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Abstract 
The wide use of triethanolamine 

(TEA) in consumer and industrial products, 
especially in cosmetics, personal care items, 
pharmaceuticals, and surfactants, has raised 
serious scientific concerns. This is mainly due 
to its potential toxicity with long-term and 
repeated exposure. TEA serves as a pH 
balancer, emulsifier, and surfactant. However, 
studies increasingly point out the risks of skin 
and eye irritation, allergic reactions, organ 
toxicity, and possible cancer risk when its 
levels or usage duration go beyond 
recommended safety limits. This research 
offers a bibliometric and scientometric 
evaluation of the global research landscape 
concerning TEA's toxicity, focusing on health-
related effects for consumer safety and 
regulatory standards. A dataset of 176 
documents from Scopus, 83 from Web of 
Science, and 79 from PubMed (2001–2025) 
was analyzed using VOSviewer and RStudio 
(Biblioshiny) to reveal research trends,  
key contributors, thematic Co-occurrence 
mapping reveals frequent connections 
between TEA, oxidative stress, cancer 
pathways, and skin toxicity.This study 
provides the first comprehensive overview of 
TEA toxicity research, offering important 
insights into current knowledge gaps, policy 
implications, and future avenues for 
interdisciplinary research aimed at balancing 
industrial use with health protection.  
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Introduction 
Triethanolamine (TEA) is an organic 

compound that acts as a surfactant, 
emulsifier, and pH adjuster in many consumer 
and industrial products. TEA belongs to the 
ethanolamine family, which has both amine 
and alcohol groups. This structure gives it 
useful properties in formulation chemistry 
(1-3). TEA stabilizes oil-water mixtures and 
manages alkalinity, making it an essential 
ingredient in cosmetics like lotions, creams, 
shampoos, and shaving foams. It is also used 
in industrial processes such as textile 
finishing, cement production, lubricants, and 
corrosion inhibitors. TEA has been part of the 
global chemical market for over fifty years 
due to presence in everyday products shows 
its economic and functional value, but it also 
raises serious concerns about the long-term 
health risks associated with repeated 
exposure. Unlike many specialty chemicals 
that people encounter primarily at work, TEA 
is often found by the public through skin 
contact with cosmetics, inhaling aerosols from 
personal care sprays, or ingesting small 
amounts in pharmaceuticals and food 
products. This widespread exposure 
increases the need for research on its safety, 
especially regarding skin irritation, allergic 
reactions, and potential systemic effects from 
long-term use (4). Interest in researching TEA 
has evolved over time. Initially, studies 
focused on its physical and chemical 
properties and benefits for formulations. This 
has expanded to include toxicology, skin 
safety, and regulatory assessments. TEA's 
structural similarity to diethanolamine (DEA) 
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has garnered attention because the 
International Agency for Research on Cancer 
(IARC) has classified DEA as “possibly 
carcinogenic to humans” in some instances. 
Additionally, in certain cosmetic formulations, 
TEA can react with nitrosating agents to form 
N-nitrosodiethanolamine (NDELA), a potent 
carcinogen, which raises further safety 
concerns regarding its use in personal care 
products (5). The debate over TEA’s toxicity 
highlights a conflict between industrial use 
and consumer safety. Regulatory bodies like 
the U.S. Food and Drug Administration 
(FDA), the European Union (EU) Cosmetic 
Regulation, and the Cosmetic Ingredient 
Review (CIR) have established limits and 
guidelines for its application. However, 
research around the world continues to 
examine the long-term health impacts of low-
dose exposure (6). These ongoing inquiries 
provide a foundation for studies aiming to 
connect fragmented data, monitor global 
research advancements, and evaluate the 
evolving discussion about TEA’s toxicity in 
both consumer and industrial contexts. 
 
Applications of Triethanolamine in 
Consumer and Industrial Products 

The widespread use of 
triethanolamine (TEA) across various 
industrial and consumer sectors highlights its 
versatility as a chemical intermediate. In the 
cosmetic industry, TEA is mainly used as an 
emulsifying agent and pH stabilizer (7). It 
helps create stable oil and water mixtures in 
products like facial creams, lotions, 
shampoos, shaving foams, and sunscreens 
(8). Its ability to neutralize fatty acids and 
form clear, uniform formulations makes it 
essential in personal care products. Beyond 
looks, it improves product texture, thickness, 
and shelf life, which has led to its broad use 
by cosmetic manufacturers worldwide. TEA 
also has important pharmaceutical 
applications. It is used in topical treatments, 
ointments, and oral products. Its ability to 
balance water and oil improves the solubility 
of active ingredients and, in turn, boosts 
absorption. TEA derivatives, like 
triethanolamine salicylate, are known for their 

anti-inflammatory benefits and are included in 
creams designed to ease arthritis and muscle 
pain (9). However, the use of these 
derivatives has raised concerns about toxicity 
levels and the risk of irritation or allergic 
reactions with long-term use. TEA's industrial 
applications further expand its importance 
(10). In textiles, it acts as a softening and 
dyeing aid. In construction, it serves as a 
grinding aid for cement, improving the milling 
process efficiency. TEA is also key in 
lubricants, corrosion inhibitors, metalworking 
fluids, and surfactants used in paints and 
coatings. Its ability to function as both a weak 
base and a surfactant offers flexibility across 
various fields, making it a popular option in 
chemical engineering. The widespread 
presence of TEA in both consumer and 
industrial areas shows a crucial link between 
usefulness and safety. Its many functions 
offer real advantages in product performance 
and manufacturing processes. However, its 
common use also raises significant questions 
about exposure levels in workplaces and 
everyday life (11). The following sections will 
explore these complexities and examine the 
growing research on the safety of TEA's 
extensive applications in relation to long-term 
human health and environmental 
sustainability. 
 
Toxicological Concerns and Health 
Implications 

The toxic profile of triethanolamine 
(TEA) has sparked ongoing debate in 
toxicology, dermatology, and regulatory 
science. Its ability to perform in various roles 
has secured its place in cosmetics, 
pharmaceuticals, and industrial products; 
however, increasing evidence indicates that 
long-term or repeated exposure to TEA may 
lead to several negative health effects. These 
include short-term issues like skin and eye 
irritation, and long-term concerns such as 
sensitization, toxicity to organs, and possible 
cancer risk (12). The range of risks 
associated with TEA highlights the challenge 
of balancing its industrial use with consumer 
safety. One of the most frequently reported 
effects of TEA exposure is irritation of the skin 
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and eyes. Cosmetic products with higher 
concentrations of TEA can damage the 
stratum corneum barrier, causing dryness, 
redness, or allergic contact dermatitis. 
Workers in industries that use TEA-based 
surfactants and metalworking fluids have also 
experienced irritant contact dermatitis, 
especially those with extended hand 
exposure or inhalation of aerosols. These 
findings raise serious concerns, given how 
often the general public comes into contact 
with TEA through personal care products. 
Another important toxicological issue is the 
risk of forming nitrosamines. When TEA 
interacts with nitrosating agents, it may 
produce N-nitroso diethanolamine (NDELA), 
a known potent carcinogen in animal studies 
(13, 14). Animal studies have shown further 
support for TEA’s potential for systemic 
toxicity. High doses applied to the skin of 
rodents have resulted in liver and kidney 
changes, altered organ weights, and tissue 
damage (15, 16). Laboratory studies have 
indicated that TEA can disrupt cell membrane 
integrity and mitochondrial function, raising 
concerns about its toxicity at the cellular level. 
Additionally, recent research into 
nanotoxicology has found that TEA, when 
mixed with nanoparticles or engineered 
materials, may increase oxidative stress 
responses, complicating the toxicological 
picture further. Although human 
epidemiological data is limited, available 
evidence suggests that chronic low-level 
exposure might not be harmless (17). Reports 
of occupational asthma, allergic reactions, 
and respiratory irritation related to aerosolized 
TEA underscore the necessity for more 
comprehensive long-term monitoring (18). In 
summary, these toxicological findings 
emphasize the conflict between TEA’s 
benefits for industries and consumers and its 
potential health risks. While most regulatory 
evaluations assert that TEA is safe within 
specific concentration limits, the absence of 
standardized testing across countries, 
coupled with a lack of long-term studies on 
humans, has created significant knowledge 
gaps. This ongoing uncertainty has led to a 

growing body of research focused on 
clarifying TEA’s toxicological effects. Mapping 
this literature through bibliometric analysis 
offers a chance to assess current knowledge 
and identify research priorities to ensure safer 
use of TEA in the future. 
 
Regulatory Perspectives and Safety 
Assessments 

The global regulation of 
triethanolamine (TEA) shows an ongoing 
effort to balance its usefulness in consumer 
and industrial applications with worries about 
its potential toxicity (19). Unlike many 
chemical ingredients that are banned outright 
when toxicity is suspected, TEA exists in a 
more unclear regulatory area. Its widespread 
use in cosmetics, pharmaceuticals, and 
manufacturing has led to detailed policies that 
allow its application under specific 
concentration limits and safety conditions 
(20). Consequently, the regulatory landscape 
for TEA features both harmonization efforts 
and regional differences, revealing the 
complexities of managing chemical safety 
risks (21). In the United States, the Cosmetic 
Ingredient Review (CIR) Expert Panel has 
evaluated TEA’s safety several times. They 
concluded, in multiple reports, that TEA is 
safe for use in cosmetics and personal care 
products when concentrations do not exceed 
5% in leave-on products and 10% in rinse-off 
products, as long as formulations do not 
include nitrosating agents that could create N-
nitrosodiethanolamine (NDELA). The U.S. 
Food and Drug Administration (FDA) does not 
impose a complete ban on TEA but closely 
watches compliance with these concentration 
limits, especially regarding nitrosamine 
contamination (22). Another significant issue 
is the lack of long-term, standardized 
toxicology studies that can clearly determine 
TEA’s long-term health risks. While short-term 
irritation and sensitization studies are 
plentiful, data on carcinogenicity (23), 
systemic absorption, and reproductive toxicity 
in humans remain scattered. This lack of solid 
evidence puts regulators in a reactive 
position, adjusting policies as new data 
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appear instead of anticipating long-term risks. 
In this situation, bibliometric analysis is a 
helpful method for consolidating the 
fragmented regulatory and toxicological 
literature. By mapping the development of 
TEA research across scientific communities, 
one can identify not only the scientific 
agreement but also the gaps that impede 
effective regulation. Understanding how 
different regions handle TEA safety may 
ultimately lead to more consistent policies, 
ensuring both the continued usefulness of the 
compound and the protection of public health. 
 
Bibliometric Approach in TEA Toxicity 
Research: 

The growing research on 
triethanolamine (TEA) reflects an increasing 
concern about its potential health effects. 
However, even after decades of toxicological 
studies(24), the knowledge remains scattered 
across different fields, such as dermatology, 
pharmacology, industrial hygiene, and 
chemical engineering. Individual studies often 
focus on narrow aspects of TEA, like skin 
irritation, nitrosamine formation, or workplace 
exposure, without combining these findings 
into a complete view of its overall risks. This 
fragmentation poses challenges for 
regulators, manufacturers, and healthcare 
professionals who need clear evidence for 
decision-making. Bibliometric and 
scientometric methods provide a systematic 
way to address this issue. By examining 
publication trends, author networks, thematic 
clusters, and keyword co-occurrences across 
global databases like Scopus, Web of 
Science, and PubMed, bibliometric analysis 
offers a broad view of the research field. 
Unlike traditional narrative reviews, this 
method highlights macro-level patterns, such 
as which countries and institutions are 
leading TEA research, how international 
collaborations are changing, and what 
themes dominate scientific inquiry. 
Additionally, tools like VOSviewer and 
Biblioshiny (RStudio) allow visualization of 
keyword networks, factorial clusters, and 
country-level scientific output. This capability 
helps trace the intellectual, conceptual, and 

social framework that shapes the discussion 
on TEA toxicity. These analyses are 
particularly useful for revealing research 
gaps. For instance, while studies on skin 
irritation are common, long-term 
epidemiological research on chronic low-level 
exposure is rare. Similarly, even though 
regulations stress nitrosamine contamination, 
few studies specifically look at solutions in 
real-world consumer products. Bibliometric 
mapping can highlight these overlooked 
areas, guiding future research toward topics 
with significant public health importance. 
Moreover, bibliometric insights can help with 
policy harmonization. By comparing 
publication trends across regions, we can see 
how different countries prioritize aspects of 
TEA research—like industrial exposure in 
North America, cosmetic safety in Europe, or 
pharmaceutical uses in Asia. Making these 
differences visible can lay the groundwork for 
international discussions and the creation of 
more consistent global regulatory standards. 
In short, bibliometric analysis does more than 
just count publications; it reconstructs the 
intellectual path of TEA research, identifies 
key contributors, and uncovers its changing 
thematic focuses. For a compound that is 
widely used and often debated, this level of 
detailed mapping is essential. It helps 
scientists and regulators make informed 
choices and ensures that consumer safety 
keeps pace with industrial advancement. By 
placing toxicological issues in a broader 
scientometric context, this study aims to 
provide a thorough evaluation of TEA 
research, bridging the gap between scientific 
evidence and policy action. 
 
Bibliometric Analysis 

Bibliometric analysis is a systematic 
and quantitative way to evaluate scientific 
literature. It helps identify research trends, 
thematic clusters, collaboration networks, and 
intellectual structures in a specific field (25). 
This study used bibliometric methods to 
review the research landscape on the toxicity 
of triethanolamine (TEA), focusing on its 
health effects and regulatory significance(26). 
This approach allows us to look beyond 
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individual toxicological studies and build a 
complete picture of the field, showing both 
strengths and knowledge gaps. 
 
Data Collection and Sources 

A thorough literature search was 
conducted across three major scholarly 
databases: Scopus, Web of Science (WoS), 
and PubMed. These platforms were chosen 
for their broad coverage of peer-reviewed 
journals in toxicology, pharmacology, 
industrial hygiene, and cosmetic sciences 
(15). The search included the keywords 
“triethanolamine” AND “toxicity” along with 
related terms like “dermal absorption,” 
“carcinogenicity,” “cosmetic safety,” and 
“occupational exposure.” The search resulted 
in 176 documents from Scopus, 83 
documents from WoS, and 79 documents 
from PubMed, covering the years 2001 to 
2025. To ensure accuracy and prevent 
duplication, we screened the records for 
relevance and cleaned them using 
bibliographic management tools. The 
publications included original research 
articles, reviews, book chapters, and 
conference papers, reflecting the diversity of 
the TEA research landscape. 
 
Data Processing and Tools 

The data were standardized and 
exported in the formats needed for 
bibliometric software: CSV for Scopus, plain 
text for WoS, and PubMed format for 
PubMed. We performed the analysis using 
two complementary platforms: VOSviewer 
(version 1.6.20) was used to create 
visualizations of co-authorship networks, 
keyword co-occurrence maps, and 
international collaboration structures. This 
tool offered insights into the intellectual and 
conceptual links within TEA toxicity research. 
Biblioshiny (RStudio interface of the 
Bibliometrix package) was used for deeper 
analyses, including mapping thematic 
evolution, conducting factorial analysis, and 
assessing document type distributions and 
country-level productivity. Biblioshiny allowed 
for interactive visualization of trends and 
facilitated comparisons between databases. 

 
Scope of Analysis 

The bibliometric workflow provided a 
multidimensional view of triethanolamine 
(TEA) toxicity research by examining diverse 
indicators of scholarly activity. Annual 
scientific production illustrated how 
publication output has evolved over time, 
while document type distribution distinguished 
between original research articles, reviews, 
and other categories of work. Together, these 
measures highlight not only the increasing 
scientific interest in TEA but also the balance 
between empirical investigations and broader 
syntheses of knowledge. Keyword co-
occurrence highlighted dominant themes, 
conceptual clusters, and research gaps, while 
factorial analysis offered a higher-level 
perspective by charting the intellectual 
structure and thematic evolution of the field. 
This structured approach therefore generates 
a comprehensive map of TEA research, 
enabling an evidence-based evaluation of 
how the scientific community has addressed 
the compound’s toxicological effects over 
time. 
 
Results 

Document Type- The distribution of 
publication types on triethanolamine (TEA) 
toxicity shows the nature of scientific 
contributions across the three databases we 
analyzed (Fig. 1). The vast majority of 
documents are original research articles, 
making up more than 90% of the total output. 
This dominance highlights the experimental 
and data-driven focus of TEA studies, 
especially in toxicology, dermatology, and 
occupational health. The prevalence of 
primary research shows the ongoing need to 
produce new evidence about TEA’s toxic 
profile, including in vitro cell culture models, in 
vivo animal testing, and limited human case 
studies. Review articles are fewer in number, 
around 6 to 7%, but they still play an 
important role in bringing together scattered 
findings and providing a broader view of 
TEA’s health risks. The relatively small but 
increasing number of reviews indicates a 
developing research area, where efforts are 
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starting to move from just experimental 
studies to more integrated summaries of 
existing evidence. Other document types, 
such as book chapters, editorials, and 
conference papers, make up only a tiny 
fraction (less than 2%) of the literature. Their 
limited presence shows that TEA research 
largely remains in peer-reviewed scientific 
journals, with little crossover into academic 
textbooks or policy-oriented monographs. 

Fig 2:

 
Fig 1: Document type depicts inner circle 
representing the number of research articles 
and outer ring of review articles from all the 
three databases (WOS, Scopus and PubMed)
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The dominance of original research 
emphasizes the scientific community’s focus 

ing TEA’s toxic mechanisms and 
exposure pathways through empirical study. 
At the same time, the relatively smaller share 
of reviews points to the need for more 
thorough evaluations that could guide 
regulatory frameworks and consumer safety 

The annual scientific output on 
triethanolamine (TEA) toxicity research shows 
a clear upward trend over the past two 
decades, with notable fluctuations due to 
changes in regulatory focus, industry 

ussions (27). 
Between 2001 and 2010, publication activity 
was modest, with fewer than 10 documents 
each year across all databases (Fig. 2). This 
early research mostly focused on chemical 
characterization and initial toxicological 
assessments, especially concerning TEA’s 
role as a surfactant and emulsifier in 
cosmetics and industrial formulations. From 
2011 onward, there was a steady increase in 
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publications, particularly in Scopus, which 
consistently reported more than Web of 
Science and PubMed. This growth aligned 
with increased regulatory scrutiny in Europe 
and North America regarding nitrosamine 
contamination and skin safety 
prompted a rise in toxicological and 
dermatological studies. By 2018 to 2020, 
publication activity intensified, with Scopus 
exceeding 25 annual publications, reflecting 
greater interest in consumer safety and 
occupational exposure. The most notable 
increase occurred between 2020 and 2023, 
when global research output on TEA toxicity 
accelerated sharply. This surge likely stems 
from renewed focus on the safety of cosmetic 
ingredients, progress in nanotoxicology 
(where TEA is increasingly studied alongside 
engineered nanoparticles), and ongoing 
regulatory discussions about ethanolamine 
derivatives. 

A decline is apparent in 2025, but this 
is likely due to incomplete data collection for 
the current year rather than an actual drop
research activity. Overall, the upward trend 
highlights a sustained and growing global 
concern about TEA toxicity, showing that the 
compound remains central to discussions in 
cosmetic chemistry, industrial uses, and 
public health (29, 30).This temporal growth 
pattern not only reflects the expanding 
scientific curiosity around TEA but also 
highlights the compound’s transition from a 
routine formulation agent to a priority sub
of toxicological evaluation. The rise in 
publications following regulatory alerts 
demonstrates how policy discussions and 
safety reviews can directly influence 
academic output. The consistent upward 
trajectory indicates that TEA has become a 
recurring focus of interdisciplinary inquiry, 
reinforcing its relevance as both a chemical of 
industrial value and a substance of 
toxicological concern requiring ongoing 
monitoring. 
 
Country Scientific Production: 

The geographical distribution of 
scientific output on triethanolamine (TEA) 
toxicity shows clear regional patterns in 

Chezhian et al. 

Pharmacy      
1A), March 2026, ISSN 0973-8916 (Print)., 2230-7303 (Online)  

publications, particularly in Scopus, which 
consistently reported more than Web of 
Science and PubMed. This growth aligned 
with increased regulatory scrutiny in Europe 
and North America regarding nitrosamine 
contamination and skin safety (28). This 
prompted a rise in toxicological and 
dermatological studies. By 2018 to 2020, 
publication activity intensified, with Scopus 
exceeding 25 annual publications, reflecting 
greater interest in consumer safety and 

exposure. The most notable 
increase occurred between 2020 and 2023, 
when global research output on TEA toxicity 
accelerated sharply. This surge likely stems 
from renewed focus on the safety of cosmetic 
ingredients, progress in nanotoxicology 

increasingly studied alongside 
engineered nanoparticles), and ongoing 
regulatory discussions about ethanolamine 

A decline is apparent in 2025, but this 
complete data collection for 

the current year rather than an actual drop-in 
research activity. Overall, the upward trend 
highlights a sustained and growing global 
concern about TEA toxicity, showing that the 
compound remains central to discussions in 

tic chemistry, industrial uses, and 
.This temporal growth 

pattern not only reflects the expanding 
scientific curiosity around TEA but also 
highlights the compound’s transition from a 
routine formulation agent to a priority subject 
of toxicological evaluation. The rise in 
publications following regulatory alerts 
demonstrates how policy discussions and 
safety reviews can directly influence 
academic output. The consistent upward 
trajectory indicates that TEA has become a 

focus of interdisciplinary inquiry, 
reinforcing its relevance as both a chemical of 
industrial value and a substance of 
toxicological concern requiring ongoing 

 
The geographical distribution of 

scientific output on triethanolamine (TEA) 
toxicity shows clear regional patterns in 

research productivity (Fig. 3a, 3b, 3c). 
Scopus data indicate that China, India, and 
the United States are among the top 
contributors, reflecting active research in both 
industrial toxicology and cosmetic safety. 
China has particularly high publication counts, 
which matches its role as one of the 
consumers of cosmetic and industrial 
chemicals. India’s significance comes from its 
growing pharmaceutical and cosmetic sector. 
The United States makes substantial 
contributions through studies on occupational 
health, dermatological research, and 
regulatory science. In contrast, the Web of 
Science (WoS) data show a more selective 
distribution, with China again in the lead, 

 
Fig 3: Countries scientific production (a) WoS 
(b) Scopus (c) PubMed 

               172 

3a, 3b, 3c). 
Scopus data indicate that China, India, and 
the United States are among the top 

lecting active research in both 
industrial toxicology and cosmetic safety. 
China has particularly high publication counts, 
which matches its role as one of the 
consumers of cosmetic and industrial 
chemicals. India’s significance comes from its 

maceutical and cosmetic sector. 
The United States makes substantial 
contributions through studies on occupational 
health, dermatological research, and 
regulatory science. In contrast, the Web of 
Science (WoS) data show a more selective 

hina again in the lead, 

 

Countries scientific production (a) WoS 



Assessing the Toxicity of Triethanolamine (TEA) 

Current Trends in Biotechnology and Pharmacy                    173 
Vol. 20 (Supplementry Issue 1A), March 2026, ISSN 0973-8916 (Print)., 2230-7303 (Online)  
10.5530/ctbp.2026.1s.13 
 

 

followed by the United States, Brazil, Russia, 
Canada, and Australia (Table 1). The 
inclusion of Latin American and European 
countries in WoS highlights a growing global 
interest in chemical safety, occupational 
exposure and environmental toxicology. 
Although overall counts in WoS are lower 
compared to Scopus, the overlap in leading 
nations shows a consistent international effort 
to explore the health implications of TEA.  

Notably, contributions from countries 
like Brazil, South Korea, and Australia 
indicate the compound’s global relevance, 
extending beyond major industrial powers. 
The rising presence of nations in Asia and 
South America suggests a more 
decentralized research landscape, where 
TEA toxicity is investigated not just in 
traditional research centers but also in 
regions with rapidly growing chemical 
industries. This shift reflects both the 
globalization of consumer products and the 
increasing importance of local regulatory 
frameworks in shaping scientific agenda (31). 
The maps reveal that while research on TEA 
toxicity is concentrated in a few high-output 
countries, international contributions are 
steadily increasing. This diversification shows 
a growing recognition of TEA as a global 
public health issue, deserving of collaborative 
scientific and regulatory attention across 
multiple regions. 

Keyword Co-occurrence Network 
The structure of triethanolamine 

(TEA) toxicity research can be understood by 
analyzing keyword co-occurrence networks. 
These networks show how often terms 
appear together in scientific literature and 
how they group into themes (Fig. 4). The 
visualization reveals several distinct clusters, 
each representing a major research area in 
the field. At the center of the network, the 
terms “triethanolamine” and “toxicity” stand. 
Red cluster focuses on carcinogenicity, 
amines, diethanolamine, and absorption, 
highlighting concerns about nitrosamine 
formation and similar compounds. The yellow 
cluster addresses skin, occupational 
exposure, and metalworking fluids, 
emphasizing TEA's significance in consumer 
safety and workplace health. Other clusters 
expand TEA research beyond traditional 
toxicology. The blue cluster, which includes 
cytotoxicity, hydrogel, and optimization, 
indicates a growing connection between TEA 
and biomedical or materials science 

The green cluster links TEA with 
nanoparticles, quantum dots, and carbon 
nanotubes, showing its role in nanotoxicology 
where TEA-modified materials are assessed 
for safety. The purple and orange clusters 
feature terms like solubility, chromium, cells, 
and stability, reflecting interest in 
physicochemical interactions and combined 

Table 1: Top 10 publishing country from all three database 

Rank Country WOS Country Scopus Country PubMed 

1 China 19 India 30 China 17 

2 Usa 10 China 23 Usa 14 

3 India 8 Usa 19 Germany 4 

4 Italy 5 Italy 7 Italy 4 

5 Argentina 4 France 6 Argentina 2 

6 Germany 3 Canada 5 Australia 2 

7 Portugal 3 Germany 4 France 2 

8 Russia 3 Korea 4 India 2 

9 Canada 2 Poland 4 Iran 2 

10 Poland 2 UK 4 Poland 2 
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exposure. This clustering shows that TEA 
toxicity research is not limited to cosmetic 
safety but also includes industrial 
toxicology(32), nanomaterial safety, 
occupational health, and pharmaceutical 
formulation. Additionally, the frequency of 
keywords related to occupational and dermal 
exposure points to the risks TEA poses to 
both consumers and industrial worker
Overall, the keyword co-occurrence analysis 
shows how TEA has become a topic of 
interdisciplinary study, connecting toxicology, 
chemistry, materials science, and regulatory 
science. The clustering of keywords not only 
illustrates the depth of the field but also offers 
guidance for setting research priorities, such 
as long-term human exposure, strategies to 
reduce nitrosamines, and the safety of TEA
modified nanomaterial.  
 
Factorial analysis 

The factorial analysis of 
triethanolamine (TEA) organizes related 
keywords and themes into clusters that 
represent different aspects of scientific inquiry 
(Fig. 5). Each cluster highlights a specific 
research focus, reflecting the various 
approaches used to assess TEA’s
upper-right cluster emphasizes the clinical 
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right cluster emphasizes the clinical 

and medical context, represented by 
keywords like clinical trial, radiation 
dermatitis, triethanolamine salicylate, and 
human studies. This cluster shows that 
researchers have examined TEA not only a
a cosmetic ingredient but also as part of 
pharmaceutical formulations. Its use in topical 
anti-inflammatory creams and dermatological 
products has gained attention. Studies in this 
group often evaluate short-term efficacy while 
raising questions about long-term safety, 
particularly concerning skin irritation and 
cumulative exposure. Research here 
highlights TEA’s role as a formulation aid, 
contributing to product stability and solubility. 
However, the frequent appearance of 
toxicological markers such as histopathology 
emphasizes the dual focus of this cluster
addressing both product performance and the 
potential biological effects of exposure. The 
lower-left cluster represents material and 
physicochemical investigations, characterized 
by terms such as zeta potential, particle size, 
drug delivery systems, and transmission 
electron microscopy. This cluster indicates 
how TEA has found applications in 
nanotoxicology and advanced material 
sciences, particularly in modifying 
nanoparticles and polymeric drug carri
The use of these terms reflects a growing 
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research area where TEA’s chemical 
properties are applied in biomedical 
engineering while raising questions about its 
compatibility with living cells and its toxic 
effects. The lower-right cluster captures the
essential toxicological and chemical studies, 
with terms like ethanolamines, toxicity, 
chemistry, and triethanolamine. This 
foundational cluster includes general safety 
assessments of TEA and related compounds, 
often serving as the basis for regulatory 
evaluations. 

Research in this area tends to focus 
on mechanistic studies, including pathways of 
irritation, potential carcinogenicity, and 
chemical stability in consumer products. 
Together, these clusters show how TEA 
research spans multiple domains
from cosmetic and pharmaceutical safety to 
nanomaterial applications and mechanistic 
toxicology. The factorial structure 
demonstrates that TEA is not studied in 
isolation but as part of broader scientific 
discussions on chemical safety, formulation 
science, and human health. This thematic 
diversity highlights both the complexity and 
significance of TEA toxicity research in 
influencing regulatory decisions and 
promoting safer practices in industry.
 

Discussion 
The scientometric analysis of 

triethanolamine (TEA) toxicity research shows 
a field that has changed a lot over the past 
two decades. This reflects a growing global 
concern about the safety of this commonly 
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promoting safer practices in industry. 

analysis of 
triethanolamine (TEA) toxicity research shows 
a field that has changed a lot over the past 
two decades. This reflects a growing global 
concern about the safety of this commonly 

used chemical. The steady rise in 
publications, especially after 2010, indicates 
that TEA has shifted from being seen mainly 
as a formulation agent to becoming significant 
in toxicology and regulation. The growth 
across Scopus, Web of Science, and PubMed 
demonstrates that TEA research is not limited 
to one discipline; it involves chemistry, 
toxicology, dermatology, pharmacology, and 
occupational health, highlighting its 
multidisciplinary nature. The scientometric 
evidence therefore paints a picture of a field 
that is scientifically advanced yet fragmented 
in terms of regulation. TEA toxicity research 
has produced valuable mechanistic insights 
and expanded into new areas, but the lack of 
standard methods and unified global policies 
continues to slow progress toward clear 
safety evaluations. Ultimately, current report 
suggests that future TEA research should 
take a more unified, interdisciplinary, and 
policy-oriented approach. By addressing 
knowledge gaps, aligning regulatory 
standards, and looking ahead to emerging 
applications, the global scientific community 
can ensure that the benefits of TEA in 
industrial and consumer products do not 
compromise long-term human health.
 
Future Scope 

The bibliometric analysis shows the 
increasing attention on triethanolamine (TEA) 
toxicity and highlights several research gaps 
that need further investigation. Future studies 
should focus on long-term human exposure 
assessments because most current findin
are limited to animal models and short
clinical observations. Expanding into 
epidemiological studies will be essential for 
understanding the health risks linked to daily 
consumer and occupational exposure. Also, 
the role of TEA in nanomaterial appl
and drug delivery systems is a new area of 
inquiry. Its interactions with nanoparticles and 
cellular systems must be carefully evaluated. 
It is also important to tackle the ongoing issue 
of nitrosamine formation, which raises 
regulatory concerns but remains 
underexplored in real-world consumer 
product conditions. Finally, research should 
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extend beyond skin studies to include 
inhalation and occupational exposure 
pathways. This will ensure a thorough 
evaluation of TEA’s risks. Alongside these 
scientific efforts, there is a strong need for 
global regulatory consistency which would 
offer guidance for manufacturers and better 
protection for consumers. In summary, future 
TEA research should adopt a broad, long-
term approach. It should combine various 
fields and align globally, balancing the 
benefits of the compound’s industrial use with 
strong protections for human health.  
 
Conclusion 

This bibliometric analysis offers an 
overview of the research landscape on 
triethanolamine (TEA) toxicity. It shows how 
TEA has changed from a common ingredient 
in cosmetics and industrial products to a 
compound with serious toxic and regulatory 
concerns. By analyzing data from Scopus, 
Web of Science, and PubMed and using tools 
like VOSviewer and Biblioshiny, the study 
mapped publication trends, country 
contributions, keyword networks, and 
thematic clusters in the field (33). The 
findings indicate that research on TEA has 
grown significantly in recent decades, with a 
notable increase in publications after 2010 
and peaks in the last five years. Major 
contributors include China, India, and the 
United States, along with emerging research 
from regions like South America and 
Australia. This reflects TEA’s global 
importance. Thematic analyses show that 
while traditional issues such as skin irritation, 
nitrosamine contamination, and occupational 
safety remain critical, new research areas 
have developed, especially in nanotoxicology 
and pharmaceutical formulations. These 
include a lack of long-term human exposure 
studies, inconsistent regulations across 
regions, underexplored exposure pathways 
like inhalation, and weaknesses in strategies 
to reduce nitrosamine formation. These 
limitations stress the need for continued 
interdisciplinary research and stronger 
collaboration among scientists, regulators, 

and industry professionals. In conclusion, 
TEA toxicity research represents the evolving 
connection between scientific progress, public 
health, and policy development. The use of 
bibliometric methods has clarified the field's 
trajectory, key contributors, and thematic 
focuses while revealing important gaps that 
need to be filled. 
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