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ABSTRACT

Leaching poses a significant concern in dry regions with sandy soils due to their inherent
characteristics of low fertility, coarse texture, very low organic matter content, and limited water
retention capacity. The aim of this research was to minimize environmental consequences of applying
biosolids compost at high rates to sandy soils under arid conditions in terms of inorganic nitrogen and
heavy metals pollution. This investigation used a pot experiment that was incubated at a constant
temperature (25 °C) and comprised four application rates (0.0, 20, 40, and 60 t/ha) of compost, two
methods of application (mulching and incorporating) and two intermittent irrigation intervals (3 and 6
days). Results of this experiment revealed that the nitrate concentration in soil leachate exceeded 50
mg/L, a value considered highly poisonous if it exists in drinking water. Ammonia concentrations
exceeded 20 mg/L in the second leachate fraction but decreased to under detection limits in the last
fifteen leachate fractions for all compost treatments. The suggested maximum contamination level for
groundwater is 1.5 mg NH4-N-1. NO3s-N concentrations in all soil leachate fractions were substantially
above the acceptable threshold in drinking water for people (10 mg/L) but far below the recommended
level in drinking water for cattle (100 mg/L). The findings provided strong evidence that the environment
is well safeguarded in terms of heavy metal concentrations in the soil leachate. From this research, it
may be stated that high loading rates of excellent quality compost to sandy soils is agronomically
advantageous with little potential environmental harm if handled effectively.
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INTRODUCTION growth will need a 200% to 300% increase

Population growth in Egypt is in food production to fulfill demand.
expected to reach 106 million by 2024, up Increased volumes of human waste will be
from 50 million in the 1990s. According to produced by the growing population in
Abd El-Azeim et al. (2023), the population addition to the rising need for food. Then,
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instead of just throwing trash in the closest
stream or the Nile River, this will need to be
disposed of in other ways. Elgarahy et al.
(2024) state that in order to improve the
productivity of sandy soil in Egypt, it is
crucial to use as much of this human waste
(biosolids) as possible as an organic
fertilizer and soil conditioner.

Biosolids, also known as Sewage
sludge, is the insoluble residue left behind
after the treatment of wastewater following
anaerobic or aerobic digestion. Biosolids are
composed of organic matter that is 60%
resistant to degradation, nitrogen (3%N),
phosphorus (2% P,0s), and other
macronutrients such as (0.5% K20, 5%
Ca0, 1.5% MgO), an extensive variety of
micronutrients, non-essential trace metals,
organic pollutants, microorganisms, and
parasitic organism eggs (Sugurbekova, et
al., 2023). Raw sewage sludge, both
primary and secondary, are odorous and
pathogen rich. Tertiary treatment is applied
to remove certain dissolved solids such as
phosphorus, and often involves the additions
of chemicals such as lime, Al and Fe, or
organic polymers, to make the final product
more stabilized, low pathogen levels and
low odour potential (Okoffo et al., 2020).
For every 10° Liters of wastewater treated,
tertiary treatment yields around 1x10* L of
tertiary sludge. Biosolids is organic matter
(untreated sludge contains 70-80% dry
weight of organic matter), and when added
to soils, becomes part of the soil organic
matter pool (Dad et al., 2019). Organic
matter from biosolids can significantly
change the physical, chemical and biological
properties of soils. organic matter may
change the content and transmission of
water, air, and heat in the soil, as well as
increase the structure (porosity, aggregation,

and bulk density) and strength of the soil
(Cioca et al., 2021).

Biosolids when put in soils offers
macro-plant nutrients such as NPK; and
micro-plant nutrients such as Fe, Cu, and
Zn. Concentrations of plant nutrients in
biosolids vary greatly, and NPK levels are
around one-fifth of those found in standard
chemical fertilizers (Ge et al., 2019).
However, of all the N in any biosolids,
organic N makes up the vast majority
(between 50% and 90%). In contrast to N,
organic P makes up just 10% to 30% of the
total P in anaerobic biosolids (Sen, 2023).
The residual P exists as inorganic
phosphates of Ca, Fe, and AL (Sommers,
19771t is important for the organic N and P
combinations in biosolids to mineralize
before they are absorbed by plants.
According to Oun et al. (2014) and Zhou et
al. (2023) local variables such as soil type,
temperature, pH, water content, and other
chemical and physical properties of the soil
affect how quickly N and P in the soil
mineralize. The reason why biosolids have
a low potassium concentration is because
most K compounds are soluble in water and
end up in the aqueous fraction or sewage
effluent during sludge dewatering (Hue,
1995). The same process may also lead to
the loss of some inorganic N, especially
NH4+ that is concentrated during sludge
digestion (Kash et al., 2021; Marchuck et
al., 2023).

Biosolids may have significant impacts
on plant development and crop yield when
used on soils due to its organic matter and
mineral content (Le and Price 2024).
However, Dbiosolids may also have
concentrations of heavy metals that are of
environmental concern. Heavy metals can be
either toxic or beneficial to humans,
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animals, and plants. Some of these are
essential to plants, animals, and human (Zn,
Cu, Fe, and B), others may be toxic (Cd, Cr,
Pb, and Ni) or have no effect such as barium
and antimony. Sommers (1977) reported
the coefficient of variation for heavy metals
in biosolids from eight U.S cities to be: Cd,
27 - 160%, Zn, 26 - 58%, Cu, 18 -167%, Ni,
12 - 144%, and Pb, 9-56%. Heavy metals
are almost exclusively found in solid phases
in biosolids; these phases' physicochemical
shapes, and therefore their Phyto availability
and mobility in soils, may be impacted by
factors such as pH, the presence of ligands
that form complexes, and the solubility of
solid phase minerals (Elgarahy et al., 2024;
Abd El-Azeim and Haddad 2017; Abd El-
Azeim et al., 2022). The solid phase metals
in biosolids and biosolids-treated soils have
been separated by consecutive extraction
processes (Emmerich, et al., 1982), which
demonstrated that large levels of heavy
metals occurred in fractions containing
organic matter. Biosolids, which are
extensively applied to crops, may contain
quite significant quantities of heavy metals.
These heavy metals may stay in soils forever
and be absorbed by crops in sufficient
amounts to severely harm the health of
consumers and/or crops themselves. When
good biosolids are composted, the metal
concentration is substantially diluted by the
inclusion of bulking materials (Liu et al.,
2020).

Current ways of use/disposal of
biosolids  include land  application,
composting, drying, incineration, and
landfilling.  Although, all options have

potential consequences, the practise of land
application is the most widely used option.
Consequently, there is still an issue with
biosolids' final disposal; this is due to the
fact that more will be produced and also

because the public perception for biosolids
agricultural use still inaccurate and
considers biosolids products to be harmful in
some way. Landfilling accounts for 50-
75% of the biosolids disposal practices in
various European nations. The remaining
portion is disposed of in agricultural fields
as a soil conditioner/fertilizer (25-35%) or
in other recycling outlets, such as parks,
land restoration, and landscaping (EEA,
1998).  National  authorities  promote
agricultural use of composted biosolids or
other digested biosolids as the best recycling
method; incineration is regarded as the
worst. Landfilling will be controlled if the
removal of organic material is made
necessary, since sea dumping is already
forbidden.

Composting is considered as a cost-
effective ecologically sound procedure for
treatment of biosolids, even if they may
include compounds, which offer potential
harm to the environment or food chain.
Composting is the biological breakdown of
organic waste under regulated, aerobic
circumstances into a humus-like stable
product that may be sold as a soil
conditioner and/or a slow-release fertilizer
(Epstein, 1997; Abo Shelbaya et al., 2021a
and b). Biosolids composting aims at
biologically stabilizing sludge as well as
limiting pollution concerns in order to
promote agricultural or other end use outlets
using the nutritional or organic value of
sludge. Biosolids compost, rich in organic
nutrients, is regarded a good soil additive.
Biosolids composted for agricultural end use
is consequently of value to secondary
markets. In the case of sludge treated by
incineration, waste sludge may be
composted as a pre-treatment to lower the
water content, therefore boosting the
efficiency of the burning process (EEA,
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1998). Composting has various benefits in
compared with other sludge treatment
processes. Although expenses are high and
the necessity for outlet market when sludge
is composted, frequently underline and
compel the need for sewage sludge disposal
options. But, the health concerns such as
disease  risk, nutrient  management,
potentially hazardous metals, and organic
pollutants in response to crop demand,
supporting composting as a crucial and
ecologically sound solution (EEA, 1998;
Abd El-Azeim et al., 2021).

The aim of this experiment was
therefore set out to determine under more
controlled conditions the effects of biosolids
compost application rates and methods at
different moisture conditions upon the fate
of water-soluble forms of N and heavy
metals in a coarse-textured sandy soil.
Specifically, the objectives of this study
were:

1- To quantify rate and pattern of nitrate,
ammonia and total soluble N
accumulation in the soil solution.

2- To determine the influence of moisture
status on the potential of nitrate and
ammonia leaching into ground water.

3- To determine nitrogen mineralization

rate and calculating N budget.

To quantify amounts of available heavy

metals accumulated in soil and amounts

of water-soluble heavy metals in soil
leachate.

2. MATERIALS AND METHODS

The factors investigated for substantial
influence on the N forms and heavy metals
in soil leachate were compost application

rates (0.0, 20, 40, 60 t/ha), compost
application ~ methods  (mulching and
incorporating) and different  moisture

conditions on a three- and six-days’ intervals

basis. Before starting the experiment, a pilot
trial was performed prior to the main pot
experiment to observe temporal changes in
moisture contents for biosolids compost
treatments under high temperature. The pilot
trial had the same combination of treatments
as suggested for the main pot trial. Water
content was estimated on a weight
difference basis. Generally, throughout the
measuring time (6 days), the soil moisture
contents in the compost treatments were
higher than the control.  The highest
moisture differences existed between the
mulched-compost treatment at 60 t/ha of
compost rate (Mul BS3) and the control.
Intermediate values were obtained for the
other compost treatments. In the light of the
pilot experiment data, the influence of
mulched applied compost was having a
significant effect upon moisture content
compared with incorporated compost. Also,
the data suggest supplying water -either
every 3 or 6 days produce varied moisture
conditions to which the pots are exposed.
So that the main pot trial was watered with
de-ionised water on a three- and six-day’s
intervals basis (W1 and W2 treatments) to
maintain different moisture conditions.

2.1 EXPERIMENTAL MATERIALS
AND DESIGN.

This investigation comprised a pot
experiment done at a high temperature of
25°C. It comprised four application rates
(0.0, 20, 40, 60 t/ha) of biosolids compost,
two methods of application (mulching and
incorporating) and two intermittent wet and
dry cycles (3- and 6-days intervals). Under
these conditions, the fate and total recovery
of nitrogen and heavy metals from biosolids
compost applied to sandy soil were studied
in the leachate following an incubation
period of intermittent leaching and different
moisture conditions in pots for 60 days.
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2.1.1 EXPERIMENTAL MATERIALS

Sandy soil indicated in table 1 was
gathered from the university research farm
at Shosha. This sandy soil was selected since

its range of physical and chemical qualities

were comparable to most sandy soils that

spread across Egypt.

Table (1). Physical and chemical properties of the investigated soil.

Particle-Size Distribution % Coagjezgand Figgsl%nd 38 g; gl?g

Texture grade Sand
F.C% 12.77

PWP % 3.34
WHC % 15.56
AV(F.C— PWP) % 9.43
AV(WHC - PWP) % 12.22
Bulk Density g/cm’ 1.64
Particle Density g/cm® 2.59

pH (1-2.5) 7.56

CEC (cmol, kg™ soil) 3.2
O.M %* 0.66
ECdSm™at25°C 0.70
Total N % 0.058
Total P % 0.019

Total K % 0.32

CaCO; % 8.54

Heavy metals concentration (mg kg™
Zn Cu Ni Pb Cd Cr
24.22 56,32 43.54 24.34 2.12 4.65

* Loss on ignition method.

Prior to the commencement of the
incubation investigation, the soil was air
dried, sieved to < 2.0 mm, and the moisture
content was regulated at 15 % before the
addition of biosolids compost mixtures.
Sub-samples of the dried and sieved soil
were utilized to determine the soil
parameters using techniques of soil analysis
(Black, 1965) and standard procedures by

(Avery and Bascombe, 1982; Page et al.,
1982).

Raw biosolids was obtained from New
Minia city Sewage Station, industrial city,
Minia governorate on October 2021. This
raw biosolids were mixed with a bulk
material of local agricultural plant residuals
to provide carbon and increase pile porosity,
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then arrayed in a hierarchical pile for
aerobic fermentation-composting. Biosolids
compost specified in Table 2 was air dried,
then crushed, blended and screened to < 5.0
mm, and then kept in unsealed plastic bags
at 4 oC before addition to the experiments.
Sub-samples of the dried, ground, and
sieved biosolids compost were utilized to
assess various physiochemical parameters
such as moisture, heavy metals and total

nutrients. Most of the procedures applied
are of a standard laboratory practice derived
from methods of soil analysis (Black, 1965)
and Avery and Bascombe, (1982); Page et
al., (1982). Biosolids composts were then
applied to examined sandy soil alone at the
rates of 0.0, 20, 40, 60-ton ha-1 on a dry
weight by two techniques of application
(mulching and incorporating).

Table (2). Some physical and chemical properties of the investigated biofertilizer.

Compost property

Value

Moisture weight %

22.8

pH

8.16

EC mS/cm at 25 °C

8.52

CEC meq/100g soil

55.6

Dry solids %

77.2

Total organic carbon % (D.M)

36.1

Total N %

2.22

C/N Ratio

16.26

Ammonia (mg kg™)

451

Nitrate (mg kg™)

57

Total P % (D.M)

0.50

N/P Ratio

4.44

Total K % (D.M)

0.90

Total Ca % (D.M)

1.68

Total Mg % (D.M)

0.67

Zn (mg kg™)

66.86

Cu (mg kg™)

200.3

Ni (mg kg")

120.2

Pb (mg kg™

56.55

Cd (mg kg™)

3.20

Cr (mg kg™)

11.33

2.1.2 Experimental design.

This study was performed with an
incubation period of 60 days, at the facilities
of faculty of Agriculture, Minia University,
Egypt. Experimental pots were randomly
incubated in a temperature-controlled

propagating frame at 25 °C. Experiment
was composed of four biosolid compost
application rates, two application methods
and two different moisture conditions. The
BS (biosolids) application rates were 0.0,
20, 40, and 60 t ha™ (BSy, BS1, BS, and BS;
treatments, respectively).  Compost was

428



Minia J. of Agric. Res. & Develop., Minia Univ., Vol. 44 (3): 423 - 452, 2024

added on the surface as mulch (Mulching)
and mixed thoroughly with the investigated
sandy soil Dby hand (Incorporating).
Deionised water was added to maintain
different moisture conditions on a three- and
six-day’s intervals basis (W1 and W2
treatments).

Every three or six days, a two-volume
application of deionized water would be
applied. The first was the average amount
of water required to fill each pot to its water
holding capacity (WHC), and the second
was 100 ml less the water that was left in the
pot before water was applied. The weight
differential between the wet and dry weights
of the filled pots was used to compute the
amount of water retained. The weight of the
whole pot after water application and the
cessation of free drainage was known as the
wet weight, whereas the weight of the entire
pot before water application was known as
the dry weight.

2.2 Leachate sampling and analysis.

As the pots were being watered, 100
ml of the leachate fraction (Time series)
from each leaching event was collected.
Mercuric chloride (40 mg Hg Cl, / L) was
then used to preserve the leachate fractions,
with a final concentration of 1 mL of Hg
CL, per 100 effluent sample. Leachate
fractions were then kept in storage at 4 °C
(Clark, 1983). Every duplicate was given a
bulked sample, which was created by adding
5 ml to the time series effluent samples that
were collected, maintained, and kept in the
same manner as the time series. Using the
Technicon Auto-Analyzer Il (Williams, et
al., 1995), the time series and bulked
samples were analysed for nitrate (NO3-N)
and ammonium (NH4-N). The Autoclave
technique was used to estimate the amount

of total soluble nitrogen (TSN) in both
samples (Williams, et al., 1995). Unless
otherwise noted, all N data in the research
are reported in mg, with the N mass unit
(mg) being used to compute the N budget.

After 12 days incubation half of the
leachate fraction was collected and stored at
0.0 °C for heavy metals content
determination according to (ISO 11047,
1998). The electrical conductivity (EC) and
pH of all leachate fractions were measured.
After the experiment ceased soil samples
were taken and analysed for total heavy
metal content by digestion in boiling aqua
regia and the available heavy metals content
by DTPA (diethylenetriaminepentaacetic
acid) extraction method (Lindsay, 1979)
using electrothermal atomic adsorption
spectrometry. Other soil samples were taken
and analysed for total nitrogen (TN) using
Buchi equipment. Total N was determined
using a modified version from Kjeldahl
(digestion and distillation units) according to
Rowell, 1994.

2.2.1 Nitrogen forms analyses.

Nitrogen analyses were carried out
according to the standard methods derived
from (Williams et al 1995; Rowell 1994, and
MAFF, 1986). The N analyses involved the
determination of NOs™-N, NH,"-N, and total
soluble N in the soil samples and leachate by
automated continuous flow apparatus
(Technicon Auto Analyser IT). Nitrate and
ammonium are extracted from soil using
aqueous salt solutions by potassium chloride
as the extractant (Black, 1965).  This
method was used for all soil inorganic N and
total soluble nitrogen (TSN) in extractions
from the incubation trial and the leachate
collected from the pot trial. Total N was
determined using the BUCHI apparatus
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(digestion and distillation units) according to
Rowell, 1994; and MAFF 1986.

2.2.2 Total and extractable heavy metals
analyses by DTPA.

Electrothermal Atomic Absorption
Spectrometry (ISO 11047, 1998) was used
to assess the total heavy metal content of the
compost and compost treated soils by
digestion in boiling aqua regia, which was
produced in compliance with 1SO 11466
(1995). Additionally, soil samples were
crushed through a 2 mm stainless steel filter
and allowed to air dry. Using DTPA, the
extractable cations (Zn, Cu, Ni, Pb, Cd, and
Cr) in the samples from the top 20 cm were
identified. Using a combination of 0.1 M
triethanolamine (TEA), 0.005 M
diethylenetriaminepentaacetic acid (DTPA),
and 0.01 M CacCl, at pH 7.3, the extractable
cations were ascertained (Lindsay and
Norvell, 1978).

2.3 Statistical analysis.

Experimental data were evaluated as
a totally randomized design, with three
replicates using the (6.11, SAS Institute,
1996) program. By Duncan’s test, means of
the experimental data were compared using
Least Significant Differences (LSD) at the
0.05 probability level.

3. RESULTS AND DISCUSSIONS
This research was set out to design a

management approach that employed
biosolids compost as a soil conditioner and
fertilizer to improve their agronomic

advantages and reduce their environmental
implications in terms of nitrate or heavy
metals pollution when applied to recently
recovered sandy soil. Under this research
conditions, the fate of total recovered N and
heavy metals from biosolids compost
applied to sandy soil in pots were studied in
the leachate following intermittent leaching
cycles (3 and 6 days) for sixty-day period of
incubation.

3.1 Results of soil moisture.

Moisture variations for compost
treatments before to and after water
application suggest that the experiment is
exposed to variable moisture conditions
(Table 3). Table 3 demonstrates that the
compost treatments exhibited larger ranges
of moisture values as the compost
application rates rose following water
application. This indicates that the
beginning moisture conditions of the
propagating pots were different at every
watering event for all the treatments.
However, prior to water application,
moisture values declined as the watering
period rose. Also, the findings of this
experiment demonstrated that the maximum
water content was observed for the highest
compost rate and reduced as the compost
application rates fell.
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Table (3). Averages of water content prior to and after water application for the
biosolids compost-amended pots.

Water content %
Treatments Prior to water application. After water application.
Average S.D CV% Average S.D CV%
W1 BS0 4.06 0.11 2.70 17.86 0.65 3.60
W1 BS1 7.48 0.42 3.60 20.60 0.93 4.50
= W1 BS2 10.08 0.55 4.40 22.55 0.57 2.50
£ W1 BS3 12.23 0.81 3.60 26.19 1.23 4.20
S W2 BS0 1.25 0.05 4.00 18.08 0.14 0.78
= W2 BS1 3.25 0.20 2.10 20.37 0.20 0.98
W2 BS2 5.20 0.34 3.50 20.81 0.99 4.70
W2 BS3 6.27 0.35 1.60 24.97 1.57 4.20
W1 BS0 4.06 0.11 2.70 17.86 0.65 3.60
> W1 BS1 7.03 0.41 4.90 19.59 0.43 2.10
= W1 BS?2 8.08 0.19 2.20 21.31 1.15 4.30
g W1 BS3 10.30 0.44 4.30 24.43 0.67 2.70
g W2 BS0 1.25 0.05 4.00 18.08 0.41 0.78
e W2 BS1 2.30 0.30 1.30 20.48 0.74 3.60
- W2 BS2 3.99 0.24 3.10 22.28 0.90 4.10
W2 BS3 4.90 0.18 3.80 25.05 0.60 2.30
o W1 and W2 refer to watering every 3 and 6 days, respectively.
« BSO0, BS1, BS2, BS3 refer to 0.0, 20, 40, and 60 t ha™ of biosolids compost addition, respectively.
For the watering time, moisture concentrations  of  NOs-N  increased
conditions also increased as the watering significantly as the application rate of

time decreased from 6 to 3 days. These
indicate that the microorganisms responsible
for N mineralization are subjected to varying
moisture conditions. Therefore, the quantity
of N mineralised from the applied compost
was predicted to change as a consequence of
varied moisture conditions.
3.2 Nitrate accumulation
leaching.

The accumulation rates of recovered
NO3z-N in the effluent and bulk samples
collected from sandy soils treated with
different compost treatments after 3- or
6-days watering intervals are shown in table
(4). The results revealed that the
concentrations of NO3-N were high but with
no significant differences in all leachate
fractions collected after 3-day watering
intervals compared to 6 days. The

rate and

compost increased. Therefore, the leaching
of NOs-N was increased in the case of
different moisture condition and application
rates. This is an indication of differential
release of N from biosolids compost, which
in turn was dependent on the different
moisture conditions and compost application
rate.

The peak concentrations of nitrate in
leachate fraction were 53.51, 49.57, 47.27
and 43.16 mg/L for Inc W2 BSs, Inc
W1BS;, Inc W1BS; and Mul W2 BS,,
respectively. The concentrations of nitrate
for both the time series and bulked samples
were raised when the moisture conditions
rose by reducing watering intervals and the
peak always appeared in the fourth leachate
portion for varied treatments.
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Table (4). The accumulation rate of various forms of N leached from sandy soil amended
with biosolids compost in 20 leachate fractions.

Treatments NO; -N NH," -N TSN SON
App. Watering | App. series | bulked | series | bulked | Series | bulked | Series | Bulked
Methods | Time | Rate | (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg)
W1 BSO | 9.22a | 10.18a | 0.15a | 0.21a | 20.55a | 21.52a | 11.18 11.13
BS1 | 19.35b | 21.35b | 0.86b | 1.00b | 99.16b | 101.2b | 78.95 78.85
> BS2 | 22.1bc | 22.6bc | 1.36c | 1.45c | 2152c | 214.3c | 191.74 | 190.25
= BS3 | 25.36¢c | 26.15¢c | 3.18d | 3.02d | 292.5d | 282.5d | 263.96 | 253.33
E W2 BSO | 6.66a | 7.12a | 0.1l1a | 0.13a | 11.23a | 11.52a | 4.46 4.27
= BS1 | 15.18b | 19.29b | 0.67b | 0.66b | 65.18b | 62.15b | 49.33 41.57
BS2 | 20.25¢c | 21.10c | 1.15bc | 1.25bc | 155.1¢c | 156.6¢c | 133.75 | 134.25
BS3 | 22.35¢c | 22.05¢c | 2.17c | 2.21c | 182.3c | 180.9c | 157.83 | 156.64
W1 BSO | 9.22a | 10.18a | 0.15a | 0.21a | 20.55a | 21.52a | 11.18 11.13
> BS1 | 25.83c | 23.90c | 2.15¢c | 2.31c | 101.1b | 1009b | 73.12 74.69
£ BS2 | 33.15d | 34.22d | 3.24d | 3.32d | 211.2c | 215.0c | 174.81 | 177.46
g BS3 | 41.22f | 42.68f | 550f 556f | 281.6d | 282.1d | 234.88 | 233.86
Cg W2 BSO | 6.66a | 7.12a | 0.1la | 0.13a | 11.23a | 11.52a | 4.46 4.27
2 BS1 | 21.15b | 20.22b | 1.15b | 1.20b | 66.15b | 62.81b | 43.85 41.39
- BS2 | 24.61c | 25.09¢c | 2.17c | 231c | 151.1c | 153.1¢c | 124.32 | 125.70
BS3 | 33.16d | 33.07d | 3.60d | 3.75d | 180.1c | 181.2¢c | 143.34 | 144.38

*Means of three samples within columns and rows under one parameter followed by the same letter are not
significantly different (P<0.05) as measured by the LSD method.
*NB. Soluble Organic Nitrogen (SON) = TSN — (NO3z-N + NH,-N)

Among the different compost-moisture
condition treatments, concentrations of NOs-
N were greater for incorporating compost
into the sandy soil than mulching compost.
The cumulative quantities of NO3z-N
recovered in 2000 ml of leachate were
significantly different among the four
application rates and different methods of
applications. The peak elution of NO3z-N
leached followed the highest rate of
incorporated-compost  under the high
moisture conditions (watering every 3 days).
NOg3-N elution reached a peak on the fourth
or fifth leachate and then declined to a very
low level. It was speculated that
immobilization was primarily responsible
for this decline (kosh et al., 2021;
Marchuck et al., 2023). Figures 1 and 2
show that NO-N elution for all treatments
persisted at a rather constant concentration
from the sixth through the twentieth
leachate. The concentrations of NH4-N in

the leachate rapidly decreased throughout
this time, reaching zero. This indicates that
there is a lag period between the release of
TSN and the ensuing nitrification and
hydrolysis.

The figures illustrate that no nitrate
was present in the first leachate fraction
from all treatments and the peak
concentrations were observed in the fourth
leachate after compost application to the
sandy soil, i.e., 12 and 24 days for the 3 and
6 of watering time intervals, respectively.
The NO3-N decreased drastically by the fifth
leachate. These results are in agreement with
(Algarahy et al.,, 2024). This pattern of
NOs-N in the leachate fraction could be
attributed to differences in edaphic soil
conditions caused by compost method of
application and different moisture conditions
(Oun et al., 2014; Zhou et al., 2023).

Three conclusions may be drawn

from this data. Firstly, the NOs;-N
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concentration in all leachate fractions
improved as the application rate of compost
increased and was significantly higher (P <
0.05) from the incorporated-compost than
from the mulched-compost. Secondly, In
the leachate from both incorporated and
mulched compost, nitrate was the
predominant form of inorganic N. Increasing
soil moisture content, as well as the rate and

concentrations of NO3z-N in all leachate
fractions.  Thirdly, between all compost
treatments, the NO3-N concentrations in all
soil leachate fractions were significantly
higher ~ than the USEPA  (1987)
recommended level for human drinking
water (10 mg/l), but significantly lower than
the Environmental Studies Board (1973)
recommended level for livestock drinking

technique of applying compost, had a water (100 mg/l).
significant (P <0.05) impact on the
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Fig (1). Elution curves of NO3-N from sandy soil amended with biosolids compost as

mulch.
A- 3 days intervals of watering time.
B- 6 days intervals of watering time.
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incorporation.
A- 3 days intervals of watering time.
B- 6 days intervals of watering time.

In the case of mulched-compost
watered every three days at different
application rates (0.0, 20, 40 and 60 t/ha),
the total NO3-N recovered in 20 leachate
fractions were accounted for 2.28, 2.96, 2.21

application rates (Fig. 3). On the other
hand, in the case of incorporated-compost
watered every three days at the application
rates of 0.0, 20, 40, and 60 t/ha, the total
NO3z-N recovered in 20 leachate fractions

and 2.05 % of the total N applied, accounted for 2.28, 3.31, 3.43, and 3.35% of
respectively. Watered every six days, the the total N applied, respectively. But,
total NOs-N recovered in 20 leachate watered every six days, the total NO3-N

fractions accounted for 1.6, 2.67, 2.11, and
1.73% of the total N applied at the same

recovered in 20 leachate fractions were
accounted for 1.6, 2.8, 2.51, and 2.59% of
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the total N applied at the same application
rates (Fig. 3).

The results revealed that the
concentrations of NOjz -N were highly

significant at all application rates for
incorporated-compost compared to
mulched-compost. The  cumulative

recoveries of NO3z-N in 20 leachate fractions
were 41.22 mg/total leachate (2000 ml), in
the situation of the greatest incorporated-
compost rate under high moisture condition
(watering every 3 days). However, the
cumulative recoveries of NOs-N were 25.36
in the case of the same rate of mulched-

compost under high moisture conditionThis
nitrate has the potential for leaching into
groundwater or be absorbed by plants.
According to Zhou et al. (2023), the
concentration of NO3-N in soil solution from
soil supplemented with MSW and sludge
treatment surpassed 50 mg/l. According to
Algarahy et al. (2024), temperature
influences the rate at which nutrients are
released from sewage sludge, and it is also
influenced by other elements including pH,
soil moisture content, total soluble salts, and
microbial activity.
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Compost application rates and methods @ different watering intervals (W1 andW2).

(Fig. 3).

biosolids compost as mulch and
conditions. Vertical bars represent a fixed value (L.S.D value) for the application

method of compost (P < 0.05).

There are two main reasons to be
concerned about soil NOs-N. First, as noted
by Zhou et al. (2023), the amount of NO3-N
in the rooting zone serves as an indicator of
N requirements. Secondly, high

Total recovered and cumulative leaching of NO3-N from sandy soil amended with

incorporating under different moisture

concentrations of NO3-N in the soil profile
are susceptible to leaching, which could lead
to contamination of surface and groundwater
and consequent effects on human and animal
health. Moreover, denitrification of NO3-N
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has the potential to produce N,O and
weaken the ozone layer (Zhou et al., 2023;

Algarahy et al, 2024). Nitrate-N
concentrations  in  leachate  beneath
incorporated-applied compost were

generally higher than the mulched-applied
compost, despite the fact that the application
rates of compost were the same. The
potential impact of incorporated-compost on
leachate NO3 -N concentration was higher in
comparison to mulched-compost for two
reasons. Incorporated compost immediately
induced intimate contact with the sandy soil
where its content of ammonia is readily
hydrolysed to NHs, nitrified rather than
adsorbed, and then becomes more subjected
to leaching than to volatilisation. In
contrast, mulched compost remains on the
surface and its content of ammonia and
organically bound N is subject to
volatilisation. Consequently, more NO3-N
was available for plant uptake or leaching
from incorporated-applied compost than
from the mulched-applied compost.

The other possibility is that the high
rate of soluble organic nitrogen (SON) in the
case of mulched-applied compost may
explain the substantial difference in nitrate
observed between mulched and incorporated
compost. In the situation of mulched-
applied compost, a significant fraction of
nitrate may have been immobilized again
into the soluble organic N fraction of
compost or incorporated into the soil organic
N during movement of leached mineralised
N from the mulching layer of compost into
the underlying sandy soil. This possibility
of immobilization or incorporation of some
mineral N in the soluble organic N or in the
soil organic matter is supported by the high
difference in the C/N ratio of the compost
mulching layer and the sandy soil
underneath. Another factor is the soil
moisture content.

Following every watering event, the

mulching layer of compost becomes
saturated and, short bursts of intense
denitrification occur. Denitrification rates
generally increase with increasing soil
moisture content (Ryden, 1983; Goodroad
and Keeney, 1984). These results are in
agreement with Clay et al., 1993; Farrel, et
al., 1996. The results of this study
indicated that increases in soil moisture
content up to the saturation point may
increase the rate of denitrification in the
compost mulching layer. The observations
that incorporated-compost have higher NOs-
N leaching losses than mulched-compost
under these conditions; emphasize the
importance of method of application, the
application rate and the compost N content,
soil moisture and temperature.

3.3 Ammonia accumulation rate and
leaching.

The NH; -N and NOjz -N values
obtained from the time series samples were
usually comparable to the values obtained
from the bulked samples (Table 4). Table 4
indicates that the NO3-N levels for both the
time series and bulked samples were higher
than the NH4;-N values.  The research
provides evidence of the occurrence of
nitrification. The NH4-N concentrations in
different leachate fractions were below
11mg/L for all treatments, except for the
(Inc W2 BS3) treatment. The NHj-N
concentration in the (Inc W2 BS;) treatment
reached its highest point at 23.98 mg NH4-N
per litter in the second fraction, and then
declined to 0.0 mg/L in the remaining fifteen
fractions for all treatments. The cumulative
quantities of NH4 -N recovered in 2000 ml
of leachate were accounted for 0.003, 0.11,
0.13 and 0.25 % of total N applied of
MulW1BS0, Mulw1BS1, Mulw1BS2 and
MulW1BS3, respectively.

Among the different compost-
moisture condition treatments,
concentrations of NH4 -N were greater for
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incorporating compost into the sandy soil
than for mulching. The cumulative
quantities of NH4 -N recovered in 2000 ml
of leachate were significantly different
among the four application rates and
different methods of application (Table 4).
In all treatment, NH4-N concentrations
increased sharply in the second leachate,
remained steady constant concentrations
until the fourth leachate, and then declined
to nil in the rest of twenty leachate fractions
(Figures 4 and 5). In general, ammonia N
concentrations in all leachate fractions from
all treatments were below the detection limit
(0.1 mg/L) after 15 days of propagation.

The reduction in leaching of NH,; -N
may be attributed to the loss of NH3" via
volatilization or the conversion of NH," into
NO3" during the nitrification process.
Concentrations of NH4-N were much lower
in the leachate fractions from mulched-
compost at all application rates compared
with incorporated-compost. This
demonstrates that when compost s
incorporated into sandy soil, its content of
ammonium N is rapidly nitrified under these
conditions of moisture content and high
temperature (25°C).
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Fig (4). Elution curves of NH4-N from sandy soil amended with biosolids compost as

mulch.
A- 3 days intervals of watering time.
B- 6 days intervals of watering time.

437



M. S. Hussien and K. Haroon

—— Inc W1 BS0 —--m- - Inc W1 BS1
- Inc W1 BS2 — - — Inc W1 BS3
) 25
E
L)
= 15 A
=
= 10 !
@ 5 X m 7 X
= S '\ %
= 0 Lo - g
= 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 45 51 54 57 60
=
Propagation time (days)
A
—¢— Inc W1 BSO — - Inc W1 BS1
- Inc W1 BS2 — = — Inc W1 BS3
Es 25 %
E’ 20
= 15
< A
= 10 "
-ﬁ 5 __(ﬁ.’"-' L o - ...‘\‘\
= 0 '_B'----: - T _‘._‘T ' - |"-\E T & T A T i T i T i T F—
= 0 6 12 18 24 30 36 42 45 54 60
=
= Propagation time (days)
B
Fig (5). Elution curves of NH4-N from sandy soil amended with biosolids compost as

mulch.
A- 3 days intervals of watering time.
B- 6 days intervals of watering time.

At present, there is no critical limit
concerning concentration of NH4-N for the
drinking water standard.  According to
Stoffela et al. (1997), the maximum
contamination limit (MCL) for groundwater
is 1.5 mg NHs-N L™ Although it may
produce NHs at an alkaline pH, ammonia in
water resources is not inherently hazardous.
It is possible to create ammonia gas, which

might harm a number of fish species
(Rostango and Sosebee, 2001). If
converted to NHs, concentrations as low as
0.02 mg NH; -N L* may raise the
possibility of fish suffocation. Ammonia at
concentrations of 0.1 mg/L may produce
taste and smell issues, even though there are
no standards for NH4-N for cattle drinking
water (Rostango, and Sosebee, 2001).
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(Fig. 6). Total recovered and cumulative leaching of NH4-N from sandy soil amended with
biosolids compost as mulch and incorporating under different moisture

conditions.

Vertical bars represent a fixed value (L.S.D value) for the

application method of compost (P < 0.05).

This figure illustrates that the total
amounts of ammonia N accumulated in all
soil leachate fractions from all the compost
treatments never exceeded 7 mg/pot and the
recovered amounts of ammonia is not
considered a significant source of N in this
study. Rather, ammonium fixation,
nitrification, and volatilisation were the
primary factors responsible for the low
levels of ammonia determined in this study.
3.4 Total soluble N accumulation rate and

leaching.

The accumulation rates of recovered
total soluble N in the effluent and bulk
samples collected from sandy soils treated
with different compost application rates and
methods after 3- or 6-days watering intervals
are shown in table (4). The results revealed
that no soluble N was existent in the first
leachate fractions from all treatments and
the peak concentrations were viewed in the

fourth leachate, i.e., 12 days after compost
application to the sandy soil. The total
soluble N decreased drastically by the fifth
leachate. Additional TSN released after 12
days diminished rather than augmented and
reach a plateau for the rest of propagation
time. Similar trends with no significant
difference in TSN release were noted for
both mulched and incorporated compost.
Among the different compost-
moisture condition treatments,
concentrations of total soluble N were nearly
the same for incorporated or mulched
compost in the sandy soil. The cumulative
quantities of total soluble N recovered in
2000 ml of leachate were significantly
different among the four application rates
and different moisture conditions. Total
soluble N elution reached a peak in the
fourth or fifth leachate and continued at a
fairly steady concentration after the sixth
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through to the twentieth leachate (Figures 7
and 8) for all treatments.

The concentrations of TSN (organic N
+ inorganic N) reached a maximum after 12
days of propagation in the case of watering
every 3 days and after 18 days of

propagation in the case of watering every 6
days and then declined gradually (Figures, 7
and 8). The exact reason for this decline is
not clear, but some loss of mineral N (NO3 -
N + NHy -N) whether by volatilisation or
denitrification is probable.

—e— MulW1BS0 — @ — MulW1BS1 -—z-— MulW1BS2 ——%— Mul'W1BS3
3
w
E
g
Es
5E
22
25
@ T
58
% D L‘Il T T T T T T T T T T
= 0 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 B4 57 60
1]
E Propagation time (days)
A
= —+— MulW2BS0 — & — MulW2BS1 -2 Mul'W2 BS2 ——=+— Mul'W2B53
3 400
o; & n
Eé 300 \x_’ = riy X\
oo -
= il
gl £ ﬁ - '*-.—_— (- _
58 180 Fea
=2 100 £ I i .
== A m - B - L
o 50 — & — i—
= 0 = : : : ——————————_+ 4
E 6 12 18 24 30 36 42 43 b4 60
Propagation time (days)
B

Fig (7). Elution curves of TSN from sandy soil amended with biosolids compost as mulch.

A- 3 days intervals of watering time.
B- 6 days intervals of watering time.
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Fig (8). Elution curves of TSN from sandy soil amended with biosolids compost as

incorporating.
A- 3 days intervals of watering time.
B- 6 days intervals of watering time.

These figures illustrate that total
soluble N release (organic + inorganic) from
biosolids compost in compost-mulched pots
at all treatments was similar to the compost-
incorporated pots. For example, the
cumulative rate of TSN for compost-
mulched pots ranged from 11.52 to 282
mg/pot compared with 21.52 to 282.1
mg/pot for compost-incorporated pots.

Although, total soluble N release
from incorporated and mulched-compost

was similar regardless of application rates
and moisture conditions, inorganic N release
was significantly greater in pots with
incorporated-compost  than those  with
mulched. It is interesting that unlike
inorganic N, soluble organic N (SON)
tended to be significantly (P < 0.05) greater
in pots with mulched-applied compost than
with incorporated. Results showed that
soluble organic N (SON) was significantly
affected by compost application method and
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moisture conditions. This soluble organic N
is not readily available, but it can be a
significant source of plant available N over
post-application time (Algarahy et al.,
2024). There is a distinct possibility that
some ammonia might have been lost through
NHs volatilisation from the compost-
mulching layer under high temperature and
pH conditions.

3.5 Net N mineralization and N budget.
Table 5, shows the N-budgets for the

submitted biosolids compost under various

moisture conditions. Table 5 includes the

values of TN applied from the start, TN
retained at the end, N recovered in effluent
(TSN in bulked samples), and variances
between them representing the unaccounted-
for N, which was assumed to be lost in the
form of gaseous N compounds. The TSN is
composed of all the N forms soluble in
water including for instance NH,;"-N, NOs'-
N, NO,-N, amino acids, amides, nitrides, di-
poly-amino compounds, and amino alcohols
(Brady, 1990). Therefore, the TSN values
are the suitable values for calculating N
budget.

Table 5. Nitrogen budget for different combinations of compost application rates and
methods under different moisture conditions.

Treatments TN (mg/pot) N recovered Unaccounted-for

N
App. Watering App. At the At the (mg/pot) (%) (mg/pot) (%)

Metho Time Rate start end

w1 BSO 445 422.91 21.52 a 4.83 0.57 0.13
BS1 721.06 601.28 101.2 b 14.03 18.58 2.57
= BS2 997.12 745.15 214.3c 21.49 37.67 3.77
= BS3 1273.18 939.19 282.5¢ 22.18 51.49 4.04
E W2 BSO 445 432.91 11.52a 2.58 0.57 0.13
= BS1 721.06 641.51 62.15b 8.61 17.4 1.88
BS2 997.12 809.95 156.6 ¢ 15.7 30.57 1.61
BS3 1273.18 | 1061.15 180.9c 14.21 31.13 1.57
W1 BSO 445 422.91 2152 a 4.83 0.57 0.13
- BS1 721.06 606.61 100.9b 13.99 13.55 1.88
= BS2 997.12 766.05 215.0c 21.56 16.07 1.61
g BS3 1273.18 971.02 282.1c 22.15 20.06 1.57
g W2 BSO 445 432.91 1152 a 2.58 0.57 0.13
o BS1 721.06 646.15 62.81b 8.71 12.1 1.67
- BS2 997.12 828.28 153.1¢ 15.35 13.72 1.37
BS3 1273.18 | 1074.66 181.2 ¢ 14.23 17.32 1.36

*Means of three samples of N recovered (mg/pot) within a column followed by the same letter are not
significantly different (P<0.05) as measured by the LSD method.

Table 5 and figure 9 show that the
total N recovered (organic + inorganic) of
biosolids compost in compost-mulched pots
at all treatments were similar to the
compost-incorporated pots. For example,
the total recovered N for compost-mulched
pots watered every three days ranged from

4.83% to 22.18% compared with 4.83 to
22.15% for compost-incorporated pots.
However, the total recovered N for compost-
mulched pots watered every six days ranged
from 2.58% to 14.21% compared with 2.58
to 14.23% for compost-incorporated pots.
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(Fig. 9). Total recovered and unaccounted-for
compost as mulch and incorporating un

N from sandy soil amended with biosolids
der different moisture conditions. Vertical

bars represent a fixed value (L.S.D value) for the application method of compost (P

< 0.05).

Although, total recovered N from
incorporated and mulched-compost was

compost resulted in significantly greater
soluble organic N fractions in soil leachate

similar, inorganic N recovered was compared with incorporated compost.
significantly  greater in  pots  with Algarahy et al. (2024) state that the soluble
incorporated-compost than those with organic N pool is the primary source of N

mulched. Most of the total recovered N in
the soil leachate was found as soluble
organic N (SON) (Fig. 10). Mulched

supplies to the mineral N pool and a
representation of the N reserves in the soil.
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(Fig. 10). Total soluble organic and inorganic

N as a percentage of total applied N from

sandy soil amended with biosolids compost as mulch and incorporating under

different moisture conditions.

Vertical bars represent a fixed value (L.S.D

value) for the application method of compost (P < 0.05).
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The lower inorganic N recoveries is unaccounted-for and presumably lost via
from mulched-compost in the soil leachate volatilisation and/or denitrification.  The
suggest that the  mulched-compost unaccounted-for N was in the range of 0.13
underwent higher volatilisation and/or to 1.57% of the total applied N to this sandy
denitrification than incorporated. This was soil as incorporating. The inorganic N
further supported by high amount of recovered in soil leachate followed different
unaccounted-for N in the case of mulched trend from the soluble organic N recovered,
compost, where it was in the range of 0.13 where the inorganic N decreased as the
to 4.04% of the total N applied. The application rate of compost increased (Fig.
unaccounted-for N expressed, as a percent 11). The reverse was true for the soluble N
of the total applied N was significantly recovered, where it increased as the compost
larger from the mulched-compost pots than application rate increased. This figure also
from incorporated. The results revealed that illustrates that 70 to 90% of the total
0.13 to 4.04% of the total applied N to this recovered N was found in the form of
sandy soil as mulch under these conditions soluble organic N.
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(Fig. 11). Total soluble organic and inorganic N as a percentage of total recovered N from
sandy soil amended with biosolids compost as mulch and incorporating under
different moisture conditions. Vertical bars represent a fixed value (L.S.D
value) for the application method of compost (P < 0.05).

This investigation indicated that the release of N forms during the successive
rapid N release from biosolids compost used leaching events. At high application rates,
during the initial leaching events. The total the NO3-N concentrations enhanced above
N recovery from compost as mulch after 10 mg/L in soil leachate. Thus, this study
completion of 20 leaching and dry cycles indicates that leaching of NOj3 should be
accounted for 22.18 % of the total N looked when compost application rates and
applied. There was a lag phase for the frequencies are determined, particularly on
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sandy soil with coarse structure and low
water holding capacity. Under the
circumstances of this investigation, the
hypothesis that nitrate and ammonia are not
to leach through such soil profile must be
rejected.

3.6 Available heavy metals content of the

soil and leachate.

After 12 days propagation time, a very
small portion of heavy metals were readily
water soluble and would be removed only in
early leachates when biosolids compost is
applied to land (Table 6), except for Cd. In
all soil leachate fractions, the amounts of Cd
were below the detection limits of the
technique. Following a 12-day propagation
period, the leachate fractions from all the
compost-modified pots exhibited heavy

metal concentrations that were below the
detection limits of the technique. These
findings concur with those of Silviera and
Sommers (1977) as well as Dowdy et al.
(1991). Certain metal fractions, such as
those that are  water-soluble and
exchangeable, are often thought to be
immediately accessible to plants (Brady,
1990; Liu et al., 2020; Algarahy et al.,
2024), while other fractions could be
unavailable or only slowly available.
According to the findings, the water-soluble
form of heavy metals is present in very tiny
and negligible amounts and is likely more
plant accessible and leaching-prone than the
other soil fractions (Alloway, 2013; Liu et
al., 2020; Algarahy et al., 2024).

Table (6). Heavy metals content (mg/L) of leachate after 12 days incubation of compost-
treated and untreated sandy soil.

Treatments
Application | Watering Application | 5., Cu? Ni Pb ** Cr?
Methods Time Rate
BSO 0.04 a 0.009a |0.1l1la 0.01la 0.006 a
W1 BS1 0.24 b 0.025a |0.37c 0.05b 0.04 b
=2 BS2 0.19b 0.022a |0.30bc |0.05b 0.04Db
= BS3 0.11a 0.020a |0.21ab |0.03ab |0.03b
= BSO 0.09a 0.011a 0.10a 0.01a 0.007 a
= W2 BS1 0.25¢ 0.028a |0.31b 0.04 b 0.05b
BS2 0.20bc | 0.023a |0.27b 0.04 b 0.04 b
BS3 0.14 ab 0.023a |0.16ab 0.02 ab 0.03b
BSO 0.04 a 0.009a |0.11la 0.01a 0.006 a
W1 BS1 0.23b 0.023a |0.30b 0.04 b 0.03b
> BS2 0.15ab 0.020a |0.26b 0.04 b 0.01a
S BS3 0.11 ab 0.017a |0.16ab 0.02 ab 0.01a
[
o
g BSO 0.09 a 0.011a |0.10a 0.01a 0.007 a
e W2 BS1 0.25b 0.028a |0.27b 0.04 b 0.03b
- BS2 0.19 ab 0.022a |0.25b 0.05b 0.02b
BS3 0.13ab |0.016a |0.18ab |0.03ab |0.01ab

*Means of three samples within a column followed by the same letter are not significantly different (P<0.05) as

measured by the LSD method.
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Concentrations of heavy metals in soil
leachate fractions were significantly affected
by compost rate and method, but not by
different watering intervals (3 or 6 days).
The results from the pots watered every 3
days were nearly the same as those for the
pots watered every 6 days. These results
suggest that it was not neither the volume of
water applied nor the moisture content that
existed in the compost-amended pots that
controlled the movement of compost-borne
heavy metals, but rather the compost
application rate and method influence upon
the soil characteristics such as pH, soluble
salts, and organic matter. For the highest
rate of compost application (60 t/ha),
concentrations of heavy metals in soil
leachate fractions were insignificantly (P <
0.05) higher from compost-amended pots
than from the control. For the lowest rate of
compost application (20 t/ha) concentrations
of heavy metals in soil leachate fractions
were significantly (P < 0.05) higher from
compost-amended pots than from the
control. There was no significant difference
between compost application rates at
different moisture conditions.

High concentration of heavy metals in
the soil leachate fractions leached from the

pots amended with the lowest compost
application rate probably resulted from
unstable organic complexes they form with
soluble organic matter present in compost.
Also, concentrations of heavy metals in soil
leachate fractions were insignificantly
higher in mulched-compost pots than in
incorporated-compost. The  higher
concentrations of SON in soil leachate
fractions leached from mulched-applied
compost than from incorporated-compost,
may explain the difference between the two
methods of application. In  general,
increases in dissolved heavy metals
followed the trend MulBS1, IncBSl1,
MulBS2, IncBS2, MulBS3 and IncBS3 with
no significant difference for all the compost
treatments. In addition, the results revealed
that there are consistent and significant
increases in DTPA-extractable heavy metals
in compost treated pots compared to control
(Table 7). The extractable concentrations of
heavy metal were unproportionally affected
as the compost application rate increased,
since no significant differences were found
in the extractable metals between different
compost application rates.

Table (7). Available heavy metals content (mg kg™) in sandy soil conditioned with biosolids
compost after 60 days incubation under controlled conditions.

Treatments Zn** cu®* Ni%* Pb* cd* cr¥

DTPA DTPA DTPA DTPA DTPA DTPA

W1 BS, 13.6a 119a 15.2 a 0.3a 0.23 a 0.11a
Mul. W1 BS; 23.6Db 226b 199b 15b 09b 0.43b
Mul. W1 BS, 26.3b 26.8b 21.2b 1.8b 09b 0.53b
Mul. W1 BS; 299b 28.6b 224D 1.8b 1.1b 0.58b
Inc. W1BS; 26.6b 259b 18.1 ab 1.3b 0.8h 042b
Inc. W1 BS, 311b 319b 21.3b 22b 1.2b 060b
Inc. W1 BS; 29.8b 30.2b 209b 22b 1.1b 0.59b

*Means of three samples within a column followed by the same letter are not significantly different (P<0.05) as

measured by the LSD method.
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Because most trace elements in biosolids
are strongly associated with mineral phases
(Algarahy et al., 2024) the hypothesis is
that most trace elements are expected not to
leach easily through a coarse-textured sandy
soil. Under the conditions of this study, the
hypothesis that most trace elements are not
leached readily through such soil profile
must not be rejected. Results of this
experiment revealed that soluble organic
shapes of the trace elements could move
from the zone of incorporation or from the
mulching layer of compost, especially in the
case of continued compost application at
high application rates. In Egypt, because of
the alkalinity and the calcareous nature of
sandy soils and the very low precipitations,
increases of heavy metals in subsoil or in the
groundwater are not presumed as compost
applied (Abd El-Azeim et al., 2021). It is
evident that the primary characteristics of
soil impacting soil-metal interactions are
pH, the amount and quality of organic
matter, Fe and Mn oxides, and the
percentage of clay content (Ross, 1994).
The pH does affect the availability of heavy
metals to the ground water and the topsoil.
The addition of biosolids compost had a
liming effect and raised the pH into the
range, which affected the availability of
heavy metals.

Dowdy et al. (1991) argued that metal
mobility might be enhanced if biosolids add
soluble organic matter or reduce the soil pH.
The results of many studies have indicated
that metals in biosolids tend to accumulate
in topsoil (Schirado et al 1986; Dowdy et
al., 1991). The law limits of metals under
investigation in groundwater are 0.50, 0.10,
2.00, 0.20, 0.02 and 2.00 for Zn, Cu, Ni, Pb,
Cd and Cr, respectively (Pinamonti et al.,
1996). According to Sawyer et al. (1994),
heavy metals in public water sources are
often defined arbitrarily as those for which

drinking water standards are typically in the
range of 1 mg/L or less. While several
heavy metals were found in extremely low
concentrations, all of the heavy metals in the
leachate fractions from compost-amended
pots were well below this value, and Cd was
below the technique detection limits.

The amount of heavy metals in the
biosolids, their adsorptive qualities, the
production of insoluble precipitates, and the
biosolids themselves all affect the solubility
and mobility of heavy metals in soil treated
with biosolids (Corey et al., 1987;
Sommers et al., 1987). It is anticipated that
adding composted biosolids to soil would
change its SOC concentration and
composition. This might have an impact on
the mobility, speciation, and ultimate
destiny of heavy metals in the supplemented
soil (Barbarick et al., 1998). The
experiment's findings showed that, in sandy
soil, low biosolids application rates raised
the DTPA-extractable levels of Zn, Cu, Ni,
Pb, Cd, and Cr. But when the pH rose, the
high application rates produced identical
outcomes for these metals (not much of a
difference). In fact, in sandy soil treated
with compost, rises in pH neutralize the
impact of compost additions on soluble
heavy metals. These findings concur with
those of (Barbarick, et al., 1998).

There is broad confidence on the
heavy metal concentrations in leaching
water in terms of environmental protection,
according to data from leachate studies
(Table 6). This demonstrates the favourable
effect of biosolids with increasing pH of the
sandy soil. However, the solubility of heavy
metal increased by the increases in soluble
organic N. This appeared in the case of
mulching where the amount of SON
increased. In general, according to this
research, relatively few metals deposited in
biosolids compost leak into the groundwater
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and very few move to any depth in the soil.
The levels of heavy metals in the leachate
and soil were within allowable limits.
However, it should be monitored regularly
in case of repeated applications.

4. CONCLUSION

Major concerns of applying biosolids
compost to recently recovered sandy soils
include the groundwater pollution by nitrate
and the concern of heavy metals build-up.
Application of high rates of biosolids
compost with high N and heavy metals
content may result in excessive leaching of
nitrate, ammonia and heavy metals into
groundwater. The efficiency of nitrogen use
by crop plants depends, in part, on the
leaching losses below the rooting depth in
soils. On the other hand, in Egypt sandy
soils have high pH and are generally
calcareous favouring the adsorption and
precipitation of most nutrients and heavy
metals. In addition, the water table is
generally deep, and the possibilities of
leached nutrients or heavy metals are low.
Therefore, the hypothesis inferred is that the
effect of high rates and different methods of
biosolids compost application would not
increase the concentrations of nitrate,
ammonia and some selected heavy metals in
groundwater as the soil moisture increased
above saturation. Generally, results of this
study indicated the feasibility of using
biosolids compost at high rates with low
heavy metal contents to ameliorate sandy
soil without environmental consequences.

REFERENCES:

ABD EL-AZEIM, M. M. AND
S. A. HADDAD, (2017). Effects of
biochar on sandy soil health

under arid and semiarid conditions.
Sixth international conference on
environment management,
engineering, planning and economics
(CEMEPE 2017) & SOIL
ECOTOXICOLOGY CONFERENCE,

THESSALONIKI, GREECE, 25 — 30
JUNE, 2017.

Abd EI-Azeim, M. M., Zainab M. Salah,
A. A. Hammam., (2021). Assessment
of Water Hyacinth Biochar as a Soil
Amendment for Sandy Soils. J. of Soil
Sciences and Agricultural Engineering,
Vol. 12 (6):431 - 444. DOL:
10.21608/jssae.2021.182662

Abd El-Azeim, M.M.; Menesi, A.M.; Abd

El-Mageed, M.M.; Lemanowicz, J.;

Haddad, S.A. (2022). Wheat Crop

Yield and Changes in Soil Biological

and Heavy Metals Status in a Sandy

Soil Amended with Biochar and

Irrigated with  Drainage = Water.

Agriculture 2022, 12, 1723.

https://doi.org/10.3390/agriculture130

81634

El-Azeim, M.M.; Yousef, E.;

Hussien, M.; Hamza, A.; Menesi, A.;

Youssef, N.; Omar, M.;

Lemanowicz, J.; Eldesoky, G.E.;

Abdelkarim, N.S.; et al. (2023).

Sustainable  Solutions  for  Arid

Regions:  Harnessing  Aquaponics

Water to Enhance Soil Quality in

Egypt. Agriculture 2023, 13, 1634.

https://doi.org/10.3390/agriculture130

81634

Shelbaya, M. A.; M. M. Abd ElI-

Azeim; A. M. Menesil and M. M.

Abd EI-Mageed (2021a). Heavy

Metals and Microbial Activity in

Alluvial Soils Affected by Different

Land-Uses. J. of Soil Sciences and

Agricultural Engineering, Mansoura

Univ., Vol. 12 (3):165-177.

Shelbaya, M. A.; M. M. Abd ElI-

Azeim; A. M. Menesil and M. M.

Abd EIl-Mageed (2021b). Alluvial

Soil Quality Indicators as Affected by

Different Land-Uses. J. of Soll

Sciences and Agricultural Engineering,

Mansoura Univ., Vol. 12 (4):267-277.

Avery, B.W., C.L. Bascombe, (1982). Soil

Abd

Abo

Abo

448


https://doi.org/10.3390/agriculture13081634
https://doi.org/10.3390/agriculture13081634
https://doi.org/10.3390/agriculture13081634
https://doi.org/10.3390/agriculture13081634

Minia J. of Agric. Res. & Develop., Minia Univ., Vol. 44 (3): 423 - 452, 2024

survey laboratory methods. Sail
Survey of England and Wales,
Harpenden.
Barbarick, J.A. Ippolito, D.G. Westfall.,
(1998). Extractable trace elements in
the soil profile after years of
biosolids application. J. Environ.
Qual.27:801-05.
Black, C.A., (1965). Methods of soil
analysis. part 1&2. Am. Soc. Agron.
Madison, Wisconsin.
Brady, N.C., (1990). The nature and
properties of soils. 10" ed. Maxwell,
Macmillan, International Eds.
Cioca, L.-I., A.-O. Ciomos, D. § eitoar,
R.M. Drut “a, G.M. David., (2021).
Industrial Symbiosis through the Use
of Biosolids as Fertilizer in Romanian
Agriculture. Recycling 2021, 6, 59.
https://doi.org/10.3390/
recycling6030059.
Clay, D.E., C.E. Clapp., J.A.E. Molina.,
(1993). Mineralisation of nitrogen in
fertilised acidified lime-amended
soils. Biol. Fertil. Soils. 15:249-252.
Corey, R.B., L.D. King., C. Lue-Hing.,
D.S. Fanning., J.J. Street., J.M.
Walker., (1987). Effects of sludge
properties on accumulation of trace
elements by crops. pp. 25-51. In A.L.
Page et ali., (ed). Land application

of sludge, food chain
implications. Lewis Publ. Inc. Chelsea,
M1.

Dad, K., A. Wahid, A.A. Khan, A. Anwar,
M. Ali, N., Ali, S. Sarwar, A.
Ahmad, M. Ahmad, K.A. Khan,
M.J. Ansari, A.B. Gulshan, AA.
Mohammed., (2019). Nutritional
status of different biosolids and their

impact on various growth

parameters of wheat (Triticum

aestivum L.). Saudi J. Biol. Sci. 26 (7),

1423-1428.

doi: 10.1016/j.sjbs.2018.09.001
Dowdy, R.H., JJ. Latterell., T.D.

Hinesly.,
Sullivan,

R.B. Grossman., D.L.
(1991). Trace metal
movement in an aeric ochraqualf
following 14  years of annual
sludge applications. J.  environ.
Qual.15:278-281.

Elgarahy, A.M., M.G. Eloffy, A.K. Priya,
V. Yogeshwaran, Z. Yang, K.Z
Elwakeel, E.A. Lopez-Maldonado.,
(2024). Biosolids management and
utilizations: A review. Journal of
Cleaner Production 451 (2024)
141974,

https://doi.org/10.1016/j.jclepro.2024.141974

Emmerich, W.E., LJ. Lund, A.L.
Chang., (1982). Solid phase forms of
heavy metals in sewage sludge-treated
soils. J. Environ. Qual. 11, 178-
181.

Epstein, E., (1997). THE SCIENCE OF
COMPOSTING. Technomic Publ. Co.
Inc. Lancaster, PA.

European Environment Agency, (1998).
Sludge treatment and disposal,
management approaches and
experiences. 54pp. EEA, Copenhagen.

Farrell, R.E., P.J. Sandercock, D.J.
Pennock., C.V. Kessel.,, (1996).
Landscape-scale  variations in
leached nitrate:  relationship  to

denitrification and natural nitrogen-
15 abundance. Soil. Sci. Soc. Am. J.
Ge, D., Yuan, H., Shen, Y., Zhang, W.,

Zhu, N., 2019. Improved sludge
dewaterability by  tannic  acid
conditioning: temperature,
thermodynamics and mechanis

mstudies. Chemosphere 230, 14-23.
doi: 10.1016/j.chemosphere.2019.05.046.
Goodroad, L.L., D.R. Keeney., (1984).

Nitrous oxide production in aerobic

soils under varying pH, temperature,

and water content. Soil Biol.  Biolch.
16:39-43.
ISO, 11466. (1995). Soil  Quality:

Extraction of trace elements soluble in

449


https://doi.org/10.1016%2Fj.sjbs.2018.09.001

M. S. Hussien and K. Haroon

aqua regia.
11047. (1998). Soil  Quality:
Determination of cadmium, chromium,
cobalt, copper, lead, manganese,
nickel, and zinc in aqua regia extracts
of soil-flame  and electrothermal
atomic  absorption  spectrometric
methods.
Koch, N., N.F.
Prasad, H.

I1SO,

Islam, S. Sonowal, R.

Sarma.,  (2021).
Environmental antibiotics and
resistance  genes as  emerging
contaminants: methods of detection
and
bioremediation. Current Research in
Microbial Sciences 2, 100027.

doi.org/10.1016/j.crmicr.

Le, Q., Price, G.W., (2024). A review of the
influence of heat drying, alkaline
treatment, and composting on biosolids
characteristics and their impacts on
nitrogen dynamics in  biosolids-
amended soils. Waste Manage.
(Tucson, Ariz.) 176, 85-104.

DOI: 10.1016/j.wasman.2024.01.019

Lindsay, W.L. (1979). Chemical equilibria
in soils. Wiley, NY.

Lindsay, W.L., W.A. Norvell. (1978).
Development of a DTPA test for soil

zinc, iron, manganese, and copper.
Soil Sci. Soc. Am. J. 42: 421-428.

Liu, Z., B.K. Mayer, K. Venkiteshwaran,
S. Seyedi, A.S.K. Raju, D. Zitomer,
P.J. McNamara., (2020). The state of
technologies and research for energy

recovery

from municipal wastewater sludge and
biosolids.  Current  Opinion in
Environmental

Science & Health 14, 31-36.
https://doi.org/10.1016/j.coesh.2019.12
.004

MAFF, Ministry of Agriculture, Food
Fishers, (1986). The analysis of
agricultural  materials. 3@ ed.
Reference book 427. Her Majesty’s

Stationary Office. London, UK.
Marchuk, S., S. Tait, P. Sinha, P. Harris,
D.L. Antille, B.K. McCabe., (2023).
Biosolidsderived fertilisers: a review
of challenges and opportunities. Sci.
Total Environ.875,162555.
DOI: [10.1016/j.scitotenv.2023.162555
Mohieyeddin, M., M.M. Abd El-Azeim, E.
Yousef, M. Hussien, A. Hamza, A.
Menesi, N. Youssef, M. Omar, J.
Lemanowicz, G.E. Eldesoky, N.S.

Abdelkarim, et al., (2023).
Sustainable  Solutions  for  Arid
Regions:  Harnessing  Aquaponics

Water to Enhance Soil Quality in
Egypt. Agriculture 2023, 13, 1634.
https:// doi.org/10.3390/agriculture13081634.

Okoffo, E.D., B.J. Tscharke, J.W.
O’Brien, S. O’Brien, F. Ribeiro, S.D.
Burrows, P.M. Choi, X. Wang, J.F.
Mueller, K.V. Thomas., (2020).
Release of plastics toAustralian land
from biosolids end-use. Environ. Sci.
Technol. 54 (23),
15132-15141.

DOI: 10.1021/acs.est.0c05867.

Oun, A., A. Kumar, T. Harrigan, A.
Angelakis, 1. Xagoraraki., (2014).
Effects of biosolids and manure
application on microbial water quality
in rural areas in the US. Water 6 (12),
3701-
3723.https://doi.org/10.3390/w6123701

Page, A.L., R.H. Miller., D.R. Keeney.,
(1982). Methods of soil analysis.

Part 2. 2" ed. Agron. Monogr. 9.
ASA. And SSSA. Madison, W1.

Page, A.L., R.H. Miller., D.R. Keeney.,

(1982). Methods of soil analysis.
Part 2. Am. Soc. Agron. Madison,
Wisconsin. USA.

Ross, S.R., (1994). Toxic metals in soil-

plant systems. John Wiley & Sons
Ltd, New York.

Rostango, C.M., R.E. Sosebee., (2001).

Biosolids  application in  the

450


https://doi.org/10.1016/j.wasman.2024.01.019
http://dx.doi.org/10.1016/j.scitotenv.2023.162555
https://doi.org/10.1021/acs.est.0c05867
https://doi.org/10.3390/w6123701

Minia J. of Agric. Res. & Develop., Minia Univ., Vol. 44 (3): 423 - 452, 2024

Chihuahuan desert: Effects on runoff

water quality. J. Environ. Qual.
30:160-170.
Rowell, D.L., (1994). Soil Science:

Methods and applications. Longman
Scientific& Technical. (1994).
Ryden, J.C. (1983). Denitrification loss

from a grassland soil in the field

receiving different rates of
nitrogen as ammonium nitrate. J. Soil.
Sci. 34:355- 365.

SAS Institute. (1996). SAS User’s guide:

Statistics. Version 6.11. SAS Institute,
Carry, NC.

Schirado, T., I. Vergara., E.B. Schalscha.,

P.F. Pratt, (1986). Evidence for

movement of heavy metals in a soil
irrigated with untreated wastewater. J.
Environ. Qual. 15:9-12.

Sen, T.K., (2023). Agricultural solid wastes
based adsorbent materials in the
remediation of heavy metal ions from
water and wastewater by adsorption: a
review. Molecules28 (14),
5575.https://doi.org/10.3390/molecul
es28145575

Sommers, L.R.  (1977).  Chemical
composition of sewage sludges and
analysis of their potential use as
fertilizers. J. environm. Qual., 6, 225.

Sugurbekova, G., E. Nagyzbekkyzy, A.
Sarsenova, G. Danlybayeva, S.
Anuarbekova, R. Kudaibergenova,

C. Frochot, S. Acherar, Y.
Zhatkanbayev, N. Moldagulova.,
(2023). Sewage sludge management
and application in the form of
sustainable fertilizer. Sustainability 15
(7),
6112.https://doi.org/10.3390/su15076112
Environmental Protection Agency.
(1973).  Water  quality criteria.
Committee of water quality
criteria, EPA/R3/73/033.
Environmental Protection Agency.
(1987). Proceedings: Workshop on
effects of sewage sludge quality and
soil properties on uptake of sludge-

u.S.

u.S.

applied trace constituents.
EPAG00/9-87/002. National technical
Information  Service, Springfield,
Virginia.

Williams, B.L., C.A. Shand., C. O’Hara.,
S. Smith., M.E. Young., (1995). A
procedure for the simultaneous
oxidation of total soluble nitrogen and
phosphorus in extracts of fresh and
fumigated soils and litters. Commun.
Soil. Sci. Plant Anal. 26;91-106.
Zhou, B., T. Zhang, F. Wang., (2023).
Microbial-based heavy metal
bioremediation: toxicity and eco-
friendly approaches to heavy metal
decontamination. Appl.Sci.13(14),
8439.https://doi.org/10.3390/appl31
48439

451


https://doi.org/10.3390/molecules28145575
https://doi.org/10.3390/molecules28145575
https://doi.org/10.3390/su15076112
https://doi.org/10.3390/app13148439
https://doi.org/10.3390/app13148439

M. S. Hussien and K. Haroon

ol padlall

Spanidl) r dla ) (el N (B ALERY pualindl g Cpn g All) ) e g 5 Al
Al 7 Jlaal) clalia o graly

Jana (g S - Flpa daaagpdia s 9

Litall daals — Al ) 30 A0Sl V) auid

(Al Lea) 85 cAaddiall Leis peadd | plas Alaldl Blaliall & Al ) A5 Al A6 julad AlKGe Jasll Jia

Al ) ) JalE g Cand) 138 (e Caagll olaally L) e 5 a8l ade g 4 sl Balall (e Cipeal) Wl gina g
w&w\qjﬂ\&g@)&\‘__;.a\jw&:ﬁ@ua\z%g,&amszqu\ww\au&mﬁée\my
Vo) &5l pa A po e Lghudand o aal 4pad Cysal ALEN pualiall 5 el Gan s sl 4 Sl s
0o el I (8 il il 58 5 o A el o2 il iy (ol T 5 ) o 0 s (R e a5 2 ) el o)
L pa¥) < 38 B cyslaty ol ol (453 5a ga S 1Y el 300l et Aad a5 ¢ A1/ aale 0 Gglan A )
2 Aol i lral) gaand il ) 8 CaSSH 3 gan e J8T Y ) L5 A0l Ay ) amy ) ) 8 1/ aale Y
Lis¥) NHg-N e S/ ile V.00 a4 gal) sliall Gl (5 ginnad = jitall oY) aal) (o alall e dllinall iy )l
il elae (58 4y o sall (5 sinsall (30 S el Ay IS axy By e el 1 o1 3l maen (3 NO-N @l 38 5 il
Gl Lads (DA pade Vo) Badlall oyl olia (B 4y (pemsall (5 sianall o Sy B SI5 (A1 pade V) Ll
AL jualially & ghl (e Loy e Al (s Ll 5 1S el e f o ) (cpe el 0 3 ALEN (Cpalaall <l 38 53y

)5 sl 5] a1 53 same Aty yhlie o Alle A ponme 30 58 I (535 Asbe ) A 01 3 535l el A

ALEY jealiall (L gal) el il cdabiall o jlaall clilie Cu saeS 1 Apalial) cilalg)

452



