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Abstract

In recent decades, extensive research has been conducted to explore toxicity in the aquatic
environment. In spite of the extensive research conducted on toxicity in the aquatic
environment, there is a need for a comprehensive analysis that integrates various aspects of the
research landscape. This study focused on: i) providing characteristics of research areas of
publications, ii) assessing productive countries and institutions, iii) identifying research topics
based on certain keywords and defining research hotspots, and iv) assisting in the perspective
of current hot topics, future trends, and challenges. A systematic review and analysis of studies
on natural water and wastewater toxicology from the Scopus database were conducted, covering
the period from 2015 to 2019. This study presents a temporal distribution of publications
considering several factors, such as materials, types of toxicity, test organisms, journals, and
country. By conducting a comprehensive search on Scopus, our study identified a total of 7,043
articles on acute (62%) and chronic toxicity (38%). Freshwater environments accounted for the
majority of acute and chronic toxicity studies, while studies on wastewater environments were
relatively scarce. Daphnia magna emerged as the most used organism, representing 41% of
acute toxicity studies and 27% of chronic toxicity studies. The results show that China is the
most productive country with 330 articles. The study has made it possible to visualise an
effective contribution to science by filling the existing gaps. It has provided some perspectives
and insights for the development of further research on this topic.

Keywords: Ecotoxicity, acute, chronic, aquatic systems, bibliometric analysis

1. INTRODUCTION literature on a particular topic. Recently, the
bibliometric method has been used in various

Examining the studies of each branch of  contexts to identify research gaps for future
science shows the stages of development in  studies and to show trends in research activity
the field. It is also important to determine  [2-7]. Therefore, bibliometric analysis is
which tOpiCS have been the focus over time nowadays a promising alternative approach

[1]. Bibliometric analyses are important tools ~ for assessing research on water and
to assess and measure the growth of the  wastewater toxicity.
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Aquatic toxicology is the scientific field that
examines the impact of substances and
physicochemical conditions on plants and
animals residing in water ecosystems. It
encompasses the investigation of mechanisms
through which alterations in water quality or
food availability influence the growth,
reproduction, behavior, and survival of
aquatic organisms. The discipline of aquatic
toxicology delves into the effects of both
synthetic chemicals and naturally occurring
substances, as well as human-induced and
natural activities, on aquatic organisms at
various levels of organization. These levels
range from subcellular and individual
organisms to communities and ecosystems

[5].

The most effective way to protect aquatic
ecosystems is to measure and monitor
changes in the area of concern [8]. Toxicity
testing is important for monitoring water
quality and discharge areas, protecting
organisms in the food chain and determining
the stimulatory effects of toxic substances on
organisms [9-11]. Toxicity tests conducted
for this purpose attempt to determine the toxic
effect on the selected  organism
(acute/chronic) based on exposure [12].
Factors such as organism types, trophic levels
(producers,  primary and  secondary
consumers, decomposers), taxonomic groups,
organism species and strains, age, Sex,
temperature, body mass index, maturity, and
experimental  environmental  conditions
affecting the quality of life of the organism
are effective in determining the endpoint of
toxicity [13]. By conducting bioanalysis
studies, ecotoxicity can be demonstrated in
environmental risk assessment and water
quality/pollution control [14]. Pollutants
originating from industrial, domestic and
agricultural activities first flow into rivers and
enter lakes and oceans through them.
Pollution of water bodies not only affects the
creatures they harbour, but also reaches
humans through the food chain [15-18].

Zooplankton are frequently utilized in
ecotoxicological tests due to their high
sensitivity to toxic chemicals and their crucial
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role in the lentic food chain. These organisms
can provide valuable insights into their
responses to toxicity and the overall effects on
the ecosystem [19-20]. However, not every
organism that meets the requirements of a
toxicity test may be suitable. For instance, in
environments with lower toxicity, such as
surface waters, it is more appropriate to
employ more sensitive test organisms.

Despite the considerable research efforts
dedicated to the study of toxicity in the
aquatic environment, there remains a need for
a comprehensive analysis encompassing the
various facets of the research landscape [5].
The aim of this study is, therefore, to evaluate
the studies on toxicity in water and
wastewater from the Scopus database
(Elsevier), in order to address the existing
research gaps comprehensively. This study
focuses on several objectives: i) providing
characteristics of the research areas covered
in the publications, ii) assessing productive
countries and institutions, iii) identifying
research topics based on specific keywords
and defining research hotspots, and iv)
offering insights into current hot topics, future
trends, and challenges.

2. MATERIALS AND METHODS
2.1. Keywords Used in Literature Search

This study utilized the Scopus search engine
to identify acute and chronic toxicity studies
in the field of environmental sciences
conducted between 2015 and 2019. The
identification of toxicity studies was
performed in two steps using predefined
keywords, encompassing research on both
acute and chronic toxicity. In the first step, a
general search was conducted using keywords
such as "toxicity," "acute/chronic,” "journal,”
"environmental science,” “article,” and
"years" to identify relevant publications. The
second step involved a focused search using
the keywords "toxicity" and ™acute" or
"chronic" or "freshwater (FW)" for freshwater
environments, "marine water (MW)/seawater
(SW)" for seawater environments, and
"wastewater  (WW)"  for  wastewater
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environments. Additionally, the years "2015,"
"2016," "2017," "2018," and "2019" were
selected to assess changes over time, applying
the restriction to both the first and second
search criteria.

2.2. Limitations of the Study

The identified search was limited to the
research field of environmental science. In
this way, study areas such as medicine,
chemistry and pharmacology, or any other
departments of toxicology were excluded.

Publications were searched for the words
"article” or "original research” to identify
original studies. Articles published in book
chapters, reviews, opinion pieces and
conference papers were excluded from the
analysis for reasons of scientific acceptability.
In addition, publications that did not contain
multiple research informants such as
organism, environment and/or substance were
not included in this study. These studies were
included in the group "Other".

2.3. Analysis and Visualization of Data in
the Study

Microsoft Excel® and VOSviewer® (version
1.6.16) were used for the visual representation
of the data. The data obtained on organisms,
countries and journals were transferred to the
VOSviewer® programme and displayed
visually, as the VOS analysis tool shows the
best performance among the other techniques
[21]. VOSviewer® supports the visual
representation and verification of bibliometric
networks by providing easy access to the
VOS mapping method [21]. The
interpretation of the images, the size of the
circles on the map, the font used, and the
number of classes are indicated by colour
clusters. The interpretation of the similarity
and relationship between the circles is
indicated by the distance between the circles
[22].
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3. RESULTS AND DISCUSSION

To interpret the results of the study, each
article identified in the Scopus search tool
between 2015 and 2019 was categorised by
research environment (freshwater, seawater,
and wastewater), toxicity (acute/chronic),
authors, organism, article title, journal name
and years. The data are presented and
interpreted in subheadings by toxicity
exposure, research setting, years, test
organism, countries, and published journals.

3.1. Distrubution by Exposure

Based on the Scopus search, 7043 articles
were found on acute and chronic toxicity
between 2015 and 2019 in the first search. Of
these, 62% were acute, while 38% of them
were chronic studies. The second search
revealed 1162 articles on acute toxicity and
613 articles on chronic toxicity. 5268 articles
identified out of 7043 products are included
in the "others" category (see subtitle 2.2). Of
the articles in the "Others™ category, 3186 of
them were related to acute toxicity and 2082
to chronic toxicity (Figure 1).

The first search found a large number of
articles because there was no restriction of
"FW, WW, SW and MW" in the search field.
In the second search, the keywords "FW,
WW, SW and MW" were used to restrict the
research environment in aquatic areas.
However, despite the use of keywords to
restrict the research environment, it was
found that there are also studies where the
search field is not aquatic areas. The present
study is based on literature searches where
samples were taken from  aquatic
environments for toxicity testing.
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Acute Others Chronic

Figure 1 Distribution by exposure (“Others”
category considered)

No search criteria were used to identify
studies involving organisms. For this reason,
each of the articles was examined
individually, and the articles that did not
contain organism species were excluded. In
this way, the types of organisms were
determined. However, the limitation of the
search field is not the only factor here.
Although the keywords "toxicity, acute,
chronic, FW, WW, SW and MW" and the
limiting criteria "journal, article,
environmental science, 2015, 2016, 2017,
2018 and 2019" were used, it was found that
some studies did not meet these criteria.
When the articles found in the second search
were examined individually, studies that were
not related to environmental science were
excluded to ensure that publications from
different disciplines were not encountered as
science. For this reason, the importance of
examining the content of the articles became
apparent. All these identified studies were
included in the category "Other".

The results indicated a higher number of acute
toxicity studies compared to chronic toxicity
studies. This difference can be attributed to
the fact that acute toxicity tests provide faster
results for researchers compared to chronic
toxicity tests. Furthermore, chronic toxicity
studies tend to be more costly and time-
consuming [23]. Acute toxicity tests are often
preferred in emergency situations or when
there is a need for a quicker assessment of
chemicals, wastewater, or water samples.
However, combining acute toxicity studies
with chronic toxicity studies enables a more

Sakarya University Journal of Science 27(4), 902-911, 2023

comprehensive  toxicological evaluation,
allowing for the consideration of various risk
scenarios.

3.2. Distrubution by Environment

The second search, limited to the research
setting, found 1775 articles, of which 682
were in FW, 596 in SW and 497 on WW.
Most studies on acute toxicity were found in
FW with a rate of 36% and the fewest in WW
environments with a rate of 31%. On the other
hand, most chronic toxicity studies were in
FW (46%) and the fewest in WW (22%)
(Figure 2).

33.5% D

28.0%

3%

Acute and toxicity and FW ® Acute and oxicity and WW = Cheonic and toxicity and FW = Chronic and taxicity and WW

Acute and toxicity and MW = Acure and wxidity and SW Chronic and tovicity and MW = Chroric and toxicity and SW

Figure 2 Intersection of acute and chronic
toxicity studies across different research
environments (2015-2019)

In some studies, both acute and chronic cues
were included together. In total, there are 311
articles containing both acute and chronic
toxicity studies. The overlap of acute and
chronic toxicity studies included 147 FW, 87
SW and 69 WW studies.

Given the geographical locations of countries,
freshwater ecosystems tend to be more
widespread and accessible compared to
seawater ecosystems. Freshwater resources
encompass a Vvariety of water bodies,
including lakes, rivers, and streams, whereas
seawater ecosystems are limited to seas and
oceans.  Considering that  freshwater
ecosystems play a crucial role in sectors such
as agriculture, drinking water supply, energy
production, and industry, addressing water
resource conservation and human health
becomes of greater importance.
Consequently, researchers may be inclined to
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focus more on understanding the toxic effects
within freshwater ecosystems. However, it is
important to acknowledge that the choice of
test organisms used can also be considered as
another contributing factor. Daphnia magna,
a small planktonic crustacean, is commonly
used for toxicity tests that provide rapid
results. For this reason, "freshwater" was the
most commonly studied medium in both acute
and chronic toxicity studies, while seawater
was the least studied environment.

3.3. Distrubiton by Years

Studies on acute and chronic toxicity were
categorized as FW, WW, and MW-SW to
analyze their distribution over the years. In
terms of acute toxicity, there were 232
studies, while chronic toxicity studies
numbered 122, as depicted in Figure 3. The
figure clearly illustrates the numerical
dominance of acute toxicity studies over
chronic toxicity studies. In the case of acute
toxicity, the highest number of studies (102
articles) was observed in FW in 2018,
whereas the lowest number (48 articles) was
recorded in SW in 2015. Regarding chronic
toxicity, the most studies were conducted in
FW, totaling 70 articles in 2018, whereas the
fewest studies (22 articles) were carried out in
WW between 2015 and 2017.

In Figure 3, a regression line was added to the
graph to better observe the changes in the
acute and chronic toxicity studies. The
regression analysis resulted in R? values of
0.825 for acute toxicity studies and 0.705 for
chronic toxicity studies, indicating a
moderately strong fit between the regression
line and the data. Although an R? value
approaching 1 would indicate a closer fit, the
obtained values still suggest a significant
relationship between the variables. From
2015 to 2019, there was a general increase in
acute toxicity studies, with relatively small
increases observed in 2017 and 2019. On the
other hand, no definite increase was observed
in the chronic toxicity studies. The growing
importance of environmental awareness and
management in recent years has contributed
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to the increasing number of studies in the field
of ecotoxicology, highlighting the need for
further investigation.

400

350

R2=0.8259
300

250

200 Acute
R2=0.7049
Chronic
150

Number of articles

100
50

0
2015 2016 2017 2018 2019
Years

Figure 3 Change in acute and chronic toxicity
studies over the years

3.4. Distribution By Test Organisms

Daphnia magna emerges as the predominant
organism, accounting for 41% in acute
toxicity studies and 27% in chronic toxicity
studies. Among the standardized test
protocols, toxicology tests involving Daphnia
magna take precedence due to its easy
availability, low cost, ease of cultivation and
maintenance, reproducibility, and extensive
scientific data available for this organism.

In addition to Daphnia magna, other
frequently employed organisms in acute
toxicity studies include Aliivibrio fischeri,
Danio rerio, and Artemia salina, while
chronic toxicity studies commonly utilize
Ceriodaphnia dubia, Aliivibrio fischeri, and
Hyalella azteca (Figure 4). Aliivibrio fischeri
has gained popularity in recent years among
laboratories and researchers due to its
heightened sensitivity and significantly faster
testing durations (5, 15, and 30-minute
exposures) compared to toxicity tests
conducted with Daphnia magna [24, 25].
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Figure 4 Representation of the organisms most
commonly used in acute and chronic toxicity
studies

3.5. Distribution By Country

When examining the distribution and
collaborations among countries regarding
acute and chronic toxicity, it becomes evident
that 64 countries were identified for acute
toxicity and 54 countries for chronic toxicity
between 2015 and 2019 (Figure 5-a). Notably,
there are distinct clusters represented by nine
different colors. However, the presence of
Japan (14 publications) and Sweden (15
publications) in relatively smaller clusters
suggests a comparatively lower emphasis on
toxicity studies in these countries compared to
the USA and China, among others.

Figure 5-b and Figure 5-c provide a more
detailed analysis of acute toxicity and chronic
toxicity, respectively. In the realm of acute
toxicity studies, China takes the lead with 243
articles, followed by Brazil with 122 articles
and the USA with 111 articles. When
assessing the aquatic areas where these
studies were conducted in China, it is
observed that 60 articles focused on
freshwater (FW), 77 articles on seawater
(SW), and 106 articles on wastewater (WW).

Regarding chronic toxicity studies, the USA
tops the list with 93 articles, closely followed
by China with 87 articles. Other countries
with a notable number of studies include
Brazil (51 articles) and Australia (42 articles)
(Figure 5-c). In terms of specific aquatic
areas, the number of published studies in FW,
SW, and WW were 43, 40, and 17,
respectively. Overall, China, the USA, and

Sakarya University Journal of Science 27(4), 902-911, 2023

Brazil emerge as the top three countries in
both acute and chronic toxicity studies. These
findings highlight that the focus of scientific
research may vary depending on factors such
as a country's level of development, proximity
to the sea, or abundance of water resources.

united states
india

soand
@
P @y
tukey

PORUS:! pragi) ey
e L
. v 3 ! new zgaland

Figure 5 a) Network analysis of the publishing

density of countries. b) Countries studying on

acute toxicity c) countries studying on chronic
toxicity

3.6. Distribution of Studies By Journals
Published

Figure 6 presents a visual representation of
the prominent journals in the field of acute
and chronic toxicity studies. The journals are
grouped based on their publication frequency,
resulting in multiple clusters. The larger red
circles in the center indicate the journals with
the highest number of published studies.
Among these leading journals, Environmental
Toxicology and Chemistry stands out as the
largest circle. Other influential journals in this
field include Ecotoxicology and
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Environmental Safety, Chemosphere,
Environmental Science and Pollution
Research, and Science of the Total

Environment.

rvironmental monltoring and assessment

environmei! pollution
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environmental s(»en"fd pollution research
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A vOsviewer ol toiclady and pharmacology

Figure 6 Network analysis of journals in which
most acute and chronic toxicity studies were
published

Acute Toxicity

HQL MQ WQ3 mQ4

Chronic Toxicity

QI WmQ mMQ3 MQ4

Figure 7 Q factor of journals in which acute and
chronic toxicity studies were published

Figure 7 illustrates the classification of
journals that published acute and chronic
toxicity studies based on their Q-factors.

Sakarya University Journal of Science 27(4), 902-911, 2023

Among the 155 journals publishing acute
toxicity studies, the majority (Q1 category)
accounted for 78 journals. Similarly, 78
journals in the chronic toxicity studies
category fell into the Q1 category.
Consequently, there is a linear increase in the
number of journals from the Q4 category to
the Q1 category. It is notable that the majority
of publications in both acute and chronic
toxicity studies appear in Q1 category
journals, while the fewest publications are
found in Q4 category journals.

4. CONCLUSIONS

This study presents a comprehensive
bibliometric analysis of acute and chronic
toxicity studies in water and wastewater,
utilizing data from the Scopus database. The
analysis provides valuable insights into
research  trends, key characteristics,
knowledge structures, and hotspots in this
field.

The findings of the performance analysis
indicate a consistent upward trend in the
number of publications addressing acute and
chronic toxicity. Among the total studies,
62% focused on acute toxicity, with a
significant portion of these studies conducted
in freshwater environments. Daphnia magna
emerged as the most commonly used
organism, accounting for 41% of acute
toxicity studies and 27% of chronic toxicity
studies. Notably, China, the USA, and Brazil
emerge as the top three countries contributing
to both acute and chronic toxicity research.

To safeguard the ecological balance in water
ecosystems, it is crucial to enhance studies
that focus on the characterization of water
areas, examine the relationship between
pollution levels and toxicity, implement
robust toxicity monitoring methods, and
promote scientific research in these domains.

Among the countries engaged in
environmental toxicology, Turkey
demonstrates a commendable research

output, surpassing the efforts of many other
nations. This emphasizes the importance for
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countries to prioritize acute and chronic
toxicity studies as a means to protect and
preserve the ecosystem.

Acknowledgments

This paper is an excerpt from the first author's
Master thesis entitled "Bibliometric Profile of
Global Scientific Research on Monitoring and
Assessment of Water and Wastewater
Toxicology (2015-2020)" (IUC- Institute of
Graduate Studies). The thesis supervisor
affirms that throughout the progression of the
master's thesis endeavor, which serves as the
focal point of this publication, assistance was
obtained from the authors of the article in
facilitating the visualization of the analyses
and conducting comprehensive bibliometric
analysis.

Funding
This study was supported by a part of the
project number FBA-2018-32551 of Istanbul
University-Cerrahpasa Scientific Research
Projects.

Authors® Contribution

ANB: Data collection, literature research,
writing - analysis - original draft; VZS:
Writing - original draft, visualization; CA:

Writing - original draft, comprehensive
analysis; NS:  Writing - original draft,
supervision.

The Declaration of Conflict of Interest/
Common Interest

No conflict of interest or common interest has
been declared by the authors.

The Declaration of Ethics Committee
Approval

This study does not require ethics committee
permission or any special permission.

The Declaration of Research and
Publication Ethics

The authors of the paper declare that they
comply with the scientific, ethical and
quotation rules of SAUJS in all processes of
the paper and that they do not make any
falsification on the data collected. In addition,

Sakarya University Journal of Science 27(4), 902-911, 2023

they declare that Sakarya University Journal
of Science and its editorial board have no
responsibility for any ethical violations that
may be encountered, and that this study has
not been evaluated in any academic
publication environment other than Sakarya
University Journal of Science.

REFERENCES

[1] M. Hotamusli, I. Erem, " Bibliometric
Analysis of the Articles Published in
Journal of Accounting and Finance,"
The Journal of Accounting and Finance,
no. 63, pp. 1-20, 2014.

[2] R. Kumaresan, K. Vinitha, K. Kannan,
“Bibliometric analysis of aquatic
microbial ecology from 2000-2014”,
International Journal of Research in
Library Science, vol. 3, no. 2, 1-14,
2017.

[3] J. A. Wallin, “Bibliometric Methods:
Pitfalls and Possibilities,” Basic &
Clinical Pharmacology & Toxicology,
vol. 97, no 5, pp. 261-75, 2005.

[4] T.VanRaan, “Advances in bibliometric
analysis: Research  performance
assessment and science mapping,
Bibliometrics: Use and Abuse in the

Review of Research Performance”, vol.
87, 17-28, 2014.

[5] R. Kumaresan, K. Vinitha, K. Kannan,
“Agquatic Toxicology (2005-2014): a
bibliometric study.” Research trends in
library and information science: a
festschrift volume in honour of Prof. V.
Geetha, T. Muruganantham, Ed..
Tiruchirappalli: Alumni Association of
Library and Information and PG &
Research Department of Library and
Information Science, Bishop Heber
College (Autonomous), 95-106, 2016.

[6] K., Mendis, J. Baileyi, R. G., Mclean,
“Tracking Australian health and
medical research expenditure with a

909



BERBER et al.

Bibliometric Profile of Global Scientific Research on Monitoring and Assessment of Aquatic Toxicology...

[7]

[8]

[9]

[10]

[11]

[12]

[13]

PubMed bibliometric method”,
Australian and New Zeland Journal of
Public Health, vol. 39, no 3, pp. 203-
298, 2015.

U. Al, R. Costur, “Bibliometric Profile
of Turkish Journal of Psychology,”
Turkish Librarianship, vol. 21, no 2, pp.
142-163, 2007.

A. D. Canning, R. G. Death,
“Ecosystem Health Indicators,”
Freshwater Environments

Encyclopedia of Ecology (Second
Edition), vol. 1, pp. 46-60, 2019.

H. Arnold, H. J. Pluta, T. Braunbeck, T.
“Cytological alterations in the liver of
rainbow trout (Oncorhynchus mykiss)

after prolonged exposure to low
concentrations of waterborne
endosulfan,” Diseases of Aquatic

Organisms, vol. 25, pp. 39-52, 1996.

J. E. Klauning, “Pesticide Toxicology,
Evaluating Safety and Risk,” Purdue
Pesticide Programs. Purdue University
Cooperative Extension Service, P-40,
Indiana University School of Medicine,
2000.

V. S. Leblond, M. Bisson, A. Hontela,
“Inhibition of cortisol secretion in
dispersed head kidney cells of rainbow
trout (O. mykiss) by endosulfan, an
organochlorine pesticide” General and
Comparative Endocrinology, vol. 121,
no 1, pp. 48-56, 2001.

D. Arome, E. Chinedu, “The
importance of toxicity testing” Journal
of Pharmaceutical and BioSciences,
vol. 4, pp. 146-148, 2013.

G. Hanrahan, Cevre Kimyasinda Temel
Kavramlar (Ed. Ismail Tordz), Nobel
Akademik Yayincilik, 2013, Ankara.
(in Turkish).

Sakarya University Journal of Science 27(4), 902-911, 2023

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

M. A. Aydin, S. Yildiz, S. Ozcan, G.
Kara, “Atiksularin toksisitesinin
belirlenmesinde farkli biyotest
yontemlerinin uygulanmasi,” 7. Ulusal
Cevre Miihendisligi Kongresi, Izmir,
Turkey, 2000, pp. 683-700. (in
Turkish).

F. Yilmaz, “Physico-Chemical Features
of Mumcular Dam Lake (Mugla-
Bodrum)” Ecology, vol. 14 no 50, pp.
10-17, 2004.

H. Kalyoncu, M. Barlas M, B.
Yorulmaz, “The Relationship between
the Physicochemical Structure and the
Epilithic Algae Diversity of Aksu River
(Isparta-Antalya)”, Ecology, vol. 17, no
66, 15-22, 2008.

M. Akbulut, H. Kaya, E. S. Celik, D. A.
Odabasi, S. S. Odabasi, K. Selvi,
“Assessment of Surface Water Quality
in the Atikhisar Reservoir and Saricay
Creek,” Ecology, vol. 19, no 74, pp.
139-149, 2010.

M. Ayvaz, E. Tenekecioglu, E. Koru,
“Determination of trophic status of
Afsar (Manisa-Turkey) dam lake,”
Ecology, vol. 20, no 81, pp. 37-47,
2011.

T. Hanazato, “Pesticide effects on
freshwater zooplankton: An ecological
perspective,” Environmental Pollution,
vol. 112, no 1, pp. 1-10, 2001.

A. N. Berber, “Bibliometric profile of
global scientific research on monitoring
and assessment of aquatic and
wastewater toxicology (2015-2019)”,
MSc Thesis, Institute of Graduate
Education, Istanbul University-
Cerrahpasa, Turkey, 2021.

N. J. Van Eck, L. Waltman, R. Dekker,
J. Van den Berg, “A comparison of two
techniques for bibliometric mapping:
Multidimensional scaling and VOS,”

910



BERBER et al.

Bibliometric Profile of Global Scientific Research on Monitoring and Assessment of Aquatic Toxicology...

Journal of the American Society for
Information Science and Technology,
vol. 61, no 12, pp. 2405-2416, 2010.

[22] G. M. Khalil, C. A. G. Crawford, “A
Bibliometric Analysis of Us-Based
Research on the Behavioral Risk Factor
Surveillance ~ System,”  American
Journal of Preventive Medicine, vol. 48
no 1, pp. 50-57, 2015.

[23] J. M. Parnis, D. Mackay, “Multimedia
environmental models: The fugacity
approach,” CRC Press, 3rd Ed., 2019,
pp 301.

[24] S.Parvez, C. Venkataraman, “A review
on advantages of implementing
luminescence inhibition test (Vibrio
fischeri) for acute toxicity prediction of
chemicals” Environment International,
vol 32, no 2, 265-268, 2006.

[25] A. Bialk-Bielinska, L. Grabarczyk, E.
Mulkiewicz, A. Puckowski, S. Stolte, P.
Stepnowski “Mixture toxicity of six
pharmaceuticals towards Aliivibrio
fischeri, Daphnia magna, and Lemna
minor” Environmental Science and
Pollution Research, vol 29, 26977-
26991, 2022.

Sakarya University Journal of Science 27(4), 902-911, 2023 911



