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ABSTRACT: Harmful polycyclic aromatic 
hydrocarbons (PAHs) which can spread widely in the 
environment due to natural and anthropogenic activity, 
has motivated the researchers to study in this field. PAHs 
also exist in waste cooking oils (WCOs). PAHs harms 
human body due to the carcinogenic and mutagenic 
characteristic. It is of great interest to reduce the PAHs, 
especially from WCOs. For the first step, the bibliometric 
study on PAHs removal has analyzed the papers 
published from 2011 to 2021 in the Scopus database. 
Polycyclic Aromatic Hydrocarbons is consistently used 
for the publications trends and is applied for the country 
and affiliated research. The results show that this field’s 
trend is growing and developing with China as the top 
contributing country and affiliation. In Malaysia, 
Universiti Teknologi Petronas the primary university, 
have researched PAHs. These results give a direction of 
PAHs research area. 
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1. INTRODUCTION 
 

PAHs are broadly dispersed in the environment due 
to natural phenomena such as dry and wet deposition, 
atmospheric transmission and surface exchange to air [1]. 
Because of non-optimal temperature, oxygen content and 
high humidity, PAHs are yielded during incomplete 
combustions. They are evaporative compounds with high 
water insolubility and a tendency to adsorb organic 
matter [2].  

WCOs contain adverse high concentrations of 
PAHs because of their lipophilic features. Vegetable oils 
are produced by oil extraction and it requires the drying 
of the vegetable seeds to takes place. Combustion gases 
rich in PAHs are emitted and would finally reach the 
vegetable oil [3]. PAHs have carcinogenic and mutagenic 
effects and accumulate in human and animal tissues [4].  

The articles on PAHs removal lacks the analysis of 
their research trends. Bibliometric analysis is a highly 
efficient technique to study scientific publications from 
databases and measure their academic quality. It is an 
essential  mechanism for assessing academic progress in 
a field and its scientific impact [5]. This paper aims to 
analyze the research on PAHs removal based on Scopus 
online databases. This analysis includes the keywords co-
occurrence of research on PAHs removal, publication 

trends, contributing countries, affiliations. 
 

2. ANALYSIS OF KEYWORDS CO-
OCCURRENCE 

 
The frequency style of Polycyclic Aromatic 

Hydrocarbon written as keywords are analyzed and 
shown in Table 1. These keywords disclose the most 
outstanding matters in the field of PAHs removal in the 
10 years. The top keywords in this research field are 
Polycyclic Aromatic Hydrocarbons, Polycyclic Aromatic 
Hydrocarbon (without “s”), and PAH (short term) each with 
1,496, 949 and 852 papers published accordingly. 
Polycyclic Aromatic Hydrocarbons is the most frequent 
keyword in publications. Therefore, it is used again for 
the subsequent analysis of publication trends, and 
contributing countries and affiliations. 
 

Table 1: A statistics of high-frequency keywords 
Keywords No. of 

publications 
Polycyclic Aromatic Hydrocarbons 1,496 
Polycyclic Aromatic Hydrocarbon 949 
PAH 852 
Polycyclic Aromatic Hydrocarbons 
(PAHS) 564 

PAHs 297 
Polycyclic Aromatic Hydrocarbon 
(PAH) 105 

Polycyclic Aromatic Hydrocarbons 
(PAHs) 98 

 
3. PUBLICATIONS TRENDS 
 

The collected data in this study originated from the 
Scopus databases and the inquiry phrases for the data 
were set as “Polycyclic Aromatic Hydrocarbons” AND 
“removal”. There were 2,200 related references based on 
the search scope when the results were refined (2011 – 
2021) and language (English). Figure 1 shows the overall 
development trend of all the research publications. The 
initial stage from 2011 to 2013 shows no increment of 
publications for the three years. From 2014 to 2019 
indicates the exploration stage with a 37% increase in the 
number of published papers. There is a 25% decrease for 
papers published in 2021 from 2020 that might be due to 
the impact of COVID-19. 
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Figure 1: Annual publications from 2011 to 2021 
 
4. CONTRIBUTING COUNTRIES 
 

Figure 2 displays the top 12 countries in terms of 
publication in 2,200 related papers. China with 769 
articles, the United States with 273 articles and India with 
126 articles ranked first, second and third. Some 
publications came from developing countries such as 
India, Iran and Malaysia, indicating that these countries 
are also focusing on PAHs removal research. 
 

 
 

Figure 2: Top 12 countries in terms of publication 
 
5. CONTRIBUTING AFFILIATIONS 
 

The number of articles published by various 
research institutes was sorted and tabulated in Table 2.  
 

Table 2: Top 8 affiliations with the most 
publications 

Affiliations No. of 
publications 

Chinese Academy of Sciences  137 
Ministry Education of China 121 
University of Chinese Academy of 
Sciences 54 

Zheijang University 47 
CNRS Centre National de la 
Recherche Scientifique 29 

Czestochowa University of 
Technology 25 

Universiti Teknologi Petronas 17 
United States Environmental 
Protection Agency 17 

 
The Chinese Academy of Sciences ranked first with 137 
publications, followed by one ministry and two 

universities from China. Centre National de la Recherche 
Scientifique in France while the Poland’s Czestochowa 
University of Technology ranked 29 and 25 papers 
respectively. Malaysia also contributed 17 articles from 
Universiti Teknologi Petronas. 
 
6. CONCLUSION 
 

Based on the bibliometric data of PAHs removal, 
this paper analyzed 2,200 related pieces of literature 
collected from 2011 to 2021. Polycyclic Aromatic 
Hydrocarbons are commonly used for publications and is 
applied for analysis. An ascending trend can be seen 
based on the overall output. The publications analyzed in 
this research were categorized into the initial stage (2011-
2013), exploration stage (2014-2019) and post COVID-
19 in 2021. China, United States and India are the top 
contributing country and the Chinese Academy of 
Sciences has the most published in this field. In Malaysia, 
Universiti Teknologi Petronas can be the reference for the 
researchers in PAHs research area. 
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