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The paper contains an evaluation of the possibilities of using sludge from the town of
Zielona Goéra in agriculture. The sludge under research demonstrated positive fert:llzmg
properties. It has been found that because of increasing sludge doses the crops of plants
grown have increased. The amount of organic matter and most of soil components mar-

ked have also increased.
The evaluation of the usability of sludge from the town of Zielona Géra has been

done in compliance with the current legal regulations. The chemical properties of the
sludge under research indicate its usability for the purpose chosen. The sanitary proper-
ties make it necessary for the sludge to be processed for example by composting.
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1. INTRODUCTION

The development, modernization and construction of new sewage treatment
plants in recent years have increased considerably the amount of sludge pro-
duced in Poland and in the world. The forecast of the Institute of Environmental
Protection [Biernacka and Pawlowska 1996] assumes that the production of
sludge in Poland will reach 413 ~ 450 thousand tonnes of dry mass yearly by
2010.

The utilization of sludge becomes a serious problem. Recent research into
sludge indicates that the most advisable way of utilization is its ecological use.
According to the abovementioned authors in Poland the amount of sludge utili-
zed ecologically is 20 — 25%. According to Baran [2004] in Poland about 15%
of sludge is used in agriculture, and in the countries of the European Union
38%. :
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The reason for the agricultural utilization of sludge is a large quantity of
minerals nutrients in it [Baran 1997; Mazur and Cie¢ko 2000; Czekata 2000 and
2003; Krzywy et al. 2000]. This matter is particularly important in Poland, be-
cause in recent years the use of mineral fertilizers has decreased considerably as
well as the number of animal farms animals. Sludge can also be used for the
reclamation of land without soil [Baran and Turski 1997; Stepien et al. 2000]
and for hydroseeding while reclaiming post-mining heaps [Gtazewski 2000].

An uncontrollable use of sludge is not advisable because of the possibility
of polluting the environment in terms of sanitary conditions and with heavy
metals.

The purpose of this paper is to evaluate the use of sludge from the sewage
treatment plant in the town of Zielona Géra in agriculture. The paper describes
the use of sludge as fertilizer applied in different amounts, and presents an ana-
lysis of the possibilities of using it in light of the current legal regulations.

2. MATERIALS AND METHODOLOGY

The use of sludge as fertilizer was researched in the pot experiment carried out
in 2002 in a completely random way in three batches. Two kinds of soil were
used:

- light soil consisting of granular light clay sand with pH in H,O 6.5 and 6.0
in 1 mol-dm™ KCL; electrolytic conductivity was 0.12 mS-cm’'; quantity of
available P and K was 0.06 g'kg'; quantity of organic C 15.5 g-kg™

— medium soil consisting of granular light clay with pH 6.4 in H,O and 5.9 in
1 mol-dm™ KCL; electrolytic conductivity was 0.14 mS-cm’'; quantity of
available P was 0.07 g’kg' and absorbable K 0.08 g-kg™'; quantity of organic
C 144 gkg'.

Sludge conditioned with iron salts, polyelectrolyte and CaCOQO; from the
mechanical-biological sewage treatment plant from the town of Zielona Gora
was used in the research. The sludge had the following qualities: pH — 8.1, elec-
trolytic conductivity — 3 mS-cm';moisture content 63%. Organic matter was
detected in the dry mass of the sludge in the quantity of 656 g’kg”, and total
forms in the quantities of 4646 gN'kg”, 9 gP-kg”, 7 gK-kg', 113 gCakg”, 3
gMgkg', 3 gFekg', 188 mgMnkg', 421 mgZnkg', 124 mgCukg', 24
mgNikg"', 93 mgPb-kg' 9 mg Cdkg”, i 36 mgCrkg™.

In the experiment two test plants were grown: asparagus and turnip. The
pattern of the experiment was the same for both plants, it comprised two fertili-
zer variants:

1. O without (fertilizers)

2. K 0.66 g/poti.e. 100 kg K20-ha

3. Sludge 6.66 g s.m.+0.066gK/pot i.e. 10t of sludge+100 kg K20-ha-1
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4. Sludge 33.30 g s.m.+0.066gK/pot i.e. 50t of sludge+100 kg K20-ha-1
5. Sludge 66.60 g s.m.+0.066gK/pot i.e. 100t of sludge+100 kg K20-ha-1
6. Sludge 133.30 g 5s.m.+0.066gK/-pot i.e. 200t of sludge+100 kg K20 ha-1

The pots were placed in the open, receiving an identical amount of
sunlight. They were watered with water up to 60% of maximum water-holding
capacity. The experiment lasted from 15.06 to 15.08. After that time the plants
were taken away. The crops of fresh dry mass were specified. Samples of the
plants and soil after the crops were gathered were analysed chemically.

Total forms of N, P and K were specified in the plants as well as Cu, Zn,
Pb and Ni. The following were specified in the soil: pH in H;O and 1 mol-dm’
KCL, electrolytic conductivity, organic C by the Tiurin method, absorbable
forms of P and K by the Enger Riehm method and total forms of N, P, K, Ca,
Cu, Zn, Pb, and Ni.

An analysis of the possibilities of the use of sludge in agriculture was car-
ried out on the basis of legal regulations [Directive 1986, Law 2001 and Regula-
tion 2002].

3. RESULTS AND DISCUSSION

Sludge can be included among controversial wastes. On the one hand it contains
a number of valuable ingredients for fertilizing soil, on the other it can contain
considerable quantities of harmful components. It can also be poiluted in terms
of sanitary properties. Harmful substances found in sludge and sanitary pollu-
tion make it necessary to use sludge in agriculture carefully. In spite of the disa-
dvantages presented, it seems that the use of sludge in agriculture should be the
most advisable way of utilizing it. '

The sludge used had a favourable influence on the crops from the plants
grown in the experiment (table 1). The reaction of the plants to the fertilizer
variants used were proved statistically. It turned out that the larger sludge doses
were used the faster the plants grew, and the largest crops were gathered when
the largest amount of sludge was used.

Changes in the quantities of the components under analysis in the plants
and soil after the crops had been gathered have been presented in the paper
[Drab et al. 2004]. It results from the paper that:

— the more sludge was used the larger quantities of general forms of nitrogen,
phosphorus and micro-components were found in the plants. Changes in the
quantities of calcium and potassium were small. That reaction could have
resulted from large quantities ' of nitrogen, phosphorus and micro-
components in the sludge. Kalembasa and Kuziemska [1993], Krzywy et al.
2000 and 2003] have shown a similar relation in their works,
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— sludge doses caused considerable changes in the chemical properties of the
soil tested after the crops had been harvested. The changes included: an in-
crease in the quantity of organic C, general forms of nitrogen and phospho-
rus and absorbable forms of phosphorus and potassium,

— an increase in the quantities of micro-components caused by increasing
sludge doses was found in the soil analysed.

The use of sludge in agriculture should include the nutritive needs of
plants and it can not spoil the quality of soil or ground or underground water
[Directive 1986 and Law 2001].

The condition that have to be met while using sludge in agriculture are
formulated quite clearly, Regulation [2002]. These conditions refer to chemical
and sanitary conditions.

As regards chemical properties:

— sludge can be used in agriculture if its reaction is not lower than 5.6 and the
quantity of heavy metals in it does not exceed the quantities presented in ta-
ble 2,

— particularly important is the quantity of heave metals which can be appli-
cated into soil with sludge in one year, on average in 10 years (tab. 3),

— sludge can be used on land whose surface layers contain particular quanti-
ties of heavy metals (tab. 4 and 5),

— the amounts of sludge that can be used on land are presented in table 6.

The sanitary conditions which have to be met by sludge used on land the
abovementioned Regulation specifies as follows:

— town sludge used in agriculture and for land reclamation for agricultural
purposes should not have Salmonella bacteria in 100g,

—~ an overall number of live eggs of intestinal vermin : Ascaris, Trichuris,
Toxocara in 1 kg s.m. of sludge used in agriculture is 0, and in sludge used
for land reclamation not more than 300.

Sludge from the sewage treatment plant of the town of Zielona Goéra taken
for research in June 2002 was by all means useful for agricultural purposes in
terms of chemical qualities. Its reaction was 8.1, which was much more than the
reaction suggested by current regulations [Directive 1986 and Regulation
2002]. The quantities of all heavy metals detected in the sludge was much lower
than the quantities regarded as acceptable [Dlrectlve 1986 and Regulation
2002].

A microbiological analysis proved the usefulness of that batch of sludge
for agricultural purposes after composting. The results of the paper by Bich Loc
Thi Ngujen [2002] did not show the presence of Salmonella bacteria but they
revealed the presents of live vermin eggs. Composting eliminated the presence

of vermin eggs.
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The doses of sludge used in the experiment were much varied and
amounted to 10 to 200 t s.m after recalculation on 1 ha. While specifying.ths:
amount of doses attention was given to the possibility of testing doses of fertili-
zers for fertilizing soil as well as land reclamation. It is necessary to emphasize
that even the largest doses of sludge did not cause a decrease in the crops of
plants, on the contrary they increased the crops.

Using sludge in large quantities may result in introducing into soil with
them large quantities of heavy metals.

Table 7 presents the quantities introduced into soil with the doses of
sludge used in the experiment. The above data shows that it was only in the case
of cadmium that those quantities exceeded the values presented in table 3. In the
case of the other metals the amount of components introduced into soil, even
with the dose of 50t/ha did not exceed the quantities regarded as acceptable, on
condition that the dose is used once in five years.

4, CONCLUSIONS

The sludge used in the experiment had a favourable effect as fertilizer. The
crops of plants increased as the doses of sludge increased. Fertilization with
sludge increased the quantity of organic matter in the soil and a majority of
marked mineral nutrients.. The chemical qualities of the sludge tested proved its
usability in agriculture. While using sludge attention should be given to the
amount of heavy metals introduced into soil with it.

The microbiological analysis showed the presence of live eggs of intesti-
nal vermin in raw sludge. The danger posed by them can be eliminated by com-

posting sludge.
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Table 1. Crops of green mass of turnip and beans in grams/pot

- . Turnip -Asparagus

Fertilizer variants Light soil | Heavy soil |Lightsoil | Heavy Soil
O (without fertilizers) 16,9 104 62,1 53,0
K 0,066 g-pot” 22,2 11,8 75,0 51,9
Sludge 6,66 g+ 0,066 gK-pot™ 18,6 11,3 62,6 61,8
Sludge 33,30 g + 0,066 gK-pot™! 19,4 15,1 834. 54,2
Sludge 66,60 g + 0,066 gK-pot™! 24,5 19,6 89,2 66,7
Sludge 133,30 g + 0,066 gK-pot™ 26,4 20,1 110,2 73,6
NIR, LSD

- for fertilizer variants; 3,7 g from a pot 5,6 g from a pot

- for soil 2,8 g from a pot 6,2 g from a pot

Table 2. The acceptable quantity of heavy metals in sludge used for non-industrial pur-

poses [Regulation 2002].

Quantity of heavy metals [mg-kg™' sludge dry mass] not Jarger than
when:
Used in used for land | preparing land for particular needs ,
agriculture | reclamation | which result from plans for waste

Metals and land for non- management, site planning and land
reclamation | agricultural | development, growing plants intended
for agricul- | purposes for compost production, growing plants
tural pur- not intended for consumption or feed
poses production

1. Lead (Pb) 500 1000 1500

2. Cadmium (Cd) 10 25 50

3. Chromium (Cr) 500 1000 2500

4. Copper (Cu) 800 1200 2000

5. Nickel (Ni) 100 200 500

6. Mercury (Hg) 3 10 25

7. Zinc (Zn) 2500 3500 5000

Table 3. The acceptable quantities of heavy metals which can be emitted into soil yearly
over the period of 10 years [Regulation 2002]. '

Heavy metals Quantities of heavy metals [g-ha - year 1
[. Lead (Pb) 1000
2.  Cadmium (Cd) 20
3. Chromium (Cr) 1000
4. Copper (Cu) 1600
5. Nickel (Ni) 200
6. Mercury (Hg) 10
7. Zinc (Zn) 5000
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Table 4. The quantity of heavy metals in the soilsurface layer (0-25¢m) while using town
sludge in agriculture and reclamation for agricultural purposes [Regulation 2002].

Quantity of heavy metals in mg-kg-1of ground dry mass not larger
No. | Metals than in the case of soil:
Light Medium Heavy
1 Lead (Pb) 40 60 30
2 Cadmium (Cd) 1 2 3
3 Mercury (Hg) 0,8 1,2 1,5
4 Nickel (Ni) 20 35 50
5 Zinc (Zn) 80 120 180
6 Copper (Cu) 25 50 75
7 Chromium (Cr) 50 75 100

Table 5. The quantity of heavy metals in the land surface layer (0-25cm) while using
town sludge in agriculture and reclamation for non-agricultural purposes, growing plants
intended for compost production, growing plants not intended for consumption of feed
production and preparing land for particular purposes, which result from plans for waste
management, site planning or a decision about the building conditions and land devel-
opment [Regulation 2002].

Quantity of heavy metals in mg-kg™ of ground dry mass not larger
No. | Metals than in the case of soil:
Light Medium Heavy
1 Lead (Pb) 50 75 100
2 Cadmium (Cd) 3 4 3
3 Mercury (Hg) 1 1,5 2
4 Nickel (Ni) 30 45 60
5 Zinc (Zn) 150 220 300
6 Copper (Cu) 50 75 100
7 Chromium (Cr) 100 150 200
Table 6. Quantities of town sludge [Regulation 2002].
No. The purpose of using town | Dose of town sludge Notes

planning or

building land development

decisions about

sludge in Mg s.m. ‘ha -1
. to 10 dose over the . .
. twic
1 Agriculture period of 5 years To be applied once or twice
of land for 200 dependingon 1} .y, p . applied once with one
. the required organic | . SRR o
agricultural : . .. | introduction into soil or with a
substance in the soil . .
2 Recla- purposes (to 3%) number of introductions
ti . :
fation of land for non- | To be applied once with one
agricuitural To 200 introduction into soil or with a
purposes number of introductions
Adaptation to particular
needs resulting from plans To be applied once with one
3 for waste management, site | To 200 introduction into soil or with a

number of introductions
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No. The purpose of using town pose of town sludge Notes
sludge in Mg s.m. ‘ha -1
To 250 dose for the
4 Growing plants for compost | first 3 years To be applied a number of
production To 10 dose for the times
following years
Growing plaats not in- To 250 dose for the
. first 3 years To be applied a number of
5 tended for consumption or .
feed production To 10 dose for the times
p .
following years
Table 7. The amount of heavy metals introduced into soil with sludge
Components Acceptable | Amounts of metals introduced with sludge [ g-ha ']
amounts Sludge dose[t-ha ']
[grha ™ 10 50 100 200
year 1]
1. Lead (Pb) 1000 930 4650 9300 18600
2. Cadmium(Cd) 20 90 450 900 1800
3. Chrome (Cr) 1000 360 1800 3600 7200
4. Copper (Cu) 1600 1240 6200 12400 24800
5. Nickel (Ni) 200 240 1200 2400 4800
6. Zinc (Zn) 5000 4200 21000 42000 84000

OCENA PRZYDATNOSCI OSADOW SCIEKOWYCH Z MECHANICZNO-
BIOLOGICZNEJ OCZYSZCZALNI MIASTA ZIELONA GORA DO ROLNICZEGO

Praca zawiera oceng mozliwosci rolniczego zagospodarowania osadéw $ciekowych mia-
sta Zielona Géra. Badane osady wykazaly pozytywne dziatanie nawozowe. Pod wpty-
wem wzrastajacych dawek osadéw stwierdzono wzrost plonéw uprawianych roslin. Na-
stapil tez wzrost zawartosci substancji organicznej oraz wigkszosci oznaczanych skladni-
kéw w glebach.Oceng przydatnosci osadéw do rolniczego zagospodarowania dokonano
w oparciu o obowigzujace przepisy prawne. Wiasciwosci chemiczne badanego osadu
wskazuja, na jego przydatno$é¢ do wybranego kierunku zagospodarowania. Wlasciwosci

WYKORZYSTANIA

Streszczenie

sanitarne wymuszajg poddanie osadéw procesowi przer6bki np. kompostowaniu.




