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Abstract

Using of sewage sludge as an organic fertilizer is restricted by international standards because it contains heavy
elements in addition to, pathogenic microorganisms. Therefore, this study aimed to use technology of both composting and
vermicomposting to remove heavy elements from sewage sludge by using bio-accelerator (Trichoderma harzianum,
Trichoderma viride and Phanerochaete chrysosporium,) and vermi worms (Eisenia fetida) individually or combined together.
The results showed that the use of bio-accelerator and Eisenia fetida worms together had a significantly positive effect on
reducting the concentration of heavy metals to the safe limit compared to the Egyptian code during the 12-week experiment
period, where it decreased the available concentration of heavy metals (Lead, Nickel and Cadmium) from 6.429, 4.448 and
0.197 in the initial experiment to 0.213, 0.142 and 0.065 mg /kg in the final experiment, respectively. Also, total
concentrations of heavy metals were reduced to 313.95, 210.40 and 10.85 for Pb, Ni and Cd (mg/ kg) initially; meanwhile, the
final concentrations did not exceed either the Egyptian code limits or worldwide Standards. In addition, to improve quality
(NPK) of organic fertilizers and safety represented the highest percentage of removal 72, 67 and 62% for Cd, Ni and Pb
respectively. So, this technique for sewage sludge treatment is considered promising for production of quality organic
fertilizer and safe environmentally.

Keywords: compost, vermicompost, Trichoderma harzianum, Trichoderma viride, Phanerochaete chrysosporium, Eisenia
fetida, heavy metals.

1. Introduction

The rapid growth of human populations causes a
variety of problems around the world, particularly in
developing countries (1). Organic wastes such as
agricultural residues, organic industrial wastes and
sewage sludge contain hazardous substances
particularly heavy metals. Although sewage sludge is
a source of organic matter and plant nutrients such as
nitrogen, phosphorus and potassium, however, it also
contains different toxic heavy metals such as
cadmium (Cd), nickel (Ni), chromium (Cr), lead (Pb),
mercury (Hg), and selenium (Se). The main risks of
heavy metals are non-biodegradable compared with
the other organic pollutants (2).

Argun et al. (3) reported that composting is defined
as biodegradable stabilized and mineralized humus
transformation process by bacteria, micro- and
higher-level organisms of decomposable organic
constituents (agricultural, urban commercial etc.
wastes) in solid wastes. The evaluations of the
composting process, compost maturity and stability

were based on physical and chemical parameters of
organic material content, reflecting the metabolic
activity of micro-organisms involved in the
composting process (4).

YAO et al. (5) stated that the fulvic acid (FA) and
humic acid (HA)) especially humic acid, decreased
the release of Pb, Cu and Cd, reducible and oxidable
Pb, Cu and Cd, so, humic and fulvic are promising
tools for immobilize heavy metals and prevent it from
absorption.

Nurul et al. (6) suggested that the combination
culture of microorganisms have a vital role for
biodegradation of rice straw and faster of composting
process. Also, these groups of microorganisms have
ability of to enhance final product so, using
combination culture decrease period of process and
used to manage agriculture waste.

Vermicomposting process is a type of composting
that certain species of earthworms are used to
enhance the organic waste conversion to higher
quality of final product. Vermicomposting
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technology is considered an appropriate treatment of
the sewage sludge, besides it is one of the most
important fields of environmental protection, where it
can be considered as one of the most environmentally
sustainable solutions; it provides valuable humus as
well as decreasing the heavy metals content and
numbers of pathogens bacteria (7). Eisenia fetida is
an epigeic species that feeds on organic materials in
the soil humic zone. It is a small worm measures 7.5
cm length and reddish brown in color. Earthworm
population is affected by many factors as pH,
temperature, moisture, aeration and type of worm
food (8). During their feeding activities, it can
accumulate heavy metals in their tissues; they can
affect either availability or total heavy metal
concentrations and hence reduce their involvement in
food chain (9).

Turgay et al. (10) found that Earthworms can affect
either available or total metal concentrations in soil in
that they have capability to accumulate heavy metals
in their tissues and hence reduce their involvement in
soil food chain. During their feeding activities,
earthworms can change either available or total metal
concentrations in soil in that they are capable to
accumulate heavy metals in their tissues.

Suleiman et al. (11) confirmed that the stabilized
sludge has metal levels below the standard limits in
60 days from the initiation of vermicomposting
process. Earthworms mineralize the nitrogen and
phosphorus in sludge to make them bio-available to
plants as nutrients. Meanwhile, mineralization of
organic matter in sewage sludge by earthworms leads
to a significant decrease in total organic carbon
content and C/N ratio. Most nutrients recommended
for plants are accessible in vermicompost, as well as
considerable levels of humic substances (12). The
aim of this study is to investigate tracking the
pathway of heavy metals during the sewage sludge
composting and vermicomposting process.

Materials and Methods

1- Waste materials
Sewage sludge was brought from El-Gabal EI Asfar
station for wastewater treatments, Cairo Governorate,
Egypt.
Rice straw was collected from Moshtohor, Qalubia
Governorate, air dried and chopped into small pieces
(2-5 cm length). The chemical and physical
properties of sewage sludge and rice straw were
performed by Agric. Microbiological. Dept., Soils,
Water and Environmental Res. Inst. (SWERI),
Agriculture Research Center (ARC), Giza, Egypt.

2- Bio-accelerators
Pure strains culture of Trichoderma harzianum
NRRL13019, Trichoderma viride NRRL3635 were
used as cellulose decomposer. Phanerochaete
chrysosporium NRRL 6359 were used as lignin
decomposer. Strains were kindly provided by
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Microbiology. Dept., SWERI, ARC, Giza, Egypt.
The medium was used to propagate the fungal strains
in order to prepare the fungal inoculants (bio-
accelerator), and the medium content was glucose
(20g/L), potato infusion (1L) and pH was 5.6+0.2
(13).

3- Earthworm
Eisenia fetida was kindly provided by the Central
Laboratory for Organic Agriculture, ARC, Giza,

Egypt.

Experimental design:

Three experiments were carried out at the Organic
Agriculture Central Laboratory, ARC.

First experiment (bio-accelerator group). Compost
depended on the mixture of sewage sludge, rice straw
and bio-accelerator. The statistical analysis was split
split plot where the main plot was bio-accelerator and
sub plot involved five treatments T1: Sewage sludge
100%, T2: Sewage sludge 75% mixed with rice straw
25%, T3: Sewage sludge 50% + rice straw 50%, T4:
Sewage sludge 25% + rice straw 75% and T5: Rice
straw only by rate 100%. Treatments were arranged
in piles, each pile weighed about 200Kg out of the
components of each one. The dimension of pile was
Im width, 1.5m length and 1m height. Fungal
inoculant (Trichoderma harzianum, viride and
Phanerochaete chrysosporium) were employed in a
ratio of 1:1:1, as a biodegradable agent; the mixture
was added to the piles at a rate of 10 L (10°
cfu/100ml) per ton of raw materials, before starting
the composting process. The process was continued
up to 12 weeks. The physical and chemical analyses
of compost and vermicompost samples were
determined at zero time and monthly.

The main motives for not adjusting the C/N ratio at
the beginning of the mixtures are that earthworms
would be affected by the excessive accumulation of
heavy metals according to (14).

Second experiment of vermicompost (earthworm
group). The same aforementioned arrangement and
same design of mixtures in compost process was
followed with the addition of earthworm (Eisenia
fetida) as main plot and sub plot were the treatments
and denoted as T6 to T10.

Third experiment of pretreated vermicompost
(bio-accelerator with earthworm). The same
syllabus, experiment was run where it included five
treatments by the same previous arrangement as
compost experiment where the treatments included
T11 to T15 represented sub plot, meanwhile, the
main plot was mix between bio-accelerator with
earthworm. This experiment a part of its considering
pretreat vermicompost for different mixtures of
sewage sludge with rice straw by addition bio-
accelerators before counting other part by earthworm
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addition. After the addition of bio-accelerators, the
temperature was continued to rise as result of
biodegradation organic matter to reach thermophilic
stage after which this temperature period was
appropriate for biodegradation reach to 30 °C. It’s
worthy to mention that, the thermal stabilization must
be secured before addition of earthworm into the raw
materials, because high temperature is lethal for it.
Therefore, Eisenia fetida was introduced into each set
of the plastic bin, containing the pre-composted
material.
The chemical analysis of compost and vermicompost
samples included organic matter (OM), organic
carbon (OC), carbon / nitrogen ratio (C/N) ratio, total
nitrogen (TN), total phosphorus (TP), total potassium
(TK), available and total concentration of heavy
metals (Pb, Ni and Cd).
Methods:
Chemical determinations:
1.0rganic matter: was determined according
to (15).
2. Organic carbon was calculated according to
(16).
3.Total nitrogen: was determined by (17).
4.Total phosphorus and Potassium: were
determined according to (17).
5. Heavy metals: heavy metals (Cd,
Ni and Pb) were digested and measured
according to (18).
Statistical analysis:
Generally a split-split plot design was method of
statistical analysis for three experiments. The main
plot was differ for each experiment and the
treatments were arranged in a randomized complete
block design with three replications for each
parameter. The treatment means were compared
using least significant difference (L.S.D.) test as
given by (19).

Results and Discussion
In a preliminary step, the analysis of raw materials
used in formation of the piles was crucial to know the
limits of heavy metals in each raw material. Data in
Table (1) showed that the total heavy metals in raw
sewage sludge was obtained 321.7, 222.25 and 12.50
mg/ Kg for lead, Nickel and cadmium, individually.
Meanwhile, rice straw was the lowest in heavy metals
content as well as NPK elements (benefit for soil and
plants) also, contents of rice straw from organic
matter (92.50%) was more than sewage sludge
(53.10%) .

These trends are consistent with those of
Connor et al. (20) who found that the contents of
sewage sludge form heavy metal was more than the
limits of worldwide standards particularly sewage
sludge produced from mix with industrial
wastewater.
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Table (1): Chemical and physical characteristics
of raw materials.

Characteristics Rice Sewage
straw sludge
pH (1:10) 6.88 8.13
EC (1:10) dS/m 2.13 5.58
Bulk density kg/m3 105 510
Moisture content % 10.00 46.00
g};ganlc matter (OM 92 50 53.10
Organic carbon (OC %) 53.65 30.80
Total nitrogen (TN %) 0.50 2.00
NH*4-N, (mg/kg) 18 458
NO7 -N, (mg/kg) 9 142
C/N ratio 107.3:1 15:1
Ash (%) 7.50 46.90
;rotal phosphorus (TP 0.36 136
%)
Total potassium (TK %) 0.59 1.61
Total Lead (mg/kg) 13.00 321.70
Total Nickel (mg/kg) 8.30 222.25
Total Cadmium 0.40 12 50
(mg/kg)

All mixtures treated with bio-accelerator
(TL -T5) represented composting  process;
meanwhile, the mixtures treated by earthworms (T6-
T10) represented vermicomposting; but mixtures that
were treated with both (bio-accelerator and
earthworms) represented pretreated vermicomposting
process which was produced after pretreatment stage.
In this context, the result in Table (2) revealed that
the treatments which were treated with both bio-
accelerator and earthworms were superior in
increasing the percentages of nitrogen, phosphorous
and potassium in the final products compared with
the same mixtures in the initial stage. Also, the
treatment (T12) contents (75% sewage sludge +25%
rice straw) resulted in an increase in the percentages
of NPK from the initial stage (1.5, 1.4 and 1.52%) to
a final product (2.62, 1.88 and 2.13). Conspicuously,
the final product was much higher than the same
mixture either compost (T3) or vermicompost (T7),
individually. The lowest increase of NPK in final
product was with mixture contents of 100% rice
straw with compost, vermicompost and pretreated
vermicompost.

Moreover, results exhibited that the
percentages of organic matter decreased in the final
products for all mixtures either treated with bio-
accelerator or earthworms or both of them. This could
be attributed to their efficient decomposition of
organic matter. So, organic matter in final product in
all mixtures was lower than initial ones.
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Table (2): Properties of the initial raw materials and final product of the different organic fertilizers.

Treatments TN TP TK oM ocC C/N Pb Ni Cd
(%) (%) (%) (%) (%) Ratio (mg/kg) (mg/kg) (mg/kg)
Bio-Accelerator*
T1 1.68 141 1.66 52.66 30.54 18.18 6.434 4.445 0.195
= T2 1.43 1.35 1.42 67.23 38.99 27.27 4.857 3.860 0.142
Zg T3 111 112 1.36 72.52 42.06 37.89 2.380 2.970 0.065
- T4 0.80 0.77 1.20 85.18 49.40 61.76 0.874 0.830 0.023
T5 0.52 0.4 0.79 97.22 56.39 108.4 0.260 0.166 0.008
T1 2.52 1.82 2.05 39.88 23.13 9.18 2.360 2.219 0.105
_ T2 2.13 1.73 1.83 47.30 27.43 12.88 1.068 0.790 0.026
.E T3 2.04 1.52 1.69 51.05 29.61 1451 0.511 0.500 0.007
v T4 131 1.22 1.53 66.23 38.41 29.32 0.320 0.271 0.006
T5 0.91 0.79 1.19 80.09 46.45 51.05 0.085 0.059 0.002
Earthworm**
T6 1.63 1.39 1.72 57.72 33.48 20.54 6.414 4.443 0.195
— T7 14 1.29 1.45 69.21 40.14 28.67 4.872 3.910 0.140
Z*g T8 1.09 11 1.39 73.15 42.43 38.92 2411 2.970 0.067
- T9 0.8 0.69 1.22 84.13 48.8 60.99 0.890 0.842 0.029
T10 0.59 0.45 0.81 96.83 56.16 95.19 0.276 0.173 0.009
T6 2.68 1.89 2.18 43.52 25.24 9.42 0.260 0.179 0.095
_ T7 2.58 1.77 2.05 47.33 27.45 10.64 0.023 0.009 0.000
.g T8 2.33 1.55 1.78 50.93 29.54 12.68 0.000 0.000 0.000
. T9 2.24 1.28 1.57 61.77 35.83 15.99 0.000 0.000 0.000
T10 1.16 11 117 71.24 41.32 35.62 0.000 0.000 0.000
Bio-accelerator + earthworm
T11 1.72 1.54 18 56.13 32.56 18.93 6.429 4.448 0.197
_ T12 15 1,40 1.52 67.43 39.11 26.07 4.837 3.881 0.139
:é T13 1.19 1.23 143 72.1 41.82 35.14 2.391 2.787 0.065
- T14 0.87 0.92 1.25 83.72 48.56 55.81 0.823 0.794 0.023
T15 0.62 0.45 1.07 96.11 55.74 89.91 0.255 0.164 0.008
T11 2.75 2.08 2.35 41.67 24.17 8.79 0.213 0.142 0.065
_ T12 2.62 1.88 2.13 45.55 26.42 10.08 0.019 0.007 0.000
.E T13 2.46 1.65 1.88 49.21 28.54 11.60 0.000 0.000 0.000
- T14 2.35 1.38 1.67 60.12 34.87 14.84 0.000 0.000 0.000
T15 1.36 1.06 1.37 68.17 39.54 29.07 0.000 0.000 0.000
Main Plot*** x Sub plot**** 0.543 0.381 0.052
LSD Sub plot x Sub sub plot***** 0.067 0.487 0.054
0.05  Main plot x Sub sub plot 0.082 0.596 0.066
Main Plot x Sub plot x Sub sub plot 0.117 0.843 0.093

* Bio-accelerator: Trichoderma harzianum, viride and Phanerochaete chrysosporium.
** Earthworm: Eaisenia fetida. *** Main plot: Bio-accelerator, Earthworm and the interaction
among them. **** Sub plot: Initial row and final product. ***** Sub sub plot: Treatments.

The same behavior was noticed with
organic carbon because the organic carbon content is
almost one-half organic matter. In spite of C/N ratio
which decreased to suitable ranges in some
treatments, the best treatments were associated with
the bio-accelerator + earthworm (T12); their values
ranged in initial piles from 67.43, 39.11 and 26.07 to
reach in final piles as 45.55, 26.42 and 10.08,
respectively. It has been soundly to mention that the
pile contents of rice straw comprised the lowest
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maturity, where C/N ratio did not reach to the low
value of 20: 1. This result was in line with (21), who
reported that carbon/nitrogen ratio has been used as
an indication of the potential of compost maturity
where, C/N ratio less than 20:1 is a good indicator of
compost maturity. Also, this behavior means that the
role of bio-accelerator is to pre-decompose the
organic materials which in turn helped the
earthworms to decompose the organic matter faster
and improved the characteristics of the final product
by increasing the N P K percentages (22).
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Similar trend was observed in the available
concentrations of Pb, Ni and Cd, where heavy metals
were decreased during the composting process
synchronous with decreasing the percentage of
sewage sludge in all mixtures where, the mixture
contents 100% sewage sludge (T1) recorded in initial
process 6.434, 4.445 and 0.195 to reach in final
process 2.360, 2.219 and 0.105 mg/Kg Pb, Ni and Cd,
respectively. While the treatment contents of 25%
sewage sludge with 75% rice straw (T4) were
initially 0.874, 0.830 and 0.023 and reached in finally
to 0.320, 0.271 and 0.006 mg/ kg. This could be
ascribed to the sewage sludge source of Pb, Ni and
Cd. Heavy metals possessed the lowest values in
mixture T5 (100% rice straw only) and reached in
final product to 0.085, 0.059 and 0.002 mg/Kg.
Obviously, it has been surprising to get this result,
that earthworms in mixtures enhanced the increase
percentages of significant reduction of heavy metals
either individually or combined with bio-accelerator;
where, all heavy metals under study were not appear
in the final products from T8 to T10 in vermicompost
and T13 to T15 in pretreated vermicompost. This
behavior may be due to the earthworms had
mechanism of hyper accumulation of heavy metals.

Therefore, the obtained results exhibited

that the composting process had slightly improved
characteristics of the final products, as well as the
vermicompost produced from earthworms only. This
trend may be attributed to the substantial role of
mixing bio-accelerator with earthworms in producing
an environmentally safe organic compost (23). In this
concern, Ananthanarayanan et al. (14) found that the
earthworm under stress of excess of heavy metals can
synthesis the metallothionein  protein which can
effectively bind with various metal ions and enhance
the metal detoxification.
It is also worthily to detect that the total and available
heavy metals concentration that were permanently
determined during experiments exhibited total
concentration of heavy metals were more than
available concentration; also, initial was higher than
that in the final products as shown in Figures (1and
2).

wPb(mg/kg)  mNi (mg/kg)

u Cd (mg/kg)

..-D\r:‘.: ‘ w
kkkkkkkkkkkkkkkkkkkk

,,,,,

Fig. (1) Available concentrations of heavy
metals in different mixtures.
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Fig. (2) Total concentratlon of heavy metals
in different mixtures.

A verification of the aforementioned result,
the data in Table (3) clearly revealed that the total
concentration of heavy metals in both final product
and in tissue of earthworm was logically in raw
materials were greater than final products. In
vermicomposting process by using earthworms only,
lead was the highest heavy metals in raw materials
(151.63 mg/kg) then it decreased in the final products
(83.47 mg/kg) and mixture contents 100 sewage
sludge (T6) possessed the highest content of heavy
metals either in the initial of process (180.7 mg/kg) or
final product (85.33 mg/kg). The lead contraction was
always more than the other metals in the initial (315.7
mg/kg) or final (145.3 mg/kg) processes. Also, lead
was the dominant concentration in tissue of
earthworms in final product (28.66 mg/kg) and that
through mixture 100% sewage sludge (67.45 mg/kg).
On contrary, the lowest concentration of Pb in tissue
was recorded in T10 (3.43 mg/kg) followed by T9
(11.29 mg/Kkg).

Meanwhile, the combined of Eisenia fetida
and bio-accelerators treatment resulted in Pb
reduction from the initial process (147.85 mg/Kg) to
the final one (65.8 mg/Kg) and the highest rate of Pb
in tissue was 39.24 mg/Kg. In addition, the maximum
Pb values in tissue was obtained with the mixture
contents 100% sludge (T11); (89.28 mg/Kg);
meanwhile, the lowest Cd heavy metal concentration
in earthworm tissue grown in mixture content of rice
straw was only (0.02 mg/Kg).

During vermicomposting process
earthworms have the ability to consume the sewage
sludge and convert it into safe and high quality
fertilizer where earthworms have a vital role in
accumulating the heavy metals and passing through
their intestines, causing a reduction in their
potentiality risk and producing safe vermicompost.
Consequently, removal percentages of heavy metals
reached to maximum values (67, 62 and 59 %) in Cd,
Ni and Pb respectively. In mixture T8, earthworms
had the ability to accumulate heavy metal inside their
intestines, where Cd reached to 0.61, Ni to 0.68 and
Pb to 0.54 mg/ Kg during different mixtures as shown
in Table (4). These results are in harmony with (11)
where, they reported that the vermicomposting
process involves the stabilization of organic matter
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through earthworm consumption that converts the waste into high quality.
Table (3): Total concentrations of heavy metals in vermicompost and earthworm tissues.
Treatments Pb Vermlﬁl(i)mpost Cd Mean Pb Tlsiluie cd Mean
T6 315.70 216.65 9.75 180.7 0.21 0.11 0.02 103.30
_ T7 243.60 168.00 7.00 139.53 0.23 0.17 0.01 79.79
£ T8 140.55 128.50 3.35 90.8 0.20 0.10 0.01 51.93
= T9 44,50 37.10 1.45 27.68 0.17 0.15 0.01 15.87
%E T10 13.80 8.65 0.45 7.63 0.23 0.11 0.01 4.41
5 Mean 151.63 111.78 4.40 0.21 0.13 0.01
E T6 145.30 105.45 5.25 85.33 74.31 54.33 2.20 67.45
S a T7 116.50 63.45 2.45 60.80 52.87 42.96 1.04 48.58
= T8 58.05 44.85 1.10 34.67 29.41 22.97 0.67 27.39
o T9 22.10 18.55 0.70 13.78 11.89 11.74 0.29 11.29
T10 7.25 6.45 0.20 4.63 3.28 2.17 0.02 3.43
Mean 83.47 58.42 2.35 28.66 22.38 0.70
T11 313.95 21040 10.85 178.4 0.21 0.14 0.02 0.12
c _ T12 231.85 160.05 6.60 132.83 0.21 0.11 0.02 0.11
S £ T13 144.55 119.35 3.25 89.05 0.20 0.11 0.01 0.11
£ = T14 36.15 34.70 1.15 24.0 0.19 0.12 0.01 0.11
& T15 12.75 8.20 0.40 7.12 0.21 0.10 0.01 0.11
M Mean 147.85 106.54 4.45 0.21 0.12 0.01
S T11 135.65 92.10 4.85 77.53 89.28 61.21 2.77 51.08
g T12 111.55 55.35 2.05 56.32 54.67 50.80 1.13 35.53
8 E T13 54.80 38.88 0.90 31.53 32.29 24.79 0.77 19.28
e T T14 20.55 15.15 0.55 12.08 15.72 12.69 0.31 9.57
@ T15 6.45 5.10 0.17 3.91 4.26 3.16 0.02 2.48
Mean 65.8 41.32 1.70 39.24 30.53 1.00
Main plot™** x Sub 9.99 221 1.42 2.80 0.87 0.21
plot****
S 2:’0?*‘1'31: Sub sub 14.14 2.95 1.02 1.62 1.40 0.53
% Main plot x Sub sub plot 14.14 2.95 1.02 1.62 1.40 0.53
Main Plot x Sub plot x Sub 20.00 417 1.44 230 1.98 0.75
sub plot

* Bio-accelerator: Trichoderma harzianum, viride and Phanerochaete chrysosporium.
** Earthworm: Eaisenia fetida. *** Main plot: Bio-accelerator, Earthworm and the interaction between them. **** Sub plot:
Initial row and final product. ***** Sub sub plot: Treatments.

sewage sludge with 50% rice straw (T13) and also, it

On the other hand, the joint biodegradation obtained the maximum accumulation of Ni (0.92
of both earthworms and bio- accelerates together mg/Kg), Cd (0.86 mg/Kg) and Pb (0.77 mg/Kg) in
achieved the highest removal percentage, where Cd the different treatments (Table 4).

recorded 72%, Ni 67% and Pb 62% in mixture 50%

Table (4): The removal percentages and bio-accumulation content in both types of vermicompost

Removal (%) Bio-accumulation (mg/kg)
Treatments

Pb Ni cd Pb Ni cd
e T6 54 51 46 0.51 0.51 0.42
5 T7 52 62 65 0.45 0.68 0.42
2 T8 59 62 67 0.51 0.51 0.61
£ T9 50 53 52 0.54 0.63 0.41
w T10 47 25 55.5 0.45 0.34 0.075
S e T11 57 56 55 0.66 0.66 0.57

I3+ (-
58 T12 52 65 68 0.50 0.92 0.55
g T13 62 67 72 0.60 0.64 0.86
ighi T14 43 56 52 0.77 0.84 0.56
o+ T15 49 37 57.5 0.66 0.62 0.11
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These results agreed with those of (25); She
found that the mutual reaction of both earthworms
and aerobic microbes accelerates the biodegradation
of organic wastes. Besides, after passing through the
intestines, there are many useful microorganisms in
the coprolite have capability to removal of heavy
metals risks and reducing environment pollution.
Also, she stated that the earthworms take excessive
elements by covering them with layers of
polypeptide, which confirmed by past research the
polypeptide tracking from the tissue of earthworms
until they reached the wvermicompost or soil to
estimate the heavy metals associated with field soil
and vermicasts.

From the aforementioned findings, during
composing,  vermicomposting and  pretreated
vermicomposting processes, bio-accelerator,
earthworms either alone or both together can
dramatically remove the heavy metals from sewage
sludge and different mixtures whereas, their values
declined to about standards limits of either Egyptian
code or worldwide ones as shown in Fig. (3). Similar
results were reported by (25) and (26), where they
found that the use of compost and vermicompost for
home composters earthworms in the reduction of
heavy metals (Cd, Pb, Cu, Zn, Ni and Cr) and their
concentrations did not exceed the limits of heavy
metals especially of standards of compost.

hh#ii#k

S 1165 | 11155 300 150 200 800
mNi 5 63.45 55,35 120 210

mCd 2.35 2.45 205 39 10

Fig. (3). Heavy metals content in some final
treatments compared with both Egyptian and
global standards (mg/kg).

Conclusions:

The succeed in reducing the concentration
of some heavy metals such as lead, nickel and
cadmium in final product during composting
process, in order to produce a good fertilizer for
agriculture enriched with the necessary elements
needed by the plants is of a substantial importance.
Also, it could be advised to use the pretreated
vermicomposting technics by earthworms to recycle
the sewage sludge before being used in the
agricultural purpose due to its high content of
pollutants  especially heavy metals, where
earthworms are capable of producing an
environmentally improved and safe fertilizer
product.

Egypt. J. Chem. 65, No. SI:13B (2022)

Obviously, authors can recommended the
use of this technique (pretreated vermicomposting)
for treating sewage sludge which is a promising
mean to remove inflate of heave metals and protect
the environment.

References

1. Mukherjee, 1., Singh, U.K., Singh, R.P.
Anshumali Kumari, D., Jha, P.K. and Mehta,
P., (2020). Characterization of heavy metal
pollution in an anthropogenically and geologically
influenced semi-arid region of east India and
assessment of ecological and human health risks.
The Science of the total environment. 705:
135801.
https://doi.org/10.1016/j.scitotenv.2019.135801.

2. Allioux, F.M., Kapruwan, P., Milne, N., Kong,
L., Fattaccioli, J., Chen, Y., and Dum, L.F.,
(2018). Electro-capture of heavy metal ions with
carbon cloth integrated microfluidic devices.
Separ. Purif. Technol. 194: 26-32
https://doi.org/10.1016/ j.seppur.2017.10.064.

3. Argun, Y. A, Karacali, A., Calisir, U., and
Kilinc, N. (2017). Composting as a Waste
Management Method. J. Int. Environmental
Application & Science, 12(3): 244-255.
http://compost.css.cornell.edu/technigue.html.

4. 4. Afifi, M. M. | and Mohy, E. A (2020).

Biochemical evaluation and maturity criteria

during fish waste and olive mill mixed

Composting, Int. J. Environ., 9(1):26 -49, EISSN:

2706-7939 ISSN: 2077-4508 DOI:

10.36632/ije/2020.9.1.3.

YAO, W. bin, HUANG, L., YANG, Z. hui, and

ZHAO, F. ping. (2022). Effects of organic acids

on heavy metal release or immobilization in

contaminated soil. Transactions of Nonferrous

Metals Society of China (English Edition), 32(4):

1277-1289. https://doi.org/10.1016/S1003-

6326(22)65873-4.

6. Nurul, A. A., Mohammad, H. A., Nur, A. S,
Syuhaidah, A. B., and Abhar, A. H. (2018).
Preliminary study on rice straw degradation using
microbial inoculant under shake flask condition.
African Journal of Biotechnology, 17(49): 1377—
1382. https://doi.org/10.5897/ajh2018.16641.

7. Wang, L., Zheng, Z., Zhang, Y., Chao, J., Gao,
Y. and Luo, X. (2013). Biostabilization
enhancement of heavy metals during the
vermiremediation of sewage sludge with
passivant. Journal of Hazardous Materials, 1-9:
244-245,

8. Karaca, A, Kizilkaya, R., Turgay, O.C and
Cetin, S.C. (2010). Effects of earthworms on the
availability and removal of heavy metals in soils.
In: Sherameti |, Varma A (eds) Soil heavy metals,
soil biology, Springer, Berlin, 19: 369-388.

o



https://doi.org/10.1016/j.scitotenv.2019.135801
https://doi.org/10.1016/
http://compost.css.cornell.edu/technique.html
https://doi.org/10.1016/S1003-6326(22)65873-4
https://doi.org/10.1016/S1003-6326(22)65873-4
https://doi.org/10.5897/ajb2018.16641

1162 Adel S. El-Hassanin et.al.

9. Kizilkaya, R., Karaca, A., Turgay, O. C. and
Cetin, S. C. (2011). Earthworm interactions with
soil enzymes, In: A. Karaca (ed.), Biology of
Earthworms, Soil Biology, Springer-Verlag,
Berlin Heidelberg, 24:141-158.

10.Turgay, O. C., Kizilkaya, R., Karaca, A. and
Cetin, S. C. (2014). Detoxification of Heavy
Metals Using Earthworms.Soil Biology, Chapter
21:407-421. DOI10.1007/978-3-642-21408-0_21.

11.Suleiman H., Rorat A., Grobelak A., Grosser
A., Milczarek M., Plytycz B., Kacprzak M.,
Vandenbulcke F. (2017). Determination of the
performance of vermicomposting process applied
to sewage sludge by monitoring of the compost
quality and immune responses in three earthworm
species: Eisenia fetida, Eisenia andrei and
Dendrobaena veneta. Bioresource Technology
241:103-112.

12.Sinha, R. K., Agarwal, S., Chauhan, K.,
Chandran, V. and Soni, B. K. (2010).
Vermistabilization of sewage sludge (biosolids)
by earthworms: converting a potential biohazard
destined for landfill disposal into a pathogen free,
nutritive and safe bio-fertilizer for farms. J. Waste
Management & Res.
https://doi.org/10.4236/ti.2010.13019.

13.Atlas, R. M. (2004). Handbook of
Microbiological Media, 3 Ed., CRC Press LLC,
Boca Raton, Florida, USA., pp. 2056 - 2080.

14. Ananthanarayanan Y., Muthusamy G,
Natchimuthu K., Muniyandi B., Dhanabalan S.
K., Mohan A., Rasiravathanahalli K. G.,
Sudipta T., Swayambhu G., Ponnuchamy K.,
Soundarapandian K. and Ramasundaram T.
(2021). Metallothionein dependent-detoxification
of heavy metals in the agricultural field soil of
industrial area: Earthworm as field experimental
model system. Chemosphere 267, 1-14.

https://doi.org/10.1016/j.chemosphere.2020.129240.

15.Page, A. L., Miller, R. H. and Keeney, D. R,
(1982). Methods of Soil Analysis. Part 2. Soil
Soc. Amer. Inc. Madison, Wisconsin, U.S.A.

16.Black, C. A, Evan's, D. O., Ensmunger, L. E.,
White, J. L., Clark, F. E. and Dineure, R. C,,
(1965). Methods of Soil Analysis. Part I,
Chemical and microbiological properties.
American Soc. Argon Inc. Madison, Wisconsisn,
USA,, pp. 32-122.

17.Jackson, M. L. (1973). Soil Chemical Analysis.
Prentic-Hall of India Private Limited, New Delhi,
pp. 1-498.

18.Estefan, G., Sommer, R. and Ryan, J. (2013).
Methods of Soil, Plant, and Water Analysis: A
manual for the West Asia and North Africa
Region: Third Edition. Beirut, Lebanon:
International Center for Agricultural Research in
the Dry Areas (ICARDA), Beirut, 84-105.

Egypt. J. Chem. 65, No. SI:13B (2022)

19. Snedecor GW, Cochran WG, (1994). Statistical
Methods. 9" Ed., lowa State Univ. Press, Ames,
lowa, USA.

20. Connor, R., Renata, A., Ortigara, C.,
Koncagil, E., Uhlenbrook, S., Lamizana-
Diallo, B.M., Zadeh, S.M., Qadir, M., Kjellen,
M., and Sjédin, J., (2017). The United Nations
World Water Development Report 2017.
Wastewater: The Untapped Resource.

http://unesdoc.unesco.org/images/0024/002475/2475
53e.pdf.

21.Mahmoud, Y.l., ElI-Akshar, Y.S., Abd Elgwad,
Sh. A. and Afifi, M.M.l. (2020). Impact of
mature compost derivatives and inorganic
fertilizers on the growth and productivity of pea
plants. Middle east journal of agriculture research,
9: 455-467.

22.Singh, A. and Sharma, S., (2002). Composting
of a crop residue through treatment with
microorganisms and subsequent
vermicomposting, bioresource technology, 85(2):
107-111.

23.Shahmansouri, M. R., Pourmoghadas, H.,
Parvaresh, AR. and Alidadi, H., (2005). Heavy
Metals Bioaccumulation by Iranian and Australian
Earthworms (Eisenia fetida) in the Sewage Sludge
Vermicomposting, Iranian J Env Health Sci Eng.,
2: 28-32.

24.Yuvaraj A., Govarthanan M., Karmegam N.,
Biruntha M., Kumar D. S., Arthanari M.,
Govindarajan R. K., Tripathi S., Ghosh S.,
Kumar P., Kannan S. and Thangaraj R.,
(2021). Metallothioneinm dependent-
detoxification of heavy metals in the agricultural
field soil of industrial area: Earthworm as field
experimental model system, Elsevier.
Chemosphere, 273: 129240.
https://doi.org/10.1016/j.chemosphere.2021.13028
9.

25.Marta, B.. (2017). Heavy metal content in
compost and earthworms from home composters.
Ochrona Srodowiska i Zasobow Naturalnych,
28(4), 1-4.

https://doi.org/10.1515/0szn-2017-0022.

26.Mohamed A. and Ahmed M., (2020).
Biochemical Evaluation and Maturity Criteria
during Fish Waste and Olive Mill Mixed
Composting, International Journal of
Environment, 09: 26-49.


https://doi.org/10.4236/ti.2010.13019
https://doi.org/10.1016/j.chemosphere.2020.129240
https://www.researchgate.net/scientific-contributions/Engin-Koncaguel-2149599280
http://unesdoc.unesco.org/images/0024/002475/247553e.pdf
http://unesdoc.unesco.org/images/0024/002475/247553e.pdf
https://www.sciencedirect.com/journal/chemosphere
https://www.sciencedirect.com/journal/chemosphere/vol/273/suppl/C
https://doi.org/10.1016/j.chemosphere.2021.130289
https://doi.org/10.1016/j.chemosphere.2021.130289
https://doi.org/10.1515/oszn-2017-0022

