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Abstract: - The purpose of the present study was the assessment of the potential reusability of landfill leachates 

for agricultural irrigation, after advanced oxidation treatments. The UV/Fenton and Fenton processes were 

applied to the treatment of two different landfill leachate samples, L1 and L2, classified as intermediates, 

collected from two different landfills located in Macedonia, Greece. Samples were characterized by high COD 

and TOC values, ranging from 5500-6100 mg/l and 1700-1780 mg/l, respectively. The treatment efficacy and 

toxicity characteristics were evaluated by conducting phytotoxicity tests. Sorghum saccharatum seeds were 

used and the germination index (GI) was estimated. The results showed that the UV/Fenton process achieved 

better organic matter removal rates for both samples. The untreated undiluted leachates L1 and L2 were highly 

toxic, resulting in GI values of 0. The results of the study showed that Sorghum saccharatum seed germination 

depends on the nature of the irrigation media and that optimum germination rates were achieved at dilutions of 

treated leachates with ratios higher than 1:4.  
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1 Introduction 
Landfill leachate is a dark-coloured complex and 

highly variable wastewater that is produced when 

rainwater percolates through waste materials 

disposed of in a landfill, [1]. Due to its composition, 

it is one of the major sources of pollution if 

discharged into an environmental system, [2]. It 

typically contains a variety of micropollutants, 

including phenols, plasticizers, pharmaceuticals, 

pesticides, personal care products (PCPs), endocrine 

disruptors, PCBs, PAHs and organo-chlorinated 

compounds as recalcitrant substances, refractory 

compounds, heavy metals, [3], [4], [5], inorganic 

compounds and pathogens, [3].   Therefore, it is 

characterized by high levels of organic load 

expressed as TOC, COD, BOD5, and inorganic load 

as salinity (Na+, K+, Ca2+ or Cl- ions), ammonia, [2], 

[5] and Cr, Cd, Pb, Hg, Ni, Cu, Zn, Fe, and Se, [6].  

A common pollutant indicator in landfill leachate 

is the colour, which mainly comes from the 

decomposition of organic compounds, such as 

humic acid, which may turn the water’s colour 

yellow or dark brown. Total dissolved solids (TDS) 

play a key role, as they display the influence of 

certain cations and anions, on wastewater. However, 

landfill leachate’s composition and quantity differ 
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depending on the age, ambient air temperature, 

permeability, degradation procedure, climate, and 

type of waste. It is known that as landfill leachate 

ages, the pH increases, [7], the organic load 

decreases and stabilizes, [5], and the metal 

concentration becomes lower, but it still remains 

hazardous waste that requires proper treatment to 

minimize the risks to the ground, surface water, soil, 

animal and human health, [7]. 

Existing landfill leachate treatment technologies 

can be classified into two main categories: 

conventional and advanced. Conventional methods 

considered as the combined treatment of domestic 

sewage with landfill leachate, recycling, 

biodegradation processes (aerobic and anaerobic 

treatment), and physicochemical methods, such as 

air stripping, flotation, coagulation-flocculation, 

settling, chemical precipitation, adsorption, and their 

combination, [8], [9], [10], [11]. Advanced methods 

are a broad category of processes that includes 

various filtration methods such as ultrafiltration, 

microfiltration, nanofiltration, and reverse osmosis, 

as well as advanced oxidation processes (AOPs).  

Each treatment has its pros and cons. For example, 

biological processes can be very effective in 

removing organic matter and total N from “young” 

leachates when their BOD/COD ratio is above 0.5, 

but over time the presence of humic and fulvic acids 

as indicators of leachates’ maturity, tends to limit 

the effectiveness of the method, [9]. Also, the 

typical coagulation-flocculation process can be used 

as the pre-treatment or final step for the removal of 

non-biodegradable organic matter. However, the use 

of chemical reagents, the production of a constant 

volume of sludge, and the noticeable increase in the 

concentration of aluminum or iron in the liquid 

phase do not make the application of the method 

ideal, [9]. Thus, based on environmental and 

economic criteria, it is essential to choose green 

technologies, which aim to minimize chemical and 

energy consumption, produce less sludge and by-

products, and can degrade a wide range of 

micropollutants, [12].  

AOPs can be considered “cleaner” technologies 

with great abatement effectiveness on toxic 

substances. AOPs are based on the production of 

highly reactive non-selective oxygen species (ROS), 

which cause redox reactions, [12].  Electrochemical 

oxidation, electrocoagulation, photocatalysis 

activated by semiconductors, sonolysis, ozonation, 

Fenton, photo-Fenton and UV/Fenton are some of 

the AOPs, [12], [13]. Among them, the Fenton 

process, a reaction between dissolved iron ions 

(Fe2+) and hydrogen peroxide (H2O2), resulting in 

the production of hydroxyl radicals, leads to the 

formation of oxidative radicals, which react with the 

organic pollutants in the sample, causing their 

degradation or transformation. The Fenton process 

can be combined with other AOPs, like UV-light, 

where the synergistic effect of different processes 

can significantly improve the oxidation efficiency of 

contaminants compared with the individual 

treatment technology, [14]. At the UV/Fenton 

process, H2O2 is catalysed by Fe2+ producing more 

OH radicals. Simultaneously, Fe3+ can be 

transformed to Fe2+ by UV, to catalyse H2O2, [15]. 

The main advantages of Fenton and UV/Fenton 

processes are the high reaction rate, the high 

efficiency in degrading pollutants, and mineralizing 

landfill leachates, [1]. Thus, treated landfill 

leachates present an opportunity not only for their 

safe disposal in water receivers but also for their use 

as a potential source of water for agricultural 

purposes, such as irrigation, soil amendment and 

fertigation. 

Reusing leachate in agriculture can be a 

challenging task as it requires careful treatment and 

management to ensure that it is not toxic to the 

environment. Therefore, ecotoxicological tests 

should be performed to indicate the impact on living 

organisms. Ecotoxicity tests show a wide variety. 

Some of these are based on the use of plants, and 

called phytotoxicity tests. These tests are mainly 

based on the assessment of germination rate, root 

growth and/or plant growth rate, [16]. 

The aim of the present research, which was 

carried out as part of the UV-LEACH project, was 

to evaluate the potential of reusing leachates for 

agricultural irrigation purposes, after their treatment 

with AOPs (Fenton and UV/Fenton process), and 

the evaluation of their phytotoxicity, using Sorghum 

saccharatum seeds. 

 

 

2 Problem Formulation 
The agricultural sector is one of the greatest users of 

freshwater, accounting for approximately 50% of 

total annual water consumption, [17]. In May 2018, 

the European Commission proposed a regulation, 

which sets new standards that reclaimed water must 

meet to be used for agricultural irrigation, 

alleviating water stress, [18], followed by the Water 

Reuse Regulation ((EU)2020/741). In 2050, the 

world population is estimated to reach around 9 

billion. Consequently, water scarcity is an actual 

threat to food security because of the limited water 

resources.   
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The necessity of safe water reuse drew the 

attention of the research community to the proper 

treatment of landfill leachates. For this reason, many 

studies focused on new advanced oxidation 

processes for the elimination of emerging 

contaminants.  

 In the present study, two leachate samples, L1 

and L2, were collected from two different landfills 

located in Macedonia (Greece). The samples can be 

characterized as intermediates, based on the typical 

classification of leachates, [19]. Their COD and 

TOC values were determined and found to be 

particularly high, ranging from 5500-6100 mg/l and 

1700-1780 mg/l, respectively. Therefore, their 

organic load makes them unsuitable for reuse, 

without proper treatment. 

 

 

3 Problem Solution   
Samples L1 and L2 were treated by Fenton and 

UV/Fenton processes. Specifically, the experimental 

procedure started with the preparation of each 

sample with pH adjustment at 3 using sulfuric acid 

(H2SO4). A sample volume of 300 ml was 

introduced into the reactor. H2O2 and Fe(II) were 

added in the ratio of COD: [H2O2] = 1:1 and 

[Fe(II)]: [H2O2] = 1:10, respectively. The UV lamp 

was placed in the reactor at t = 0 min. After 60 

minutes of treatment, the samples were centrifuged 

and filtered (0.45 μm filter). The treated samples 

were subjected to analysis to evaluate the 

homogeneous oxidative processes for their 

efficiency. Under the applied experimental 

conditions, the UV/Fenton process achieved higher 

COD and TOC removal for landfill leachates L1 and 

L2 (Table 1), highlighting it as the optimal organic 

load removal technique. The differences noted in the 

removal rates are probably due to the different 

characteristics of the leachates such as their age and 

the type of pollutants contained, [20]. It should be 

mentioned that a part of the organic contaminants is 

not degraded, and probably is transferred to another 

phase through sludge formation. The Fenton process 

can remove an amount of organic matter via 

coagulation that occurs due to the iron salt addition 

in combination with the acidic pH of the solution, 

[21].  

Despite the improvement of leachate 

characteristics, their reuse for irrigation purposes 

should be considered under preliminary 

phytotoxicity experiments at the lab scale. The 

evaluation of toxicity of untreated and treated 

samples was conducted by phytotoxicity 

determination using higher plant species, such as 

Sorghum saccharatum, (Figure 2). All tests were 

carried out with Plant Growth Incubator (MRC, 

PGI-550RH). Distilled water was used for positive 

control. Treated leachate samples were diluted with 

distilled water at dilution ratios of 1:2, 1:4, 1:6, 

1:10, 1:25, 1:50, 1:75 and 1:100. Four (4) ml of each 

concentrated and diluted leachate sample was added 

to a Petri dish containing four (4) pieces of blotting 

paper onto which 20 seeds were evenly placed. Petri 

dishes were incubated for 72 h at 25 oC. After the 

incubation period, sprouted seeds were counted and 

the germination index (GI) was calculated. 

As can be seen in Figure 1, there is a notable 

difference in seed germination between the 

concentrated untreated and treated leachates. The 

absence of seed germination, corresponding to zero 

values of GI for concentrated L1 and L2 samples, 

reveals the high level of their toxicity and underlines 

the need for their effective treatment, [22]. Notably, 

even a dilution ratio of 1:2 of the untreated samples 

cannot result in any seed germination. However, a 

dilution ratio of 1:4 may result in seed germination 

since GI increases to 55-60 %. A percentage that 

successively increases as the dilution factor 

increases (GI ranges from 70-90%). For leachate 

sample L2, the oxidation processes achieved similar 

levels of GI, i.e. 65 % for the UV/Fenton process, 

and 75 % for the Fenton process, showing that none 

of the applied treatments may be considered 

optimal. On the contrary, a treated L1 sample may 

cause seed germination only after dilution. GI 

values ranged between 80-95% for both samples 

after dilution. Treatment of landfill leachate L1 with 

both processes resulted in lower GI values 

compared to L2.  

 

Table 1. Percent removal of leachate samples after 

Fenton and UV/Fenton treatment. 
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Fig. 1: Germination Index (GI) of untreated, Fenton 

and UV/Fenton treated non-diluted and diluted 

leachate samples L1 and L2 

 

 

 

Fig. 2: Seeds of Sorghum saccharatum (upper left), 

germinated seeds (upper right), experimental layout 

for GI evaluation using seeds of Sorghum 

saccharatum and different dilutions of leachate 

samples, including positive and negative controls 

(lower left), and a Petri dish with no seeds 

germinated (lower right). 

 

In a more general context, the phytotoxicity 

results indicate the need to dilute the samples to a 

ratio greater than 1:4, after they have first been 

treated so that the germination of the seeds of the 

selected plant species is possible. This result is 

consistent with studies reporting that dilution 

decreases the organic, and inorganic load and 

electric conductivity of the leachates resulting in not 

only high rates of germination but also high 

productivity of selective plant species, [23], [24]. 

Regarding the effect of advanced oxidation 

processes on the germination index, it is evident that 

the differences are negligible, with higher 

percentages presented by sample L2, as it also had 

the highest removal of organic load during its 

treatment.  

 

 

4 Conclusion 
The experimental results of this preliminary study 

revealed that the Fenton process enhanced by UV 

radiation can be a promising treatment for leachates. 

In addition, the results of the phytotoxicity tests are 

an important indication that the treated leachates 

with appropriate dilution can be used for 

agricultural irrigation, being at the same time a way 

out of water scarcity and a potential source of 

nutrients for soil fertilization. 

Further work is needed to optimize landfill 

leachate treatment processes to minimize potential 

risks from their use as a water source. In this 

context, phytotoxicity tests should be carried out 

with different plant seeds, which vary according to 

their susceptibility to toxicity. A future study should 

also be to irrigate plants under greenhouse 

conditions to assess the effect of treated leachate 

irrigation on plant growth, soil quality and potential 

groundwater contamination.  

Finally, the present study is the starting point for 

the treatment of very difficult liquid waste and its 

reuse according to the terms of sustainability and the 

circular economy. Its results at the laboratory scale 

can be applied in practice with a view to the future 

solution to the problem of increasing pollution and 

water scarcity. 
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