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Abstract: The growing commitment of Chemistry to the Sustainable Development 
Goals (SDG) can be expressed through Green Chemistry. This work aims to 
evaluate the Brazilian contribution to sustainable development through Green 
Chemistry, in the area of Analytical Chemistry. It was possible to verify a greater 
number of publications related to the theme for institutions in 8 Brazilian states, with 
emphasis on São Paulo and Rio Grande do Sul. It was found that all articles 
evaluated contributed to SDG 12 by proposing analytical methods that reduce the 
amount of waste generated or propose replacement of toxic reagents / solvents with 
similar non-harmful ones. It can be concluded that the contribution of Brazilian 
researchers has been significant in different areas of analytical chemistry, including 
sample preparation, instrumentation and separation techniques. 
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AVALIAÇÃO DA CONTRIBUIÇÃO BRASILEIRA COM OS 
OBJETIVOS DE DESENVOLVIMENTO SUSTENTÁVEL ATRAVÉS DA 
QUÍMICA VERDE: UMA REVISÃO SISTÊMICA 

 

Resumo: O crescente compromisso da Química com os Objetivos de 
Desenvolvimento Sustentável (ODS) pode ser expresso através da Química Verde. 
O presente trabalho tem como objetivo avaliar a contribuição brasileira com o 
desenvolvimento sustentável através da Química Verde, na área de Química 
Analítica. Foi possível constatar um número maior de publicações relacionadas ao 
tema para instituições de 8 estados brasileiros, com destaque para São Paulo e Rio 
Grande do Sul. Verificou-se que todos os artigos avaliados contribuíram com o ODS 
12 ao propor métodos analíticos que diminuem a quantidade de resíduos gerados ou 
propõem substituição de reagentes/solventes tóxicos por similares não nocivos. 
Pode-se concluir que a contribuição dos pesquisadores brasileiros tem sido 
significativa nas diferentes áreas da química analítica, entre elas preparo de 
amostras, instrumentação e técnicas de separação. 

Palavras-chave: Objetivos de Desenvolvimento Sustentável; Química Verde; 
Química Analítica Verde. 
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1. INTRODUCTION 

The 2030 Agenda of the United Nations (UN) aims at Sustainable 
Development (SD) with a focus on the Planet and Humanity. To this end, 17 
Sustainable Development Goals (SDGs) and 169 goals were proposed, which aim to 
promote SD through its three pillars: economic, social and environmental [1]. The 
growing commitment of Chemistry to the SDGs can be expressed through Green 
Chemistry (GC). This field aims to design processes and chemicals products to 
eliminate or reduce the use and formation of substances that are toxic to humans 
and to the environment. The term GC reflects the most sought objective, Sustainable 
Development, which can be defined as the current economic, industrial, and social 
progress without compromising the progress of future generations [2]. 

Chemistry, when analyzed as a final product (molecule), relates to the SDGs since it 
is present in health, means of production, well-being, food production, drinking water 
[3]. However, it is necessary to evaluate all the chemical procedures involved, from 
synthesis, separation, analysis processes, and to ensure that, throughout its 
development, good practices related to GC were used, such as: Management of 
reagents and laboratory waste, focusing identifying and reducing / replacing toxic 
reagents and recovering by-products; Atomic economy, optimizing reactions aiming 
at greater incorporation of atoms into the product; Preparation of samples for 
analysis using alternative methods; Use of continuous flow reactors. In this way, GC 
can be correlated with the SDGs:  SDG 3 - Ensure healthy lives and promote well-
being for all at all ages Goal; SDG 4 -  Ensure inclusive and equitable quality 
education and promote lifelong learning opportunities for all; SDG 6 -  Ensure 
availability and sustainable management of water and sanitation for all; and SDG 12 - 
Ensure sustainable consumption and production patterns Goal.  Analytical 
Chemistry is the part of chemistry responsible for the determination and 
quantification of chemical elements in different types of samples. The effects of 
routine and polluting activities are harmful to the environment, regardless of whether 
they occur on an analytical scale or greater. Techniques such as High Performance 
Liquid Chromatography (HPLC) are responsible for generating 26 million to 52 million 
liters of chemical waste every year around the world [4]. Aiming at establishing 
environmentally friendly analytical procedure, the term Green Analytical Chemistry 
(GAC) has been used, which refers to analytical strategies related to GC that 
generate less waste, less toxic residues and presents better energy use [5]. Thus,the 
present work has the objective to carry out a systematic review on Green Chemistry 
together with Green Analytical Chemistry in Brazil and to evaluate the contribution of 
research in the area with the SDGs. 

 

2. METHODOLOGY 

The present study was defined in 5 stages for its realization. The first step 
consisted of searching for articles with the words “green chemistry” and “green 
analytical chemistry” in Portuguese and English. A research was carried out between 
07/14/2020 and 07/15/2020 in the Scielo and Web of Science (WOS) indexes, 
articles published by Brazilian institutions between the years 2010 and 2020. The 
selected articles were those that demonstrated in the abstract the benefit (s) found 
with the study. After selection, the articles were evaluated to obtain data related to 
the SDGs that were achieved from the study. 
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3. RESULTS AND DISCUSSION   

The research made at Scielo with the words “Green Chemistry” and “Green 
Analytical Chemistry” for the years 2010 to 2020 presented 23 results, while the 
research realized at WOS for the word “Green Chemistry” and refined for “Chemistry 
Analytical”, for the same period, it presented a result of 142 articles. Among the 165 
studies found, those that presented in their abstract the benefits linked to GC found 
in the study in question and were available in full on the platforms were selected for 
later reading. Only 63 papers presented the advantages achieved in the abstract and 
were selected for reading to obtain data regarding the SDGs that were contemplated. 
Data were also collected on the institutions where the work was carried out. 

After analysis of the articles, an increase in the number of published works can 
be seen, as shown in Figure 1, the 2020 year justified by the fact that the 
bibliographic review was carried out until the month of July of this year. 

 

Figure 1. Number of articles evaluated about green chemistry per year (Period 2010-2020). 

 

 

According to Figure 2, there is the participation of 9 Brazilian states, with 
outstanding performance from the states of São Paulo and Rio Grande do Sul, 
having together 65% of the total number of articles published with a focus on green 
chemistry.  

Analysis of the number of publications by institutions was also made, with a 
significant contribution from the University of Sao Paulo (USP) with 14 publications, 
Federal University of Santa Maria (UFSM) with 12, followed by Paulista State 
University and Federal University of Paraíba with 8 and 7 articles respectively, as 
shown in Figure 3. Additionally, it is important to highlight the largest number of 
publications in some sub-areas, such as sample preparation and flow injection. New 
procedures have been proposed to reduce the number of steps as well as the 
amounts of sample and reagent, by downscaling and system miniaturization. 
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Figure 2. Percentage of articles evaluated by state. Period: 2010-2020 

 

 

Figure 3. Number of publications by institutions. Period: 2010-2020 

 

 

The evaluation of the contribution of the works developed in the selected 
articles with the SDGs is shown in Figure 4. It can be seen that the results described 
in the articles meet the recommendations of the following SDGs: SDG 3, SDG 4, 
SDG 6, SDG 11 and SDG 12. 

All the articles studied showed concern with the waste generated and 
contributed to the SDG 12. Forty-eight evaluated articles proposed analytical 
methods that resulted in the reduction of waste generated [6 – 53] seven studies 
presented techniques that did not require chemical products [54 – 60] and nine 
studies suggested alteration of reagent / solvent for a similar less harmful to the 
environment and health [4,19,26,30,44,61–64].  

In eighteen studies analyzed, it was found contributions to SDG 3. Lima et al, 
2020 [25] proposed the determination of antimony, a bioaccumulative material that 
can cause diseases, in waters. Silva et al, 2019 [58] verified the presence of 
Benzo[α]pyrene, a carcinogen, in distillates. Nascimento et al, 2018 [23] determined 
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the presence of pesticides, substances potentially harmful to health, in the 
atmospheric air, and Melchert and Rocha, 2010 [53] determined the presence of 
pesticides in water. Neri et al, 2019 [33] analyzed the presence of ions of copper in 
water, in excess copper can cause neurological, psychic diseases and even skin 
cancer. Lago et al, 2015 [36] made the determination of uranium in water. Muller et 
al, 2015 [37] verified the presence of toxic elements in medicinal plants. Batista and 
Rocha, 2013 [40] investigated the presence of bisphenol A, which can cause 
hormonal problems and proliferation of cancer cells, in water. Brondi et al, 2013 [43] 
determined sulfate in water. The other works [4,19,26,44,51,61,62,64,65] reduce or 
replaced toxic reagents / solvents with other chemicals that perform the same 
function but are less harmful to the operator's health and the environment. 

 

Figure 4. Evaluation of the contribution of the works developed in the selected articles 
with a focus on green chemistry with the SDGs.  Period: 2010-2020 

 

 

De Prá Urio and Masini, 2017 [15] evaluated in their work the presence of two 
herbicides, Simazine and Atrazine, in rivers. Damasceno et al, 2016 [21] proposed a 
new method for stipulating alkalinity and total hardness in drinking water, through 
digital images. Souza, Sasaki and Rocha, 2020 [24] made the determination of an 
emerging pollutant in water, salicylic acid. In addition to these three studies, eleven 
others [25,33,36,39,40,42–45,51,53] also contributed to the SDG 6. 

Two studies proposed analytical practices for graduation in accordance with 
the principles of GC [65,66], meeting the recommendations of SDG 4. The use of the 
principles of GC in undergraduate courses at educational institutions should be 
encouraged, which should result in the training of professionals more aware of 
environmental problems and possible solutions. 

Melchert and Rocha, 2010 [53] treated the waste generated in the experiment, 
and therefore contributed to SDG 11.Finally, according to Figure 5, the researchers 
who stood out as corresponding authors for the largest number of publications were: 
Fábio RP Rocha (USP), Juliano S. Barin (UFSM), Boaventura F. Reis, Erico MM 
Flores (UFSM) with 8, 6, 5 and 4 articles respectively 
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Figure 5. Number of articles per corresponding author.  Period: 2010-2020 

 

4. CONCLUSION 

A significant number of analytical strategies have been proposed, showing that 
Brazilian researchers have developed new analytical methods to minimize waste 
generation without affecting species detection and the accuracy of analytical 
measures. The states that contributed most to the study were São Paulo, with 25 
studies studied, followed by Rio Grande do Sul with 16. The institutions that most 
developed studies were the University of Sao Paulo (USP) with 14 publications, 
Federal University of Santa Maria (UFSM) with 12, followed by Paulista State 
University and Federal University of Paraíba with 8 and 7 articles respectively. It was 
possible to observe that all articles contributed to SDG 12, due to the implementation 
of cleaner analytical strategies proposed, with less waste generation. This can be 
demonstrated by an increase in the number of miniaturized methods and analysis 
using digital images, demonstrating the authors' effective concern with the generation 
of waste. In addition, a significant contribution to SDG was found, showing attention 
to chemicals that are toxic to health and the environment.  
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