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Abstract: The indiscriminate release of effluents without any type of treatment, or previous treatment without adequate disinfection, 
can cause several inconveniences for the water body and society, including water-borne diseases. In the present study, the 
physicochemical and biological aspects of three WWTPs (Wastewater Treatment Plants) operated with UASB (Upflow Anaerobic 
Sludge Blanket) technology in Juazeiro do Norte were analyzed in order to verify the state of Ceará State legislation, compliance 
with standards for the release of domestic effluents into bodies’ receptors. In the research, it verified that the stations did not meet the 
effluent release standards for TSS (Total Suspended Solids) and removal of Escherichia coli in several analyzed months. It also 
verified that the UASB stations need a post-treatment in order to assist in the process of removal of organic matter and pathogens. 
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1. Introduction 

Sewage is defined as water supply to a community 

after its use in a variety of applications [1]. This 

wastewater contains approximately 99.9% water and 

the remaining fraction includes organic, inorganic 

solids, solvents, paper, plastic, detergents as well as 

microorganisms, and due to the degree of pollution, 

they must be treated properly before returning to the 

environment [2, 3]. 

The indiscriminate release of effluents without any 

type of treatment, or previous treatment without 

adequate disinfection, can cause several 

inconveniences for the water body and society, 

including water-borne diseases due to the contribution 

of organisms from the “coliform group” [3, 4]. 

The pollution of these water resources causes a 

number of problems, which tend to worsen over time 

because of misuse and anthropic activities developed 
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along the river basin [5]. 

Consequences of water pollution affect ecological, 

social or economic fields [4, 5]: (1) Damage to the 

human supply, making it a vehicle for the transmission 

of diseases; (2) Damages to multiple uses of water such 

as recreation, industrial, fishing; (3) Worsening 

problems of good quality water scarcity; (4) Elevation 

in the cost of water treatment, therefore, the increase of 

the tariff paid to the population; (5) Injury to fish and 

other aquatic organisms, with ecological imbalance; (6) 

Excessive algae proliferation (eutrophication); (7) 

Reduction of the average life of the population; (8) 

Higher incidence of diseases; (9) Increased hospital 

costs; (10) Increase in infant mortality and (11) 

Reduced productivity at work. 

Over a period of 9 years (2001 to 2009), diseases 

such as diarrhea and dengue, which are related to lack 

of sanitation, were responsible for more than 93% of 

hospitalizations in Brazil [6]. 

In the Garulhos region, in the city of São Paulo, Brazil, 

in 2005 and 2006, they reported that cases of diarrhea in 
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children were 15 times more frequent for populations 

with precarious housing and lack of adequate access to 

basic sanitation [7]. The mortality from this disease is a 

pointer to be considered in Public Health, given the 

responsiveness of various changes in conditions of 

access to adequate sanitation, food quality and behaviors 

of an individual in a community [8]. 

Juazeiro do Norte is located in the southern state of 

Ceará, with a population of 249,939, the climate is 

tropical hot with average temperatures of 25 ºC [9]. 

The hot climate is ideal for adoption of UASB (Upflow 

Anaerobic Sludge Blanket), technology due to the 

development of organisms in the anaerobic phase at 

temperatures above 20 ºC, and the reactor heating 

process is unnecessary [2, 10-13].  

This type of reactor was created in the 1970s by 

teacher Lettinga and his team from the University of 

Wageningen—Netherlands, characterized by a 

three-phase separation system: solid, liquid and 

gaseous. Sewage with high concentrations of pollutants, 

being applied in domestic wastewater with low 

concentrations of organic matter from the middle of 

1995 [4, 10, 14]. A great diversity of organic effluents, 

even those that previously were not believed to be 

possible to treat anaerobically, are now treated using 

UASB [15]. 

In the 1980s, feasibility studies of the UASB 

reactors were started, which were highlighted in the 

operational cost, high rates of sewage treatment, 

possibility of energy production for methane gas and 

attractive cost. However, improper use, without great 

knowledge about this type of technology, has eroded its 

image in front of us and several sanitation companies 

[16]. 

The UASB reactors can be a good option for small 

Brazilian municipalities when compared to other 

technologies, mainly due to the low cost of construction 

and maintenance, besides the possibility of the 

energetic use of the biogas generated [17, 18]. Among 

the main advantages and disadvantages of UASB type 

reactors, it is possible to highlight in Table 1. 

The Resolution COEMA (State Environmental 

Council) No. 02/2017 Article 12 governs launch 

standards for domestic sewage [19]. 

According to the Public Services Regulatory Agency 

and Delegates of the State of Ceará, ARCE [20], the 

wastewater system of Juazeiro do Norte consists of five 

WWTPs (Wastewater Treatment Plants): (1) WWTP 

Malvas—2 Anaerobic Lagoons + 2 Facultative Ponds 

+ 1 Maturation Lagoon; (2) WWTP Vila Três 

Marias—UASB + Contact Tank with Chlorination + 

Sludge Drying Bed; (3) WWTP Tenente Coelho—2 

UASB + 2 SAFs (Submerged Aerated Filters) + 2 

Decanters + Chlorination + 2 Sludge Drying Beds; (4) 

WWTP Mutirão—2 UASB + 5 Contact Tanks + 4 Mud 

Drying Beds; (5) WWTP Prourb - 8 Septic Tanks + 8 

Anaerobic Filters + Chlorination. 

Information obtained from the National Sanitation 

Information System [21], showed that in Juazeiro do 

Norte in the period from 2006 to 2016, 26,801.71 m³ of 

sewage was collected and treated. The Water and 

Sewage Company of Ceará (CAGECE) is the 

concessionaire  responsible  for  the  collection and 

treatment of sewage in the municipality. Juazeiro do 
 

Table 1  Characteristics of UASB reactors [1, 10]. 

Positives Negatives 

1. Lower power consumption. 1. Possibility of emanation of bad odors and corrosive gases. 

2. Lower production of biological sludge. 2. Longer starting period for biomass development required. 

3. Less need for nutrients. 
3. It may require additional treatment by an aerobic treatment process to 
meet effluent emission standards. 

4. Production of methane, energy source. 4. It does not allow the biological removal of nitrogen and phosphorus.

5. Lower reactor volume. 5. Very sensitive to the negative effects of low temperature. 

6. Elimination of air pollution by exhaust gases. 6. Low system capacity to tolerate toxic loads. 
7. Satisfactory removal of BOD and COD (Chemical Oxygen 
Demand), in order of 65 to 75%. 

7. May require addition of alkalizing agent. 
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Norte has 21.99% of collected sewage, being among 

the 15 worst municipalities of the 100 surveyed, in 

investments in the area of sanitation [22]. 

In view of the above, the objective was to verify the 

environmental suitability, removal of COD and 

compliance with the state legislation of treated 

effluents from stations that use UASB reactors as a 

type for the treatment of domestic effluents from 

Juazeiro do Norte. 

2. Material and Methods 

The study was carried out based on documentary 

research and data from the inspection reports of the 

State Regulatory Agency of Ceará, responsible for the 

supervision of water and sewage services in Juazeiro 

do Norte. The research considered the data (pH, COD, 

TSS (Total Suspended Solids) and E. coli) of the 

effluents treated in the WWTP Vila Três Marias, 

WWTP Tenente Coelho and WWTP Mutirão na  

(Fig. 1) due to the importance of these parameters   

in the operational control as well as a greater 

frequency of analysis of these parameters by the 

concessionaire, benefiting a greater credibility of the 

information analysis. 

According to the Sampling Plan for Sewage Quality 

Monitoring [23], for anaerobic reactor type technologies, 

with and without post-treatment, monthly analyses of 

the raw sewage are carried out and only treated for the 

COD parameter, thus making it impossible to evaluate 

the efficiency of other physicochemical and biological 

parameters of the seasons. 

2.1 Description of the UASB Reactors in Juazeiro do 

Norte 

2.1.1 Vila Três Marias 

The Vila Três Marias WWTP, receives contributions 

from Vila Três Marias community, the effluent sent to 

a lifting station equipped with railing, sandbox with 

Parshall gutter, suction well with self-priming pump 

and generator set power. After the preliminary 

treatment, the sewage is sent to the contact tank where 

chlorine is applied for disinfection and the final 

destination is the Salgado River [20]. The quality of 

the Salgado river is compromised, an important fact, 

given that the waters of this river will be used for the 

transposition of the São Francisco river [24].  
 

 
Fig. 1  Location of the UASB stations in Juazeiro do Norte. 
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2.1.2 Tenente Coelho 

The station receives an exclusive contribution from 

Tenente Coelho residential condominiums through a 

condominial collection network that drains the 

effluents, soon after it sent to the preliminary 

treatment with railing and sandbox with flow 

measurement in the Parshall gutter. This preliminary 

treatment is essential to preserve the pump motor 

assembly, which then sends the primary treatment 

sewer to two UASB reactors. The improvement of 

UASB effluent quality at the secondary level will be 

achieved through the application of a fixed film 

aerobic biological reactor, in this case an SAF was 

used as secondary sewage treatment. In practice this 

type of unit constituted of a tank, where in its interior 

there will be a filling (half support). As the filler does 

not retain the biomass, it is necessary to decant 

downstream of the reactor [4]. To do so, the ASF 

effluent will pass through a settling unit obtained with 

the use of parallel plates, called the SD (Secondary 

Decanter). After this process, the effluent will be sent 

for disinfection with chlorine and will pass into a 

contact tank. Finally, the final destination is the 

Salgado River [20]. 

2.1.3 Mutirão 

It receives the contribution of the housing complex 

Frei Damião, where it passes through an elevation 

with well sand, railing and suction well with 

submersible pumps. Subsequently, the effluent is 

repressed to an equilibrium tower for the purpose of 

breaking the pressure so was not to cause operational 

problems in the UASB reactors which soon follow 

after the tower. After the anaerobic treatment in the 

UASB, the first one is directed to the five contact 

tanks, where it was disinfected with chlorine, and 

finally, the final destination is disposed of in a soil 

near the station [20]. 

2.2 Launch Patterns 

Regarding the launching standard, the final quality 

of the WWTP effluent was evaluated in compliance 

with the standards established by the SEMACE (State 

Environmental Authority, Ceará), contained in the 

COEMA no. 02, dated February 21, 2017, which on 

standards and conditions for the discharge of liquid 

sources (Table 2). 

2.3 Efficiency of Removal of Organic Compounds 

In order to calculate the efficiency of COD removal 

at the stations studied [3], Eq. (1): 

100C C

C

A E
E

A

 
  
 

           (1) 

where: 

“E” is removal efficiency (%); 

“Ec” is efluent concentration in mL; 

“Ac” is afluent concentration in mL. 

The same methodology was used in other studies on 

effluent treatment [12, 25, 26]. 

3. Results and Discussion 

3.1 COD Removal Efficiency 

The efficiency of COD removal at the stations that 

operated with UASB in Juazeiro do Norte, is observed 

according to Fig. 2, that from March to November of 

2017, the station Mutirão, although the WWTP did not 

obtain an aerobic treatment to guarantee the improved  
 

Table 2  Standard of release of domestic effluents from state legislation [19]. 

Resolution standards No. 02/2017 art. 12, COEMA 

Parameter Unity Maximum value  

pH - 5.0-9.0 

COD Not specified 

TSS mg/L 100.0 

E. coli Number of CFU (Colony Forming Units)/100 mL 5,000 
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Fig. 2  Efficiency of COD removal at UASB stations in Juazeiro do Norte. 
 

quality of the effluent, it was the one that had higher 

removal rates of COD, against WWTP Tenente Coelho 

and WWTP Vila Três Marias. However, in the months 

of December (2017) to February (2018) the CAGECE 

due to operational problems, did not carry out analyses 

of the quality of the effluent in this station. In addition, 

in September 2017 no analyses were carried out in two 

stations. 

It is also verified through Fig. 2 that in the months of 

March/2017 and February/2018, there was negative 

efficiency of organic matter removal at Vila Três 

Marias station, that is, the organic load of the sewage 

dumped in the Salgado River is greater than organic 

load of raw sewage affluent to the season.  

This fact can be explained by the occurrence of a 

possible overload of oils and greases in the reactor, thus 

causing the adsorption of fat in the bacterial sludge, 

causing a drag of solids and, therefore, influencing the 

organic matter removal in the reactor [13]. 

The average COD removal efficiencies are 

consistent with the values presented in the literature 

[27-29]. 

3.2 Quality of the Treated Effluent 

3.1.1 pH 

The quality of the effluent should meet the state 

regulations for the discharge of water bodies, in 

relation to the effluent of the UASB reactors, it is 

recommended post-treatment for a better efficiency of 

this system [1, 10]. Fig. 3 shows the variation of pH in 

relation to the months at the UASB stations in the city, 

where there is a trend towards the neutrality range 

with the highest average pH at the station Tenente 

Coelho, corroborating with other studies in the 

literature [30, 31]. The state standard establishes a pH 

range of 5.0 to 9.0 (Table 1), with all the stations 

under study complying with the legislation regarding 

this parameter (Fig. 3). The pH is an extremely 

important environmental condition in anaerobic 

processes, with an optimum pH range between 6.6 and 

7.6; ideally between 7.0 and 7.2 [2]. The control 

process of this parameter must be made strictly, as it is 

affected by organic acids and the carbon dioxide 

de-equilibrium reactions [2]. The pH condition 

influences the development of the process, if the pH 

falls sharply, it means that the acids formed are not 

being neutralized by the absence of alkalinity in the 

medium, or not converted to methane gas, this process 

is known as reactor souring, leading to the collapse of 

the process [2]. In this case, the reactor after the 

souring process will only work again after the addition 

of external alkalinity [13]. 

3.1.2 E. coli 

The  state  legislation  establishes  (Table 1) a 

maximum limit of E. coli in eviction after treatment of 

up to five thousand CFU (number of CFU) per 100 

mL. Fig. 4 shows the results analyzed in the three 

stations with UASB technology in Juazeiro do Norte 

in relation to this parameter. According to Fig. 3, 

Tenente Coelho and Mutirão WWTPs, during the  
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Fig. 3  pH in function of the months in UASB reactors of Juazeiro do Norte. 
 

 
Fig. 4  E. coli in function of the months in UASB reactors of Juazeiro do Norte. 
 

 
Fig. 5  TSS in function of the months in UASB reactors of Juazeiro do Norte. 
 

whole analyzed period, did not present satisfactory 

results of E. coli equal to or below the maximum 

value allowed in the state standard. 

The Vila 3 Marias WWTP (UASB + Chlorination) 

obtained a satisfactory result in the reduction of 

pathogens according to the legislation, only in the 

months of April (100 CFU/100 mL) and June (1 

CFU/100 mL), the E. coli values in the treated effluent 

being still quite high when compared with some 

authors [32, 33]. Anaerobic reactors are not designed 

for the purpose of removal of microorganisms, this 

being a consequence of the retention of solids [14]. 

3.1.3 TSS 

Fig. 5 shows the monthly concentrations of TSS at 

UASB WWTPs in Juazeiro do Norte. 

In relation to the state legislation for the discharge 

of sewage treated in the environment (Table 2), 

according to Fig. 5, the Tenente Coelho WWTP 

(March, April, May, June, October and November) 

and Mutirão (April, July, November, December and 

February) obtained in five months values of 

compliance with resolution COEMA No. 02/2017 for 

the parameter TSS, against only two months (May and 

October) of the Tenente Coelho WWTP. 

3.3 Statistics of WWTPs 

Table 3 features measures of central tendency 

(average) and variation (minimum, maximum and 

standard deviation) of the UASB technology in 

Juazeiro do Norte operated by CAGECE. 
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Table 3  Parameters analyzed. 

WWTP Variable COD (mg/L) TSS (mg/L) pH 
E. coli  
(CFU/100 mL) 

Vila 3 Marias 

Average 254.93 114.00 7.37 6.61E+06 

Standard Deviation 57.51 75.26 0.25 9.79E+06 

Maximum 361.39 268.00 7.66 2.40E+07 

Minimum 177.27 47.50 6.84 1.00E+00 

Tenente Coelho 

Average 518.43 172.00 7.57 7.87E+06 

Standard Deviation 124.74 81.49 0.18 6.79E+06 

Maximum 773.49 340.00 8.09 2.40E+07 

Minimum 308.32 60.00 7.43 1.00E+00 

Mutirão 

Average 297.63 75.35 7.09 1.80E+06 

Standard Deviation 187.57 67.72 0.26 3.25E+06 

Maximum 721.78 230.00 7.57 8.20E+06 

Minimum 200.54 30.50 6.82 1.00E+00 
 

Table 3 shows that among the three WWTPs 

studied with respect to the parameter TSS, the Mutirão 

WWTP obtained the lowest mean concentration 

(75.35 mg/L) of TSS, when compared with the Vila 

Três Marias (114 mg/L) and Tenente Coelho (172 

mg/L) WWTPs. The highest average of the Tenente 

Coelho station (UASB + SAF) can be attributed to 

aeration problems [34], since it is the only station that 

has an aeration system among the others, besides that 

this station in none of the months reached the 

expected quality of the effluent as for the parameter 

TSS ≤ 30 mg/L [4].  

Also, in Table 3, it can be inferred that the WWTP 

that obtained the highest COD averages was the 

Tenente Coelho WWTP, results that can be attributed 

to factors such as operational problems, bad station 

design, as well as problems of effluent distribution 

and hydraulic overload of the system. 

4. Conclusions 

The conclusions found in the study reveal that the 

treatment of domestic effluents through UASB reactor 

systems requires a later phase of treatment, since this 

technology without an adequate post-treatment had 

values well above those that are allowed in the state 

resolution for launching effluent in water bodies. 

The performance of the UASB + SAF system stated 

that due to possible operational problems, they 

provided unsatisfactory average results for all 

parameters analyzed in this study (except pH) and did 

not comply with the environmental legislation of the 

State of Ceará, regarding the discharge of domestic 

sewage in water bodies. 

As a result of the low levels of compliance with the 

legislation, it is concluded that there is a need for the 

concessionaire to take emergency measures in order to 

ensure the proper and safe treatment of domestic 

effluents as well as disposal within established 

standards. 
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