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• The landfill leachates investigated were
highly toxic to the aquatic organisms.

• Proper decommissioning of the landfill
site helps in reducing the toxicity of
the rain leachate.

• The leachate from the oldest landfill was
the most toxic to the aquatic organisms.

• Youngest leachate more toxic to Daph-
nia and oldest leachate more toxic to
duckweed.
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Management of leachates generated by solid waste disposal is a very challenging aspect of landfill management
inmost parts of theworld. Inmost developing countries, the leachates generated are discharged into the environ-
mentwithout treatment, leading to contamination of groundand surfacewaters and causing humanhealthprob-
lems. Even though its potential risk has been established through chemical analyses, less work has been
conducted on its effect on ecosystems. This study assessed the toxicity of leachates from three landfill sites of dif-
ferent ages from Ghana, namely Tema, Mallam and Oblogo, to aquatic organisms. Duckweed (Lemna minor) and
crustaceans (Daphnia magna) toxicity tests were performed using exposures to concentrations of 6.25, 12.5, 25,
50 and 100 mL/L of the landfill leachates in control growth media. Physico-chemical properties of the leachates
were also determined. The leachates from all the siteswere toxic with IC 50 values ranging from 2.8 to 29.5%. The
Oblogo landfill leachate (the oldest site) being most toxic to duckweed and Tema landfill leachate (the youngest
site)most toxic toD.magna. Leachates characterizedhad varying concentrations of heavymetals (0.2–42.3mg/L)
with Cu and Cd below detectable limit. The organic component COD was below the permissible level
(110–541 mg/L) and the TOC exceeded the permissible level (350–6920 mg/L). These results indicate that the
age and other characteristics of the landfill sites contribute to the difference in the toxicity of the Ghana landfill
leachates.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Solid waste management is a great challenge in most developing
countries because of the nature of waste materials deposited into the
landfills. Most of these wastes contain hazardous substances and may
have negative effects on the environment (Assmuth and Strandberg,
1993; Chiang et al., 1995).Whenwastes are landfilled, they undergo se-
ries of physico-chemical and biological transformations when making
contact with liquid, generating highly contaminated wastewater called
leachate. The landfill leachate may become toxic depending on the na-
ture of the waste landfilled. The leachate generated from solid waste
poses many challenges to the environment depending on the leachate
management established at the site. However, landfill leachatemanage-
ment is a great challenge in developing countries because most of the
landfill sites constructed for receiving solid waste do not have a proper
leachate treatment facility. As a consequence, the leachate produced
may impact surface and groundwater resources and human and ecosys-
tem health (Schrab et al., 1993).

Inmost developing countries, such as Ghana, landfill management is
the preferred option for solid waste disposal, and most of landfills are
open dumps which do not have any proper leachate management sys-
tems. This poses environmental hazards to plants and animals because
the leachates are directly released into the environment without treat-
ment (Mwiganga and Kansime, 2005). The leachate released from the
Oblogo landfill site contains high concentrations of nutrients and
heavy metals such as iron, zinc and aluminum (Osei et al., 2011). Land-
fill leachates may contain high concentrations of organic and inorganic
pollutants, which may be toxic to the environment (Kettunen and
Rintala, 1998). Maitia et al. (2016) reported that landfill leachate af-
fected surface and groundwater quality. And according to Nyame et al.
(2012), discharges of landfill leachate could negatively affect the
Ramsar Densu wetland and surrounding water bodies and nearby
ecosystems.

Aik et al. (2010) showed that landfill leachate quality is affected by
the age of thewaste due to bacterial growth and chemical reactions. Ac-
cording to Adhikari andKhana (2015), the age of landfills has serious ef-
fects on leachate composition and hence its impact on aquatic
organisms. The age of the landfill together with other characteristics
such as climatic conditions, waste composition, volume and concentra-
tion of biodegradable matter, determine the chemical composition of
the leachate (Im et al., 2001; Chu et al., 1994). Simple chemical analyses
has been the main method for determining the potential risk of landfill
leachates in Ghana, but it may not be able to detect low concentrations
of pollutants nor may it allow predicting their potential mixture effects.
Chemical analyses therefore may underestimate the toxicity of Ghana
landfill leachate (Thomas et al., 2009). Hence, the application of biolog-
ical assessments is now the recommendedmethod for determining the
toxicity of leachates to the environment. This paper seeks to assess the
level of toxicity of Ghana landfill leachate from three landfill sites of dif-
ferent ages, using aquatic plants (Lemna minor) and crustaceans
(Daphnia magna).

There are varying methods available for assessing the toxicity of
landfill leachate: Bacteria (Vibrio fischeri), invertebrates (Daphnia
magna, Artemia salina), microalgae (Desmodemos subspicatus), fish
(Carassius auratus), plants (Lemna minor, Hordeum vulgare) and
mammals constituting different trophic levels as test organisms.
Here, D. magna and L. minor have been selected for this research be-
cause they are simple, fast, cost effective, easy to use and such com-
bination or battery has not been used for testing toxicity of landfill
leachate. Also, they represents plants and animals which will give
a very good information concerning the impact of leachate on the
ecosystem. The organisms selected will really help in the determin-
ing the toxicity of the leachate, because research that they have
been used had proven potential toxicity of the wastewater. The
other organisms were not considered because of the focus of the
research.
The landfill leachates were collected from three different waste dis-
posal sites in the Greater Accra Region in Ghana. Such a research has
never been done in Ghana before and the resultswill help policymakers
to better understand the impact of discharging untreated landfill leach-
ate to water bodies and natural ecosystem.

2. Material and method

2.1. Sampling sites

The Oblogo Landfill Site (OLS) is an abandoned stone quarry pit
which was used as a dumpsite (Fig. 3). There was no engineering
works done to ensure protection of the underground and surface
water resources. Oblogo is located in the Greater Accra region, approx-
imately 12.8 km away from the capital city, Accra. The operation of
the site started in late 2002 andwasmanaged by theAccraMetropolitan
Assembly. It received all thewaste generated within Greater Accra with
an estimated daily collection of 2500metric tons and operated for more
than six years. After closing the operations, the site was not
decommissioned properly, which allowed more leachate to be gener-
ated whenever it rained. The OLS was located close to the Densu River
which serves the greater part of Accra City region.

TheMallam SCC Landfill Site (MLS)is an abandoned stone quarry pit
which was used as a dumpsite without any proper engineering works
(Fig. 2). Before the disposal of waste began, the pit was lined with clay
material, creating temporal sump to capture the leachate and provided
with a drainage system to manage the leachate when there was over
flow of leachate from the site into the main drains. The MLS is located
in the Greater Accra region in the Ga West Municipal Assembly and lo-
cated approximately 14.9 km from Accra. Zoomlion Ghana company
managed the site and operations began in late 2008 after the closure
of the Oblogo landfill site. The MLS received a daily waste capacity of
2500metric tons and operations lasted for 2 years. This site was located
adjacent to theMallam 1 & 2 landfill sites, whichwere decommissioned
N6 years before the operations began at Mallam SCC. This made the op-
erations of theMLS quite challenging, as there was already a lot of envi-
ronmental pollution. The site was cappedwith support of a donor grant
from the World Bank in 2014 to reduce the nuisance that comes with
the closure of a landfill site.

The Tema landfill site (TLS) is the first engineered landfill site in
Greater Accra region and constructed to receive waste within the
Tema vicinity with a total daily capacity of 300 metric tons (Fig. 1).
However, due to the lack of landfill sites in Accra, the daily capacity in-
creased to 1200 metric tons. The TLS is located 25 km east of the capital
city, Accra, in the region of Greater. As of 2013, Tema is the eleventh
most populated settlement in Ghana, with a population of approxi-
mately 162,000 people. Operations at the site started early 2013,with
Zoomlion Ghana limited and the Tema Metropolitan Assembly manag-
ing the site. The TLS is currently in operation and it has an anaerobic
leachate management system. The treatment of the leachate is still of
great challenge to the extent of leachateflowing into nearby community
and water bodies.

2.2. Sampling and analytical procedures

Leachates were collected from the sumps constructed to capture
leachate generated from the sites, with the exception of the Tema land-
fill site where samples were collected from the maturation pond. Sam-
ples were collected during the dry season to avoid any dilution of the
leachate content by rain water. The samples were preserved on ice to
prevent any biochemical reactions. The pH and conductivity of the
leachates were determined using the WTW Multiline P4, Germany
under laboratory conditions. The Chemical Oxygen Demand (COD)
was determined using EPA (1973).The Total Organic Carbon (TOC)
was determined using the high temperature combustion method, be-
cause it is suitable for samples with high levels of TOC that will require



Fig. 1. The Oblogo site showing a compactor truck tipping waste and the bulldozer pushing the waste with some scavengers picking some materials from the waste.
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dilution. Atomic Absorption Spectrometry (AAS) (SensAAGBC Scientific
Equipment Dual, Australia) was used to determine elements present in
the landfill leachates.

2.3. Ecotoxicological bioassays

The duckweed aquatic plant toxicity test used Lemna minor (strain
Steinberg, origin: Federal Environment Agency (FDA), Berlin,
Germany), which was cultivated in an incubator under at 24 ± 2 °C
and light cycle (16 h/8 h; light/dark; 5000–6000 lx) for 7 days. The
growth (control) medium, Steinberg with pH 5.5 ± 0.2, was prepared
according to ISO guideline 20079 (ISO, 2005). The test was carried out
in 150 mL beakers. Three replicates of 100 mL of control medium and
100 mL of samples were prepared at different leachate concentrations
(6.25; 12.5; 25; 50 and 100 mL/L). An initial frond number of ten was
put into each replicate and the beakers were covered with transparent
film. The sampleswere incubated for 168 hunder the same temperature
and light conditions as the culture. The plantswere photographed at the
beginning (0 day), middle (3 days) and end of the exposures (7 days)
for frond area and chlorophyll estimation. After the 7 day exposures,
the chlorophyll content was extracted in 99.8% methanol (48 h; 4 °C,
dark) and measured by spectrophotometry (Hach, DR/2400,
Germany). The calculation of the total chlorophyll content was made
Fig. 2. TheMallam capped site showing the peripheral drains to capture leachate into the sump a
according to Wellburn (1994). The frond number and area were calcu-
lated by image analysis NIS Elements ver. 4.2, 2014.

The Daphnia magna acute mobility inhibition assay was performed
using juvenile individuals of Daphnia magna Straus aged up to 24 h,
originating from ephippia (Microbiotests Inc., Mariakerke (Gent),
Belgium). The test design was based on ISO guideline 6341(ISO,
2012). Aerated ADaMmedium(pH~ 7.8±0.2; O2 ≥ 7.0mg/L) according
to Klüttgen et al. (1994) was used as a control. Five juveniles were
placed into 25-mL-beakers filled with 25 mL of sample or control me-
dium to reach leachate concentrations of6.25; 12.5;25;50; 100 mL/L.
The beakers were covered with transparent film and incubated at24
± 2 °C and a 16 h/8 h light/dark cycle (2000–3000 lx). Three replicates
were used. The mobility (viability) of the test organisms was observed
after the 48 h-exposure.
2.4. Data analysis

Analysis of dose-response curve and calculation of IC50 values were
attained by non-linear regression (logit model) using log transforming
the concentrations values on the X-axis; normalization of the values of
percentage inhibition on the Y-axis and the fitting of dose-response
curves all using the GraphPad Prism ver. 5.01 (2009). The used
t the far right end of the picturewith barbwires to deter people from entering into the site.



Fig. 3. The Tema landfill site showing the aerial view of the site and the leachate pond at the far right of the picture where the leachate sample collected.
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mathematical equation was:

y ¼ 1

1þ exp blog
IC50
X

� �� � ð1Þ

3. Results and discussion

3.1. Landfill leachate characteristics

Leachate sample colours were orange brown or dark brown and the
leachates had a pungent smell because of the presence of organic acids.
This is associated with the high amount of degrading organic matter in
the leachates. Aziz et al. (2007) also reported a similar process in their
colour removal from landfill leachate. The colour of Mallam and Oblogo
leachateswere dark brown,whichwas due to high level of dissolved or-
ganic matter. Usually this occurs because of presence of fulvic and
humic acids (Bashir et al., 2010).The pH of the leachates differed accord-
ing to the age of the landfill and was generally between 7.8 and 9.0
(Table 1). The samples analysed were not different from the generally
acceptable pH range: Tema (TLS) 9.4, Mallam (MLS) 8.2 and Oblogo
Landfill Site (OLS) 7.8 (Table 1). However, the pH of the TLS was higher
than the range of intermediate aged landfills, which is 6.5–7.5 (Renou
et al., 2008) because of the percolation of leachate from the acidic
phase through the matured waste. This triggers methanogenic activi-
ties, which leads to the increase in pH. Trankler et al. (2005) confirmed
Fig. 4. Percentage inhibition growth rate of the frond area of duckweed (Lemna minor)
upon exposure to dilution series of leachates from the Tema (TLS), Mallam (MLS) and
Oblogo (OLS) landfill sites in Ghana.
this by showing seasonal changes in the characteristics of leachates. The
conductivity of the leachates (Table 1) was generally very high, which
indicates that all landfills contained high concentrations of ions, and
this can affect organisms in any water body to which these leachates
are released without treatment.

The Chemical Oxygen Demand (COD) and Total Organic Carbon
(TOC) levels were determined because they are of importance for the
quality of wastewater. In addition, most literature has mentioned the
possibility of replacing COD determination with TOC measurements in
water quality assessments (Dubber and Gray, 2010). The COD of the
leachates ranges between 110 and 541 mg/L and levels in Tema and
Oblogo sites were below the permissible limit by 2 times and b1 times
respectively. However, the leachate from Mallam site was above the
permissible level by 2 times (Kurniawan et al., 2010). However, the
leachate from Mallam site was above the permissible level by 2 times
(Kurniawan et al., 2010). The MLS leachate had the highest COD,
which indicates that it contained more organic matter than the other
leachates. This could be largely due the type of waste disposed at the
landfill. Interestingly, all the leachates analysed showed high levels of
TOC which were all above the permissible limit which ranges between
350 and 6920 mg/L. The leachates TOC assessed, the Tema site was 87
times, Mallam site 11 times and Oblogo 4 times above the permissible
level (Kurniawan et al., 2010). This indicates that the carbon concentra-
tions in the leachateswere very high, potentially causing a threat to sur-
face water when discharged without treatment as it will trigger
Fig. 5. Percentage inhibition of Chlorophyll content of the duckweed (Lemnaminor) fronds
upon exposure to dilution series of leachates from Tema (TLS), Mallam (MLS) and Oblogo
(OLS) landfill sites in Ghana.



Fig. 6.Percentage inhibition ofDaphniamagna following 48h exposure to dilution series of
leachate from the Tema (TLS), Mallam (MLS) and Oblogo (OLS) landfill sites in Ghana.

Table 2
Heavymetals identified in the leachates of the landfill sites Tema (TLS),Mallam (MLS) and
Oblogo (OLS) in Ghana, and the permissible limit defined by the World Health Organiza-
tion (WHO, 2011). Shown are the mean values ± standard deviation (n = 3).

Heavy metals WHO, 2011 (mg/L) Leachates (mg/L)

TLS MLS OLS

Fe 0.30 42.3 ± 0.4 12.4 ± 0.5 6.55 ± 0.1
Mn 0.50 0.29 ± 0.2 0.16 ± 0.8 0.13 ± 0.6
Zn 3.00 3.88 ± 0.9 0.73 ± 0,9 0.07 ± 0.7
Cr 0.01 6.23 ± 0.5 0.34 ± 0.3 0.16 ± 0.3
Ni 0.02 1.10 ± 0.7 0.43 ± 0.8 0.06 ± 0.8
Pb 0.01 0.20 ± 0.2 0.09 ± 0.5 b0.10
Cu 2.00 b0.20 b0.20 b0.20
Cd 0.03 b0.10 b0.10 b0.10
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unlimited growth of microorganisms creating anoxic conditions lethal
for aquatic organisms. There was higher TOC values than that of COD.
The reason could be due to non-oxidizing organic compounds and
also because the wood contain less hydrogen atoms the was less con-
sumption of oxygen which might be the caused the low values of
COD. Also, some ions might not have been oxidized such Phosphorus
and Potassium.

Low concentrations of ammonia (NH3) generally were observed in
younger landfills. As the landfill ages the concentration of biodegradable
organic compounds decreases and the concentration of ammonia in-
creases (Lou et al., 2009). The leachates investigated in this study
showed similar trends (TLS-120 mg/L, MLS-610 mg/L and OLS-
3160mg/L) with the leachate from the youngest landfill site (TLS) hav-
ing the lowest ammonia concentration. The leachates from all three
sites were above the permissible range of ammonia even though are
not in toxicity level, but are detrimental and inhibitory to aquatic organ-
isms. The oldest landfill (OLS) can be harmful to biological processes as
its ammonia concentration was above 3000 mg/L (Kurniawan et al.,
2010).

Heavy metals identified were Ni, Pb, Fe, Mn, Cr and Zn (Table 2).
Concentrations exceeding the permissible level for discharge into sur-
face water (World Health Organization, 2011) were found for Cr, Ni,
and Pb in all the leachates, and for Zn and Fe in the leachate from MLS
landfill. Cd and Cu were not detected in any of the leachates and Pb
was absent in Oblogo landfill leachate. Osei et al. (2011) did find Cd,
Cu and Pb in Oblogo landfill leachate, which confirms that heavy
metal concentrations in landfill leachate may reduce with aging. Sorp-
tion and precipitation processes could explain for the absence of these
metals as they reduce their dissolution (Statom et al., 2004).

3.2. Ecotoxicological assays

3.2.1. Duckweed toxicity
The growth rate of duckweed in the leachates was determined using

frond numbers (pcs), frond area (cm2) and chlorophyll content (μg/L).
Generally, there was no increase in frond numbers at the higher
Table 1
pH, conductivity, COD and TOC of leachates from the Tema (TLS), Mallam (MLS) and
Oblogo (OLS) landfills inGhana. Shownare themean values± standarddeviation (n=3).

Landfill sites pH Conductivity (mS/cm) COD (mg/L) TOC (mg/L)

TLS 9.5 ± 0.2 19.5 ± 0.4 215 ± 0.7 6920 ± 0.9
MLS 8.3 ± 0.1 19.7 ± 0.6 541 ± 0.5 900 ± 0.6
OLS 7.8 ± 0.4 18.7 ± 0. 3 110 ± 0.2 350 ± 0.8
leachate concentrations, but an increase of frond numbers occurred at
6.25 and 12.5 mL/L for all three leachate samples. The reproduction of
fronds in the leachate occurredwithin the first 3 days, afterwards no re-
production was detected but rather chlorosis of the fronds. This might
be due to reduction in the nutrients required for plant growth within
the experimental setup, which did not involve renewal of the test solu-
tions. The low ammonium content in the leachates might have contrib-
uted to a lack of nitrogen (Iqbal and Baig, 2017).

The growth rate based on the increase of the frond areas exhibited
similar trends to that of the frond numbers. The MLS leachate showed
the highest growth rate, the leachate from the OLS site the lowest at
concentrations of 6.25 and 12.5 mL/L, but in all cases the growth rate
was b50% of that in the control (Fig. 4). At leachate concentrations of
25, 50 and 100mL/L, therewas no growth of frond areas. The growth ef-
fect could be due to the high electrical conductivity measured in all
landfill leachates (Iqbal et al., 2017) (Table 1). The presence of ions
could greatly contribute to the growth rate inhibition, by affecting the
plant-specific absorption of ions and build-up of osmotic pressure
around the roots (Wendeou et al., 2013). In addition, the heavy metals
detected in the leachate at concentrations above the permissible levels
could have contributed to the inhibition in frond growth.Metals includ-
ing lead, nickel and zinc have proven to affect L. minor at concentrations
equivalent to those found in landfill leachates (Dirilgen and Inel, 1994).
The presence of Pb, Cr and Zn in the leachate may have contributed to
the high growth inhibition, because they could affect cellular metabo-
lism (Singh et al., 2008). The growth rate inhibition could also be due
to the high pH of the samples (Fig. 4). The fact that growth inhibition
was smallest for the MLS leachate might be due to its pH being within
the optimal range of 4.5 and 8.3 for duckweed survival (Environment
Canada, 1999).

The IC50 was low for all three leachates analysed, and lowest in the
Oblogo landfill leachatewith an IC50 of 3.1% (Table 3). This indicates the
older the landfill the more toxic the leachate becomes.

The chlorophyll content of the frondswas very low at all the concen-
trations, which confirmed the lowgrowth in the frondnumber and area.
Chlorophyll content decreased with increasing leachate concentration
(Fig. 5). The leachate from theMallam site gave the highest chlorophyll
content at the 6.25 mL/L concentration, but compared to the control it
was below 50%. Most of the fronds were necrotic, indicating the impact
of discharged raw leachate. The few chlorotic fronds observedmay have
benefitted from the high alkalinity of the leachate, which prevented the
dissolution of iron even at the high concentrations detected in the
leachates. According to Schuster (2019), iron becomes insoluble at pH
values above 6.5 to 6.7. Mackenzie et al. (2003) reported a similar
trend on the impact of leachate to L. minor. Chlorophylls are susceptible
to many chemical or enzymatic degradation reactions. The low content
of chlorophyll measured in the fronds could be due to the presence of
heavy metals and the high pH of the leachates. The Oblogo landfill
leachate had the highest impactwith an IC50 of 3.8% (Table 3)which in-
dicates that in the methanogenic phase of the landfill the leachate be-
comes more toxic to aquatic plants. Surprisingly, the inhibition by



Table 3
IC50 values for the toxicity of leachates from the Tema (TLS), Mallam (MLS) andOblogo (OLS) landfill sites in Ghana to duckweed (Lemnaminor) growth rate and chlorophyll content and
to Daphnia magna survival. IC50 is the concentration of landfill leachate reducing the endpoint by 50% compared to the control. IC50 is expressed in % of leachate in the test medium. Also
shown are the 95% confidence interval (CI) of the IC50 and the R2, indicating the goodness of fit of the dose-response curve fitted to the data.

Name of site

TLS MLS OLS TLS MLS OLS TLS MLS OLS

Growth rate inhibition Chlorophyll inhibition Daphnia inhibition

IC50 3.5 5.5 3.1 4.6 6.8 3.8 2.8 29.5 10.4
CI 2.6–4.8 4.8–6.3 2.2–5.9 4.4–4.9 6.1–6.9 3.5–4.9 2.8–2.2.9 21.3–41.0 9.8–11.2
R2 0.99 0.99 0.99 0.99 0.99 0.99 1 0.96 0.99
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leachates from theMallam landfill site, which was also in the methano-
genic phase, was the lowestwith an IC50 of 6.8% (Table 3). Thismight be
due to the capping of the site which prevented percolation of water
through the waste body and hence no further leaching of materials
into the sump.

The duckweed toxicity test showed acute/severe toxicity to all the
landfill leachate samples IC50 b 9 (Table 3). The Oblogo leachate had
the lowest toxicity which indicates toxicity increases with increasing
in age of the leachate. The toxicity results obtained correlates to the
physico-chemical data, because it can be observed that the COD and
TOC increases as toxicity decreases (Tables 1 and 3). The Oblogo leach-
ate has the lowest COD and TOC values which could contribute to its
high toxicity to duckweed, because plant needs carbon dioxide to sup-
port its growth. Hence, resulting in poor fronds growth and chlorophyll
content. However, for metal analysis the trends changed, where the
Oblogo leachate with high toxicity has low metal concentrations
(Table 2). The Tema leachates showered different trend in relations to
metal concentration, in that it recorded the highest concentrations of
metals, but even though showered acute toxicity it was lower than the
Oblogo leachate. This confirms Clément and Bouvet (1993), that metal
concentrations is not the only factor that cause toxicity in L. minor in as-
sessment of landfill leachate using the duckweed and this correlates to
the results obtained in this research. It can be concluded from the results
obtained that organic matter within the leachate is one of the major
causes of toxicity. Also, it was reported byWard et al. (2002), Ammonia
in leachate contributes significant amount of toxicity to plants and in-
vertebrates and this could be related to the high toxicity obtained in
the leachate samples from the various landfill sites.
3.2.2. Daphnia magna immobilization
TheD.magna acute toxicity test is one of the fastest and easiestways

of determining the quality of water samples. The leachate from the
Tema landfill site caused daphnia immobility at all concentrations
(Fig. 6), which indicates that it wasmore toxic than the other leachates.
The high toxicity could be due to the high pH of the leachate (Table 1),
which was above the optimum pH for survival, growth and reproduc-
tion of D. magna (Mahassen et al., 2011).The pH of the other leachates;
Mallam and Oblogo, fell within the optimum pH, but also these leach-
ates were toxic to D. magna at the two higher concentrations of 50
and 100 mL/L (Fig. 6).

The high toxicity of the leachates could be due to their high conduc-
tivity and the presence of heavy metals (Žaltauskaitė and Vaitonytė,
2016). The IC50 values for the immobilization of D. magna of the three
leachates were Tema - 2.3%, Mallam - 29.5% and Oblogo - 10.4% landfill.
The Mallam landfill site had the lowest toxicity compared to the other
landfill leachates, which might be due to the capping of this landfill
site reducing the leaching of potentially toxicmaterials. At the high con-
centrations of 50 and 100% all leachates were inhibitory to D. magna, ir-
respective of the age of the landfill. The trend of toxicity of Daphnia
toxicity test to the various leachate samples changed from the duck-
weed toxicity. Here, theMallam leachatewasmore toxic as to the duck-
weed to which Oblogo leachate was more toxic and this indicates that
the physiological make-up of the test organisms contribute largely to
the response to toxic substances in the sample (Table 3). The high TOC
within the leachates could also contribute to high toxicity, because the
high organic matter could result in depletion of oxygen content within
the sample there by affecting the survival rate of the Daphnia. The
high level of chlorine detected within the Mallam leachate could be
one of the contributing factors of the acute toxicity because its presence
in water body is very detrimental to the growth and reproduction of
Daphnia. The presence of Ammonia in the leachate could be contribut-
ing factor to the acute toxicity recorded with Daphnia toxicity, because
Ward et al. (2002), reported that Ammonia in leachate contributes sig-
nificant amount of toxicity to plants and invertebrates.

To establish how far the leachate toxicities differ from each other,
the toxicity values where mutually evaluated by one-way analysis of
variance (ANOVA, P b 0.05). The P-value was 0.409 which indicates
that there was no significant difference between the various leachate
toxicity values.

The results obtained will help decision makers and environmental
experts to better understand the extent of damage to ecosystem when
these leachates are released without treatment into the environment.

4. Conclusion and future perspective

The Ghana landfill leachates investigated were highly toxic to both
the aquatic organisms used for this study. The high pH, conductivity
and heavy metals levels of landfill leachates were the main causes of
the toxicity. The age of the landfill site also contributed to the toxicity
of the leachate. The leachate from the oldest site (Oblogo) being more
toxic to duckweed compared to that from the youngest site (Tema).
Leachate from the Tema landfill site was more toxic to D. magna and
less toxic to L minor. The leachate from the Mallam site was not as
toxic to the test organisms compared to the other leachates, which
could be due to the capping of the sitewhich preventedwater fromper-
colating through the waste to continue to leach potentially toxic com-
pounds. To reduce the toxicity of aged landfills, proper
decommissioning or capping is needed to reduce the percolation of
water through thewaste body. Assessing their toxicity to aquatic organ-
isms has shown the urgent need to treat leachates from landfill sites be-
fore discharge in surface water. From the results obtained, further
research will be carried out in the following area in the near future:

a) to assess the effect of landfill leachate to on-site plants and animals;
b) to detect level of contamination and toxicity of soil samples from

close to the landfill sites;
c) to evaluate leachate toxicity from other landfills in Ghana and.
d) to identify and recommend feasible and environmentally friendly

methods for waste management and landfill leachate treatment in
relations to Ghana conditions.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.



7L.N.A. Sackey et al. / Science of the Total Environment 698 (2020) 134295
Acknowledgement

Authors would like to acknowledge scientific internal grant agency
of University of Chemistry and Technology (UCT) Prague for funding
this study and its institutional support.

References

Adhikari, B., Khana, S.N., 2015. Qualitative study of landfill leachate from different ages of
landfill sites of various countries including Nepal. Journal of Environmental Science,
Toxicology and Food Technology 9, 23–36.

Aik, H.L., Hamid, N., Yung, T.H., 2010. Influence of waste age on landfill leachate quality.
International Journal of Environmental Science and Development 1, 347–350.

Assmuth, T.W., Strandberg, T., 1993. Ground water contamination at Finnish landfills.
Water Air Soil Pollut. 69, 179–199.

Aziz, H.A., Alias, S., Adlan, M.N., Asaari, F.A.H., Zahari, M.S.M., 2007. Color removal from
landfill leachate by coagulation and flocculation process. Bioresour. Technol. 98,
218–220.

Bashir, M.J.K., Aziz, H.A., Yusoff, M.S., Adlan, M.N., 2010. Application of response surface
methodology (RSM) for optimization of ammonical nitrogen removal from semi-
aerobic landfill leachate using ion exchange resin. Desalination 254, 154–161.

Chiang, L.C., Chang, J.E., Wen, T.C., 1995. Indirect oxidation effect in electrochemical oxida-
tion treatment of landfill leachate. Water Resource 29, 671–678.

Chu, L.M., Cheung, K.C., Wong, M.H., 1994. Variations in the chemical properties of landfill
leachate. J. Environ. Manag. 18, 105–117.

Clément, B., Bouvet, Y., 1993. Assessment of landfill leachate toxicity using the duckweed
Lemna minor. The Science of the Total Environment, Supplement 1993. Elsevier Sci-
ence Publishers B.V, Amsterdam, pp. 1179–1190.

Dirilgen, N., Inel, I., 1994. Effects of zinc and copper on the growth and metal accumula-
tion in duckweed, Lemna minor. Bull. Environ. Contam. Toxicol. 53, 442–449.

Dubber, D., Gray, N.F., 2010. Replacement of chemical oxygen demand (COD) with total
organic carbon (TOC) for monitoring wastewater treatment performance to mini-
mize disposal of toxic analytical waste. Journal of Environmental Science and Health,
Toxic/Hazardous Substance and Environmental Engineering 45, 1595–1600.

Environment Canada, 1999. Méthoded'essaibiologique: essai de mesure de l'inhibition de
la croissance de la plant emacroscopiquedulcicole Lemna minor, SPE 1/RM/37.

Environmental Protection Agency, 1973. Chemical Analysis for Water Quality, Training
Manual, Cincinnati, Ohio, USA.

GraphPad Prism ver. 5.01 (2009). GraphPad Software, Inc., La Jolla, USA.
Im, J.H., Woo, H.J., Choi, M.W., Han, K.B., Kim, C.W., 2001. Simultaneous organic and nitro-

gen removal from municipal landfill leachate using an anaerobic–aerobic system.
Water Res. 35, 2403–2410.

Iqbal, J., Baig, M.A., 2017. Nitrogen and phosphorous removal from leachate by duckweed
(Lemna minor). Environ. Prot. Eng. 43, 123–134.

Iqbal, J., Saleem, M., Javed, A., 2017. Effect of electrical conductivity on growth perfor-
mance of duckweed at dumpsite leachate. International Journal of Science, Environ-
ment and Technology 6, 1989–1999.

ISO (International Organisation for Standardization), 2005. Water quality - determination
of toxic effect of water constituents and waste to duckweed (Lemna minor) - duck-
weed growth inhibition test. ISO 20079 Brussels, Belgium.

ISO (International Organisation for Standardization), 2012. ISO 8692. Water Quality –
Fresh Water Alga Growth Inhibition Test with Unicellular Green Algae. ISO, Brussels.

Kettunen, R.H., Rintala, J.A., 1998. Performance of an on-site UASB reactor treating leach-
ate at low temperature. Water Res. 32, 537–546.
Klüttgen, B., Dulmer, U., Engels, M., Ratte, H.T., 1994. Adam, an artificial freshwater for the
culture of zooplankton. Water Res. 28, 743–746.

Kurniawan, T.A., Lo, W., Chan, G., Sillanpaa, M.E.T., 2010. Biological processes for treat-
ment of landfill leachate. J. Environ. Monit. 12, 2032–2047.

Lou, Z., Dong, B., Chai, X., Song, Y., Zhao, Y., Zhu, N., 2009. Characterization of refuse landfill
leachates of three different stages in landfill stabilization process. J. Environ. Sci. 21,
1309–1314.

Mackenzie, S.M., Waite, S., Metcalfe, D.J., Joyce, C.B., 2003. Landfill leachate ecotoxicity ex-
periments using Lemna minor. Water, Air, &Soil Pollution 3, 171–179.

Mahassen, M.E. Ghazy, Madlen, M.H., Eman, Y.M., 2011. Effects of ph on survival, growth
and reproduction rates of the crustacean, Daphnia magna. Aust. J. Basic Appl. Sci. 5,
1–10.

Maitia, S.K., Dea, S., Hazrab, T., Debsarkarb, A., Duttab, A., 2016. Characterization of leach-
ate and its impact on surface and groundwater quality of a closed dumpsite - a case
study at Dhapa, Kolkata, India. Procedia Environ. Sci. 35, 391–399.

Mwiganga, M., Kansime, F., 2005. The impact of mpererwe landfill in Kampala-Uganda on
the surrounding environment. Phys. Chem. Earth 30, 744–750.

NIS Elements ver. 4.2. Laboratory imaging Prague, Czech Republic.
Nyame, F.K., Tigme, J., Kutu, J.M., Armah, T.K., 2012. Environmental implications of the dis-

charge of municipal landfill leachate into the Densu River and surrounding Ramsar
wetland in the Accra metropolis, Ghana. Journal of Water Resource and Protection
4, 622–633.

Osei, J., Osae, S.K., Fianko, J.R., Adomako, D., Laar, C., Anim, A., Ganyaglo, S.Y., Nyarku, M.,
Nyarko, E., 2011. The impact of Oblogo landfill site in Accra-Ghana on the surround-
ing environment. Research Journal of Environmental and Earth Sciences 3, 633–636.

Renou, S., Givaudan, J.G., Poulain, S., Dirassouyan, F., Moulin, P., 2008. Landfill leachate
treatment: review and opportunity. J. Hazard. Mater. 150, 468–493.

Schrab, G.E., Brown, K.W., Donnelly, K.C., 1993. Acute and genetic toxicity of municipal
landfill leachate. Water Air Soil Pollut. 69, 99–112.

Schuster, J., 2019. Focus on Plant Problems. University of Illinois extension, USA.
Singh, K., Misra, A., Pandey, S.N., 2008. Responses of Lemna minor (duckweed) plants to

the pollutants in industrial wastewater. Res. Environ. Life Sci. 1, 5–8.
Statom, R.A., Thyne, G.D., McCray, J.E., 2004. Temporal changes in leachate chemistry of a

municipal solid waste landfill cell in Florida, USA. Environ. Geol. 45, 982–991.
Thomas, D.J.L., Tyrrel, S.F., Smith, R., Farrow, S., 2009. Bioassays for the evaluation of land-

fill leachate toxicity. J. Toxicol. Environ. Health 12, 83–105.
Trankler, J., Visvanathan, C., Kuruparan, P., Tubtimthai, O., 2005. Influence of tropical sea-

sonal variations on landfill leachate characteristics- results from lysimeter studies.
Waste Manag. 25, 1013–1020.

Ward, M.L., Bitton, G., Townsend, T., Booth, M., 2002. Determining toxicity of leachates
from Florida municipal solid waste landfills using a battery-of-tests approach. Envi-
ron. Toxicol. 17, 258–266.

Wellburn, A.R., 1994. The spectral determination of chlorophyll a and chlorophyll b as
well as total carotenoids, using various solvents with spectrophotometers of different
resolution. J. Plant Physiol. 144, 307–313.

Wendeou, S.P.H., Aina, M.P., Crapper, M., Adjovi, E., Daouda, M., 2013. Influence of salinity
on duckweed growth and duckweed based wastewater treatment system. Journal of
Water Resource and Protection 5, 993–999.

World Health Organization, 2011. Guidelines for Drinking-Water Quality. 4th ed. .
Žaltauskaitė, J., Vaitonytė, I., 2016. Toxicological assessment of closed municipal solid-

waste landfill impact on the environment. Journal of Environmental Research, Engi-
neering and Management 72, 8–16.

http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0005
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0005
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0005
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0010
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0010
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0015
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0015
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0020
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0020
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0020
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0025
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0025
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0025
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0030
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0030
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0035
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0035
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0040
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0040
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0040
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0045
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0045
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0050
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0050
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0050
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0050
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0055
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0055
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0060
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0060
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0065
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0065
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0065
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0070
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0070
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0075
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0075
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0075
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0080
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0080
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0080
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0085
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0085
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0090
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0090
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0095
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0095
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0100
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0100
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0105
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0105
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0105
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0110
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0110
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0115
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0115
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0115
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0120
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0120
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0120
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0125
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0125
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0135
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0135
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0135
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0135
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0140
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0140
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0145
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0145
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0150
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0150
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0155
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0160
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0160
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0165
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0165
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0170
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0170
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0175
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0175
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0175
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0180
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0180
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0180
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0185
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0185
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0185
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0190
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0190
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0190
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0195
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0200
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0200
http://refhub.elsevier.com/S0048-9697(19)34284-6/rf0200

	Ecotoxicological effects on Lemna minor and Daphnia magna of leachates from differently aged landfills of Ghana
	1. Introduction
	2. Material and method
	2.1. Sampling sites
	2.2. Sampling and analytical procedures
	2.3. Ecotoxicological bioassays
	2.4. Data analysis

	3. Results and discussion
	3.1. Landfill leachate characteristics
	3.2. Ecotoxicological assays
	3.2.1. Duckweed toxicity
	3.2.2. Daphnia magna immobilization


	4. Conclusion and future perspective
	Declaration of Competing Interest
	Acknowledgement
	References




