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Sewage sludge, rich in organic matter and nutrients, is widely used as a fertilizer to increase
the fertility of soil. The direct application of sewage sludge without any treatment causes
soil contamination as well as significantly affects the earthworm population. In the present
study, the effect of sewage sludge-amended soil on growth, enzyme activities, and the
DNA damage in Pheretima posthuma earthworms was studied under wheat straw and
biochar treatment of 30-day laboratory incubation. Wheat straw, biochar, and sewage
sludge were applied at O (control), 5, 10, and 25% w/w along with combined treatment of
sewage sludge with biochar and wheat straw, respectively at 25% each. After the
incubation period, the percentage change in mean weight and length was measured
and esterase and phosphatase enzyme activities were quantitatively determined. RAPD-
PCR and the comet assay were performed to assess the genotoxicity. A significant weight
loss was observed (26%) at a 25% rate of sewage sludge and biochar (11%). Similarly, a
maximum decrease in length was observed with sewage sludge (2.5%) followed by
biochar (0.80%) at a 25% application rate. Mean weight and length both decreased by
increasing the rate of sewage sludge and biochar. In addition, no change was observed in
the weight and length of P. posthuma in the treatment consisting of sewage sludge and
wheat straw. Moreover, sewage sludge caused inhibition of esterase and phosphatase
activities as well as induced DNA damage. The comet parameters showed that wheat
straw and biochar ameliorated the toxic effects of sewage sludge. It is, therefore,
concluded that sewage sludge has a tangible impact on earthworms which ultimately
disrupts ecosystem functions and wheat straw and biochar can thus be utilized to reduce
the toxicity of sewage sludge in Pheretima posthuma earthworms.

Keywords: biochar, sewage sludge, vermicompost, earthworm, comet assay, esterases and phosphatases,
genotoxicity
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INTRODUCTION

Earthworms are commonly defined as “ecosystem engineers” and
are considered as the largest element of animal biomass. They
take part in many ecosystem services such as soil structure
formation, pedogenesis and nutrient cycle in soil, and
regulation and movement of water where they make it more
available for plants (Valckx et al., 2010; Blouin et al., 2013; Li et al,,
2018). They aid in soil formation and stabilization by mixing
material present in the soil, reconditioning the soil with the help
of various microbes, improving soil structure and aeration,
increasing soil porosity, facilitating decomposition of organic
matter, and helping to develop vermicompost (Ansari and
Ismail, 2012; He et al., 2016). There are more than 3,000
species of earthworm in the natural environment which
turnover large quantities of organic matter. Detailed scientific
knowledge is only known for about five percent. Two tons per
hectare of earthworm populations have been recorded in the
natural environment which can be potentially increased up to
10 times under controlled laboratory conditions. The principle
function of earthworms in vermicomposting is to increase the
surface area available for micro and macro-organisms involved in
the decomposition and stabilization of organic matter (Murtaza
et al.,, 2016; Murtaza, 2015).

The Pheretima posthuma earthworm belongs to the order
Oligochaeta and class Clitella which includes all segmented
worms with clitella. The structure of the clitella appears as a
modification of the epidermal layer (Martin et al., 2007; Ansari
and Saywack 2011). Adult P. posthuma is generally brownish in
color due to the presence of porphyrin pigment and has a
15-30 cm body length. They are usually terrestrial and also
found in the moist soil of agricultural areas, near plantations,
and soil near ponds and other water bodies (Elmer et al., 2015).
Earthworms are usually classified into three categories on the
basis of feeding, burrowing, and the ecological niches they
inhabit, ie., aneic, endogeic, and epigeic. P. posthuma are
endogeic worms with shallow burrowing only up to 30-45 cm
deep in the soil. They generally feed on soil organic matter which
is decomposed by microbial decomposers present in their guts
(Van Groenigen et al,, 2014). The gut, in fact, harbors a wide
diversity of microorganisms including bacteria, algae, fungi,
protozoa, actinomycetes, and even nematodes (Birkas et al,
2010). Earthworm species are tolerable to a range of
contaminants such as herbicides, heavy metals, and the
organic pollutants emerging from industries, factories, and
hospitals via wastewater and sewage sludge (Murtaza et al,
2016; Murtaza, 2015). They reduce the concentrations and
toxicity of soil contaminants by accumulating them in their
body tissues (Dabke 2013; Ibrahim et al., 2016).

Sewage sludge is a byproduct of wastewater treatment plants
rich in organic matter, nutrients (e.g., nitrogen, phosphorus,
sodium, potassium, magnesium, and sulfur), and heavy metals
including copper, zinc, cadmium, and many others (Singh and
Agrawal 2008). Sewage sludge has high organic matter (40-70%)
and can manipulate the physical, chemical, and biological
properties of soil; thus potentially increasing the crop yield.
Approximately 50% of all sludge produced in the
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United Kingdom and human waste-based sludge imported
from the Netherlands is used in agriculture. Approximately
25% of all the sludge disposed to agriculture in the
United Kingdom is raw sludge derived from small rural works
(Charlton et al., 2016; Murtaza et al., 2016; Edwards and Arancon,
2004). In Pakistan, about 6.75 million tons of solid waste is being
formed on a daily basis, and 50-70% of this total is either
transported to open dumps or landfills. The remaining
30-50% is left as masses in populous regions that cause
numerous health-related issues in dwellers (Pak-Epa, 2005; Ali
and Hasan, 2001). In Pakistan, wastewater treatment plants
(WWTPs) have been installed on different industrial and
municipal sites and remain functional throughout the year
(Haydar et al, 2015) and generate huge amounts of sewage
sludge on a daily basis (Bareen and Tahira, 2011; Afzal et al,
2016). These WWTPs generate sewage sludge in large volume on
a daily basis which is then used by some farmers owing to their
nutritious value.

Sewage sludge is considered an inexpensive source of plant
nutrients to increase soil fertility; however, the presence of heavy
metals and persistent organic pollutants (POPs) in sewage sludge
poses a serious threat to soil biota earthworms. The number of
earthworms in soil is continuously declining due to the
application of raw sewage sludge as fertilizer (Kizilkaya and
Heps;en 2004). Many studies have reported negative effects of
sewage sludge on the physiology, activity, and diversity of
earthworms (e.g., Kizilkaya and Heps;en 2004; Liu et al., 2005;
Stoven and Schnug 2009; Karimi e al. 2020). The addition of
wheat straw to soil is of great importance as it increases the
production and heat in the soil. The application of wheat straw
with sewage sludge in the soil is greatly degraded by earthworms
(Wanga et al,, 2014). Wheat straw is an efficient culture medium
for large scale production of vermicompost for sustainable land
restoration practices at low input. Biochar is an organic
amendment developed from pyrolysis of biomass waste in the
absence of oxygen which generally consists of recalcitrant organic
carbon and improves the soil physio-chemical environment (Riaz
et al,, 2017; Gul et al.,, 2015). Biochar has been shown to reduce
the toxicity of both organic and inorganic pollutants in the soil
environment by reducing their bioavailability to soil organisms
(Park et al, 2011; Zhang et al, 2013; Zhang et al., 2017).
Subsequently, biochar reduces the negative effects of pollutants
on earthworms (e.g., Malinska et al., 2016; Sanchez-Hernandez
et al,, 2019).

Despite the handful of benefits associated with land
application of sewage sludge, the presence of potentially toxic
elements in these amendments could be a serious threat to soil,
soil fauna, and also, to a certain extent, to food health and quality
(Murtaza et al., 2016; Murtaza, 2015). Since, very limited data are
available on the toxicity and overall effect of sewage sludge on the
growth and enzyme activities in earthworms, the present study
was conducted wherein we hypothesized that wheat straw and
biochar would decrease the toxic effect of sewage sludge on
growth and enzyme activities in Pheretima posthuma
earthworms. Whereas the addition of wheat straw and biochar
would also improve earthworm activities by providing them with
food and reducing the negative effects of sewage sludge, and these
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effects would largely depend upon the rate of amendment
applications. The objectives of this study, therefore, were to
investigate the deleterious effects of different concentrations of
sewage sludge on the growth, enzyme activities, and genotoxicity
in P. posthuma earthworms under laboratory conditions.

MATERIAL AND METHODS

Collection of Earthworms and Soil Samples
The samples of P. posthuma earthworms with well-defined clitella
were collected by hand digging from agricultural field plots in
Faisalabad as they are one of the most abundantly found
earthworms in the soil of Pakistan. Soil samples were also
collected from the area where the earthworms were collected.
The soil was dried in air and sieved through a 2.0 mm mesh to
remove any vegetation litter and stones. The soil was alkaline
calcareous clay loam with pH 8.02, EC 1.34 dS m™", total organic
C 921gkg ™" and total N 0.54gkg ' (Riaz et al, 2017).
Earthworms were kept in plastic buckets containing soil
moistened to a 60% water holding capacity (WHC) and mixed
with leaf litter (Ali et al, 2019). Simultaneously, the soil was
brought to 60% WHC and pre-incubated to recondition the
earthworms with optimum microbial activities before the start
of the experiment.

Collection of Sewage Sludge, Wheat Straw,

and Biochar

Sewage sludge was collected from Water and Sanitation Agency
Faisalabad, air-dried, and sieved with 2.0 mm mesh for uniform
particle size. It had a pH of 7.06, EC 12.46 dS m™", total organic C
146 gkg ™", total N 1.19 gkg ' and total P 1.02 gkg ', and heavy
metals including Cd (0.86 mgkg '), Cr (50mgkg '), Ni
(56 mg kg’l), and Pb (47 mg kg’l) (Riaz et al., 2020). Wheat
straw was collected from an agriculture field in Faisalabad and
was crushed in a sieve from a 2.0 mm mesh. It had a total organic
Cof427 gkg ', atotal N of 6.6 gkg ', and a C/N ratio of 65 (Riaz
et al., 2017). Biochar was collected from the Department of
Environmental Sciences and Engineering, Government College
University Faisalabad. Biochar was developed from corncob
biomass at 400°C and contained 733 and 10.3 gkg ™" of total
organic C and total N contents, respectively (Riaz et al., 2017).

Laboratory Incubation Experiment

A microcosm experimental setup was developed in 1L glass
Mason jars filled with 700g of pre-incubated moist soils
mixed with treatments in a completely randomized
experimental design. Treatments consisted of control (soil
only), wheat straw, and biochar at 5, 10, and 25% w/w basis
rates where wheat straw plus biochar received 25% each of wheat
straw and biochar. Each treatment was replicated three times.
Earthworms were pre-starved by being placed on petri plates on a
moistened paper towel overnight to ensure their guts were free of
any food before introducing them into the microcosms. After
starvation, the body weight and length of each group of
earthworms (consisting of three biological replicates) were
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measured before introducing them into the treatment jars.
During the 30 day incubation period, the jars were partially
closed with their lids, and moisture contents were maintained
on a daily basis by adding distilled water. After 30 days of
exposure, at the end of the incubation period, the soil was
removed from incubation jars to remove earthworms which
were gently washed in tap water, partially dried with paper
towels, and their body weights (g) and lengths (cm) were
measured. Changes in body weight and length were measured
with the following formulae (Givaudan et al., 2014).

Change in weight (%) = (Flnal weight — Initial we1ght> « 100

Final weight
(1)
Change in length (%) = (Flnal ler;gthl—l In;il length> x 100
inal len
2

The worms were preserved in 70% alcohol for further
biochemical and molecular assays.

Quantitative Analysis of Esterases and
Phosphatases in Pheretima posthuma

Earthworms

A body extract of earthworm was prepared by following a
modified protocol of Hrzenjak et al. (1992). The adult clitellate
earthworms (1.35 g/per worm) were washed with running tap
water and kept in 0.65% NaCl solution at room temperature for
2h to ensure their guts were empty. Worms were minced and
homogenized in sodium phosphate buffer, centrifuged at
8,000 rpm, and the supernatant was used for the estimation of
esterase and phosphatase activities (Callaham et al., 2002; Younes
et al,, 2011). The percentage inhibition of the enzyme activity in
test extracts was calculated as follows:

s OD of control worm — OD of treated orm
Enzyme Inhibition (%) = % 100

OD of control worm

©)

DNA Extraction

Genomic DNA was extracted from earthworms by the TNE (Tris-
HCL-NaCI-EDTA) buffer method (Zulhussnain et al., 2020).
Earthworms (prostomium, clitella, gut, and tail) were
separately homogenized in 400 ul of TNE buffer (0.45 M NaCl,
3 mM EDTA, and 10 mM Tris-HCI; pH: 8.0). The mixture was
vortexed and centrifuged at 10,000 rpm for 10 min before the
supernatant was collected. After the addition of 50 ul of 20% SDS
and 100 pl of 20 mg/ml of proteinase-K to the supernatants,
samples were incubated in a water bath at 54°C for 1.5h.
After incubation, 300 ul of 5M NaCl was added and DNA
was precipitated using 350-400 pl of ice-cold 100% ethanol
and resuspended in 50ul of sterile water (DsH,0O). The
concentration of DNA was quantified by measuring the
absorption of samples at 260 nm on a UV Spectrophotometer
(Dynamic DB-20, United Kingdom).
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Random Amplified Polymerase DNA

Polymerase Chain Reaction

DNA variations of earthworms were determined by employing
the RAPD-PCR assay (Zulhussnain et al., 2020). Six oligomer
primers of Gene Link-A series were used for the amplification
of DNA (Supplementary Table S1). The PCR products were
run on 1.5% agarose gel electrophoresis at 80 voltages for 1 h
and the gel was observed under UV light. The size of DNA
bands was observed with respect to the ladder.

Comet Assay
A comet assay was performed for the detection of DNA
damage by following the methodology of Singh et al
(1988). Different parts of dissected earthworms (head, tail,
clitellum, prostomium, and gut) were homogenized in 400 pl
of buffer (0.07 M NaCl and 0.24 M EDTA). The mixture was
centrifugated at 13,000 rpm for 10 min and the palette was
resuspended in 1,000 pl of ice-cold homogenizing buffer for
nuclei preparation. The earthworm body mixture (100 pl) was
mixed with 200 pl of 1% LMPA and evenly distributed on a
slide precoated with NMPA. Slides were dipped in freshly
prepared cold lysing solution (100 mM EDTA, 3M NaCL,
12mM Tris-HCl, pH 10). Then, 10% dimethyl sulphoxide
(DMSO) and 1% X-100 Triton were added to the lysing
solution 20 min before use. After lysing, the slides were
dipped in alkaline buffer (1 mM EDTA, 400 mM NaOH; pH
12.5) for 20 min for DNA unwinding. Electrophoresis was
done in electrophoresis buffer (0.18 EDTA, 400 mM NaOH,
pH 13) for 20 min, 25 min on 25V and 300 mA. Slides were
neutralized by washing for 5min with neutralizing buffer
(Tris-Base, pH 7.5) and left overnight on a clean dust-free
area. Slides were evenly stained with 20 mgml™" of 75l
ethidium bromide (EB), with cover slips. After staining,
slides were examined at X400 magnification with Komet 5.5
Image Analysis Systems (Kinetic Imaging, Liverpool,
United Kingdom). A total of 100 cells were selected
randomly from each slide and were analyzed for damages in
DNA showing a definite tail and comet-like shape whereas the
cells with no tail and round shape were considered normal.
The actual number of comet cells was scored with the
following formula:

Total DNA Damage Score = (0 xnp+1Xn; +2xn, +3 X nj

+4 X ny)

Where 0-4 is the number of comet classes, and ny-n, is the
number of comet scores in each class.

Arbitrary unit damage is classified into five levels (0-4). 0
indicates no damage while four represents maximum damage.
The other three levels are intermediate between 0 and 4.
Computer image analysis (Casp" software) was used to
measure head length, tail length, comet length, head DNA,
tail DNA, and tail movement. Cells with maximum damage
showed the highest value for tail DNA and minimum value of
head DNA (Attullah et al., 2020; Zulhussnain et al., 2020).

Sewage Sludge Induced Toxicity in Pheretima posthuma

Statistical Analysis
The data were subjected to the analysis of variance (ANOVA) test

to find significance of treatment effects on experimental variables
using Statistica 13.0 for Windows software. The means were
separated using Tukey’s HSD post-hoc test at the significance
level of 0.05. PCR products were analyzed using gel
electrophoresis and the genetic data were analyzed using
POPGENE software (Ashraf et al., 2016). For the comet assay,
the DNA damage in the earthworm cells was assessed following
the assumptions of Dua et al. (2013) and reported by Zulhussnain
et al. (2020) and Attullah et al. (2020).

RESULTS

Changes in Weight and Length of Pheretima

posthuma
The respective change in weight and length of P. posthuma after
exposing them to sewage sludge, wheat straw, biochar, sewage
sludge + wheat straw, and sewage sludge + biochar is shown in
Table 1. The mean weight was found to decrease significantly
with increased concentration of sewage sludge and biochar. The
highest weight loss of 26% was observed under sewage sludge at a
25% application rate followed by 11% in 25% biochar-treated soil.
Weight loss with the treatment of 5 and 10% of sewage sludge was
2% and 16% respectively, followed by biochar treatment as 1%
and 6%, respectively at the same application. However, the
decrease in body weight following the sewage sludge + wheat
straw treatment was not significant compared to the control and
biochar and wheat straw treatments alone. The highest decrease
in body weight was observed at a 25% concentration of sewage
sludge while the lowest decrease in weight was recorded after the
addition of sewage sludge and wheat straw combined (Table 1).
Similarly, it was observed that mean length decreased
significantly with the increase in rate of sewage sludge
application. A maximum decrease in length (3%) was observed
at a 25% rate of sewage sludge followed by biochar (1%). At 5 and
10% concentrations of sewage sludge, the decrease in mean length
was found to be 1% and 2%, respectively followed by biochar at
the same rate. There was a slight change in mean length (0.14%)
with the treatment of 25% sewage sludge in combination with the
same rate of biochar. No change in length was observed with the
combined treatment of sewage sludge + wheat straw (Table 1).

Enzymatic Activities in Pheretima

posthuma

The effects of treatments and application rates on the activities of
acetylcholinesterase (AChE), acid phosphate (ACP), and alkaline
phosphatase (AKP) in earthworms are presented in Table 2. The
inhibition in acetylcholinesterase activity was increased
significantly with the increase in concentrations of soil
amendments. The maximum inhibition in acetylcholinesterase
activity was found at 25% sewage sludge (40%) followed by
biochar and wheat straw at the same rate. At 5% and 10%
sewage sludge, the inhibition in acetylcholinesterase activity
was 7 and 28%, respectively. However, biochar amendment at
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TABLE 1 | Percentage decrease in mean weight and length after exposure to different concentrations of soil amendments in Pheretima posthuma.

Treatments Rate (%, F values; Percent mean F Value; Percentage mean
w/w) d.f; p weight decrease d.f; p length decrease
Value after 30 days Value after 30 days
of exposure of exposure
Control 0 70.669 (df = 2; p=<0.05) 0.2 + 0.05f 0.800 (df = 2; p=<0.05)< 0.001 + 0.05d
WS 5% 70.669 (df = 2; p=<0.05) 0.1 + 0.03f 0.800 (df = 2; p=<0.05) 0.02 + 0.02c
10% 0.01 + 0.003f 0.01 + 0.00b
25% 0.1 + 0.003f 0.01 + 0.00b
B 5% 1022 (df = 2; p=<0.05) 1.3 + 0.08ef 1594.158 (df = 2; p=<0.05) 0.13 + 0.03a
10% 6.4 £ 0.03d 0.53 + 0.04a
25% 11.00 + 0.5¢ 0.80 + 0.01c
SS 5% 969.73 (df = 2; p=<0.05) 2.3 + 0.06e 276.117 (df = 2; p=<0.05) 0.64 + 0.01d
10% 16.07 £ 0.51b 1.74 £ 0.05b
25% 25.75 + 0.58a 2.5 + 0.00a
SS + WS 25% + 25% 1022.323 (df = 2; p=<0.05) 0.00 + 0.005f 0.180 (df = 2; p=<0.05) 0.00 + 0.00d
SS+B 25% + 25% 0.16 + 0.03f 0.14 + 0.029¢

p < 0.01 = highly significant, p < 0.001 = highly significant, p > 0.05 = non-significant, p < 0.05 = significant. WS, wheat straw; B, biochar; SS, sewage sludge.

TABLE 2 | Percentage inhibition of different enzyme activities after exposure to different concentrations of soil amendments in Pheretima posthuma.

Treatments Rate (%) F Value; d.f; p Acetylcholinesterase F Value; d.f; p Acid Phosphatase F Value; d.f; p Alkaline Phosphatase
Value (AChE) activity Value (ACP) Value (AKP)
activity activity
Control 0 0.642 (df = 2; 0.2 + 0.05F 1.647 (df = 2; 0.0 + 0.05D 3.250 (df = 2; 0.00 + 0.05D
p=<0.05) p=<0.05) p=<0.05)
WS 5% 0.642 (df = 2; 0.01 £ 0.01b 1.647 (df = 2; 0.006 + 0.00b 3.250 (df = 2; 0.013 £ 0.01a
10% p=<0.05) 0.01 + 0.03b p=<0.05) 0.01 + 0.00a p=<0.05) 0.00 + 0.00b
25% 0.1 £ 0.003a 0.003 + 0.00c 0.01 + 0.00b
B 5% 458 (df = 2; 4.6 £ 0.08c 133.5 (df = 2; 9.0 £ 0.10c 41.98 (df = 2; 8.66 + 0.21c
10% p=<0.05) 8.6 + 0.29b p=<0.05) 10.8 + 0.91b p=<0.05) 16.18 + 0.83b
25% 15.83 £ 1.4a 22.70 + 0.63a 20.40 + 1.33a
SS 5% 209 (df = 2; 6.70 + 0.32¢c 267.5 (df = 2; 9.36 + 0.42¢ 37.85 (df = 2; 4.70 + 0.29¢
10% p=<0.05) 27.7 + 0.6b p=<0.05) 33.07 + 1.5b p=<0.05) 18.03 + 2.5b
25% 39.83 + 1.8a 47.60 + 1.2a 23.05 + 2.23b
SS + WS 25% 176 (df = 2; 0.00 + 0.01¢c 296 (df = 2; 0.003 + 0.0015¢ 620 (df = 2; 0.02 + 0.01c
+ 25% p=<0.05) p=<0.05) p=<0.05)
SS+B 25% 2.96 + 0.2a 11.03 + 0.6a 7.06 + 0.08a
+25%

p < 0.01 = highly significant, p < 0.001 = highly significant, p > 0.05 = non-significant, p < 0.05 = significant. W, wheat straw; B, biochar; SS, sewage sludge.

5% and 10% rate caused inhibition of 5% and 9%, respectively. A
very low inhibition in acetylcholinesterase activity was found with
the treatment of sewage sludge and wheat straw combined; while
an inhibition of 3% in the acetylcholinesterase activity was
observed in the combined addition of sewage sludge and
biochar (Table 2).

Maximum and significant inhibition in acid phosphatase activity
in P. posthuma was observed at a 25% application of sewage sludge
(50%) followed by biochar (23%) at the same application rate
(Table 2). At 5% and 10% sewage sludge rates, the decrease in
acid phosphatase activity was 9 and 33%, respectively and the
inhibition at 5 and 10% biochar rates was 9 and 11%,
respectively. The combination of 25% sewage sludge with the
same concentration of wheat straw reduced the negative effects of

sewage sludge on acid phosphatase activity and resulted in <1%
inhibition. Similarly, wheat biochar with sewage sludge also reduced
inhibition in acid phosphatase activity (11%; Table 2).

The highest percentage inhibition of alkaline-phosphatase
activity was found at 25% sewage sludge (23%) followed by
biochar (21%) (Table 2). At a 10% rate of sewage sludge and
biochar separately, the inhibition was found to be 18% and 16%,
respectively. However, at a 5% rate, biochar more strongly reduced
alkaline-phosphatase activity than that of sewage sludge. In the
combined application of sewage sludge and biochar, a 7% inhibition
of alkaline-phosphatase activity was found. Whereas, the
combination of wheat straw and sewage sludge reduced the
negative effects of sewage sludge on alkaline-phosphatase activity
and resulted in <1% inhibition (Table 2).
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FIGURE 1 | Comparison of RAPD profile for genotoxicity in Pheretima
posthuma with primer A-05. Lane M = DNA marker (size 100 bp). Ly = Control;
L, =Wheat straw (5%); Lz = Wheat straw (10%); Ly = Wheat straw (25%), Ls =
Biochar (6%), Ls = Biochar (10%), L; = Biochar (25%), Ls = Sewage
sludge (56%), Lg = Sewage sludge (10%), L1o = Sewage sludge (25%), L1 =
Sewage sludge + wheat straw, and L» = Sewage sludge + Biochar.
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DNA Damage Detection Through Random
Amplified Polymerase DNA Polymerase
Chain Reaction

DNA damage in P. posthuma under various treatments of sewage
sludge, biochar, and wheat straw was assessed through RAPD-
PCR to evaluate the genotoxic effects. The size of amplified
fragments of DNA was analyzed using a 1kb DNA marker.
The lowest size of the band of DN A maker was 100 base pairs (bp)
and the band with highest size was of 5,000 bp. A different
banding profile was observed in earthworms under treatments
than control (Figure 1). The maximum number of bands was
observed in sewage sludge treatment at all tested concentrations
which showed fragmentation in DNA. A similar banding pattern
was also observed with biochar. The number of bands was
increased with the increase of the concentration of sewage
sludge and biochar. No change in banding profile was
observed in treatment with wheat straw similar to control. The
number of DNA bands also remained similar for control and

TABLE 3 | Comet parameters after exposure to different concentrations of soil amendments in Pheretima posthuma.

Comet Parameters

Tail length (um) WS

SS
SS + WS
SS+B

Comet length (um) WS

SS
SS + WS
SS+B

Tail DNA (%) WS

SS
SS + WS
SS+B

Tail movement (um) WS

SS
SS + WS
SS+B

Head length (um) WS

SS
SS + WS
SS+B

Head DNA (%) WS
B
ss
SS + WS
SS+B

Treatment

F Value; d.f; p
Value

(F = 9.50); d.f = 3; p (0.005)
(F = 448.55); d.f = 3; p (0.000)
(F = 51.51); d.f = 3; p (0.000)
(F = 52.18); d.f = 3; p (0.002)
(F = 146.3); d.f = 3; p (<0.05)

(F = 53.29); d.f = 3; p (0.000)
(F = 306.65); d.f = 3; p (0.000)
(F = 181.41); d.f = 3; p (0.000)
(F = 118.16); d.f = 3; p (0.000)
(F = 102.6); d.f = 3; p (<0.05)

(F = 10.46); d.f = 3; p (0.004)
(F = 43.55); d.f = 3; p (<0.000)
(F = 1596); d.f = 3; p (0.000)
(F = 606.9); d.f = 3; p (0.000)
(F = 128.7); d.f = 3; p (<0.05)

(F = 25.67); d.f = 3; p (0.000)
(F = 26.75); d.f = 3; p (0.000)
(F = 5.519); d.f = 3; p (0.024)
(F = 166.3); d.f = 3; p (0.000)

(F = 328.72); d.f = 3; p (<0.05)

(F = 22.12); df = 3; p (0.000
(F=7285);df=3p
(F—31 71),df—3,p

F= 498.18), df=1: p (<0.05)

(F = 21.80); d.f = 3; p (0.000)
(F = 155.32); d.f = 3; p (0.000)
(F = 752.73); d.f = 3; p (0.000)
(F = 502.1); d.f = 3; p (0.000)
(F = 262.4); d.f = 3; p (<0.05)

Rate (%, w/w)

Control

3.47 + 0.28¢c

9.29 + 0.51b

1.34 + 0.08d

0.13 + 0.07¢

8.43 + 0.37b

92.35 + 1.21a

5% 10% 25%
4.82 + 0.20a 3.85 + 0.10bc 4.39 £ 0.11ab
7.75 + 0.24b 8.47 + 0.36b 19.36 + 0.35a
8.34 + 0.34b 10.63 = 0.20a 9.49 + 0.72ab

(SS + WS 25% + 25%) 6.67 + 0.44a
(SS + B 25% + 25%) 10.77 + 0.23a

16.74 + 0.73a 16.30 + 0.32a 17.73 £ 0.49a
18.82 + 0.48¢c 23.37 + 0.41b 27.49 + 0.35a
19.04 + 0.37c 24.88 + 0.97b 27.85 + 0.34a

(SS + WS 25% + 25%) 18.24 + 0.64a
(SS + B 25% + 25%) 25.21 + 0.42b

2.9+ 0.17ab 2.91 + 0.14ab 4.57 + 0.78a
11.76 + 0.29¢ 28.73 + 4.14b 44.80 + 3.66a
46.32 + 0.88¢c 76.10 + 0.88b 80.72 + 0.67a

(SS + WS 25% + 25%) 60.86 + 0.76a
(SS + B 25% + 25%) 78.82 + 0.12b

0.4 + 0.04a 0.27 + 0.03b 0.42 + 0.00a
4.89 + 2.15b 16.10 = 1.76a 18.66 + 1.84a
9.6 + 0.68ab 9.7 + 4.2ab 11.63 + 0.31a

(SS + WS 25% + 25%) 11.56 + 0.80a
(SS + B 25% + 25%) 12.22 + 0.18a

10.46 + 0.95b 14.81 + 0.59a 16.64 + 1.09a
13.74 = 7.0c 18.60 + 0.30b 30.76 + 0.79a
18.47 + 0.93a 20.11 £ 0.94a 22.70 + 1.73a

(SS + WS 25% + 25%) 17.16 + 0.60a
(SS + B 25% + 25%) 19.87 + 0.12a

89.77 £ 1.27a 85.12 + 0.66b 82.46 + 0.31b
63.44 £ 2.7b 57.07 + 1.9b 36.74 + 0.90c
49.94 + 1.32b 21.61 + 1.64c 18.32 + 0.5¢

(SS + WS 25% + 25%) 38.56 + 0.47a
(SS + B 25% + 25%) 32.24 + 0.24c

p < 0.01 = highly significant, p < 0.001 = highly significant, p > 0.05 = non-significant, p < 0.05 = significant. WS, wheat straw; B, biochar; SS, sewage sludge.
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FIGURE 2 | Comet assay profile for genotoxicity in Pheretima posthuma. (A) = Control; (B) = Wheat straw; (C) = Biochar; (D) = Sewage sludge; (E) = Sewage

sludge 25% + Biochar 25%; (F) = Sewage sludge 25% + Wheat straw 25%.

wheat straw + sewage sludge treatments in P. posthuma; meaning
thereby, that DNA damage occurred in this combined treatment
(Figure 1).

Comet Assay

The comet parameters, i.e., head and the tail length of DNA and
head and tail movement, were measured to identify the DNA
damage. A very minor increase in tail length was observed in
earthworms treated with wheat straw at 5, 10, and 25% rates as
compared to control. However, under biochar treatment, tail and
head lengths increased with an increase in the rate of application.
A similar trend was also observed with the treatment of different

concentrations of sewage sludge wherein tail DNA (%), head
DNA (%), tail length, and head length increased with increasing
concentrations. In combined treatments of sewage sludge against
wheat straw and biochar, a change in head and tail length was
obtained as compared to treatment with wheat straw alone
(Table 3). The tail length value was found significantly low in
treatments with wheat straw at all the concentrations. Cells with
maximum damage show the highest value for tail DNA. Hence,
the highest value of tail DNA% (46, 76, and 81%, at 5, 10, and
25%, respectively) due to sewage sludge showed high DNA
damage which was reduced (18 at 25%) when combined with
wheat straw (Figure 2).
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DISCUSSION

Earthworms assist soil. To regulate water within the soil, their
presence influences the presence of nutrients and minerals within
soil and the availability of these nutrients for animals and plants.
They increase the microbial activity in the soil. They perform
vermicomposting of sewage sludge and other pollutants within
the soil (Wang et al., 2019). But the application of sewage sludge
and heavy metals bioaccumulate in the earthworm’s body and
cause physiological and biochemical damage (Babic et al., 2016;
Kooch and Jalil 2008; Ahmad et al., 2021).

Earthworms cause the fragmentation of sewage sludge, thus
converting it into castings and increasing the surface area
available for drying and microbial decomposition; improving
aeration due to the tunnelling action of worms. In the
United Kingdom and mostly in Europe, human waste-based
sewage sludge is being used which is high yielding towards
crops. In Pakistan, wastewater treatment plants (WWTPs)
have been installed on different industrial and municipal sites
and remain functional throughout the year to generate huge
amounts of sewage sludge on a daily basis (Haydar et al., 2015).
Particularly, this sewage sludge potentially causes a negative effect
in earthworms. It produces growth defects and induces enzyme
inhibition and toxicity potentially at the genetic level. The land
application of sewage sludge can damage soil, water, and plants
since it contains variable levels of organic and inorganic
pollutants, salts, and pathogens (Singh and Agrawal, 2008 and
2010; Latare et al, 2014; Qadir et al, 2015). Despite being
considered fertilizer in the farming community, it has been
reported that the sewage sludge affects the soil fauna and
resulted in low crop yield. The yield reduction could be due to
the heavy metal accumulation in the soil which is in line with
previous studies reported on maize, pea, and mustard. In fact, the
higher contents of metal in sewage sludge like Cd and Pb can lead
to a toxic effect on the soil fauna (Liu et al., 2005). Singh and
Agrawal (2010) reported that the application of sewage sludge
increased the straw yield of rice but at higher rates negatively
affected the yield due to higher accumulation of metals in soil
fauna presumably earthworms and ultimately resulted in a
decreased yield.

The P. posthuma earthworm, being abundantly found across
Pakistan, plays an important role in our ecosystem, food chain,
and soil. Thus, the present study was performed to assess the toxic
effects of sewage sludge on P. posthuma earthworms and how
biochar and wheat straw can ameliorate the toxicity in terms of
growth and weight of worms before and after treatment. In
addition, the damage at the biochemical and molecular levels
in earthworms was also studied (Khan et al., 2017; Wang et al.,
2019). Application of sewage sludge alone is toxic for normal
growth and reproduction of earthworms as compared to
combining treatment with wheat straw and biochar. Growth
parameters were suppressed with an increase in the rate of
sewage sludge. A decrease in mean weight was observed and a
similar rate-dependent decrease in length was also observed. The
very low mean decrease in length was observed in lower
concentrations of sewage sludge. For a 5% concentration of
sewage sludge, the decrease in length was only 0.65%, but

Sewage Sludge Induced Toxicity in Pheretima posthuma

when increasing the concentration, a decrease in length was
also seen (Dominguez et al., 2012). These results are
supported by the study of Zaltauskaite and Sodiene (2010)
who reported a smaller decrease in weight at lower
concentrations of sewage sludge. However, a higher decrease
in weight of earthworms at higher sewage sludge rates have
been shown earlier (Yang et al, 2014). The reduction in the
length of earthworms after exposure to sewage sludge has been
attributed to the poor development of earthworms (Lemtiri et al.,
2015; Babic et al., 2016).

The addition of wheat straw with sewage sludge is of great
importance for bioremediation of sludge, soil fertility, earthworm
growth, functioning to facilitate organic matter turnover, and
nutrient availability for all soil life. Wheat straw also facilitated
fast and efficient bioremediation of sewage sludge-amended soil
by earthworms without genetically and physiologically affecting
the earthworms (Yang et al., 2014; Elyamine and AU 2020). In the
present study, we found that little or no changes in length and
weight of earthworms were observed in the mixed treatment
consisting of 25% sewage sludge and wheat straw (Sizmur et al,,
2017). The normal growth rates and development of earthworms
in wheat straw and sewage sludge-mixed treatments showed a
positive correlation between sewage sludge and wheat straw. The
results of the present study are in accordance to the findings of
Yang et al. (2014) who reported similar positive effects of wheat
straw on earthworm growth and functions in sewage sludge
applied to soil to enhance active remediation of sewage sludge
without affecting the population of earthworms. Wheat straw is a
natural organic fertilizer and its combined application with
sewage sludge enhances the microbial activity of soil, hence
decontamination of sewage sludge containing heavy metals
also increases without affecting the population of Pheretima
posthuma in soils.

The current results showed that the excessive use of sewage
sludge as a fertilizer resulted in the accumulation of heavy metals
in soils and earthworm bodies and a decrease in percentage
weight and length was also reported if worms were treated
solely with biochar, and the weight and length decreased with
increasing biochar rate. A maximum decrease in weight was
observed at a 25% biochar rate followed by 10%. However, when
earthworms were treated with sewage sludge and biochar
combined, the negative effects of sewage sludge were
significantly reduced as was evident from the minor decrease
in weight and length. The addition of biochar along with sewage
sludge could rescue the negative effect on growth (Zhang et al,
2017; Sanchez-Hernandez et al., 2019). Biochar alone has been
shown to have little effect on earthworms which was reflected in
recent studies in the low reduction in length and weight in some
of the earthworms after biochar application; however, combined
application of sewage sludge and biochar moderated their toxic
effects as shown by minor changes in length and weight of
earthworms. So, the disposal of sewage sludge with biochar is
the best and safe way to reuse sludge in an environmentally
friendly way (Li et al., 2011).

Sewage sludge, wheat straw, and biochar were also tested for
their effects on the enzyme activity of P. posthuma for
acetylcholinesterases, acid phosphatases, and alkaline
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phosphatases; as enzymes are important indicators of toxicant
accumulation at the molecular level in worms. The acid
phosphatases group of enzymes is related to the class of
enzyme hydrolases and the enzyme in acidic conditions
catalyzes the hydrolysis of monoester (orthophosphate)
(Tewari et al., 2016). Alkaline phosphatase is an enzyme
that phosphorylates molecules under alkaline conditions
which are present throughout the body of earthworms but
occur most excessively within the gizzard/crop and intestine
of earthworms. Acetylcholinesterase is a serine group that
belongs to the class of hydrolases and is reported to target sites
of many toxicants. Alkaline and acidic phosphatases are
involved in the detoxification of many toxicants containing
heavy metals. The addition of contaminants to soil-inhabiting
earthworms directly affects the enzyme activity of earthworms
(Wang et al., 2016). Our study showed that the sewage sludge
induces changes in the activity of crucial enzymes of
earthworms responsible for the metabolism of the energy,

neurotransmission, and oxidation systems. The dose-
dependent response was observed by increasing the
concentration of sewage sludge enzyme inhibition

(Sanchez-Hernandez et al., 2020). In the case of sewage
sludge, acid phosphatase activity was affected by sewage
sludge followed by biochar and at the same concentrations
of these amendments also caused inhibition of
acetylcholinesterase activity within earthworms. However,
alkaline phosphates seemed less influenced by the same
concentrations of sewage sludge and biochar. The results
further demonstrated that the inhibition in enzyme
activities increased with increasing rates of sewage sludge
and biochar. However, when wheat straw and biochar were
applied in combination with sewage, inhibition in enzymatic
activities was significantly reduced suggesting that both wheat
straw and biochar salvaged the negative effects of sewage
sludge which caused physiological abnormalities in
earthworms (Song et al., 2009; Yasmin 2010).

PCR-based molecular approaches are considered to provide
a reliable estimation of DNA damage in earthworms exposed
to contaminants, as earthworms are bioindicators of toxicant
contamination. This technique is relatively inexpensive and
technically simple yet provides robust estimates of DNA
damages. The RAPD DNA primer marker is commonly
used to assess the damage caused by sewage sludge and
other contaminants present in soil (Sharma et al., 2011).
We found that the maximum number of bands (fragmented
DNA; damaged) were observed at a 25% sewage sludge
application rate followed by biochar treatment at the same
rate. Fewer bands were observed in treatments with sewage
sludge applied in combination with biochar and wheat straw.
The sewage sludge caused DNA damage in P. posthuma which
can be diminished by using wheat straw and biochar. It has
been reported that sewage sludge applied to soils without any
pre-treatment causes lower development and reproduction
and genotoxicity to earthworms which can be reduced by
applying other organic amendments such as wheat straw
and biochar along with sewage sludge (Yadhav and Mullah
2017; Fouche et al., 2022). However, there can be unintended
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negative effects of the application of biochar alone in soil on
DNA and enzymatic activities in earthworms as were evident
from our study and also suggested by Kim et al. (2014). The
application of biochar (black carbon) alone on soil influences
earthworm behavior, growth, and reproduction and also
causes damage at the molecular level. The number of
castings by earthworms is also declined in soils with
biochar which indicate a change in the feeding habitat of
earthworms under the influence of biochar (Weyears et al.,
2011).

The comet assay is considered as a very reliable technique
used for detecting damage and repairing DNA to assess the
genotoxicity caused by the application of chemicals and
pesticides (Attullah et al., 2020; Zulhussnain et al., 2020).
Hence, in the present study, a comet assay was performed
to assess the genotoxicity in P. posthuma caused by the
application of sewage sludge. It was observed that DNA
damage increased as observed with DNA tail length and tail
movement increases with the increasing concentration of
sewage sludge (25%) followed by biochar (25%) as
compared to control which showed damage at the DNA
level of P. posthuma. There was a much smaller increase in
DNA head length and movement in the case of control and
wheat straw-treated P. posthuma at all the concentrations. The
sewage sludge when combined with wheat straw and biochar
resulted in a change in DNA head and tail length compared to
treatment with wheat straw and biochar alone. The high value
of tail DNA in the comet assay showed maximum damage;
thus, the high value of tail DNA% due to sewage sludge
revealed high DNA damage which was reduced with
treatment of wheat straw (Button et al., 2010; Fouche et al.,
2022).

CONCLUSION

The present study revealed the negative effects of sewage sludge
on growth, enzyme inhibitory activity, and genotoxicity in P.
posthuma earthworms. It was found that sewage sludge showed
more toxic effects individually, which caused a decrease in length
and body weight as well as inhibition of enzyme activity and
induced DNA damage. Being a good fertilizer for crops, sewage
sludge should be used only after the addition of proper soil
amendments like wheat straw and biochar, otherwise it causes
severe damage to growth, development, and functioning of
earthworms. Wheat straw can rescue the negative effects
produced in P. posthuma earthworms and helps increase the
production of vermicompost. Based on the current work, it is
suggested that the use of wheat straw and biochar can rescue the
negative effects of sewage sludge in P. posthuma earthworms. The
research work needs to be extended to examine sewage sludge for
the presence of heavy metals. The study can also be further
extended for other industrial wastes: effluents normally used for
irrigation purpose and herbicides frequently used in agriculture.
We also emphasize that these effects need to be tested on other
species of earthworms under field conditions for better risk
assessment.
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