Acta Agrophysica, 2001, 51, 215-220

EFFECT OF VARIOUS ORGANIC FERTILISERS ON THE HEAVY METAL
FRACTIONS IN THE SOIL
Part 3. ZINC, MANGANESE AND IRON

B. Filipek-Mazur, K. Gondek

Department of Agricultural Chemistry, Agricultural University of Cracow
Mickiewicza 21, 31-120 Krakow, Poland

A bstract The paper presents distribution of zinc, manganese and iron in fractions of soil
treated with tannery sludge and compost of tannery sludge and peat, and, for the sake of comparison,
the soil from a plot treated with farmyard manure (FYM), and mineral fertilisers.

Total soil contents of zinc ranged from 38.0 to 47.3 mg kg" of soil. The share of mobile zinc
forms ranged between 6.05-7.93%. Percentage of the exchangeable form was between 5.8-7.5% of
the total Zn contents, while the share of forms bound with organic matter ranged between 10.7 and
12.7%. A considerable part of zinc was bound with manganese and iron oxides. Between 30.14-
43.72% of Zn were found in the residual form.

Organic and mineral treatment influenced the share of easily soluble manganese compounds. It
ranged between 15.6-19.7%. The least of manganese (1.0-2.0%) occurred in the compounds with
crystalline iron oxides. The exchangeable form constituted between 3.4-4.2%, organic fraction accu-
mulated slightly more. Manganese oxides retained the most of the element.

Trace amounts of iron were revealed in the first three fractions. The biggest part of this metal
was found in sparingly soluble compounds, mainly oxides (over 40%) and on residual fraction (over
30%).
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INTRODUCTION

Organic fertilisation is one of the ways to supplement nutrients in soil. A de-
creasing population of farm animals caused by the recession in agriculture consid-
erably affects production of basic organic fertiliser, i.e. farmyard manure. Thus it
becomes necessary to use higher amounts of other fertilisers containing big
amounts of organic matter and nutrients indispensable for plants [1,2,6,13]. Or-
ganic industrial and communal wastes are the source that has not been exploited
sufficiently so far. However, the use of those materials as fertilisers is limited by
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the contents of elements or substances harmful for the soil environment. Beside
chemical substances, wastes may provide a sanitary hazard, i.e. contain consider-
able amounts of parasites and disease microorganisms, such as Salmonella, Clos-
tridium perfiringenes or Ascaris eggs [15]. We may limit the numbers of disease
microorganisms through pasteurisation, fermentation, liming or composting, but
limiting the heavy metal contents is a far more complicated procedure [5,7,17].
Sanitary requirements for sewage sludge concerning their heavy metal contents
may be fulfilled when these materials have been properly processed. One of such
processes is composting applied to sludge from a tannery sludge treatment plant.
Apart from chromium, they do not threaten with contamination by other metals.
Application of materials which originate from industry, including composts of tan-
nery sludge, make monitoring of changes occurring in the soil after their applica-
tion necessary. It is mainly due to the total contents of heavy metals and their
distribution in individual compound fractions.

The aim of the present investigations was to determine changes in the contents
and distribution of zinc, manganese and iron.

MATERIALS AND METHODS

Description of methods and properties of materials used for the experiment, as
well as a detailed characteristics of the soil were presented in part I of this paper.

After fous years of the experiment, forms of Zn, Mn and Fe compounds were
assayed in the average soil samples from individual experimental plots (Table 1)
using the Zeien and Brummer’s sequential chemical extraction method [18]. The
following fractions were considered: F| - mobile, F2 - exchangeable, F3 - attached
to manganese oxides, F4 - attached to organic matter, Fs - attached to poorly crys-
tallised iron oxides, Fg - attached to fully crystallised iron oxides, F7 - residual (for
the description of extraction see part I).

RESULTS AND DISCUSION

Total soil zinc contents decreased in relation to the control soil on the un-
treated plot after organic treatment (Table 1). The highest content of this metal,
similar to that in the control samples, was detected in the soil treated with NPK
mineral fertilisers (double dose - 47.3 mg kg'l). Zinc belongs to more dynamic ele-
ments in the soil environment because of a relatively big share of the mobile ex-
changeable form. It is linked with manganese oxides and organic matter. Application
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T able 1. Percentage distribution of zinc fractions in total Zn content in air-dry soil

Total Contribution of particular fractions (%)
Fertilizer object concentflation F Fa F3 F4 Fs Fs Fr
(mg kg™ )**
No fertilization 47.0 6.0 4.7 74 107 149 12,6 43.7
FYM [I* 444 6.8 4.4 75 107 163 147 396
FYM II* 40.0 6.0 7.4 86 11.7 172 148 333
Peat compost 1* 389 6.3 7.0 84 114 17.0 128 374
Peat compost IT* 39.4 6.8 75 9.0 122 165 134 351
Sludge I* 40.7 7.9 6.2 83 119 172 136 360
Sludge I11* 40.3 6.2 5.8 88 11.8 17.0 122 365
Mineral fertilization I* 39.8 7.2 5.2 8.0 128 179 142 358
Mineral fertilization I[1¥ 473 7.2 6.3 7.7 108 13.7 241 30.1

* | - single dose, II - double dose; ** sum of fraction F) - F7.

of peat compost and raw sludge caused a slight increase in the percentage of mo-
bile zinc forms (in relation to the control soil). The values ranged between 6.2 and
7.9% of the total contents. The proportion of the exchangeable form was similar
(5.8-7.5% of total Zn contents). Kabata-Pendias [10] stated an increase in the zinc
mobile forms share after introduction of municipal wastes.

The share of forms attached to organic matter (10.7-12.7%) in the soils of all
the treatments remained on the level close to the value determined in the control
soil (10.7%). A considerable portion of zinc was linked with manganese and iron
oxides, which was mentioned also by other authors [4,8]. Mineral and organic fer-
tilisation caused a decrease in permanent forms of zinc.

The applied organic and mineral treatment increased the share of easrly water
soluble manganese combinations in the soil, i.e. the mobile fraction (Table 2) but
did not change proportions of other fractions in total contents of this element
much. Mercik ef al. [14] stated similar dependencies in their investigations on the
effect of long-term mineral and organic fertilisation on the microelement contents
in the soil. The share of mobile manganese was between 15.6% in the soil treated
with peat compost (single dose) and 19.7% of total contents in the soil fertilised
with mineral fertilisers. The lowest amount of manganese (total 1.0-2.0%) oc-
curred in the combinations with crystalline iron oxides, which proved that this
metal has high mobility which was also confirmed by other studies [12]. The ex-
changeable form constituted between 3.4-4.2% of the total Mn, organic fractions
accumulated slightly more (5.4-6.5%) of it. Manganese oxides (F3) retained the
highest amounts of this element, and there Mn share ranged between 48.5-54.7%
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T able 2. Percentage distribution of manganese fractions in total Mn content in air-dry soil

Total Contribution of particular fractions (%)
Fertilizer object concentlextion F| Fa Fa Fa Fs Fo Fs
(mg kg )**

No fertilization 758.6 15,0 36 524 62 178 1.8 33
FYM I* 705.5 185 3.8 490 56 176 20 34
FYM I1* 756.0 164 42 495 56 157 18 27
Peat compost 1* 806.2 156 35 540 63 157 13 2.8
Peat compost 1T* 819.6 178 35 547 62 156 1.7 2.7
Sludge 1* 763.5 184 34 499 65 176 1.7 3.1
Sludge 11* 7132 175 35 522 5S4 153 1.7 34
Mineral fertilization I* 707.1 197 39 501 60 177 1.7 3.1
Mineral fertilization IT* 639.1 197 35 485 62 172 1.0 39

* 1 - single dose, 11 - double dose; ** sum of fraction Fy - F7.

of total contents. The above data show that manganese and iron oxides played the
greatest role in the manganese retention, as confirmed by Karczewska [11]. Irre-
spective of the applied treatment, the total amount of this metal changed slightly in
comparison to the untreated control soil.

The studied soil, like the most soils in Poland, contained considerable amounts
of iron [10]. Total content of this metal was lower in the soils after treatment than
in the control soil (Table 3). The contents ranged between 1.2-1.5% Fe. There
were trace amounts of this metal in the mobile and exchangeable fractions, while
iron linked with manganese oxides constituted on average 0.4% of total Fe. The
basic amount of the element falls to sparingly soluble combinations mainly at-
tached to iron oxides and on the residual fraction. Over 60% was in the fraction
linked with iron oxides, while the residual fraction accumulated up till 36.45% of
the total iron. The obtained results are characteristic of this metal and were con-
firmed in other works [9,11].

CONCLUSIONS

1. Fertilisation with raw tannery sludge and compost based on it, did not cause
any excessive accumulation of Zn, Mn and Fe in soil, or any major changes in
their fractional distribution.

2. Zinc occurred in the residual fraction, while manganese in the fraction at-
tached to manganese oxides.

3. Iron was characterised by a very low share in the easily soluble fractions, it
concentrated in the combinations with iron oxides and in the residual fraction.
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T able 3.Percentage distribution of iron fractions in total Fe content in air-dry soil

Total Contribution of particular fractions (%)
Fertilizer object concentn:'iition Fa F3 F4 Fs Fs Fr
(mg kg™ )**
No fertilization 15915 0.03 0.01 041 593 4879 14.01 30.82
FYM I* 14837 0.04 0.02 046 566 4573 17.73 30.36
FYM I1* 14208 003 0.02 050 6.13 47.65 1851 27.17
Peat compost I* 13828 0.02 0.04 041 649 4531 1696 30.77
Peat compost I1* 15176 003 0.03 040 595 4780 17.76 28.04
Sludge 1* 15856 002 0.02 036 568 5222 13.15 28.54
Sludge 11* 13424 0.03 0.05 043 568 4440 17.06 3237
Mineral fertilization 1* 12842 0.04 0.04 044 6.83 43.61 18.14 3091
Mineral fertilization IT* 12044 0.04 0.04 0.54 6.64 44.71 11.58 36.45

* | - single dose, 11 - double dose; ** sum of fraction F| - F7.
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