
IntroductIon

The increase in urban solid waste has become 
a massive burden on society resulting in the en-
vironmental and economic problems, particularly 
in terms of poor solid waste management (Luo 
et al., 2020). Ninety-five percent of urban solid 
waste worldwide is disposed of in landfills (Gao 
et al., 2014). Landfills provoke several risks, as 
wastes may release harmful elements into the en-
vironment. The leachate from landfill remains a 
critical problem, because it may pose a threats to 
land, surface water, and groundwater (Yan et al., 
2015). Factors such as area conditions, age, type 
of waste, and operation of the landfill can vary the 
content of the landfill (Fang et al., 2017). Coun-
tries with tropical climate produce more organic 

wastes (Idris et al., 2004). The content of organic 
substance in wastewater is represented by the 
values of Chemical Oxygen Demand (COD) and 
Biological Oxygen Demand (BOD). The BOD 
and COD values are used to determine the degra-
dation rate of landfill leachate (Barlaz et al., 2002; 
Borglin et al., 2004). The values of BOD/COD 
leachate ratio in tropical regions are 0.03–0.74 
higher than in other regions. In general, the BOD/
COD ratio values in tropical regions are BOD> 
100 g/m3 and COD> 500 g/m3 in landfill leach-
ate. Bakhshoodeh et al., (2020) showed that the 
content of organic substance in leachate is toxic 
to microbial activities.

Conventional leachate processing is classified 
into three major groups, those are 1) chemical-
physical process, 2) biological process, and 3) 
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ABSTRACT
The leachate from landfill constitutes high pollutant. The high pollutant content impacts the public and ecosystem 
health surrounding the landfill site. Therefore, it is essential to process the leachate first before its disposal to water 
body. Landfill leachate processing can be carried out using three processes, i.e., physical-chemical, biological, and 
a combination of those. A constructed wetland is currently considered as an environmentally friendly technology 
to tackle water pollution and leachate. Another advantage of a constructed wetland is the low operational cost and 
natural maintenance, so it can be a solution related to the cost, technical, and operating system problems of con-
ventional processing. This article aimed to discover the characteristic differences of landfill leachate, constructed 
wetland installation position, and types of plants used in the constructed wetland. This article was written using 
the literature reviews from experimental studies on water processing with the same parameter for leachate and 
leachate processing. The literature review result shows that landfill leachate processing depends on different leach-
ate characteristics. The toxic quality of landfill leachate was found through a toxicity test. Leachate treated by the 
physical-chemical process contains toxic and non-biodegradable organic substances. Hence, the physical-chemical 
methods should be applied at the beginning of the process and coupled with the biological method at the end of 
the process to improve the treatment quality. A constructed wetland with diverse plants was found to be more ef-
fective in biomass distribution, less prone to seasonal variations, and had a more diverse microbe population than 
the constructed wetland with a single plant.

Keywords: constructed wetland, leachate, landfill age, installation site, plant diversity, phytotreatment.
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combined biological and physical-chemical pro-
cessed (Iskander et al., 2018). Physical-chemical 
leachate processing encompasses coagulation-
flocculation, adsorption, chemical precipitation, 
membrane filtration, air stripping, exchange, 
chemical oxidation/continuous oxidation process, 
and electrochemical. One of the physical-chemi-
cal processing techniques is chemical precipita-
tion carried out for the landfill leachate in Tur-
key with an efficiency of 50% and an initial COD 
value of 4.024 g/m3 to 2.014 g/m3. The values 
of COD and BOD resulting from chemical pre-
cipitation are still included in the toxic category. 
Meanwhile, the physical-chemical process using 
membrane filter for landfill leachate processing in 
South Korea generated a BOD/COD ratio value 
of 0.3 and was included in the non-biodegradable 
category (Kurniawan et al., 2006). Landfill leach-
ate processing using the adsorption technology 
with activated carbon had an efficiency of 90% 
for the COD parameter and resulted in a COD 
value of 700 g/m3, that is still toxic (Mojiri et al., 
2013; Renou et al., 2008). Landfill leachate pro-
cessing using a biological process with activated 
sludge resulted in an initial COD value of 37.024 
g/m3 with an efficiency of 88% and produced a 
COD value of 4.443 mg/L (Çeçen and Çakıroğlu, 
2001; Renou et al., 2008). The COD value clas-
sification of landfill leachate processing using 
activated sludge is still considered toxic. Leach-
ate processing using physical-chemical processes 
still has the organic substance quality that is toxic 
to microbes. The quality of leachate that does 
not damage the environment must be improved 
through physical-chemical treatment and biologi-
cal methods (Abbas et al., 2009).

The current applicable popular processing 
technology for landfill leachate which has low 
cost, is easy to manage (Miao et al., 2019) and 
can improve the waste quality is plant utilization 
on the constructed wetland (Ali et al., 2018; Khan 
et al., 2009). Constructed wetlands have been de-
veloped on a laboratory-scale, a pilot-scale, and 
a field-scale for landfill leachate processing, with 
high efficiency in pollutant reduction (Nivala et al., 
2007). The constructed wetland is environmen-
tally engineered using various mineral substrates, 
plants, microorganisms, and retention times that 
aim to remove biodegradable organics matter, as 
well as reduce content of metals and pathogens 
in wastewater (Kadlec and Wallace, 2009; Li et 
al., 2014). Constructed wetland with plants have a 
higher pollutant removal efficiency than the ones 

without vegetation (Zhu et al., 2018). Plant selec-
tion should be considered in order to obtain a high 
efficiency (Zheng et al., 2016). Plants are the pri-
mary biological components of CW that stabilize 
the surface layer, reduce the content of metals, and 
encourage microbial growth in the rhizosphere as 
well as various biological and chemical reactions 
to detoxify wastewater (Vymazal, 2013). As the 
primary component, there are many plants that 
have been utilized in a constructed wetland, such 
as Phragmites australis, Cyperus papyrus, Can-
na indica, Scirpus grossus, and Typha latifolia 
(Nguyen et al., 2020; Sandoval et al., 2019; She-
lef et al., 2013; Vymazal, 2013, 2011a). The ability 
to improve the organic substance toxic quality on 
landfill leachate using Canna indica and Typha lat-
ifolia to be biodegradable with COD values of 136 
and 118 g/m3 (Yalçuk and Ugurlu, 2020). A study 
by Sharma et al., (2014) used Phragmites austra-
lis and Canna indica for landfill processing, where 
the COD influent obtained was 159.95 g/m3 and 
could be processed to reach 81.64 g/m3. The study 
could transform the organic substance quality of 
landfill leachate from biodegradable to stable.

On the basis of these facts, plants are proven 
to have great and promising potential in improv-
ing the quality of organic matter in constructed 
wetlands through the planting process. Therefore, 
it is very necessary and crucial to conduct a study 
that discusses the intensification of plant diversity 
and construced wetlands in waste management. 
The aim is none other than to produce quality 
organic material waste that is biodegradable for 
microbiological processing.

PotentIal of Plant dIversIty

single Plant utilization

The plant presence is the most prominent 
characteristic of constructed wetland that differs 
it from unplanted lands. Plants are crucial compo-
nent in the design of constructed wetland. Plants 
have several properties related to the process in 
constructed wetland (Brix, 1997). The options for 
the use of single plants that can be used in this 
case include Phragmites australis, Juncus effu-
sus, Glyceria maxima, Typha latifolia, Iris pseud-
acorus (Białowiec et al., 2012), Cyperus papy-
rus, Phragmites mauritianus, Limnocharis flava, 
Typha angustifolia, Cyperus haspan, Eichhornia 
crassipes (Akinbile et al., 2012), Carex rostrata, 
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Acorus calamus, Thalia geniculate, Sagittara 
latifolia, Scirpus lacustris (Belmont et al., 2004; 
Dallas and Ho, 2005; Moshiri and Brix, 2020; 
Tanaka et al., 2011) or Canna indica (Liang et al., 
2011). The Phragmites australis species, Scirpus 
species, and Typha species are the plants common-
ly used in constructed wetlands (Vymazal, 2011a). 
Plant species in constructed wetlands employed for 
waste management have been studied extensively; 
however, the use of local plant has only been stud-
ied in a few works (Belmont and Metcalfe, 2003; 
Zurita et al., 2006). Utilizing off-location plants 
on constructed wetlands may accelerate the plant 
damage, because the local plant can adapt easily to 
the site (Sieben et al., 2016a, 2016b). 

Canna sp., Iris sp., Phragmites sp., and Typha 
sp. plants have been recommended as the lead-
ing species that can be grown in constructed wet-
lands because of their effectiveness in processing. 
Typha sp. can grow in different water depths, is 
easily transferred and transplanted, as well as has 
a wide tolerance to water composition, pH, salin-
ity, dissolved oxygen (DO), and contaminant con-
centration. Other popular Phragmites and Bulrush 
species are also commonly found in greywater 
management and blackwater management systems 
(Appenroth et al., 2010; Sohsalam and Sirianun-
tapiboon, 2008; Vymazal, 2011b). Many plant vari-
ations on constructed wetlands need to be evaluated 
with the single plant utilization in order to discover 
tha capabilities of each plant. Moges et al., (2016) 
developed 37 families with 122 plant species aimed 
at evaluating the natural condition of a constructed 
wetland in the long-term, considering that the selc-
tion of the right is still the subject of study for opti-
mum performance of a constructed wetland (Bris-
son and Chazarenc, 2009; Gagnon et al., 2012). 
Haukos et al., (2016) evaluated the single plant role 
on a constructed wetland in Playa which removed 
approximately P 70%, N 78%, Total Dissolved Sol-
ids (TDS) 58%, and Total Suspended Solids (TSS) 
83%. Processing using constructed wetlands occurs 
using various direct or indirect mechanisms (Brix, 
1997; Greenway and Woolley, 2001; Shelef et al., 
2013; Vymazal, 2013, 2011b). 

The type of constructed wetlands such as run-
off, vertical or horizontal flow, possible recircula-
tion, and wastewater quality can affect the removal 
efficiency (Sklarz et al., 2009), the species and 
combination of plants (Brisson and Chazarenc, 
2009), climate, types, and plant management. The 
research conducted by Ge et al., (2016) studied 
the effects of contaminant removal using different 

single plant utilizations of Thalia dealbata. This 
plant is known to be superior to Canna indica dan 
Lythrum salicaria in terms of removing 69.96% 
TN (Total Nitrogen) and 82.4% TP (Total Phos-
phorus) from municipal rainwater runoff waste. 
Abou-Elela and Hellal, (2012) reported 91.5% 
COD removal and 92.8% BOD removal on a con-
structed wetland planted with a variety of Canna 
indica, Cyperus papyrus, and Phragmites austra-
lis. Thus, the diverse plant utilization is considered 
to be more effective in reducing pollutants than the 
single plant utilization (Fraser et al., 2004; Karatha-
nasis et al., 2003). The advantages of single plant 
utilization in a study of Qiu et al., (2011) showed 
that the growth of plants would be faster as well as 
produce higher biomass and nutrient uptake. The 
studies on single plant utilization indicated their 
several disadvantages, including susceptibility to 
seasonal changes, unstable growth of plants, and 
lower microbe population. The choice of single 
plant utilization on constructed wetlands can be 
used for single parameter wastes or for a single-
parameter disposal purposes (Amon et al., 2007; 
Karathanasis et al., 2003).

diverse Plant utilization

Studies showed that different plants have 
various pollutant removal abilities; thus, the 
choice of plants is essential for constructed wet-
land impelementation (Brisson and Chazarenc, 
2009; Vymazal and Kröpfelová, 2009). Most of 
the constructed wetlands around the world have 
low plant diversity or mainly used a single plant. 
One method to improve the pollutant removal is 
by increasing the plant diversity. The studies by 
Coleman et al., (2001) compared the removal pol-
lutant removal using diverse plant and single plant 
on constructed wetlands, where the results were 
limited and some indicated that diverse plant utili-
zation on constructed wetlands was better than the 
single plant utilization. The results of other studies 
comparing the pollutant removal of diverse plant 
and single plant showed varying results (Bachand 
and Horne, 1999; Coleman et al., 2001; Fraser et 
al., 2004; Karathanasis et al., 2003; Picard et al., 
2005; Zhang et al., 2007a). Further studies are re-
quired to determine the differences in mechanisms 
between diverse plant utilization and single plant 
utilization (Brisson and Chazarenc, 2009; Cole-
man et al., 2001; Picard et al., 2005). Research-
ers have developed the advantages of diverse 
plant utilization on constructed wetlands (Fisher 



243

Journal of Ecological Engineering 2021, 22(4), 240–255

et al., 2009). Diverse plants are reported to have 
more benefits than single plants (Engelhardt and 
Ritchie, 2001; Tews et al., 2004). Constructed 
wetlands with diverse plants have a faster rate of 
removal of pollutant, because it is used for the 
plant growth; however, the selection of plants 
should be considered given the possibility of plant 
competition (Agami and Reddy, 1990; Engelhardt 
and Ritchie, 2001; Zhang et al., 2007b).

Diverse plant utilization has a higher effi-
ciency than single plant utilization (Engelhardt 
and Ritchie, 2001; Tews et al., 2004; Samudro & 
Mangkoedihardjo, 2020). The comparison of or-
ganic material removal on constructed wetlands 
with single plants and diverse plants is limited 
(Coleman et al., 2001). The limitation of single 
and diverse plant utilization result comparison 
is caused by different plant species utilization 
(Bachand and Horne, 1999; Coleman et al., 2001; 
Fraser et al., 2004; Karathanasis et al., 2003; 
Zhang et al., 2007a). Diverse plant utilization on 
constructed wetland aims to remove the pollutants 
with diverse contents; therefore, it is effective for 
obtaining environmentally friendly effluent. The 
plants applicable on constructed wetlands with a 
diverse plant system are Zantedeschia aethiopica 
and Strelitzia reginae (Zurita and White, 2014), 
Hymenocallis littoralis, Acorus calamus, Cype-
rus flabelliformis, Canna indica, and Phragmites 
australis (Qiu et al., 2011); they have the abil-
ity to reduce BOD and COD up to 90%. Several 
studies using diverse plants did not demonstrate 
significant differences in organic material remov-
als compared to single-plant constructed wet-
lands. Most of the constructed wetland systems 
were made of single plants from selected species.

Diverse plant utilization in constructed wet-
lands has neutral, positive, or negative correlation 
between plants and different species. Diverse-plant 
constructed wetland system has a more effective 
root biomass distribution and provides habitat 
for a more diverse microbe population than the 
single plant system (Coleman et al., 2001; Kara-
thanasis et al., 2003; Karpiscak et al., 1996; Wu 
et al., 2012). Diverse plant utilization is reported 
to improve the root exudate release that increases 
the N and P absorptions (Wu et al., 2012). Diverse-
plant constructed wetland is superior to the single-
plant. It has a slower growth rate and less, more 
stable biomass (Agami and Reddy, 1990; Zhang et 
al., 2007a). Despite not having significant differ-
ences between diverse plant utilization and single 
plant utilization, the diverse plant utilization is 

considered to be more effective in distributing bio-
mass, not susceptible to seasonal variations, and 
has a more diverse microbe population than a sin-
gle-plant constructed wetland (Amon et al., 2007; 
Karathanasis et al., 2003). A research indicat-
ing that diverse plant utilization is more effective 
than single plant utilization was also reported by 
Karathanasis et al., (2003). The diverse plant con-
dition provides a more effective root distribution 
and a more favorable habitat that encourages high 
microbe community diversity. Diverse plant utili-
zation has a diverse rooting system that postpones 
the wastewater flow and increases the retention 
time that affects the pollutant removal efficiency 
(Zurita and White, 2014). Diverse plant utilization 
in constructed wetlands should consider the fast/
slow plant growth, the rooting system including 
shallow/deep roots, seasonal growth patterns, re-
sistance to aridity, tolerance to flood, and domi-
nance. These are important to reduce the competi-
tion in diversity of plants in constructed wetlands.

Studies have shown that diverse plant utiliza-
tion in constructed wetlands could create roots at 
different depths. Hence, it affects the rhizosphere 
microbe community that boosts the processing 
effectiveness (Amon et al., 2007). Zhang et al., 
(2007b) reported that Canna indica could defeat 
the Schoenoplectus validus’ growth in a con-
structed wetland. Species competition may pro-
vide creation and growth that are favorable to par-
ticular species, and/or reduction and extinction of 
other species (Agami and Reddy, 1990). Many 
studies have examined the interspecies compe-
tition from the species in constructed wetlands. 
Wetzel and Van Der Valk, (1998) discovered that 
Phalaris arundinacea was a better competitor 
than Typha latifolia and Carex stricta. Coleman et 
al., (2001) also reported that Typha latifolia was 
superior in diverse plant utilization to Juncus ef-
fusus, Scirpus cyperius, and Typha latifolia. Qiu 
et al., (2011) discovered that Cyperus flabellifor-
mis, Canna indica, and Phragmites australis are 
better competitors than Hymenocallis littoralis 
and Acorus calamus. These interspecies competi-
tions generated positive effect, since it produced 
natural plants and ecosystem adaptation within a 
forced condition (Liang et al., 2011). Karathana-
sis et al., (2003) has examined diverse plant utili-
zation of Iris, Bulrush, Cannae, and Hibiscus for 
household wastewater processing. The study con-
cluded that the processing result was more con-
sistent, efficient, and not susceptible to seasonal 
variations compared to single plant utilization. 
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The elimination of pollutants from diverse plants 
used in constructed wetlands is due to the di-
versity of plant microbes (Perdana et al., 2018). 

The differences between single plant and diverse 
plants in constructed wetland for treatment of 
pollutants can be seen in Table 1.

Table 1. Previous data on single plants vs various plants
Data Reference Single plant Removal efficiency Reference Diverse plants Parameters

1. Ciria et al. 
2005

Typha latifolia

Bonanno and Cirelli 2017

Total coliforms: 
92%
Faecal coliforms: 
97%
Fecal streptococci: 
80%

Ali et al. 2018 Typha latifolia, 
Phragmites 
australis, Canna 
indica

COD: 56%
BOD: 57%
Cu: 40%
Cr: 32.14%
Ni: 57.14%

2. Barbagallo 
et al. 2013

Cyperus papyrus TSS: 82%
COD: 60%
NH4: 48%
TN: 53%
PO4-: 24%

Erina and 
Wiyono 2012; 
Patil et al. 2018

Cyperus papyrus, 
Canna indica, 
Phragmites australis

COD: 92.9%
BOD: 93.6%
TSS: 94%

3. Wang et al. 
2001

Cyperus alternifolius

Yadav et al. 2012

Cu: 99–100%
Mn: 42–100%
Pb: 99–100%

Anh et al. 2020 Cyperus 
alternifolius, 
Phragmites australis

COD: 82%
NH4

+: 82%
TP: 82%

4. Dan et al. 
2017

Phragmites australis Cd: 87%
Cr: 97%
Fe: 99%
Mn: 49–99%
Ni: 98%
Pb: 92%
Zn: 99%

Ali et al. 2018 Phragmites 
australis, Typha 
latifolia, Canna 
indica

COD: 56%
BOD: 57%
Cu: 40%
Cr: 32.14%
Ni: 57.14%

5. Thathong 
et al. 2019

Colocasia esculenta As: 89% Nguyen et al. 
2020

Colocasia 
esculenta, Canna 
indica

TSS: 71%
BOD: 79%
COD: 73%
NH4-N: 87%

6. Sandoval 
et al. 2019

Hydecium coronarium

Lutfia et al. 2019

TSS: 90.9%
COD: 57.4%
TN: 40.3%
TP: 55%
BOD: 39.1%

Sandoval-Herazo 
et al., 2020

Hydecium 
coronarium, Alpinia 
purpurata, Canna 
hybrids

COD: 86–90%
NH4-N: 
84–90%
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Figure 1. Forest plot single plant vs diverse plants

7. Sharma et al. 
2018

Arundo donax

 Pilu 2012

TSS: 94.2%
BOD: 91%
TP: 88.8%
NH4-N: 41.1%
TN: 37.1%

Calheiros et al. 
2012

Arundo donax, 
Srcocornia fruticosa

COD: 51%
BOD: 80%

8. Silvestrini 
et al. 2019

Typha sp.

Yadav et al. 2012

COD: 65%
NH4-N: 94%
TN: 91%

Coleman et al., 
2001; Patil et al. 
2018

Typha sp., Scirpuss 
sp., Juncus effuses

TSS: 70%
TKN: 5–60%

9. Md Yusoff 
et al. 2019

Scirpuss grossus COD: 66.1%
TSS: 87.2%
Colour: 55.8%

Coleman et al. 
2001; Patil et al. 
2018

Scirpuss sp., Typha 
sp., Juncus effuses

TSS: 70%
TKN: 5–60%

10. Yalçuk and 
Ugurlu 2020

Canna indica

Yadav et al. 2012

COD: 83.6%
PO4-: 48.66%
NH4-N: 62.84%
TSS: 87.77%

Zhu et al. 2018 Canna indica, 
Lythrum salicaria

NH4-N: 98.7%
TN: 98,5%
NO3-N: 100%
TP: 92.7%

Table 1. Cont.
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Data obtained from previous studies were 
compared using single plants and multiple plants 
and analyzed using meta-analysis with jamovi 
software. A forest plot graph that compares the 
use of single plants and diverse plants from exist-
ing research can be seen in Figure 1. 

The data extracted in data processing was used 
to calculate the effect sizes for each study. The ef-
fect size is a measure of the effect dimension being 
studied and can represent the differences between 
two groups, for example, the intervention and con-
trol groups, the gender group, the age group, or 
the strength of the relationship between the two 
groups of variables (Ellis, 2009). The data used 
in this review are the data on the differences be-
tween single and diverse plants. The most com-
mon effect sizes are based on the mean main effect 
size, binary data (risk ratio, chance ratio, and risk 
difference), correlation and survival data (hazard 
ratio). This review uses the removal efficiency ef-
fect resulting from processing with constructed 
wetlands. For each effect size, there are different 
data entry formats that can be used for the compu-
tational purposes (Borenstein et al., 2009).

Furthermore, for each study, the calculation of 
the magnitude of the effect is combined with the 
measurement of accuracy. Specifically, for each 
effect size of the variance, the standard error, and 
the 95% confidence interval were also calculated. 
As a convention, the statistical significance of 
the effect size is also reported (Cumming, 2014)
in response to heightened concern that our pub-
lished research literature is incomplete and un-
trustworthy, we need new requirements to ensure 
research integrity. These include prespecification 
of studies whenever possible, avoidance of selec-
tion and other inappropriate data-analytic prac-
tices, complete reporting, and encouragement of 
replication. Second, in response to renewed rec-
ognition of the severe flaws of null-hypothesis 
significance testing (NHST). It is good practice to 
report the effect sizes for each study in the forest 
plot (Moher et al., 2009). The results of the forest 
plot in Figure 1. show the effect size and the line 
represents the confidence interval (Hand, 2012). 
The results of the overall analysis are shown in 
the last section of the forest plot which can be 
seen in Table 2.

The next step, after calculating the overall ef-
fect size, consists in evaluating the heterogeneity 
across studies. In order to find out whether there is 
significant heterogeneity across studies answered 
using the Q statistic, with a significant Q value indi-
cating significant heterogeneity of results between 
studies. The value of data heterogeneity can be seen 
from the I2 values   (Huedo-Medina et al., 2006). 
Specifically, I2 estimates the proportion of observed 
variance that reflects a real difference in effect siz-
es, with values   of 25%, 50%, and 75% that might 
be effectively considered low, moderate, and high 
(Deeks, & Altman, 2003). When the meta-analysis 
has little heterogeneity, it means that the primary 
study results are somewhat similar and consistent. 
However, in practice, it is very common to find sig-
nificant and large heterogeneity (Crocetti, 2016).

This situation occurs especially when the me-
ta-analysis includes 10 or more studies and each 
of them has answered the main research question 
differently from the others (for example, in differ-
ent age groups and / or national samples, using dif-
ferent measures). The result is that while all results 
may be statistically significant, they can produce 
variations in the effect size considered (which can 
range from small to large). Thus, it was very com-
mon that the meta-analysis conducted in different 
areas highlight significant and large heterogeneity 
across study findings. In the results of the hetero-
geneity analysis reported in Table 2, the difference 
between single plant and diverse plants shows sig-
nificant results as indicated by the Q statistic with a 
value of 141.255 and large heterogeneity, as shown 
by I2 of 93.06% (Crocetti, 2016).

constructed Wetland oPeratIon 

operational and Implementation

Constructed wetland is apotential alternative 
technology to improve the influent quality to be 
safe before through back to the environment, com-
pared to the conventional method. Constructed 
wetland is a technology that has been applied since 
1952 (Siedel, 1973) and fully operated since 1974 
(Kickuth, 1977). Low-cost natural technologies 
engineered and designed for wastewater treatment 

Table 2. Analysis result from the forest plot
Tau Tau² I² H² R² df Q p

2.263 5.119 (SE= 2.7109) 93.06% 14.406 – 9.0 141.255 < 0.001
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can be obtained in constructed wetlands (Wu et al., 
2011; Zhang et al., 2010). A constructed wetland is 
an engineering system built by mimicking the pro-
cess found in natural wastewater processing (Yeh 
et al., 2009). Natural processes used include plants, 
microbe, and soil activities that play role in the pro-
cessing of toxic wastes. The interaction and corre-
lation between microbes and plants are important 
for the performance of a constructed wetland sys-
tem (Kadlec and Wallace, 2009; Vymazal, 2005). 
Other characteristics, such as different system 
construction and combination, flow characteris-
tic, flow speed, different operational parameter ef-
fects, and different plant utilization also determine 
the ability and potentials of constructed wetland. 
Hence, a consideration should be taken so that a 
successfully constructed wetland can be obtained 
(Stefanakis et al., 2011). The combination of bio-
logical, chemical, and physical processes is respon-
sible for removing contaminants from wastewater 
on constructed wetlands (Mthembu et al., 2013). 
The selection of suitable plants is very important 
to make it easier for plants to adapt, namely by uti-
lizing macrophytes from the natural environment 
which form similar conditions in the execution site 
(Fadanelli et al., 2019; Samudro and Mangkoedi-
hardjo, 2021). Plants should be shorn regularly and 
the rest removed to prevent decomposition and or-
ganic material accumulation that may inhibit new 
plants and change waste characteristics. 

The choice of flow type on constructed wet-
land should be balanced with the capital and cost 
of land calculations (Kadlec and Wallace, 2009). 
Another consideration in constructed wetland is 
the management of plant biomass. Plant productiv-
ity is another parameter which must be considered 
and measured (Stefanakis, 2020). The design, con-
struction, and system management management of 
appropriate systems of constructed wetland, such 
as types of flows, slope, and plant management are 
major factors in controlling disruptions such as us-
age of chemicals as mosquito controller (Knight et 
al., 2003; Walton, 2019). The implementation of 
constructed wetland should consider the area and 
water flow that aims to determine the character-
istics of construction as well as maintenance that 
are likely to affect the selected system efficiency 
(Fadanelli et al., 2019). A constructed wetland 
technology has been implemented extensively 
and has a massive potential (Stefanakis, 2020). 
Constructed wetland functions are based on natu-
ral process which involves some interactions be-
tween primary system components, i.e., substrates, 

plants, wastewater, and microorganisms naturally 
growing (Stefanakis, 2015). Constructed wetland 
implementations in tackling pollution include 
catchment management series and domestic waste-
water treatment (Denny, 1997). 

leachate processing operation

The liquid waste generated from rainwater per-
colating through solid wastes which are disposed 
of to landfills and humidity in wastes and waste 
degradation products is defined as landfill leach-
ate (Costa et al., 2019). The number of produced 
leachate is influenced by rainfall, eco-transpiration, 
surface run off, groundwater infiltration, and land-
fills compaction rate (Miao et al., 2019). Several 
techniques are used to control the water inflows to 
landfills, including installing waterproof film and 
covering layer to minimize leachate (Dajić et al., 
2016). The pH, TSS, BOD, COD, TN, ammonia 
(NH4-N), phosphorus, chloride, alkalinity, and 
heavy metals are some of the physical and chemi-
cal parameters indicating the quality of landfill 
leachate (Bhatt et al., 2017). The biodegradability 
of landfill leachate declines over time, while the 
COD/BOD5 ratio increases over time (>10 years). 
Constructed wetlands are reported to have the po-
tential to process toxic landfill leachate to be bio-
degradable. It constitutes an advantage compared 
to the conventional processes (Wojciechowska and 
Gajewska, 2013). The leachate characteristics de-
termined based on landfill age are classified into 
three, namely young landfill of (< 1 year), medium 
landfill of (1-5 years), and old landfill of (> 5 years) 
(Abbas et al., 2009; Alvarez‐Vazquez et al., 2004). 
The leachate characteristics based on landfill age 
are presented in Table 3.

COD concentration in leachate will decrease 
during the aging process of landfill, but the con-
centration of ammonia nitrogen increases (Ku-
likowska and Klimiuk, 2008). The leachate from 
young landfills contains biodegradable organic 
substances which can easily be transformed an-
aerobically into Volatile Fatty Acids (VFA) (Re-
nou et al., 2008). VFA cause leachate from young 
landfills to have low pH, high concentrations 
of BOD5 and COD (Kjeldsen et al., 2002), and 
high BOD5/COD ratio concentration (Purwanta, 
2018). The old landfill has a low COD value, due 
to landfill aging, high concentrations of NH3-N 
and methane (Kjeldsen et al., 2002) as well as low 
BOD5/COD ratio (Purwanta, 2018). 
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Constructed wetland utilization under hot cli-
mate has another process influencing the removal 
efficiency. In some cases, high water loss through 
EvapoTranspiration (ET) was found to exceed 
40%. Evapotranspiration is the evaporation and 
transpiration of plants that change the water bal-
ance in a constructed wetland system and cause 
salinity elevation (Stefanakis, 2020). Evapotrans-
piration is higher than water evaporation in open 
land under hot and dry climates (Headley et al., 
2012; Pauliukonis and Schneider, 2001). The ef-
fluent from constructed wetland that is recovered 
should be considered to minimize the evapotrans-
piration. High evapotranspiration can be pre-
vented through modification and simple design. 
The main parameter in dealing with this is the 
selection of plant species with less transpiration 
requirement, but high biomass productivity. The 
information regarding the quantity of plant water 
through transpiration per dry weight produced in 
local plants compared to different plants is highly 
needed (Touchette et al., 2007; Xiong et al., 2015). 
The constructed wetland system must also be de-
signed with the least area possible so that it can 
improve the waste quality. A plausible constructed 

wetland implementation is also a consideration in 
an area. Before constructed wetland implementa-
tion under a hot climate, it is important to perform 
a study to identify the regional plant species to be 
used and to determine the water requirement in a 
laboratory-scale (Stefanakis, 2020).

A study by Yalçuk and Ugurlu, (2020) showed 
that although a COD/BOD5 ratio of >30 the biode-
gradability was low, the organic removal efficiency 
was high. The oxygen produced by photosynthe-
sis could replace the utilization of oxygen for or-
ganic mineralization and nitrification. The function 
of the plant is due to having roots to be used as a 
biofilm or where it sticks microbesthat dominate 
the pollutant degradation (Mohajeri et al., 2010). 
Plants facilitate the microbe degradation and oxy-
gen transfer to the rhizosphere for biodegradation 
of landfill leachate. Yalçuk and Ugurlu, (2020) 
showed that oxygen was required for aerobic de-
composition for COD, mainly due to the physical 
process such as filtration through the substrates, 
rather than the biological process related to plants. 
The result contrasts several studies which demon-
strated that COD removal was higher due to the 
presence of plants, compared to non-plant systems 

Table 3. Leachate characteristics based on landfill age

Parameter
Landfill age

References
Young (<1 year) Medium (1–5 years) Old (> 5 years)

pH <6.5 6.5–7.5 >7.5 Peng 2017

COD (g/m3) >15,000 3,000–15,000 <3,000 Abbas et al. 2009

BOD5/COD 0.5–1.0 0.1–0.5 <0.1 Abbas et al. 2009

TSS (g/m3) 340–540 – 494–550 Ghani et al. 2017

Phenol (g/m3) 3–1720 0.01–316 – Lee et al. 2010; Nagarajan et al. 2012

Color (Pt–Co) 2,430–8,180 3,900–4,250 8,700–9,250 Azmi et al. 2015; Mohajeri et al. 2010

Turbidity (NTU) 50–450 – 15–286 Aziz et al. 2007; Mohd Zin et al. 2012

TN (g/m3) 75–3,200 1,100–1,670 141–960 Kulikowska and Klimiuk 2008

NH4–N (g/m3) <400 – >400 Peng 2017

NH3–N (g/m3) 866–1,200 743–1,330 311–1,620 Ghani et al. 2017; Renou et al. 2008

Organic subtances 80% VFA 5–30% VFA+HA+FA HA+FA Abbas et al. 2009

Cd (g/m3) 0.13– 3.0 0.02–0.05 0.022–0.013
Kulikowska and Klimiuk 2008; 
Nagarajan et al. 2012; Sawaittayothin 
and Polprasert 2007

Cr (g/m3) 0.661 0.14–0.28 0.05–0.08 Kulikowska and Klimiuk 2008; 
Nagarajan et al. 2012; Yilmaz et al. 2010

Cu (g/m3) 0.1–0.4 0.12–0.26 0.01–0.09 Azmi et al. 2015; Kulikowska and 
Klimiuk 2008

Fe (g/m3) 3.8–73.8 58.4–63.4 2.92–32.5 Lee et al. 2010; Nagarajan et al. 2012

Ni (g/m3) 0.385 0.31–0.38 0.02–0.42 Mohd Zin et al. 2012; Nagarajan et al. 
2012; Yilmaz et al. 2010

Pb (g/m3) 0.204 1.1–1.3 0.07 Mohd Zin et al. 2012; Nagarajan et al. 
2012; Yilmaz et al. 2010

Zn (g/m3) 0.1–1.8 1.29–2.1 0.22–0.435 Azmi et al. 2015; Kulikowska and 
Klimiuk 2008; Nagarajan et al. 2012



249

Journal of Ecological Engineering 2021, 22(4), 240–255

(Naylor et al., 2003). Other studies emphasized 
that COD removal was not significantly affected 
by plants (Ayaz and Akça, 2001; Ciria et al., 2005; 
Wang et al., 2009). Leachate processing on tropi-
cal climate landfill with various concentrations 
can be conducted using constructed wetlands with 
efficiency >90% using Equisentum hymale, Cype-
rus papyrus, Canna indica, and Hedychium coro-
narium, Arundo donax, Imperata cylindrica, and 
floating plant utilization of Eichornia crassipes, S. 
molesta, and Pistia stratiotes.

leachate ProcessIng Protocol 
In constructed Wetland

The toxicity of landfill leachate has been 
extensively tested by the bioassay method. The 
tool used to assess the risk of biota due to the 
pollutant is the bioassay (Klauck et al., 2015; 
Knie and Lopes, 2004). Toxicity tests are used to 
measure the number of substances exposed to an 
organism before the side effects of landfill leach-
ate occur (Thomas et al., 2009). Toxicity testing 
using a bioassay, can represent chronic or acute 
exposure (Singh V, 2009). The preparation of 
toxicity tests with biological indicators needs to 
be peformed for biota based on economics, type 
of test, sensitivity, and consistency of response 
(Hueck-Van der Plas and Hueck, 1979; Landis 
et al., 2003). The organisms used as biological 
indicators for the toxicity test of landfill leach-
ate are varied, including bacteria, green algae, 
fish, and others (Thomas et al., 2009). Chemi-
cal analysis is a conventional landfill leachate 
toxicity test based on the evaluation of identi-
fied chemical organisms. Chemical evaluation 
does not evaluate the toxic effects, so the bio-
logical evaluation is required (Umi Raihana et 
al., 2014). Biological evaluation integrates the 
biological effects of all the other factors, such 
as toxic and bioavailability interactions, and the 
compounds present (Žaltauskaitė and Čypaitė, 
2008; Mangkoedihardjo and Samudro, 2014). 
The phytotoxicity test is a toxicity test method 
that is widely used, because it is fast, accurate, 
high sensitivity, simple, low cost, and suitable for 
chemicals or unstable substances (Wang et al., 
2001). The toxicity test results were represented 
by the value of Effect Concentration (EC-50) 
non-toxic> 100, potentially toxic 100> EC-50> 
40, toxic 40> EC-50> 10, EC-50 very toxic <9 
(Zanelato et al., 2019). According to Restrepo, 

(2013) in Zanelato et al., (2019), the high toxic-
ity of landfill leachate is related to the mixing of 
organic and synthetic substances, which results 
in chemical reactions leading to the dissolution of 
toxic substances from solid objects into the water 
phase. Leachate toxicity test on parrotfish (Sa-
rotherodon mossambicus) with Lethal Concen-
tration (LC-50) 1.4 and 12% v/v in two months 
(Angaye and Seiyaboh, 2019; Wong, 1989). The 
leachate toxicity test used Tawes fish, and the 
results showed an LC-50 value of 0.358%, with 
clinical symptoms in the form of bulging eyes 
and brown skin (Juliardi and Wiyanti, 2018). The 
smaller of EC-50 or LC-50 value indicates that 
the substance is increasingly harmful to biota.

Plants also act as intermediaries to remove 
pollutants by increasing the environmental diver-
sity in the rhizosphere (Gagnon et al., 2012; Stott-
meister et al., 2003; Vymazal, 2011a; Zahui et al., 
2018). Various operating conditions such as flow 
rates, climate, high levels of organic matter and nu-
trients, and fluctuating pollution loads are required 
for different plant species (Vymazal, 2007). The ni-
trogen and phosphorus removal can vary based on 
variations in the rate of sediment oxidation, carbon 
supply, and transpiration, and plant species can 
respond differently after harvest (Greenway and 
Woolley, 2001; Wu et al., 2013b, 2013a, 2011).

The adaptation of new community habits pre-
vents and slows down the virus, disease, and spread 
of COVID-19 (Yari et al., 2020). Washing hands or 
disinfecting items such as utensils, door handles, 
tables and chairs, valves, stair railings, switches, 
electrical outlets, and all common items, such as 
banknotes and documents, is essential (Jin et al., 
2020; Organization, 2020; Van Doremalen et al., 
2020). Prevention of the spread of disease through 
contact with people or objects is achieved via an-
tiseptics and disinfectants. The use of antiseptic 
and disinfectant by the community has the poten-
tial to enter the landfill. The content of antiseptic 
and disinfectant in landfills can dissolve in leach-
ate; then, it enters the environment. The content of 
landfill leachate in the form of toxic organic sub-
stances and chlorides from disinfectants that enter 
the landfill can be detoxified by processing using 
plants (Samudro and Mangkoedihardjo, 2020).

conclusIons

Landfill leachate contains various kinds of 
toxic pollutants. The landfill leachate toxicity test 
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could be undertaken using the bioassay method. 
Bioassays for toxicity testing could use organisms 
such as fish, microorganisms, and plants (phyto-
toxicity). The phytotoxicity analysis process stages 
analysed the sources and distribution of pollutants, 
the transportation and transformation of substanc-
es in plants, and the responses of plants that oc-
curred. The toxic content in landfill leachate could 
be processed by physical and chemical methods at 
the beginning of processing to increase the qual-
ity to become biodegradable. Further, processing 
was carried out to increase the stability of the qual-
ity of landfill leachate through biological process-
ing such as constructed wetlands. Constructed 
wetlands with a variety of plants indicated that a 
better microbial community structure and stable 
plant growth. The criteria of design and operation 
covered the selection of location, substrate choice, 
types of wastewater, material choice, water depth, 
HLR, HRT, and maintenance procedure.
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