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Abstract— Three pilot-scales Vermi Sludge Treatment 

Wetland (VSTWs) have been constructed and operated 

treating sewage sludge from Wastewater Treatment Plant 

(WWTP), Ichalkarnji, and Dist-Kolhapur. Quantification of 

the dewatering mechanisms in these systems (i.e., 

evapotranspiration and draining) is attempted here, and the 

effects of different parameters, i.e., the level of sludge 

loading, the presence of plants, the substrate materials used 

etc., on these mechanisms are presented. Results reveal that 

evapo-transpiration is the major dewatering process that 

takes place in STW systems, accounting for 58–84% of total 

water losses, depending on unit characteristics, sludge 

loading, season and other parameters. Draining follows in 

significance, with respective values varying from 13% to 

47% of total water losses, while 1% to 4% of water remains 

in the sludge layer. The presence of wetland plants was 

found necessary, since it improved the dewatering 

efficiency. Precipitation and temperature were also found to 

affect the dewatering process under climatic conditions.  

Since Earthworms are used change in solid concentration is 

observed. Also as they survived in sludge, the final 

bioproduct has a good fertile quality. 
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I. INTRODUCTION 

Sewage sludge is generated in wastewater treatment plant as 

a byproduct. It is complex byproduct contains organic 

compound and its composition may vary depending upon 

unit operations   involved in the sewage treatment plant 

(STP). Sludge production and composition depends upon 

influent characteristics of wastewater. Sludge production in 

conventional activated sludge processes ranges from 60 to 

80 g of total solids per person per day [Von Sperling and 

Gonçalves, 2007].  

In coming years to come and in view of water 

scarcity, growth of industry, increase in wastewater and 

population, growth of WWTP is inevitable. It will lead to 

increase in sludge production therefore its management is 

essential. In general, sludge treatment systems involve high 

costs, ranging from 20% to 60% of the total operating cost 

of wastewater treatment plants (WWTP) [Wei et al., 2003; 

Von Sperling and Andreoli, 2007]. In context of human 

psychology and working environmental conditions to face 

and status of working of WWTP and availability of funds, it 

was observed that they are not operated properly. This is 

particularly critical in the case of WWTP of small rural 

communities, which, in practice, may then transport raw 

sludge to larger WWTP instead of implementing their own 

sludge treatment line. Therefore, in developing country like 

India, there is need to develop onsite sludge treatment make 

it compulsory for better environment.  

The sludge treatment operations are aimed at 

increasing the concentration of total solids in order to reduce 

the sludge volume or decreasing the concentration of 

volatile solids and stabilizing the biodegradable fraction of 

organic matter (i.e. sludge stabilization via anaerobic 

digestion or composting) [Werther and Ogada, 1998]. 

Decreasing sludge volume by means of dewatering 

technologies reduces the costs of sludge handling, 

transportation and final disposal. Furthermore, sludge 

dewatering is always required prior to treatments such as 

composting, incineration or land filling.  

The use of earthworms in sludge treatment 

wetlands may provide an opportunity to treat the sludge 

within the WWTP of this type of communities because 

earthworm body is good Bio-filter. It showed great result for 

treatment in wastewater. [P. Tomar et al., 2011]  

Sludge treatment wetlands (STW) consist of 

Shallow tanks (beds) filled with a   gravel layer and planted 

with emergent rooted wetland plants. In these systems, 

secondary sludge is manually applied and spread on the bed 

surface. Here, part of the sludge water content is rapidly 

drained by gravity through the gravel layer; while another 

part is evapotranspirated by plants. In this way, a 

concentrated sludge residue remains on the surface of the 

bed where, after some days without feeding (resting time), 

thickened sludge is anew spread, starting the following 

feeding cycle. When the sludge layer approaches the top of 

the basin, feeding is stopped during a final resting period 

(from 1 to 2 months to 1 year) [Uggetti et al., 2010], aimed 

at improving the sludge dryness and mineralization. The 

final product is subsequently withdrawn, starting the 

following operating cycle.  

The objective of paper is to evaluate the suitability 

earthworm in wetland plant for sewage sludge treatment. It 

will be evaluated by studying dewatering process in the pilot 

scale plant. It will be indicated by increase in total solids 

concentration.  In our study Arundodonax L. plants were 

used and quality of final product i.e. biosolid will be 

analysed for its final use in agriculture as soil conditioner as 

well as its application will reduce quantity of fertilizer.           

II. METHODOLOGY 

A. Pilot scale unit description  

Three pilot scales Vermi Sludge Treatment Wetland 

(VSTW) have been constructed in Sharad Institute of 

Technology College of engineering, Yadrav in November 

2014. The geographical co-ordinates are 16.710 N latitude 

and 74.480 longitudes with altitude of 572 m above mean sea 

level. The units where labelled as VSTW1, VSTW2, 

VSTW3. The reactor consists of PVC cylinder having 

diameter 0.55m and height of 0.90m. The surface area of 

each reactor is 0.237m2 and volume is 0.213m3. The filtrate 

media is filled with substrate having thickness up to 0.48m. 

The material specifications with its thicknesses are as shown 

in table below.  
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Material Depth Range 

Stone  Aggregate 

(Bottom layer ) 
0.15m 20- 30 mm 

coarse crushed sand (Middle layer) 0.23m 4.75-20 mm 

fine crushed sand (Top layer) 0.10 m 0.6-4.75 mm 

Table 2.1: Material used for filter bed in VSTW 

The fine net of 0.5mm pore size was placed above 

the third layer i.e. of fine crushed sand to restrict the entry of 

earthworms in the filter media. 

 
Fig. 2.1: photograph showing Layer wise filter media in a 

reactor 

The fine net of 0.5mm pore size was placed above 

the third layer i.e. of fine crushed sand to restrict the entry of 

earthworms in the filter media. The VSTW were planted 

with Arundo Donax L. In the layer three of fine crushed 

sand. The roots were inserted in filter media up to depth 

0.10m.  

Each pilot scale VSTW carries four perforated 

PVC pipes of 50 mm diameter placed over the course 

aggregate at a height of 0.05m from base from which 

aeration pipes are taken up to the top. They were placed so 

as to provide the sufficient oxygen to the roots of wetland 

plants when the reactor is filled with sludge. A tap with 

sufficient inclination is provided at the bottom so as to 

collect the Leachate for the analysis. The two sampling port 

were provided collect the residual sludge sample. The ports 

were placed at a height of 0.15m centre to centre above the 

filtrate media. These ports were used to collect the sample at 

bottom surface. 

 
Fig. 2.2: photographs ArundoDonax L plant planted in 

filtrate media and fine net applied above it and photograph 

showing perforated pipe assembly provided at base in each 

B. VSTW  

The all of three VSTW were constructed, filled with water 

and kept for saturation for 24 hours. Then dewatering is 

done so as to removes the dust particles. The VSTW is then 

planted with plant density 4.210 no. /m2 by transplanting 

plant from nearby area. 

 
Fig. 2.3: and C/s of Vermi Sludge Treatment Wetland 

From November 2014, the sewage sludge from 

secondary clarifier of waste water treatment plant, 

Ichalkaranji was fed to VSTW by manual batch method 

once per week to the reactor in loading cycle with resting 

period of 1 week. The loading rate adopted was 0.0010.032 

m3/week for each VSTW with maximum of 40 kg TS /m2 

year.  

The metrological data was collected for the month 

of August 2014 to February 2015 from Zonal Agricultural 

Research Station. The data collected was of maximum and 

minimum temperature, atmospheric pressure, humidity, 

wind velocity with direction. The laboratory experiments 

were conducted in environmental engineering laboratory at 

Sharad Institute of Technology College of engineering 

Yadrav. This data is used for the Calculation of 

Evapotranspiration by Penman Monteith equation to study 

the dewatering of sludge.   

One of the objectives of our project is to 

characterize the sewage sludge and study the dewatering and 

stabilization of the sludge. For this purposes various 

parameters were analysed for the pilot scale reactors VSTW. 

The analysis of sludge and leachate is done as per the 

standard procedure given in the manual of American Public 

Health Association (APHA).   

The samples of residual sludge from all the three 

reactors were analysed for pH, EC, TS, VS, TN, and TPetc. 

Sample is collected from Secondary Clarifier of 

WWTP Ichalkaranji by Grab Sampling. The Sludge is feed 

to each reactor by manual batch. For the study of 

dewatering, the samples were collected daily and tested for 

various parameters Such as Water Content, Total Solids, and 

Volatile. The plants were count in each VSTW and the 

respective heights of the plants were measured in each 

reactor. The leachate was collected from each reactor after a 

period of 24 hr. from the Sludge application. The leachate is 

also tested for various parameters. Also the amounts of 
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leachate collected in litters were also measured by using 

measuring cylinder.  

The reactors are differentiated by the depth of 

sludge. For VSTW1 the depth of sludge is taken up to 15cm. 

For VSTW2 the depth is taken up to 10cm. For VSTW3 the 

depth of the sludge is taken up to 20cm.   

C. Field method:  

Samples of initial sludge from WWTP and sludge 

accumulated in each reactor were analysed to study its 

performance. The depth of the sludge from each reactor is 

measured daily so as to determine the volume reduction as 

well as dewatering rate. The height of wetland plant in each 

reactor is measured periodically and numbers of new shoots 

were also counted and their respective height is also 

measured. The ports were provided in the pilot scale 

reactors for the collection of sample at various heights above 

the filter media. The sample collected from the top surface is 

named as a top and sample collected from the bottom port 

named as bottom. The samples were collected for the 

analysis of various parameters. The drained water called as 

leachate was collected from tap provided at bottom.   

D. Earthworm Application  

The sludge from WWTP was applied to three of reactors in 

litters. After the sludge application some depth is achieved 

and after resting period the sludge depth was reduced as the 

water of sludge dewatered. So for the application of 

earthworms we had decided the thickness of sludge as 

15cm, 10cm, and 20cm for VSTW1, VSTW2, and VSTW3 

respectively. The earthworm densitywas kept 2 kg/ m2 

(Sinha 2008). After achieving the decided depth the earth of 

same quantity were applied.  

E. Sludge Characterization  

The sludge sample collected from secondary clarifier of 

WWTP Ichalkaranji was analysed by using manual of 

APHA. For the sludge characterization and leachate 

characterization test conducted were: pH, Electrical 

Conductivity, Total and Volatile Solids (TS, VS), Chemical 

Oxygen Demand (COD), Biological Oxygen Demand 

(BOD), Total Nitrogen (TN), Total phosphorous (TP).  

F. Meteorological Data Collections  

For the calculation of Evapo-transpiration by Penman 

Monteith equation, various parameters were required such 

as Maximum and minimum Temperature, Humidity, Wind 

speed etc. so the values of these parameters were collected 

from Zonal Agricultural Research Station.  

III. RESULT & DISCUSSION  

Performance evaluation of Sludge treatment wetland with 

earthworms was evaluated with the help of operating 

parameters such as Earthworm density and Sludge Loading 

Rate (SLR) in concern with meteorological parameters. All 

the results obtained in working period are summarized 

below:  

A. Sludge dewatering  

In the experimental setup, gradual decrease in the thickness 

occurs. The initial Sludge is seen to be Blackish in colour. 

As a dewatering occur, the colour changes to blackish-grey. 

Also after 1 month in VSTW1, White ants were observed.   

Unit 
VSTW 

1 

VSTW 

2 

VSTW 

3 

Total vol. of applied 

sludge in L 
80 55 85 

Residual sludge volume 

(L) 
23.24 12.68 23.77 

Initial Sludge Depth in cm 14 20 20 

Final depth of residual 

layer in cm 
8.8 4.8 9 

Sludge volume reduction 70.95% 76.96% 72.04% 

Table 3.1: Sludge Volume reduction in VSTW 1, VSTW 2, 

and in VSTW 3 is for a monitoring period of 3 month, 1 

month and 1 month respectively 

 
Fig. 3.1: Sludge Volume Reduction  

So if we consider this with Unplanted STW, 

Volume Reduction in Planted STW is more. The sludge 

volume reduction in planted reactor was 60 avg. which is 

greater than unplanted reactor.    

The effect of Evapotranspiration in the sludge 

dewatering is also significant. For three SLRs used (low, 

medium and high; 17, 19 and 25 kg TS/ m2/yr. respectively), 

it seems that the higher the amount of sludge a unit receives, 

the higher the ET values are. 

Values of volatile solid (VS) were reduced from 

43% to 23 % in VSTW 1, showing removal   of VS nearly 

46%. Similarly in VSTW 2, the VS concentration was 

reduced from 44% to 30 % indicating 32% removal and in 

VSTW 3, the VS concentration was reduced from 48% to 

28% showing removal of VS nearly 42 % in presence of 

earthworm.  

B. Sludge Characterization  

For the characterization of sludge, some parameters were 

tested. By using these values the sludge quality is 

determined. After the sludge application, leachates were 

collected from bottom tap in VSTW and it also analysed for 

similar parameters  

The value of chloride content in influent sludge is 

so high indicated higher degree of pollution. The values of 
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all parameters were changing with great difference. This 

indicates the efficiency of the system. 

Sr. 

No. 
Parameter Influent Sludge Leachate 

1 pH 8.3 7.8 

2 Alkalinity 
1200 mg/l as 

CaCO3 

200 mg/l 

as 

CaCO3 

3 COD 1375 mg/l 750 mg/l 

4 BOD 950 mg/l 300 mg/l 

5 
Chloride 

Content 
14500 mg/l 310 mg/l 

6 Total Solids 88000 mg/l 300 mg/l 

7 Volatile Solids 52630 mg/l 120 mg/l 

Table 3.2: Sludge and Leachate Characteristics 

C. Bio-Solids Concentration    

The study has been done with the help of determination of 

various data such as solid concentration, water content, 

evapotranspiration etc. The graph shows effect of period on 

reduction of water content. These parameters were analysed 

during the monitoring period. The variation of Water 

content was reducing from 69 % to 49 % in VSTW 1, 80% 

to 46 % in VATW 2 and from 85 % to 39% in VSTW 3 

within the monitoring period.  

The TS concentration was 31 %, 19% and 14% in 

three of reactor which is increasing up to 50%, 53% and 

60% graph indicate that total solids concentration goes on 

increasing with time and figure no 3.3 shows reduction in 

volatile solids.  

 
Fig. 3.2: Total Solid Concentration for no. of days 

Fig. 3.2 shows variation of total solids with no of 

days for three reactors. Figure indicates that total solid 

concentration increases with in reduction in water content, 

and volatile solid concentration decreases with no. of day’s 

interval. 

 
Fig. 3.3: Volatile Solid Concentration for No. of days 

D. Effect of vegetation 

The presence of the plants seems to be crucial for Effective 

system operation. Graph presents ET values for the planted 

unit VSTW 1- VSTW3. It seems that vegetation plays a 

significant role in sludge dewatering.  

Removal efficiencies of all pollutants were higher 

in planted units. (Stefanakis at el., 2012). Differences in 

effluent concentrations were found statistically significant 

for OM and nitrogen pollutants. The performance of the 

planted units with different plant species was practically 

similar. Significant differences were found when each 

planted unit was compared with the unplanted unit. 

Additionally, the type of plant species does not affect the 

System performance of vertical systems, the direct 

contribution of plants in nutrient removal (nitrogen and 

phosphorus constituents) is practically low and although 

increasing as the plants reach their full growth.   

 
Fig. 3.4: Cumulative ET value for 5 days interval 
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Fig. 3.5: Avg. Plant heights of all reactors 

The presence of the plant increases the ET value by 

which confirms the positive role that plants play. This 

difference should be attributed to the high transpiration 

capacity of the plant used in the experimental setup. The 

plants absorb the water content of the sludge through their 

root system to support their growth, and subsequently, they 

release it to the atmosphere.  

So the plant density of the entire reactors is 

computed and, bar chart is prepared.  

 
Fig 3.6 Plant Density 

In our experimental setup, Arundo Donax L. was 

used and its Effectiveness was studied by Han and Hu Z for 

heavy metal removal in wetland. They studied plant growth 

at different stages and changes of soil in heavy metal. Based 

on their study they recommended that Arundo Donax L. can 

be used in phytoremediation.  

E. Survival and Suitability of Earthworms for sludge 

treatment.  

Objective of project was to assess the survival and 

Suitability of earthworms. The earthworm’s body works as a 

bio filter which absorbs the various organic matters from the 

sludge. So to achieve this, earthworm were applied in three 

reactors. In each reactor quantity of earthworms were kept 

same as 500 gm by weight.  

S 

r. 

no. 

Reactor 

name 

Earthworm 

initial in 

gm 

Earthworm 

final in gm 

% Increase in 

earthworm 

For 1 month 

monitoring 

period 

1 
VSTW 

1 
500 gm 1050 gm 52.38 % 

2 
VSTW 

2 
500 gm 900 gm 44.44 % 

3 
VSTW 

3 
500 gm 1400 gm 64.28 % 

Table 3.3: Earthworm Density. 

From the table, it is seen that earthworm density 

increases in a range of 45 % to 65 %. The earthworm food 

for their survival is organic solid. The earthworm intensity is 

found maximum in VSTW 3 having highest depth and 

highest SLR (25 kg TS/ m2/yr.)  

F. Effect of Filtrate media and aeration  

A Unit has only coarse grained material, compared to the 

other units. This entails a higher hydraulic conductivity of 

the substrate media and larger void space volume, resulting 

in more drained water reaching the unit base, which is 

confirmed by the high draining rate, observed in this unit. 

The total drained water is 40% higher than the mean drained 

water value for the planted units receiving high SLR. 

Moreover, comparing the two units with materials of 

different origin, the drained water amount is almost the 

same 

G. Nutrient content 

The final bio-product is tested for various parameters of 

nutrients Such as %TP, %TN, %OC. The parameters 

expressed in a table below 

Sr. 

No 
Parameter VSTW 1 VSTW 2 VSTW 3 

1 
% Total 

Nitrogen 
2.33 2.46 2.39 

2 
% Total 

Phosphorous 
0.92 1.12 0.87 

3 % Organic Carbon 13.78 12.33 12.82 

Table 3.4: Nutrient Content 

IV. CONCLUSION  

The work is related to three pilot scale VSTW units for 

sludge treatment. During the study Suitability of earthworms 

for dewatering and stabilization of sewage sludge was 

analysed   from the influent sludge and sludge accumulated 

on the top and bottom layers of the units. Important changes 

from the influent sludge to the accumulated sludge in most 

of the studied parameters observed were given below.  

1) Moisture Content was reduced from 85% to nearly 50 

% and sludge Volume Reduction observed during 

monitoring period of 3 month, 1.5 month and 1.5 month 

were 70.952% (SLR 19 Kg TS/ m2/yr.), 76.954% (SLR 

17 Kg TS/ m2/yr.) and 72.039 % (SLR 25 Kg TS/ 

m2/yr.) respectively, indicating progressive dewatering 

process.  It was also observed that maximum sludge 

volume reduction is achieved in the reactor with less 

depth and less Sludge Loading Rate (SLR). 

2) SVR is more in planted TW as compare to Unplanted 

TW (Uggetti et al., 2010).  

3) Increase in Total solid concentration (TS) in Each 

Reactor increased nearly 30 % indicate sludge 

dewatering and volatile solids (VS) Concentration 

reduction achieved nearly 25%. Indicating sludge 

stabilization and mineralization occurred. The result of 
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total solids, when compared with results of 

conventional treatment was 18% in centrifuge and 83 % 

in composting. (uggetti at el. 2010).  

4) Plant density in each rector increased from 4.21 no /m2 

to 25.26 no / m2. So Wetland plant is survived. Also 

plant density in VSTW 3 is maximum 25.26 no/ m2 so 

wetland plant is more suitable in VSTW 3 having the 

sludge depth as 20 cm with maximum SLR of 25 Kg 

TS/ m2/yr.  

5) The observed concentration of TN, TP, OC (%) in 

Biosolids in VSTW 1 was 2.33, 0.92, and 13.78 (%), in 

VSTW 2 was 2.46, 1.12, 12.33 (%) and in VSTW 3 was  

6) 2.39, 0.87, 12.82 (%). The permissible value for % TN 

is 2.5 % (TS) and that of % TP is 2.3% (TS). So above 

parameters are within the range. Hence nutrient quality 

is good in all VSTW.   

7) Earthworm density in VSTW 2 (10 cm depth & SLR 17 

Kg TS/ m2/yr) is 44.44 %, which increases by 7.94 % as 

the depth of sludge increases in VSTW 2 (15 cm depth, 

SLR 19 Kg TS/ m2/yr). The earthworm count goes to 

maximum in VSTW 3 (20 cm depth, SLR 25 Kg TS/ 

m2/yr) which is 19.84 % that of VSTW 1. The TS 

concentration is more in VSTW 3 (20 cm) and VS 

Concentration is less in VSTW 1 (15 cm). So it is 

concluded that earthworms in VSTW 3 with maximum 

SLR of 25 Kg TS/ m2/yr are more suitable as compare 

to other depth and SLR.   

It is concluded that, results obtained in each reactor 

shows increased growth of earthworm   its effect on  TS  and 

reduction in VS  was considerably high compared with  

STW .Hence earthworm  suitability in  sludge treatment  for 

the sludge  dewatering and Stabilization of the Sludge is 

justified .  
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