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SUKRU TANER AZGIN!

CHANGE OF PHYSICHOCHEMICAL PROPERTIES
AND HEAVY METALS CONTENT IN SEWAGE SLUDGE
DURING ITS VERMICOMPOSTING WITH EISENIA FETIDA

This study aimed to evaluate the vermicompost quality of sewage sludge (SS) mixed with sugar
beet pulp (SBP) and cow dung (CD) wastes employing Eisenia fetida. The basic issue faced in the
wastewater treatment plant is how to reduce the amount of sewage sludge? This paper discusses an in-
-situ vermicomposting approach for the reuse of sewage sludge. A total of 11 reactors containing var-
ious waste combinations were organized and changes in physicochemical parameters were evaluated
during 90 days of the experiment. The results indicated that SS could be converted into a good quality
product by vermicomposting if suitable mixing quantities are provided (50% SS, 25% SBP, 25% CD).
Vermicomposting caused significant reductions in pH, TOC, the content of heavy metals, and C/N
ratio, while electric conductivity and NPK content increased as compared to initial mixtures. The pre-
sent study implied that the application of sewage sludge in the agricultural fields after vermicomposting
could be a suitable and usable approach for sewage disposal.

1. INTRODUCTION

Excess sewage sludge from any municipal wastewater treatment plant (WWTP) be-
comes a serious problem due to its increasing amount. Sewage sludge was defined by
the European Parliament and Council as compulsory recycling and reusable waste [1].
Recent regulations [2, 3] placed the highest importance on the landfill directive, which
would limit the amount of sewage sludge sent to the landfill and encourage the good
environmental practice by increasing the use of sewage in agriculture [4]. Many EU
countries tend to reject conventional solutions because of a decrease in the capacity of
landfills and strict European Union legislation [1, 5]. Sludge management is a serious
problem, not only in European countries, but also in Australia [6], Latin America [7],
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Asian countries [8], and Turkey [9]. While the quantity of sludge depends on different
factors and hence is quite variable, the nature of this sludge-rich in nutrients, but also
often loaded with high concentrations of pollutants such as heavy metals has led coun-
tries to search for various alternatives for its disposal [10]. According to Eurostat data,
more than 50% of EU countries still used sludge in agricultural activity. Almost seven-
teen countries use composting, and the countries of Estonia, Hungary, and Finland have
percentages higher than 60%. While the Netherlands, Germany, Slovenia, and Austria
use incineration as their main disposal method, discharge into controlled landfills was
used as the principal type of treatment in Malta, Croatia, Romania, and Italy as well as
Serbia and Bosnia and Herzegovina [10]. Similarly, Turkey, which has candidate mem-
bership status for the EU, handle its sewage sludge by different methods. While 26% of
the total sludge amount is ultimately sent to the landfill, 6% of sludge is used for agri-
cultural purposes, [11] and the remaining quantity is used as fuel for cement production
in incineration plants [9].

Keeping the above facts in mind, there is a need for an eco-friendly approach like
vermicomposting that has many benefits because it is odorless, budget-friendly, free of
toxic waste, and results in a valuable end product, a way to deal with the increasing sewage
problem [12]. Vermicomposting is a biological process based on interactions between
earthworms and microorganisms that adequately convert different types of organic
wastes into a soil improver [13]. It is the least expensive method and requires less labor
and time, and the resulting product is of good quality and has a high market value. Re-
cently, vermicomposting has become a popular transformation method by introducing
earthworms into the compost [14, 15]. Recently, many studies have been conducted in
the vermicomposting of varied mixtures including sewage sludge and different types of
organic wastes [12, 16, 17]; some studies investigated the effect of the C/N ratio during
the vermicomposting of sewage sludge. Changes in the toxicity of the sewage sludge by
vermicomposting processes reported by Zhu et al. [18]. However, there is no consensus
in the scientific literature that vermicomposting increases or decreases the concentration
of heavy metals in organic waste residuals like sewage sludge and other organic mate-
rials [19, 20]. Based on the available literature, investigations of combining sugar cane
or sugar beet pulp with sewage sludge to obtain a rich soil improver are very limited
[21]. Sugar industry waste like beet pulp contains organic carbon, sugars, proteins, and
some enzymes in large amounts. However, the direct use of this type of fertilizer has
not been tried much before [22].

To fill in the gaps mentioned above, a pilot-scale experiment design in the present
study was established: (1) to evaluate the viability limit of the vermicomposting when
the process is performed using sewage sludge in eleven different mixtures employing
Eisenia fetida, (2) to detect changes in heavy metal concentration in the produced ver-
micompost, and (3) to discuss in situ vermicomposting approach for the reuse of sewage
sludge.
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2. MATERIALS AND METHODS

Sewage sludge was obtained directly from the Kayseri biological wastewater treat-
ment plants in the Anatolian region of Turkey. The fresh sewage sludge was dried in
a drying oven, using the well-known technique operating on the moisture removal princi-
ple by evaporation [23]. Cow dung (CD) was collected from different farms, and sugar
beet pulp (SBP) was obtained from the Kayseri Sugar Beet Cooperative, one of the biggest
sugar processing plants in Turkey. Before the laboratory experiment, the physicochemical
parameters were analyzed for each waste according to standard methods [24]. The phys-
icochemical characteristic of the waste is given in Table 1.

Table 1

Composition of cow dung, sewage sludge, and sugar beet pulp used for vermicomposting

Sewagesludge Sugarbeetpulp Cowdung
pH 6.55+0.02 5.96+0.04 8.80+0.02
EC, dS/m 0.57+0.01 0.97+0.02 4.8+0.64
Total organic carbon, wt. % 35+04 51+09 49+08
Moisture, wt. % 24404 48+07 35403
Total solids, wt. % 27+03 5507 50+£05
Total nitrogen, wt. % 3.8+0.42 0.80+0.01 2.20+£0.41
Total phosphorous, wt. % 1.63+0.02 0.58+0.01 0.41+0.01
C:N ratio 9.2142.55 63.75+6.48 2243.47
Pb, mg/kg 177£12.25 - -

Cr, mg/kg 180+11.34 - -
Cu, mg/kg 111£14.55 - -
Hg, mg/kg 0,360.04 - -

Experimental set-up. The earthworm E. fetida was chosen for the experiment. 11 ver-
micomposting reactors (Fig. 1) made of plastic boxes (27%x19%8 cm) were filled with
different waste mixtures (Table 2). Each reactor contained 500 g of waste mixtures

Cow dung

Sewage sludge

Reactors

Vermicomposite

Fig. 1. Laboratory design for vermicompost
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on a dry weight basis. All reactors were drilled on the bottom. They were kept in the
dark at 23+2 °C (by controlling with a central air conditioner). The moisture content
was kept at 65-75 wt. % by sprinkling distilled water throughout the study period. Ver-
micomposting process was evaluated after 15, 30, 45, and 60 days by measuring selected
physical and chemical parameters to check vital condition of the earthworms. Analyses
were done according to the methods described in the next section.

Table 2
Composition of dry waste mixtures in reactors [%]
Reactor | Sewage sludge | Cow dung | Sugar beet pulp

1 - 50 50

2 10 45 45

3 20 40 40

4 30 35 35

5 40 30 30

6 50 25 25

7 60 20 20

8 70 15 15

9 80 10 10

10 90 5 5

11 100 - -

Physicochemical analyses. Before analysis, approximately 150 g of the homoge-
nized reactor contents that were air-dried in the dark at room temperature and blended
were collected from the reactors. pH and EC were determined in all samples diluted in
double distilled water at a proportion of 1:10 (w/v). Phosphorus content was determined
using a spectrophotometer (Hach Lange DR 5000 UV-VIS) following the APHA pro-
cedures [25]. TOC and TN were determined by catalytic thermal decomposition meth-
ods using total organic carbon and total nitrogen analyzer (TNM-L, Shimadzu, Japan).
The C/N ratio was calculated as TOC/TN. To determine the total heavy metal concen-
tration (Pb, Cr, Cu, Ni, Hg), the samples were analyzed using an atomic absorption
spectrophotometer Perkin Elmer AAnalyst 400 AA).

Statistical analysis. The data were analyzed using a one-way analysis of variance
(ANOVA) with Microsoft Excel 2010 software (P < 0.05) followed by Duncan’s multiple
range tests (DMRT) for the comparison of the means at the o= 0.05 significance level.

3. RESULTS AND DISCUSSION

The survival of earthworms like Eisenia fetida depends on the conditions provided in
reactors. Major challenges for vermicomposting are incorrect moisture levels, temperature
fluctuation, problematic air circulation, and thus the need to constantly check the system.
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To determine the survival status of earthworms, all reactors were checked visually, and their
food (mixed waste) consumption was monitored by checking each reactor closely. The
earthworms in reactors 1-6) stayed alive until the 60 day, the earthworms in the rest of the
reactors (7—11) did not survive; almost all earthworms died in six to seven days.

Depending on the mixture in the reactors, changes in pH were observed during the ver-
micomposting period (60 days). The initial pH in reactors 1—6 ranged from 6.60 to 7.43,
and, in the final pH ranged from 7.00 to 6.68 (Table 3). In reactors 7 to 11, which had
a high SS concentration (SS content 60—100%), the earthworms could not tolerate the
conditions and died in a short period. The maximum decrease in pH (7%) was observed
in reactor 3 (20% SS + 40% CD + 40% SBP), and the minimum was observed in reac-
tors 6 (50% SS + 25% CD + 25% SBP) and 5 (5%) (Fig. 2). Several studies have indi-
cated similar pH trends during the vermicomposting of different mixtures [16, 26]. The sta-
tistical decrease in pH for reactor 3 was significantly different from each other (P < 0.05).
Comparative figures for the pH, EC, TOC, TN, TN, and C: N parameters in the waste
reactors and final vermicompost are summarized in Table 3.

Table 3
Physicochemical characteristics of initial mixtures and final vermicompost

EC TOC ™ TP C:N

Reactor | Contents pH dS/m %] [%] [%] ratio
1 initial 7.45+£0.42 | 2.94°+0.03 | 50.00+0.05 | 1.50+0.17 | 0.50+0.03 | 33.30
final 7.00£0.25 | 3.35+0.02 | 25.45+0.47 | 1.70+0.86 | 0.74+0.17 | 15.50

2 initial 7.35+0.32 | 2.76+0.01 | 48.54+0.07 | 1.73+0.02 | 0.61+0.05 | 28.03
final 6.94+0.61 | 3.2340.21 | 24.78+0.28 | 1.77+0.05 | 0.87+0.10 | 14.94

3 initial 7,26+0.11 | 2.4240.10 | 47.11+£0.05 | 1.96+0.81 | 0.724+0.03 | 24.00
final 6.80°+0.02 | 3.00°+0.07 | 25.30°+0.29 | 2.11£1.03 | 1.12+0.22 | 12.44°

4 initial 7.18+0.54 | 2.10+0.05 | 45.50+0.17 | 2.19+0.54 | 0.84+0.11 | 20.78
final 6.76+£0.68 | 2.45+0.02 | 23.45+0.39 | 1.78+0.44 | 1.58+0.24 | 13.54

5 initial 7.10£0.47 | 1.96+0.06 | 44.00+0.04 | 2.42+0.27 | 0.95+0.13 | 18.18
final 6.74+0.49 | 2.20+0.10 | 30.58°+0.28 | 2.46+0.57 | 2.14*+0.51 | 12.40°

6 initial 7.02+£0.33 | 1.73+£0.22 | 42.52+0.05 | 2.65+0.29 | 1.06+0.22 | 16.00
final 6.70£0.21 | 1.86+0.08 | 32.00+0.36 | 2.79+0.94 | 2.31*+0.44 | 11.45

2Statically different between final reactors (P < 0.05).

As shown in Fig. 2 and Table 3, the final EC values of all reactors were higher than in
the initial mixtures. During the organic waste degradation, the release of various soluble
salts and minerals might have increased the EC value of the reactors [19, 27]. The maximum
EC increase was found in reactor 3 compared to initial mixtures (24%), but there were no
significant differences observed in the EC between reactors 2, 4, 5, and 6 (P < 0.05).

A decrease in TOC after the composting period was observed in all reactors simi-
larly to that in pH. The initial TOC content of the reactors ranged from 35 to 50%, and,
after the composting period, the final value of TOC decreased from 25 to 32% (Fig. 2).
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Fig. 2. Initial and final (after 60 days of vermicomposting) values of pH, EC, TOC, TN, and TN;
variation in C:N value within 60 days of vermicomposting

The maximum decrease was observed in reactors 1 and 2 (49%), a minimum de-
crease — in reactor 6 (25%). There is a consensus in the earlier scientific study that a de-
crease in TOC during the vermicomposting of different types of waste was due to the
loss of carbon in the form of CO; caused by 022microbial respiration and the minerali-
zation of the organic material used by the earthworms [24, 28]. There were no significant
differences in the TOC values between reactors 1, 2, 4, and 6 (P <0.05). As shown in Table
3, the increase in the TN content after vermicomposting was observed in all reactors except
for reactor 4. The TN concentration at the initial stage of composting ranged from 1.50 to
3.80%, and, in the final vermicomposts, it ranged from 1.64 to 2.79% (Fig. 2). The
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obtained results were similar to already reported findings [28] showing an increasing
trend for TN value during vermicomposting. The final TN values calculated for reactors
1 and 3 were 9 and 8% higher than their initial concentrations, respectively. A higher
nitrogen concentration in the final product than in the initial mixture may be due to a
reduction in organic carbon to CO; and the release of nitrogen by the earthworms in the
form of mucus [27, 28]. The C:N ratio is an indicator of the quality and maturity of the
vermicompost; therefore, it could be used to evaluate the vermicompost quality. The
C:N ratio decreased in all reactors due to the increased TN concentration and the de-
crease in the TOC value (Fig. 2). At the end of the vermicomposting period, the C:N
ratios for reactors 1-6 ranged from 15.23 to 11.45. While the maximum decrease was ob-
served in reactor 1 (54%), the minimum decrease rate was seen in reactor 6 (29%). Sharma
et al. [28] summarized the findings of most studies in terms of the decrease in the C: N
ratio in different organic types of waste. The total phosphorous contents were higher in
the final vermicomposts than in the initial mixtures of the reactors. Initially, the phos-
phorous content was 0.50 and 1.63% and increased to 0.94-2.31%, showing a total in-
crease by 30-54% after vermicomposting.
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Fig. 3. Heavy metals content in initial vermicompost and final after 60 days

The heavy metal content in the vermicompost was variable depending on the phys-
icochemical properties and the metal concentration in the waste. Zhu et al. [18] con-
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cluded that metal concentration could be changed due to various mechanisms, i.e., ac-
cumulation of heavy metals in the bodies of the worms and environmental conditions.
There is no consensus that the vermicomposting process increases or decreases heavy
metals concentration in the waste mixture. While several studies have indicated that the
vermicompost process caused an increase in the total heavy metal content in the final
vermicompost [13], other studies have indicated the reverse [20, 28]. Heavy metal con-
tent was evaluated after 60 days by measuring the selected elements Hg, Pb, Cu, and
Cr. Similarly, the Hg and Pb content of the final vermicompost were reported to increase
compared to the initial case whereas a decrease was seen for the Cu and Cr content in
all reactors (Fig. 3).
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Fig. 4. Final content of heavy metals in the reactors 26 (a),
and heavy metal content in initial SS and final compost for reactor 6 (b)

Heavy metal content varied depending on the characteristics of the sewage sludge
that was their only source for all reactors. The concentration of Pb varied from 18 to
177 mg/kg while that of Hg ranged from 0.04 to 0.36 mg/kg. Except for reactors 7—11
that had a high SS concentration resulting in a high heavy metal concentration as well,
the highest contents of Pb (98 mg/kg) and Hg (0.22 mg/kg) were observed in reactor 6
(50% SS + 25% CD + 25% SBP). As shown in Fig. 3, an increase in the total Pb and
Hg was observed for all final reactors except for reactor 3. However, when comparing
the initial and final content of Cu and Cer, it could be concluded that the Cu content was
33% (37 mg/kg) lower in the final vermicompost. A higher Cu loss was also found in
reactor 3 (22% — 28 mg/kg) whereas the decrease rate for the other reactors was similar
(19%) (Fig. 3). The decreasing order of the heavy metal content was found to be almost
the same in reactors 2—6: Pb > Cr > Cu > Hg (Fig. 4). The mixture in reactor 1 (50%
CD + 50% SBP) did not contain heavy metals. In our study, the possible presence of
sewage sludge led to the presence of heavy metal. The mixture in reactor 6 was able to
provide optimum conditions for the earthworms. The earthworms could tolerate 50%
SS with 25% CD and 25% SBP. The increased amount of sewage sludge in the reactors
7—-11 might be toxic to the earthworms and decrease their vital activity. After 60 days,
the concentration of Pb, Cr, Cu, and Hg in reactor 6 was significantly lower compared
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to the initial sewage sludge. Total Cr and Cu content decreased by 59 and 67% in reac-
tor 6 after vermicomposting, respectively. This suggested that optimum vermicompost-
ing conditions could reduce the toxicity of heavy metals present in sewage sludge.

4. CONCLUSION

Sewage sludge requires a huge damping area, and transportation to the landfill is an
economically expensive process. Sewage sludge from wastewater treatment plants con-
tains significant amounts of nitrogen, phosphorous, and heavy metals; therefore, direct
application to the agricultural area as fertilizer is not suitable nor environmentally fea-
sible. The obtained results showed, that after mixing sewage sludge in appropriate quan-
tities (50%) with cow dung and sugar beet pulp, it could be used as a raw material in
vermicomposting. Developing European countries like Turkey could benefit from the
advantages of the vermicomposting system to deal with the disposal problem, and it
could be an alternative technology for in-situ application because the end product can
obtain odorless good quality fertilizer, but the change in heavy metal content should be
evaluated in future research.
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