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Abstract 
Agricultural pesticides that control weeds and pests can contaminate non-tar-
geted environments and affect human health and natural ecosystems. The lack 
of in-depth knowledge about the use of agricultural pesticides and their fate in 
the environment exposes farmers and natural ecosystems in Africa. This paper 
evaluates the global productivity of research on agricultural pesticide use and 
management in Africa from 1990 to 2021 using various bibliometric indices. 
Scopus extracted a database of 1863 research papers focusing on agricultural 
pesticides in Africa. The publication of documents increased at an annual rate 
of 9.9%. The publications covered pesticide types, applied doses, pest targets, 
risk perception and biological and environmental exposure. Pesticide types, 
detection frequencies, contamination pathways and measured levels varied ac-
cording to a matrix of analysis and the studied region. The studies on agricul-
tural pesticides have focused on exposures to humans with a total number of 
publications (TPN = 505), crop protection (TPN = 472), natural ecosystems 
(TPN = 263), surface water (TPN = 183), soil (TPN = 131), sediment (TPN = 
94), atmosphere (TPN = 24) and groundwater (TPN = 20). The organochlorine 
insecticides were the most often studied, particularly the molecules of DDT, 
Endosulfan, Lindane and Chlorpyrifos. The research overview shows an alarm-
ing situation. Most pesticide residues, while banned for use, persist at worrying 
levels in high agricultural production areas. 
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1. Introduction 

The agriculture sector, which represents the main economic sector of Africa, is a 
major consumer of pesticides. The consumption of pesticides in the African agri-
cultural sector is relatively low (0.49 kg/ha) compared to other regions such as 
America (3.74 kg/ha), Oceania (2.13 kg/ha), Europe (1.64 kg/ha) and Asia (1.15 
kg/ha) (FAO, 2021). Yet, the consumption of pesticides in agricultural activities 
in Africa has increased overall. The use of pesticides has increased from 64 thou-
sand metric tons in 2000 to 108 thousand metric tons in 2019 (FAO, 2021) (Figure 
1).  

The pesticides applied in agriculture can undergo processes of transformation 
and exchange between different environmental compartments. They can further 
disperse in the environment, particularly into surface water due, for instance, to 
runoff loaded with pesticide residues and into groundwater due to leaching (Oda-
basi & Cetin, 2012). The properties of some of these products may also facilitate 
the bioaccumulation and biomagnification in freshwater and terrestrial organisms 
(Olisah et al., 2019a), with a real risk to human health (Pan et al., 2016). In partic-
ular, organochlorine pesticides can persist in environmental matrices for a con-
siderable period (Sudaryanto et al., 2007). Persistent pesticides may exceed human 
and ecotoxicological norms and constitute a major ecological risk (Mrema et al., 
2013). The fate of pesticides in the environment is first controlled by intrinsic 
properties such as partitioning coefficients at equilibrium octanol/water (Kow), 
octanol/air (Koa), Henry’s law constant, vapor pressure and solubility (Farooq et 
al., 2011). Additionally, ecosystem factors such as soil type, geology, land use, and 
climate ultimately determine their environmental behavior. The complex rela-
tionships between agricultural pesticides’ use and fate in the environment have 
mainly been studied in developed countries (Olisah et al., 2019b). In contrast, this 
knowledge is fragmented and less detailed for African agricultural systems. The 
pesticide risk assessment and management schemes developed from studies in de-
veloped countries do not take into account the specific environmental and farm-
ing conditions of the African agricultural sector and can therefore not be directly 
transposed to pesticide management in Africa. To our knowledge, no systematic 
compilation of scientific research papers has been carried out on the use and en-
vironmental behavior of agricultural pesticides at the scale of the African conti-
nent, limiting the design of such specific pesticide assessment and management 
strategies. 

To contribute to filling this knowledge gap, this study aims to map the research 
related to the use and environmental behavior of agricultural pesticides in Africa 
from 1990 to 2021. To reach this objective, a bibliometric analysis was applied to 
peer-reviewed scientific literature published during the past three decades (from 
1990 to 2021). The 1990s were marked by the return of rainfall, particularly for 
some parts of West Africa, after a long period of drought. Several countries in 
Sub-Saharan Africa thus engaged in intensive agriculture with the use of pesticides 
to ensure food security. 
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Figure 1. Agricultural pesticide consumption in Africa from 2000 to 2019 (in 1000 metric 
tons) (FAO, 2021). 

 
Bibliometric analysis, first introduced by Pritchard (1969), is a set of statistical 

and metric methods for assessing the characteristics of articles, the evolution of 
science about a subject or domain (Yao et al., 2018) or the quality of a journal 
(Koseoglu, 2016). Bibliometric analysis is a method for assessing the publishing 
performance of researchers and institutions and mapping the structure and dy-
namics of domains through data (e.g., citations, authors’ names, keywords, col-
laboration) obtained from written publications, including articles, books and 
book chapters (Cobo et al., 2011b). The bibliometric analysis is divided into two 
sub-analysis: 1) Productivity analysis (e.g. analyzing the number of papers per au-
thor) and impact analysis (e.g. analyzing the total of citations, citations per author 
or citations per given period) and 2) Relational analysis (e.g. analyzing the co-
authorship, the co-citation and bibliographical coupling) (Benckendorff & Zeh-
rer, 2013; Cobo et al., 2011a). 

Bibliometrics is facilitated by the use of modern bibliometric data mining and 
network analysis methods. It is based on the application of practical network anal-
ysis tools on the transdisciplinary scientific corpus integrated into literature data-
bases such as the ScopusTM database. 

Here, we have evaluated the global production of agricultural pesticide research 
in Africa from 1990 to 2021 on papers from the ScopusTM database in terms of 
country and author productivity, annual productivity, paper citations, subject 
terms associated with keywords, international collaboration networks, matrix in-
vestigated and pesticide residues detected. 

2. Evaluation Methods 
2.1. Database Selection 

The methodology steps are presented in Figure 2. The data were extracted from 
the international academic database ScopusTM. The use of ScopusTM was based on 
the reliability of peer-reviewed scientific publications and the quality of web 
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sources (Falagas et al., 2008). Furthermore, ScopusTM is a transdisciplinary data-
base that is very practical and well-suited for this type of research. To include all 
documents produced on research on pesticides used in agriculture in Africa, re-
search equations were used in the field (title, abstract, keywords). The truncation 
research (*) allowed the selection of several terms with a similar root or the selec-
tion of a term and all its grammatical forms in which the term could be enounced 
in the titles or abstracts and keywords of the papers. The quotation marks allowed 
the system to research the exact expression. The documents were validated by 
manual verification based on the reading of the abstracts and those outside the 
scope of the study were excluded. The types of documents considered were arti-
cles, books, book chapters, conference papers and reviews. The papers written in 
both English and French were considered. The “ISI Unique Article Identify” index 
was used to eliminate or minimize duplicates. The papers reviewed were related 
to the fate of agricultural pesticides in air, soil, sediments, rivers and groundwater 
and the associated management. 
 

 
Figure 2. Overview of the methodological approach. 

 
The following research equations were selected to build the analysis database:  
“Pesticides*” AND “agriculture*” AND “Africa*” AND “risks*” AND “hu-

man*” AND “Environment*” AND “health*”. 
The following criteria were used to further screen the body of literature result-
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ing from the automatic search in Scopus: 
 The study must be related to the use of pesticides in agriculture and their socio-

economic, management, environmental or human health effects,  
 The study must be carried out in a region of the African continent and/or a 

comparative analysis between a region of Africa and other areas of the world 
and  

 The descriptive information of the paper must be available (title, author, year, 
abstract, keywords and journal). 

2.2. Data Analysis 

The data related to the resulting papers, such as authors, countries, affiliations, 
citations, abstracts, keywords, titles and journals were exported to BibTex and 
CSV formats for statistical and metric analysis. 

The database exported from ScopusTM was analyzed with RStudio, VOSviewer 
and ArcGIS software. The data BibTex format was imported into RStudio and 
analyzed with the biblioshiny package https://www.bibliometrix.org/biblioshiny/, 
which is a web-based package included in the bibliometric R package  
http://www.bibliometrix.org (Aria & Cuccurullo, 2017). The bibliometric indices 
were extracted based on codes similar to those used by (Aria & Cuccurullo, 2017). 
To avoid ambiguities about the nomenclature of authors, institutions, keywords 
and journals, the “Name Disambiguation” box was enabled on the web-base 
https://www.bibliometrix.org/biblioshiny/. 

This box allows combining names represented as different initials or variations 
of names, for example, two different terms with the same name using different 
initials. The occurrences of keywords with similar significances in the documents 
were considered identical and grouped into a single word. For example, the words 
“pesticide” and “pesticides” were assigned to “pesticides”. The “network map-
ping” script made it possible to visualize the co-occurrences of the bibliometric 
records. 

The applied R package codes and commands were used to generate bibliometric 
indices such as Annual Scientific Production (ASP) and Total Publication Num-
ber (TPN). These same codes were also used to generate the bibliographic linkage: 
Single Country Publications (SCP) and Multiple Country Publications (MCP). 
The Total Global Citation Score (TGCS) is the total number of citations of a paper 
in the ScopusTM academic database. The Total Local Citation Score (TLCS) is the 
number of citations of a paper in the database downloaded (example in this case 
study, 1863 papers). To follow the manuscript and assist in online research, au-
thors have to specify keywords (Olisah et al., 2019b). In bibliometric, both “Au-
thor’s Keywords (DE)” and “Keyword Plus (ID)” can be investigated. The ID pro-
vides the ability to capture the deep and varied content of an article (Garfield & 
Welljams-Dorof, 1992). The two types of keywords were evaluated to identify 
terms associated with agricultural pesticides in Africa. 

The VOSviewer software was used to visualize the collaboration networks. The 

https://doi.org/10.4236/gep.2025.136019
https://www.bibliometrix.org/biblioshiny/
http://www.bibliometrix.org/
https://www.bibliometrix.org/biblioshiny/


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 280 Journal of Geoscience and Environment Protection 
 

Fruchterman-Reingold algorithm was used to visualize the nodes gravitationally 
(Golbeck, 2013). The influence of a node is measured relative to the number of 
nodes in the network that are directly connected to it (Colanzi et al., 2013). The 
performance of authors, institutes and countries has been analyzed using annual 
scientific indicators (e.g. TPN). An author’s impact is measured by the number of 
citations that his papers register as well as the importance of a paper that has been 
cited by others. A publication-citation matrix was used to measure the impact of 
a country and to rank the authors/countries by publication performance. The re-
search scope is measured by the keywords extracted from the papers.  

The database exported in CSV format is manually explored. The agricultural 
pesticides frequently reviewed are identified by the reading of the “chemicals_cas” 
column. Additionally, the environmental and biological matrices investigated, as 
well as the study areas, were identified through the reading of the abstracts and 
titles of papers. A paper can process one to several matrices. Additionally, a paper 
may process one to several pesticides with the same or different biological activity 
in a region. The distribution of the TPN per matrices and country is visualized 
through ArcGIS 10.8 software. The size of the icons shows the TPN per matrices 
per country. 

3. Results 
3.1. Description of the Collected Database 

The Scopus search resulted in 1863 scientific papers. The papers consist of 1622 
(87%) articles, 142 (7.6%) reviews, 52 (2.8%) book chapters and 47 (2.5%) confer-
ence papers. Of the 1 863 papers, 1838 (98.6%) are published in the English lan-
guage. The 1863 papers are published in 636 different journals. A total of 5581 
researchers contributed to the papers with a document per author and co-authors 
per document ratio of 0.3 and 4.3, respectively. A total of 5424 authors partici-
pated in the writing of multi-authored papers, while 157 researchers participated 
in the writing of single-authored papers. 

The collaboration index, which indicates the total authors of multi-authored 
papers/total multi-authored papers (Elango & Rajendran, 2012), is about 3.2. 
Hence, there is a strong multi-author involvement in scientific research in the 
considered research field (Siamaki et al., 2014). The score of the collaboration in-
dex could have a positive impact on the citation of papers, which averaged 22.8 
citations per paper (Table 1). 

The yearly and cumulative publication number of papers increased from 1990 
to 2021 (Figure 3(a)). The yearly papers increased from 8 in 1990 to 153 in 2021. 
The year 2020 is the most documented with 164 papers. The increase in research 
can be explained by the promotion of sustainable agriculture for food security 
about the Sustainable Development Goals (UN-SDGs), but also the dynamics of 
institutional collaborations (Barrios et al., 2008), the emergence of new research-
ers (Cabral et al. 2018) and new research domains (Agbohessi et al., 2015). A total 
of 1739 papers were cited. The total cumulative number of citations of papers is 
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Table 1. Main information on agricultural pesticide research in Africa from 1990 to 2021. 

Description Results 

Papers 1863 

Sources (Journals, Books, etc.) 636 

Documents contents  

Keywords Plus (ID) 9212 

Author’s Keywords (DE) 4443 

Average years from publication 9.89 

Average citations per document 22.8 

Average citations per year per document 2.3 

References 86,198 

Authors 5581 

Author Appearances 8805 

Authors of single-authored documents 157 

Authors of multi-authored documents 5424 

Authors collaboration  

Single-authored documents 185 

Documents per Author 0.3 

Co-Authors per Documents 4.3 

Collaboration Index 3.2 

Document types  

Article 1622 

Review 142 

Book chapter 52 

Conference paper 47 

 
42,443, with an average citation per paper of 22.8 times. The research results were 
highly regarded by the academic community. The annual citation in Scopus in-
creased in 2009 with a Total Global Citation Score (TGCS = 3084). The number 
of citations per paper by other papers in the present collection increased in 2014 
with a Total Local Citation Score (TLCS = 394) (Figure 3(b)). The TLCS provides 
crucial information on authors’ self-citation. This could be due to an institutional 
affinity or to a common methodological approach of the authors. After 2016, the 
number of citations continued to decrease to an average of two per paper in 2021. 
This is because the new publications need more time for reading (Mo et al., 2018) 
and the loss of influence of articles over the years (Fu & Ho, 2015). 

3.2. Keywords Related to Agricultural Pesticides 

The 1863 papers contained 9212 Keyword Plus and 4443 Author’s Keywords. 
Table 2 lists the 15 most frequently used. The terms “pesticides”, “humans”, 
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“South Africa”, “animals”, and “Africa” are the most frequently reported in pub-
lications for the Keyword Plus. For the Author’s Keywords, these are “pesticides”, 
“organochlorine pesticides”, “Africa”, “environmental exposure” and “risk assess-
ment”. The keywords indices mainly describe the types of pesticides frequently 
used, the environmental receptor and the geographical areas frequently studied. 
The Keyword Plus analysis identified “South Africa” as the only country present, 
occupying the third position highlighting. The majority of the case studies were 
conducted in this country. 
 

 
(a) 

 
(b) 

Figure 3. Temporal evolution of papers and citations from 1990 to 2021. (a) Annual and 
cumulative number of publications of papers; (b): Total Local Citations Score (TLCS), 
which is the number of citations by other papers in this collection and Total Global Cita-
tions Score (TGCS), which is the number of citations by the paper in ScopusTM. 

 
Table 2. Top 15 author’s keywords and keywords plus related agricultural pesticides from 
1990 to 2021. 

Rank Keywords Plus (ID) TPN Author’s Keywords (DE) TPN 

1 pesticides 1262 pesticides 354 

2 humans 665 organochlorine pesticides 148 

3 South Africa 591 Africa 93 

4 animals 570 environmental exposure 85 

5 Africa 461 risk assessment 70 
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Continued 

6 organochlorine pesticides 435 vegetables 70 

7 agriculture 432 agriculture 67 

8 insecticides 418 sediment 66 

9 risk assessment 395 herbicides 64 

10 concentration response 342 water quality 64 

11 female worker 323 insecticides 63 

12 water pollutants 319 DDT residue 58 

13 occupational exposure 276 maize 56 

14 environmental exposure 257 fish 55 

15 endosulfan 221 smallholder farmers 54 

 
The Keyword Plus defines the general terms, while the Author’s Keywords de-

fine the specific observations of the search (Zhang et al., 2015). Figure 4 shows 
the map of research knowledge constructed from the terms of the Keyword Plus. 
The term “pesticides”, which dominates a network, is linked to terms relating to 
the pesticide families and targets e.g. “herbicides, organochlorine pesticides”; the 
study regions e.g. “South Africa, Benin, Egypt”; pest management e.g. “integrated 
pest management”; human exposure pathways e.g. “toxicity, bioaccumulation” 
and exposed matrices e.g. “soil, fish, water, sediment”. 
 

 
Figure 4. Co-Occurrence network of the fifty terms on agricultural pesticides research. The 
size of the nodes represents the frequency of occurrence in the papers. The thickness of the 
link between the nodes indicates the degree of relationships. 

3.3. Countries’ Performance 

The distribution of papers by country could reflect the place occupied in scientific 
research (Zheng et al., 2017) but also the dynamics of methodological approaches 
(Patience et al., 2019). The scientists producing papers on agricultural pesticide 
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use originate from 68 countries. South Africa is the most important country in 
terms of Total Publication Number (TPN = 392). 

The majority of papers are produced by authors affiliated with South African 
research institutions, with Single Country Publications (SCP = 286 papers). 

Additionally, South Africa has developed a strong research cooperation net-
work, with a relatively high value for the Multiple Country Publications index 
(MCP = 106 papers). The United States (USA) and Nigeria rank second and third 
for TPN with 127 and 114 papers, respectively. For the African continent, 37 
countries participated in the writing of papers. The most active countries in the 
Sub-Saharan region were Nigeria, Ghana and Kenya, with respective TPN of 114, 
93 and 88 papers (Table 3). 
 

Table 3. Top 15 Most productive countries on the publication and citation papers. 

Rank Country TPN (%) SCP MCP 
MCP/ 
TPN 

Country TGCS 
TGCS/ 
TPN 

1 South Africa 392 (23.1) 286 106 0.3 South Africa 7228 18.4 

2 USA 127 (7.5) 45 82 0.6 USA 3823 30.1 

3 Nigeria 114 (6.7) 84 30 0.3 Ghana 2468 26.5 

4 Ghana 93 (5.4) 56 37 0.4 United Kingdom 2356 31.8 

5 Kenya 88 (5.2) 41 47 0.5 Netherland 1957 45.5 

6 United Kingdom 74 (4.3) 25 49 0.6 Kenya 1916 21.8 

7 Egypt 67 (3.9) 54 13 0.2 Germany 1683 31.8 

8 Germany 53 (3.1) 9 44 0.8 Egypt 1640 24.5 

9 Tanzania 51 (3) 25 26 0.5 France 1446 29.5 

10 France 49 (2.8) 14 35 0.7 Nigeria 1230 10.8 

11 Benin 45 (2.6) 20 25 0.5 Tanzania 1216 23.8 

12 Netherlands 43 (2.5) 10 33 0.7 Zimbabwe 1209 33.6 

13 Uganda 38 (2.2) 7 31 0.8 Benin 969 21.5 

14 Zimbabwe 36 (2.1) 20 16 0.4 Ethiopia 904 27.4 

15 Ethiopia 33 (1.9) 12 21 0.6 Belgium 712 22.2 

TPN: Total Publication Number; %: Percentage of present collection; SCP: Single Country Publications; MCP: Multiple Country 
Publications; TGCS: Total Global Citations Score, which is the number of citations by the paper in ScopusTM database. 

 
In West Africa, Ghana, Nigeria and Benin exhibit a high MCP respectively. 

Based on the TGCS, South Africa, the USA and Ghana rank in this order. Inter-
disciplinary research is currently strongly supported in science policy programs. 
It has also become a norm in research collaboration (Lee & Bozeman, 2005). The 
funding institutions recommend collaboration with applicants by including it in 
the eligibility requirements (Kang & Park, 2012). 

The international cooperation between the most productive countries is evalu-
ated by an analysis of co-occurrences (Figure 5). South Africa, the United King-
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dom (UK) and the USA have the strongest cooperation with other countries, with 
over 50 collaborations for each. For the first ranked African country in terms of 
TPN, South Africa, it is the South Africa-Germany collaboration research that 
ranks the first in terms of research cooperation with 28 papers, followed by South 
Africa-Netherlands (24 papers) and South Africa-Nigeria (23 papers). The coun-
tries of South Africa, the USA and the United Kingdom were also the strongest in 
developing collaborative research networks, with no less than fifty collaborative 
links with other countries. 
 

 
Figure 5. Cooperation network between countries. The size of the node represents the de-
gree of openness of a country to research; the thickness of the lines connecting the nodes 
represents the degree of cooperation between two countries. 

 
South Africa is the most active in south-south cooperation. Yet, in general, 

there is little research cooperation between African countries in this research do-
main. As a result, knowledge sharing is very limited. 

3.4. Performance Institutions and Journals 

From the 1863 papers, 941 (31%) papers are classified in the “Agricultural and 
Biological Sciences” domain, followed by the “Environmental Science” domain 
with 874 (29%) papers and the “Human and ecological health” domain with 696 
(23%) papers. The research in the domain field of agricultural pesticide use in 
Africa has been directed towards the domains of human health, environmental 
risks and crop protection. The “Social Sciences” domain is poorly documented 
134 (4%) (Figure 6). The main social problems related to poor knowledge of types 
and doses, problems of pesticide storage, scarcity of individual protective equip-
ment, poor knowledge of health and environmental risks and ignorance of alter-
native methods (Stadlinger et al., 2011). The limited literature related to “pesticide 
risks” is of direct concern for the environment and farming community (Sibanda 
et al., 2000). The low level of capacity building of farmers and limited capacity 
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may contribute to the inappropriate use of these toxic products. 
 

 
Figure 6. Documents by subject area on agricultural pesticides research in Africa (1990-
2021) indexed in the ScopusTM database. 

 
In Table 4, we show the top 10 research institutions and the most relevant jour-

nals ranked by the number of papers produced. The 1863 papers are published in 
636 journals. The journal of Chemosphere publishes the most papers in this do-
main (TPN = 80), followed by Crop Protection (TPN = 72) and Science of the 
Total Environment (TPN = 58). The journal Chemosphere is first in terms of ci-
tation (TGCS = 2759), followed by Crop Protection (TGCS = 1964) and Science 
of the Total Environment (TGCS = 1671). The journals specializing in different 
research domains were solicited for publication papers. This is explained by the 
fact that researchers tend to publish in several journals during their careers. Ad-
ditionally, the different specific research topics are closely related.  
 

Table 4. Top 10 most relevant institutions and journals on agricultural pesticide research from 1990 to 2021. 

Institution (Country) TPN (%) Journals TPN Hi TGCS (R) PY_start 

University of Cape Town  
(South Africa) 

115 (10.2) Chemosphere 80 32 2759 (1) 1992 

University of Ghana (Ghana) 81 (8.4) Crop Protection 72 25 1964 (2) 1992 
Wageningen University 

(Netherland) 
54 (6.7) 

Science Of The Total 
Environment 

58 28 1671 (3) 1996 

University of Stellenbosch 
(South Africa) 

53 (5.5) 
Bulletin Of Environmental 

Contamination And Toxicology 
(BECT) 

34 18 649 (6) 1991 

University of Pretoria  
(South Africa) 

52 (5.2) 
Environmental Science And 
Pollution Research (ESOR) 

34 14 566 (7) 2012 
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Continued 

North-West University  
(South Africa) 

51 (3.3) 
Environmental Monitoring And 

Assessment (EMA) 
28 12 466 (9) 2004 

Makerere University (Uganda) 49 (3.2) 
International Journal Of Pest 

Management (IJPM) 
27 12 477 (8) 1993 

Kwame Nkrumah University 
(Zambia) 

47 (2.9) Water SA 25 13 422 (10) 1994 

International Institute of 
Tropical Agriculture (Nigeria) 

46 (2.7) 
South Africa Journal of Plant 

and Soil 
20 13 680 (5) 1992 

University of Kwazulu-Natal 
(South Africa) 

44 (2.5) South Africa Journal of Science 19 13 788 (4) 1994 

TPN: Total Publication Number; %: Percentage of present collection; Hi: high citations index; TGCS: Total Global Citations Score, 
which is the number of citations by the paper in Scopus, R: Rang, PY_Start: Year of first publication. 

 
Five of these institutions are located in South Africa. The University of Cape 

Town ranks first with 115 papers produced, followed by the University of Ghana 
with 81 papers and the Wageningen University with 54 papers. 

3.5. Most Cited Papers on Agricultural Pesticides Research in  
Africa 

Although citation number presents drawbacks in evaluating an author’s impact 
(Mo et al., 2018), it allows us to evaluate the particular interest of a research do-
main. In Table 5, we present the fifteen most cited papers published in the three 
top journals in terms of publication and citation. The majority of the most cited 
papers were published before 2013. That may be attributed to the cumulative ci-
tation effect over time. Recent papers published require more time for reading 
(Mo et al., 2018). The papers cited relate to agricultural practices, the persistence 
and bioaccumulation of pesticide residues, the perception of cost, the human 
health risks and the mitigation of the transfer and dispersion of pollutants in the 
environment. 
 

Table 5. The fifteen most cited papers published in the three top journals on agricultural pesticide research in Africa from 1990 to 
2021. 

Rank Papers Title Journals TGCS 
TGCS/ 
Year 

1 Ngowi et al. 2007 
Smallholder vegetable farmers in Northern Tanzania: 
Pesticides use practices, perceptions, cost, and health 
effects 

Crop Protection 216 13.5 

2 
Williamson et al. 

2008 
Trends in pesticide use and drivers for safer pest 
management in four African countries 

Crop Protection 184 12.3 

3 Moore et al. 2002 
Mitigation of chlorpyrifos runoff using constructed 
wetlands 

Chemosphere 165 7.8 
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Continued 

4 Darko et al. 2008 
Persistent organochlorine pesticide residues in fish, 
sediments and water from Lake Bosomtwi, Ghana 

Chemosphere 129 8.6 

5 
Matthews et al. 

2003 
A survey of pesticide application in Cameroon Crop Protection 106 5.3 

6 Barakat et al. 2013 
Persistent organochlorine pesticide and PCB residues in 
surface sediments of Lake Qarun, a protected area of 
Egypt 

Chemosphere 102 10.2 

7 Matthews, 2008 
Attitudes and behaviors regarding use of crop protection 
products-A survey of more than 8500 smallholders in 26 
countries 

Crop Protection 95 6.3 

8 Baudron et al. 2019 

Understanding the factors influencing fall armyworm 
(Spodoptera frugiperda J.E. Smith) damage in African 
smallholder maize fields and quantifying its impact on 
yield. A case study in Eastern Zimbabwe 

Crop Protection 89 22.2 

9 Schulz, 2001 
Comparison of spray drift- and runoff-related input of 
azinphos-methyl and endosulfan from fruit orchards into 
the Lourens River, South Africa 

Chemosphere 87 3.9 

10 Hassine et al. 2012 
Determination of chlorinated pesticides, polychlorinated 
biphenyls, and polybrominated diphenyl ethers in human 
milk from Bizerte (Tunisia) in 2010 

Chemosphere 83 7.5 

11 Akoto et al. 2013 
Health risk assessment of pesticides residue in maize and 
cowpea from Ejura, Ghana 

Chemosphere 82 8.2 

12 Gerber et al. 2016 
Bioaccumulation and human health risk assessment of 
DDT and other organochlorine pesticides in an apex 
aquatic predator from a premier conservation area 

Science of the 
Total 

Environment 
76 10.8 

13 Sibanda et al. 2000 
Pest management challenges for smallholder vegetable 
farmers in Zimbabwe 

Crop Protection 75 3,2 

14 Obopile et al. 2008 
Farmers’ knowledge, perceptions, and management of 
vegetable pests and diseases in Botswana 

Crop Protection 73 4.8 

15 Taiwo, 2019 
A review of environmental and health effects of 
organochlorine pesticide residues in Africa 

Chemosphere 71 17.7 

 
Figure 5. Cooperation network between countries. The size of the node repre-

sents the degree of openness of a country to research; the thickness of the lines 
connecting the nodes represents the degree of cooperation between two countries. 

The total number of citations for the papers ranged from 71 to 216. The paper 
titled “Smallholder vegetable farmers in Northern Tanzania: Pesticides use prac-
tices, perceptions, cost and health effects” published in the Crop Protection Jour-
nal, was the most cited (TGCS = 216) (Ngowi et al., 2007). This study conducted 
an agricultural survey of smallholder farmers in northern Tanzania to investigate 
the relationship between agricultural practices and human health risks related to 
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pesticide use. The significance of the results may be the reason for the high num-
ber of citations. Two recently published papers have an interesting citation score 
to highlight. The reference paper (Baudron et al., 2019), entitled “Understanding 
the factors influencing fall armyworm (Spodoptera frugiperda J.E. Smith) damage 
in African smallholder maize fields and quantifying its impact on yield. A case 
study in Eastern Zimbabwe published in the Crop Protection journal, presents a 
citation score (TGCS = 89) with an average of 22.2 citations per year. In this paper, 
the factors of maize degradation by armyworms and the quantification of impacts 
on yield in the eastern region of Zimbabwe were discussed. The reference paper 
(Taiwo, 2019), entitled “A review of environmental and health effects of organo-
chlorine pesticide residues in Africa’’ published in the Chemosphere journal, pre-
sents a citation score (TGCS = 71) with an average of 17.7 citations per year. 

This paper focuses on the literature review of human health and ecological risks 
associated with organochlorine pesticide residues presented in water and sedi-
ments in Africa. The aim of this study was also to evaluate the carcinogenic and 
non-carcinogenic risks to humans from the consumption of fish contaminated 
with organochlorine pesticide residues. The alarming results on human health 
risks associated with exposure to organochlorine insecticides may explain the in-
crease in citations. 

3.6. Most Frequent Pesticides Residues Researched 

The most studied pesticides were determined by counting their occurrence in key-
words and abstracts of the literature database. The pesticides counted in more 
than five publications were reported in Figure 7. The pesticides were then classi-
fied according to their biological activity. The most researched pesticides have a 
biological activity of an insecticide and herbicide nature. A large number of pub-
lications have focused on the insecticide DDT (dichlorodiphenyltrichloroethane) 
(TPN = 150), followed by Endosulfan (TPN = 73), Lindane (TPN = 66) and 
Chlorpyrifos (TPN = 61). The European Union (EU) does not approve most of 
the pesticides currently used in Africa (Lewis et al. 2016) (See list in the appendix 
supplementary data). These results suggest a significant use of organochlorine in-
secticides in the agricultural sector in Africa despite the Europe and Sahel region 
ban because of the endocrine disruption and ecosystem effects of these pollutants 
(Olisah et al., 2019a). 

3.7. Research Themes for Agricultural Pesticides 

Most papers focused on crop protection (TPN = 472), particularly the occurrence 
of persistent pesticide residues on crops, e.g. (Ahouangninou et al., 2011), the 
improvement of crop yields, e.g. (Mashele and Auerbach, 2016), the emergence 
of new crop varieties, e.g., (Singh & Ajeigbe, 2007), the control of weeds and 
crop pests, e.g., (Fourie et al., 2015) and the importance of crop rotation, e.g., 
(Hanyurwimfura et al., 2018; Mhlanga et al., 2016). In addition, the research 
focused on pesticides in the food consumption chain, e.g. (Diop et al., 2016) and  
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Figure 7. Most frequent pesticides studied in Africa (1990-2021) reported in the papers. 
(N.A): pesticide not approved for agricultural use by the EU; (A) pesticide approved for 
agricultural use by the EU. 

 
the contribution of climate change to the evolution of pesticide use, e.g. (Gatto et 
al., 2016). For water resources (surface water TPN = 183 and groundwater TPN = 
20), the studies focused on the pollution of water consumption, e.g. (Agyapong et 
al., 2013), the pollution of watersheds, e.g. (Kishimba et al., 2004) and the preser-
vation of surface water quality, e.g. (Shabalala et al., 2013). The techniques for 
extracting residues in water, e.g. (Jacklin et al., 2019) and the water solubility of 
pesticides have also been studied, e.g. (Dalvie et al., 2003). For soils (TPN = 131) 
and sediments (TPN = 94), the authors focus on soil contamination processes, e.g. 
(Kolani et al. 2017), soil degradation, e.g. (Vischetti & Esposito, 1999) and the 
persistence of pesticide residues in soil, subsoil and sediments, e.g. (Wolmarans 
& Swart, 2014). The following problems were reported: the drainage processes of 
pesticides, e.g. (Manirakiza et al., 2003), soil quality conservation, e.g. (Lalani et 
al., 2016), the leaching of pesticide residues to water sources, e.g. (Baimey et al., 
2015) and the techniques for the extraction of pesticide residues from the soil e.g. 
(Westbom et al., 2008). Little scientific productivity is observed on the effects of 
agricultural pesticides on groundwater (TPN = 20) and the atmosphere (TPN = 
24). In these articles, the methods of analysis of residues in the air, e.g. (Naudé & 
Rohwer, 2012), the content of pesticides using passive samplers, e.g. (Klánová et 
al., 2009) and air pollution by pesticides, e.g. (Isogai et al., 2018) have been docu-
mented. For human health risks (TPN = 505), the research has been directed to-
ward the poisoning of farmers and children e.g. (Swartz et al., 2018), the risks 
related to chronic diseases, e.g. (Buah-Kwofie et al., 2019), dietary exposure, e.g. 
(Ndlovu et al., 2014), the exposure of pregnant women and complications of preg-
nancy, e.g. (Naidoo et al., 2011) and the exposure of breastfeeding women and 
infants, e.g. (Ennaceur et al., 2008). Additionally, the carcinogenic risks related to 
the handling of pesticides and consumption of contaminated food have been re-
ported, e.g. (Sosan et al., 2020). The research has also focused on the impacts of 
persistent residues on freshwater organisms (TPN = 283). The research has been 
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directed toward the pollution of aquatic ecosystems by discharges of chemical 
contaminants that expose algae, e.g. (Carrasco et al., 2013), mollusks, e.g. (Bodin 
et al., 2011), bacteria, e.g. (Olanya et al., 2012) and fish, e.g. (Deribe et al., 2011). 
The vulnerability of non-target organisms and human consumption is highlighted 
e.g. (Yohannes et al., 2017) (Figure 8). 
 

 
(a) 

 
(b) 

Figure 8. Papers by case study country based on research themes. 

4. Discussion 

The bibliometric analysis can be used to assess global, regional or local research 
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patterns in a specific domain (Aria & Cuccurullo, 2017). The number of scientific 
publications on pesticides has increased significantly since 2000. The increase is 
due to growing awareness, sustainable agriculture for food security (Agbohessi et 
al., 2015) and the emergence of research domains and scientists (Cabral et al., 
2018). The number of publications provides indications about the productivity 
(Sun et al., 2018). Agricultural practices, stakeholder perceptions, costs and the 
effects of agricultural pesticides on human health and ecosystems could boost re-
search and publication (Ngowi et al., 2007). This agrees with our case study, which 
shows an increasing number of publications, from 8 in 1990 to 154 in 2021. A 
change in the number of publications could indicate the scientific community’s 
major interest in a particular domain. 

The keywords “pesticides”, “humans” and “South Africa” were the most cited. 
This has to do with the large quantities, the plethoric numbers of pesticides fre-
quently used in agriculture in Africa (Anaduaka et al., 2023), human health risk 
assessment (Pan et al., 2016) and because the majority of case studies were pro-
duced in South Africa (Smith et al., 2021). The Scopus database (Table 1) shows 
1863 papers published by 636 journals. A total of 5581 authors contributed docu-
ments from 1990 to 2021, with an average of 0.3 papers per author. The collabo-
ration index was 3.2, showing strong co-author participation (Elango & Rajen-
dran, 2012; Siamaki et al., 2014). Smith et al., (2021) reported a slightly higher 
collaboration index in their study of biopesticides (3.59). 

This may be explained by the interest in biopesticides as alternatives to agricul-
tural pesticides. Among the 5581 authors, 5424 were authors of multi-authored 
papers and 157 were authors of single-authored papers. 

Collaboration networks highlight relationships between countries, institutions 
and researchers (Lee & Bozeman, 2005). Many bibliometric studies have classified 
the United States as the leader in terms of collaboration (Supangat et al., 2025), 
contrary to our case study, which reveals the dominance of South Africa. We at-
tribute this success to the government’s support for research initiatives and collab-
oration. The scientific research is supported by collaborative efforts for knowledge 
synergy. The high citation of publications depends on international or local col-
laboration (Siamaki et al., 2014). (Ngowi et al., 2007) was the most cited paper 
(TGCS = 216). The most active countries in terms of publications and citations 
on agricultural pesticides were South Africa and the USA (Table 3). Except for 
South Africa, nine (9) African countries were in the top 15 in terms of agricultural 
pesticide production. They were Nigeria, Ghana, Kenya, Egypt, Tanzania, Benin, 
Uganda, Zimbabwe and Ethiopia, with 114, 93, 88, 67, 51, 45, 38, 36 and 33 papers, 
respectively. Africa is the continent with the world’s lowest pesticide consumption 
(−5%), however scientific studies have reported the use of agrochemicals with ac-
tive substances that are dangerous to human life (Ennaceur et al., 2008) and their 
presence in different ecological matrices at concentrations above the critical limits 
(Ogola et al., 2024). 

Africa is a favored destination for prohibited pesticides produced in Europe. In 
2018, five African countries received nearly 7500 tons of pesticides containing 25 
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toxic active substances. 1700 tons were exported to South Africa (Schlegel, 2020). 
Agricultural pesticides in Africa are frequently used by producers unable to read 
labels, with little training and no individual safety equipment (Ngowi et al., 2007; 
Schlegel, 2020). This reflects poor regulation and monitoring of pesticides by pol-
icymakers. The exposure of groundwater and air to pesticide pollution of agricul-
tural origin is poorly documented, with less than 25 publications (Figure 8). In 
Africa, groundwater supply represents the main source of drinking water and air 
quality is influenced by growing agricultural and industrial activities. To minimize 
agricultural pesticide pollution risks, research into groundwater and air exposure 
should be encouraged. The organochlorine insecticides detected in the matrices 
investigated were DDT, endosulfan and lindane. These results are in line with 
those of (Olisah et al., 2019b), who reported the presence of organochlorine pol-
lutants α-HCH, β-HCH, DDT and endosulfan. A greater priority should be given 
to research related to these persistent organic pollutants (POPs). 

The methodological approach used in this analysis has certain limits. The first 
limit is that ScopusTM is a peer-reviewed academic database; therefore, important 
information from the grey literature might be excluded. The second concerns lan-
guage selection. Only publications written in English and French were extracted 
from ScopusTM so that documents produced in other languages were excluded, 
although they reflect scientific research on agricultural pesticides in Africa. The 
third limit lies in the selection of the search terms. It is possible that some publi-
cations were omitted from our search. Further, it was considered to select only 
articles, books, book chapters, conference papers and journals. The types of doc-
uments related to procedure articles, letters, correction additions and editorials 
were excluded from the search even though they are related to agricultural pesti-
cide research in Africa. Another limit is the absence of a critical analysis of the 
documents of sections relating to methodology, results and discussions. For ex-
ample, articles and researchers were evaluated against production and citation 
notes that still do not reflect the content of an article. Finally, the analysis consid-
ers only the scientific corpus indexed in ScopusTM. Papers dealing with agricultural 
pesticide research in Africa published exclusively in other databases such as Web 
of Sciences, Google Scholar and others were not considered. Thus, papers pub-
lished exclusively in these databases and sector reports published by governments 
and non-governmental organizations were not analyzed even though they reflect 
the literature on agricultural pesticides used in Africa (Leydesdorff et al., 2015). 
In addition, a paper’s Total Citation Score (TGCS) is not a robust indicator of 
search quality. In bibliometric analysis, the methods and results of the publica-
tions are not critiqued (Smith et al., 2021). In addition, information reported in 
the study is susceptible to evolution according to the cumulative number of pub-
lications (Figure 3(a)), which shows a growth of research on agricultural pesti-
cides in Africa over time. 

5. Conclusion 

To our knowledge, no systematic compilation of studies on the use and environ-
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mental behavior of agricultural pesticides at the scale of the African continent has 
been carried out. The absence of such a synthesis of scientific research weakens 
the identification of priority axes of research in support of the management of 
pesticides in Africa. In this study, descriptive statistics were used to measure over-
all trends in agricultural pesticide research in Africa between 1990 and 2021. 
These results of research should enable monitoring programs for these pollutants, 
especially in regions where studies are limited. Following this statistical analysis 
of bibliometric indicators, a literature review is necessary to provide a more com-
plete analysis of the research questions, methodologies and results highlighted in 
the articles, particularly the study areas, the sample sizes, the types of pesticide 
residues and the concentrations recorded. 

While these limits were noted, this literature analysis on agricultural pesticide 
use and impacts related to socioeconomics, human health and the environment 
in Africa provides a significant overview of the state of knowledge for the survey 
period. These results complement the sectorial studies already carried out and will 
provide guidelines for future studies. 

Acknowledgements & Funding 

This research was supported by Wallonie Bruxelles Internationale (WBI), Fond 
de la Recherche Scientifique (FRS-FNRS), UCAD and the UCLouvain Conseil de 
l’Action Internationale (CAI/UCLouvain). 

Authors Contributions 

All authors contributed to the design, implementation and writing of the study. 
Alousseynou Bah was responsible for data collection and analysis. Alousseynou 
Bah drafted the first version of the manuscript, and all authors commented on 
versions of the manuscript. All authors have read and approved the final manu-
script. 

Data Availability Statement 

Physical-chemical, health and ecological risks summary. 

Conflicts of Interest 

The authors have no financial or non-financial relevant interests to disclose. 

References 
Agbohessi, P. T., Imorou Toko, I., Ouédraogo, A., Jauniaux, T., Mandiki, S. N. M., & Keste-

mont, P. (2015). Assessment of the Health Status of Wild Fish Inhabiting a Cotton Basin 
Heavily Impacted by Pesticides in Benin (West Africa). Science of the Total Environ-
ment, 506, 567-584. https://doi.org/10.1016/j.scitotenv.2014.11.047 

Agyapong, E. A., Lugushie, T. A., Fei-Baffoe, B., & Atabila, A. (2013). Effect of Organo-
chlorine Pesticides Usage on Water Quality of Tano River in the Asunafo South District 
of Brong Ahafo Region of Ghana. Pollution Research, 32, 699-706. 

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1016/j.scitotenv.2014.11.047


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 295 Journal of Geoscience and Environment Protection 
 

Ahouangninou, C., Fayomi, B. E., & Martin, T. (2011). Assessing Health and Environmen-
tal Risks as Regards Pesticide Practices of Vegetable Growers in the Rural City of Tori-
Bossito in Southern Benin. Cahiers Agricultures, 20, 216-222.  
https://doi.org/10.1684/agr.2011.0485 

Anaduaka, E. G., Uchendu, N. O., Asomadu, R. O., Ezugwu, A. L., Okeke, E. S., & Chidike 
Ezeorba, T. P. (2023). Widespread Use of Toxic Agrochemicals and Pesticides for Agri-
cultural Products Storage in Africa and Developing Countries: Possible Panacea for Eco-
toxicology and Health Implications. Heliyon, 9, e15173.  
https://doi.org/10.1016/j.heliyon.2023.e15173 

Aria, M., & Cuccurullo, C. (2017). Bibliometrix: An R-Tool for Comprehensive Science 
Mapping Analysis. Journal of Informetrics, 11, 959-975.  
https://doi.org/10.1016/j.joi.2017.08.007 

Baimey, H., Zadji, L., Afouda, L., Moens, M., & Decraemer, W. (2015). Influence of Pesti-
cides, Soil Temperature and Moisture on Entomopathogenic Nematodes from Southern 
Benin and Control of Underground Termite Nest Populations. Nematology, 17, 1057-
1069. https://doi.org/10.1163/15685411-00002923 

Barrios, M., Borrego, A., Vilaginés, A., Ollé, C., & Somoza, M. (2008). A Bibliometric Study 
of Psychological Research on Tourism. Scientometrics, 77, 453-467.  
https://doi.org/10.1007/s11192-007-1952-0 

Baudron, F., Zaman-Allah, M. A., Chaipa, I., Chari, N., & Chinwada, P. (2019). Under-
standing the Factors Influencing Fall Armyworm (Spodoptera frugiperda J.E. Smith) 
Damage in African Smallholder Maize Fields and Quantifying Its Impact on Yield. a Case 
Study in Eastern Zimbabwe. Crop Protection, 120, 141-150.  
https://doi.org/10.1016/j.cropro.2019.01.028 

Benckendorff, P., & Zehrer, A. (2013). A Network Analysis of Tourism Research. Annals 
of Tourism Research, 43, 121-149. https://doi.org/10.1016/j.annals.2013.04.005 

Bodin, N., N’Gom Ka, R., Le Loc’h, F., Raffray, J., Budzinski, H., Peluhet, L. et al. (2011). 
Are Exploited Mangrove Molluscs Exposed to Persistent Organic Pollutant Contamina-
tion in Senegal, West Africa? Chemosphere, 84, 318-327.  
https://doi.org/10.1016/j.chemosphere.2011.04.012 

Buah-Kwofie, A., Humphries, M. S., & Pillay, L. (2019). Dietary Exposure and Risk Assess-
ment of Organochlorine Pesticide Residues in Rural Communities Living within Catch-
ment Areas of Isimangaliso World Heritage Site, South Africa. Environmental Science 
and Pollution Research, 26, 17774-17786. https://doi.org/10.1007/s11356-019-05046-9 

Cabral, B. P., da Graça Derengowski Fonseca, M., & Mota, F. B. (2018). The Recent Land-
scape of Cancer Research Worldwide: A Bibliometric and Network Analysis. Oncotarget, 
9, 30474-30484. https://doi.org/10.18632/oncotarget.25730 

Carrasco, N. K., Perissinotto, R., & Whitehead, A. (2013). Agricultural Impact on the Pe-
lagic Ecosystem of the Small Temporarily Open/Closed Seteni Estuary, South Africa. 
Marine and Freshwater Research, 64, 938-950. https://doi.org/10.1071/mf12310 

Cobo, M. J., López-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2011a). An Ap-
proach for Detecting, Quantifying, and Visualizing the Evolution of a Research Field: A 
Practical Application to the Fuzzy Sets Theory Field. Journal of Informetrics, 5, 146-166.  
https://doi.org/10.1016/j.joi.2010.10.002 

Cobo, M. J., López-Herrera, A. G., Herrera-Viedma, E., & Herrera, F. (2011b). Science 
Mapping Software Tools: Review, Analysis, and Cooperative Study among Tools. Journal 
of the American Society for Information Science and Technology, 62, 1382-1402.  
https://doi.org/10.1002/asi.21525 

Colanzi, T. E., Vergilio, S. R., Guez Assunção, W. K., & Pozo, A. (2013). Search Based Soft-

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1684/agr.2011.0485
https://doi.org/10.1016/j.heliyon.2023.e15173
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1163/15685411-00002923
https://doi.org/10.1007/s11192-007-1952-0
https://doi.org/10.1016/j.cropro.2019.01.028
https://doi.org/10.1016/j.annals.2013.04.005
https://doi.org/10.1016/j.chemosphere.2011.04.012
https://doi.org/10.1007/s11356-019-05046-9
https://doi.org/10.18632/oncotarget.25730
https://doi.org/10.1071/mf12310
https://doi.org/10.1016/j.joi.2010.10.002
https://doi.org/10.1002/asi.21525


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 296 Journal of Geoscience and Environment Protection 
 

ware Engineering: Review and Analysis of the Field in Brazil. Journal of Systems and 
Software, 86, 970-984. https://doi.org/10.1016/j.jss.2012.07.041 

Dalvie, M. A., Cairncross, E., Solomon, A., & London, L. (2003). Contamination of Rural 
Surface and Ground Water by Endosulfan in Farming Areas of the Western Cape, South 
Africa. Environmental Health, 2, 1-15. https://doi.org/10.1186/1476-069x-2-1 

Deribe, E., Rosseland, B. O., Borgstrøm, R., Salbu, B., Gebremariam, Z., Dadebo, E. et al. 
(2011). Bioaccumulation of Persistent Organic Pollutants (Pops) in Fish Species from 
Lake Koka, Ethiopia: The Influence of Lipid Content and Trophic Position. Science of 
the Total Environment, 410, 136-145. https://doi.org/10.1016/j.scitotenv.2011.09.008 

Diop, A., Diop, Y. M., Thiaré, D. D., Cazier, F., Sarr, S. O., Kasprowiak, A. et al. (2016). 
Monitoring Survey of the Use Patterns and Pesticide Residues on Vegetables in the 
Niayes Zone, Senegal. Chemosphere, 144, 1715-1721.  
https://doi.org/10.1016/j.chemosphere.2015.10.058 

Elango, B., & Rajendran, P. (2012). Authorship Trends and Collaboration Pattern in the 
Marine Sciences Literature: A Scientometric Study. International Journal of Information 
Dissemination and Technology, 2, 166-169. 

Ennaceur, S., Gandoura, N., & Driss, M. R. (2008). Distribution of Polychlorinated Biphen-
yls and Organochlorine Pesticides in Human Breast Milk from Various Locations in Tu-
nisia: Levels of Contamination, Influencing Factors, and Infant Risk Assessment. Envi-
ronmental Research, 108, 86-93. https://doi.org/10.1016/j.envres.2008.05.005 

Falagas, M. E., Pitsouni, E. I., Malietzis, G. A., & Pappas, G. (2008). Comparison of Pub-
med, Scopus, Web of Science, and Google Scholar: Strengths and Weaknesses. The 
FASEB Journal, 22, 338-342. https://doi.org/10.1096/fj.07-9492lsf 

FAO (2021). Africa: Pesticide Use for Agriculture in Africa from 2000 to 2019. Statista.  
https://www.statista.com/statistics/1291464/pesticide-use-for-agriculture-in-africa/  

Farooq, S., Ali-Musstjab-Akber-Shah Eqani, S., Malik, R. N., Katsoyiannis, A., Zhang, G., 
Zhang, Y. et al. (2011). Occurrence, Finger Printing and Ecological Risk Assessment of 
Polycyclic Aromatic Hydrocarbons (PAHs) in the Chenab River, Pakistan. Journal of 
Environmental Monitoring, 13, 3207-3215. https://doi.org/10.1039/c1em10421g 

Fourie, H., De Waele, D., Mc Donald, A. H., Mienie, C., Marais, M., & De Beer, A. (2015). 
Nematode Pests Threatening Soybean Production in South Africa, with Reference to 
Meloidogyne. South African Journal of Science, 111, Article 9.  
https://doi.org/10.17159/sajs.2015/20140212 

Fu, H., & Ho, Y. (2015). Top Cited Articles in Thermodynamic Research. Journal of Engi-
neering Thermophysics, 24, 68-85. https://doi.org/10.1134/s1810232815010075 

Garfield, E., & Welljams-Dorof, A. (1992). Of Nobel Class: A Citation Perspective on High 
Impact Research Authors. Theoretical Medicine, 13, 117-135.  
https://doi.org/10.1007/bf02163625 

Gatto, M. P., Cabella, R., & Gherardi, M. (2016). Climate Change: The Potential Impact on 
Occupational Exposure to Pesticides. Annali Dell’Istituto Superiore Di Sanita, 52, 374-
85. https://doi.org/10.4415/ANN_16_03_09  

Golbeck, J. (2013). Analyzing the Social Web. Newnes. 

Hanyurwimfura, D., Nizeyimana, E., Ndikumana, F., Mukanyiligira, D. et al. (2018). Mon-
itoring System to Strive against Fall Armyworm in Crops Case Study: Maize in Rwanda. 
https://doi.org/10.1109/SmartWorld.2018.00046  

Isogai, N., Hogarh, J. N., Seike, N., Kobara, Y., Oyediran, F., Wirmvem, M. J. et al. (2018). 
Atmospheric Monitoring of Organochlorine Pesticides across Some West African Coun-
tries. Environmental Science and Pollution Research, 25, 31828-31835.  

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1016/j.jss.2012.07.041
https://doi.org/10.1186/1476-069x-2-1
https://doi.org/10.1016/j.scitotenv.2011.09.008
https://doi.org/10.1016/j.chemosphere.2015.10.058
https://doi.org/10.1016/j.envres.2008.05.005
https://doi.org/10.1096/fj.07-9492lsf
https://www.statista.com/statistics/1291464/pesticide-use-for-agriculture-in-africa/
https://doi.org/10.1039/c1em10421g
https://doi.org/10.17159/sajs.2015/20140212
https://doi.org/10.1134/s1810232815010075
https://doi.org/10.1007/bf02163625
https://doi.org/10.4415/ANN_16_03_09
https://doi.org/10.1109/SmartWorld.2018.00046


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 297 Journal of Geoscience and Environment Protection 
 

https://doi.org/10.1007/s11356-016-7284-y 

Jacklin, D., Brink, I., & De Waal, J. (2019). Laboratory Method Design for Investigating the 
Phytoremediation of Polluted Water. Water SA, 45, 608-615.  
https://doi.org/10.17159/wsa/2019.v45.i4.7541 

Kang, K., & Park, H. (2012). Influence of Government R & d Support and Inter-Firm Col-
laborations on Innovation in Korean Biotechnology SMEs. Technovation, 32, 68-78.  
https://doi.org/10.1016/j.technovation.2011.08.004 

Kishimba, M. A., Henry, L., Mwevura, H. et al. (2004). The Status of Pesticide Pollution in 
Tanzania. Talanta, 64, 48-53. https://doi.org/10.1016/j.talanta.2003.11.047  

Klánová, J., Čupr, P., Holoubek, I., Borůvková, J., Přibylová, P., Kareš, R. et al. (2009). Mon-
itoring of Persistent Organic Pollutants in Africa. Part 1: Passive Air Sampling across the 
Continent in 2008. Journal of Environmental Monitoring, 11, 1952-1963.  
https://doi.org/10.1039/b913415h 

Kolani, L., Mawussi, G., Devault, D. A., & Sanda, K. (2017). Organochlorine Pesticide Res-
idues in Agricultural Soils from Région des Plateaux in Togo. Revista Internacional de 
Contaminación Ambiental, 33, 33-42. https://doi.org/10.20937/rica.2017.33.esp01.03 

Koseoglu, M. A. (2016). Growth and Structure of Authorship and Co-Authorship Network 
in the Strategic Management Realm: Evidence from the Strategic Management Journal. 
BRQ Business Research Quarterly, 19, 153-170.  
https://doi.org/10.1016/j.brq.2016.02.001 

Lalani, B., Dorward, P., Holloway, G., & Wauters, E. (2016). Smallholder Farmers' Motiva-
tions for Using Conservation Agriculture and the Roles of Yield, Labour and Soil Fertility 
in Decision Making. Agricultural Systems, 146, 80-90.  
https://doi.org/10.1016/j.agsy.2016.04.002 

Lee, S., & Bozeman, B. (2005). The Impact of Research Collaboration on Scientific Produc-
tivity. Social Studies of Science, 35, 673-702.  
https://doi.org/10.1177/0306312705052359 

Lewis, K. A., Tzilivakis, J., Warner, D. J., & Green, A. (2016). An International Database 
for Pesticide Risk Assessments and Management. Human and Ecological Risk Assess-
ment: An International Journal, 22, 1050-1064.  
https://doi.org/10.1080/10807039.2015.1133242 

Leydesdorff, L., de Moya‐Anegón, F., & de Nooy, W. (2015). Aggregated Journal—Journal 
Citation Relations in Scopus and Web of Science Matched and Compared in Terms of 
Networks, Maps, and Interactive Overlays. Journal of the Association for Information 
Science and Technology, 67, 2194-2211. https://doi.org/10.1002/asi.23372 

Manirakiza, P., Akinbamijo, O., Covaci, A., Pitonzo, R., & Schepens, P. (2003). Assessment 
of Organochlorine Pesticide Residues in West African City Farms: Banjul and Dakar 
Case Study. Archives of Environmental Contamination and Toxicology, 44, 171-179.  
https://doi.org/10.1007/s00244-002-2006-5 

Mashele, N., & Auerbach, R. M. B. (2016). Evaluating Crop Yields, Crop Quality and Soil 
Fertility from Organic and Conventional Farming Systems in South Africa’s Southern 
Cape. South African Journal of Geology, 119, 25-32.  
https://doi.org/10.2113/gssajg.119.1.25 

Mhlanga, B., Cheesman, S., Chauhan, B. S., & Thierfelder, C. (2016). Weed Emergence as 
Affected by Maize (Zea mays L.)-Cover Crop Rotations in Contrasting Arable Soils of 
Zimbabwe under Conservation Agriculture. Crop Protection, 81, 47-56.  
https://doi.org/10.1016/j.cropro.2015.12.007 

Mo, Z., Fu, H., & Ho, Y. (2018). Highly Cited Articles in Wind Tunnel-Related Research: 

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1007/s11356-016-7284-y
https://doi.org/10.17159/wsa/2019.v45.i4.7541
https://doi.org/10.1016/j.technovation.2011.08.004
https://doi.org/10.1016/j.talanta.2003.11.047
https://doi.org/10.1039/b913415h
https://doi.org/10.20937/rica.2017.33.esp01.03
https://doi.org/10.1016/j.brq.2016.02.001
https://doi.org/10.1016/j.agsy.2016.04.002
https://doi.org/10.1177/0306312705052359
https://doi.org/10.1080/10807039.2015.1133242
https://doi.org/10.1002/asi.23372
https://doi.org/10.1007/s00244-002-2006-5
https://doi.org/10.2113/gssajg.119.1.25
https://doi.org/10.1016/j.cropro.2015.12.007


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 298 Journal of Geoscience and Environment Protection 
 

A Bibliometric Analysis. Environmental Science and Pollution Research, 25, 15541-
15553. https://doi.org/10.1007/s11356-018-1766-z 

Mrema, E. J., Rubino, F. M., Brambilla, G., Moretto, A., Tsatsakis, A. M., & Colosio, C. 
(2013). Persistent Organochlorinated Pesticides and Mechanisms of Their Toxicity. Tox-
icology, 307, 74-88. https://doi.org/10.1016/j.tox.2012.11.015 

Naidoo, S., London, L., Burdorf, A., Naidoo, R., & Kromhout, H. (2011). Spontaneous Mis-
carriages and Infant Deaths among Female Farmers in Rural South Africa. Scandinavian 
Journal of Work, Environment & Health, 37, 227-236.  
https://doi.org/10.5271/sjweh.3133 

Naudé, Y., & Rohwer, E. R. (2012). Novel Method for Determining DDT in Vapour and 
Particulate Phases within Contaminated Indoor Air in a Malaria Area of South Africa. 
Analytica Chimica Acta, 730, 112-119. https://doi.org/10.1016/j.aca.2012.02.054 

Ndlovu, V., Dalvie, M. A., & Jeebhay, M. F. (2014). Asthma Associated with Pesticide Ex-
posure among Women in Rural Western Cape of South Africa. American Journal of In-
dustrial Medicine, 57, 1331-1343. https://doi.org/10.1002/ajim.22384 

Ngowi, A. V. F., Mbise, T. J., Ijani, A. S. M., London, L., & Ajayi, O. C. (2007). Smallholder 
Vegetable Farmers in Northern Tanzania: Pesticides Use Practices, Perceptions, Cost 
and Health Effects. Crop Protection, 26, 1617-1624.  
https://doi.org/10.1016/j.cropro.2007.01.008 

Odabasi, M., & Cetin, B. (2012). Determination of Octanol-air Partition Coefficients of 
Organochlorine Pesticides (OCPs) as a Function of Temperature: Application to Air-
Soil Exchange. Journal of Environmental Management, 113, 432-439.  
https://doi.org/10.1016/j.jenvman.2012.10.010 

Ogola, J. O., Olale, K., Mogwasi, R., & Mainya, O. (2024). Organochlorine Pesticide Resi-
dues in Water and Sediments in River Kibos-Nyamasaria in Kisumu County: An Inlet 
River of Lake Victoria, Kenya. Scientific African, 23, e02094.  
https://doi.org/10.1016/j.sciaf.2024.e02094 

Olanya, M., Nyankanga, R., Ojiambo, P., Lemaga, B., Kakuhenzire, R., & Fontem, D. 
(2012). Optimization of Late Blight and Bacterial Wilt Management in Potato Produc-
tion Systems in the Highland Tropics of Africa. In Sustainable Potato Production: Global 
Case Studies (pp. 509-531). Springer.  
https://doi.org/10.1007/978-94-007-4104-1_29 

Olisah, C., Adeniji, A. O., Okoh, O. O., & Okoh, A. I. (2019a). Occurrence and Risk Eval-
uation of Organochlorine Contaminants in Surface Water along the Course of Swartkops 
and Sundays River Estuaries, Eastern Cape Province, South Africa. Environmental Geo-
chemistry and Health, 41, 2777-2801.  
https://doi.org/10.1007/s10653-019-00336-0 

Olisah, C., Okoh, O. O., & Okoh, A. I. (2019b). Global Evolution of Organochlorine Pesti-
cides Research in Biological and Environmental Matrices from 1992 to 2018: A Biblio-
metric Approach. Emerging Contaminants, 5, 157-167.  
https://doi.org/10.1016/j.emcon.2019.05.001 

Pan, H., Geng, J., Qin, Y., Tou, F., Zhou, J., Liu, M. et al. (2016). PCBs and OCPs in Fish 
along Coastal Fisheries in China: Distribution and Health Risk Assessment. Marine Pol-
lution Bulletin, 111, 483-487. https://doi.org/10.1016/j.marpolbul.2016.06.064 

Patience, G. S., Galli, F., Patience, P. A., & Boffito, D. C. (2019). Intellectual Contributions 
Meriting Authorship: Survey Results from the Top Cited Authors across All Science Cat-
egories. PLOS ONE, 14, e0198117. https://doi.org/10.1371/journal.pone.0198117 

Pritchard, A. (1969). Statistical Bibliography or Bibliometrics. Journal of Documentation, 
25, Article 348. 

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1007/s11356-018-1766-z
https://doi.org/10.1016/j.tox.2012.11.015
https://doi.org/10.5271/sjweh.3133
https://doi.org/10.1016/j.aca.2012.02.054
https://doi.org/10.1002/ajim.22384
https://doi.org/10.1016/j.cropro.2007.01.008
https://doi.org/10.1016/j.jenvman.2012.10.010
https://doi.org/10.1016/j.sciaf.2024.e02094
https://doi.org/10.1007/978-94-007-4104-1_29
https://doi.org/10.1007/s10653-019-00336-0
https://doi.org/10.1016/j.emcon.2019.05.001
https://doi.org/10.1016/j.marpolbul.2016.06.064
https://doi.org/10.1371/journal.pone.0198117


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 299 Journal of Geoscience and Environment Protection 
 

Schlegel, M. (2020). Pesticides interdits: Plus de 80 000 tonnes exportées depuis l’UE, dont 
un tiers par Syngenta. Greenpeace Suisse.  
https://www.greenpeace.ch/fr/communique-de-presse/58234/pesticides-interdits-80-
000-tonnes/  

Shabalala, A. N., Combrinck, L., & McCrindle, R. (2013). Effect of Farming Activities on 
Seasonal Variation of Water Quality of Bonsma Dam, Kwazulu-Natal. South African 
Journal of Science, 109, Article 7. https://doi.org/10.1590/sajs.2013/20120052 

Siamaki, S., Geraei, E., & Zare-Farashbandi, F. (2014). A Study on Scientific Collaboration 
and Co-Authorship Patterns in Library and Information Science Studies in Iran between 
2005 and 2009. Journal of Education and Health Promotion, 3.  
https://doi.org/10.4103/2277-9531.139681 

Sibanda, T., Dobson, H. M., Cooper, J. F., Manyangarirwa, W., & Chiimba, W. (2000). Pest 
Management Challenges for Smallholder Vegetable Farmers in Zimbabwe. Crop Protec-
tion, 19, 807-815. https://doi.org/10.1016/s0261-2194(00)00108-3 

Singh, B. B., & Ajeigbe, H. (2007). Improved Cowpea-Cereals-Based Cropping Systems for 
Household Food Security and Poverty Reduction in West Africa. Journal of Crop Im-
provement, 19, 157-172. https://doi.org/10.1300/j411v19n01_08 

Smith, H. H., Idris, O. A., & Maboeta, M. S. (2021). Global Trends of Green Pesticide Re-
search from 1994 to 2019: A Bibliometric Analysis. Journal of Toxicology, 2021, 1-11.  
https://doi.org/10.1155/2021/6637516 

Sosan, M. B., Adeleye, A. O., Oyekunle, J. A. O., Udah, O., Oloruntunbi, P. M., Daramola, 
M. O. et al. (2020). Dietary Risk Assessment of Organochlorine Pesticide Residues in 
Maize-Based Complementary Breakfast Food Products in Nigeria. Heliyon, 6, e05803.  
https://doi.org/10.1016/j.heliyon.2020.e05803 

Stadlinger, N., Mmochi, A. J., Dobo, S., Gyllbäck, E., & Kumblad, L. (2011). Pesticide Use 
among Smallholder Rice Farmers in Tanzania. Environment, Development and Sustain-
ability, 13, 641-656. https://doi.org/10.1007/s10668-010-9281-5 

Sudaryanto, A., Monirith, I., Kajiwara, N., Takahashi, S., Hartono, P., Muawanah, et al. 
(2007). Levels and Distribution of Organochlorines in Fish from Indonesia. Environ-
ment International, 33, 750-758. https://doi.org/10.1016/j.envint.2007.02.009 

Sun, J., Guo, Y., Scarlat, M. M., Lv, G., Yang, X., & Hu, Y. (2018). Bibliometric Study of the 
Orthopaedic Publications from China. International Orthopaedics, 42, 461-468.  
https://doi.org/10.1007/s00264-018-3828-8 

Supangat, S., Sakinah, E. N., Nugraha, M. Y., Tohari, A. I., Hidayat, M. R. F., Athoillah, N. 
et al. (2025). Effects of Pesticide Exposure on Neurotoxicity: A Bibliometric Analysis and 
Cross-Sectional Study in Indonesia’s Rural Area, Jember. Journal of Pharmacy & Phar-
macognosy Research, 13, 431-443. https://doi.org/10.56499/jppres24.2006_13.2.431 

Swartz, A., Levine, S., Rother, H., & Langerman, F. (2018). Toxic Layering through Three 
Disciplinary Lenses: Childhood Poisoning and Street Pesticide Use in Cape Town, South 
Africa. Medical Humanities, 44, 247-252. https://doi.org/10.1136/medhum-2018-011488 

Taiwo, A. M. (2019). A Review of Environmental and Health Effects of Organochlorine 
Pesticide Residues in Africa. Chemosphere, 220, 1126-1140.  
https://doi.org/10.1016/j.chemosphere.2019.01.001  

Vischetti, C., & Esposito, A. (1999). Degradation and Transformation of a Potential Natural 
Herbicide in Three Soils. Journal of Agricultural and Food Chemistry, 47, 3901-3904.  
https://doi.org/10.1021/jf981306g 

Westbom, R., Hussen, A., Megersa, N., Retta, N., Mathiasson, L., & Björklund, E. (2008). 
Assessment of Organochlorine Pesticide Pollution in Upper Awash Ethiopian State 

https://doi.org/10.4236/gep.2025.136019
https://www.greenpeace.ch/fr/communique-de-presse/58234/pesticides-interdits-80-000-tonnes/
https://www.greenpeace.ch/fr/communique-de-presse/58234/pesticides-interdits-80-000-tonnes/
https://doi.org/10.1590/sajs.2013/20120052
https://doi.org/10.4103/2277-9531.139681
https://doi.org/10.1016/s0261-2194(00)00108-3
https://doi.org/10.1300/j411v19n01_08
https://doi.org/10.1155/2021/6637516
https://doi.org/10.1016/j.heliyon.2020.e05803
https://doi.org/10.1007/s10668-010-9281-5
https://doi.org/10.1016/j.envint.2007.02.009
https://doi.org/10.1007/s00264-018-3828-8
https://doi.org/10.56499/jppres24.2006_13.2.431
https://doi.org/10.1136/medhum-2018-011488
https://doi.org/10.1016/j.chemosphere.2019.01.001
https://doi.org/10.1021/jf981306g


A. Bah et al. 
 

 

DOI: 10.4236/gep.2025.136019 300 Journal of Geoscience and Environment Protection 
 

Farm Soils Using Selective Pressurised Liquid Extraction. Chemosphere, 72, 1181-1187.  
https://doi.org/10.1016/j.chemosphere.2008.03.041 

Wolmarans, K., & Swart, W. J. (2014). Influence of Glyphosate, Other Herbicides and Ge-
netically Modified Herbicide-Resistant Crops on Soil Microbiota: A Review. South Afri-
can Journal of Plant and Soil, 31, 177-186.  
https://doi.org/10.1080/02571862.2014.960485 

Yao, X., Zhang, Y., Zhang, L., & Zhou, Y. (2018). A Bibliometric Review of Nitrogen Re-
search in Eutrophic Lakes and Reservoirs. Journal of Environmental Sciences, 66, 274-
285. https://doi.org/10.1016/j.jes.2016.10.022 

Yohannes, Y. B., Ikenaka, Y., Nakayama, S. M. M., Mizukawa, H., & Ishizuka, M. (2017). 
DDTs and Other Organochlorine Pesticides in Tissues of Four Bird Species from the Rift 
Valley Region, Ethiopia. Science of the Total Environment, 574, 1389-1395.  
https://doi.org/10.1016/j.scitotenv.2016.08.056 

Zhang, J., Yu, Q., Zheng, F., Long, C., Lu, Z., & Duan, Z. (2015). Comparing Keywords plus 
of WOS and Author Keywords: A Case Study of Patient Adherence Research. Journal of 
the Association for Information Science and Technology, 67, 967-972.  
https://doi.org/10.1002/asi.23437 

Zheng, X., Liu, Y. J., Hu, W. H. et al. (2017). Bibliometrics Study on the Journal of Ameri-
can College Health: 1994-2014. Chinese Nursing Research, 4, 133-140.  
https://doi.org/10.1016/j.cnre.2017.07.004  

 
 
 
 

https://doi.org/10.4236/gep.2025.136019
https://doi.org/10.1016/j.chemosphere.2008.03.041
https://doi.org/10.1080/02571862.2014.960485
https://doi.org/10.1016/j.jes.2016.10.022
https://doi.org/10.1016/j.scitotenv.2016.08.056
https://doi.org/10.1002/asi.23437
https://doi.org/10.1016/j.cnre.2017.07.004

	Research Evolution on Environmental Risks Related to Agricultural Pesticide Use in Africa from 1990 to 2021
	Abstract
	Keywords
	1. Introduction
	2. Evaluation Methods
	2.1. Database Selection
	2.2. Data Analysis

	3. Results
	3.1. Description of the Collected Database
	3.2. Keywords Related to Agricultural Pesticides
	3.3. Countries’ Performance
	3.4. Performance Institutions and Journals
	3.5. Most Cited Papers on Agricultural Pesticides Research in Africa
	3.6. Most Frequent Pesticides Residues Researched
	3.7. Research Themes for Agricultural Pesticides

	4. Discussion
	5. Conclusion
	Acknowledgements & Funding
	Authors Contributions
	Data Availability Statement
	Conflicts of Interest
	References

