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Abstract: An alternative technique for disposing and managing municipal sewage sludge is its application to
soils associated with crop production. The aim of the present study was to evaluate the suitability of the existing
sludge application routes in terms of the fertility of the soil and the accumulation of heavy metals. A chemical
analysis was carried out on four agricultural soils located in the north-central region of Algeria, which had been
subjected to an irregular application of sewage sludge for more than ten years. Results showed high levels of
organic matter, nitrogen, phosphorus and potassium in the sludge samples. The amended soils are characterised
by an increased content of organic matter and an improved availability of nutrients, including nitrogen,
potassium and phosphorus. In addition, the pH of the soil solution is close to neutral, there is an increase in the
cation exchange capacity and there is no change in the electrical conductivity. The total concentrations of
cadmium, copper, nickel and zinc were found to be consistently low and below the acceptable limit values for
soil. Copper accumulation in P3 soil was slightly above standard (122.4 mg.kg-1). However, amended soils
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showed remarkable Cu (+167%) and Ni (+84%) accumulation. Whereas the total concentration of Cd is slightly
lower than in the control soil, its speciation indicates a very high bioavailability. The results show that sewage
sludge application has a positive effect on the availability of essential elements and the improvement of soil
properties. However, inappropriate use and/or inaccurate application rates can lead to soil contamination with
potentially toxic heavy metals.
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Introduction

The objectives of land production, the search for the reduction of mineral fertilisers and for a circular economy
are driving the agricultural use of sewage sludge (SS). In Algeria, the amount of SS currently produced by urban
wastewater treatment plants is about 450,000 tons per year (Cherfouh et al., 2018; Hannachi et al., 2014). The
weakness of soil fertility has increasingly promoted agricultural use, as this practice helps to avoid its
uncontrolled disposal, recycles nutrients and minimizes soil pollution in terms of direct discharge into the
natural environment (Montes et al., 2023; Rehman et al., 2013).

It is established that sewage sludge is a rich source of nutrients, including nitrogen and phosphorus, as well as
organic matter and trace elements that are beneficial for plant growth and yield (Cherfouh et al., 2022; Kautale
et al., 2005; Wong et al., 1995). Furthermore, sewage sludge is regarded as a viable alternative to commercial
fertilisers. Sewage sludge has the potential to enrich soil with macronutrients, including phosphorus, potassium,
sulphur, calcium and magnesium, as well as micro-nutrients (Cherfouh et al., 2018).

The dearth of experimental data on the effects of SS on soil properties gives rise to concerns regarding the
potential damage caused in terms of soil quality, environmental pollution and human health problems. The
necessity to consider the environmental hazards has prompted a multitude of studies and has prompted the
authorities of numerous countries to establish regulations for the utilisation of SS in accordance with its heavy
metal content and soil characteristics (Merdy et al., 2024; Mishalli et al., 2014).

The objectives of this work are to determine the effect of sewage sludge amendment on agronomic soil
properties and to assess the potential contamination with heavy metals. In the absence of regulatory
requirements, and as the agricultural use of SS started empirically, our objective is to find indications that the
existing use routes for sewage sludge are sustainable in the long term.

Materials and Methods
Soil Sampling

The sampling was conducted in April 2021 to allow for the inclusion of pedological turnover processes. The
study area is situated in the Tizi-Ouzou district of northern Algeria. Three representative vineyard soils
receiving sewage sludge (S-SS) and a reference soil (RS) that did not receive either SS were sampled. At each
site, five soil cores were sampled at the corners and at the centre at a depth of 0 to 10 cm. The five samples were
thoroughly mixed together to create a composite soil sample. The samples were then air-dried and sieved at 2
mm. Aliquots of the < 2 mm soil fraction were ground in an agate mortar and stored in polyethylene containers
at 4 °C until analysis.

Analysis

The soil texture was determined using the Robinson pipette method. All solutions were prepared using high-
purity water and analytical-grade chemicals (Merck). For the sludge and soil samples, the pH and electrical
conductivity (EC) were determined using a 1:5 soil-to-water ratio. The organic carbon and total nitrogen content
of the solid samples (soils and SS) were determined using a CHNS apparatus (Shimadzu, Flash 2000) following
H3PO4 pre-treatment (Pastor et al., 2011). For the liquid samples (water extracts), the dissolved organic carbon
was determined using a TOC (total organic carbon) analyser (TOC-V CSH, Shimadzu). The cation exchange
capacity (CEC) was determined for the sludge and soil samples by the cobaltihexamine procedure (Tarchouna et
al., 2010). The metal contents were quantified by ICP-AES (inductively coupled plasma atomic emission
spectrophotometry), while the ion concentrations in solution (nutrients and other major species).
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Results and Discussion
Main Agronomical Characteristics of the Studied Soils, Sludge, and Wastewater

Tables 1 present the principal agronomical characteristics of the soils and SS. With regard to the soils, the
values indicated in Table 1 pertain to the 0-10 cm soil layer. The SS exhibited elevated concentrations of soil
organic matter (SOM) and total nitrogen, accompanied by a low C/N ratio (6.3). The water extract of the SS
exhibited elevated concentrations of both dissolved organic carbon (WEOC) (1455 mg L") and total nutrients.
The given values for nutrients confirm the potentially positive agronomical effect of spreading sludge. The SS
had high amounts of leachable Ca?*, Mg?*, K+, and SO*~ and lower, but non-negligible, concentrations for the
sum of nitrogen species and PO.*. Its high SO,* value may be related to the possible use of sulphate
compounds during the wastewater treatment process, as expected due to their high solubility. These attributes
are likely associated with the elevated K*, Ca**, NOs™ and SO4>" values observed in the studied soils (S1, S2 and
S3) when compared to the reference soil (RS), which has not been amended.

Granulometry and Dry Bulk Density.

The three studied soils showed similar mineral particles size distribution. According to the texture triangle, S1 is
loam, S2, S3 and RS are silt-loam, this variability being consistent with the natural variability of the parental
material. The Values of dry bulk density are in the range expected for the surface soil layer, between 1.1 and
1.3g.cm?,

Soil pH

All soils exhibited a neutral to slightly alkaline pH (USDA, 1993). With regard to the reference soil, the
application of SS resulted in a slight but significant increase in the average soil pH from 7.05, 7.69, 7.78, and
7.88 respectively (Table 1). The majority of studies have demonstrated that the application of sludge results in a
reduction in pH soil. Here the elevated levels of potassium, calcium, and magnesium cations from the SS, when
combined with the low organic matter content of the soil, are likely to result in an increase in soil alkalinity and
subsequently in soil pH (figure 1).

Cation Exchange Capacity (CEC), Electrical Conductivity (EC) and SOM

The CEC values are within the typical range observed for this soil type, they were higher in amended soils than
in the RS. This shows the improvement in the soil's ability to fix nutrients after sludge spreading (figure 2.).The
EC values in soil extracts remained below 55.4 uS.cm™, despite the SS extract exhibiting significant
conductivity (946.5 uS.cm™). The low EC values in soils indicate sufficient leaching by annual deep drainage of
soluble chemical species, indicating a very low risk of injury to all cultivated crops. The soil organic matter
(SOM) content of the upper horizon is low (0.94%) in the RS, which is consistent with the characteristics of a
Mediterranean soil. The application of sewage sludge resulted in a notable increase in SOM content, with values
rising from 1.45, 2.41 and 2.98, respectively.
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Figure 1. pH of the soil solution in amended soils
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Figure 2. Cation exchange capacity and soil organic matter in amended soils

Water Extractable Nutrients

The sewage sludge exhibited elevated levels of leachable nutrients, including calcium, magnesium, potassium,
and sulphate. These attributes are likely associated with the elevated values observed for the S1, S2, and S3 soils
when compared to the RS soil. The findings demonstrated that SS amendment enhanced nutrient availability,
particularly for potassium and phosphorus, in alignment with previous research.

Total Content of the Heavy Metals in Soils and Sewage Sludge

The sludge SS gave about 0.5, 119.6, 107.1 and 365.6 mg kg-1 for Cd, Cu, Ni and Zn respectively. These heavy
metal concentrations remain below the standard value for agricultural purposes. The sludge application leads to
higher metal contamination on the soils. The metal accumulation index shows considerable variation among
different soil types, with values ranging from 0.8 to 5.2 for copper, from 2.0 to 2.7 for nickel and from 2.2 to 4.1
for zinc. The concentration of Cd was found to be lower than that of the reference soil. This is probably due to
the increased mobility of Cd in the studied soils.

Tablel. Agronomic parameters for sludge (SS) and studied soils (S1, S2 and S3). Average values for the 0-10

cm soil layer.
Parameter Unit S1 S2 S3 RS SS
CEC me.100g* 16.00 14.4 17.6 9.6 38.5
SOM %, wiw 2.83 1.54 1.83 0.94 22.78
N total %, wiw 0.25 0.11 0.14 0.09 3.61
C/N # 11.52 14.11 13.01 10.38 6.31
WEOC mg.L? 129.8 62.04 65.39 172.42 14550
pH # 7.78 7.88 7.69 7.05 7.65
CE uS.cm 55.4 45.2 43 78.2 946.5
Ca*™ mg.L-1 28.77 21.98 23.97 14.4 1057.6
Mg** mg.L-1 2.85 3.16 3 10.03 198.1
K* mg.L-1 10.66 6.43 4.63 157 2487.4
Na* mg.L-1 2.01 1.76 2.21 1.59 553.6
Cl- mg.L-1 2.01 1.87 1.76 0.87 784.6
F- mg.L-1 0.07 0.26 0.27 14.72 nd
NOz mg.L-1 2.07 1.54 0.91 0.45 nd
NOy mg.L-1 0.77 0.36 0.53 5.55 nd
PO, mg.L-1 9.68 0.55 nd 3.59 900.9
SO~ mg.L-1 4.12 6.92 2.96 3.72 5595.4
Cd mg.kg-1 0,17 nd 0,05 0,21 0,49
Cu mg.kg-1 42,27 122,36 20,99 25,07 119,66
Ni mg.kg-1 31,53 23,11 29,76 11,81 107,15
Zn mg.kg-1 123,87 68,34 87,02 30,49 365,57
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Furthermore, the concentration of Cd was found to be well below the ceiling value (2 mg kg-1). The pH value
recorded in the soil solution is indicative of alkalinity, suggesting that the solubility of ETMs is relatively low.
The concentration of metals in the soil has a strong influence on the uptake by plants and on the biological life
dependent on the soil (wong et al., 1995). The bioavailability regimes of metals vary with total content, leading
to differences in the rates of soil processes such as SOM decomposition and soil chemistry. It's essential to
determine the chemical speciation of heavy metals in the soil to get the best view of bioavailability. Recently,
Merdy et al (2024) found that the Time to Critical Content Index (TCCI) for metals to reach the critical
threshold was very different depending on whether the analysis was based on total content or on readily
bioavailable fractions of metals.

Conclusion

The application of sludge has been demonstrated to result in elevated nutrient levels and a marked enhancement
in soil fertility. These findings demonstrate the potential of urban sewage sludge application as a means of
improving soil quality, even in the absence of data on the specific doses and frequencies employed. From an
environmental perspective, however, the potential for soil contamination by heavy metals requires assessment.
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