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Highlights: 

·    The treatment of anaerobic sludge for agricultural reuse. 

·    Sludge dewatering and stabilization in vertical wetlands with a view to environmental sustainability. 

·    Removal of pathogenic organisms in the treatment of sludge in vertical wetlands under different 

loading rates. 
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INTRODUCTION 

The law n.14.026/2020, which updates the sanitation framework in Brazil, aims to increase sewerage 

and treatment from 52% to 90% of the Brazilian population until 2033 (BRASIL, 2020). If on the one 

hand, this measure will reduce the release of untreated sewage into the environment, on the other hand 

it will result in an increase in sludge production - the main byproduct from sewage treatment.  

Although the amount of sludge represents only 1% to 2% of the volume of treated sewage, its 

management is quite complex, corresponding to 20 to 60% of the operating costs of a Sewage Treatment 

Plant (STP) (CANZIANI, 1999; VON SPERLING e ANDREOLI, 2014). Currently, the most common 

route to dispose of sewage sludge in Brazil is landfilling, whereas agricultural use and thermal methods 

play a second role. Although still environmentally accepted, there’s is a soaring tendency to restrict 

sending of wastes like sewage sludge to landfills, particularly due to the high contents of nutrients and 

organic matter. In the Brazilian context, these resources are of great interest to agricultural, livestock 

and forestry, a widespread sector ranging from the local to regional level. Despite the potential to use 

sludge derived products in soil, it is of utmost importance to assure its sanitary and environmental 

safety, which reflects in quality standards established by specific regulations - in Brazil there is the 

Resolution n. 498/2020 (BRAZIL, 2020). 

Among the alternatives to treat sewage sludge, there is the Vertical Wetlands, a relatively recent 

technology usually applied to small sanitation systems. The main advantages of this technology 

comprise good stabilization and dehydration, long term application and buildup (up to 10 years) and 



 

 

 

 

simplification of operational procedures. Besides these advantages these units could comply with 

quality standards for use in soils, although this potential are still under investigated.  

Therefore, this work aimed to assess the decay of Escherichia coli in 12 pilot scale units of vertical 

wetlands, varying the types of vegetation and sludge loads. The performance of each unit was compared 

with the Brazilian resolution 498/2020 (BRASIL, 2020), in order to check if besides sludge treatment 

these units were able to achieve biosolids standards. 

METHODOLOGY 

This work was carried out in the Sanitation Research and Training Center (CePTS - UFMG/COPASA), 

located inside Arrudas STP, in Belo Horizonte - MG. In this center, a minor part of the influent sewage 

is derived to research units, among them an Upflow Anaerobic Sludge Blanket (UASB) reactor. The 

sludge from this reactor was applied in 12 vertical wetlands, each one with 0,9 m³ and filled with 

different layers of crushed stone. A layer of 0,4 m was reserved above the media for application and 

buildup of sludge, that was applied once a week from november 2022 to february 2024.  

Different configurations were used: four units planted with tifton-85 grass (Cynodon spp.), four with 

elephant grass (Cenchrus purpureus) and four control units without the presence of vegetation; in each 

group four sludge loading rates were tested: 75, 100, 150 and 200 kg ST/m²/year. 

After stopping application of sludge, analyses of E.coli were carried out in two depths (varying 

according to each unit) in each unit. The analysis was done using the Colilert method described by EPA 

2003. Additionally, we intend to investigate helminth eggs in the sludge/biosolids accumulated in each 

wetland according to the method of Meyer et al. 1978. 

RESULTS AND CONCLUSIONS 

Figure 1 shows the concentrations of E. coli and the moisture content present in the residue accumulated 

in the two layers of each unit. The concentration of E. coli was lower in the planted units compared to 

the unplanted, as well as in the deepest layer. According to Wu et al. (2012) rapid variations in humidity 

in planted units caused mainly by the evapotranspiration process result in a significant reduction of 

pathogenic microorganisms in vertical wetlands. Additionally, there is the possibility that plants may 

release root exudates to the media, contributing to mobility and metabolization of contaminants and 

pathogenic organisms (El-Gendy e Ahmed, 2020). 

The microbiological standards for agricultural use of biosolids, established by Resolution n.498/2020,  

was achieved predominantly in the deepest layer and by the planted units. It is also worth noting that in 

general, the vertical wetland promoted a decay of 2 to 3 logarithmic units of E. coli, considering an E. 

coli average concentration of 2.86E+ 04 NMP.g-1ST in the raw sludge (from the UASB reactor). 

Tanoh et al. (2022) suggest that the hydration and dehydration process of the sludge being treated is 

one of the factors responsible for the reduction of pathogenic organisms present. KIM & SMITH (1997) 

highlight that the influence of moisture and aeration in the environment may be responsible for the 

reduction of Escherichia coli present. 



 

 

 

 

Figure 1: E.coli concentration (NMP.g-1 ST) and moisture content in the layers of accumulated 

sludge in 12 vertical wetlands used to treat sludge from UASB reactor. 

 

As presented in Figure 2, the incoming raw sludge (LB) has a high concentration of helminth eggs, with 

a value of 13 eggs per gram of TS. In general, almost all units met the limit established by legislation 

of one egg/g of TS, and the units planted with elephant grass stand out for complying with the legal 

requirements even with higher loading rates. Although studies report a higher concentration of eggs in 

the sludge accumulated in WV due to its high sedimentation rates (NELSON et al., 2004), some studies 

(SANGUINETTI et al., 2005; KONÉ et al., 2007) indicate that, in addition to natural deaths, the 

elimination of helminth eggs in sludge accumulated in WV results from biological processes occurring 

on the surface of the beds, such as dehydration, mineralization, secretion of root exudates, and 

predation. 

Regarding the sludge accumulated on the surface of the treatment units, compliance with the criteria 

established by Brazilian environmental legislation for agricultural use was achieved for the deeper 

layers of the accumulated material and consequently in the units with the presence of plants. However, 

a "rest" phase for the units is necessary for the complete stabilization of the sludge. The units planted 

with elephant grass met the limits established by Brazilian legislation of one egg/g of TS for biosolids 

suitable for disposal in agricultural areas. 
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Figure 2. Concentration of Helminths (eggs/g of TS) in the incoming sludge and experimental units. 
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