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Sewage is a rich source of nitrogen, phosphorus, and potassium, and its efficient management can reduce 
pollution, promote sustainable water use, and enable its use as fertilizer. Material Flow Analysis (MFA) has 
been effective in managing these nutrients within the sanitation system. This study conducted a Nitrogen 
Flow Analysis (NFA) in the Identity Territory of the Southernmost Region of Bahia (TI07) for 2022, revealing 
that 46.31% of the sewage is discharged directly into the hydrosphere, possibly contaminating water bodies. 
Therefore, technologies such as vermifilters and green septic systems are recommended for treating sewage 
and recycling nitrogen for use as fertilizer or in food production. The NFA also showed that waste management 
accumulated 23.49% of the system's total nitrogen, highlighting the potential for composting, fertilizer supply, 
and strengthening local family farming.
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The composition of sewage is primarily 
feces, urine, and gray water, with urine being the 
primary source of nutrients (80% of nitrogen, 55% 
of phosphorus, and 60% of potassium) [1,2]. This 
means that the sanitation system is a rich source of 
nutrients, whose efficient management can bring 
benefits across a broad spectrum of applications. 
The recovery of nutrients from feces and urine 
aligns with the concept of ecological sanitation, 
contributing to the rational use of water, reducing 
pollution of water resources, and also having 
potential use as fertilizer.

To manage the nutrients present in the sanitation 
system, such as nitrogen, Material Flow Analysis 
(MFA) provides a comprehensive and consistent 
set of information on all flows and stocks within 
the system. Therefore, it has proven to be a highly 
relevant tool for assisting in decision-making, 
especially in environmental management and 
the formulation of public policies aimed at the 
environment [3].

Considering the increasing amount of nitrogen 
fertilizer imports in recent years to meet the 

agricultural systems in Bahia, this study aimed to 
conduct a Nitrogen Flow Analysis (NFA) in the 
sanitation system of the Identity Territory of the 
Southernmost Region of Bahia (TI07) for the base 
year of 2022. The analysis focused on identifying and 
quantifying primary nitrogen inflows and outflows, 
evaluating key opportunities for nutrient recovery, 
and assessing the potential environmental impacts 
associated with their losses, according to the types of 
sanitation systems used by local households.

 
Materials and Methods

 
Study Area

The scope of the problem encompasses 13 
municipalities in TI07 – Southernmost Region 
of Bahia, as indicated in the State Solid Waste 
Plan of Bahia (PERS/BA), which includes the 
municipalities of Alcobaça, Caravelas, Ibirapuã, 
Itamaraju, Itanhém, Jucuruçu, Lajedão, Medeiros 
Neto, Mucuri, Nova Viçosa, Prado, Teixeira de 
Freitas, and Vereda. The TI07 region covers an 
approximate area of 18,538 km² and is notable 
for its production of coffee, sugarcane, papaya, 
and cow's milk. Caravelas, Itanhém, Jucuruçu, 
Lajedão, Prado, and Vereda are the municipalities 
where agriculture and livestock are the sectors that 
contribute the most to the local GDP.
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Flows and Processes

The NFA of TI07 corresponds to the region's 
sanitation system, characterized by internal 
processes that involve the input of nitrogen 
through food consumption, as well as activities 
related to the management of human excreta and 
organic solid waste. The study system involves 
ten processes within the sanitation system, three 
stocks, and 24 flows. The detailed NFA is shown in 
Figure 1 in the Results and Discussion section.The 
execution of the NFA will be carried out using the 
free software SubSTance Flow ANalysis (STAN), 
which helps create a graphical representation of 
the mathematical model and, as the final product, 
presents the Sankey diagram, facilitating the visual 
understanding of the substance flows.

 
Data Collection

For the nitrogen input flow contained in the 
food consumed by the population of TI07, data 
from the 2017 Household Budget Survey (POF) 
were used, supplemented with information on 
food consumption outside the home [4]. The 
nitrogen content of these foods was calculated 
based on the Brazilian Food Composition Table 
(TBCA 7.2). Sanitation data was obtained 
from the 2022 Census via the IBGE Automatic 
Recovery System (SIDRA), and information on 
Sewage Treatment Plants (STE) came from the 
2020 Sewage Atlas (ANA). As for solid waste, the 
data was extracted from PERS/BA, with primary 
data collection carried out in the municipalities of 
Ibirapuã, Jucuruçu, Lajedão, and Vereda between 
2020 and 2021, and secondary data from PAC 2 
diagnostics, from 2018 and 2019, provided by 
the Urban Development Company of the State of 
Bahia (CONDER).

 
Nitrogen Content of Flows

The conversion of the protein content of foods 
from the POF into the amount of nitrogen was 
calculated by dividing the percentage of crude 

protein in the food by the nitrogen-to-protein 
conversion factor from Jones. For calculating the 
nitrogen content in solid waste flows, a percentage 
of 2.6% of the organic matter in the municipal solid 
waste (MSW) was adopted [5]. For determining 
the nitrogen content in feces and urine flows, 
values of 1.8 g N/ N/person/day and 11 g N/ N/
person/day were used, respectively [6].

 
Uncertainty Assessment

The uncertainty assessment was based on a 
method involving sensitivity analysis of the data 
and the enhancement of established techniques, 
such as the pedigree matrix and the HS method, 
for characterizing uncertainty in Material Flow 
Analysis (MFA) [7].

 
Results and Discussion

The nitrogen balance for the sanitation system 
of TI07 in the base year 2022 is depicted in Figure 
1. This balance reveals that the total nitrogen 
content in the food consumed by the TI07 
population amounted to 2322.51 ± 387.3 t.year-1.

Out of this total, 498.65 ± 353.7 t.year-1 was lost 
as organic waste, which, under the current waste 
management practices in the region, is disposed 
of in three active landfills or open dumps. The 
nitrogen output from the Human Consumption 
process that was directed into the sanitation system 
corresponds to 78.53% of the remaining amount.

The flows of feces and urine were distributed 
according to the categories of excreta management 
technology adopted by each household, as per the 
IBGE. The types of sanitation responsible for 
the largest nitrogen flows into the hydrosphere 
are general sewerage (53.54%); rudimentary pits 
(30.92%); and septic tanks not connected to the 
sewage network (13.64%). The nitrogen fractions 
resulting from excreta disposed of in drainage 
ditches (1.56%) or directly into the hydrosphere 
(2.72%) are significantly smaller. The percentage 
of nitrogen from sewage generated by the 
population that reported not having a bathroom is 
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the lowest of all, corresponding to 0.51% of the 
total nitrogen flow discharged into the hydrosphere. 
Nitrogen from feces and urine flows directed to 
the general sewerage system is partially treated at 
the region's four active sewage treatment plants 
(STPs), located in Caravelas, Itamaraju, Mucuri, 
Nova Viçosa, and Teixeira de Freitas (754.94 ± 
183.4 t.year-1 of N). In contrast, the remaining 
portion (194.33 ± 59.6 t.year-1) is discharged 
untreated into water bodies. The nitrogen output 
from the STPs follows three potential pathways: 
discharge into the hydrosphere after effluent 
treatment (703.77 ± 186.1 t.year-1 of N); final 
disposal of sewage sludge in waste management 
areas (46.91 ± 31.3 t.year-1 of N); and atmospheric 
emissions of N2O (4.26 ± 1.1 t.year-1 of N).

When it comes to the discharge of treated 
sewage into water bodies, only the municipalities 
of Caravelas, Itamaraju, Mucuri, Nova Viçosa, 
and Teixeira de Freitas treat part of their sewage 
through STPs, accounting for 39.70% of the 
nitrogen released into the hydrosphere. The 
Itamaraju STP channels its effluents into the 
Jucuruçu River, the Mucuri STP into the Mucuri 
River, and the Teixeira de Freitas STP into the 
Itanhém River. In Caravelas, effluents are directed 
to the Caravelas River, while in Nova Viçosa, 
they are sent to a tributary of the Peruípe River. 
The nitrogen from sewage treated by these STPs 
could potentially be used in irrigated agriculture, 
as studies in Brazil have demonstrated the 
feasibility and effectiveness of such applications 

Figure 1. Nitrogen balance for TI07, base year 2022 - Sanitation System.

NFA Sanitation System - TI07

Atmosphere

Waste Management

Human
consumptionA1

2,322.51+387.3-

AFN SANEAMENTO TI EXTREMO SUL BAHIA- 07 - 2022

S   1W
F1

U1

F2 U2

S1F3

U3

F4

U4

F5

U5

F6

U6
F7

U  3S

U  2S

N1

U  1S

U  4S

T 1S

T 2S

S  1L

U7

Septic tank

Sewarage

Sewage treatment
plant

Hydrosphere

Rudimentary Pit

Drainage ditch

People without
bathroom or

toilet

498.65+353.3-

38.12+11.7-

221.59+71-

2.5+0.8- 15.33+4.6-

754.94+183.4-141.86+43.4-

789.58+183.8-

85.22+26.4-

462.81+158-

3.9+1.2-

23.67+7.2-

1.26+0.4-

7.71+2.3-

6.77+0.6-

41.37+3.4-

8.97+2.4-

+1,772.69+248-

27.57+7.3-

548.03+160-

194.33+59.6-

703.77+186.1-

241.88+72.1-

46.91+31.3-

4.26+1.1-

+545.56+354.7-

Import:2,322.51+387.3t/a-

+4.26+1.1-

dStock:2,322.51+387.3t/a- Export: 0 t/a



www.jbth.com.br

302 JBTH 2025; (June)Nitrogen Flow in the Sanitation System

[8]. However, it is essential to evaluate the current 
conditions of these STPs before implementing any 
irrigation systems.

A persistent issue in municipalities is the 
overflow of sewage onto the streets, leading to 
problems such as foul odors and the proliferation of 
disease-carrying vectors. Furthermore, numerous 
points in the region discharge untreated sewage. A 
recent study conducted at 12 locations within the 
Water Planning and Management Region (RPGA), 
which encompasses the TI07 municipalities, found 
that although the Water Quality Index (IQA) is 
generally considered good, the Itanhém, Jucuruçu, 
and Peruípe river basins showed elevated levels of 
ammonia at some monitoring sites, according to the 
standards set by CONAMA Resolution 357/2005 
[9]. These high ammonia levels are directly 
associated with sewage discharges and land use 
practices in the basins [10]. Runoff from fertilizers 
and soil leaching are among the primary sources of 
these pollutants. It is crucial to note that nitrogen in 
the form of free ammonia is highly toxic to fish [8].

To address the issue of raw sewage being 
discharged directly into the hydrosphere, alternative 
solutions to traditional septic or rudimentary pits 
can be considered, such as green cesspools and 
vermifilters. The green cesspool is a buried and 
waterproofed basin with filtering layers covered 
by soil, where plants like banana trees, taro, or 
lily of the valley are cultivated [11]. Vermifilters, 
on the other hand, function as aerobic filters that 
do not produce sludge and require no energy, yet 
they offer performance comparable to conventional 
treatment systems [12,13]. The humus generated 
by the vermifilter can serve as a nutrient source for 
fertilization, though it is not advisable for use in 
vegetable gardens. However, the food and leaves 
produced in green cesspools remain uncontaminated 
and safe for human consumption [11].

It is worth noting that a portion of the TI07 
population reported not having access to a 
bathroom. A practical solution to this issue could 
be the implementation of dry toilets, which are a 
low-cost and easy-to-install alternative [14]. In 
these toilets, urine and feces are separated by a 

specialized toilet bowl. The feces are directed to 
composting for use as fertilizer. At the same time, 
the urine is stored for approximately a month 
before being utilized as a source of nitrogen and 
potassium for perennial, fruit, or annual crops [15]. 
Regarding nitrogen flows beyond excreta, food 
waste also accounts for a significant portion of the 
system's nutrients, representing 21.47%.Domestic 
composting of organic waste can significantly 
reduce the volume of urban solid waste collected, 
leading to cost savings, reduced material usage, 
and lower energy consumption for infrastructure, 
while also conserving landfill space and extending 
the operational lifespan of landfills [16,17]. The 
compost produced is an organic material rich in 
micronutrients, which can be used as fertilizer, 
supporting local family farming or recycling 
nutrients back into the soil [17].

As for the nitrogen from sewage sludge 
generated by the STPs, its contribution corresponds 
to 2.02% of the total nitrogen in the system, 
being directed to the regional waste management 
system. The chemical composition of sludge varies 
depending on the type of effluent, the treatment 
system, and seasonal factors. However, improper 
disposal in landfills or open dumps can lead to 
contamination problems and the proliferation 
of disease vectors [18]. After treatment and 
stabilization, the sludge becomes biosolid —a 
material rich in macronutrients (nitrogen and 
phosphorus), micronutrients (zinc, copper, iron, 
manganese, and molybdenum) [19], and organic 
matter, with potential applications in agriculture 
or the recovery of degraded areas. Like organic 
waste, sludge can be treated and transformed into 
biosolids through composting.

By combining the nitrogen flows from sewage 
sludge and organic waste, a nitrogen stock 
is formed in the waste management process. 
Considering an average loss of 25% of the nutrient 
after composting [20] and the recommendation 
of organic nitrogen fertilization (NOrganic = 60 
kg·ha-1) for papaya cultivation [21], this stock has 
the potential to produce enough fertilizer to cover 
approximately 7,000 hectares.
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Conclusion

The nitrogen flow analysis provided an 
overview of the nitrogen pathways in the TI07 
sanitation system. The Sankey diagram presented 
in Figure 1 provides a visual understanding of 
how the system is organized in terms of flows, 
processes, and stocks, as well as the magnitude of 
the nitrogen quantities associated with each.

Through the Nitrogen Flow Analysis (NFA), it 
was found that a significant amount of sewage from 
TI07, approximately 46.31%, is being directly 
discharged into the hydrosphere, potentially 
contaminating water bodies. This situation 
is supported by studies indicating alarming 
levels of ammonia, highlighting the urgent need 
for interventions. The adoption of alternative 
technologies for decentralized sewage treatment, 
such as vermifilters and green pits, is a viable 
solution for utilizing nitrogen, either through the 
production of fertilizer or local food consumption.

It was also observed that the combination of 
nitrogen flows from food waste and sewage sludge 
resulted in an accumulation of 23.49% of the total 
nitrogen in the sanitation system. This indicates 
a significant potential for waste recycling, which 
could strengthen the still-limited local family 
farming.
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