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O e-book: “Meio ambiente e sustentabilidade: Formação interdisciplinar 
e conhecimento científico 2” é constituído por treze capítulos de livro, divididos 
em três áreas distintas: i) formação, conscientização e práticas em Educação 
Ambiental; ii); gestão de resíduos sólidos e logística reversa e iii) desenvolvimento 
de ações para um ambiente mais sustentável.

O primeiro tema é constituído por quatro capítulos de livros que 
propuseram trabalhar tanto a importância da formação/conscientização para 
uma educação ambiental mais efetiva para todas as pessoas em especial alunos 
de uma instituição pública federal de ensino e consumidores que utilizam sacolas 
plásticas, quanto o desenvolvimento de ações e ferramentas a fim de promover 
uma educação ambiental capaz de chegar a pessoas de diferentes classes 
sociais por intermédio do ensino formal ou não-formal capaz de estimular a 
conscientização em relação à interação homem-meio ambiente.

Os capítulos de 5 a 8 apresentam trabalhos que procuraram avaliar: 
i) projetos de gestão de resíduos na Baixada Santista; ii) a importância da 
gestão e implementação de práticas mais sustentáveis para o desenvolvimento 
da apicultura em comunidades rurais localizadas no estado do Ceará; iii) 
implementação de programa de gestão e gerenciamento de resíduos provenientes 
da indústria madeireira e; iv)  a importância da logística reversa de produtos que 
possuem metais pesados em sua composição. 

Por fim, os cinco últimos capítulos apresentam trabalhos que reforçam 
a importância do desenvolvimento de ações que proporcionem menor impacto 
ambiental aos diferentes ecossistemas, entre os quais: i) a redução do calor em 
centros urbanos, a partir da implementação de áreas verdes; ii) presença de 
metais em águas residuárias lançadas no mar; iii) aplicação de biossorvente na 
remoção de alumínio em águas para fins potáveis e; iv) estudo de detecção de 
cafeína e degradação de metabolitos presentes no rio Meia Ponte em Goiás. 

Nesta perspectiva, a Atena Editora vem trabalhando de forma a estimular 
e incentivar cada vez mais pesquisadores do Brasil e de outros países a 
publicarem seus trabalhos com garantia de qualidade e excelência em forma de 
livros, capítulos de livros e artigos científicos.

Cleiseano Emanuel da Silva Paniagua
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ABSTRACT: People all over the world 
consume caffeinated beverages and 
hormones. However, in many countries, the 
inefficiency of wastewater treatment and 
the discharge of untreated sewage in rivers 
reshwater sources. The objective of this 
work is to detect the anthropogenic marker 
caffeine and its human metabolites, and its 
degradation products, as well tibolone in 
water samples from the Meia Ponte River, 
whichis one of the raw water providers for 
cities in the metropolitan region of Goiânia, 
Brazil. The samples were collected during 

two different hydrological periods, located 
at various points around the city of Goiânia. 
First, the samples were pre-concentrated 
and the analysis were performed in a 
high-resolution mass spectrometer. The 
analysis results showed that caffeine and 
its degradation products and tibolone were 
detected at all sampling points in the two 
hydrological periods. It indicates that in 
some collecting points, MPR receives a 
raw sewage discharge and that the sewage 
treatment plant could not remove/degrade 
the caffeine. In addition, the results indicate 
that no human caffeine metabolites were 
detected.
KEYWORDS: Caffeine , tibolone, 
antropogenic contaminent. .

 

1 | 	INTRODUÇÃO 
Caffeine - C8H10N4O2– is an alkaloid 

of the trimethylatedxanthines group, whose 
molecular weight is 194.19 g mol-1. It is a 
cardiac, cerebral, respiratory stimulant and 
has a diuretic effect. It is widely found in soft 
drinks, teas, energy drinks and Brazilian 
coffee, so that each 50 mL of processed 
beverage contains, on average, 100 mg 
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of caffeine(Z. Chen et al., 2002).Environmental contamination occurs through excretion in 
the form of urine and feces, as soon as they are introduced into the environment through 
domestic, industrial or laboratory sanitary sewage. Due to its environmental spread, caffeine 
has been detected in surface waters in Malaysia(Fouad Fadhil Al-Qaim et al., 2017), Spain 
(Di Lorenzo et al., 2019), Bengal (Chakraborty et al., 2021), Brazil (Gonçalves et al., 2017), 
and the United States (Henderson et al., 2020). The residue of caffeine in surface water 
commonly traced at level concentrations within the range of ng L-1  to µg L-1(Fouad F Al-
Qaim et al., 2015; Lacina et al., 2013).Muñoz-Peñuela et al. (2021)reported that diclofenac 
and caffeine inhibit the liver antioxidant enzymes of freshwater fish Astyanaxaltiparanae, 
which shows how the synergy between the drug and caffeine affects the local aquatic biota.

Tibolone is a synthetic steroid used in clinical practice for the treatment of climacteric 
symptoms and osteoporosis (Crespo-Castrillo et al., 2020), and it increased the cell 
number and proliferation of human glioblastoma cells through the regulation of estrogen 
(González-Arenas et al., 2019). Tiboloneis associated with an increased risk for ovarian and 
endometrial cancer overall; and increases with increasing durations of use (Løkkegaard & 
Mørch, 2018).Although this hormone is commonly used, its detection in surface water is not 
often reported, but it has been detected in wastewater samples(Janna & Scrimshaw, n.d.). 
Owing to its low solubility in water(Bonfilio et al., 2018), it could be detected in very low 
concentration in surface waters.

The Meia Ponte River -RMP- is located in the midwestern region of Brazil and flows 
through the metropolitan area of Goiânia city, which is home to about 37% of the population 
of Goiás State. Although the Water Rights emphasize the right of water itself to be protected 
by all rational living beings (de Carli, 2019), the environmental contamination is a clear 
distortion of this basic principle of human survival. In Goiânia, only 50% of the sewage 
produced by the urban population is connected to the collection network. This means 
that remainders are improperly disposed of in septic tanks that are not connected to the 
collection network (23.7%), among others (IBGE, 2015).

The objective of the present work is to detect caffeine, its human metabolites and 
degradation products; and tibolone in water samples from the MPR in order to verify if there 
is a discharge of raw sewage our inappropriate treatment in the wastewater treatment plant, 
which contaminates the MPR.

2 | 	MATERIALS AND METHODS

2.1	 MPR Sampling
Twelve samples were collected, six in the rainy season (March, 2018) and six in 

the dry season (October, 2018), respecting the meteorological variable. In each collection 
time, water samples were taken at six points in the watercourse of the MPR, at a depth of 
20 to 30 cm below the water surface and in the center of the river’s cross section, so as to 
avoid proximity to the margins and stagnant areas. A stainless steel barrel (20 L capacity) 
was used as a sampler, as the methodologies proposed by (CETESB, 2009). The samples 
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were stored in a thermostat at a temperature between 3° and 10° C, and then sent to the 
laboratory of the Faculty of Pharmacy-Lenzebio-UFG for preparation.

2.2	 Samples Preparation
Aliquots of the samples were filtered through a cellulose acetate membrane of 0.22 

µm porosity and diameter of 47 mm, stored in 1 L glass flasks. Due to the low concentrations 
of the compound of interest found in natural aquatic environments, they were concentrated.

2.3	 Solid Phase Extraction (SPE)
For solid phase extraction, 500 mg octadecyl (C18) straight barrel cartridges (C18) 

capacity of 6 mL with 40-120µm particles (Bond Elut) were used, inserted in a 12-Port 
Vacuum Manifold system, brand Supelco, and followed the following procedure is used: 
Cartridge conditioning: 2x3 mL methanol (HPLC grade, Sharlau®) and 2x3 mL ultra-purified 
water with slow flow without vacuum. Pass 1000 mL of sample under vacuum at a flow of 
6 to 8 mL min-1.For elution, 4 mL of acetone (HPLC grade, Tedia®) were used. The eluates 
were dried with the aid of oxygen in a sample concentrator at a temperature of 50°C. A 
volume of 200 µL of methanol were added for resuspension and kept in a refrigerator at 4°C 
until they were sent for analysis in the mass spectrometer.

2.4	 Direct Infusion into the Mass Spectrometer
The analyzes were carried out using a ThermoScientific Q-Exactive High Resolution 

Mass Spectrometer with H-ESI source, operating in negative and positive mode, using 
3.5 kV spray voltage, sheath gas 15, auxiliary gas 5, temperature capillary pressure 
320°C, auxiliary gas temperature 37, tube lens 50 and mass range m/z 150-550. For the 
fragmentation study the collision energies were 10 - 70 (NCE). Data were processed in 
Xcalibur™ software. Fragments were generated from the protonated or deprotonated Molar 
mass    .

3 | 	RESULTS AND DISCUSSION

3.1	 Physical Characterization
The MPR starts in the municipality of Itauçu and continues until its discharge into 

the Paranaíba River, in the municipality of CachoeiraDourada, in the State of Goiás; its 
hydrographic basin is located within the hydrographic region of the Paraná River, in the 
Microbasin of the Paranaíba River, in the center-south of the State of Goiás. MPR runs for 
491.4 km and it has a slope of 0.94 m km-1. The study area has a high population density, 
and there are industrial and agricultural industrial activities. Its waters are mainly used for 
water supply, sewage dilution and irrigation, so it is classified into class 2 (Brasil, 2005).
TheTable 1 presents information about the collecting points.
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Identification Point 1 Point 2 Point 3 Point 4 Point 5 Point 6
Coordinates 
(WGS 84)

-16.581907
-49.32974

-16.6419
-49.256768

-16.628045
-49.270384

-16.648186
-49.243007

-16.652983
-49.216891

-16.65729
-49.207373

Elevation (m) 742 695 695 690 685 689
Distance from 
previous point 
(km)

10.23 2.11 3.73 2.76 1.12 0

Accumulated 
distance (m)

19.96 9.73 7.62 3.88 1.12 0

Table 1. Information about the MPRcollecting points.

The location of the collection points in Figure 1 was chosen according to the 
characteristics of each region and its ability to providing information on the influences and 
changes that directly reflect the water quality along the studied stretch, as well as the ease 
of access to collections. This route is about 20 kilometers long and runs from the catchment 
area to the water treatment station - ETA (Portuguese) - to the wastewater discharge point 
treated by the pharmaceutical industry. The relief of the studied area is characterized by the 
predominance of flat areas (i=0-3%) and gently undulating with a slope of 3.1-8%.
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Figure 1- Location map of collection points.

Source: Author, 2019.

Based on mapping data from the Map Biomas (MapBiomas Project, 2018), this 
research is divided into four categories: Agriculture (corresponding to pasture, agriculture 
and plantation), water bodies (corresponding to the same category), regional cities (urban 
infrastructure) and residual vegetation (corresponding to forests, non-forest wetlands, 
grassland vegetation and other natural non-forest forms). According to the classification, 
the total area of the upstream region of the MPR basin is 3474.4 km² and has the following 



Meio ambiente e sustentabilidade: Formação interdisciplinar e conhecimento científico 2 Capítulo 13 162

proportions of land uses: 52% for agriculture, 0.4% for the water body, 15% to the urban 
area and 32.6% to remnants of vegetation.

3.2	 Results discussion
The mass spectrometry data (Table 2) indicated that the error in the calculation of the 

compounds were less than 5 ppm, which emphasizing that the data are highly accurate in 
identifying the caffeine molecule. Table 2 shows the experimental mass-to-charge ratio and 
the error compared with the theoretical mass-to-charge ratio. Therefore, it should be noted 
that the experiment with the highest signal intensity was performed in the positive mode, 
and protonated caffeine is the precursor ion that is usually detected. In turn, Figure 2 shows 
the full scan mass spectrum m/z 50-220 of the sample from point 2 during the dry season, 
as shown below.

m/z Dry season Rainy 
season

Points Points
1 2 3 4 5 6 1 2 3 4 5 6

Caffeine 
[C8H11N4O2]+

19
5.

08
76

7
0.

09
2p

pm

19
5.

08
73

8
1.

06
6p

pm

19
5.

08
75

9
0.

31
8p

pm

19
5.

08
75

4
0.

57
5p

pm

19
5.

08
77

5
0.

50
2p

pm

19
5.

08
76

1
3.

02
7p

pm

19
5.

08
75

7
-0

.4
21

pp
m

19
5.

08
78

6
1.

06
6p

pm

19
5.

08
77

0
0.

24
5p

pm

19
5.

08
67

8
-4

.4
70

pp
m

19
5.

08
77

6
0.

55
3p

pm

19
5.

08
73

7
-4

.2
5 

pp
m

Caffeine 
degradation 
products 
[C6H6N3O]+

13
8.

06
60

8
-4

.7
6p

pm

13
8.

06
60

1
-4

.1
1p

pm

13
8.
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61

0
-4

.6
1p

pm

13
8.
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0
-4

.6
1p

pm
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5
-4

.2
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pm

13
8.
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3
-3

.6
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pm
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9
-3

.2
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1
-5
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6
-4

.9
0p

pm

-
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7
-4

.8
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-

Levonorgestrel/
Tibolone
[M + Na]+

[C21H28O2Na]+ 33
5.

19
79

2 
-0

.6
90

 p
pm

33
5.

19
74

6 
-2

.0
62

 p
pm

33
5.
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0 
0.

75
0 
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m
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7 
0.
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9 
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m

-
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7 
-0

.1
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5 
1.
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4 
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m
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5.
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5 
- 1

.1
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 p
pm
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73

9 
-2

.2
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 p
pm

33
5.
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2 
-0

.3
92

 p
pm

33
5.

19
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3 
-0

.0
64

 p
pm

-

Table 2 - Mass spectrometry datato caffeine and tibolone. The ionized masses, the type of ion detected 
and the error between experimental and theoretical values are shown.

Figure 2 - Fullscan mass spectrum m/z 50-220.
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Correspondingly, the detection of the caffeine degradation product (C6H7N3O) in the 
samples indicated that there is a possibility that the lotic environment or external factors, 
such as solar radiation, are capable of degrading the caffeine molecule. According to Begas 
et al. (2007) and Kim et al. (2019), the molecular structure of human caffeine metabolites 
is different from the degradation products detected in this study. In addition, no human 
caffeine metabolites were identified (paraxanthine, 1-methylxanthine, 7-methylxanthine, 
3-methylxanthine, 1,3-dimethylxanthine, 3,7-dimethylxanthine, 1-methyl uric acid and 
1,7-dimethyl uric acid) reported by Gracia-Lor et al. (2017)and Zhu et al. (2019)in the water 
samples. Possibly, the preconcentration method used in the present study might not have 
been appropriate for human metabolites, or there might have been some occurrence of the 
river’s microbiota, which might have been able to degrade them.

Caffeine degradation products produced by the fungi Aspergillussydowii and 
Aspergillus Niger (theophylline) presented a different molecular structure from what was 
detected in the present work, which suggests that the degradation of caffeine in the water 
body may not have been caused by microorganisms. The molecular structure of degradation 
products reported in the current work does not indicate that caffeine is demethylated, which 
is a common degradation process for evaluating caffeine degradation products by bacteria 
(Kim et al., 2019).

On the other hand, Bartella et al. (2019)reported that the ionic product of caffeine and 
theobromine (a caffeine metabolite) had m/z 138. However, Taverna et al. (2016); Stander 
et al. (2019), L. Chen & van Breemen (2020)reported that the ionic product with m/z 138 
from the protonated caffeine precursor ion. The trigoniline molecule (C7H7NO2) has already 
been reported to be present in some coffee species (Caporaso et al., 2018)and it has a 
theoretical molecular mass equal to 137.04768 Da, but the theoretical charge mass ratio of 
protonated trigonelline is equal to 138.05550. Hence, the calculated error was greater than 
5 ppm, which confirms that it is not trigonelline.

Fonseca (2013)quantified caffeine in water samples from the MPR and compared the 
concentrations with other works published on different watercourses, and the concentrations 
that were considered high, they indicated that at all points there were traces of domestic 
sewage, which was also proposed in this study. Thus, our work also indicated caffeine 
contamination. This compound has already been detected in rivers in China (Dai et al., 
2016; Zhou et al., 2016), in the Iberian Peninsula (Gorga et al., 2015; Kuzmanović et al., 
2015), Ecuador (Voloshenko-Rossin et al., 2015), Brazil (Mizukawa et al., 2019).And it was 
reported in all studies that caffeine is a pollution marker caused by urban activities.

Tibolone or levonorgestrel was detected such as a sodium adduct. Kruve et al. 
(2013); Kruve & Kaupmees (2017)but has not been used extensively in practice, and 
several important aspects of Na+ adduct formation in ESI source have been almost 
unexplored: the ionization efficiency of different molecules via Na+ adduct formation, its 
dependence on molecular structure and Na+ ion concentration in solution, fragmentation 
behaviour of the adducts as well as the ruggedness (a prerequisite for wider practical use 
studied the formation of sodium adducts in electrospray ionization (ESI), but it has not been 
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used extensively in practice, and several important aspects of Na+ adduct formation in ESI 
source have been almost unexplored: the ionization efficiency. The tibolone/levonorgestrel 
sodium adduct detected reveals that sodiation can be a natural process, and environmental 
samples can present sodiated compounds.Table 2 shows that tibolone was found in almost 
all samples, indicating that untreated sewage was discharged in both seasons of MPR.
Although tiboloneis used as hormonal therapy and neuroprotective agent (Del Río et al., 
2020), its impact in the aquatic biota is not alreadywell known.Tibolone is asynthetic steroid 
with estrogenic, progestogenic and androgenic activity(H J Kloosterboer, 2001; Helenius J 
Kloosterboer, 2004), and these group of hormones are related to diverse human diseases 
(Dall & Britt, 2017; Nie et al., 2018; Ross et al., 2017; Ruan & Mueck, 2019; Wang et al., 
2017)

4 | 	CONCLUSIONS
Environmental contamination with caffeine and tiboloneconfirms that thereare 

discharge of untreated or inadequately treated effluents, and these compounds indicated 
extensive anthropogenic contamination in the surface water body. It is worth remembering 
that all analytical mass spectrometry analysis is related to water solubility. If gonna be that 
caffeine and tibolone are adsorbed in river sediments, the pollution may be even greater. We 
expected that the quantification of  caffeine and tibolone can be performed in samples from 
MPR, and some  studies about the environmental impacts of tibolone in  the aquatic biota, 
which is important to maintenance of the water quality of the river and its aquatic community. 
The growth of the elderly population in the world and the increasing demand for hormone 
replacements by postmenopausal women have increased the vigilance of monitoring water 
pollution to protect human life. Therefore, detecting the hormone tibolone in surface water 
is already an important indicator of impaired water supply quality.
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