Environmental Toxicology II 93

Study of phytotoxic properties of sewage sludge
stabilised by alkaline mediums

P. Samaras, C. A. Papadimitriou, E. Papastergiadis, A. Pappa
& K. Gudulas

Department of Pollution Control Technologies,

Technological Educational Institute of Western Macedonia,

50100 Kozani, Greece

Abstract

The aim of this work was the examination of the stabilization potential of sewage
sludge by fly ash and lime and the investigation of the phytotoxic properties of
the produced mixtures. About 0,5 m’ sewage sludge were mixed with the
alkaline substances in various ratios and the products were stabilized for 3
months. Samples from each mixture were analyzed for the determination of their
physicochemical content such as pH, moisture, and nutrients. Stabilization of
sewage sludge was achieved depending upon the concentration and the type of
alkaline medium, due to the pH increase of the mixture; however, the alkaline
addition resulted in the reduction of the nutrients content. Phytotoxicity effects
were determined by the measurement of the corresponding inhibition effects of
the produced mixtures on the seed germination and root length growth of three
higher plants (one monocotyl and two dicotyls). Samples obtained from the early
stages of stabilization process exhibited high inhibition on seed germination and
root length growth; however, these effects were reduced for samples prepared at
extended stabilization times.
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1 Introduction

The improvement of sewage sludge management is an important issue during the
preparation of an integrated wastewater management plan. Sewage sludge has
been already utilized in agricultural and horticultural applications for several
years as it represents an alternative source of nutrients for plant growth, and an
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efficient soil conditioner enhancing certain physical properties of soil [1].
However, sewage sludge may contain pathogenic organisms, a range of toxic
metals and high amounts of soluble salts, which may affect the soil properties.
Recently, increased attention was paid to the sludge stabilization process, aiming
to minimize the mobility of heavy metals by using various additives, in
accordance to more stringent regulations set in USA and European Union
countries [2—-5]. Lime is considered as one of the most common amendment
material for sewage sludge stabilization, enhancing the agricultural benefits of
sludge reuse and lowering the respective environmental risks [6]. This process
has been proposed for the advanced treatment of sewage sludge in the relevant
EU working document on sludge usage [2]. The high pH values of the lime-
sludge mixture, maintained for extended periods, may result in the destruction of
microbial communities and in the reduction of metal bioavailability [7].
However, the application of lime for the stabilization of sewage sludge depends
upon a number of parameters, such as the availability of lime, the associated
costs, the required period for stabilization etc.; thus, alternative materials, other
than lime, should be considered for sludge stabilization.

Fly ash, i.e. the by-product from coal thermal power plants, may contain
increased amounts of calcium and magnesium oxides depending upon the raw
material, presenting, thus, highly alkaline values similar to lime. As a result, fly
ash can be used as an alternative material for sludge stabilization with additional
benefits, such as the reduced purchasing cost, and the minimization of fly ash
disposal cost. In addition, this practice may be proved as an attractive
management option for the combined reuse of two solid wastes, produced in vast
amounts worldwide.

However, the application of alkaline stabilized sludge may cause severe
problems ranging from crop nutrient deficiencies up to phytotoxicity. Nutrient
imbalances may be attributed to the limited availability of various microelements
to the plant, although their total concentration in the raw materials is often high;
plant phytotoxicity may result from increased pH values [8]. As a result, land
application of alkaline stabilized sludge requires the examination of their
phytotoxic impacts, in addition to their stabilization potential.

The objectives of this work were the investigation of fly ash potential for the
stabilization of sewage sludge, the study of the effect of different component
ratios and ageing time on the process efficiency, and the examination of the
produced mixtures environmental impacts by the evaluation of their phytotoxic
properties.

2 Materials and methods

About 0,5 m’® of sludge piles were prepared by mixing fly ash and/or lime with
sewage sludge in various ratios according to the conditions given in Table 1.
Sewage sludge was obtained from the municipal wastewater treatment plant of
Kozani in Northern Greece; fly ash was received from a lignite thermal power
plant, while lime was offered by a Greek production company. Raw materials
were mechanically mixed and were maintained for a period of 3 months for
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stabilization. Samples were withdrawn from each mixture at certain time periods
and were analyzed for the determination of physicochemical (pH, humidity, total
nitrogen, phosphorus and potassium content), and microbiological (7otal
coliforms, E. Coli and Feacal coliforms) properties according to Standard
Methods [9].

Table 1: Composition of sewage sludge/alkaline mixtures.
Sample Composition
Number

Sewage sludge, control sample
Sewage sludge with 10% lime (on a dry weight basis)
Sewage sludge with 2% fly ash and 8% lime
Sewage sludge with 10% fly ash
Sewage sludge with 5% fly ash
Sewage sludge with 15% fly ash

DN AW = O

Phytotoxicity experiments were conducted by using three plant organisms, i.e.
Alba sinapis, Shorgum saccharatum and Lepidium sativum (Phytotoxkit®
supplied by Microbiotests). Ten seeds from each species were placed in flat
shallow transparent test plates, composed of two compartments, the lower one
able to maintain a reference OECD soil saturated to the water holding capacity.
Test plates with the seeds were incubated for 3 days at 25° C. The inhibition to
seed germination and to the root growth was calculated by the following
equation:

_ A-B

1 x 100

where:

I =TInhibition (%)

A = mean seed germination or root length for the control soil
B = mean seed germination or root length for the sample.

3 Results and discussion

Mixing of sewage sludge by the alkaline mediums resulted in the production of
samples with increased pH values. The correlation of mixtures pH with the
stabilization time is shown in Figure 1. The highest pH values were observed in
mixtures of sludge with lime, reaching up to 12, while lower pH values, around
9, were observed in mixtures with fly ash; pH values decreased by the
stabilization time to about 8, due to reactions taken place by the atmospheric
carbon dioxide. However, the pH of the single sewage sludge was lower than 7,
which decreased by the stabilization time, due to organics acid production as a
result of anaerobic decomposition. High pH values resulted to the reduction of
microbial content of sludge mixtures. The content of Total Coliforms, Feacal
Coliforms and E. Coli were reduced to negligible values, depending upon the
alkaline medium and the stabilization time. The highest stabilization potential
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was achieved in samples produced by lime, or by the addition of high fly ash
input, at prolonged stabilization times.
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Figure 1: The correlation of sludge mixtures pH, as a function of

stabilization time.

An important issue in the land application of sludge mixtures is the
concentration of nutrients and especially the content of potassium, total nitrogen
and phosphorous. The concentration of these elements in the sludge mixtures is
shown in Figure 2 as a function of stabilization time.

The highest contents of nutrients were measured in the single sludge sample;
lower values were observed in the alkaline samples due to dilution. As shown,
the three elements concentration followed the order: total
nitrogen>phosphorous>potassium. However, during the ageing process,
phosphorus was significantly depleted; after the 80™ day comparable
concentrations of phosphorous and potassium were observed especially in the
mixtures where fly ash was added, changing the balance of nutrients. The effects
of the mixtures on the seed germination of Alba sinapis, Shorgum saccharatum
and Lepidium sativum are shown in Figure 3 as a function of time. Although the
same average seed germination inhibition values were calculated variations
between the species, are attributed to their variable sensitivity. During the initial
stages of stabilization, all mixtures exhibited strong inhibition to seed
germination and root length growth of the test species, suggesting that the
mixture properties were unsuitable for planting, possibly due to high pH values.
However, germination of the test plants was observed after the 40™ day of
planting. The single sewage sludge sample showed decreased effects on seed
germination, even at extended times of stabilization. The samples with high fly
ash content, produced at low stabilization times, showed increased inhibition
effects that decreased by the reaction time; however, even after 90 days,
stabilized samples presented seed germination inhibition exceeding 50%. Lower
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Figure 2: The content of potassium (A), total nitrogen (B) and phosphorous
(C) for the sludge mixtures as a function of time.
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Figure 3: Effects of various mixtures to seed germination of Alba sinapis,
Shorgum saccharatum and Lepidium sativum at 40(A) and 90(B)
days of ageing process.

inhibition effects were observed for the samples with lower content of fly ash.
Similar to seed germination effects, the plantation on the sludge mixtures was
strongly inhibited; root length growth ranged from 50 to 80% for the sewage
sludge sample and from 70-100% for the samples with 15% fly ash. The
samples with high sludge and low fly ash content presented a decline of the
inhibition rate on root elongation by the stabilization time; low inhibition effects
were observed at stabilization times exceeding two months.
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The corresponding effects on seed germination and root length growth may
be attributed to the release of metals elements from the mixture components to
the soil environment and their consequent uptake by the plants [10]. It has been
found that especially copper may have a strong toxic effect to the plants, mainly
on the growth of the roots [11]. The increased inhibition on root length growth
may be attributed to the imbalanced nutrients of the mixtures. It has been
reported that for the grain shorghum a proper balance for N/P/K should be
9.0/1/4.4 [8]. The ratio between P/K in the samples produced during this work
was around 1/1, indicating potassium deficiency, while total nitrogen was
exceptionally high. In addition to dilution, nutrients availability is affected by the
presence of various metals in fly ash mixtures: calcium and magnesium may
contribute to phosphorous chemical precipitation, reducing its plant availability
[12,13].

In conclusion, the mixing of sewage sludge by fly ash or lime resulted in the
stabilization of produced materials, due to the establishment of high pH values.
However, the mixing with alkaline agents reduced the content of nutrients and
affected their availability to plants. Stabilized sludge mixtures presented a strong
inhibition effect to root elongation and seed germination of test plants, due to
high pH values and nutrients deficiency. However, phytotoxicity of produced
samples was reduced by the stabilization time, implicating that the proposed
method could be used as an alternative practice for the effective land application
of sewage sludge, by the implementation of appropriate stabilization conditions.
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