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The Use of Earthworms in Lab-scale Constructed Wetlands
to Treat Swine Wastewater
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Abstract

This study investigated the effect of adding local earthworms (Pheretima peguana) into several

configurations of the lab-scale constructed wetlands reactors receiving swine wastewater in terms of their

treatment performances, namely a decrease in organic matter, TKN, and solids. The results indicated that the

performance of the lab-scale units with earthworms was better in the presence of earthworms. In terms of

optimal configuration, the vertical subsurface-flow constructed wetlands with earthworms, sequentially

followed by horizontal subsurface-flow constructed wetlands had generally the best treatment performance.

This configuration decreased BOD, COD, TVSS, and SS by more than 90%, as well as TKN and TS by more than

85%. Based upon these results, it is recommended that future pilot-scale studies should be configured and operated

by using vertical-flow constructed wetlands with earthworms followed by horizontal-flow constructed wetlands.
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Introduction
Treating swine wastewater in Thailand is of

current great concern since pig farming has undergone

rapid growth in order to feed the rapidly-increasing

population and new culture of diet (TDA, 1997).

Subsurface-flow constructed wetlands (SFCWs), either as

vertical flow (VSFCWs) or horizontal flow (HSFCWs),

are among the treatment technologies applied to treat

such wastewater (Lee et al., 2004; Kantawanichkul et al.,

2001). Nevertheless, one of the major obstacles for

the efficient use of SFCWs, especially in the case of

VSFCWs, is pore clogging due to the solid contents in

the wastewater (Blazejewski and Murat-Blazejewska,

1995; Crites and Tchobanoglous, 1998). The severity of

this problem rises in accordance with the strength of

wastewater. Generally, a mitigation measure is to

implement  rest periods for the unit where no wastewater

is added (Breen, 1997). This however decreases the

design loading rate of the operation, thereby implying

that more surface area is required in order to treat the

same volume of wastewater. Since earthworms have

been applied to treat the pig manure (Edwards, 2004;

Gunadi and Edwards, 2003) and wastewater sludge

(Prince et al., 1981), and since burrowing earthworm

produce macropores, it is proposed that they can be

integrated into VSFCWs treating swine wastewater in

order to eliminate clogging problems.

Because earthworms require an aerobic condition

(Edwards, 2004), intermittent loading of the VSFCWs is

optimal over the anaerobically-operated HSFCWs. As

such, VSFCWs can offer a viable habitat for earthworm

populations because of their ability to transfer oxygen to

the root zone and hence creating aerobic micro-sites

within the largely anoxic environment (Brix, 1997).

Under anoxic conditions, the earthworms will die.

Additionally, the organic matter in wastewater can serve

as the carbon source for earthworms, especially if one

considers the prior studies with respect to the success

regarding vermicomposting of several types of organic

wastes. Moreover, the neutral pH environment in

the wetland media also provides them a suitable

environment, i.e. the optimal pH around the neutral
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range. The moisture inherently associated with SFCWs

guarantees earthworms will not die due to desiccation

(Edwards, 2004). Finally, a preliminary study has shown

that earthworms alleviate the clogging within constructed

wetlands (Chiarawatchai et al., 2007). Therefore, the

aim of this study is to further investigate the effects of

earthworms on the treatment performance of various

configurations of 2-stages lab-scale SFCWs receiving

swine wastewater.

Materials and Methods
The lab-scale reactors were assembled and

labeled according to figure 1, in which there were two

configurations of the system: VSFCWs followed by

HSFCWs and 2-stages VSFCWs. The 1st stage VSFCWs

had diameter of 25 cm with 35 cm depth containing

different sizes of gravel (25 cm of 1-5 mm gravel,

followed by 5 cm of 5-15 mm gravel, and finally 5 cm of

15-25 mm drainage gravel at the bottom). The 2nd stage

VSFCWs had diameter of 27 cm, with 35 cm depth

containing sand and gravel (from top to bottom, 10 cm of

0.5-0.8 mm sand, followed by 15 cm of 1-5 mm gravel,

5 cm of 5-15 mm gravel, and finally 5 cm of 15-25 mm

drainage gravel). The HSFCWs had a depth of 30 cm, a

width of 39 cm, a length of 58 cm, and contained 2-3 mm

gravel. Image of the experimental-setup is shown in

figure 2.

For each of the two configurations, 25 g of local

earthworms (Pheretima peguana) as shown in figure 3,

were introduced into one of the 1st stage reactor whereas

another one was served as a control, meaning without an

addition of earthworms, for a comparison purpose.

Swine wastewater was taken from The Swine Research

Unit farm, Department of Animal Husbandry, Faculty

of Veterinary Science, Chulalongkorn University,

Nakornpathom province. It was fed into each 1st stage

reactor 6 times a day at a hydraulic loading rate (HLR)

of 8 cm/d, which is the maximum value recommended by

the German guideline for treating wastewater using

constructed wetlands system (ATV-DVWK, 2004).

Regular feeding was carried out for a month in order to

incubate and stabilize the microbiological communities

within the system necessary for an effective treatment.

Samplings and analyses were conducted once per month.

Reactor performance was monitored by the removal of

BOD, COD, TKN, TSS, TVSS, and TS during the 6-months

of study period, according to the Standard Methods

for Water and Wastewater Examination (APHA et al.,

1998).

Results
Results from the 1st month are not shown due to

inconsistent removal resulting presumably from the fact

that the microbial communities had not fully developed

and stabilized. The average results for all parameters are

Figure 1 Illustration of the lab-scale constructed

wetlands configuration

Figure 2 Image of the lab-scale constructed wetlands

experimental-setup
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earthworms (L1). In terms of the overall treatment

efficiency, the results are shown in table 2. For instance,

BOD removal efficiency ranged from 81% in 2-stages

VSFCWs without earthworms to 93% in VSFCWs with

earthworms followed by HSFCWs.

Discussion
Results in table 1 illustrated that all units were

capable of satisfactorily treating the wastewater. Focusing

on the results from VSFCWs-HSFCWs with earthworms

configuration (from L0 to L4), the BOD was decreased

from approximately 800 to 50 mg/l and the SS decreased

from 7100 to 30 mg/l. Whereas the 2-stages VSFCWs had

considerably higher organic as well as solid content in

the final effluent, in which more than 100 mg/l for BOD

and approximately 100 mg/l for SS. The difference in the

results of the two configurations is explained by the

decreased surface area and length of the 2nd stage

VSFCWs (5.73 dm2) as compared to the 2nd stage

HSFCWs (11.7 dm2).

Figure 3   Earthworms species Pheretima peguana

BOD COD TKN TVSS SS TS

L0 823 10627 814 5305 7148 9356

L1 215 552 131 49 347 1732

L2 119 246 94 15 51 1227

L3 131 342 110 25 147 1552

L4 54 236 105 5 31 1207

% reduction L0-L1 73.9 94.8 83.9 99.1 95.1 81.5

% reduction L1-L2 44.7 55.4 28.1 68.9 85.2 29.2

% reduction L0-L3 84.0 96.8 86.5 99.5 97.9 83.4

% reduction L3-L4 58.8 30.9 3.9 80.8 78.8 22.3

L5 140 360 126 36 156 1800

L6 128 250 100 17 91 1669

L7 200 484 100 32 237 1700

L8 155 329 75 19 128 1684

% reduction L0-L5 83.0 96.6 84.5 99.3 97.8 80.8

% reduction L5-L6 8.6 30.6 20.6 52.8 41.7 7.3

% reduction L0-L7 75.7 95.4 87.7 99.4 96.7 81.8

% reduction L7-L8 22.5 32.0 25.0 40.6 46.0 0.9

Note; mg/l: milligram per liter; BOD5: Biochemical Oxygen Demand; COD: Chemical Oxygen Demand; TKN: Total

Kjeldahl Nitrogen; TVSS: Total Volatile Suspended Solids; SS: Suspended Solids; TS: Total Solids

Table 1    Average results from the analyses at each sampling point (mg/l, unless stated otherwise)

presented in table 1. The concentration of each parameter

could be seen in this table ranging from an influent (L0),

the effluent from the 1st stage units (i.e. the influent to

the 2nd stage units, L1, L3, L5, L7), to the final effluent

(L2, L4, L6, L8). Moreover, the percent decrease of each

parameter from each stage is also presented in this

table, such as 74% reduction of BOD from the influent

(L0) to the effluent from the 1st stage VSFCWs without
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With respect to the role of earthworms on the

treatment efficiency of the VSFCWs, it is seen in table 1

that the units containing earthworms (L0-L3 and L0-L5)

exhibited better BOD removal efficiency than the units

without earthworms (L0-L1 and L0-L7). This could

be because earthworms and aerobic microbes act

symbiotically to accelerate and enhance the decom-

position of organic matter (Loehr et al., 1988). Hence,

higher BOD removal was observed while applying

earthworms into the VSFCWs. This result suggested that

earthworms contributed to the wastewater remediation

during the treatment process within the VSFCWs.

Comparing the percent removal of each treatment

stage, the 1st stage treatment exhibited better removal

efficiency with respect to every parameter (70%-99%)

relative to the removal efficiency of the 2nd stage

reactors. For the 2nd stage reactors, the removal was

highly variable, i.e. from 8 % to 68% in terms of organic

removal to as low as 1% to 80% in terms of solid removal.

This could result from the fact that the 2nd stage units, the

organic carbon available for biodegradation was more

refractory, and hence less biodegradable. It could also be

stated that the role of the 2nd stage was mainly to polish

the quality of the effluent. Also in comparison, the

reactor with earthworms had a better tendency of

treatment performance than the one without earthworms

except for the total TKN removal.

After the influent passed through the 1st stage unit,

the majority of suspended solids was removed by this

system approximately more than 95% in every reactor. The

remainder of the TS was in the soluble form that normally

could not be effectively removed by VSFCWs. This was

observed in the final effluent (after L6 and L8) in that

the difference between the TS concentration from both

units was very marginal (1669 to 1684 mg/l).

According to table 2, it is seen that the VSFCWs

system with earthworms followed by HSFCWs exhibited

superior treatment efficiency in most of the parameters

than other configurations. Both configurations achieved

the COD removal of more than 95%, which was

marginally higher than the treatment efficiency of 79-90%

using 1-stage VSFCWs (Kantawanichkul et al., 1999).

Corresponding explanation for a better efficiency in this

study could be due to more stages of treatment units.

It was also very efficient to remove BOD, which was 7%

better than similar configuration without earthworms

and 10% better than both of the configurations utilizing

2-stages VSFCWs.

Only TKN removal was an exception, in which the

removal efficiency was less than the 2-stages VSFCWs

system without earthworms by approximately 3%.

This could be because the feeding pattern for this

configuration created an aerobic condition in both

stages, allowing a higher level of nitrification. It was

worth to remark that the TKN removal by these 2-stages

VSFCWs was as efficient as the French 2-stages VSFCWs

system designed for treating raw domestic wastewater

(Molle et al., 2005). In terms of solid reduction, every

configuration provided satisfactory results, in which

the TS removal was over 80% and the SS removal was

over 98%. It should also be noted that the VSFCWs-

HSFCWs configuration had better performance than

VSFCWs-VSFCWs configuration.

Conclusion
The treatment performance of the lab-scale

reactors containing earthworms was in most cases better

than the ones without earthworms. In terms of the

configuration, the VSFCWs with earthworms sequentially

followed by HSFCWs had generally the best treatment

performance. Therefore, it is recommended that designs

Configuration BOD COD TKN TVSS SS TS

VSFCWs-HSFCWs without earthworms 85.6 97.7 88.4 99.7 99.3 86.9

VSFCWs-HSFCWs with earthworms 93.4 97.8 87.1 99.9 99.6 87.1

VSFCWs-VSFCWs with earthworms 84.4 97.6 87.7 99.7 98.7 82.2

VSFCWs-VSFCWs without earthworms 81.2 96.9 90.8 99.6 98.2 82.0

Table 2   Overall treatment efficiency for each configuration (%)
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for further studies scaling up from lab-scale constructed

wetlands to pilot-scale constructed wetlands should be

based on this configuration.
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