture of sewage sludge and ash 38.73 428

The manure was a material which had a significantly different lead content than the

other materials. It contained the least of this element (5.59 mgPb � kg–1 d.m.), and as a

result the dose of the element introduced with the manure to the soil was also the

lowest. The other materials contained between 38.7 mg and 73.5 mgPb � kg–1 d.m. The

content of this element in the organic materials increased in the following order:

mixture of sludge and ash < compost from sludge and straw � green waste compost

< sewage sludge. Along with the organic materials, between 389 g and 680 g Pb � ha–1

was introduced to the soil; the highest dose was introduced with the green waste

compost and with the sewage sludge.

After harvest, the plant material was dried at 70 oC in a hot air dryer, milled and

mineralized in a muffle furnace (8 hours, 450 oC). The residue was evaporated with

hydrochloric acid solution, and then diluted in nitric(V) acid solution [10]. The total

lead content in the air-dry soil sieved through a sieve with a mesh size of 1 mm was

determined after incineration in a furnace (8 hours, 450 oC), evaporation with a mixture

of concentrated nitric(V) and chloric(VII) acids, and dilution of the residue in

hydrochloric acid solution [10]. The lead content in the above-ground parts of the maize

and in the soil was determined with inductively coupled plasma atomic emission

spectrometry (ICP-AES) on JY 238 Ultrace apparatus [Jobin Yvon].

Statistica software, version 10 (StatSoft, Inc.), was used for statistical elaboration of

the results. A univariate analysis of variation was carried out, and the significance of

differences between the mean values was estimated using the Duncan test (� � 0.05).

Results and discussion

Depending on the year of the research and on the treatment in the experiment,

between 0.34 and 1.12 mgPb � kg–1 d.m. was determined in the above-ground parts of

the maize (Table 2). This means that there was no lead pollution of the above-ground
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parts of the maize, since the permissible lead content in plants intended for feed

amounts to 10 mg � kg–1 d.m. [11].

Table 2

Lead content in above-ground parts of maize [mgPb � kg–1 d.m. �SD]

Fertilization treatment 1st year 2nd year 3rd year
Weighted mean

content

No fertilization 0.87d*
� 0.06 1.12b

� 0.13 0.39ab
� 0.10 0.80

Mineral fertilizers 0.80cd
� 0.04 0.96b

� 0.24 0.45ab
� 0.11 0.77

Manure 0.77bcd
� 0.09 1.01b

� 0.02 0.50b
� 0.14 0.79

Green waste compost 0.60a
� 0.02 1.01b

� 0.06 0.40ab
� 0.08 0.68

Sewage sludge 0.62a
� 0.13 0.74a

� 0.07 0.45ab
� 0.04 0.62

Compost from sewage sludge and straw 0.67ab
� 0.09 0.92ab

� 0.02 0.34a
� 0.07 0.66

Mixture of sewage sludge and ash 0.70abc
� 0.10 1.06b

� 0.16 0.40ab
� 0.02 0.74

* Mean values in columns marked with the same letters do not differ statistically significantly at � = 0.05,

according to the Duncan test.

Maize accumulates uptaken trace elements mainly in roots [4, 12], hence the low lead

content in the above-ground parts. For example, the obtained by Sekara et al [12] ratio

value of the lead content in the above-ground parts of maize to the lead content in roots

was 0.21. Bi et al [13] state that lead located in maize leaves and grains comes mainly

from foliar uptake of atmospheric Pb, whereas lead taken up by plant from soil is

accumulated mainly in stalk and root tissues.

In all years of the research, the fertilized plants contained statistically significantly

less lead than the control plants or the differences in the lead content in the biomass

were not statistically significant. In the 1st year of the experiment, the lead content in the

maize fertilized with materials derived from waste was 20–31 % lower than in the

non-fertilized plants. In the following year, the plants fertilized with sewage sludge

again contained significantly less (by 34 %) of the element than the control plants. In

the third year of the experiment, all the plants contained significantly less lead than the

plants harvested in the two previous years. At the same time, the applied fertilization

did not lead to statistically significant changes in the content of the element in the yield

when compared to the content determined in the control plants. The weighted mean

content of lead in the fertilized plants was by 1–22 % lower than the content in the

plants cultivated on non-fertilized soil. The lowest mean lead content (0.62 mg � kg–1

d.m.) was found in the plants harvested from the treatment with sewage sludge

fertilization.

In the authors’ own research, no increase in the lead content in the plants as a result

of fertilization with organic materials derived from waste was found. Labetowicz et al

[14] showed, however, that soil fertilization with compost generated from unsegregated

municipal waste results in an increase in lead content in plants (fodder beet roots and

leaves, barley grains and straw as well as grass). Similarly to the authors’ own research,

Akdeniz et al [15] did not show a statistically significant effect of fertilization with

sewage sludge on lead contents in sorghum leaves and grains. Jamali et al [16] as well
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as Singh and Agrawal [17, 18] obtained different results. They found an increase in

content lead in wheat grain, chard leaves and roots as well as in bean seeds. In one part

of the research, however, the authors used a large addition of sewage sludge, amounting

to 20–40 % of the soil mass [16, 17].

The amount of the element collected with the plant yield was calculated as a product

of the content of that element in the yield and the amount of that yield. In the authors’

own research, despite a relatively high lead content in the control plants, the lead uptake

from the fertilized soil was generally higher than from the soil of the control treatment

(as a result of low yield from the non-fertilized plants [9]), as shown in Fig. 1.

The non-fertilized plants took up in total 36.6 g lead from 1 ha of soil. The total

uptake of the element from the fertilized soil was between 109 and 148 % of the uptake

from the control soil.

The lead content in the soil from the experimental field was between 22.9 and 29.3

mg � kg–1 d.m. (Table 3). As specified by Kabata-Pendias et al [16], natural lead content

in medium soil (which was examined in the authors’ own experiment) is up to 40–60

mg � kg–1 d.m., depending on soil pH values. The soil from the experimental field

contained less lead, so it was not polluted with this element. The lead content in the

studied soil also did not exceed the permissible content in soils of agricultural lands,

established in the regulation on soil and earth quality standards [20] amounting to 100

mg � kg–1 d.m. In addition, the lead content in the soil was lower than 60 mg � kg–1 d.m.,

which is the permissible content established for fertilizing use of sewage sludge [7].

The lowest lead content was found in the soil fertilized with mineral fertilizers. In the

1st year of the research, the soil fertilized with the green waste compost and with

a mixture of sewage sludge and hard coal ash contained significantly more of the

element (by 23–28 % more). In the following year, soil of the four treatments was
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Fig. 1. Amount of lead taken up by maize [gPb � ha–1]



characterized by a significantly higher lead content than the soil fertilized with mineral

fertilizers – it applied to the non-fertilized soil as well as the soil fertilized with the

mixture of sludge and ash, the green waste compost and sewage sludge (16–24 % more

lead).

Table 3

Content of total forms of lead in soil [mgPb � kg–1 d.m. �SD]

Fertilization treatment 1st year 2nd year 3rd year

No fertilization 26.5ab*
� 3.3 27.1b

� 1.9 27.0ab
� 2.9

Mineral fertilizers 22.9a
� 0.6 23.2a

� 2.4 24.8a
� 2.3

Manure 25.6ab
� 2.4 25.6ab

� 1.9 27.8ab
� 0.1

Green waste compost 29.3b
� 5.1 28.1b

� 4.1 29.2b
� 3.5

Sewage sludge 27.1ab
� 3.0 28.8b

� 1.3 28.0ab
� 2.4

Compost from sewage sludge and straw 26.5ab
� 1.8 25.8ab

� 1.1 26.6ab
� 1.2

Mixture of sewage sludge and ash 28.2b
� 1.0 27.0b

� 1.3 28.2ab
� 0.7

* See Table 2.

In the authors’ own research, the non-fertilized soil did not differ significantly in the

lead content from the fertilized soil. However, Jamali et al [16], Singh and Agrawal [17]

as well as Weber et al [21] point out to a possibility to increase total content of lead in

soil as a result of fertilization with sewage sludge and compost from municipal sewage

coming from a heavily industrialized area. Otherwise, Antonkiewicz [22] did not find

a statistically significant effect of using mixtures of sewage sludge and fly ash on the

lead content in soil.

As highlighted above, in the authors’ own research no soil or plant pollution with

lead as a result of using the green waste compost, sewage sludge or sludge-containing

materials was detected. Application of relatively small doses of those materials was one

of the causes. The risk of environmental pollution with heavy metals increases if

applied doses of these materials are higher and because of those doses of individual

heavy metals introduced to soil are also high. Availability of elements in soil and

sludge, dependent on their form of occurrence [23], is also important.

Conclusions

1. During the three-year field research, fertilization with mineral fertilizers, manure

and waste-derived organic materials, no pollution of the soil or the above-ground parts

of maize with lead was found.

2. When comparing to the lead content determined in the non-fertilized plants, no

statistically significant effect of fertilization on the lead content in the maize was found

or the fertilized plants contained considerably less of the element than the control

plants. The fertilized plants had a lower mean content of lead than the non-fertilized

ones.
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3. The lowest lead content was found in the soil fertilized with mineral fertilizers.

The soil fertilized with compost from green waste (all the years), sewage sludge (2nd

year) as well as with a mixture of sludge and ash (1st and 2nd year) contained

significantly more lead than the soil fertilized with mineral fertilizers.
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Abstrakt: Celem badañ by³o okreœlenie wp³ywu nawo¿enia materia³ami organicznymi pochodzenia odpado-

wego na zawartoœæ i pobranie o³owiu przez kukurydzê oraz na ogóln¹ zawartoœæ o³owiu w glebie. Trzyletnie

doœwiadczenie polowe obejmowa³o 7 obiektów: glebê nienawo¿on¹ (kontrola) oraz glebê nawo¿on¹ nawoza-

mi mineralnymi, obornikiem bydlêcym, kompostem z odpadów zielonych, osadem œciekowym, kompostem

z osadu œciekowego i s³omy oraz mieszanin¹ osadu œciekowego i popio³u z wêgla kamiennego. Roœlin¹

testow¹ by³a kukurydza uprawiana na kiszonkê. Zawartoœæ o³owiu w czêœciach nadziemnych roœlin i glebie

oznaczono metod¹ ICP-AES.

W trakcie prowadzenia badañ nie stwierdzono zanieczyszczenia gleby i czêœci nadziemnych kukurydzy

o³owiem. Nie wykazano istotnego statystycznie wp³ywu nawo¿enia na zawartoœæ o³owiu w kukurydzy lub

roœliny nawo¿one zawiera³y istotnie mniej pierwiastka ni¿ roœliny z obiektu kontrolnego. Najmniejsz¹ œredni¹

wa¿on¹ zawartoœæ o³owiu stwierdzono w kukurydzy nawo¿onej kompostem z odpadów zielonych, osadem

œciekowym oraz kompostem z osadu i s³omy. Gleba nawo¿ona nawozami mineralnymi zawiera³a najmniej

o³owiu. Gleba nawo¿ona kompostem z odpadów zielonych (wszystkie lata), osadem œciekowym (II rok) oraz

mieszanin¹ osadu i popio³u (I i II rok) zawiera³a istotnie wiêcej o³owiu ni¿ gleba nawo¿ona nawozami mine-

ralnymi.

S³owa kluczowe: odpadowe materia³y organiczne, osad œciekowy, kompost, o³ów, kukurydza, gleba
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