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Abstract. Sewage sludge (SS) is the final product of wastewater treatment its accumulation can cause
serious environmental problems; however, it may be used as agricultural fertilizer. Our objective was to
evaluate the effect of natural attenuation on SS by studying the cytotoxicity and genotoxicity potential of
different concentrations of SS extract and soil mixtures using the Vicia faba L. test, and to study the
microbiological biodiversity and presence of toxic furans and dioxins during natural attenuation.
Cytological investigation of treated V. faba roots after 12 months of natural attenuation revealed that the
percentage of different types of mitotic abnormalities increased with the concentration of raw SS from
induced DNA damage in V. faba roots. However, this effect declined during the attenuation periods.
Although after the natural attenuation period, significant effects were detected for the highest tested
concentration (100% SS). Nine different bacterial colonies were observed in SS, but only three colonies
remained after 12 months. Moreover, Gas Chromatography-Mass Spectrometry analysis showed that the
concentrations of toxins were reduced during the natural attenuation periods. Therefore, we concluded
that raw SS should not be used as soil fertilizer without detoxification, and its toxic potential must be
formally assessed.
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Introduction

Sewage sludge refers to the residual, semi-solid material produced as a secondary
product during sewage treatment of municipal or industrial wastewater. It is mainly
composed of organic matter; nutrients (nitrogen and phosphorus) and toxic
contaminants (Gray, 2010). Due to its high organic and nutrients contents that are
necessary for the plant growth, SS is considered a good fertilizer in agricultural areas.
However, raw sewage sludge may contain toxic contaminants and pathogenic
microorganisms; thus, specific treatment is required for raw SS before use in agriculture
to neutralize toxins and avoid direct exposure to human pathogenic microorganisms
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(Clarke and Smith, 2011). Natural attenuation depends on natural processes that
decrease or “attenuate” toxicity and concentrations of contaminants in soil. To ensure
the effectiveness of natural attenuation, the conditions are monitored. Natural
attenuation involves chemical, physical and biological processes that normally occur in
the environment (Mazzeo et al., 2015)

Allium cepa is considered a biological marker for cellular and DNA damages
because it assesses the efficiency of environmental decontamination developments
(Mazzeo et al., 2010; Souza et al., 2013). Also, Fels et al. (2015) employed Vicia faba
micronucleus (MN) test to assess the mutagenicity of the raw sewage sludge polluted
with hexavalent chromium and composts of this residue mixed with palm waste
(mixture A: 1/3 sludgep2/3 palm waste and mixture B: % sludgep's palm waste).

Vicia faba micronucleus (MN) test assesses genotoxicity and chromosomal
aberrations. It is commonly used to assess the genotoxicity of organic and inorganic
compounds from soils (Marcato-Romain et al., 2009), manufacturing sewages and
wastewater (Shukla et al., 2007), organic substances such as SS or composts (Kapanen
et al., 2013), and from water (Monarca et al., 2003). Furans and dioxins are toxic
organic components of SS (Mazzeo et al., 2015). Since furan is highly volatile in nature,
the most common technique for the analysis of this substance is headspace sampling
(Crews and Castle, 2007). Furans have also been investigated using a solid-phase
microextraction (SPME) technique in combination with GC-MS (Gas Chromatography-
Mass Spectrometry) (Crews and Castle, 2007; Mesias and Morales, 2014).

In this study, the V. faba root-micronucleus test was used to evaluate cytotoxicity
and genotoxicity induced by raw SS and composts of SS mixed with soil for different
time periods; furthermore, microorganisms biodiversity was studied through different
natural attenuation periods, and toxins were detected using GC-MS analysis, in order to
assess the co-composting effect to remove the toxicity.

Materials and methods
Sample preparation

Samples of anaerobic SS were collected from a wastewater treatment plant (WWTP),
located in the municipality of Abha (Saudi Arabia), that receives only effluents from
domestic sewage, three samples were taken over three weeks 20 kg each week and were
dried under shade for 10-15 days in the greenhouse of King Khalid University, Abha
(Saudi Arabia). The SS samples were mixed with a reference soil (collected from a
depth of 0-20 cm from the adjacent agricultural fields) in proportions of 10%, 25% and
50% SS.

Detoxification of SS through monitored natural attenuation

Samples containing 10%, 25%, 50% and 100% raw SS were located in micro-
perforated bags with openings that were 0.5 mm in diameter and 1 cm apart. Each bag
was filled with 4 kg of each sample. The bags were buried in the area surrounding the
greenhouse in holes with a maximum depth of 30 cm to permit interactions between the
samples and the external environment and to avoid significant temperature fluctuations
for 6 and 12 months. The greenhouse is an ideal location for this kind of experiment
because it is free of waste products, which could contaminate the samples. Moreover, it
prevente the distribution of contaminants.
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Preparation of SS aqueous extract and treatment

For each sample, 125 g (equivalent dry weight) of each sample were dissolved in
500 ml distilled water with steering for 10 min and incubated with shaking at 22 °C
for 3 days as described by ABNT (2004). Then, the solutions were filtered through a
0.45-mm pore Whatman filter papers to obtain extracts containing water-soluble
substances; the supernatant was collected and stored at 4 °C until use.

Vicia faba seedlings were prepared according to Marcato-Romain et al. (2009). Dry
V. faba seeds were soaked for 6 h in ultrapure water. Seed coats were removed, and
seeds were placed on layers of wet cotton to germinate. After 3 days, germinated
seeds with primary roots that were approximately 2 cm in length were selected for the
treatment assay. The primary root tips were removed to stimulate the growth of
secondary roots. Five independent replicates were made for each test. These
germinated seedlings were treated for 3 days with the aqueous extract of the soil only,
ultrapure water (negative control), 10 mg/L methyl methanesulfonate (Sigma-Aldrich,
mutagenic agent) (positive control), SS 100%, SS 50%, SS 25% and SS 10% SS
mixed with soil for natural attenuation periods 0, 6, 12 months, all tests were
performed in duplicate.

The germinated treated V. faba secondary roots were collected and fixed in a
mixture of ethanol and acetic acid (3:1 v/v) as a fixative for 6 h at room temperature.
Next, the roots were washed with distilled water, and then kept in 70% ethanol at 4 °C
until use. The fixed roots were stained using the Fulgen squash technique, and then
mitotic division slides were prepared. Genotoxic effects were estimated in
meristematic cells of V. faba which presented different types of chromosomal
aberrations (e.g., bridges, losses, breakage, and adherence) and nuclear abnormalities
(e.g., budding, lobulated nuclei, and binucleated cells). Cytotoxicity was evaluated
through recording the changes in the mitotic index, and the mutagenic potential was
evaluated through micronuclei recorded of F1 cells and chromosomal breaks in
meristematic cells. These parameters were observed under a light microscope, and10
slides per treatment were assessed with 500 cells were examined per slide. The
efficiency of the natural attenuation was estimated by comparing the recorded results
in 5 individuals for each treatment along with the negative control using a two-way
ANOVA.

Microbiological biodiversity

To evaluate the diversity of the microorganisms existing in the SS and the soil, 0.5 g
of each sample (100% SS and soil as control) was dissolved in 100 ml of sterilized
saline solution after 0, 6, and 12 months of monitored natural attenuation; 20 ul of this
solution was spread with an inoculation loop, onto Petri dishes in duplicated containing
blood agar, SS agar, and MacConkey agar in duplicate. The Petri dishes were incubated
at 35 °C. The plates were observed after 4 days. The colony-forming units (CFUs) was
used to record the germinated microorganisms colonies found in each sample.

Detection of furans and dioxins using GC-MS analysis

Furans and dioxins, as example toxins, in the SS and the soil (100% SS and soil as
controls) were detected using GC-MS as described by El-Shaboury et al. (2017). The
GC-MS analyses were performed using the GC Shimadzu system QP2010 with a gas
chromatograph interfaced with a mass spectrometer with a fused Elite-1 silica capillary
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column. The GC-MS conditions were as follows: carrier gas: Helium with constant flow
(1.0 ml/min), Injector temperature of 250 °C, Split Ratio =2. The over temperature
programme was as follows: Initial temperature of 40 °C (with a 1 min delay), increase
temperature from 40 °C to 150 °C at a rate of 10 °C/min (with no delay), then increase
temperature from 150 °C to 280 °C at a rate of 5 °C/min for 5 min (with a delay); the
total runtime =30 min. The Injected Volume of the aqueous extract of SS, which
contain the water-soluble substances, was 1 pL, and the Interface Temperature = 280
°C. Interpretation of the mass spectrum GC-MS was performed with the NIST Ver. 2.1
MS data library (Joulain and Koenig, 1998). Finally, dioxins and furans were quantified
at different retention times for each sample.

Data analyses

The data were examined for their homogeneity of variance and normality of
distribution, and when necessary, the data were log-transformed before a two-way
analysis of variance (ANOVA) was performed. Significant differences in the Mitotic
Index, Mutagenic Alterations, Genotoxic Alterations, Micronuclei in F1 cells of Vicia
faba cells treated with different concentrations of raw sewage sludge among different
months were evaluated using a two-way ANOVA. Statistica 7.1 was used to process all
the statistical analyses (Statsoft, 2007).

Results
Cytotoxicity and mutagenic alteration of treated V. faba seedlings

For evaluating the recommended natural attenuation period for SS-soil mixture to be
used safely as soil fertilizer; the mitotic index, genotoxicity, cytotoxicity, and F1 cells
micronuclei were recorded in V. faba roots treated with extracts of different
concentration of SS mixed with soil. Sewage sludge different concentrations were
appointed to significantly (P <0.001) change all the parameters (Table 1). The
application of SS significantly (P < 0.001) increased the mitotic index.

Generally, the mitotic index was increased with time prolonged throw natural
attenuation periods in all examined concentrations of SS. There was complete inhibition
for seed germination for seeds treated with aqueous extract of 100% SS at 0 months
(raw SS); however, for the same concentration of SS, a low mitotic index was recorded
(34.3%) after 6 months of natural attenuation. The highest mitotic index was recorded
for 50% SS concentration after 12 months (50.17%) comparing with the positive
control.

Genotoxicity, cytotoxicity and micronuclei in F1 cells of V. faba were induced owing
to SS treatment for different natural attenuation periods, including different types of
chromosomal abnormalities (e.g., delays, chromosomal bridges, chromosomal breaks,
and lagging and unoriented chromosomes) as shown in Figure 1 and Table 1. The
highest genotoxicity (11.0 and 9.95) were found for 100% and 25% SS concentrations,
respectively, after a 6-month natural attenuation period, but the lowest genotoxicity
(2.06) was found for 50% SS after 12 months. Owing to the high toxicity of raw SS (0-
month treatment), high percentages of stickiness as chromosomal abnormalities across
mitotic division were recorded as severe to moderate stickiness (Fig. 1). Genotoxicity
was significantly reduced with different concentrations of SS-soil mixture after 12
months than other treatments.
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Figure 1. A: Arrow (micro nuclei) arrow head (normal interphase); Al: Vacuolated nuclei; A2:
Stickiness prophase; A3: hard stickiness interphase; A4: Arrow (very small micro nuclei) arrow
head (normal interphase); B: Sticky chromosomes in late prophase; B1: Hard stickiness
prophase; B2: Stickiness prophase; B3 & B4 Partially stickiness prophase with delay; C & C1
Hard stickiness metaphase; C2: Partially stickiness metaphase; C3: Sticky chromosomes in
metaphase arrow head (unoriented chromosomes with pro-micro nuclei); C4: Metaphase with
delay; D: Anaphase with chromosome breaks; D1: Multi Bridge anaphase; D2: Disturbed
anaphase with pro-micro nuclei; D3: Arrow (anaphase) arrow head (lagging chromosomes);
D4: Arrow (stickiness metaphase) arrow head (pro-micro nuclei); E: Late anaphase with
chromosome bridge; E1: Early telophase with chromosome bridge; arrow head (pro-micro
nuclei); E2: Telophase with chromosome bridge; E3: Telophase with chromosome delay; E4:
Arrow (Telophase) arrow head (chromosome breaks)

Most of the induced chromosomal abnormalities were chromosomal losses,
chromosomal breaks, lagging and unoriented chromosomes (Fig. 1). Completed
division lead to micronuclei, which appeared as DNA damage; the percentage of
micronuclei recorded in F1 cells are presented in Table 1. The lowest percentage of
micronuclei were (0.05 and 0.06) were found at 10% and 25% SS concentrations,
respectively, after 0 months. The highest percentage of micronuclei (3.43) was recorded
for 100%SS treatment after 6 months.

Microbial diversity in SS

To determine the microbial toxicity in SS, microbial biodiversity was evaluated for
100% SS after each natural attenuation period by inoculating different types of media.
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The raw SS (0 months) had a high diversity of microorganisms with six different
colonies found. The diversity of microorganisms decreased with increased natural
attenuation periods; after 6 months of natural attenuation, there were 5 different
colonies, including two new colony types, but after 12 months, the analysis showed
only three colonies including one new colony type. Figure 2 shows the microbial
succession observed during the different periods of natural attenuation compared with
microorganisms germinated using the reference soil.

Table 1. Variations in Vicia faba cells treated by different concentrations of raw sewage
sludge after different periods of natural attenuation

Treatments
Parameters Month -
Soil NC PC SS_10% SS_25% SS_50% SS_100%
0 31.33+0.33|35.82 +0.54|37.00 + 0.58 |37.89 + 0.56 {36.00 + 0.58 |35.82 + 0.13| 0.0+0.0
Mitotic index 6 45.00 + 0.5843.23 +£0.87|44.00 + 0.58 | 46.33 + 0.89(45.00 + 0.58 | 34.31 + 4.11
12 44.37 +0.87|47.67 +0.88(47.41 +0.89|49.33 +£0.88(50.17 +1.11|46.00 + 1.15

Fumonth = 152.4%** df = 2; Fsample = 375.8***, df = 6; FMonsh x sampte = 126.6***, df = 12

0 0.85+0.15 | 0.49+0.00 |16.42+0.30| 0.75+0.01 | 1.05+0.05 | 1.39+0.04 | 0.0+0.0

6 0.93+0.07 | 8.39+0.87 | 0.89+0.11 | 2.42+0.30 | 0.49+0.29 | 3.00 + 0.00

12 0.07+0.07 |11.63+0.32| 0.85+0.16 | 0.08+0.08 | 0.12+0.12 | 1.00 + 0.00

Fumonth = 33.3*** df = 2; Fsample = 961.0%**, df = 6; Fvtonsh x Sampte = 54.6***, df = 12

0 3.93+058 | 2.70+0.29 | 9.39+0.31 | 498+0.26 | 8.50+0.29 | 8.03+0.22 | 0.0+0.0

6 5.46 +0.29 |14.56 +0.29| 549+ 0.29 | 9.95+ 0.06 | 8.42 + 0.30 11.00 + 0.00

12 3.00+0.58 [11.42+0.30| 2.93+0.07 | 2.00+0.58 | 2.06 +0.06 | 5.13+0.13

Fuonth = 331.8%** df = 2; Fsample = 360.4%**, df = 6; Frvtonsh x sampte = 90.7%**, df = 12

0 0.15+0.15 | 0.37+0.01 | 8.00+0.00 | 0.05+0.03 | 0.06 +0.06 | 3.28+0.11 | 0.0+0.0

Micronuclei in F1 6 0.86+0.15 | 7.52+0.29 | 1.48+0.29 | 1.53+0.29 | 1.14+0.14 | 3.43+0.30
cells 12 0.12+0.12 [10.36 +£0.32| 1.04£0.04 | 0.91+0.09 | 0.85+0.15 | 0.95+ 0.05

Fonth = 21.8*** | df = 2; Fsample = 976.9%**, df = 6; Fvonsh x Sampre = 48.0***, df = 12

NC: negative control, PC: positive control, F-values represent the two-way ANOVA, df = degrees of freedom, ***: P < 0.001

Mutagenic alterations

Genotoxic alterations
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Figure 2. Microorganisms progression observed during different periods of natural attenuation
of 100% SS Where 1 to 9 refers to different types of microorganisms colonies which scored
using scoring colony- forming units
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Detection of furans and dioxins

GC-MS analysis for 100% SS was used to assess the toxicity level of furans and
dioxins, which are some of the toxins found in SS (Table 2). Different types of furan
were detected at different levels; there was a high level of 2-Pentyl furan in raw SS at 0
months but after 6- and 12-months natural attenuation period levels were low. 2-{[1-
(Furan-2-yl) ethyl] amino} ethan-1-ol was detected in raw SS and after 6 months but
was not detected after 12 months of natural attenuation. N-Benzoyl-9-(2,3,5-tri-O-
benzyl pento furanosyl)-9H-purin-6-amine was only detected at a very low level in the
initial sample (raw SS). Furanon dihydro-5-tetradecyl was also detected at a high level
in raw SS but decreased to a moderate level at 6 months sample and was not detected at
12 months sample. Generally, the types of furans detected decreased throughout the
natural attenuation periods. No dioxins were recorded in all examined samples.

Table 2. Toxin progression observed during different periods of natural attenuation of 100%
SS using GC-MS analysis. (There are three levels of detected toxins high level (+++),
moderate level (++), low level (+))

L Samples
Dioxins and furans —
Initial sample (raw SS) 6-month sample 12-month sample
Dioxins Not detected Not detected Not detected
Furans
2-pentyl furan +++ + +
2-{[1-(furan-2-yl) ethyl]amino}ethan-1-ol ++ ++ Not detected
N'bigigﬁlc;g;l()z_ g’::;ﬂ;ﬁ:g?gﬁl:nzemo + Not detected Not detected
Furanon dihydro-5-tetradecyl +++ + Not detected

Discussion
Assessment of the effects of SS on Vicia faba

There is no germination for Vicia faba seeds treated with 100%SS aqueous extracts
at 0 months, indicating that the treatment with raw SS without any natural attenuation
period was considered highly toxic to the test organism, thus excluding the valuation of
the cytotoxic, mutagenic and genotoxic potential of this samples. Walter et al. (2006)
recorded similar results by regarding seeds germination of Lepidium sativum L. treated
with SS. In our study, no any other inhibition recorded in seed germination for the other
treated samples.

Assessment of the cytotoxicity in seeds germinated directly in SS after 6 months
period at 100% SS mitotic cell division of Vicia faba was inhibited comparing with the
negative control by regarding the mitotic index values which it was 35.82% decreased
to 34.31% which recorded as lowest mitotic index this is may be due to the toxicity still
exist even after 6 months of natural attenuation which altered the cell division reflected
as high percentage of stickiness phases across all phases of mitotic cell division (Fig. 1).
Similar effect observed by the treatment with 50%SS after 0-month period where the
mitotic index was 35% compared with the other treatments after the same period.
Table 1, showed that the cytotoxicity was decreased through natural attenuation periods
of the SS concentrations which reflected as increasing in mitotic index, this confirms
the efficiency of this process for inhibiting the toxicity effect of raw SS. Similar results
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obtained by Mazzeo et al. (2015) where they evaluate the cytotoxicity effect on A. cepa
seeds germinated in different concentration of SS at different periods.

Concerning genotoxic potential, a substantial frequency in cellular alterations was
recorded in the association of 10, 25 and 50% concentrations after a period of 0 months
of natural attenuation and for concentrations of 25, 50 and 100%,; after 6 months of
natural attenuation Table 1. Where the 100% SS extract after 6 months treated seeds,
severe genotoxic effect induced on the cells as also after 12 months, the 100% SS (raw
SS) still induced highly significant genotoxic effects, confirming that the contaminants
responsible for genotoxic potential in SS are still active even after 12 months of natural
attenuation. Our results regarding the genotoxic potential of SS indicated that; 100% SS
cannot be considered an applicant material for use as a soil reconditioner due to its
persistent toxicity recorded in our study. Therefore, based on our results, SS/soil
mixtures are more convenient for use in agriculture. These results agree with Walter et
al. (2006); they confirmed the harmful effect of raw SS in agriculture by regarding
(Lepidium sativum L.) seeds germination.

Significant mutagenic effects were recorded on the mitotic division for the tested
organism (Vicia faba) of 25, 50% after a period of 0 months of natural attenuation
indicating that raw SS cannot be used in agriculture without natural attenuation. 100% SS
after 6 and 12 months of natural attenuation also cannot be used as a soil fertilizer because
SS without any soil mixture induced significant and sever mutagenic effect for the tested
plant (Table 1). 50% SS without any natural attenuation period induced the formation of
Micronuclei. Also, after 6 months of natural attenuation period 25, 100% SS also induced
the formation of micronuclei (Fig. 1). The recorded significant results for F1 cells showed
that the damage recorded in Vicia faba cells was transferred to and stable in cells of the
F1 region. Thus, even at lower concentrations, the SS samples were inducing the
destruction of the genetic material of the meristematic cells of the test organism. These
data support that 100% SS cannot be detoxified compared with the mixture of soil/SS.

From the obtained above results, natural attenuation period for 12 months appeared
as the excellent period for degradation of the most mutagenic and toxic substances
existing in the studied SS (see Fig. 1; Table 1). Genotoxicity can be induced also in
Allium cepa due to exposure to SS which reported by many authors, for example,
Srivastava et al. (2005); they recorded mitotic index reduce and significant
chromosomal aberrations frequency induced by SS aqueous extract treatment in India.
Carita (2007) also study genetic damage induced in A. cepa due to the treatment by
aqueous extract of SS which collected from five WWTPs of Sao Paulo (Brazil).
Furthermore, highly genotoxic effects in seeds of A. cepa exposed to biosolids as raw
materials were recorded by Christofoletti et al. (2012).

The mutagenic and genotoxic effects recorded in our study may be due to the
existence of toxic substances as cresol, also due to the synergistic effects of the main
components of SS. According to ATSDR (2008) who studied in vitro tests in human
and animals which confirmed that cresols can effect on DNA inducing genotoxicity.
Our results can confirm that the reduction of the toxicity effect of SS through natural
attenuation periods with soil mixture.

Microbiological biodiversity of SS

In our study on microorganisms biodiversity, we used three different types of media
to help many different types of microorganisms to germinate. About nine different
microorganisms colonies were recorded in the examined sample (100% SS and soil
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control) regarding the reference soil the highest rates of microorganisms biodiversity
was six different shapes of microorganisms colonies with no any natural attenuation
period (0 months) so raw SS considered highly contaminated, the lowest
microorganisms biodiversity rates were 3 colonies which recorded after 12 months of
natural attenuation. So our study on the count of microorganisms colonies supports the
results obtained from the treatment of Vicia faba by SS extract that raw SS cannot be
used as soil fertilizer because it has high percentage of toxicity which reduced through
natural attenuation period sand reached to lowest percentage after 12 months compared
by the reference soil which recorded only 3 colonies. Similar results reported by
Petersen et al. (2003) they recorded microbial succession during decomposition of
sewage sludge. Also, Mazzeo et al. (2015) recorded 17 different species of bacteria in
addition to some fungi when they study the microorganisms succession in SS which
decreased to 6 species after 12 months of natural attenuation. Many authors suggested
that there are several types of bacteria in SS may have the ability to degrade
contaminants that were initially present in these samples (Sharma et al., 2002).

Detection of toxins

Suzuki et al. (2011) recorded the existence of furans and dioxins in the environment;
the occurrence of these compounds generally resulting from industrial activities such as
incineration of halogenic substances, the ignition of diesel, the insecticides manufacture
wood ignition and the microorganisms action. Klimm et al. (1998) also reported furans
and dioxins existed in SS.

Using GC-MS analysis some toxins were identified in SS as furans in different levels
which decreased with natural attenuation period increased which reflect the importance
of natural attenuation for detoxification processes of raw SS to be available as a soil
fertilizer. In our study, furans only were detected in about four forms and dioxins not
detected at all (Table 2). Furan is an organic compound involving a five-membered
aromatic ring with one oxygen and four carbon atoms. Furan derivatives are chemical
compounds containing furan rings. Exposure to high levels of furans may rise the
infection risk of rats and mice by hepatocellular tumors and tumors of the bile duct in
rats. So furans recorded as a possible human carcinogen (Bakhiya and Appel, 2010).
The reduction of toxins level across natural attenuation periods may be due to the
microbial degradation as some study revealed that several microorganisms have been
defined as degraders for dioxin and furan (Parsons et al., 1998; Suzuki et al., 2011).

Conclusion

Genotoxicity, cytotoxicity, and micronuclei in F1 cells of V. faba were induced
owing to SS treatment for different natural attenuation periods, including different types
of chromosomal abnormalities, which increased as the concentration of raw SS
increased. However, this effect declined through the natural attenuation period.
Regarding microorganisms progression of SS, six colonies were scored in row SS, but
only three colonies remained after 12 months of natural attenuation. GC-MS analysis
identified some toxins in SS as furans in different levels which decreased with natural
attenuation period increased. Our study revealed that V. faba test can be used to
evaluate the toxicity of SS contaminants. Also, raw SS is considered highly toxic and
highly contaminated and cannot be used as soil fertilizer without natural attenuation for
at least 6 months and must be mixed with soil to reduce its contamination to the
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environment and humans and so the application of SS in agriculture must be with
caution. We recommended that, row SS needs more chemical and biological studies to
identify all the contaminants in it and their impact on living organisms and the
environment when it used as soil fertilizer.
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