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The present study aimed to propose a new cause of odorous compounds release, i.e., the presence of 
antibiotics in water bodies and its toxicity to cyanobacteria, known to be the main producer of geosmin (GEO) 
and 2-methylisoborneol (2-MIB). Therefore, a literature review was carried out regarding the problems caused 
by antibiotics in aquatic environment, including cyanobacterial blooms and GEO and 2-MIB release. In addition, 
a bibliometric analysis was performed using the VOSviewer software based on the results obtained from the 
Web of Science (WOS) database. This review aims to build a scientific understanding of the problem, presenting 
interesting points that converge with the proposed association. It is worth mentioning that no work has been 
found in the literature that has proposed this relationship. Thus, based on the bibliographic survey, observations 
and information acquired in recent years about cyanobacterial blooms and environmental contamination by 
pharmaceutical drugs, one of the main causes of an earthy and musty flavour and odour in a drinking water 
supply is the toxicity imposed by the presence of antibiotics in aquatic environments on cyanobacteria.
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INTRODUCTION

Worldwide, several studies point to the risk that cyanobacterial blooms can cause to the environment 
(Carmichael, 2001; Paerl and Huisman, 2008; Paerl et al., 2011; Paul and Otten, 2013; Huisman  
et al., 2018; Zhang et al., 2020). Microalgae and cyanobacteria occupy trophic levels within food 
webs, and changes in their diversity and abundance could have an indirect but significant effect 
on the rest of the freshwater community (Pan et al., 2008), such as the release of cyanotoxins and 
odorous compounds like geosmin (GEO) and 2-methylisoborneol (2-MIB). For this reason, they 
have been highlighted as suitable organisms for environmental toxicity assessment (Holten- Lutzhøft 
et al., 1999; Andreozzi et al., 2004; Pan et al., 2008, Rico et al., 2018).

Studies show that the main causes of cyanobacterial blooms are an eutrophic medium (Paerl and 
Huisman, 2008; Liu et al., 2012; Paerl and Otten, 2013; Huisman et al., 2018; Pham et al., 2020), rising 
CO2 levels (Paerl et al., 2011; Huisman et al., 2018), rainy season (Paerl and Otten, 2013; Pham et al., 
2020; Zhang et al., 2020) and higher water temperatures due to global warming (Paerl and Huisman, 
2008; Paerl et al., 2011; Paerl and Otten, 2013; Huisman et al., 2018; Rico et al., 2018; Lee et al., 2020). 
However, there had been an increase in the number of studies that focus on the problem of improper 
disposal of antibiotics in aqueous mediums, causing a rise in bacterial resistance (Hirsch et al., 1999; 
Halling-Sørensen et al., 2000; Mog et al., 2020; Zhang et al., 2020), and subsequent damage not only 
to fauna and flora, but also human health. This is because conventional water treatment processes are 
not sufficient for the effective removal of these drugs (Bueno et al., 2012), which are found in low but 
significant concentrations in the domestic water supply (Kümmerer et al., 2009; Guo et al., 2016). Besides 
that, several studies point to the toxicity that antibiotic presence causes to algae and cyanobacteria, 
causing them to produce cyanotoxins (Liu et al., 2012; Huisman et al., 2018), which are responsible for 
liver, digestive and neurological diseases when ingested (Carmichael, 2001; Merel et al., 2013).

Lee et al. (2020), for example, observed in their study of a sample from a water reservoir in Korea 
under cyanobacterial bloom that the number of cyanobacteria was positively correlated with geosmin 
concentration, indicating that cyanobacteria are potentially the main source of this substance. Thus, 
it is possible that the presence of antibiotics in aqueous media, when associated with certain aquatic 
and climatic environmental factors, induce the production of odorous compounds giving flavour and 
odour to the water supply.

Thus, this review presents a concise assessment of available evidence in reference to antibiotic toxicity 
to algae and cyanobacteria, which results in harmful blooms, with the production of GEO and 2-MIB, 
threatening the environment and consequently society. To investigate this proposal, bibliometric 
research was carried out using the VOSviewer software based on the results of a search in the Web of 
Science (WOS) database. To our knowledge, no published work to date has pointed out this possible 
relationship and cause.

METHODOLOGY

Bibliometric analysis

Bibliometric analysis was performed as described by Van Eck and Waltman (2010), who were 
responsible for the development of VOSviewer, a program (available free of charge) for the creation 
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and visualization of bibliometric maps. Through this platform it 
is possible, for example, to build maps based on the co-citation 
of data as well as the co-occurrence of keywords. To this end, a 
bibliographic search was carried out in the databases supported 
by the program (Web of Science, Scopus, Dimensions, Lens and 
PubMed), using keywords of interest. On completion of the 
search, it is possible to export the result and then use the software 
to generate bibliometric maps.

For our bibliometric analysis, the Web of Science collection was 
used as a database. Three bibliographic searches were carried out, 
aiming to cover the three main points of interest of this work: 
antibiotics, cyanobacterial blooms, and odoriferous compounds. 
For each of these points, three keywords have been selected, as 
shown in Table 1. It can be seen that the word ‘cyanobacteria’ is 
present as a keyword in all three searches. This is because it was the 
main link proposed between antibiotics and odorous compounds.

All three searches were performed by filtering the presence of 
keywords in all collection fields, in the past 10 years of publication, 
from 1 January 2012 to 18 August 2022. The results were exported 
in tab-delimited format and the ‘Full Record’ and ‘Cited References’ 
options were selected, as directed in the program manual 
(Van Eck and Waltman, 2022).

Finally, in the VOSviewer program, maps based on Web of Science 
bibliographic data were created. The type of analysis selected was co-
occurrence, with all keywords as units of analysis. The full counting 
mode has been used as the counting method. The minimum 
number stipulated for the occurrence of keywords was equal to 5.

For the three maps, network visualization was selected. In this 
type of visualization, Items (such as keywords, for example) are 
determined by labels and circles. The size of the label and circle 
of an item are determined by the weight of the item: the higher 
the weight, the larger the label and circle. The colour of an item 
is determined by the cluster to which the item belongs. Lines 
between items represent links. The stronger the link between 
two items, the thicker the line used to display the link in the 
visualization of the currently active map (Van Eck and Waltman, 
2010; Van Eck and Waltman, 2022).

LITERATURE REVIEW

Antibiotic toxicity to cyanobacteria

Antibiotics are natural, synthetic, or semi-synthetic compounds, 
which can kill or inhibit growth or metabolic activity of 
microorganisms. These compounds are biologically active 
molecules with antibacterial, antifungal, and anti-parasitic 
activities deliberately designed as a medicine to treat bacterial 
infections in both people and animals, and as feed additives or 
disease prevention in animal husbandry (Kovalakova et al., 2020).

Data obtained by the World Health Organization indicate 
that, from 2016 to 2018, for every 1 000 inhabitants the overall 
consumption of antibiotics ranged from approximately 4 to 64 
daily doses (WHO, 2018). Studies indicate that the concentration 
of these drugs in wastewater is in the order of µg to ng·L–1 (Hirsch 
et al., 1999; Kümmerer, 2009; Bengtsson-Palme and Larsson, 
2016; Chow et al., 2021). However, with the intensification of 
consumption, there is also an increase in its disposal, which when 
carried out inappropriately or illicitly, generates serious damage 
to the environment.

Thus, antibiotics are regarded as emerging ‘pseudo-persistent’ 
environmental pollutants because of their continuous input 
(through high consumption and its various disposal routes, such 
as urine and faeces, hospital, and pharmaceutical industrial waste) 
and persistence in aquatic ecosystems (due to ineffective removal 
via conventional water treatment processes) (Ye et al., 2017).

According to Ding and He (2010), Roose-Amsaleg and Laverman 
(2015) and Kovalakova et al. (2020), long-term exposure to 
antibiotics can change microbial communities, the effects of 
which include variation in biogeochemical cycling, alteration of 
phylogenetic structure, expansion of resistance, and disturbance 
of ecological function in the micro-ecosystem.

Due to the high sensitivity of different kinds of algae to the presence 
of antibiotics in aqueous media, they are widely used as test 
organisms for environmental risk assessment, with cyanobacteria 
being the most sensitive (Holten Lutzhøft et al., 1999; Andreozzi 
et al., 2004; Pan et al., 2008, Välitalo et al., 2017; Rico et al., 2018; 
Kovalakova, et al., 2020). This sensitivityt is due to the similarity of 
their physiological characteristics to those of the target bacteria for 
which antibiotics were designed (Van der Griten et al., 2010).

Several studies have pointed to the toxicological effect of antibiotics 
on algae (Holten Lutzhøft et al., 1999; Halling-Sørensen, 2000; 
Andreozzi et al., 2004; Pan et al., 2008). The results obtained 
by Holten-Lutzhøft et al., (1999) and Halling-Sorensen (2000) 
revealed a high toxicity to Microcystis aeruginosa, a freshwater 
cyanobacterium, from the tested antibiotics (amoxicillin, 
flumequine, oxolinic acid, oxytetracycline hydrochloride, 
sarafloxacin hydrochloride, sulfadiazine, and trimethoprim).

Andreozzi et al. (2004) investigated the toxicological effect 
of amoxicillin on the algae Chlorophyceae Psudokirkneriella 
subcapitata, Closterium ehrenbergii, Cyclotella meneghiniana and 
Cyanophyte Synechococcus leopoliensis, and the results pointed to 
a high toxicity for the blue-green algae. In addition, the results 
obtained by Pan et al. (2008) also revealed that amoxicillin severely 
inhibited the photosynthesis of cyanobacterium Synechocystis sp.

According to Kovalakova et al. (2020), in their research it was 
observed that the antibiotic amoxicillin has low toxicity for algae 
and bacteria, but it is extremely toxic, along with ciprofloxacin 
and ofloxacin, for cyanobacteria. However, assessing the real 
environmental risk of antibiotics to cyanobacteria requires a longer 
exposure time due to its slower growth when compared to algae.

González-Pleiter et al. (2017) studied intercellular free Ca2+ 
signals in cyanobacteria, since these appear to be a biomarker 
of exposure to pollutants, among them, antibiotics. The results 
showed that all the antibiotics studied induced a calcium 
transient for cyanobacteria, within the first moments of injection, 
indicating that antibiotics are harmful to this species. According 
to Välitalo et al. (2017), Microcystis aeruginosa is sensitive to 
amoxicillin, whereas Anabaena sp. CPB4337 can tolerate high 
concentrations of the same antibiotic. Of all the antibiotics tested, 
only trimethoprim was non-toxic to all cyanobacteria tested.

Ding and He (2010) explain that the inherent reason for these 
differences in toxicity is that antibiotics in general, even those 
designed to be broad-spectrum drugs, have selective effects 
on various groups of microbes. Besides that, Guo et al. (2016) 
attributes these differences to differences in antibiotic uptake, in 
the binding pockets in primary targets, in antibiotic elimination, 
and in active efflux pumps.

Table 1. Keywords used in bibliographic searches in Web of Science database

Research Point of interest Keywords
1 Antibiotics Antibiotics, toxicity and cyanobacteria
2 Cyanobacterial blooms Cyanobacteria, blooms and causes
3 Odoriferous compounds Geosmin, 2-methylisoborneol and cyanobacteria
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According to the results obtained by Dias et al. (2015), the 
response of freshwater cyanobacteria to antibiotics depends on 
the type/concentration of the antibiotic as well as cyanobacteria 
isolate, since they observed a strong decrease in cyanobacterial 
growth at the lowest antibiotic concentration (ß-lactams, in 
particular amoxillicin); a decrease in cell viability at middle/
higher antibiotic concentrations (aminoglycosydes, tetracycline, 
and norfloxacine) and no effect at any antibiotic concentration 
(nalidixic acid and trimethoprim).

According to Liu et al. (2012), at certain concentrations, 
amoxicillin can stimulate cyanobacterial growth. In another 
study by Liu et al. (2014), the results obtained indicated that 
high levels of nitrogen associated with high levels of amoxicillin 
work together not only for cyanobacterial growth, but also for the 
production of toxins (microcystins), and the coexistence of these 
contaminants with cyanobacteria represents a major threat to the 
aquatic environment, requiring great attention, especially during 
cyanobacterial bloom periods.

Wan et al. (2015) observed that erythromycin can inhibit 
cyanobacterial growth at high levels, but stimulate their growth 
at relatively low concentrations (0.001–0.1 µg·L–1), increasing 
photosynthetic activity. The results obtained by Tan et al. (2018) 
demonstrated that low-level antibiotics exert ecological impacts via 
interference in aggregation, since this is important to cyanobacterial 
biofilm formation and consequently to the development of blooms. 
However, both publications emphasize that a correlation between 
antibiotic residues in water and the outbreak of algal blooms has not 
been reported. According to Roose-Amsaleg and Laverman (2015), 
at least in vitro, sub-inhibitory effects of antibiotics on bacterial 
physiology can cause mutagenesis, virulence, biofilm formation, 
and horizontal gene transfer recombination.

Thus, how cyanobacteria behave in the presence of low-level 
antibiotics can exert both biogeochemical and environmental 
impacts. Understanding the antibiotic-interfered aggregation 
process not only helps with understanding of the cyanobacteria-
mediated carbon cycle but is also of great importance to predict, 
evaluate, and control algal blooms (Tan et al., 2018).

Cyanobacterial blooms and their main causes

Cyanobacterial blooms are defined as visible discolorations in 
water that are caused (predominantly) by cyanobacteria, Gram-
negative prokaryotic microorganisms that were originally referred 
to as the ‘blue-green algae’. These microorganisms are very closely 
related to bacteria in terms of cellular structure, with no defined 
nucleus or membrane-bound organelles present, and constitute 
oxygen-producing bacteria that use sunlight as an energy source 
to convert carbon dioxide (CO2) into biomass (Percival and 
Williams, 2014; Huisman et al., 2018).

Algae and cyanobacteria are a vital part of the food chain in 
aquatic ecosystems, and even small changes in the algal and 
cyanobacterial populations could affect the balance of the whole 
ecosystem (Välitalo et al., 2017). Anthropogenic activities, such 
as urban, agricultural, and industrial development, are the main 
source of nutrient over-enrichment of water, the most well-known 
cause of cyanobacterial blooms (Paerl and Huisman, 2008). Once 
a cyanobacterial bloom is established, it may persist for months, 
even after nutrients (N and P) are reduced (Paerl and Otten, 2013).

This type of bloom is recurrently reported in some of the world’s 
largest freshwater ecosystems, such as Lake Victoria (Africa), 
Lake Erie (USA) and Lake Taihu (China) (Paerl and Otten, 
2013). According to Olokotum et al. (2020), the main causes of 
cyanobacterial blooms in Lake Victoria are due to an increase in 
human population density, resulting in an increase in food, housing, 
and product demands (such as agricultural, urban, and industrial 
activities, respectively), that cause an increase in the release of 
nutrients to the environment, resulting in eutrophic water bodies.

Michalak et al. (2013), writing in relation to Lake Erie, which 
experienced one of its largest algal blooms in 2011 due to record-
breaking nutrient loads, ascribe cyanobacterial blooms to long-
term agricultural activities and to meteorological conditions, 
such as warm and rainy seasons. Qin et al. (2019), in relation 
to Lake Taihu which constantly suffers from cyanobacterial 
blooms, also attribute blooms to lake eutrophication, which 
generated a commitment from politicians to rehabilitate the lake, 
accompanied by an investment which has to date amounted to 
about 14 billion USD. Even so, the lake continues to suffer from 
cyanobacterial blooms and cyanotoxin release.

According to Carmichael (2001), the main factors influencing 
formation and toxicity of harmful cyanobacterial blooms are: 
(i) genetic (distinct toxin- and non-toxin-producing strain);  
(ii) growth (measured by chlorophyll a, good growth led to 
optimum toxin production), (iii) ratio of toxin and non-toxin 
producers, and (iv) bioaccumulation.

Some of the most common toxin-producing cyanobacteria 
include the N2-fixing genera: Anabaena, Aphanizomenon, 
Cylindrospermopsis, Lyngbya, Nodularia, Oscillatoria, and 
Trichodesmium; and the non-N2 fixers: Microcystis and 
Planktothrix (Paerl and Otten, 2013). Microcystins are the most 
prevalent class of cyanotoxins and the most frequently studied. 
The hepatotoxin microcystin originates from several genera of 
cyanobacteria: Microcystis, Anabaena, Planktothrix, Nostoc, and 
Anabaenopsis (Westrick et al., 2010).

Release of toxins from cyanobacteria mainly occurs during 
algal death and cell lysis (Merel et al., 2013; Pham et al., 2020). 
According to Liyanage et al. (2016), although algaecides are used 
to remove cyanobacterial blooms, they are also responsible for cell 
lysis and the consequent release of toxins. In addition to toxicity, 
these blooms can cause taste and odour episodes in drinking and 
recreational water (Carmichael, 2001).

Currently, the presence of cyanobacteria has been reported in 
Guandu River, and the main water treatment plant (WTP) in the 
state of Rio de Janeiro, Brazil. At the beginning of 2020 and 2021, 
the State of Rio de Janeiro faced a major water supply problem due 
to the presence of an earthy odour and taste in drinking water, from 
the presence of GEO and 2-MIB. The presence of these odorous 
compounds in water bodies associated with cyanobacterial blooms 
was also recently reported by Asquith et al. (2018); Lee et al. (2020) 
and Pham et al. (2020), drawing a lot of attention to this association.

Odorous compound release and its main causes

Geosmin (GEO) and 2-methylisoborneol (2-MIB) are the 
two major volatile organic compounds that contribute to the 
occurrence of an earthy and musty odour in water, which has 
been known to decrease its quality, especially when it comes to 
drinking water (Izaguirre et al., 1982; Lee et al., 2020). Human’s 
sense of smell is sensitive GEO and 2-MIB at levels below 10 ng·L–1 
(Suffet et al., 1996). Both are terpenoids and are synthesized from 
linear isoprene diphosphate precursors with various chain lengths 
(Pham et al., 2020). They have also been reported to be produced 
(synthesized and secreted) as secondary metabolites by different 
types of cyanobacteria (Izaguirre et al., 1982; Carmichael, 2001; 
Pham et al., 2020), but other studies have shown actinomycetes, 
proteobacteria, myxobacteria and some fungi to be geosmin 
producers (Zaitlin and Watson, 2006; John et al., 2018).

GEO and 2-MIB are not considered as health hazards for humans, 
as it has been shown that environmentally relevant concentrations 
of both compounds (e.g., ng–μg·L–1) present no cytotoxicity or 
genotoxicity. However, their presence, even in low concentrations 
(below 1 μg·L–1 in surface waters and considerably lower in treated 
drinking water) makes water unacceptable for consumption, 
which is the main problem they cause for water supplies  
(Chorus and Welker, 2021).
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No official regulatory boundaries were found for the presence 
of these compounds in water. According to Lee et al. (2020) and 
Kim and Park (2021), although there is currently no regulation 
for these two compounds in the Republic of Korea, the Korean 
government has set 20 ng·L–1 as a maximum allowable limit (MAL) 
or a maximum contaminant level goal (MCLG) for geosmin and 
2-MIB. A preliminary study by Webber et al. (2014) in Australia 
indicated that drinking water containing greater than 10 ng·L–1 
GEO or 2-MIB would result in a reduction in acceptance. Thus, it 
is believed that the range of 10 to 20 ng·L–1 should be adopted as 
a parameter of water quality, regarding the presence of GEO and 
2-MIB in aqueous medium.

Some researchers have aimed to study the release of these odorous 
compounds during harmful blooms. According to Pham et al. 
(2020), GEO and 2-MIB often occurred mainly during the rainy 
season, which is associated with a high level of nutrients, and 
when cyanobacterial biomass was high, due to heavy blooms of 
Microcystis aeruginosa. Lee et al. (2020) observed that temperature 
was the main parameter affecting cyanobacterial growth, and that 
the number of cyanobacteria species was positively correlated with 
geosmin concentration. Asquith et al. (2018), in turn, observed in 
their study that cyanobacteria are not the unique species responsible 
for GEO and 2-MIB release, since Streptomyces has also been shown 

to be responsible for taste and odour episodes in drinking water 
supplies, especially during rainfall events followed by dry periods.

Alghanmi et al. (2018), when carrying out a study on the effect 
of light intensity and temperature on the production of GEO and 
2-MIB by two cyanobacterial species (Phormidium retzii and 
Microcoleus vaginatus), observed that odorous compounds are 
retained in the intracellular fraction in the lag phase, are partially 
released to the medium in the exponential phase, and are released 
at high levels to the medium in the stationary and death phases.

As taste and odour compounds can be sensed at very low 
concentrations, they can serve as an early warning for further 
investigations regarding the presence of cyanobacteria and, among 
them, possible cyanotoxin producers (Chorus and Welker, 2021).

RESULTS AND DISCUSSION

Antibiotics toxicity to cyanobacteria

The bibliometric analysis map created in the VOSviewer 
program for the first search (keywords ‘antibiotics’, ‘toxicity’ and 
‘cyanobacteria’) is shown in Fig. 1; 55 results were found for this 
search. It is possible to observe the formation of four clusters, 
observable as four different colours (red, green, blue, and yellow). 
The list of words in each cluster is shown in Table 2.

Figure 1. Keyword co-occurrence map created in VOSviewer software referring to the search for the keywords 'antibiotics', 'toxicity' and 
'cyanobacteria' in WOS database, in the past 10 years

Table 2. Keywords for each cluster of the network visualization map presented in Fig. 1.

Cluster Red Green Blue Yellow
Keyword Algae Antioxidant system Aquatic environment Antibacterial agents

Algal toxicity Erythromycin China Fate
Antibiotics Exposure Cyanobacterial blooms Microcystis-aeruginosa

Ciprofloxacin Growth Ecotoxicity Risk-assessment
Cyanobacteria Microalgae Fluoroquinolone antibiotics Veterinary antibiotics
Degradation Microcystis aeruginosa Personal care products Waste-water
Environment Oxidative stress Pharmaceuticals

Human pharmaceuticals Toxicity
Photosynthesis

Resistance
Trimethoprim

Water
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Figure 2. Keywords co-occurrence map created in VOSviewer software referring to the search for the keywords 'cyanobacteria', 'blooms' and 
'causes' in WOS database, in the past 10 years

Cluster 1 (red) is commonly related to the presence of antibiotics 
and pharmaceuticals in water bodies, as well as their toxicity to 
algae and cyanobacterial species. ‘Antibiotics’ and ‘cyanobacteria’ 
were the keywords with the highest co-occurrence, with both 
achieving a score of 26. Although not prominently shown on the 
map, it is worth mentioning that two antibiotics in this cluster, 
ciprofloxacin and trimethoprim, were the most frequently 
detected in the aquatic environment.

Cluster 2 (green) mainly refers to the toxicity of antibiotics 
to cyanobacterial species, especially to the species Microcystis 
aeruginosa. The terms ‘toxicity’ and ‘growth’ showed the highest 
co-occurrence values   with scores of 31 and 15, respectively. 
The presence of the antibiotic erythromycin in this cluster is 
noteworthy.

Cluster 3 (blue) has as its main keywords the term ‘pharmaceuticals’, 
with 16 occurrences, and ‘personal care products’ with 10 
occurrences, referring, therefore, to the main contaminants 
identified in water bodies. It is interesting to highlight the 
presence of the word ‘China’ in this cluster, since this country is 

reported in the literature as being one of the biggest consumers of 
antibiotics in the world (Qiao et al., 2018).

Cluster 4 (yellow), in turn, focuses on the fate of these 
contaminants in nature, pointing to the risk they can cause to 
aquatic species. The most frequent words were ‘waste-water’ and 
‘antibacterial agents’ with scores of 14 and 6, respectively.

Thus, in general, the bibliometric survey gave results in 
accordance with what is reported in the literature presented, since 
the most frequent terms in each cluster were also those discussed 
in the review in the previous section, highlighting the presence 
of antibiotics in the aquatic environment and its toxicity to 
cyanobacterial species.

Cyanobacterial blooms and their main causes

The network visualization map for the second search (keywords 
‘cyanobacteria’, ‘blooms’ and ‘causes’) is shown in Fig. 2; 128 results 
were found for this search. As for the first search, it is possible to 
observe the formation of four clusters. Table 3 presents the list of 
words in each cluster.

Table 3. Keywords for each cluster of the network visualization map presented in Fig. 2

Cluster Red Green Blue Yellow
Keyword Aeruginosa Climate-change Bloom Algal blooms

Blooms Cyanobacteria blooms Blue-green-algae Eutrophication
Climate change Cyanotoxins Chlorophyll-a Management

Cyanobacterial blooms Cylindrospermopsis-raciborskii Cyanobacteria Nitrogen

Diversity Global expansion Fresh-water Nutrients
Dynamics Harmful algal blooms Lakes Phosphorus

Growth Lake Microcystin Phytoplankton
Harmful Cyanobacteria Microcystis Microcystins Water-quality

Hydrogen-peroxide Microcystis-aeruginosa Toxicity
Lake Taihu Temperature Toxins

Light Toxin production
Microcystis Aeruginosa

Oxidative stress
Photosynthesis

Water
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It is possible to observe in Cluster 1 (red) that the most frequent 
words are ‘blooms’ and ‘growth’, both with a score of 22. This is 
because blooms, especially cyanobacterial blooms, are related to 
the exacerbated growth of microorganisms, as pointed out in the 
literature review. The terms ‘climate change’ and ‘light’ constitute, 
in this cluster, the main causes of blooms. Thus, this cluster refers 
specifically to the dynamics of cyanobacterial blooms. It is worth 
mentioning the presence of the term ‘Lake Taihu’, one of the main 
lakes in China that constantly suffers from cyanobacterial blooms.

Cluster 2 (green), in turn, refers to the toxicity that cyanobacterial 
blooms exert on the aquatic environment. The words ‘climate-
change’, ‘harmful algal blooms’ and ‘Microcystis-aeruginosa’ stand 
out, with scores of 25, 19 and 13, respectively. Again, the climate 
change that the world has been facing in recent years is pointed 
out as the main cause of these blooms, mainly indicated by the 
presence of the term ‘temperature’ in this cluster.

The third cluster (blue) relates to the identification of cyanotoxins 
in fresh water, especially microcystins produced by Microcystis 
aeruginosa. The most frequent words were ‘cyanobacteria’ with a 
score of 53, and ‘fresh-water’ with a score of 17. Therefore, the 
release of toxic products by cyanobacteria is directly related to 
cyanobacterial blooms.

The last cluster (yellow) refers to the best-known cause of 
cyanobacterial blooms: eutrophication of water bodies. Therefore, 
the most frequent words were ‘eutrophication’, ‘phytoplankton’, 
‘nitrogen’ and ‘phosphorus’, with scores of 32, 21, 18 and 16, 
respectively.

Again, the bibliometric analysis agrees with what was pointed out 
previously, except for the mention of rainy seasons as one of the 
causes of cyanobacterial blooms.

Odorous compound release and its main causes

Figure 3 presents the network visualization map for the third 
and last search in the WOS database (keywords ‘geosmin’, 
‘2-methylisoborneol’ and ‘cyanobacteria’); 162 results were found 
for this search. Table 4 presents the list of words in each of the 
four clusters.

The most frequent words in Cluster 1 (red) are ‘cyanobacteria’, 
‘taste’, ‘drinking-water’, ‘MIB’, ‘removal’ and ‘odor compounds’, with 
scores of 107, 58, 49, 36, 27 and 21, respectively. It is observed that 
this cluster refers, therefore, to the presence of odorous compounds 
in water, especially water for human consumption. Furthermore, it 
turns to the discussion of odorous compound removal methods, 
having as alternatives the use of adsorptive processes through 
activated carbon and oxidative processes such as ozonation.

In Cluster 2 (green), the terms ‘biosynthesis’, ‘2-MIB’, ‘temperature’, 
‘lake’ and ‘growth’, with scores of 27, 19, 16, 16 and 15, respectively, 
stand out. In addition, there are several terms already seen in 
previous analyses, such as the main causes of cyanobacterial 
blooms (‘light’, ‘eutrophication’, ‘temperature’), among others.

Cluster 3 (blue) refers to the impact of the presence of odoriferous 
compounds on aquatic species, such as fish, for example. 
The most frequent words are ‘geosmin’ with a score of 127, 
‘2-methylisoborneol’ with a score of 108, ‘water’ with a score of 20 
and ‘off-flavor’ with a score of 16. Again, we highlight the presence 
of the term ‘Lake Taihu’, as noted for the previous search.

Cluster 4 (yellow), in turn, refers to quantification and 
identification of the gene expression of odoriferous compounds, 
especially by the most recent method mentioned in the literature, 
qPCR. The most frequent words were ‘identification’ with a score 
of 43, ‘odor’ with a score of 31 and ‘reservoir’ with a score of 17.

In this way, the map reveals exactly what was noted in the literature 
review, with the addition of the most common processes used for 
the removal and remediation of these types of compounds in water.

Graphical summary of results

Using the data presented by the network visualization maps 
generated by the VOSviewer software, a graphical analysis (Fig. 4)  
was carried out to demonstrate the keywords identified to be 
in common across the three analyses. Based on the data for the 
three main points of interest of this research study (‘antibiotics’, 
‘cyanobacterial blooms’ and ‘odoriferous compounds’), it is possible 
to raise some questions about the relationships between them.

Figure 3. Keywords co-occurrence map created in VOSviewer software for the search for the keywords 'geosmin', '2-methylisoborneol' and 
'cyanobacteria' in the WOS database, in the past 10 years
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Table 4. Keywords for each cluster of the network visualization map presented in Fig. 3

Cluster Red Green Blue Yellow
Keywords 2-methylisoborneol (MIB) 2-MIB 2-methylisoborneol Actinobacteria

Activated carbon Biosynthesis Actinomycetes Anabaena
Adsorption Blue-green-algae Algae Blooms

Bacteria Cyanobacterial blooms Atlantic salmon Expression
Biodegradation Diversity Fish Gene

Cell integrity Eutrophication Fresh-water Genes
Cyanobacteria Geosmin production Geosmin Identification

Cyanotoxins Growth In-source Odor
Drinking water Lake Lake Taihu Quantification
Drinking-water Light Management Quantitative PCR

Kinetics MIB-producing cyanobacteria Metabolites Real-time PCR
MIB Microcystis Off-flavor Reservoir

Microcystin Musty odor Off-flavor compounds River
Microcystin-LR Nitrogen Off-flavors Streptomyces

Microcystins Odorous compounds Quality Taste and Odour
Microcystis-aeruginosa Phosphorus Rainbow-trout

Odour compounds Phytoplankton Taste and odour
Oxidation Pseudanabaena sp Taste and odour compounds
Ozonation qPCR Water

Ozone Temperature
Powdered activated carbon

Products
Release

Removal
Taste

Toxicity
Toxins

Figure 4. Graphical summary of VOSviewer network visualization map results
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It can be observed that, in the literature, there is no relationship 
seen between antibiotics and odoriferous compounds, as already 
mentioned in the introduction to this study. This is because there 
is no direct and explicit correlation in the literature between 
the presence of antibiotics in water bodies and the release of 
compounds such as GEO and 2-MIB. However, based on the 
keyword analysis, there is a relationship, albeit small, between 
antibiotics and cyanobacterial blooms. Highlighted words are 
‘oxidative stress’ and ‘photosynthesis’, from the metabolic stress 
and inhibition that this class of drugs exerts on the cyanobacterial 
community.

It is observed, however, that the greatest relationship between the 
two points of interest is found between cyanobacterial blooms and 
the release of odoriferous compounds, presenting terms related to 
the main causes of cyanobacterial blooms (‘light’, ‘temperature’, 
‘eutrophication’, ‘nitrogen’, ‘phosphorus’), as well as the release 
of cyanotoxins such as microcystins in freshwater and lakes. 
Therefore, as explained in the literature review, cyanobacterial 
blooms are the main organisms responsible for the release of 
odoriferous compounds in water bodies.

The most interesting result, however, was the one that relates the 
common terms of the three major points of interest analysed. The 
words ‘algae’, ‘blooms’, ‘growth’, ‘China/Lake Taihu’, ‘cyanobacteria’, 
‘toxicity’, ‘Microcystis aeruginosa’ and ‘water’ appeared in the three 
network visualization maps. This supports the proposal that the 
presence of antibiotics in water bodies may also be one of the 
causes of the release of odoriferous compounds in the aquatic 
environment.

As seen in the graph, this is not a direct relationship, nor has it 
been reported in the literature as such. Therefore, the importance 
of this work is in highlighting the need for further research in the 
form of experimental investigation of the relationship between 
the presence of antibiotics and odoriferous compound release.

Proposed relationship between antibiotics, 
cyanobacterial blooms and odorous compound release

Based on the bibliometric analyses and all the articles consulted 
and reported on in the literature review, it is believed that there 
is a relationship between the presence of antibiotics in water 
bodies and the occurrence of cyanobacterial blooms capable of 
causing the release of odorous compounds in aqueous media, and 
causing problems in terms of the water quality consumed by the 
population. Some of the most important points of this relationship 
will be highlighted here, such as some associations for which cases 
have already been reported in the literature.

According to Liu et al. (2012), antibiotic contaminants in the 
aquatic environment are likely to be an emerging environmental 
factor regulating the growth of cyanobacteria and the production 
and release of microcystins (cyanotoxins) by cyanobacteria. Liu 
et al. (2014) affirm that coexisting antibiotic contaminants have 
the potential to regulate cyanobacterial blooms. Tan et al. (2018) 
discovered that low-level antibiotics induce the aggregation of 
cyanobacteria, and these increased aggregations would further 
influence biofilm growth and, consequently, algal blooms.

As previously mentioned, cyanobacterial blooms are currently 
repeatedly reported for the world’s largest freshwater ecosystems, 
such as Lake Victoria (Africa), Lake Erie (USA) and Lake Taihu 
(China) (Paerl and Otten, 2013).

Data obtained by WHO (2018), indicate that the main causes of 
death from infectious diseases in African in the year 2015 were 
lower respiratory infections, HIV/AIDS, diarrhoeal diseases, 
malaria and tuberculosis. According to Dalahmeh et al. (2019), 
in Uganda, Kenya and other African countries, sulfamethoxazole 
combined with trimethoprim is used to treat several bacterial 

infections, including being used for the treatment for children of 
HIV-infected mothers. Besides that, Uganda is an endemic malaria 
region, explaining the high consumption of pharmaceuticals and, 
consequently, the high disposal. Thus, their study reported a 
significant concentration of trimethoprim and sulfamethoxazole 
from Bugolobi Wastewater Treatment Plant to Nakivubo Channel.

Nantaba et al. (2019) reported the presence of 24 pharmaceuticals, 
the majority being classified as antibiotics, near Lake Victoria. 
The most predominant antibiotics were sulfamethoxazole, 
trimethoprim, and oxytetracycline, a result that corroborates what 
was reported by Dalahmeh et al. (2019). According to Nantaba 
et al. (2019) pharmaceutical industry wastewater discharge, 
wastewater effluents, municipal waste and fish farms were the 
probable sources of these contaminants in the studied water body.

The Center for Disease Control and Prevention (CDC, 2019) 
reported in their update on USA antibiotic use that too many 
antibiotics are prescribed unnecessarily in the country. They 
estimate that about 47 million doses of this class of pharmaceutical 
are prescribed in USA doctors’ offices and emergency departments 
each year for infections that do not need antibiotics, and that this 
number corresponds to 30% of all antibiotics prescribed. Thus, it is 
understood that the CDC has knowledge of the use and improper 
prescription of this type of medication and promote guidance 
campaigns aiming at correct use and prescription of these drugs.

No studies were found in the literature that directly reported 
the presence of antibiotics in Lake Erie. However, Skwor et al. 
(2014) reported the prevalence of tetracycline and ciprofloxacin 
resistance among potentially pathogenic Aeromonas isolates from 
the eastern basin of Lake Erie, indicating the supposed presence 
of these two antibiotics in the lake.

China is one of the world’s largest producers and consumers of 
antibiotics, widely used for disease treatment in humans and 
livestock, and as prophylaxis and growth promoters for the latter 
(Qiao et al., 2018). According to Yin et al. (2013), approximately 
50% of hospital outpatients in China are reported to use antibiotics. 
Of these outpatients, 74.0% were prescribed one antibiotic, and 
25.3% were prescribed two or more antibiotics.

In agreement with Yin et al. (2013), although an international 
standard percentage use of this class of drug has not been 
empirically established, WHO (2006) has recommended that the 
proportion of antibiotic use should not be >30% of prescribed 
medicines. However, the percentage use of antibiotics in China 
(50.3%) is much higher than this recommended level and higher 
than in many other countries.

According to Yin et al. (2013), high percentages of antibiotic-
resistant bacteria were detected in Lake Taihu, due to the presence 
of streptomycin, ampicillin, tetracycline, and chloramphenicol 
in water. They believe that the increase in bacterial resistance is 
associated with the high level of pollution of the lake, since it is 
located close to an urban area and suffers from intense effluent 
discharges.

Xu et al. (2014) studied the occurrence of 15 antibiotics, such 
as sulphonamides, fluoroquinolones, macrolides, tetracyclines 
and trimethoprim in sediment, overlying water, and pore water 
matrices in Lake Taihu. Analysis of the composition of the studied 
antibiotics indicated that human-derived and animal-derived drugs 
contributed significantly to the total contamination of the lake.

It is worth mentioning that the studies cited above have focused 
on the problem of antibiotic presence in water bodies, and their 
association to urbanization, agricultural activities, and industrial 
development (anthropogenic activities), which is also the main 
source of cyanobacterial blooms, which usually cause cyanotoxin 
and odorous compound release in aqueous environments.
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Lee et al. (2020) observed that cyanobacteria and geosmin 
increased and decreased in a similar temporal pattern at the 
water reservoirs studied, indicating that cyanobacteria likely 
were the dominant producer of geosmin. The same behaviour 
was observed by Pham et al. (2020), where GEO and 2-MIB often 
occurred when cyanobacterial biomass was high.

Thus, it is assumed that the problems with taste and odour 
compounds faced by many populations is due to antibiotics’ 
toxicity to cyanobacteria, which are associated with eutrophic, 
polluted, warm and rainy (due to tropical weather) aquatic 
environments and produced GEO and 2-MIB. No study was 
found in the literature that has proposed this relationship. Thus, 
batch experiments with all possible variables should be carried 
out to confirm and investigate the relationship here proposed.

CONCLUSION

Based on the literature review presented and bibliometric analyses 
by means of network visualization maps plotted by VOSviewer 
software, it was observed that:

•	 Several studies point to the toxicity that antibiotics present to 
cyanobacterial species, by means of oxidative stress, photo-
synthesis inhibition or regulation of cyanobacterial growth.

•	 The main conditions of cyanobacterial bloom occurrence 
are a eutrophic environment with high temperatures and 
during rainy seasons. In parallel, the number of articles 
that discuss recurrent cyanobacterial blooms is increasing 
and, coincidentally or not, other articles show the constant 
presence of antibiotics in these locations.

•	 Odorous compound release is directly related to cyanobac-
terial blooms, especially when they suffer cell lysis or die.

Therefore, it is believed that one of the causes of cyanobacterial 
blooms and consequently odorous compounds release, to 
date never mentioned in the literature, is the presence and 
recalcitrance of antibiotics in water bodies, responsible for toxicity 
to cyanobacterial species, consequently promoting the release of 
odoriferous compounds.
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