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Abstract: The use of sewage sludge in agriculture decreases the pressure on landfills. In Romania,
massive investments have been made in wastewater treatment stations, which have resulted in
the accumulation of important quantities of sewage sludge. The presence of these sewage sludges
coincides with large areas of degraded agricultural land. The aim of the present article is to identify
the best technological combinations meant to solve these problems simultaneously. Adapting the
quality and parameters of the sludge to the specificity of the land solves the possible compatibility
problems, thus reducing the impact on the environment. The physico-chemical characteristics of
the fermented sludge were monitored and optimal solutions for their treatment were suggested so
as to allow that the sludge could be used in agriculture according to the characteristics of the soils.
The content of heavy metals in the sewage sludge was closely monitored because the use of sewage
sludge as a fertilizer does not allow for any increases in the concentrations of these in soils. The
article identifies those agricultural areas which are suitable for the use of sludge, as well as ways of
correcting some parameters (e.g., pH), which allow the improvement of soil quality and obtained
higher agricultural production.

Keywords: sewage sludge; physico-chemical parameters; mapping; soil amendment; heavy metals

1. Introduction

In order to meet the requirements of the European Union, significant investments have
been made in Romania in recent years so as to extend, modernize, and build municipal
waste water treatment plants [1].

The problems originating in the waste waters are solved in compliance with the corre-
sponding EU legislation in force. The main legislative regulation is the Water Framework
Directive [2], which establishes the policy framework for water management in the Euro-
pean Union, based on the principles of sustainable development and integrates all water
related problems.

The main objective of the Water Framework Directive (WFD) is to achieve good
ecological status for all bodies of water, both surface and underground, except for the
heavily modified and artificial bodies of water for which the ”good environmental potential”
is defined.

According to the requirements of Directive 91/271/EEC [3] regarding the treatment of
urban waste water which may contain domestic wastewater or mixtures of domestic, indus-
trial and meteoric waters, this type of water is collected by using sewage systems, directed
to the wastewater treatment plant (where they are properly treated) and then it is discharged
into the surface water, taking into account the maximum acceptable concentrations.

Water 2021, 13, 585. https://doi.org/10.3390/w13050585 https://www.mdpi.com/journal/water

https://www.mdpi.com/journal/water
https://www.mdpi.com
https://orcid.org/0000-0001-8350-9424
https://orcid.org/0000-0002-2444-2298
https://orcid.org/0000-0002-5467-9114
https://doi.org/10.3390/w13050585
https://doi.org/10.3390/w13050585
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/w13050585
https://www.mdpi.com/journal/water
https://www.mdpi.com/2073-4441/13/5/585?type=check_update&version=2


Water 2021, 13, 585 2 of 15

As a result of the purging process, large amounts of sewage sludge result. The sludge
from municipal waste water treatment plants is generated in different stages of the wastew-
ater treatment. They contain both compounds with agrochemical value (organic matter,
nitrogen, phosphorus, potassium, and small amounts of calcium, sulfur, magnesium) and
pollutants, such as heavy metals, toxic organic substances and pathogens. The characteris-
tics of the sludge depend on the degree of pollution, on the nature of the pollutants in the
treated wastewater and on the sludge treatment methods [4–8].

In order to treat and use the sludge obtained in a wastewater installation, it is very
important that its parameters should be known. Several important parameters are usually
monitored: pH, alkalinity, and organic acid content. Moreover, the content of heavy
metals, pesticides and hydrocarbons must be determined when the sludge is to be used in
agriculture, to be incinerated or to be stored [9–16].

Since there are large quantities of sludge from sewage treatment plants, the issue of
choosing an optimal disposal method is of utmost importance. The disposal methods must
be chosen taking into account several aspects: the environmental impact (including human
health), economic costs, public perception problems (especially the smell of these sludges,
etc.) [12,17–20]. One of the valid solutions is the use of sludges in agriculture which implies
a series of advantages among which natural nutrient intake, soil texture improvement and
even water intake, if sludge distribution is performed before its drying. A particularly
delicate aspect is that sludges contain, in addition to various beneficial substances, heavy
metals, microorganisms, viruses or other pathogens which represent a potential hazard
to human and animal health and to the quality of ecosystems, in case they are used as a
fertilizer [21–30].

Elimination/reduction of sewage sludge can also be achieved by incineration in cement
factories, thermal plants, blast furnaces, or by storage in waste household [1,5,8,12,18,31].
The management of sewage sludge is achieved by complying with the National Waste
Management Strategy 2014–2020 (HG 870/2013) and the National Waste Management Plan
(H.G. no. 1470/09.09.2004) [32,33]. These are the main documents taken into consideration
for implementing the European Union policies on Waste Management in Romania.

The method of administration on agricultural lands in agriculture is much more
advantageous from an economic point of view than the other methods. In addition to
the economic advantages, higher agricultural products are obtained due to the intake of
nutrients from the sewage sludge. When using sewage sludge, the fact must be taken into
account that only certain types of plants can be grown on the respective lands. The most
widely spread crops are preferably wheat, corn, and sunflower. Additionally, a multitude
of other conditions must be taken into consideration such as: slope, type of crop, harvest
period, etc. [34–37].

One of the problems which may appear after the administration of the sludge on
agricultural lands, is the modification of their physico-chemical parameters. These changes
in parameters are a natural consequence of the chemical and biochemical reactions which
occur by the nature of the constituents of sludge and soil. In addition to the beneficial
effects of organic substances contained in sewage sludge, which bring a substantial intake
of nitrogen and organic phosphorus, sewage sludge may change, over time, the pH of soils
due to the biochemical reactions occurring as a result of its interactions with soil bacteria,
which lead to the formation of organic acids. It also increases the content of heavy metals.
For this reason, the physico-chemical parameters of the sludge need to be monitored very
carefully [10,11,14,18,21,25,31,34].

The use of sewage sludge in agriculture decreases the pressure on landfills. In Roma-
nia, massive investments have been made in wastewater treatment stations in recent years,
which have resulted in the accumulation of very important quantities of sewage sludge.
In the southeast (SE) Region of Romania, the presence of these sewage sludges coincides
with large areas of degraded agricultural land. The aim of the present article is to identify
the best technological combinations meant to solve these problems simultaneously, thus
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reducing the pressure on the environment by means of long-term, sustainable solutions
that may be reliable from an economic point of view, as well.

The sewage sludge to be applied on agricultural lands in Galati County were analyzed
in the present paper. The content of heavy metals in the sewage sludge was closely
monitored bearing in mind the fact that the legislation in the field is very strict and the
use of sewage sludge as a fertilizer does not allow for any increases in the concentrations
of heavy metals in soils. The sewage sludge was treated with calcium amendments
after undergoing the anaerobic digestion process, thus avoiding the pH decrease in the
agricultural soils on which they were applied. An assessment was also made regarding the
content of heavy metals in the soils intended for agriculture.

2. Materials and Methods
2.1. Characterization of Sewage Sludge

The characterization of sewage sludge and agricultural soils in terms of their physical-
chemical properties was made by using various methods. The sewage sludge applied on
the lands was collected from the Wastewater Treatment Station (WWTS) in Galati, Romania
and the study was conducted during the years 2017–2018. Sewage sludge is applied on
agricultural land twice a year, leaving an interval of at least six months between the two
applications. The sludge deposited on agricultural land is strictly monitored in terms of
heavy metal content: chromium, copper, nickel, lead, zinc, cadmium, and mercury [2,38].
Determinations of nutrient and heavy metal content were made between February–March
2017; September–October 2017; February–March 2018; August–September 2018. Sludge
and soil samples were taken observing the regulations in force [39–55]. The sludge samples
were taken before entering the digester (sets 1–4, undigested sludge) and after the anaerobic
digestion (sets 5–8, digested sludge). WWTS Galati produces 3200 tons of sludge/year, and
these can be applied on the studied agricultural lands.

The physico-chemical parameters relevant for the qualities required when applying
sewage sludge as a fertilizer on agricultural land were determined (Table 1).

Table 1. Methods of sewage sludge and agricultural soils analysis [38–45].

Parameter Method/Standard

pH SR EN 12176

N-total SR ISO 11261:2000

NH4
+ SR ISO 14255:2000

P-total SR ISO 11261:2000

Cr-total SR EN 16192:2012

Cu2+ SR 13179/93

Ni2+ SR EN 16192:2012

The physico-chemical parameters determined for sewage sludge and soils were:
pH (upH), Ntot (mg·L−1), NH4+- N (mg·L−1), P_total (mg·L−1) and content of heavy
metals: Crtot (mg·kg−1s.u.), Cu2+ (mg·kg−1s.u.), Ni2+ (mg·kg−1s.u.) [39–55]. The chemical
composition of the sludge samples was determined by using eEnergy-dispersive X-ray
spectroscopy (EDX) methods, as well as atomic absorbtion spectroscopy (AAS) from Cu,
electrometric, and spectrophotometric methods. All the samples were processed according
to the regulations in force [38].

The sewage sludge was treated with a mixture of calcite and dolomite so as to raise its
pH and to avoid a decrease of the pH of the amended agricultural soils.

2.2. Characteristics of the Analyzed Soils

In order to establish the quality of the agricultural lands, pedological and agrochemical
tests were performed. The agrochemical samples consisted of average soil samples which
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were collected from depths of 20–25 cm, and the collection area for each average sample
was 5 ha. The following parameters were determined in the soil samples: pH reaction
analysis (by potentiometric method), soil texture (particle size methods), bulk density,
humus content, nitrogen index, C:N ratio, total nitrogen, mobile phosphorus content,
mobile potassium, exchange bases (determination of cation exchange properties), and the
degree of saturation in bases (Table 2).

Table 2. Methods of analysis of characteristics of agricultural soils [46–56].

Parameter Method/Standard

Texture

STAS 7184/10-79

Dense sand (2.0–0.02 mm)

Fine sand (0.2–0.02 mm)

Dust (0.002–0.02 mm)

Argil (<0.002 mm)

Apparent density (g·cm−3) ISO 11272:1998

pH SR 7184-13:2001

Humus STAS 7184-21-82

Nitrogen index (IN) Kjeldhal method

C:N Scheibler method

Ntotal STAS 7184/2-85

Pmobil (ppm) STAS 7184/19-82

Kmobil (ppm) Egner–Riehm–Domingo method

Exchange bases (EB) SR ISO 13536:2001

Hydrolytic acidity (HA) SR EN ISO 11260:2018

Degree of saturation in bases (Vah) SR EN 16502:2015

The quantities of sludge were distributed on the surfaces of the agricultural lands by
the local sewage sludge producer (WWTP–Galati) using specific agricultural mechanical
spreading equipments. The distribution was made twice a year, once every six months, in
specific periods when there were no crops on the respective lands.

2.3. Statistical Analyses

Statistical studies were performed by applying the principal component analysis
(PCA). PCA is the most used statistical procedure which allows reducing the original
multidimensional space in a lower-dimensional space without losing data signification.
By summarizing the information content, the lower-dimensional space of data can be
easily visualized and analyzed. This type of statistical procedure, namely PCA, was first
defined and mentioned by Hotelling in 1933 [57] and it may be applied in different areas
by researchers. Doyi [58] used the PCA analysis to assess the correlation between spatial
distribution, accumulation, and human health risk assessment of heavy metals in soil
and groundwater of the Tano Basin, Ghana. The PCA analysis output pointed to the
anthropogenic origin of Pb and Cd in the Tano Basin and in the surrounding communities.

First of all, the data of the parametric statistical set was normalized and then it was
checked if the normally distributed data corresponded to a population with a normal dis-
tribution. In this case, the normal distribution was verified by applying the Shapiro–Wilk’s
test with a significance level = 0.05. The non-normal data were transformed logarithmically
to achieve a normal distribution. Additionally, Pearson’s statistics were applied to the data.
The Pearson’s correlation allows to analyze the relationships, or to measure the association
between the two variables of interest. In the present research, this type of statistical analysis
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provided information about the correlation between physico-chemical parameters, and the
direction of the relationship.

The advantage of the PCA method is given by the possibility to explain the variance in
the data while reducing the number of variables to several groups of individuals [59]. The
processes of PCA analysis were applied in this paper in order to identify various groups of
correlated physico-chemical soil parameters and those which can be considered as having
a similar common origin or behaviour [60].

3. Results

The use of sewage sludge in agriculture must be necessarily associated with a per-
manent monitoring of the physical, chemical and biological characteristics of the sludge,
as well as with a permanent monitoring of its impact on the quality of the amended
agricultural land.

The levels of heavy metals of sewage sludge were determined by using the AAS, XRF,
and spectrophotometric methods. It has been found that the level of heavy metals in all the
analyzed samples is lower than the maximum values specified by the legislation in force
(Directive 86/278/EEC).

The elemental sludge composition was determined by using the EDX method (Figure 1).
It has been found that it contains significant quantities of organic substances, the carbon
content being high. It has also been found that there is a significant amount of oxides,
the oxygen content being relatively high. The content of metals is relatively low and
nutrient-specific elements (N, P, K) are also present.

Figure 1. Elemental composition of the sludge: Wt%, mass percentage fraction; At%, atomic percent-
age fraction determined by using the EDX method.

In Figure 2 the fact may be observed that there are important quantities of nutrients in
the analyzed sludges, which recommends them as fertilizers for agricultural soils.
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Figure 2. Nutrient content in the sewage sludge (quarterly average values).

Monitoring the composition of sewage sludges is important because, their content
conditions their use. Taking into account the characteristics identified, sludges may be
used in agriculture without the risk of heavy metals soil pollution (Figure 3). The sewage
sludge from the WWTP in Galati has a low content of heavy metals, the determined values
being much lower than the values specified by the regulations in force [38].

Figure 3. Heavy metals content in the sewage sludge (quarterly average values).

Moreover, analyzing the nutrient content, it has been found that sludges may be used
as a substitute for chemical synthesis fertilizers, being much cheaper and less harmful to
the environment.

Special attention was paid to analyzing the sludge pH values as these values may
change when sludge is applied on agricultural land. Soil pH affects plant life and growth,
as well as availability of soil nutrients for plants. The acidity or basicity of soils is extremely
important because it affects the decomposition of minerals from the soil or from the sewage
sludge with which the soil was amended in essential elements to be later used by plants.
For this reason, it is recommended that the pH values of the sludge used should be higher
than 6.5 pH units, the mobility of the heavy metals reaching the plants which grow on
these soils being greatly increased when the pH is acid. The pH of the analyzed sludges
varied between 7.76–8.85 upH.

The studies carried out at the WWTP in Galati initaially covered 40 ha of agricultural
lands on which the obtained sewage sludge was applied. Two main types of soils, whose
average characteristics are presented in the Table 3, were identified:
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Table 3. Characteristics of the analyzed soils.

No. Characteristic Soil Type 1 Soil Type 2

1 Texture U (sand clay) S (sandy clay)

2 Dense sand (2.0–0.02 mm) 56.04% 11.61%

3 Fine sand (0.2–0.02 mm) 34.48% 63.80%

4 Dust (0.002–0.02 mm) 3.23% 10.14%

5 Argil (<0.002 mm) 6.25% 14.45%

Apparent density (g·cm−3) 1.43 1.46

6 pH 6.05 6.38

7 Humus 0.57 0.15

8 Nitrogen index (IN) 0.78% 0.14%

9 C:N 13.2 11.8

10 Ntotal 0.040% 0.008%

11 Pmobil (ppm) 43.2 40

12 Kmobil (ppm) 134 104

13 Exchange bases (EB) 7.84 13.98

14 Hydrolytic acidity (HA) 1.76 1.44

15 Degree of saturation in
bases (Vah) 81.67 90.66

Sewage sludge was applied twice a year on these lands, being applied each time
approximately 1.5 t of sludge/Ha and between 1.55–1.85 t of calcareous amendments/ha.
An improvement in the characteristics of these soils was observed (Table 4).

Table 4. Soil characteristics after the application of the sewage sludge and of calcareous amendments.

No. Characteristic Soil Type 1 Soil Type 2

1 pH 6.67 6.83

2 Humus 1.32 0.82

3 Nitrogen index (IN) 0.89% 0.43%

4 C:N 13.1 13.1

5 Ntotal 0.062% 0.029%

6 Pmobil (ppm) 57.2 51.3

7 Kmobil (ppm) 142 118

8 Exchange bases (EB) 3.84 5.85

9 Hydrolytic acidity (HA) 1.52 1.354

10 Degree of saturation in bases (Vah) 78.35 83.65

The principal characteristics of the all agricultural soils in Galati County were studied.
The presence of certain substances (e.g., nitrogen or phosphorus compounds, Figure 4b–d)
in agricultural soils should be taken into account because the limits are calculated by the
accumulated quantities (nitrates present in the soil and nitrates present in the sludge).
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Figure 4. Dispersion model on the agricultural lands in Galati County: pH (a); NH4
+ (b); N-total (c);

P-total (d); kalium (e).

The maximum acceptable content of heavy metals in the sewage sludge used on
agricultural land is regulated by Directive 86/278 EEC and Order 344/2004 in national leg-
islation [4,38] so as to prevent harmful effects on soil, vegetation, animals, and population.
The directive specifies the limit values for the concentration of heavy metals in the soil, and
in the sludge and the maximum annual amount of heavy metals to which the soil may be
exposed. According to national rules, the maximum concentrations allowed are: 500 mg
Cr3+·kg−1 DS; 100 mg Ni2+·kg−1 DS; 500 mg Cu2+·kg−1 DS [38]. The quantities of metals
from the studied agricultural soils are presented in Figure 5a–c. It is observed that they fall
within the limits imposed by EU and national legislation.

Figure 5. Dispersion model on the agricultural lands in Galati County: (a) Cr3+ ion; (b) Ni2+ ion; (c) Cu2+ion.

Based on the data obtained from the agricultural land analysed, a statistical study was
conducted to determine the correlations between different pollutants present in soils. The
Principal Component Analysis (PCA) in Figure 6 shows the statistical relationship between
the heavy metals present in agricultural soils.
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Figure 6. Non-supervised principal component analysis. (PCA) analysis representation of the relation between the metals
and nutrients present in agricultural soils: (a) correlation F1–F2; (b) correlation F3–F1.

The matrix scatterplots illustrating the relationship between heavy metals may be seen
in Figure 7, together with the corresponding Pearson correlation coefficient. Correlation
coefficients are close to 1 only for pH related to N–total, and for N–total related with K (the
green cells in Table 5). Table 5 shows that the best correlation.

Figure 7. The matrix results of the statistical analysis which show the relationship between nutrients and heavy metals.
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Table 5. Results of the correlation between nutrients and heavy metals in agricultural soils.

Pearson’s Correlation

pH Ammonium N–Total P-Total K Cr 3+ Ni 2+ Cu

pH 1.000000 0.056191 0.515943 −0.433178 0.265567 −0.185806 −0.249388 −0.466579
Ammonium 1.000000 −0.187359 0.165324 −0.274344 −0.166080 0.027026 −0.453013

N-total 1.000000 −0.473553 0.488116 −0.230531 −0.132732 −0.365083
P-total 1.000000 0.186062 −0.057853 0.247860 0.084935

K 1.000000 −0.127279 0.175799 0.088183
Cr 3+ 1.000000 −0.309758 0.368113
Ni 2+ 1.000000 0.337982
Cu 1.000000

4. Discussion

In the last 10 years, sewage treatment plants have been upgraded or built in most
localities with more than 2000 inhabitants or clusters of localities have been set up and
ascribed to a corresponding sewage treatment plant.

Wastewater treatment plants do not work at the full capacity they were designed for
because the demographic forecast has been negative in recent years, and these plants were
designed according to an estimate based on a positive forecast.

The use of sludge resulting from municipal wastewater treatment plants differs from
one European country to another. Some countries, such as Belgium, Denmark, Spain,
France, Ireland, and the UK, use over 50% of the collected sewage sludge directly on
agricultural land, while others, such as: Greece, the Netherlands, Slovenia, Slovakia, etc.,
do not use sewage sludge in agriculture [61].

The composition of sewage sludge is conditioned by the quality of the waste water
processed. The wastewater plants studied treat only domestic water and water discharged
by consumers carrying out economic activities which do not involve high pollution levels.
In most cases, industrial wastewater is pre-purged in the sewage treatment plants of the
large industrial plants in the area, only afterwards being discharged in the municipal
wastewater circuit. This explains the low levels of heavy metals found in the sludge
analyzed, much lower than the limits imposed by the legislation in force. Another reason
for the decrease of heavy metal load is the negative economic development in the studied
area, as well as the fact that most of the industrial units found in the urban area before 1990
were moved outside this area.

Agriculture practiced on acidic, heavy soils, with a chemical composition unfavorable
to plants, drastically reduces the profitability of farmers, due to the sharp increase in pro-
duction cost to be covered for pedo-improvement, to the mandatory sequence to maintain
some variability of the cultivated plants and, implicitly, to the level of the crops obtained.

The elimination of environmental risks, as well as the potential impact for human
and animal health in the use of sludge from treatment plants, requires thorough studies in
various stations associated with the chemical content of these sludges [62]. The present
article aims to broaden the area of knowledge in this field. This is the reason why solutions
are sought to increase the pH of sewage sludge so that the pH of soils does not decrease
when sewage sludge is used on agricultural land. Sludge from urban wastewater may
be used with high efficiency as an organic soil fertilizer. The legislation in the EC and
Romania specifies that the administration may be performed only on low acidic to neutral
soils, respectively, which have a pH higher than 6.0.

Strict control of pollutants dispersed on agricultural land is as important as avoiding
acidification of agricultural soils [63]. In the practical research carried out in this study,
the determination of the existing concentrations in the soil for the monitored pollutants
was performed simultaneously with the pH determination of the soils on which the
sludge dispersion was to be made. At the same time, methods for correcting the pH were
considered where appropriate.
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In order to prevent soil acidification as a result of these transformations, we suggest
that sludge treatment should be distributed simultaneously with chemicals on arable land
in agriculture so as to have the effect of acid-base buffer systems. Acid-base buffer systems
stabilize the pH of soils within the limits of the pKa acidic component (pKa is the negative
log of the acidity constant of the buffer system acidic component) [64]. Since the pH of
soils in agricultural areas in Galati County is 6.5 ± 0.5 pH units, the pKa of the acidic
component of the buffer system must be in the same range. In this case, i.e., of the sludges
administered on arable lands, we considered CaCO3-Ca(HCO3)2 as the buffer system
whose acid component has pKa = 7.48.

The procedure for obtaining the buffer system is relatively simple and does not imply
very high costs. In this sense, raw materials, found in abundance in nature in the form
of minerals such as calcite (CaCO3) or dolomite (CaCO3MgCO3), may be used. These
minerals are found in various ores in our country located in the limestone mountains and
are purchased in industrial quantities by Arcellor Mitall steel plant in Galati (which uses
them as a flux in the production of cast iron in the blast furnace).

The CaCO3-Ca(HCO3)2 buffer system is made in time after the administration, in
the soil, of the sludges from the urban wastewater treatment plants added with calcite or
dolomite granules according to the chemical reaction below:

2CaCO3 + 2H+ = Ca(HCO3)2 + Ca2+ (1)

In a first stage, the acidic substances formed, brought in contact with the neutral
carbonate from calcite or dolomite, will generate the acidic component of the buffer system
represented by the acid carbonate.

When the pollutants are controlled strictly and an acceptable pH is maintained at the
soil level, sludges may be combined with other types of organic waste such as organic
composts [65]. In the applications on the lands analysed in the present study, the fact
was considered that the sludge should be distributed before its drying in order to add a
moisture contribution in the treated soils.

The buffer system thus made the remains functional in the following stages when a
new administration of sludge from the treatment plants was possible without adding a
new amount of calcite or dolomite. This procedure was validated after a careful monitoring
regarding the buffering capacity of the system thus formed.

The use of sewage sludge reduces the amount of chemical fertilizers which should
be applied in order to ensure plant growth and also supports the elimination of the
problems created by the accumulation of increasing amounts of sludge. According to the
fertilization plan established with WWTP Galati and the owner of the agricultural lands,
they were applied approximately 1.5 t of sewage sludge/ha and between 1.55–1.85 t of
calcareous amendments/ha twice a year, depending on the agricultural culture that was to
be cultivated on the respective lands. Considering that the Romanian legislation does not
allow the application of sewage sludge for values lower than the soil pH, the calcareous
amendments were added to raise the pH of the soils to values higher than 6.5.

Studies showed that there was an improvement in soil quality, which led to the
conclusion that sewage sludge should be reapplied on soils in order to maintain their
characteristics acquired after the first sewage sludge applications (Table 4). There is no
danger of metal pollution when using sewage sludge on soil, because, taking into account
the synergistic and cumulative effects, the concentrations of these elements are much lower
than the maximum values allowed by agricultural soil legislation (Figures 1–3).

Based on the data obtained from the agricultural land analysed, a statistical study was
conducted to determine the correlations between different pollutants present in soils. The
Principal Component Analysis (PCA) in Figure 6 shows the statistical relationship between
the heavy metals present in agricultural soils. By linearly compressing the whole set of
main input data, the uncorrelated variables in the main data set may be identified and
analysed more easily in the reduced data set. In this case, the fact could be observed that
the pH and N–total in correlation F1–F2 have the same behaviour. This is also applicable in
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the case of correlation F3–F1. The PCA analysis shows a small angle formed both between
K and N– total and between N-total and pH. This angle is a clear indication that these
parameters are suitable for a classification model. The relationship between heavy metals
may be seen in Figure 7 (the matrix scatterplots) together with the corresponding Pearson
correlation coefficient. Correlation coefficients are close to 1 only for pH related to N–total,
and for N–total related with K (the green cells in Table 2). The other statistically analyzed
heavy metals have a diffuse data dispersion in all matrix cases.

The observations regarding the practical research in this article pointed out the fact
that industrial activities with potential for municipal water pollution and sewage sludge
decreased enormously in the studied urban regions, as well as in other urban regions
throughout Romania (the industrial activity in the municipal wastewater collecting area
decreased by over 90% in the southeast region of Romania, which led to a drastic decrease
in the level of industrial pollutants present in the collected sewage sludge).

The use of sludge for agricultural soils has a clearly positive influence on rhizosphere,
soil fertility, on the increase of microbial biomass and of enzymatic activity even when
significant quantities of sludge are repeatedly deposited on such soils [66]. In this article,
the fact was found that the interaction of agricultural soils with sewage sludge did not
cause degradation or changes in soil salinity or pH which could adversely affect its texture
and/or fertility.

The characterization of sewage sludge is extremely important in order to determine
how the quantities of sludge resulting from the treatment process may be reduced or
even eliminated altogether. The use of sewage sludge in agriculture, before its disposal or
application on agricultural land, implies a risk of accumulation of toxic elements in the soil.

Based on the analysis of the experimental results, it has been found that the values
of the physico-chemical parameters analyzed fall within the limits imposed by the leg-
islation in force and that these sludges are not harmful to the environment. The use of
sludge in agriculture has alternatives related to their heat treatment. It has been found
that alternatives are particularly difficult to implement on a large scale [66] due to the
increasing quantities of sewage sludge collected and to the very high operating costs for
the installations, including the deployment of incinerated gases. The present study has
been adapted to the investment possibilities in Romania and in the countries of Central
and Eastern Europe, regions which are unlikely to have financial resources for incineration
or for pyrolysis installations causing a less significant pollution of the atmosphere.

5. Conclusions

This article envisages the use of a method of sludge recovery resulting from municipal
wastewater treatment plants. The integrated approach including pH control and mainte-
nance, as well as the moisture input, leads to scientific and practical conclusions which
may be extended to much larger regions.

1. The use of sewage sludge reduces the amount of chemical fertilizers and also supports
the elimination of the problems created by the accumulation of increasing amounts
of sludge.

2. There is no danger of heavy metals pollution when using sewage sludge on soil.
3. The pH of the sewage sludge applied on soil must be higher than 6.0 in order to

avoid the increased mobility of heavy metals in the sludge, which would lead to the
contamination of plants with heavy metals.

4. The analyzed sludges contain significant amounts of nutrients, which give them the
properties of organic fertilizers. They also contribute to maintaining and improving
the texture of degraded soils.

5. The characterization of sewage sludge is extremely important in order to deter-mine
how the quantities of sludge resulting from the treatment process may be reduced or
even eliminated altogether.
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6. It is necessary to continuously monitor the physical, chemical and biological characte-
ristics of the sludge including the presence of certain chemical species which must
not exceed, cumulatively, the acceptable limits.
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